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CAPÍTULO I 

RESUMEN 

Los estudios ecológicos y demográficos son una herramienta útil para la 

conservación de especics raras, amenazadas o de importancia económica. Uno de los 

principales objctivos de la Reserva de la I3iosfera Sierra de Manantlán es la conservación in 

silll de las poblaciones del teocintle Zca dip/opcrcnnis. En este estudio se (1rescntan los 

resultados sobre aspcctos ecológicos y dcmográficos del pariente silvestre delm:dz, /"tI 

dijJ/"l'ercnnis y fue dividido en tres ¡¡¡ses. La primera ¡[¡se consistió cn contestar las 

siguientes preguntas:¿EI principal banco de frutos del cuál depende la incorporación. se 

cncuentra en h¡ parte aérea de la (1lanta o en el suelo? ¿Existe una relación entre el estado 

succsional y el banco de frutos de Zca dip/opercl1l7is? La segunda fase describe la 

estructura, el Dujo de individuos genéticos ("genets") y tallos (en este caso es una unidad 

c10nal llamada también "ramet") de siete poblaciones de Zea dip/upercnl7is durante dos 

estaciones de crecimiento. Se evalúa la relación cntrc varios factores del medio (altitud, 

cxposición, (1endiente y tipo dc sucio) y el estadio sucesional, y atributos demográficos 

(lasa de incremento de individuos genéticos y tallos, y número de individuos incorporados). 

También se explora la relación entre la edad y la tasa de mortalidad de individuos. La 

tercera ¡ase tuvo como objetivos la descripción y análisis del efecto de dos perturbaciones 

antro(1ógenas (roza-tumba y quema \'.1'. roza tumba sin quema) sobre algunas características 

demográficas básicas de Zca dip/opcrcl1nis. En (1articular el esfuerzo se concenlró en: a) 

describir cambios de la población durante cineo mlos en cuadrantes bajo diferentes 

regÍmcnes de perturbación, b) Estimar la contribución relativa de diferentcs estados de vida 

al crecimiento dc la (1oblación bajo diferentes secuencias de perturboeión. y (e) identificor 



regímenes dc perturbación que puedan permitir la persistcneia de poblaciones de 1('(/ 

dip/ope/'ennis cn el ticmpo. 

Los resultados scñalaron quc: (1) Las poblaciones de Zea dip/opcrCl7l1is presentan 

tanto un banco de frutos en la partc aérea como cn el suelo, sicndo la primera cuatro vcecs 

mayor quc la scgunda (X 2 = 4.2, p=0.04). Los estadios succsionales mús avanzados fucron 

los quc prescntaronuna mayor cantidad de frutos en el suelo (Duncan p=0.05). (2) La 

población de tallos Ouctuó mas a través del tiempo, micntras que los individuos coelúncos 

(eohortcs de gencls) disminuyeron. La dinámica elc las poblaciollcs de individuos gcnéticos 

siguió Ull ritmo cstacional con un tamaño máximo dc la población al inicio dc la tcmporada 

dc las lluvias. Sc cncontró una relación lincal significativa entre la mortalidad de la cohorte 

y su edad, las mas jóvenes presentaron una mayor proporción ele mortal idad que las mas 

viejas. La tasa de mortalidad fue mayor durante la temporada de lluvias. (3) Las curvas de 

sobrevivcncia de las cohortes que se registraron desde ¡¡'uto fue dc tipo 111. mientras que las 

eühorte de tallos fue de tipo 1. (4) Los efectos dcl perturbación exhiben difercncias 

significativas cn el número de tallos, mazorcas y producción de frutos por mazorca., siendo 

mas alto cuando la roza-tumba y qucma fuc aplicada. (5) Las perturbacioncs aplicadas 

causaron un aumento de casi cl 100% dcl valor de le, elevándola a valorcs ccrca o mayores 

al, sicndo la permanencia el estado mas importante en contribución a los valores de A. Lo 

anterior sugiere quc la competencia asimétrica intraespecífiea podría ocurrir, i. c., los 

individuos establecidos al inicio son los responsables de la supresión c incorporación 

cuando la población no es perturbada. (6) Si las poblaciones no son perturbadas, entonces la 

especie será localmente extinta. Para asegurar la permanencia dc una población de Z. 
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dip/opercl1l1is a largo plazo, estc dcberú l11ancjmsc con pcrturbaciones dc all11cnos uno 

cada cinco afios. 

SUMMARY 

Ecological and del110graphic studies are a useful tool for conscrvation 01' species 

that are rme, threatcned or econol11ically il11portant. One of thc principie objectives 01' the 

Sierra de Manantlún lliosphcrc Rescrve is thc ill sif/{ conservation 01' thc populations 01' tite 

feosil1fe Zea dip/opercl1/1is. In this study are show the results 01' ceologic and dClllograpltic 

aspects 01' the wild relative of com, Zea dip/opere/1l1is, ami wcre divided into three phases. 

lhe first phasc consistcd of answering the following qucstions: ofthe principie fhlÍts pool, 

which does the rccruitl11cnt depcnd on, is it fOllnd in the part 01' the plant abo ve ground 01' 

underground? Does a rclationship betwcen the succcssional stagc and the fruits pool 01' Zell 

dip/opcrcl1l1is? The second pitase describes the structure, the now 01' gencts and ral11ets 01' 

seven populations 01' Zar dip/opcrcmris dllring two season of growth. Thc relationship 

betwcen sOl11e environl11ental factors (altitucle, cxposurc, slope ami type 01' soil) ami the 

successional stage and del110graphic altributes (growth 01' gellets and fal11cts, ami 

reeruitl11ent) is cvaluated. Also, the rclationship is cxplorecl betwcen the age ami the 

1110rtality rate 01' gencts. The third phase had the ohjeetives 01' deseription ami analysis 01' 

the efICet oftwo anthropogeni¿ pcrturbation (slash and bum vs. slash without hum) on 

sOl11e basic del110gmphic charactcristies 01' Zea dip/opcrennis. In particular the efTort 

concentratcd in: a) c1cscribillg the changcs in population during five years in plots under 

diflercnt pcrturhation regimcns, h) Estimate the rclative contrihution 01' diflercilt lite stagc 

on the population growth under diflerent scqucnccs ofperturbation and e) idcntit'y the 
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rcgimcns 01' pcrturlxltion that \Vould pcnnit thc pcrsistcllce uf poplllatinns 01' Z(,(/ 

dip!operel1l1is in timc. 

The rcsulls sho\Ved Ihal: (1) Ihe poplllalions of Zea dip!opcrell/,i.l' "rcscnl as l1luch a 

fruits pool in thc part above grouncl as the parl lIndergrollncl, being Ihc firsl four times morc 

Ihan the second (X 2 = 4.2, p=0.04). The olclesl sllcccssional slages werc \Vho Ihal prescnlcd 

a major quantily o/' 1Í'llils lIndcrground (Duncan p=0.05). (2) The populalion 01' ral1lcls 

Illlctllatcd morc over timc whilc thc gcncts collOrts diminishcd. Thc dynalllic DI' the 

poplllations 01' gcnets followed a seasonal rhythm \Vith a maxil11l1l11 size of Ihe populalion at 

the begin ofthe rainy season. ¡\ lincarly significant relalionship \Vas 1()lInd ¡'ctwccn thc 

mortalily 01' Ihc cohort and Iheir age, lhc yOllngesl prescnting a larger proporlion o/' 

mortalily than the olcler. The mortality ratc was highcst dllring thc rainy scason. (3) The 

sllrvival eurvcs 01' the cohorts thal were registerecl from fruil was type 111, while the cohorl 

ofnuncls wcre Iypc 1. (4) lhc elTccls ol'perlurbation showcd signilicant c1ilTcrcnces in lhe 

nUl11ber or stel11s, ears ancl produclion of I'ruils pcr cal', being higher whcn lhe slash-blll'll 

\Vas applied. (5) The perlurbalion appliecl caused an increasc 01' almosl 100% 01' Ihe value 

of 1.., increasing it to valucs clase to 01' highcr than 1, being the pcnnancnce lhc slage most 

importanl in the contribution oTthc valucs afie. rhe prcvious suggests that the aSyllll11etric 

cOl11pclence intraspcci lic cOllld occur, i. e., the genets cslabl ished al thc bcgin are thosc 

rcsponsible 1'01' thc suppression ami rccruitmcnt whcn thc population is no! perturbatcd. (6) 

Ifthc populations are not pertllrbatcd, thcn the spccics \Vould bc exlinct locally. lo assurc 

in lhc long !crm Ihe pcnnancnce or Z. dip!of'el'el1l1is popula!ions, Ihis should be managed 

\Vith pcrturbalions 01' al least ane every live ycars. 

" 



CAl'íTlJ LO 11 

INTRODUCCiÓN 

Los estudios ecológicos básicos y dcmográficos puedcn aportar elcmcntos 

importantcs para la conservación in si/u dc cspecics amcnazadas, raras, cn peligro dc 

extinción y plantas de importancia ceonómica (I'Iarvey 1985; 13russard 1991; Owen y 

Roscntrctcr 1992: Ollllstcd y Álvarcz-Buylla 1995). Zea diplopercnl1is cs un pariente 

silvestre dcll11aÍI. y Itle "la punta de huml" p:lra la creacióll de la Reserva dc la Iliosfcr:¡ 

Sierra de Manantlán en Jalisco, México, lugar endémico de este teocintlc. Esta especie tiene 

potcncial para clmejoramiento genético del maíz y su conscrvación es uno dc los objetivos 

de la reserva. Esta especie esta asociada a estadios iniciales de la sucesión y se requieren 

conocimientos para ejecutar un programa efectivo que asegure su conservación in si/u. 

Zca diplopercnnis cs una especie perennc, rizomatosa, heliófila, sus tallos pucden 

medir hasta tres metros de altura y es parecido al dell1laíz. Su crecimiento clonal es de tipo 

falange, donde los tallos, en la mayoría de los casos, no se separan elel tallo madre y los 

individuos genéticos son policárpicos con tallos monoeárpieos. 

Incendios localizados ocurren cada afío en la Sierra de Manantlán, como rcsultado 

del escape del fuego del sistema tradicional agrícola de maíz, llamado coamil (roza-tulllba­

quema). Las perturbaciones inducidas por el humano son también creados por la ganadería 

extensiva en la vegetación natural. El sistema de coamilmczclado con Zea diploperennis ha 

exhibido, bajo condiciones cxpcrimentales, quc los individuos de este último se ven 

favorecidos por estas perturbaciones. Sin el11bargo, el erecto global de la perturbación a 

nivel de población y bajo condiciones naturales no ha sido cV:lluado. Adicionalmcnte, 

especies dc árboles como Magnolia il/isial/a y la cOlllunidad entera dc bosque Illesófilo de 

Illontaíia parecen scr scnsibles a incendios y/o aprovechamiento pecuario. 
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La Estación Científica Las Joyas, locali7.'ltb dentro de la zona nllclco de la Reserva 

de la Biosfera Sierra de Manantlán tiene las segundas poblaciones mas grandes dc Ze{l 

dip!operennis. Estas poblaciones han sido excluidas del ganado y protcgidas contra 

inccndios forestales desdc 1988, C01110 parte de las principales políticas de protección dcl 

área núcleo Manantlún-Las Joyas, y en la conservación de la poblaciones existentes de Zea 

diploperennis. Basado Cilla evidencia de que el fuego y la ganadería extensiva favorecen el 

desarrollo de Zea di!J!operellnis, mientras que al mismo tiempo estas perturb,lciolles puedell 

limitar la preservación de otras especies y comunidades, opciones dc mallcjo son nccesarias 

para armonizar la conservación del teocintle con otros tipos de perturbaciones 

antropógenas. 

Este trahajo consigna tres fases de un estudio ecológico y demogrúfico de 

poblaciones naturales de Zca dip!opcrennis. La primera fase cosiste en dar respuesta sí el 

principal banco de ¡i'utos está en el suelo o en la parte aérea y muerta de la planta y conocer 

si hayo no relación entre el estadio sucesional y el banco de frutos. La segunda fase 

describe la estructura y el flujo de siete poblaciones de individuos genéticos y tallos de Zea 

dip!opcrenllis. También se evalúa la relación entre varios ¡¿tctores del medio como; altitud, 

exposición, pendiellte y tipo de suelo y estadio de sucesión \·cr.\'lI" los atributos 

dcmogrúficos de individuos genéticos y tallos. La terccra ¡¡ISC tuvo eomo objetivos la 

descripción y anúlisis del cfecto de dos perturbacioncs Hntropogcnias: roza-tumba y qucma 

1'.1', roza-tumba sin quema, sobrc algunas características demográficas de Zca dip!o/Jcrenni.l', 
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CAPíTULO 111 

DINÁMICA ESTACIONAL DEL BANCO DE FRUTOS DEL TlmCINTLE Zra 

diplnl'crcnnis (GRAMINEAE) 
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NOTES 

Dinámica Estacional del Banco de Frutos del Teocintle 
Zea diploperennis (Gramineae) 

Palabra! clave: hanco de semillaJ; (onJeroació'Jj Jllctsión¡ Itocinlltj Zea diplopcrennis. 

EL BANCO DE SI!MIll.AS o FRlITOS representa una de las fases más importantes del ciclo de vida de muchas 
especies de plantas, ya que en esta fase suceden procesos (depredación, germinación y dispersi{lTl) que 
plH.'dcn rcpcrcurir dirccramenrc en el tamaño de In.o¡ poblaciones furura.'i (Gucvara 1977, H:upcr 1977). 
r:I banco de: S('rnillas puede estar en el sudo () raramente en In pane aérea de algunas t~pe(il~ de pl:uu;ls 
(Dakcr 1989), sin embargo existe aún información poco precisa sobre el papel que juega el banco de 
semillas de la parte aérea de las plantas progenitoras (Grime 1989). Los esmdíos de los bancos de semillas 
en condiciones natuIales pueden ser úriles para la conservadón de especies de plantas raras O en peligro 
de extinción, prinápalmente para aqucUas que dependen de la propagación por semillas para invadir 
nuevos lugares o para mantenerse en un lugar determinado. La cantidad y calidad del banco (le ~milla~ 
varia a través de las estaciones del año (Grime 1982, Ortiz-Arrona 1992). E..'itc trabajo describe la dinálniLa 
e~;(acional de los bancos de frucos de Z~a JiploptrtrmiJ litis, DocbIcy, Guzman & Pazy perrcneóclUcs a 
[fes areas de difereme estado sucesional. Con el objcco de forralecer las recomendaciones de manejo para 
su conservación in JilN (oncestamos las siguientes preguntas: ¿El principal banco de semilla.'i o frutos del 
ruál depende el reduramienco, se encuentra en la parte a~rca de la planra o en el sucio? ¿Existe una 
relación entre el es[ado sucesional yel banco de frutos de Zta diploptrtnniJ? 

Z~a diploptrtnnís (Gramineae) es una planta rizomarosa irerópara con rallos scrnc1paros. Su crecimicmo 
clonal es de tipo falange (Hutchings & Bradbury, 1986) y los individuos pueden vivir más de 8 años 
(Sanchez-Velásquez 1992, ver litis tI al. 1979 para su descripción taxonómica). Las ma7.orcas tienen de 
6 a 11 fruros (cada fruto contiene una semilla), ¿-scos son dispersados principalmente por barocoria y en 
su mayoría ocurre de diciembre a enero, con la excepción de los dos frutos más cercanos al pedúnculo 
que permanecen durante la temporada de sequía (aprox. cnero-junio); al inicio de las lIuviao; éslas semilla~ 
son dispersadas a trav~s de la muerre y caida del tallo, la germinación también ocurre al inido de las 
lluvias (obs. pces.). Esta espede es endémica de la Reserva de la Biósfera Sierra de Manandán (RnS~f) 
y está asociada al cultivo del maíz, cuyas práctic.'lS favorecen su crecimiento y desarrollo de los individuos 
(Sánchez-Vclásquez tI al. 1992). Mantiene su presencia en áreas de cultivo abandonados (aprox. 360 ha 
en toda la RBSM), dominando las primeras etapas de la sucesión pero permitiendo la existencia de especies 
asociadas en etapas posteriores (Benz tI al. 1990). Las estructuras de las poblaciones están dominadas 
por los primeros individuos que invadieron las áreas (L. Sánchez-Velásc..¡uez, como pers.). Esra especie es 
resistente a las siete principales enfermedades quc atacan al maíz (Nault &. Findley 1982a, 19S2b) yal 
cruzarse con éste, bajo condiciones naturales, producen lúbridos fértiles (lItis tI al. 1979, Benz tI al. 
1990, obs. pcrs.). L'l importancia de la conservación de Z. diploptrtnniI radica en que i~ta especie ticne 
un potencial para el mejoramiemo genético del maíz y se pueden obtener ahorros de hasta 6.82 billones 
de dolares anuales (Fisher & Hanemann 1985). 

Este trabajo se realizó en siete áreas de cultivo de maíz abandonada.'i desde hace 7 (3 áreas), 12 (2 
áreas) y 17 (2 áreas) años, éstas las agrupamos y denominamos como estados sucesionalcs 7 (con <1 ha), 
12 (con 22.27 ha) y 17 (con 3.54 ha), respectivamente. En cada área había una poblacion de Z. 
diplopmnn;, y se localizan en la Estación Ciencifica Las Joyas (ECLJ) de la RBSM (Pérez 1991), Jalisco, 
México (19'35'42'-19'37'40'N Y -103'15'02'-104'37'40'0). las superficies presentan una topografía 
muy irregular; el estado 7 presenta pendientes de O a 20(%) y los estados 12 y 17 entre 10 y 20(%), y 
las altirudcs son de 1960 a 2000 m, de 2000 a 2030 m y de 1960 a 2020 m, respeCtivamente (L. 
Sán(hez~Velásqucz, como pers.). Todas las poblaciones cstan rodeadas de bosque de JlimJJ y hosque 
mesófilo de montaña (Rzedowski 1977), la distancia entre ellos varía de 800 m a 1000 m. La tempetatura 
media anual es de ISO e con una precipitación pluvial anual de 1500 a 1800 mm, con régimen de 
lluvias de junio a octubre y lluvias estacionales en invierno; neblinas son frcmentes excepto en la temporada 
más Sl'Ca que corresponde a mano y mayo (Saldaña & Jardel 1992). 

De abril de 1990 a abril de 1991 se tomaron aleatoriamente, cada cuatro meses, 21 mucsrras dc: 
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suelo (rres en cada uno de los esrados sucesionales), 9, 6 Y 6 en los estados sucesionalcs 7, 12 Y 17, 
respecrivamenre: la unidad de muestreo (ue de 30 cm (largo y ancho) x S cm de profundidad. El uso 
de ésra profundidad esrá respaldada por el trabajo de Sánd\ez-Velásque7. 8< Lorenre-Adame (1993), 
quienes demostraron que la máxima profundidad en donde se encuentran fmtos de Z. diplopermn;J es a 
10 cm, la cual fue raro y la principal cantidad de semillas se encuentra arriba de los 5 cm de profundidad. 
En cada una de las rnuescras se removió la hojarasca y el material rocoso~ después se guardó en una bolsa 
plástjca negra con los dacos del sitio. De uno a dos días después y en el laboratOrio se separaron los frutos 
de Z. diploptrtnnis tamizando la muestra con una malla de luz de 4 mm. A los frutos completOS y sin 
dailo aparente se pusieron a imbibición durante 24 horas en caja.~ de Pe tri con aJgodón y papel filtro 
humedecidos con agua destilada. Después se procedió a bisectarlos longitudinalmenre y una mitad de 
cada fruto se les realizó la pmeba de viabilidad con una solución de cloruro de tetrazolium al 0.1(%) en 
solución buffer (pl-l 7±0.l, solución de fosfato de sodio y de potasio), colocándolas durante tres horas 
en una cámara oscura de una incubadora con una temperatura aproximada de 30"C. Los embriones 
coloreados de rojo cereza en las partes vitales se consideraron viables (Moreno 1984). 

Para observar la remoción (proceso que puede implicar tanto dispersión como depredación) y ger­
minación de fruros de Z. diploptrenniJ, se tomaron de tallos escogidos aleatoriamence 2800 frutos (89 
± 4 porcienco de viabilidad) en la colecta de enero de 1990. Esta muestra se subdividió en 14 grupos 
de 200 (resultando una densidad de 5000 fcucos por mI), cada grupo se colocó sobre <.1.Jadros de ml\lIa 
de aluminio de 22 x 22 an (con 1 mm de diámerro de luz), ésto con el objetivo de no confundirlos 
con posibles frutos enterrados. Esta muestras se colocaron aleawriamenre (abril de 1990) en pequeñas 
áreas (en ausencia de tallos aéreos de Z. diploptrtnniJ) 6, 4 Y 4 muesrras en los estados 7, 12 }' 17, 
respectivamente. Se aseguraron los cuadros de malla sobre el piso con un clavo en cada uno de los exucrnos 
y se cubrieron los frutos parcialmente con una capa de suelo. La revisión de las muestras se hizo en abril, 
mayo y agosto de 1991. Un individuo puede Uegar a producir más de 1400 frutos, esto implica que en 
el suelo podemos enContrar más de 5000 frutos por m l

. 

Con el objeto de' validar la hipótesis de que la principal fuente de fruros de Z. dip/optrtnn;J está en 
la pane aérea de la planta (o sea, los frutos basales que no caen sino hasta poco después de las primeras 
lluvias) y no en el suelo, se realizó OtrO muesrreo en mayo de 1992 (antes de inicio de lluvias y poco 
antes de la época de germinación de los frutos que va de julio a principios de agosto, L. Sánchez-Velásquez, 
como pers.). Para ésta pane del experimento se eligieron los estados 7 y 12, Y en cada uno de ellos se 
colectaron alearoriameme cinco muestras de suelo (N = 10) de 30 cm (largo y andlO) x 5 cm de 
profundidad. La pane aérea se muestreó de la siguienrc manera, aleamriamente se discribuyeron cinco 
cuadros de 30 x 30 cm en cada uno de los estados sucesionales (N = 10) Y se colectaron todos los tallos 
aéreos de Z. diploptrtnniJ dentro de cada cuadro. Los tallos se guardaron en bolsas de plástico negras y 
un día después en el laborarorio se procedió a contar los fruros que se encontraron en ellos. Tanro los 
frutos del suelo como los presentes en Jos tallos se le aplicó la prueba de viabilidad. Los frutos se clasificaron 
en viables (frutos con endospermo y embrión vivo), no viables (fruros COn endospermo y embrión muenos). 
depredados (frutos con agujeros y sin endospermo y embrión) y aborrados (fruros sin endospermo y 
embrión). 

En el análisis estadístico, el número de frutos de las muescras de sucio fueron comparados entre los 
diferentes meses de cada escado succsionaJ a través del proceso GLM de dos facrotes de SAS ver. 6.03 
(1988), Y con GLMs de un factor se compararon los frutos enrre los diferentes meses y entre los diferemes 
estados sucesionalcs; el número de frutos se transformaron a escala lag 10 (Zar 1984) Y después se analizaron 
con comparaciones múltiples del proceso Duncan (Proc MEANS de SAS). El experimento de remoción 
y germinación se analizó con el proceso de GLM de dos factores de SAS; los valorcs porcenruaJes de la 
remoción y germinación del mes de agosto (obtenidos a través de Pr = r/200, doncle Pr es el valor 
porcentual de remoción y r es el número de frutos removidos, y Pg = g/200, donde Pg es el valor 
porcentual de la germinación y g es el número de frucos germinados) fueron transformados por raíz 
cuadrada y posteriormente arcoseno (Zar 1984); Proc MEANS Duncan de SAS fue usado las comparaciones 
multiplcs. Los daros del banco de frutos del sucio vs. parte aérea (tallos) se compararon a través de la 
prueba de Mann-Whimey (Zar 1984) con aproximación Chi' (SAS 1988, proc NPAR1WAY). 

El número de frutos encontrados en el suelo fluctúa durante el periooo de un arlo, y el patrón general 
es similar en las rres estados secesionalcs esrudiados; disminuyen en agosto y aumentan en didembre (Fig. 
la, lh). Los valores promedios y error estandar de la media de las mucsrras de sucio se muestran en la 
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FIGURA 1. Comparaciones emre el numero de frutos promedio (vlllores transformados en 10810' por; a) est:\do 
sucesionaJ-mes, b) por mes y e) por estado sucesional (a: P < 0.002; b: P - 0.009; c: P ",. 0,02). Letras igurucs 
denrfo de cnda una de la! gráficas señala que no hay diferenci~ significativas (Dunean, P - O.O~). 
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figura 1. Se evidenáan diferenáas signifieadv .. (F = 4.17, gl = 5,69 P < 0.002) entre algunos meses 
de los esrados sucesionalcs (Duncan P"'" 0.05, Fig. la). 

Los daros comparados entre meses m05Cfaron ser significativamente diferemes (F = 4.21, gl = 3,69 
P = 0.009), agosto de 1990 fué significativamente menor a los orros meses (Duncnn P = 0.05, Fig. 
lb). Los datos también se compararon entre estados sucesionalcs, y se observaron diferencias significativas 
(F = 4.12, gl = 2,69 P = 0.02) entre los .. cados 7 y 12 (Duncan P = 0.05, Fig. le). Nosotros inferimos 
que la disminución de frutos en el mes de agosto (Fig. lb) se debe probablemente a que éste es el mes 
posterior al inicio del periodo de lluvias así como de la germinación y establecimiento de plánrulas de Z. 
diploptrtnnis Uiménez 1991, Sánchez-Velásquez tI al. 1992, obs. pers.), por lo canto se encuentran menor 
cantidad de frutos en el sucio. Agosto es el mes en que finaliza la germinación de frutos de Z. diploptrrnn;s. 
Es cvideme de que el banco de frutOs de Z. diploptrtnnis es de tipo persistente, ésro se demuestra por 
que aún después de la dispersión y germinación, pcrsist~n semillas en el suelo, i. e" en el mes de agosto. 

L1 remodón de fnltos fue alta. DC5pués de tres meses ésta fué del 97.8(%) en las tres área ... la 
germin'ildón fue menos del 2.2(%). En agosto (990) observamos que Jos frutos no germinados fueron 
removidos en su totalidad. Se encontraron diferencias significativas entre el estado sucC5ional VS. la remoción 
(F = 111.2, gl = 6,7 P = 0.0001) Y .i. germinación (F = 6.5, gl = 6,7 P = 0.0133). La remoción 
fué significativamente mayor en el estado más joven (estado 7 - 183.2 ± 10.7, es,.do 12 = 17R.3 ± 
13.03 y estado 17 = 176.3 ± 14.14), mientras que para la germinación lo fue el estado 12 (4.3 ± 
2.5), los estados 7 (0.5 ± 0.3) y 17 (2.25 ± 1.4) no fueron significacivamence diferences en la germinación 
(Duncan P = 0.05). Las diferencias significativas entre el número de fruros encontrados en el sucIo y 
porcemage de frutos germinados no nos presenta W1 patrón claro entre ellos y el estado sucesional. 
Solarneme el porcentage de remoción nos señala que el estado más joven presenta el mayor porccnrnge 
de remoción. 

La alra remoción observada de frutos, y quizá la depredación en las áreas estudiadas se debe prob· 
ablememe a la presencia de Rtithrodonlhomys julvtsuns, al revisar los nidos de éste roedor. los cuales estan 
hechos con rallos de Z. diplopertnnis y Otras ramas de plantas asociadas, se encontraron tanto frucos 
completos como abiertos, éstos últimos estaban agujerados de igual forma que los encontrados en los 
cuadros de malla y en el banco de frutos del suelo. 

Las poblaciones de Z. diploptrtnn;s presentan un banco de semillas que se distribuye tanto en la pane 
aérea de la planta como en el sucio. La mayor parte del banco de fmeos está en la parte aérea de la plama 
(35.3 ± 14.8 proyectada en 0.09 m'), es cuatro veces más que el banco de frutos en el suelo 0.2 ± 
l.4 proyectada en 0.09 m 2) y son significativamente diferentes (Kmskal-Wallis aproximación Chil = 
4.2, gl = 1, P = 0.04). No hubo diferencia significativa en número de frutos no viablcs entre las mucstras 
del suelo y la muestra de los tallos, 5.2 ± 0.95 y 4.8 ± 1.7, respecrivameore (Kruskal-Wallis Chi' = 
0.83. gl = 1, P = 0.36). Encontramos diferencias significativas entre el número de frutos abortados de 
las mucstras de suelo (0,0) y las muestras de los taIJos (25.7 ± 8.5). l.os fcuros abortados que sólo se 
observaron en la parte aérea (estos generalmente son pequeños con un pericarpio delgado y frágil). quizá 
no se observaron en las muestras de suelo por tener mayor probabilidad de biodeg[adación y fragmentación. 
Este tipo de frucos en la parre aérea estan protegidos de la inremperie por las bráC1:t"as de la. .. mazorcas. 

Los frutos que permanecen durante la época de sequía en la parte aérea de la planta. forman la 
principal fuente potencial de reclutamiento de las poblaciones de Z. diploptrtnnis. Una vez que inician 
las lluvias (junio) los tallos muertos (tallos semclparos) caen y liberan los fruros para fórmar parte del 
banco de frutos del suelo e inmediatamente germinar. Es posible que esre proceso adaptativo favorezca 
a la planta para escapar a los roedores que ya han sido reponados en éstas áreas, estoS son; Rtilhrodonlomys 
fU/1/urtnJ, R. sumichrasli, PtromYJCJJJ boyll;, P. spiriltgus, P. hylortles, Oryzomys cOllesi, O. mtlanolú, 
Sigmodon al/mi y Ne%ma al/mi (Galván 1992). 

Orros trabajos han señalado la importancia del banco de semillas en la pane aérea de las planta 
progenitoras en la dinámica poblacional (Simpson tI al. 1989) como en algunos árboles del género PinllJ 
y árboles auStralianos de los géneros Cal/ii/tmo" y /l/e/altura (Myrtaeeae) (ver Grime 1989 y Oaker 
1989). Con fundarneoro al patrón discontinuo de dispe"ión de semillas, en el que la parte aérea de la 
plaora juega un papel importante en el banco de semillas o frutos (Baker 1989), postulamos que alguna., 
gramíneas, principalmente el gremio de los teocintlcs, presentan esta estratégia adaptativa que les permite 
escapar a los depredadores en el suelo. 

Recomendaciones de manejo. Los resulrados de este estudio sugieren que el tcocimle Zta diploptrennis 
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presenta un banco de frutos persistente. Sin embargo. la mayoría de Jos frutos caen de los tallos y son 
removidos inmediatamente o germinan. Los que se mantienen adheridos a los tallos semelparos soportan 
la remoción y la época de sequía, formando así la principal fuente de frutos, por lo que el banco de [nitos 
está principalmente en la parte aérea y muerta de la planta. 

Los resultados nos permiten inferir que entre más corro sea el pcrícxlo de sequía mayor será la 
probabilidad de sobrevivencia de los frutos, ya que así germinarn y escaparán a la depredación por roedores. 
Es evidente que un número pequeño de frutos escapan a la depredación y éstos rengan el potencial para 
formar un banco de frucos en el suelo. S~nchez-Velásquez y Lorente-Adamc (1993) demostraron éste 
potencial en diferemes hábitats y profundidades del suelo, ¡.t., enrre más enterrada esté el [rutO (hasta 
10 cm) mayor probabilidades de sobrevivencia tendrá ya menor dosel vegetal menor será la sobrevivencia. 
Para repoblar áreas con Zta diplopertnniJ o crear nuevas áreas, recomendamos que las nuevas áreas o 
aqllellas en las que comienza la exdnción local (L. Sánchez-Vdásquez, como pcrs.), se aplique la COla­

tumba-quema ("slash-and-burn") O roza-rumba sin quema (Sánchcz-Velásquez tI al. 1992) y que los 
frutos, previameme colectados de diferentes poblaciones (para asegurar una amplia diversidad genética) 
se dispersen al "voleo" poco antes o inmediatamente después de las primeras lluvias, con el objero de 
que escapen a 10$ depredadores y asegurar así la emergencia de nuevas plántulas. Esta recomendación se 
hace para la segunda localidad mis grande con poblaciones de Z. diplopermniJ, la Estación Científica la.~ 
Joyas. En este lugar ha sido excluido el ganado bovino (principal dispersor) d~de 19RR y ~e hn dirnilmt!o 

el uso de la prácdca tradicional del cultivo del maíz llamada. roza-rumba-quema; actividades asociad:ls al 

desarrollo y mantenimientO de las poblaciones de Z. diplopmnnÍJ (lIds " al 1979, Benz "al. 1990, 
Sánchez-Velásquez "al. 1992). 
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Abstract: One ofthe objcctivcs ofthc Sierra de Manantlán Biosphere Rescrve (Jalisco, México) 

is thc conservation in silll of thc teosintc Zea dip/operennis litis, Doeblcy, Guzman & Pazzi. lea 

dip/operennis is a perennial, shade intolerant anel thcir shoots arc architccturally similar to maize. 

Clonal growth is ofthe phalanx type. Genets are iteroparous whit shoots scmclparous. Study of 

the del110graphy of seven module and gcnct populations of Z dip/operenni.l' was undcrtaken in 

scvcn sitcs rcprcscnting thrcc differcnt stages of old-fic\d succcssion. Sevcn pCrInancnt onc­

I11ctcr-square plots werc randomly established in cach site. AII gcncts prescnt initially and thosc 

that becal11c cstablishcd during our study wcrc l11appcd and labclcd according to thc ycar of 

cstablishmcnt Thc l11agnitudc of dCl110graphic fluctuations was grcatcr in module populations. 

Gcnct population dynamics followed a scasonal rhythm with a l11aximul11 populatipn sizc 

obtaincd at the onsct of thc rainy season. A rclation \Vas documcnted bct\\'ccn perccnt annual 

mortality o[ a cohort and its agc: thc younger thc cohort. the grcaler the l11orlalily. This \Vas a 

16 



Sánchez-Velásquez, Jiménez-G. and Benz. 

statistically significant rclationship. Y = [sill(-0.288X + 1.657)]' (r = 0.92, p < 0.01), whcrc Y 

is proportion annua1morta1ity of genets and X is the age ofthe cohort. The maximum ratcs of 

genet morta1ity occurred during the rainy scason when popu1ation densities wcrc grcatcst. As a 

consequence, we postu1atc that compctition occllrs principally during the rainy season. Linear 

rclationships were obscrved between rate 01' popu1ation increase of genets versus old-ficld 

successiona1 stage and soi1 type. Those arcas with poor soi1 (Ultiso1), degraded soi1 or soi1s with 

similar physical characteristics could be rehabilitated by introducing Z. di¡J/opcrL'l1l1i.l'. Sudl 

rehabilitation would achieve two distinct objectives, prolllote propagation ofthis rare enclemic 

and reclailll arcas that are susceptiblc to erosion and further degradation. 

Kcy wonls: InitiaI seedling recruitmcnt, Manantlán, México, population structurc, rehabilitation. 

teosinte, Zea dil'lol'erennis. 

Stlldy or an organism 's basic ecology is the first step in conscrvation planning and dccision­

making. Such rcscarch provides a basis for llnderstanding and docllmcnting critical stages of a 

spccies Iife history. I'rotecting and maintaining rare and threatencd species in their natural 

habitats is onc ofthe goaIs 01' conservation biology (Lcsica 1992) and of thc Biospherc Reserves 

in the Man and the Biospherc - Unitecl Nations Eclucational, Scientific amI Cultural Organization 

program (MAB-UNESCO) (Halmer 1988). Species rarity may be callsccl by evollltionary and 

historical events that resultecl in the present-c1ay distributions, 01' by cxisting ecological ami 

gcnetic factors (Watson el al. 1994). Investigating the autoccology anclnaturaI history or rare 

specics is one arca in which eco10gists can app1y their cxperience to current problellls in 

conservation biology or recovery plans (I!arvcy 1985, Brussard 1991, Boyce 1992, I!ucnncke 

1995, Tcar el al. 1995). 1lowcver. to hc slIcccssful, this outlook must he applie" in long-lcrl1l 

conservation prograll1s. DCll10graphic 1l10nitoring of rarc plant specics is an essential component 

of an effcctive spccics ll1anagcmcnt program (Gilpin & Soulé 1986, Owcn & Roscntretcr 1992, 
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Ollllsted & Alvarez-BuylIa 1995) in which active manipulations might be part of such a progralll 

(Boyce 1992). 

One ofthe objectives ofthc Sierra de Manantlán Biosphere Reserve is the conservation in sil u of 

the teosinte Zea diploperenl1is (Jardcl 1992), arare endemie species narrowly restricted in 

geogrnphic runge to a few hundred hectares (Rabinowitz el al. 1986). In spite of thc filct that 

teosintes (wild Zca 1.,. Gralllincae) are a potcntial sourcc oC econolllieally valuahk gl'rIllOplaSnl 

for Illuizc's illlprovelllent (lItis el al. 1979, Iloyt 1988, Sánchez-Velásqucz 1991, Wilkes 1994), 

thcir basic population ceology has not been studied undcr local natural conditions. Zca 

diplopcrcl1l1is is a tropical cndemic species occllrring naturalIy in patches on approxilllatcly 360 

hectares in the Sierra de Manantlán Biosphere Reserve in Jalisco, México (Bcnz el al. 1990). 

Growth and development appear to be favored by traditional forms of slash and bum agrieulture 

(Sánehcz-V elásqucz el al. 1991). Zea diploperel1l1is is a perennial, shade intolcrant. rhizomatous 

grass whose one to three meter shoots are architecturaIly similar to maize. Clonal growth is ofthe 

phalanx typc (Hutchings & Bradbury 1986) where modules (epigeal shoots arising from 

underground hypogeal rhizome) do not separate themsclves from the parent shoa!. Gencts arc 

iteroparous (but thcir modules are semclparaus). reach sexual matllrity and are capablc of 

developing more than onc module in the first t\Vo years (Sánchcz-V clúsquez & Lorcnte-Adame 

1993, Larcnte-Adamc & Sónchez-V elásquez 1996). 

This papcr rcports the descriptive phase of a long-term study whose ultimate goal is to implelllent 

a management program to conserve Z. diploperenl1is in silu. We describe the structure anel 

population Ilux 01' gcncts and modules of scvcn populations of Z. diplol'erenl1is. Wc also 

evaluated the relationship bctween various ellvironll1cntal factors (altitude, cxposurc, slopc, ami 

soil typc) and the stage of olcl ficld succession, and dCll10graphic a!tributes (mte of increase of 

genets and modules and genets alTival). In addition, we explored the rclation bet\Vecn agc ami 

ratc 01" Illortillity gcne!. 
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MATERIALS ANO METllOOS 

lhe seven study sites are located in thc Las Joyas Scicntific Station in the Sierra de Manantlún 

Biosphere Reserve in Jalisco, México (l9°36"N. 104°1 6'W). Grazing ancl forest fires have been 

excludcd since 1988 frol1l all sitcs. AIl sitcs mc old abandoned maize fields; these are: Coamil I 

(Sitc 1), Coalllil 2 (Site 2), Pluyus (Site 3), I luiscorol (Sitc 4), Zarzallloro (Sitc 5), Aso!cal!cros 

(Sitc 6) und Asolcadcros del Tlacuache (Si!c 7), which reprcsen! thrce diffcrcn! timc inlcrvals 

sincc abandonmcn!, i .c. di ffercnt sllcccssional stages (Tablc 1). The charactcristics of cach site 

and its history me listcd in Table l. 

Scven pcrlllancnt onc-l1lctcr sqllare plots were randomly established in each of the scvcn 

abandoncd ficlds. AIl gcncts prcscnt initially und those that bccumc establishccl sllbscqllcntly 

wcre l1lapped ancllabelcd according to Ihc year of eslublishl1lcn! (cf. Sarllkhán & llurper 1973 J. 

lhc nllmber of modules pcr genel \Vus rccordcd monlhly li'om Muy lo Occcmbcr during ycar one 

und year Iwo (cxcepl for Junc und Scptcmber). In May-ycar onc \Ve could diffcrcntiutc the gcncls 

which were born in one pasl yeur because they had one, or rarely l\Yo, sl1lullmodllles amI one or 

no innorescencc. Cohorls born dllring our sludy ",cre cOllld idcnlificd casily: in Ihe firsl-year, the 

firsl leaves lo cmerge huvc elllarginute upices and in lollo\Ving ycars huye un ucuminulc apcx. 

13irths und dcuths were rceorded according to uge und comparisons of the 1,2, 3 amI ~ 4 ycar-old 

cohorts werc perlonned. Thc nlllnber of gencts cstablishccl by thcmselves, Ihc lotalnllmbcr of 

gcncIs umlmodulcs (iniliul ancl finul), amI rate of incrcusc of gencts and modules, werc comparcd 

uccording lo succcssionu[ stagc and environmcntul l¡lctors (al ti lude, cxposurc, slnpc ami soil 

Iypc) using proccdurc l\Yo fuctors'gcncrullincur Illodc\ (GLM) with valucs prcviously 

trunsfonncd to ranks (cxccpl rulc ofincrcusc oflllodulcs und gencts) amI a pos/crior¡, Illultiplc 

cOlllparisons using Tukey's lesl frolll Statistic Anulysis Systcms (SAS) vcrsion 6.03 (Scaman e/ 

al. 1994). In Ihis case, pcrforllling anulysis ofvariancc (ANOVA) wilh valucs transforlllcd to 

ranks is morc conscrvativc Ihan thc corrcsponding ANOV A withoul ll"Unsfonnation und is 
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frcqllcntly more accuratc than the non parametric Krllskal-Wallis test (SAS 1988). In addition. 

we uscd a gcncrallincar modcl proccdurc to obtain thc relalionship bclwcen proporlion annual 

morlalily or gcncls (lhcse valucs wcrc previously transforIncd lo Ihcir sqllarc rool and lhcn 

arcsinc wcrc calculalcd) ami agc colwrls. 
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RESULTS 

Populalion flux of gcncls was analyzed during l\Vo rcproduclive cycles from May (ycar onc) to 

Dcccmbcl' (yCill' t\Vo). Thc initialnumbcl' of gcncts (May ycnr onc) did not di/Ter signi/icantly 

among succcssional stagcs (1' = 0.31, p> 0.(5), nor was there a significant di/Tercncc among thc 

finalnllmbcr of gcncls (Dcccmbcr ycar Iwo; F = 3.2. p> 0.05; Tablc 2). FUl'thcrmorc, Ihc 

di/Tcl'cncc in Ihc rccrllitmcnt bcl\Vccn lhcm (succcssional stagcs) was nol signi ¡¡canl during May 

yen!' onc and Dcccmbcr ycar lwo (1' = 2.13, P > 0.05; Tablc 2e). Howcvcr, lhc oldcsl succcssional 

slagc had highcl' ralc of increasc 01' gcncls lhan lhc olher slagcs (1' = 4.65. P < 0.05; Table 2d). 

Similarly, \vc analyzcd lhe module poplllalions from Dcccmber yen!' one lo Dcccmber ycar lwo 

(final phasc of l\Vo rcproduclive cyclcs).Thc pcrcenl agc of survival of modules was zcro bccausc 

modulcs arc scmclparous. No diffcrcnce \Vas obscrvcd in Ihe averagc numbcr of modules by 

slagc in Dcccmbcr ycar onc (F = 0.0 1, P » 0.05; Tablc 3a) nor in Deccmbcr ycar l\Vo (F = 0.04, 

p» 0.05; Tablc 3b). Thc annual ralc ofincrcase ofmodllles was nol significanlly diffcrcnl (1' = 

0.07, p» 0.05)(Tablc 3d). Thc grealesl number oflllodules was observcd during lhc monlh 01' 

May ycar Iwo in al! stagcs, wilh slagcs I aud 2 having Ihc gl'calcsl overal!numbcr of modules 

(Tablc 3f). 

Thc gcncral pa((crn 01' gcncl dcnsilics was similar across al! siles (sce Fig. I Iwo cxamplcs). 

Thcsc wcrc rclalivcly conslanl from Deccmbcr ycar one lo July ycar l\Vo. 13il'lhs occurrcd during 

May amI July in bolh ycars bul in yeal' onc \Vas grcalcr lhan in ycar t\Vo. Dcalh of gcncls \Vas 

mosl nolablc in ycar onc during lhc pCl'iod frolll AllgUSt lo Oclober (Fig. 1). 

Gencls born in diffcrcnl years (bcfore lwo 01' morc ycars I'rom inilial sludy, one ycar heforc 01' 

inilial study, amI al firsl ami seconcl year from our sludy) and werc dislinguishablc Ihroughoul the 

dumlion oflhc /icld \York (i.e., \Ve had 1,2,3. ami::,: 4 year-old cohorls in ycar Iwo final). Thc 

highest genet 1110rtality mlcs oecurrcd 1'1'0111 Áugust to Octobcr ami werc grcatcst fnr cohorts 
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\Vere born in year one (Fig. 2a). When young genets initiated growth, more than 50 pcrccnt 

appearcd eh loro tic and died by damping-off. The remainder disappeared from arcas excavated by 

gophers and due to unknown causes. Genets born before t\Vo or more ycars from initial study 

showcd a grcatcst mortality from July to Octobcr in both ycars (Fig. 2a). Gcncts mortality 

appeared to be relativcly more stable for all cohorts'as time passed. 

Pattcrns of module population Ollctllations werc similar for eohorts ofthe samc agc aeross sitcs, 

The nllmber of modules from genets wcre born in year one was similar to gcnct survival curvcs 

ofthe samc age probably because gencts gcnerally begin with a single module. Thc grcatcst 

I1lllnbcr of modules \Vas recorded during the months of July from ycar one and May from ycar 

two, and slowly decreascd from August to November. The cohort born in year two contributed 

with a relativc!y lower number of genets and modules than the previous cohorts (Fig. 2b). 

Genets born in ycar onc and before were most abundant in sites one, two, threc, four, five six and 

seven (Table 4). The most abundant cohorts at site thrce wcre genets of two and three Year old. 

Recruitmcnt during year t\Vo was zero at sitcs two, foUt' and five, with thc other sitcs showing 

very low rccruitmcnt. Proportion mortality (from May ycar onc through December year two) 

among age cohorts was significantly different (F = 123.4, p « 0.0 1). The relationship betwecn 

proportion of genets mortality and age was cstimated as: Y = sine -0.288X + 1.657)' , whcrc Y is 

thc proportion of mortality and X is thc agc of the cohort, was significant (r = 0.92, p« 0.0 1). 

Soil type explaincd significant diffcrences in gcnets increase rate (Ultisol > Alfisol, 2.31 ± 0.4 

and 1.2 ± 0.1; gcncts in December year two/gcncts in May year one respectivcly; F=8.64, p< 

0.0 1). 
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DISCUSSION 

Only t\Yo partial associations wcre obscrvcd, bet\Vccn ralc of poplllation incrcase of gcncts \'ersus 

typc of soil and stagc old ticld sllcccssion (Tablc 2), thc gcncts incrcase ratc \Vas higher in the 

oldest stage and Ultisols Ihan in younger stages and ¡\lfisols. Ultisols have 10\V iertility amllow 

base content (l3oul el al. 1993). Our results suggcst IItat Z. diplopcrcl1l1is has grcatcr adaptivc 

success in Ultisols than in J\ltisols, hcnce the higllCr gencls incrcasc rotc in IJltisols. 110lVcvl'r. 

the plasticily phcnolypic cxpcrimenls in diffcrcnl kiml ofsoil are nccessary to Icst this 

hypolhesis. 

In all stages of abandonmcnt gcncts rale of incrcase was grcalcr than one. These rales resulted in 

high rccruitment in year one. Neverlhelcss, when we cstimated gcncts rate 01' increase ¡¡'om 

Dccembcr year one lo Deccmber year two, the values wcre 10\Vcr than one (sce Tables two amI 

four). Our results suggest that it is important to monilor gcnct flux for a greater Icnglh of lime 

becausc lhere \Vas high variation in density dllring both ycars. Thus appropriatc modcls 01' 

population dynal11ics must be bascd on nUl11crous ycars of monitoring in order to adequalcly 

conduct projection and population viability analysis. 

No trcnds bctwcen the succcssional stagc or cnvironl11cntal factors (altitudc, cxposurc, slopc and 

soil typc) versus modulc poplllation parametcrs wcrc observcd (Table 3). Ollr rcsults diflcr from 

I3cnz el al. (1990) who worked with the same specics yet dcmonstrated a signi ticant positivc 

relationship betwcennumber ofmodules and age stages. Pcrhaps their trcnd is a result ofhaving 

included thrce sitcs in each of t\Vo localities diffcring in mallagcll1cnt history: thrcc sitcs in San 

Miguel \Vith vcry yOllng stages and threc othcrs with olcl stagcs in Las Joyas. 

In ollr stlldy, thc net changc ofmodulcs \Vas Ilcgativc for all stagcs (Table 3c). Thc olclest stagc 

had a smallcr net changc of modulcs. Perhaps this \Vas a conscqucnce of sccomIary vegetatioIl 
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absenee cncircling the sitcs. In this case. there is little potential for invasion by other rhi7.0l11atuus 

species. 

Module reproduction \Vas synchronizcd across sitcs. Thc grcatest nUl11her of modules in each sitc 

coincides with the month following the first month (June) of thc year with prccipitation, and thc 

lowest numbcr of modules was observed during thc months with Icss precipitation (Octobcr­

Decel11bcr). In highcst rain scason appcars to favor the clonal growth in all rhizol11atolls plants 

spccics (Abrahamson 1980). 

The gcncral trcnd of genet survivorship curves among populations was similar. Survivorship 

across cohorts of thc same age appeared to be more synchronizcd than across cohorts of diffcrcnt 

age but from the samc site (Fig. 2). The mortality in Z. dip/operennis gcncts. as in other 

rhizomatous specics (I-Iarper 1977, Lovetl Doust 198 1), declines with age. 

Thc inversc rclation betwccn proportional gcnets l110rtality and agc is likcly to be duc to 

asymmetric intraspecific compctition (Crnwley 1990), where oleler established individuals are 

competitivcly superior to their younger counterparts, as has be en e1emonstrated for So/idogo 

cO/wdcnsis (l-lartnetl & Bazzaz 1985), Faglls crenalo populations (Nakashizuka 1987 revic", of 

Crawley 1990) and BOllle/ollo graci/is populations (Aguilcra & Laucnroth 1993). This pattcrn 

eharactcrizes spccies where intraspecific cOl11petition appears to be respollsiblc for thc 

suppression of recruitl11cnt alter the initial colollization (initial seedling recruitment, according to 

Eriksson (1993)). 

As in the casc of Ral1llllcII/IIS aeris ane! R. blllboslIs (Sarukhán & Ilarpcr 1973), the total number 

of genets pcr site in populations of Z. dip/opercl1nis exhibiteel a seasonal rhythm with peaks 

during spring timc and was more cvidcnt in year t\Vo (I'ig. 1, Fig. 2). Thc grcatcst gcnets 

mortality occuITed during the scason of greatcst growth, ¡.e., the rainy scasons (July through 

Scptcmbcr). This is sil1lilar to 11l0rtality pattcrns describcd for R. call11dcl1sis (Ilartnctt & Ba7zaz 
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1985), Lolil/m perenne and olher clonal grasses (Langcr el al. 1964, Kays & Harper 1974). Thcse 

pallerns suggesllhal inlraspecific compelilion may regulate genet mortalily (Sarukhán & Ilarper 

1973). 

Growlh aclive o[ rhizomalous pcrennial Z. diploperenllis occurs immedialely aftcr lhe firsl rains 

following a dry season. As a conscqucnce, we poslulale that inlraspecific compclilion occurs 

principally during lhc rainy scason, which coincides wilh thc pcriod whcn thc maximum rates 01' 

genet l110rtalily occur. Our rcsults concur \Vilh the hypolhesis offered by I-Iartnclt & Bazzaz 

(1985), that clonal growth and genet survival of herbaceous clonal species (of the initial seedling 

recruilmcnt typc) are inverscly rclated to timc of rccruitmcnl. Tha! is, long ancr initial 

colonization, poplllations of hcrbaceous clonal speeies will be formed mainly by lhe gencts lhat 

beca me established initially, as hypothesized by Bcnz el al. (1990) (see al so Kays & I-Iarper 

1974, Maddox el al. 1989, Eriksson 1993). This suggest that reprodllction from sceds is 

unimportanl at lhese olu stagcs anu l11ighl not be a viable alternative for achieving populalion 

lIlereasc. 

The degradalion of soils in thc Sicrra ele Manantlán Biosphere Reservc is causcu pril11arily by 

forcst fircs, slash and hum agriculture and cattlc grazing (Pineda 1988, Jardel 1991, Sánchez-

V clásquez & García-Moya 1993, Sánchez-Velásquez el al. 1996, I-lernánuez 1998). Those 

degradation arcas wilh Ultisol soil could be sowed with Z. diploperellllis. Such activities would 

achievc two distinct objectivcs, prol11ote propagation of this rarc endcl11ie and reclail11 arcas that 

arc susceptible to erosion and furlher elegraelalion. 
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RESUMEN 

Uno de los objetivos de la Reserva de la l3iosfera Sierra de Manantlún (Jalisco, México) es la 

conservación in Si/ll del teosinte Zea diploperennis. Esta especie es perenne, intolerante a la 

sombra y su arquitectura es parecida a la del maíz. El crccimiento c10nal es de tipo falange. Los 

genels son iteróparos con tallos semélparos. Se estudió la demografía de módulos y genets de 

siete poblaciones de Z. diploperennis en siete sitios de cultivo abandonados, estos representan 

tres diferentes estados de sucesión. Siete sitios permanentes de un metro cuadras fueron 

aleatoriamcnte distribuidos en cada uno de los sitios. Todos los genets presentes inicialmente y 

aquellos que se establecieron durante nuestro estudio fueronmapeados y ctiquetados dc acuerdo 

al año de establecimiento. La magnitud de las fluctuaciones demográficas fue más grande en las 

poblaciones de módulos. La dinámica de las poblaciones de genets siguió un ritmo estacional con 

un tamUllO máximo de la población al inicio de la temporada de lluvias. Una relación 

significativa fue obtenida entre la proporción anual de mortalidad de la cohorte y su edad: las 

cohortes más jóvenes presentan la mús alta morlalidad, i. e., Y = [sine -0.288X + 1.657) r . (r = 

0.92, p < 0.01), donde Y es la proporción de la mortalidad anual yX es la edad de la cohorte. La 
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máxima tasa de mortalidad de gcncts ocurrió durante la tcmporada dc lluvias cuando la dcnsidad 

de la población fue más alta. Como consecuencia, postulamos que la competencia ocurre 

principalmcntc durante la estación de lluvias. Se observaron relaciones lineales entre la tasa de 

incrcmento de genels verslls el cstado sucesional yel tipo dc sucio. Aquellas úreas con sucios 

pobres degradados o sucios con similares características, pueden ser rehabilitados introduciendo 

Z. dip/operel1l1is. Con esta rchabilitación se logran dos objetivos; promover la propagación dc 

esta cspecic endémica, y recuperar áreas que son susceptibles a la erosión y fuerte degradación. 
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TA8LE I 
Cllaraclerislics o{llIe Zea diploperennis sludy siles. 

Sile 
2 3 4 5 6 7 

19G0 1980 2000 2030 1960 1960 2020 

SW SW SW s NW S s 

10-20 10-20 0-5 10-20 10-20 10-20 10-20 

Alfisol Alfisol Ullisol Alfisol Alfisol Ullisol Ullisol 

MMfo' MMfo' MMfo' MMF MMfo' MMI' MMI' 
I'Q,SV I',SV I',SV I',SV P,SV l' l' 

4 4 4 14-17 14-17 17-19 17-19 

mí1IZC maizc I11a1ZC maizc, maize, Illaizc, 111uizc 
ami apple. apple, 
polalo orchard, peal' 

pcar and 
and oreharel 
paslure 

1.55 0.78 1.65 10.69 11.58 1.66 1.88 

l' = I'ine forcst. PQ= Pinc Oak forcst. MMF= Monlanc Il1csophytic foresl, SV= Secontlary 
vcgclalion. " L. MarIÍncz-Rivera. L. Delgado and E. Flores lInpub. elala., " Pérez (1991). 
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TABLE 2 
Flllx o!'lea diploperennis genel paplllaliolls in Ihree diflerelll slages oFold!jeld SlIccc.I'sioll 
(lII(,illllllllllher o/"."cllels in I m' ami slondord error of"the mean, lI'ilhin ilnd 1I'illwIII \'(/Iue 

lrans!iJrllled lo I'IIllk, respeclh'ely). In (d) Ihe ",dues lI'ere nol Irons!iJl'lllcd lo 1'lI1lk. 

Sla!;e age (yr): 4 11-17 17-1 <) 

(a) Mean No. 01' gencts 21±3.4 19±3.5 21±3.4 
No. of gcnets 25±2.S" 22±4.2" 27±4.2" 
(X±S,) 

May year one 
(h) Mean 
No. 01' gcncts 
I)ccelllber year two 

(X±S) ., 
(c) Net changc 
(all plols) 
(d) Ratc 
of incrcasc 
(lolal No. 01' gcncls 
Dcccmhcr year twol 
lolal No. 01' gcncls in 
May year one) 
(c) Mcan 
No. 01' Gcncls 

(X ±S,) 

eslab1ished bctwecn 
May year onc and 
J)ccem ber yeal' l \VD 

(1) Total 
No. of gcncls 
l11orla1ilics bel\Vcen 
May ycar one ami 
J)ccclllbcr year l\\'o 
(g) Tolal no. al' 
gcncls presclll May 
year onc al i vc by 
Dccclllbcr ycar l\Yo 

23±3.5 
22±2.6" 

9 

l.3±0.16" 

30±3.S 
22±2.5" 

680 

278 

34 

26+6.3 
22±4.2" 

36 

1.3±0.22" 

54±20.3 
24+4.7" 

796 

153 

40±5.4 
33±3.7" 

27 

48±5.9 
31±3.6" 

649 

183 



(h) Pcreent 
sllrvival of 
genets 
(g/total 
nllmbcr al' 
gcncts) X I 00 
(i) Expected 
timc for 
complete 
tllrnover (yr) 
«1.58/100-h) X 100) 
(j) Total 
gcnets 
recorded 
during stlldy 
(k) I'ercent 
annllal 
mortality of all 
gcnets during 
20 mo 
«r/j) X 100) 

S¿nchez-Vel¿squez, Jiménez-~. and Benz. 

63 58.1 61.7 

4.15 4.06 4.0H 

1090 1035 1021 

62.4 76.9 63.3 

Means with slIpcrscripts orthe same leller imlicate no signific¿lIlt difTerel1ce at IFO.05 (SAS. 
procedllrc two factors gcnerallincar model, l11eans TlIkey test). 
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TAI3LE 3 
Flux o{Zea diplopercnnis module pOIJIIlalio!7.\· ¡'¡ III/'ee di[(erelll .\'/{IRes o{o/d/le/tI su('cessioll 
(mel1l11l11m/¡er ,,{modu/es ill I m' amlslallda/'d a/'o/' (lOlle meall, lI'illlill (I1lC/",illlll/ll \'a/ue 

1I'lIII.I'fiJ/'ll1cel lo /'Ollk. ",'sl'eclh·,,/y). 111 (el) Ihc va/l1e II'C/'C I/Olll'llllsfil/'mcel 111 /,"l1k 
S tagc agc(yr): 4 14-1 7 17 -19 
(a) Mean No. 72±9.8 70±13.2 64±8.9 
01' modules 25±2.3a 25±4.Ja 25:1).8' 
(X±S) , 
Deeem ber 
ycar OIlC 

(h) Mean No. 
01' moclules 

(X±S ) , 
Decelllbcr 
ycar t\Vo 
(e) Net 
changc 

(a1l plots) 
(d) Rate 01' 
Incrcasc 

(total in year !\VO/ 
!o!al in year one) 
(e) Expccted 
time ror 
complete 
!lIl'1lover (yr) 
« 1.42/1 OO-h*) X 100) 

64±10.4 
25±3.3" 

-168 

O.89±0.1 a 

1.42 

54±8.2 
24±3.5a 

-224 

0.94.!..0.12a 

1.42 

Gl±11 
25±4.1 " 

-42 

0.91-1 

1.42 

(1) Maxilllulll 1717 1273 1089 
no. 01' modules 
(a1l (1n Muy 
ofyear !wo) 

Means with supcrseripts orthc same lc!ter indicate no significan! dirrercllcc at p=0.05 (SAS, 
proecdllrc t\Vo raetors gcncrallinear modcl, mcans Tukey test). *Pcreent survival ormodlllcs, a1l 
case wcrc zcro. bccallsc Illodllles are scmclparous. 
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Fig. l. Tolalnllmher 01' genels. clI111l1blivc hirlhs ami ClIllllllalivc dcalhs 01' XC" dil'/o/J"/'('l1l1is in 

seven Ixl 111 qlladrales al t\Vo siles. The (llher siles havc similar shape. 

Fig. 2. a. Survival 01' gene! ('ohorls 01' 7.ca di/J/0l'crcllIli.l'. totalnu111ber 01' genels by agc cohort, 

(1,2,3, ami 2: 4 yc,u'-old in J)eee111ber yenr t\Vo) aeross sile. b. Totall1llluber ol'l11odllles as a 

I'lInelion 01' dale I(l!' 7.('0 dil'/ol'erel1l1i.l' born belorc t\Yo o more yenr fi'0111 initial sllldy, genels 

born in one yenr before 01' illitinl sludy. ami gcnels burn in firsl ami second year fr0111 our study. 

(i, c .. in Decel11ber ycar t\Yo are modules from J, 2, 3, nnd 2: 4 year-old eohorts) across sites, 
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POPULl\l'IO¡'¡ DYNN·IICS OF Ze,l dipl(')fJctenJJ.ls 

Sil 111 lila ry 

l. Zea dip/o/",relllli.\· (clw/JlI/e) is a wild relative ol"maize endemie to the Sien'a de 

Manantlán l3iosphere Reserve. Because this species is a priority ror conservatioll in the 

reserve, the clTeets on its population orthc most eOl11l11on types oranthropogcnie 

disturbance -slash-and-hurn. a",1 slash without subsequcnt burning--· \Vere investigated 

in threc populations ror fivc years. 

2. The patterns or establishment and mortality \Vere qualitatively similar in all püpulations 

studied. The eohorts ol"genets that were rollolVed Irol11 germination showed tYl'e 111 

survivorship curves, while coharts orvegetative shoots hacl type 11 curves. 

3. Numbers or shoots, ears and rruits produecd were signitieantly higher when slash-ancl­

burn disturbancc was applied. The massive prodllction or seeds alkr disturbanee Sllpport 

the resource-matehing hypothesis. I3ccallse permanence is the most important stage in 

contributing to A. the reslllts suggest that the tirst genets to beeome established have an 

advantage over newly-reeruited plants. 

4. When the t\Vo disturbanee types were applied, A increased to close to I or > l. ¡\Iler the first 

disturbance. A incrcased byalmost 100 %. 

5. In almost all situations. with ar without disturbance. the persistence loops al" Zca 

dip/operennis are the most important lire history pathways in the relative contribution to 

litness. In general. when A inereases. sexual growth loops also increase in importance. and 

persistenee loops deerease. Changes in A are not rclatcd to ehangcs in vegetative growth 

1001'S. 

(i. Il"pnplllations 01"7.. '/¡¡'/O!}('/"('lIl1is are not disturbed at lest one cvcry S ycars. tIJe specics \ViII 

go extinet in the lVild. 

Kev\I"o/",!.I-: Disturhances. demography. loop analysis. mast seeding. slash-and-bllrll. 



Sáncllcz-Velásqucz, L. R., et al. 

1 nlrod I/clion 

Thc sludy orpopulntion rcgulation nnd dcmography in thcir nntural habitats is 

extrcmcly importnnt rol' the eonscrvntion or rare and endangered spceies and ror the 

sustainablc managcmcnt o r econom ieally im portant plants (llnrvey 1985: Brussard 1991: 

Oll'en &. Rosentrclcr 1 C)'J2: Olmsted &. Álvarcz-Buyll" 1 '195). Protecting amlmailltainillg rarc 

nml thrcatcned spccies in their Iwturnl habitats is one goal or conservation hiology (Ilrussard 

1991; Lesiea 1992). Altlrough leosil1l('.\ -tire lI'ild rclativcs or maizc- ha ve a largc 

eeonomic potcntial ror tire improvement ofeultivated eorrr (Wellhauscn el al. 1951: Silllclrcz 

& Ordaz 1987; litis 1993). they have rcccivcd little attclltion rrom the ccological point 01' 

viell' and no dcmogrnphie studies Irave involved il1 silll moniloring (Snllchcz &. Ordaz 19R7: 

Sánehcz-Velásquez 1991). Thc tcosintcs are nssociated wilh nnthropogenic disturbmlees all(l 

grent importanec has heen nseribcd to their possible inOucnee on the rorlllntion and 

variability orthe lIlain vnrielies ormaize in Mcxieo. as their reprocluetive system nllows 101' 

natural hybrids. a 11(1 gcnctic !lOIV bet\Vecn wilcl and cultivated plants (see \Vellhausell el al. 

1951; Sánclrez & Ordaz 1987; litis 1993). Zca cliplopcrel1l1is litis, Doeblcy, Guzmán and 

Pazy. the most recently-described spccies orteosinte (litis el al. 1979). is rcstrieted to the 

Sierra de Mallnntlán l3iosphere Reserve in Jalisco. Mcxico. The intcrest in its eonscrvation 

derives rrom its vcry narrow geograplrie rallge, altlrough it is loenlly rrequcnt, with erowcled 

populations in disercte pntches (see Rnbinowitz el al. 1986 ror a diseussion 01' geographie, 

ecologieal, nnd delllogrnphic levels or rarity). Indeed. Dne orthe objectives ortlre Sicrrn de 

Mallantl:rrr niosplrere Reserve alld tire associated Mannntlán Institute nI' Ecology a 11<1 

Conservntion orniodivcrsily (Ulliversity orGundal,ünra) is tire in silll conservati"n "rtlris 

lcosinte (Jnrdcl 1992). 

Srnall-scnlc f1res occur cvery year in Manalltlón. rnostly as n rcsult ,,1' cscaped burning 

n·mll tire co(flllil agrieultural systcrn (a slaslr-,md-burn land rnanagel1lcnt tcclllliquc uscd by 
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loenl peasants 01" cmllpe.\'il/o.\'). Distul"bances nre also crcated by eaule grazing on natural 

vegctation. It has been sho\Vn that in experil11cntalmixed eultivation \Vith maize the gl'O\Vth 

01' individual plants 01' Zea dijljope/'enlli.\' is ravoured by these disturbanccs (Sánchcz­

Vehísque7. el al. 1992). Ilowever. the global clTcet 01' disturbanees at Ihe populalion level and 

under nallll'al colldilions has not been evaluated. Addilionally. uncontl'OIIed uurning and 

grazing may threaten other rare speeies in the Manantlán Reserve, sueh as Magl/olia ijli.\'ial/a 

(VÚ7.qUCl. & Cuevas 1995), as \Vell as \Vhole eOl11munities thnt seelll to be scnsilivc to hU1'Iling 

aml/or grazing. sueh as the cJoud forests (Pineda-Lópcz 1988; Sánehez-Velásquel. 1988; 

Jardel 1991; Saldana & .Iardel 1992; Sánehez-V elásquez & García-Moya 1993). 

The Las .Ioyas field Station, loeated within the eore aren orthe Reserve, has the 

seeond largest populations ol'Zea ,/¡jJ/ojle/'el/lli.l' (the largesl populations are in lhe indigenous 

cOllllllunity 01' San Miguel Ayotitlün; see Benz, el al. 1990). These populntions hnvc been 

proteeted fi'ol11 grazing al1(l rorest tires sinee 1988. ns part 01' nJnnagement polieies "illled at 

the proteetion orthe core nrea orthe reserve and conservation orthe existing ropulations 01' 

z. dil"ol)('/'('l1l1i.l' (.Iardel 1992). Additionally, no nelV agricultural arcas have been openetl in 

Las Joyas since that date (Lorcnte-Adame & Sánchez-Velásqucz 1996). Managemcnt options 

are urgently needed to make the protection orteosinte compatible \Vith other eonservation 

activities within Ihe reserve. Studies DI' populations 01' a single speeies under eontrasting 

management conditions (e.g. dilTerent sLlecessional stages 01' diflerent intensity 01' 

disturbance) can lead to a beUer Llndcrstnnding ofthe demographic pattcms ofsuccessional 

spccics than studies made on a single arca (Weaver & Cavers 1980; Lovett-Doust 1981; 

Maddox ('1 IIj. 1989; \l'alson el al. 1994). 

Our objccl ive was to analyse and compare thc efTect of t\Vo types 01' ilnthropogen ic 

disturbance (slash-and-bufl1 1'.1'. slash wilhout bUfl1ing) on the dcmography 01' 7.. 

dijJ/opC'/'C'(lIIi.\·. In parlicular. (a) to describc population changes during tive years in plols 



lIndcr ditTerenllaml dislurbanec rcgillles, (b) lo assess lhc rclalive conlriblllion 01' dirrercnl 

lite-hislor)' slages lo pOJllllalion gro",lh lInder ditTcrenl dislurbanec se'fuenees, and (el lo 

ident i r)' d isl urb'lIlec regi mes thal ma)' cnable lhe pers islellce 01' pOJlU lal ions o r 7."" 

diplol'c remli". 
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Material, and lIIethod, 

SI'EClES ANIJ STUDY AREA 

Zeo diploll('relllli.\· (Pooceoe) is a helio[lhyllous. rhizomolous specics of'lcosilllc. IVilh 

semell'arous olllluol aerial slems (mlllels) Ihal brallcll rrom a [lerellllial ilcrnparous gelle!. The 

shools are similar ill appcal'aIlCC I{) Ihose orl11<1izc ami n1'01l11<1 two lllctcrs (t I 111) lIigh 

(Súllehez-VcJúsqucz 1991: SÚllehez-Vclúsqucz el al. 1992). Clollal groIVlh is "phalollx-Iype" 

(.\'''".\'1I Clegg 197R: eiled ill Iluleh illgs & I3radbury 1986). developillg radially li'om Ihe 

parenlal shool wilh shorl rhizomcs lhal Ji1!'ll1 a eompael circular Iron!. The plallls can groll' in 

narrolV associalioll IVilh maize fields ulldcr Iradilional coall/il cuhivalioll (1Ilis 1980: Ilellz ('1 

al. 1990; Sállehez-V clúsqucz el a/. 1992). Zea diplo!,,,rel/I/i.\', is dispersed illlo lleIVI)' slashed 

plols by calllc ami somelimcs also by rarmcrs \Vho promole its grolVlh as a souree 01' JiJl'agc 

JiJl' their liveslock alld of'hybrid vigour le,r Iheir maize eraps. Illis el al. (1979), llenz el a/. 

(1990) ami Súnehez-Vclúsquez el 01. (1992) hove described Ihe laxollomy ond general 

biology 01' lhe speeies. The potelltial 01' Z. diplol'"rel/I/i.\· as a source 01' gcnes Ji,r nwi7.e 

breeding is illtel'l1otionally reeagllised (e.g. FAO 1989). 

The Sierra de Monanllúnl3iosphere Reserve is loeoled in the mOl"11aills orSouthel'l1 

.lolisco. Mcxicu. h eamprises oak I(lresls ill the IOIVer elevoliOlls, ami pille amlmontalle 

mixcd !lIJ'esls in lhe higher rallges. Pille slands oecupy the drier slopes, II'hile species-rieh 

montane roresl communilies are roulld 011 lhe \Veller arcas (.Iardel el al. unpublished dala). 

The sites \Vhere Zm di/,lo/,,'r"'lI';.\· is loulld me IVilhill monlalle lorest habitals al olliludes 

rangillg rrom 1900 to 2100 m. Soils are ollisols Gnd ullisols. bolh lVilh a IVcll-dciined argillie 

horizon olld mosll)' derived rrom higldY-lVcalhercd volcullic moteriol (Morlíncz el al. 1993, 

USDA 1998). Meall alll1l1allcl11peruturc il1 thcse siles is appl'Ox. 16°('. and mcan annl1al 

preeipilation is aroulld 1700 111m (Ilel'l1úndcz el al. 2000). A dry period oeeurs Irol1l February 

lo May. ond a IVel period !i'om .lune lo Oelobcr. Occasional IVinler rnins. derived mostly 1'1'0111 
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tropical hurricancs f(mning in Ibe !'acilic coasl orMcxico, may rall bcl\Veen November ami 

January (Marlínez el al. /991, García-Oliva el al. 1991). 

!'ERMANENT !'LOTS ANLJ EXPERIMENTAL TREATMENTS 

\Ve sludied Ihree populalions in Ibree difieren! arcas \Vilbin Las Joyas: Site I "El 

1!1f;S('Ol'O!". sitc 2 "f.(),\' Aso/caderos!! nnd silc J "/~'/ Zar::all1ol'o'l, AII sitcs are Jess tlmn (lile 

kilometre arar, aJl(1 localed al approximalely 19° 36' N and 104° 16' \V. AII are old maize 

lields Ibal \Vcre abandoned (j'om agrieultmc in Ihe mid-sevcntics. Seven pCl'lnancnl I m1 plots 

\Vere randomly eslablisbed in each orIbe siles. AII genels initially present, and Ibose tbal 

bccame establisbed during our study, \Vcrc mapped and labelled according to year al' 

eslablisbmenl (el: Sarukbün & Ilarper 1973). In May 1989 \Ve eould diflerenliale Ibe genels 

Ibat lVere bom in 1988 beca use tbey bad one al' rarely t\Vo small SbOOIS, and zero or only (lne 

ear. Coborts bom li'om seed during tbe live-year sludy period IVere identified by means ortbe 

plot mal' (j'(lIn Ibe previous year, and also by tbeir leal' apex. Tbe firsll\Vo leaves in a Irue 

sccdling bave an emarginale apex, bullaler leaves, or neIV leaves rrom vegelalive SboolS, 

sbolV an acuminalc apex. Dcad planls \Vere idenlilicu by Ibe absenee orgreen SbOOls and 

buds. anulO!' by Ibeir disappearanee rrom previously loealions. In Ibe lirsllbree years. \Ve 

mapped Ibe plols rrom Mal' lo December al inlervals (lr approximalely one monlb. To 

describe survivorsbip curves ror coborls orvegelalive sbools, \Ve counled Ibe planls inlbe 

plols bel\Vcen January 1992 and November 1993 al inlervals al' approximalely on monlb. Tbe 

nllmbcr 01' sbools per genel and Ibe number 01' ears per sboot \\'ere eounted during Ibe nHlnlhs 

in wbieb mature rruils \Vere prcscnt. l3eeause ortbe lo\V rrequeneies cneountcred in sOllle or 

tbe slllal! one-meler-square plots. we IUlllped Ihe eounts rmlll eaeb pl,,1 al eacb ohservation 

dale lo ohlnin a valuc I¡,r Ibe wbolc site at Ibal lilllc. 

In Mal' 1991 \vc slasbed all tbe secondary vegclalion (\\'oody serub wilb dOlllinanl 

Icgulllinous sbrubs) (j'om siles 2 and 3, withoul burning Ibe s(ubble. In May 1993 \Ve rc-
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~pplied Ihe sanie Irealmenllo sile 2, ",hile ili sile J IVe used slash-and-burtl, (only bUl'lling 

inside Ihe sludy silc, ensuring Ihal lirc IVould nol spre~d lo lhe surrounding loresls). No 

dislurbanec \Vas ~pplicd lo sile l. [3eeausc orlhe rarily orlhc sludy species, Ihe sn10ll size of 

lhe exisling palchcs, and lhe sc~le oflhe dislurb~nce lrc~lmcnls, il \Vas nol possiblc lo apply 

lile lilrce Ireallllcnls lo every sile (il is espeeially dirlieult lo apply Jire saJely duriug lile dr)' 

seasonlo only parl of~ sile). 

In spile oflile I~ck of ~dequale rcplicalion, Ihe Ihree siles ni L~s .Jo)'as havc some 

imporlanl Icalures Iltal made lhem appropriale 1(>1" Ihis sludy. Firslly, lheir nlanagemenl 

hislory is eompamble, as Ihe)' \Vere ab~ndoned from eullivalion ~round 1970-1974. Seeondly. 

~s Ihe)' are loealed IVilhin lhe eore arca oflhe reserve, Ihey ~re amenable lo conlrolle" 

experimenlal Irealmenls IVilhoul conl1icling \Vilil land use dccisions made by litrlllCrs. 

Ileeause oflhe exlreme raril)! oflhe slud)' species, Iherc me no more suilable siles lhan lhe 

ones \Ve used. I.asll)', ",ilen selling up lhis ex!,erimenl \Ve wcrc inleresled in evalu~ling Ihe 

suecess 01' managelllenl in lhc core arca 01' Mananllán lar lite conserv~lion 01' Zca 

tI;/I/O/I<'I"<'III1;'\". Thus. Ihe lhree siles SllOUld be regarded ~s plols IVilh conlmsling lIlanagelllenl, 

~l](lnol as lrue replicales 01' an cxperimenlallre~lment. 

Thc penllanenl seed pool \Vas estimaled in 1990.1\1 eaeh sile \Ve 10ok,Jivc random 

soil samplcs (30 x 30 cm \Vide x I S cm deep) in .January 1990 (immcdi~lely ~!ier seed 

llIasling). We Ihenlook live addilional s~llIples in NOl'embcr 1990 (a!ier Ihe ,u1l1ual raiu)' 

season allll he((,re lite ((,IIowing masling evenl). Seed pool "'as eslimaled as 

l' ,= N,,",,,. x 100, \Vere N.'aa is lhe numbcr ofvi~ble seeds fOllnd in Januarv (a!ler maslin<> ,~ N . D 
."m 

'"111 heJi,re lile rains), N,,,,,,. is tite nllmhcr 01' viable sceds Jinll1(1 in Novelllher (afler 

gcnninaliol1 during lite sUllImer mins, and bcforc lhe dispersal ofthe nclV sced masl), al1(l 

1'.",<"<, is Ihe rerccnlage oflhe seeds lltal did nol gcrminale bul remained viable inlhe seed pool 
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(Lorentc-lIdall1e & S¿Ínehez-Vd¿Ísquez 19%). These pereentages \Vcre later used in transititln 

matrices ror the simulation models. 

SURVIV IIL OF GENETS 

For the anal)'sis Dr cohmt survival we ealculated ¡he time-spceil;c mortalit)' rates. and 

anal)'sed their relationship with time. 13)' definition. the mortalit)' rate is DN = -k N. wherc 
01 ' 

kl is the probabilit)' that an individual dies at time l. lis ~oN = olog N • we can rell'rite the 
N 

ologN A 

firsl cquation as = -k,. Lct us now define k, the estimateu mortalil)' rale, as a al 

¡'r" . A ~logN 
(1 ¡erence equallon - k = .1'hen lar an)' lime 1, lhe eslimaled lime-speeifie 

M 

A A log N -Iog N 
morlalil)' rate Ir, belwecn lime 1 and lime 1+" can be ealeulated as k = '" , 

x 

IVhere x is lhe lillle inlcrval rol' which lhe lIlorlalil)' rate lVas eslimated. 

With lhis last equation \vc calculated lIlortalit)' rates orthe genetie individuals 

(gencts) in each site 1'01' each timc interva!. This method 01' anal)'sis has the advantage over 

standard survival curves that eaeh point is tml)' independent orthe previous ones. Irthe 

relationship between k al1lll is linear, then k = I}o -1- PI l. where Po is the ordinate at the 

origin and PI is the slope orthe line relating morlalit)' orthe eohort to time.lrll l does not 

difl'cr signil;cantl)' li'olll zero. lIlortalit)' orlhe cohort is age-independenl. In demographic 

terms. Ihis means that the survival curve is typc 11 (eonstant lIlortalit)'). II'PI is significantl)' 

greater than zero, mortalit)' increases with cohort age (i.e. the survival curve is type 1). II'PI is 

significanll)' IOlVer Ihan zero. morlalit)' deereases with eohort age ( i.e. the survival curve is 

l)'pe 111). Survival was anal)'sed b), regression. ¡\ 11 dala II'ere tested lar h"lIloscedaslicit)'. 

independenee al1ll normality orthe residual error (Neter el al. 1985). Wc used Ihe General 

Linear i'roeedure (GLM) orthe SIIS statistieal package (ver. 6.03; S¡\S 1988) using a type 
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111 sum of squarcs. The survival pammelers lVere calculaled for all individuals esl¡¡blishcd 

from sccd (i.e. genels) before 1988, in 1988, and in 1989. AII cohorls \Vere follolVed lInlil 

Novembcr 1993. 

PRODUCTION AND SURVIVAL 01' RAMETS 

To analyse Ihe effeels ofdislllrbance and ycars on Ihe production ofveget"tive slems 

(romels) for cach genelic individual, \Ve randomly selected 40 individuals from cach site and 

ye,,!". Throllgh a Monlecar!o rroeess \Ve c"lculaled, for each year, onc Ihollsand dirtcrcnccs in 

Ihe nlll11ber ofvegelalive shools bclwccn rairs of randomly scleclcd individuals bclween l\Vo 

sites (sclectionlVas done lVithout replaccll1enl from a maximum of 1600 rairs). lJyanalysing 

the difTercnces bct\Vccn sites Ihrollgh limc, \Ve removed the fixcd effecls oflhc siles ami 

focll5sed on Ihc site x ycur inleraction. Thus, irlhe di51ribution ordifTerences in thc nllll1bcr 

of shools from one ycar to the next remai ned Ihe same, \Ve ean eonclude thal both siles 

produccd vegelative shool5 in Ihe same rale aS in the previous year. On Ihe olher hand, irthe 

dislriblllion 11101 resufted from Ihe Monlecar!o silllulation changed signific¡¡nlly bct\Vccn years 

(as sholVn by a Hes!), \VC can concludc thal Ihe rcfalive nllmber ofvegelative shools 

produccd in one sile had increased or decreased significanlly compared to Ihe olher sile. Thc 

significance Ihreshold for Ihe I-Iesl IVas subjecled to a Bonferroni correclion lO ¡¡lIolV f(lr 

ll1uftiple non-indepcndent tesIs. 

Wc only inclllded shoots of individuals that IVere established at the bcginning of our 

sludy (i.e. during or bcfore 1988). For the analysis \Ve lIsed the number of vegelativc shoolS 

borne by a genet in cvcry yen!" in November (i.e. al Ihe end ofthe annual reproduclivc cyele), 

\Vilh Ihc e,.;cerlian of 1992, \Vhen lVe cuunled Ihe annual shools in Octobcr, as Ihe rain)' 

sea son Ihat yenr IVas one monlh earlier and Ihe flowering sea son moved forlVard 

corrcspondingly. Wc also conducled n survival analysis ofvegctative shools Ihrough limc 

follo\Ving Ihe salnc melhods used lo analyse Ihc survival of genets (see "bove). \Vc analysed 
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survivorship curves ((]J' cohorls oC vegetativc shoots produced bet\Veell December 1991 and 

October 1992 until November 1993. 

PRODUCTlON OF E¡\RS ¡\ND C¡\RYOPSES 

To analyse the effects of site and year on the production of reproduclive slruetures 

(ears or mature spikes) by eaeh gcuctk individual or gcnd, a Montecarlo simulalion lVas used 

to remove the fixed cfkct of sites, follo\Ving the procedure described in the previous seclion 

for vegetalive ShOOls. ¡\ddilionally, lo analyse lhe produclion ofears in vegelalive shonls, lI'e 

marked allne\V shools \Vilh ditTerenlly-colourcd plaslie labels every monlh bel\Veen 

Deeember 1991 ami November 1993. Al lhe end oC lhe reproduclive cyclc, \Ve eounted lhe 

number of ears produced by each shoot. For lhe analysis oC ems produced in Oclober 1992, 

II'e ineluded al! shools born bcllVccu Deccmbcr 1991 aud October 1992. For lhe analysis oC 

ears produced in Novcmber 1993, \Ve eounled ears in al! Shools born bellVecn Oetober 1992 

and Oclober 1993. By means of a conlingcncy-tablc analysis, \Ve compared lhe num ber of 

ears produeed by eaeh monthly eohorl againsl lhe expeeled value under lhe null hypolhesis of 

a uni((mn distribution (lar 1984). For lhe analysis \Ve used the lag-linear model in process 

C¡\TMOD fmm S¡\S ( 1988), and the (J slalislic lI'as used as a X2 measure of lhe lil lo dala 

(Everil! 1977; Freedman 1987). 

Number of caryopses per ear 

In Deccmber 1993 lVe randomly col!eeled fifly-lhree ears from eaeh site. Inlhe 

laboralory, \Ve counled lhe number oCseeds (caryopses) in each Ca!', and thenlrullsformed 

lhese values lo ranks (proeedure Rank; S¡\S 1988). We lhen analysed lhe lransformed results 

tor bclween-site <lilrercllces (procedure GUvl; S¡\S 19R8) tollo\Ved by a SNK multiple­

comparison test. Rank trallslonnaliollS provide nOIl-paramelric, dislribuliol1 .. f'rcc, al1d robusl 

lesls lhal use slal1dard ¡\NOV ¡\ proceclurcs II'hel1 lhe lll11rnl1slonned dala ¡¡lillolllee! lhe 
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pnral11ctric rcguircmcnts ofhol11osccdnsticity and nonnality (Conover & Il11an 1981; cited in 

Scal11an el al. 1994). 

Thc elTeet or tire on the viabil ity or earyopses 

Caryopses or Z. dil'lopal'lIIIi.\· \Verc colleetcd in February 1993, and storcd at O°C. In 

March ol'lhat sal11e year, \\'e placed 50 ear)'opses in caeh 01' f(nrrlcen bags madc li'om 

alul11iniul11 mesh (1 mm mcsh-sizc), 01' sizc 10 cm x 10 cm. The bags \Vere randomly plaeed 

under the stubblc 01' site 3 afler slashing thc serub. Subsequently, the si te \Vas bUl'lled. Thc 

bags \Yere eolleeted the following day, al1(l the earyopses \Vere placed in a moist germ ination 

ehambcr (i.c. imbibed in watcr) for 24 homs at 30°e. Aflcrwards, the earyopscs lVere 

bisceted al1(l imbibed in letrazolium ehloride solution (0.1 % in a 1'11 7 buffer solution 01' 

sodium and potassium phosphate) for three homs at 30°C in a dark ehamber. Embryos Ihat 

lurned red lVere eOllnted as viable (Moreno 1984). The same viability test lVas pcrlarmed un 

six control sam!,lcs 01' 50 earyopscs whieh had bcen kcpt rcli"igeralcd. Thc proporliol1 nI' 

viahle sl:cds in cach salllplc replicate wns transl()J"lllcd by an arcsinc-squarc rool cOllvcrsio!1 

to improve normality (Zar 1984), and the rcsulting values were campa red bet\Veen trcatmenls 

by means of an f" lesl. 

EFFEC'!' 01' SIZE AND AGE ON '1'1110 FATE 01' TI-lE GENET 

Some pnpulalion variables, such as feeundily and morlalily, may be arreeted by age, size 

01' lire-cycle stage (Cas\Vell 1989), or by their inleraelions (LalV 1983; lIughes & ConneIl19R7). 

CaslVell (1986; 1988; in CaslVell 1989) dcveloped a log-linear I11clhod to evalullte Ihe eflccl 

ordevelopl11cntal stages on Ihe c1emogl'aphie rale orthc individuals in a poplIlalion. A Illlllli­

\Vay eontingcney table is construcled relating the age (A), size (.~), and rale (/') ofthe gcne!. 

The enlry /l/l/k in eell (ijk) orlhe lable gives Ihe nUl11ber 01' individuals starting in nge i und 

sizcj al lil11e I 11nd achieving ¡¡¡tc k at timc 1-1-1. This table can be analysed as a log-lincar 

l110dcllVilh X~ goodness nI' lil (Evel'itt 1977). A 1110del is lirst tillcd inclllding alllhe Illain 
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effeets 01' size, agc, and fate, as well as lhe inleraclion tcrm (S x A). The cl'ICel 01' siloe on lhe 

fale ofthe gcnct is then cxplorcd by adding the interaction tcrm (S x F) and evalualing ils 

signilieanee. Similarly, the effect ofage is explored through the interaelion term (A" F). amI. 

laslly, the possibilily thal age and sizc may have a synergislic effecl on gencl ",le is explored 

through the Ihrce-way inleraelion lerm (S x A x F). \Ve useu Ihree size ealeguries (gellc\s 

wilhoul Ilowerillg shools, genets wilh 1-2 Ilowering shoOIS, gencls wilh 3 or more flo\Verillg 

shoots), four age calegories (1, 2, 3, ami 4 or more years old), and three I;tte calegorics . 

(Ilowering, vegelative, dead). 

PROJECTlON MATRIX MODELS 

Al eaeh sile and for eaeh year, \Ve caleulaled Markuvianlrallsition prohahililies Ii)r 

lhe genets, dividing their life eyele inlo four stages: (a) seeds, (b) genels withoul Ilowering 

shoots, (e) genets with 1-2 Ilowering shools, and (d) gcncls with 3 or more llo\Vering shoots 

(Fig.I). The population growth rate (A, the dom inant eigenvalue of the Iransitioll malrix). lhe 

stable-size c1ass d iSlribution, and the elasticity values for eaeh of the 12 matrices \Vere 

ealeulaled by ilerative matrix multiplication (Cas\Vcll 1989). To eliminate the lixed clTeet 01' 

si tes, \Ve sublraeted for eaeh A-value in each site the valuc of A for the year 1989, dllring 

\Vhieh none ofthc sitcs had been sllbject lo the disturbanee Ireatments. Thlls, 101' eaeh silc \Ve 

transforllled Ihe series of 4 yearly gro\Vth rates (in which the fixed cncet of sites lIlay bias our 

statistieal analysis) into a ncw series of3 deviations from the vallle inlhese year (from whieh 

the fixed cffeet of the site had been removed). Inter-site eomparisons \Vere made on tlle 

transfonlled series. 

LooR analysis 

A more appropriate melhod for cOlllparing the relative eontributions of different lilc­

history slages to Ihe population growth mle is dcmogmphic loop analysis (van Groenendacl c'l 

al. 1994: \Var"le 1998). The method consisted 01' four basie sleps, as dcscribed by \Vardlc 
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(1998): (1) We conslrucled a lire-eycle graph and populalion Iransilion malrix orlhe Zca 

dil'lul'ere/ll1is populalion. (2) We calculalcd Ihe c1asticity values orthe l11alrix according to 

Caswell (1989). (3) We decomposed the lire cycle graph inlo unbranched loops in slIch a \Va)' 

that all transitions were incorporated at least once into sorne loop, using sofl\Vare developed 

by van Gl'llenendael el 01. (1994). Thc characlcristic elasticity orthe loop \Vas cstil11ated as 

thc clasticity orthe transition clement that is unique to the loop. (4) The loop elasticity \Vas 

calculated by multiplying the characteristic elasticity by the numbcr ortransition c1cl11cnts 

within the loop. 

The analyses were made using a program based on the theory of loop analysis (van 

Groenendael el al. 1994). The final Olltput orthe program is the relative contriblltion oreach 

alternative loop to the population growlh rate A. We c1assified all the possible loops inlhe 

Zea dil'loJ!crelll1i.l' Iransition matrix inlo three diflerent categories: (a) Persislence loops, i.e. 

loops in \Vhieh a given eategory al time I remains in the same category al time 1 + 1: (b) 

sexual reprodllctionloops, i.e.loops thal involve the category ofseed in Ihe loop; and (e) 

vegelative loops, i.e. loops Ihal generale new categories \Vilhou! going through the seed stage. 

f'inally, by summing alllhe relative conlributions ofeacll group ofloops to A, \Ve could 

estimale the conlributions ofpersistence, sexual rcproduction, and vegetative grolVth to 

poplllation dynamics. 

Simlllation analyses 

One IVidely use method ror exploring the consequences of di ITerent managelllcnt 

seenarios is to project Ihe population transition matrices rollolVing pre-defined rules (see 

CasIVcll 1989; Ehrlén &. van Grocncndacl 1997; Tuljapurkar &. CasIVcil 1997). Thesc 

population dynalllics simulations hclp in lIndcrstanding how diflerent managclllcnt decisions 

cOllld a('lCet the proleclion ofrare species. Ollr goal \Vas to delcct Ihe rrequency 01' 

disturbance rcgimcs that favour pel'sistencc ol'Zea diploJle/'eI1l/is. Wc uscd rour transition 
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matrices to simlllate diOercnt managcment sccnarios for caeh population in cach site: the 

1989-90 matrix cOlTcsponds lo an unuislurbcu silualion in all Ihree siles, Ihe 1990-91 lIlalrix 

corresponds lO a uislurbed silualion (slash) in siles 2 anu 3, Ihe 1991-92 111alrix enrrespnnds 

again lo an lIndislurbed silualion in all siles (allhough siles 2 and 3 were recovering li'0111 

previolls dislurbance), anu Ihe 1992-93 111alrix cOITcsponds again lo a dislurbcd situalion 

(slash in sile 2 and slash-and-bufll in sile 3). 

By applying Ihc 1989-90 111ntrix to Ihc populnlion veelors from cnch sile lVe cOllld 

project an "undistllrbed" silllalion, in which we used lhe 1990-91 111alrix lo projecl Ihe 

demographic elrccls of dislurbance. We defined for eaeh sile a series 01' six scennrios lVilh 

growing frequeney ofdislllrbance. We conslrucled a 1/10 scenario, in which Ihe "dislurbed" 

malrix was applied every 10 years lO Ihe de1110graphic projeclions, a 1/7 scenario wilh 

dislurbance every scven years, a 1/5 scenmio, a 1/3, a 112, and a 1/1 scenado in \Vhich Ihe 

dislllrbance 111alrix was used for every projeeled yeaL A seeond sel 01' annlyses lVas done 

using Ihe 1991-92 malrix lo simulale yems in which no perturbation was applied, nml the 

1992-93 matrix to simlllate experimenlal perturbalion. In the case of sile 1, no perturbation 

Irealmenl was ever applied, Ihe allcrnating bet\Veen years served as a slnlislical control lo 

veril' y thal the observed Ircnds were nol an arlefaet orthe transilion probabililies ora given 

year. 
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Rcsults 

SEED POOL 

Thc proportion of seeds that did not genninate between January and Novcmber 1990 

but remained viable in the seed pool was 40% in site 1,32% in site 2, a",134% in site 3. 

These values were used in the projeetionmatrices: '1'0 simulate no distlll'bance, IVe uscd a 

probability orperrnanenee ofseeds in the seed pool orOA (the value from site 1). '1'0 simulate 

slash disturbanee, lI'e used a probability value ofO.33 for seed permanence (the mean v;llue 

frol11 sites 2 and 3). To simulate slash-and-burn disturbanee, lI'e further decrcased the slash 

probability ofpermanenee, taking into account that only 11.7% ofthe burned earyopses 

survived (see beloll'), to produce a value ofO.04. 

POPULATION FLOWS AND SURVIVAL 01' GENETS 

Two periods of high birth rute lI'ere observed during thc springs of 1989 and 1991, 

followed by t\Vo events of aecelerated mortality in the sUl11mer and rall 01' the same two years. 

In the other years (1990. 1992 and 1993) the peak 01' srring births was much 101l'er. nI' cven 

undetectable, and the peak ofsummer deaths IVas also negligible (rig.2). Superimposed on 

that seasonal cycle there was a general and sustained decrease in the numbcr 01' genets. In all 

three sites the number ofgenets at the end ofthe observation period (November 1993) IVas 

10IVer than the numbcr at the beginning (May 1989). 

A similar trend was observed in the survivorship curvcs ofgenets at all thrce sites 

(Table 1 and Fig.2): The curves for the pre-1988 cohort approached a type-II curvc. lI'ith 

constant ami relativcly 1011' mortality rates 01' around 0.02 month· l
; the 1989 cohort sholl'ed a 

mnrked type-1I1 curve with ver)' high initial mortalities (around 0.1-0.2 month· l
) that 

decreaseu to around 0.07-0.09 (still a high value compareu to the pre-1988 cohort) aner tlVO 

ycars, ami the 1988 mhort sholl'cd intermediatc survival values anu an intermediate slwpe, 

with a typc-II mortality pattern in sites 1 ami 2, ami a low-curvatlll'e type-1I1 pattcrn in sitc 3. 
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i\lIlater eohorts (from 1990 to 1993) showed too lelV established individuals to makc any 

statistical tests on their mortality rates, and al so died oITvery quickly, lVithin periods ranging 

Irom one to six months. These results lVere confirmed by a step-\Vise mullirle regrcssion 

model for the poolcd survival rates, ineluding the enects oftime, site and eohort: Signilicanl 

di l'!Crcnees \Vcre 1l1llnd bctween cohorls (F = 18.06; d. L 3, 294; JI < 0.(001) ami a signi lieanl 

inlcraclion term lVas also found belween lime and cohorls (F = 9.65; d. f. 3, 294; JI < 0.00(1), 

bul no significant differcnces \Vere attributable to the eITeet 01' either the site or the type nI' 

disturbance. 

The age-struclure orthe genets at the end 01' each growlh cycle (i.e. in Oclober­

November) for years 1 to 5 was relatively similar in lhe lhree sites. The pre-1988 cohorl \Vas 

proportionally more abundant at the end 01' the study (November 1993) in all siles. i\ Iso lhere 

\Vas no sueeessful reeruilment fromlhe 1990-1992 eohorts (a period without disturbanecs) in 

any of the three sites, except for one individual from lhe 1991 eohort that survived in site l. 

The 1988 cohort died on average more ,,"pidly in sitc 1 lhan in lhe olher siles. 

PRODUCTION i\ND SURVIV i\L or Ri\METS 

The Montecarlo simulation evalualing the statistieal dislribulion 01' inter-site 

randomised differences sholVed thal these dislribulions did not differ bellVeen 1989, 1990, 

and 1993. That is, during these years the Iixed effeets dClcrmining dinerenees bclween siles 

remaincd relativcly conslanl. In years 1991 and 1993, however, lhe dislribulion 01' inlcr-silc 

dinerenees changed signilicanlly. These years eorrespond lo lhe limes when experimenlal 

disturbances lVere applied. 

The lolal number 01' non-reproduelive ramels lcnded consislently to deerease lVilh 

time in all three siles (see Fig.3). FlolVering shools, however, showed a lrcnd llHll dil'lercd 

bctween siles, as discusscd in lhe previolls paragraph. While nowcring mmels lendcd lo 

dcercase in lhe undislurbed sile 1, lhey sho\Ved markcd inereases in siles 2 ami 3, esreeially 
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in years 1991 and 1993, aller Ihe dislurbanee treatments \Vere applied (Fig.3b). As IVould be 

cxpected, those high-disturbanee events IVere also follll\Ved by a marked incITase in Ihe 

produetion of ears and earyopses (Fig.3e). 

Most ofthe shoots produced bet\Veen December 1991 and August 1992 had produced 

rcrroductive slructures (ears) by October 1992, starled lo die-orf during Ihe dry sea son "r 1 992-

93, and were all dead by June 1993 when Ihe follolVing rain)' season slarled (FigA). The shoots 

produeed during, or aller, September 1992 did not reproduce that year, ami some managed to 

survive until Ihe next fruiting season in Oetober 1993. The survival analysis IVas made only for 

those eohorts thal compleled their grolVlh cycle, i.e. for the vegetative eohorts produeed 

betlVccn Deccmber 1991 and Oetobcr 1992. In all three sites, mortalities did nol change 

signilieantly \Vith time (Ihe slope lesls felr the mortality "s. lime regression curve gavc 1'-

values highcr than 0.06 for all eohorts in si te 1, higher Ihan 0.07 for all cohorls in sile 2, ami 

higher than 0.10 lor all cohorls in sile 3). 

PRODUCTION 01' EARS AND CIIRYOPSES 

As for c10nal shoots, Ihe Montecarlo simulation evaluating Ihe slatistical dislribulion 

of inter-site randomised differcnces sholVcd no di rtCrcnces betwcen 19R9 and 1990. During 

these tlVO years the effeets determining fixed di ITerences betlVeen sites rcmained relalively 

constan!. In years 1991 ami 1993, hOlVever, Ihe dislribulion of inler-site differences changed 

significantly. These years correspond to the experimental disturbanees. Finall)', in )'ear 1992, 

sites I and 2 did nol sholV sigl)ificant difTerences but the difTerenees involving site 3 (sl-s3 

and s2-s3) changed significanlly. The rcsults suggest Ihal Ihe disturbance treatments had a 

signifieanl effeet on the production ofears and caryopses, independently ofthe fixed erleets 

that may be aseribed to eaeh site. IIdditionally, the results suggest that in sitc 3 the incrcased 

fertility caused by disturbanee in 1991 spilled over into year 1992 (see Fig.3e). 
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In general, the prouuction ofenr, in sitc 1 tenued to decrease consistently \Vith time, 

while in sites 2 amI 3 it tcnued to increase (rig.3a). This increase IVas especially Iligll in years 

artcr the sites \Vere subjeet to disturbances. Disturbance sccmed to especially enllance tlle 

reproductive perrormance orthe younger cohorts. as inuicated by a highly significant 

interaction term bctlVeen cohort amI sites «(; = 409.9; u.!: 2; JI < 0.0000 1). 

In the t\Vo reproductive cyclcs (1992 anu 1993) in which \vc distinguished the 

contributions orthe monthly cohorls oframets to the production orcars (Fig.5). IVe I<'Hllld 

significant di ITeren ces betlVeen cohorts (G ~ 929.4; d.!'. 9; P < 0.00001) and bet\Veen sites (U 

~ 340.5; d.r. 3; p < 0.00001). The interaction bel\Vcen cohorts and siles IVas also significant 

(G ~ 416.59; u.r. 16; JI < 0.00001). In Oclober 1992, the cohorts producing more ems \Vere 

those derived rrom ramels born during the dry season (January to May 1992). In site 3. lhe 

January eohort \Vas lhe one that produccu more cars, IVhile in sites 1 and 2 il IVas the May 

eohor!. In November 1993. ho\Vever, there IVas a marked shi rt in lhe success or the month Iy 

cohorts or !'amets. The cohorts produeillg more c<lrs in all siles \Vere those derived fi'0111 

ramels produeed tOlVards the end orlhe dry season (Junc 1993). 

Signi ficant dirrerences "ere observed bet\Veen sites in the number 01' caryapses 

produced per cal' (F ~ 3.99; d.r. ~ 2.155; P ~ 0.02). Reproductive shaots at si te 1 produced 

significanlly fCIVer earyopscs per cal' (6.35 ± 0.16) than those al sites 2 and 3 (7.08 ± 0.22. 

and 6.92 ± 0.19, respectively), which in lurn did nol difTer significanlly in caryopsis 

production. Finally. highly significant dirrerences \Vere also rounu in the percentage 01' viahle 

embryos bet\Veen lhe earyopses in the control trcatment (85.7 ± 2.16%) ami those prodllccd 

in lhe fire lrcalmenl (11. 7 ± 6.28 %) in site 3 (F ~ 60.9; d.r. ~ 1,18; p < 0.0(1). 

EFFECT OF SIZE "NI) "GE ON TI lE F"TE OF '1'1110 GENET 

We Illlmd that both age ami size hml a strnng and signifieant inlluence on tlle fllte oftlle 

genet in al1 three si tes (Table 2). The log-lincar estimates indicate that smaller plants are more 
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¡¡'c'Iuenlly non-f!o\Vering ami Ihal lhey die \Vilh ;1 higher ¡¡'C'Iueney lhan tlw Iarger planls. ¡\ 

similar result \Vas observed f(lr age. As a geneml rule, older planls had a 10\Ver probabilily 01' 

dealh, and illVas also unlikely lhallhey 1V0uld revel1lo a non-f1olVering slale. No significanl 

inleraelions \Vcre f(lUnd bellVeen age and size in relalion lo fale. Addilionally, lhe log-linear 

modcl sho\Ved lhallhe llVo predietors (age ami size) are lhel11sclves signilieantly relate"; older 

planls lend lo be larger. 

I'RO.lECTlON MATRIX MODELS 

The populalion grolVlh mies oflhe genels lVere negalive in alllhrcc siles allhe 

beginning of lhe observalions (1989; Table 3). A fler lhal firsl year, hOlVever, whcn lhe 

dislurbanee lrealmenls \Vere ap'plied, lhe valucs of A inercased in lhe dislurbed siles 2 and }, 

bul inereased less in lhe undislurbed sile l. When lhe series 01' A-values was lransllJrlned inlo 

devialions from lhe base year (1989), illVas found lhal lhe veclor of residuals for sile I was 

signifieanlly 10\Vcr lhan lhe corresponding veclors for siles 2 and 3 (p < 0.04 fe)r bolh 

col11parisons). The residual grolVlh rules did nol c1iflcr signilicantly bellVeen siles 2 ami} 

(1' > 0.9). Tlml is, populalion grolVlh mies lended lo increase in siles 2 ami 3, bul did nol 

inerease similarly in sile l. 11 is also noliceablc Ihat in sile 2, A achieved values higher lhan 

unily in lhe tlVO years in which perturbalion IVas applied (90-91 and 92-93). and in sile 3, A 

IVas higher lhan unity afier slash-and bum \Vas applied (92-9}). In sile 1, in eonlmsl. genel 

grOlvth mtes IVere eonsistently IOlVer than unity. 

Loop analysis 

We f(llllld thal the relalive eontribution orthe lhree alternalive life hislary palh\Vays 01' 

Zea diplofJcfel1l1is -pcrsistcncc. sexual rcproduction, amI vcgclativc growth- varieu 

bel\Veen siles and years (Fig.6). In years \Vilh disturbanee, the conlributions 01' sexual 

reproduction 1001'S \Vere relatively high. In contrast, the undisturbed site I sho\Ve" 

consislenlly high contribulions orlhe persislcnce loops to lhe planl's del110gmphy ami lo\\' 

60 



Sánchez-Velásqllc7. , L. R., eL al. 

conlriblllion 01' sexual reproduclilln. 8y pooling alJ lhe 12 loop analyses logclher. il \Vas 

fOllnd llml a marked and signifieanl (]1 = 0.003) eorrelalion exisls bellVeen lhe relalive 

eontriblltion ofsexual reproduclion and populalion groIVlh (Fig.7). Addilionally, il IVas I()lllld 

lhat lhe mean elaslieily ofthe sexual reprodllelion loops \Vas signifieanlly IOIVer lhanlhosc 

I('r lhe persislcnce alllllhe vegelalive groIVlh 1001'S (x = 5.X "'4.3, 28.4 :fG.5, al1ll 8.2 :1:7.1, 

respcclivcly). 

Simulalion analysis 

The projeelion ofpopulalionlransilion probabililies for lhe genels in sile 1 

(undislurbed) sho\Ved lhal, indcpcndenlly orlhe year lhal IVas uscd lo caJculale lhe malrix. 

lhe populalion 01' gencls in this sile \Vould conslanlly dcerease to local exlinelion (Fig.8). The 

final fale predicled by lhe simulalion oflhe populalions inlhe olher tIVO (experimenlally 

dislurbed) siles depcnds strongly on lhe frcquency and lype of dislurbanec. In sile 2, lhe 

simulalion prediels lhn[ gcnels \Viii inereasc innulllber ifdislurbancc is applied alleasl once 

every tIVO ycnrs (sil11ulalion IVith transition dala frol11 years 1989-90 and 1990-91). or once 

every lhree yems (sil11ulnlion \Vilh lransilion dala li·ol11 years 1991-92 anrl 1992-93). In sile 3, 

lhe sil11l1lalion IVilh lransilion dala frol11 years 1989-90 and 1990-91 failed lo predicl a nel 

inerease in the nlll11ber of genels. allhough il c1early sholVs lhat gcnet cxlinetion incrcascs as 

disturbanec li·equcney deereases. When data li·OI11 years 1991-92 and 1992-93 \Vas applied to 

sile 3, the sil11ulalion prediels lhal gcnels \Viii increase in nUl11bcr ifdislllrbanee is applied 

every year, al1l11hal biennial dislllrhances shollld he slIf"licicnl to l11ainlain a large nUl11hcr 01' 

genels in lhe populalion. 
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DisClIssioll 

EXPERIMENTAL TREATMENTS 

The encets al' disturbanees sueh as slash ami burn have been an important subjeet in 

plant population dynamies (Loueks el l/l. 1985: Silva el al. 1991; Joy 1992; Whc1an 1995). FeIV 

orthese studies, hOlVcver, have been done on plants ofextreme rarity su eh as Z('a dipl"1'erellllis. 

Rmc spccics with cxtrcmcly patchy distributions, slIch as this one, prcsenl rcstrictiolls for 

experimental IVork as propcr repliealion eannol he achieved. In spile orlhis major shorleoming, 

the challenges imposcd by extremc1y rare and endangcred species must be met iftheir 

conservalion is to be achieved. This is espeeinll)' Irue inlhe case 01' Zm di"I01'crel1l1is beeause ,,1' 

its obviolls imporlanee as a IVild relative ormaize. Taking advantage oflhe time series present in 

Ollr data, ami ofthe fael thal dllring the base year (1989) alllhree siles had been sllbieet to 

similar management, IVe eliminated the fixed cI"ICet orsite Irom Ollr stalislical anal)'ses 

IVhenever possible by sllbtrneling lhe base year fmm lhe dala series. By IVorking IVilh lime 

diflerenees, \Ve have also eonlribuled lo redllee lhe pseud,,-repliealion el'ICel ofrcpealed 

measures (Mead 1990). 

SURVIV AL 01' GENETS 

The el"ICet al' dislurbanee on genels IVas nol marked; both lhe eslablishmenl and Ihe 

morlalily pallem·s \Vere qualilalively similar in lhe Ihree siles. The pre-1988 and lhe 1988 

eohorls appmaehed a lype-II survivorship curve, while lhe 1989 eohorl sho",ed a more 

marked lype-1I1 curve. Ilo\Vevcr, Ihe 1989 eohorl IVas l(lllolVed sinee eslablishmenl while lhe 

previolls eohorls IVere reeorded Irom a laler lime. It is likel)' lhal initialmorlalily IVas high in 

all eohorls, lending lo approaeh a slable IOlVer value laler in life. High inilialmorlalilies 

during eslablishmenl lending lo level-ofr as Ihe seedlings malUre have been dcseribed ror 

olher planl speeies (e.g. Ilarper 1977, Sarllkhúll amlllarpcr 1973, II1Ilchillgs ami IJrndbury 

1986). As l. dil'lolJe/"cJI)Jis coharls agc, Illorlalily deereascs, evcnlllally rcachillg a slable rale 
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for adult individuals. This was observed in all threc sites. including those that wcre slashed or 

slashcd-and-burncd. Thc expcrimcntal disturbances did not change thc rattcrns nI' 

recruitment. establishment and mortality 01' genets compared lVith the undisturbed site. 

The age structures ofthe threc populations of Z. diploperellllis \Yerc dominated by 

thrce age elasses (pre-1988. 1988. al1ll 1989 cohorts). It has been reported that in nwny plant 

species sueeessllllly established adlllts can obstruet thc cstablishment ofsecdlings (Crawley 

1990. Eriksson 1993). and lhal. addilionally. the prcscncc ol"adlllls docs nol ncccssarily llIean 

that lhe site is favourable I"or seedlings (Kays & Ilarper 1974; Williams 1975; Lovett-I)ollst 

1981; Eriksson 1988. 1993; Maddox e/ al. 1989; Aguilera & Lallcnrolh 1993; Súnchcz­

Velúsqllcz e/ al. in prcss). It is not rare to lind clonal poplllations ofplants consisting 01' only 

Dnc or two, nl1ll1crically largc, agc classcs (Crawley 1990). It is ¡¡Iso knolVn that COl11paCI' 

"phalanx-type" clonal growth, as observed in Z. diploperellllis, promotes gcnclie 

homogcncily in spaee (lIarpcr 1985; lIulehings & I3radbury 1986). 

PRODUCTION ANI) SURVIV AL Oc RAMETS 

In sharr conlrasl with lhe demograph)'. 01" genets, dislurbanees had a signilieant elTeel 

on lhc nUl11ber oframcts. In sile I lhc number 01' vegetalivc shoots deereased wilh time, 

whereas in thc othcr sitcs it incrcascd or remain constan!. The increase in vegetative shools 

lVas mos! eonspicuous in sitc 3 during 1993, aflcr lhe slash-and-burn lreatmen!. These results 

SllggcSt thal lhe maill conscqucllce ofdislllrbance is to promote active vcgctative propagation 

al' genels lhrollgh rh izol11e growlh and prodllel ion 01' aerial shools (Sánehez-V clúsqlle7. e/ al. 

1992); similar responses to dislllrbanee have becn observed in olhcr grass speeies (Silva e/ al. 

1991; .Ioy 1992). It has also bcen reported I"or other speeies that distllrballce may promote 

clonal growth al1ll that bllrning may hclr to maintain grasslands (see L<lllcks e/ al. 19R5; 

1I11ghes e/ ,,1. 1991; Wcst 1993). In auditioll to the erlcel ol"distllrbancc. the highest 
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produclion or c10nal shools \Vas coincidenl wilh lhe rainy season (May 1(1 Octobcr; see I'ig.-I). 

a pattem common in other clonal species (Abrahamson 1980). 

Ilartnctt &. Bazzaz (1985) ha ve suggested that many clonal percnnial spceies with 

connccted modules exhibit a constant mortality paltcrn through time, i.e. a type-lImortality 

pattern. The survival curvcs or ramets or l. tlipll/fiercmlis sho\Vcd a type-lImortality paltern. 

A similar demographic pattcrn \Vas obscrvcd in Apilelml/lm {/1//"{/l1Iica, a tropical hcrbaccous 

pcrennial spccics (Calvo 1989: cited in Martíncz-Ramos &. "Ivarcz-Buylla 1995). 

SEE!) POOL ANI) PRODUCTION 01' C¡\RYOI'SES 

Mast seeding is the synchronous production 01' sced at long intcrvals by a population 

orplants (Janzen 1976). Eight hypothescs have becn suggested as mcchanisms ravouring 

mast sceding (Kelly 1994). In the case or 1. tliploperellllis, massive production or sceds \Vas 

observed in our sites aller disturbanee, espccially aner burning. This bchaviour is in 

agreemcnlwith Kclly's "resourec matehing" hypothcsis, i.e. mast seeding scems to be a 

response to pulscs 01' disturbance, whieh potcnlially providc nelV resources and new spaecs 

I(Jr cstablishment. Addilionally, mast sceding eountcrs the mortality that lires mal' bring upon 

the seed bank in the soil, which aeeording to out" results may rcduce the number orviable 

secds by more than 80%. For lire-tolerant spccics, !ires may hclp to clilllinatc potcntial 

competitors (1lughes e/ (/1. 1991; Watson e/ al. 1994; IlolVc 1995) ancllllay also ravour 

population pcrmanence and growth (Silva e/ (/1. 1991). Firc has bcen ror ccnturies an 

important m;1I1agcmcnt tool rOl" indigcnous rarmers in Manantl:ín, al1(ll1:1s hcnee been an 

important elemcnt in the past dcmography 01' Zea difilol)('rellllis (lJcn? e/ (/1. 1990: S;ínehcz­

Velósque? 1991). \Vhilc eattlehave bccn onc orthc main dispersal agcnts orthe planes 

propagules (litis 19RO: l3enz et al 1990: \'uzllHín and litis 1991). Z. ,f¡i¡lo/lcremlis secms to be 

highly tolerant to these distllrballces. 
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Wilhin lhe 1992 ami 1993 shool cohorls. lhe oncs lhal prOlluccd morc ears IVere lhose 

gcncralcd in early spring 1992 ami in summcr 1993. It is inlcrcsting lo nolc thal 1992 \Vas an 

anomalous year, wilh wintcr and spring rains. whilc 1993 had normal summcr rains. Thus. 

ramcts groIVing in rainy 1110nths yield morc fcrtilc cars. 

EFFECT UF SIZE ANIJ AGE ON TI lE FATE UF TI lE GENET 

Somc sludics have dcmonslratcd thal riJr many planls sizc is more slrongly associalcd 

wilh populalion pammclers than age (e.g .. Ilughcs 1984: Eriksson 1989: liara 1988: 

Lonlllieki 1988: Caswell 1989; Silva el ,,1. 1991: Svcnsson el al. 1993: Ilcngtsson 1993: 

Ulmsled & Álvarez-Buylla 1995). In lhis study. howcver. IVe found that age ami size arc 

correlated. and that both arrect thc final ratc ofthe gcnc!. Knowing that in any rare population 

size is as good or bellcr a prcdictor or gcnet fate than age is rclcvant to makc decisions for thc 

conservation and managemcnt orthe population. as size is easier to measurc in the ficld than 

agc. 

PRO.lECTION MATRIX MODELS 

In the abscnce or disturbancc. population growth tends to be negativc (ic< 1). 

Experimental disturbance incrcascd the production orsecds cnough to producc a signilicant 

incrcasc in the groll'th ratcs orthe gcncts. Although slashing orthe succcssional scrub 

produccd an incrcasc in the valucs of ic, this incrcasc IVas espccially high in site 3 allcr the 

combincd application orslash-and-burtl.ln short. thc disturbancc brought ahout by slashing 

thc scrub, or by slashing-and-burning, IVas suflicicnt to cllangc gcnct dcmography Ihllll 

ncgativc to positive grolVth. Silva el ,,1. (1991) round similar dramatic inCl'cascs in the 

population growth mtcs orthe grass Al1dro/}(Jgol1 semiIJerbis whcn burning \Vas applicd. 

Loop analysis sho\Vcd thnt in almosl all situations. \Vith or without disturbancc. 

pcrsistcncc is the most important lire-history pnthway 0111'11 dif!/of!er(,lIl1is in rcl<ltion to its 

rclative contribution to titness (l'ig.G). Although. fJuantitativcly. sexual growth 1001'S contributc 
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less lo lhe speeies' lilness. bouls orseed produclion and subsequenl germinalion are lhe major 

causes orposilive populalion inerease. This IVas re-al'lirmed by lhe simulalion sludies. whieh 

show lhal only when dislurbanccs are applied fj'equenlly (once every 2-4 years) does lhe 

simulaled growlh onhe populalion or genels beeome posilive. 

FIRE AND CONSI'RVATION 01' Z IJ//'UJ/'I!/iI,'NN/S 

Fire is an important raclor I'or lhe evollltion and mainlenanee or many plant speeies. 

especially inlire-prone grasslands (Wesl 1993) ami conirer roresls (Callan 19RI; lIeinsclman 

1981). The erreet or tires on a given populalion \ViII dcpend on lhe rreqlleney. inknsily ami 

periodieily orburning (see While 1979; I'ickell & While 1985). The growlh or grass species 

can be posilively arrecled by lire (Joy 1992). The raet that lhe demography al' genels in lea 

dil'/ol'cre/l/lis is not arreeled by disturbance. amllhal the produetion al' ramels is slrongly 

enhaneed by slash-and-burn managemenl suggesls lhal lhis speeies is adapled lo dislurbance 

in general. and lO lires in parlieular. 

The appliealion orprcseribed burning in Z. dil'/ol'erel1/lis populalions allhe Las Joyas 

rield Slalion is orhigh risk. as lhe high nammabilily orlhe e1ry slems or\Vild leosinle eould 

cause lhe !ire lo escape inlo lhe aeljacent roresls. ror lhis reason. \Ve could noluse a lire 

lrealmenl in sile 3 during lhe exlremely dry season 01' 1991. Fires have been a dislurbance raelor 

in lhe Sierra de Manantlán l3iosphere Reserve I()r many years. and have adverscly aneeled lhe 

monlane roresls (.Iardel 1991. Súnehez-Velásquez el a/. 1996). Our sludy suggests lhat lhe use 01' 

slash wilhoul bum has similar encels to those or slash-and-burn ror individuals and populalions 

or Z. dil'/opere/lllis. Thus. simple slashing eould be the most suilable managemenl raelor lo 

mainlain lhe populalions oflhis lcosinle. 

CONCLUSIONS 

Our sludy demonslrales lhallhe populaliol1s 01' lca dip/ol'erel1l1is respond rosilivcly lo 

slash. ami slash-ano-burIl. Disturbanees alTeel lhe populalion at bolh Ihe levels 01' mmel and 
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genet demography. Al thc leve! ofthe individllal ramets, distllrbances dramatically cnhanced the 

nllmber of vegetative shoots within each genet and the nllmber of shoots IVith reprodllctive ears. 

ThllS, in the year follolVing a disturbance there is an increased rain ofseeds into the soil seed 

bank, followed by a bOllt of gennination. At the level of genet demography, inereased 

germination Icads to the establishment ofnew gcnets in the poplllation. llccallse orthe marked 

type-11l sllrvivorship curve ofseedlings, most orthe nelV reerllits will die, but a feIV may sllrvivc 

and help to maintain, or even increase. the nllmber of genets. 

Withollt any disturbance, the net recrllitment ofnew genetic individllals into the three 

poplllations of Z. di/l!o/lcrcI1I1is in the core arca of Las Joyas is almost zera. Experimental 

distllrbances pramote vigorolls vegetative gro\Vth and massive seed prodllction. The nllmber 

of genetie individllals in the three sites lVithin Las Joyas is gradllally decreasing withollt 

distllrbanee, and ifthe trend continlles, thc poplllations may face severe genetic 

impoverishment and evcn local extinction lVithin the core arca ofthe reserve. It is iranic that 

the plant that gave origin to the conservation programme secms to be doing \Vorse in the core 

arca than in the peripheral bllffer zones, where indigenolls agricultllre is still performcd. 

t\lthollgh we have not analyscd in this stlldy the fate ofne\Vly established genets in recently 

slashed and bllrned forests, simple descriptive observations sllggest that the opening of nelV 

arcas promotes the establishment of nelV genets. 

The best way to preserve the species seems to be through the management ofthe 

\Vhole poplllation in a similar manner to traditional itinerant slash-and-bllrn agriclllture. 

Instcad of applying recurrent distllrbances to patches \Vhere populations are already fOllnd. a 

program ShOllld be cstablished to itinerantly SOIV Z. difl/oflcrcnnis in neIV, recently distllrbed 

arcas. trying to simlllate in this manner the type of"lilgitive," highly disturbcd environmellts 

to which the spceies is so clcarly adapted. Stlldies of genetic diversity in the protected 

poplllations of Las Joyas compared to the poplllations in the buffer arca under traditional 
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indigcnous usc may also bring ncIV and importan! clcmcnts ror !hc suCCCSSflJI conscrvation 01' 

Zea dip/operellllis. 
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POPULATION DYNl\¡VIlCS OF Zea djplopercnnis 

Tahlc l. Rclationship bctwccn l1lortality rate ami timc as indicated by a lincar 

regrcssion. Thc curvc type is indicated by thc slopc (liS indicates a non-

significant lincar rclationship). The values in parcnthcses are standard errors. In 

thc cases in which mortality die! not ehangc significantly with time, the valuc 

givcn for Illortality at 1=0 is thc mcan vallle for the ",holc time serics (indieated 

by an asterisk). 

-----~-

Site Cohor! Mortality at t-O Slope JI Curve type 

<19R8 0.025 (0.005)* 11.'1 type II 

19RR 0.065 (0.002)* ns type 11 

1989 0.134 (0.029) -0.0024 (0.0009) 0.014 type 111 

2 <1988 0.0131 (0.003)* ns type 11 

2 1988 0.031 (0.006)* liS type 11 

2 19R9 0.115 (0.026) -0.0023 (O.OOOR) 0.001 typc 111 

3 <1988 0.028 (0.006) -0.0005 (0.0002) 0.012 typc 111 

3 1988 0.103 (0.017) -0.0024 (0.0005) 0.001 type 111 

3 1989 0.223 (0.034) -0.0053 (0.00 11) 0.001 !ype 111 



Table 2. Log-lincar analysis orthc cffcct orsize (S: represented by dilTcrcnt sizc-classcs. i. e .. 

vcgctativc stCIl1S. 1-2 flowering stCIl1S, ami::: 3 flOlvcring stCll1s), agc (A; 1.2,3, and ,,-4 ycars 

old). ana lalc (F: flo\Vcring, vegctalive, dormanl. or dead) orzca dip!"pC/'el1l1i.\· inlhrce silcs 

\Vilh diflcrcnlnwnagell1cnl inlhc Sicrra de Mananllán. Mcxico. IlicrarchicalnHldcl \Vas 

convenicntly spccificd. e.g., lhe 1l10del AS, F conlains the lerms A, S, F, and AS. 

Modd Silc 1 Sile 2 

d.I: G2 l' d.1'. G2 

AS. l' \3 107.39 1\ 122.24 

AS, SI' 9 27.11 7 90.44 

SF 4 80.28 < 0.001 4 31.8 

AS, l' 13 107.39 11 122.24 

AS, Al' 8 45.29 6 26.77 

Al' 4 62.1 <0.001 5 95.47 

AS. Al' 8 45.29 6 26.77 

AS. SF,AF 4 3.19 2 3.84 

SI' 4 42.1 <0.001 4 22.93 

AS. SI' 9 27.11 7 90.44 

AS, SF. Al' 4 3.19 2 3.84 

AF 5 23.92 < 0.001 5 86.6 

AS. SF. Al' 4 3.19 2 3.84 

ASF O O O O 

ASF 4 3.19 <0.527 2 3.84 

l' d.r. 

10 

7 

<0.001 3 

10 

5 

<0.001 5 

5 

2 

<0.001 3 

7 

2 

< 0.001 5 

2 

O 

0.147 2 
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Site 3 Tolal 

G2 !> d.1'. G2 l' 

266.17 15 506.58 

195.56 JI 2ó7.11 

70.61 <0.001 4 239.47 < 0.001 

266.17 15 506.58 

16.00 lO 120.26 

250.17 < 0.001 5 386.32 < 0.001 

16.00 10 120.58 

0.70 6 11.63 

15.3 < 0.00 1 4 108.')5 < (J.()O 1 

195.56 JI 267.11 

0.70 G 11.63 

194.3 < 0.001 5 255.48 < 0.001 

0.70 6 11.63 

O () O 

0.70 0.705 <) 11.63 (J.()71 

ESTA TESIS NO S.A}Lh 
DlE LA BIBUOt'ECA 



POPULl\TION DYNAMICS OF Zea diplopecennis 

Table 3. I'opulntion growth rate (A) ofthrec Zea dip/operennis populatiolls I¡'olll Sierra 

de Manantlún Bio5phere Reserve. Mcx ico. 

A 
l"ycle Yenr 

Sitel(sl) Site 2 (52) Sitc 3 (s3) 

89-90 0.555 0.572 0.498 

90-91 0.734 1.108 0.8(,8 

91-92 0.831 0.912 0.989 

92-93 0.855 1.100 1.069 

Using thc lirst year Iroll1 ench site as a control; si vs. s2 (,,=0.043). si \'S. s3 11'-0.(31) 

and s2 vS ... 13 (,,=0.92). Using first yenr frolll site 1 as a control;.I" I l'S. s2 (1'=0.016), si 

vs. s3 (p=O.O 1 O) aml,,2 vs. s3 (1'=0.99). 

RO 



FIGURE LEGENDS 

rig.l. The lire eycle graph rol' Zea dip!op<,!'emlis gcnts S=seed; veg=gcnct withollt flowcring 

shoots; 1-2 =genct with 1-2 flowcring shoots: 23=genct with 3 or more f10wering shoots. 

Fig.2. (a) Totalnlll11ber 01' shoots, (h) IIl1l11bcr 01' reprodlletive shoots and (e) IIl1mher nI' li'uits 

OrZC
({ di!J!o!}('!'!'IlIIÚ in caeh ycar at Ihc Ihrce si ud)' siles (cireles, site 1: 'qllares, sile:': 

triangles, site 3). 

Fig.3. SlIrvivorship Cllrvcs (log-scale) orramcts orzea dip!ope!'!'l/l/i.,· in the three stlld)' siles, 

1(1r the l110lllhly eohorts 01' years 1992 alld 1993. 

FigA. Pereentage 01' matllre reproduetive ears produecd by 1110nthly eohorts 01' ramets ill the 

three stlld)' sites. The letters lIlIder eaeh har illdicate the 1110Ilth(s) dllrillg whith the cohort 

was estahlished. 

Fig.5. Loop allalysis ill three populations 01' lea dip!o!}(,!'!'l/l/is. The calculatioll orlhe relalive 

eontribution oralternative lile histor)' loops to litness is bascd on the elasticit)' orlhe 

trnnsition elcments orthe projeetioll matrices (van Groencndael el a/. (994) (eircles, 

(1ersistellce: squares, sexual growth: triangles, vegetative growth loops). 

Fig.G. Rclationshi(1s between (1o(1l1lation growtb rate (A) and (a) persistcnce, (b) sexlI:.1 

growth and (e) vegetative growth loops. The persistence 100(1s and the vegetative growth 

loops \Vere not signi lieantl)' correlatcd with A (!' = (lAG al1(l 0.03, p = 0.13 al1(l 0.93, 

Rl 



POPULl\TION DYNl\MICS OF Zca dj,pJ.operennis 

rcspectivcly), but the sexual growth 1001'S lVere significanlly corrclatcd \Vith population 

growth (1" = 0.77, P = 0.004). 

Fig.7. Sil11ulation analysis in lIuee Zea dip!opcrcllllis populations, showing silllulatcd 

r0!lulation sizes 1'.1". timc. Thc ratio in cach graph indicates fi'cquency 01' simulatcd 

disturbances; for exalllple; 1/10 indicatcs onc silllulatcd disturbance every ten years. Thc 

dotted lines indieatc simulations projecting thc 1989-90 transition probabilitics as the 

undisturbcd condition, and the 1990-91 Illatrix as the distllrbed condition. The continuolls 

lines indicatc simulations using the 1991-92 matrix for the undisturbcd condition, ami the 

1992-93 matrix for the disturbed condition. Sec text far more details. 
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CAPÍTULO VI 

CONCLUSIONES Y RECOMENDACIONES 

Los rcsultados sugicren quc Zea diplopercllllis prcscnta un banco dc frutos 

pcrmancnte. La mayoría dc los Ii·ulos cacn dc los tallos y son rcmovidos inl1lcdiat'lI11cnle (l 

gcrminan, solo una pequcl1a porción dc los frutos permancccn en el sucio. Los quc sc 

manticnen adhcridos a los tallos semélparos soportan la rcmoción y la época dc sequía, quc 

forman la principal fucnte de ¡hitos, por lo quc el banco de frutos estú principalmcnte cn la 

parte aérca y mucrta dc la planta. 

Los resultados nos permiten inferir quc entrc más corto sea cI pcríodo de scquía 

mayor será la probabilidad de sobrevivencia de los frutos, ya quc así germinarían y 

escaparían a la dcpredaeión por rocdores. Sánchcz-V clásqucz y Lorcntc-Adamc (1993) 

demostraron éstc potcncial en difercntcs hábitats y profundidadcs dcl sucio, i. c., cntrc más 

enterrado esté cl fhlto (hasta 10 cm) mayor probabilidadcs de sobrcvivcncia tcndrá y a 

mcnor cobertura vcgctal, mcnor scrá la sobrcvivcncia. 

También sugiercn que Zea diplopere/1/lis presenta una mejor adaptación en sucios 

dc Ultisolcs que cn Alfisolcs, dc talmancra quc la tasa dc incremento dc individuos 

gcnéticos cs mas alta cn los primeros. Sin cmbargo no se observaron tcndcncias entrc cl 

cstadio succsional o factores dclmcdio como: altitud, exposición, pcndicntc y tipo dc sucio. 

versus los parámetros dc las poblacioncs dc tallos. 

El mayor número de tallos de cada uno de los sitios de cada al10 coincidió con el 

segundo mcs de la tcmporada dc lIuvi'ls (junio). y el númcro mas bajo dc tallos fue 

ohscrvado durantc clmcs con mcnos prccipitación (octubrc o dicicmbrc). La disponibilidad 

de agua parecc favorecer el crccimiento y dcsarrollo dc las plantas clonales (Ahrahamson 

1980). 

92 



La mortalidad en individuos genéticos de Zea dip!ope/'cllllis, como cn otras especies 

de plantas rizomatosas (Harper 1977, Lovell Doust 1981), disminuye con la edad. La 

relación inversa entre la proporción de la mort,llidad de individuos genéticos y la edad cs 

probablemente debido a la competencia asimétrica intraespecífica (Crawley 1990), donde 

los individuos mas viejos establecidos son compctitivamente superior a sus homólogos mas 

jóvenes, como ha sido demostrado para poblaciones de So!idaf!,o calladclIsis (llartnell y 

Bazzaz 1985), Faf!,lIs c/'ellala (Nakashizuka 1987 en Crawley 1990) y BOllle!ollll gmci!is 

(Aguilera y Lauenroth 1993). Este patrón caracteriza a especies donde la compctencia 

intraespecífica parece ser la responsable de la supresión de la incorporación de plántulas 

después de la eolonización inicial (incorporación inicial del plántulas de acuerdo a Erikssoll 

(1993)). 

Como en el caso de RallllllclI!IIS ac/'is y R. ¡'1I!¡'OSl/S (Sarukhán y llarper 197J), el 

número total de genets por sitio en poblaciones de Z. dip!ope/'ellllis, exhibió un ritmo 

estacional con picos durante la primavera y fue más evidente en el segundo afío. La 

mortalidadmús alta de individuos genéticos ocurrió durante la estación de mayor 

crecimiento, i. e., la estación de lluvia (de julio a septiembre). Esto se asemeja a los 

patrones de mortalidad descritos para R. calladellsis (llartnell y 13azzaz 1985), Lo!illlll 

perenne y otros 7.acates clonales (Langcr el al. 1964, Kays y llarper 1974). Este patrón 

sugiere que la competencia intraespecífica pucde rcgular la mortalidad de individuos 

genéticos (Sarukhán y Harper 1973). 

El crecimiento mas activo del Z. dip!ope/'Cl1I1is ocurre inmediatamente después de 

las primeras lluvias hasta la estación seca. Como una consecuencia, se postula que la 

competencia inter e intraespecífica ocurre principalmente durante la estación de lluvias, que 
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coincide con el periodo donde se observaron 1,,, múxinws tasas de mortalidad de individuos 

genéticos. 

La evaluación del efecto de las perturbaciones sobre los atributos de las pohl;¡cioncs 

de 7('0 di¡,!of!"""l1l1is. se demostró que eS!;l especie responde positiv<llllente a la ro/.a­

tumba-quema y a la roza-tumba sin qucma. 1:1 efecto de la perturbación es doblc. ya que 

afecta a las poblaciones en ambos niveles. tanto en la demografía de individuos genéticos 

C0l110 de tallos. A nivel de tallos. la perturh,lci'lIl aumentó dramútic<llllente el IIlllllno de 

tallos vegetativos dentro de cada gene!. )' especialmente el número de tallos con nHlz.orcas. 

De este modo. en el afío seguido de un evento de perturbación incrementó la lluvia de 

frutos en el banco de fi'utos del suelo. seguido por una subsecuente periodo de germilHlciún. 

A nivel de demografía de individuos genéticos. incrementó la germinación conduciendo un 

incremento en el establecimiento de pljntulas. y por lo tanto en la incorporaciún de nuevos 

individuos para la pobl;¡ciún. Como lo señalan la curva til'" 111 de sobrevivencia de 

plúntulas. la mayoría de las nuevas incorporacioncs morir,ín, sin embargo. pocos 

eventualmente sobreviven y ayudan almantcnimiento. o incluso incrementa clnúmero de 

genets. 

El uso de la roza-tumba sin quema tiene efectos semejantes que aquellos cmlsados por 

la roza-tulllba-quellla. tanto a nivel de individuo eomo a nivel de la población de 7"1/ 

dip!operelll1is. De este modo, la simple roza. tumba sin quema podl ía ser un f¡letor de manejo 

mas conveniente para mantener las poblaciones de este tcocintfe. Sin alguna perturbaciún. la 

incorporación neta de nuevos individuos en las tres poblaciones de Z. di!¡fo!'erelll1is estudiad'l' 

durante cinco ailos en hl 7.ona núcleo dc rvlan~lIltl:.'tIl-I.as Joyas es casi cero. I,as pcrtllrlmciollcs 

expcrimcntales parecen ser capaces de promol'er el crecimiento vegetativo vigoroso y la 

producción masiva de frutos. El número de individuos genéticos en los tres sitios dentro de 



Las Joyas está gradualmente decrecicndo sin perturbaciones. y si la tendencin continua. 1,IS 

poblacioncs pueden extinguirse localmente dentro de área núcleo de la rcserva, Esto es casi 

irónico que la planta quc dio origcn al programa de conservación parece estar siendo mas 

pobre en el área núcleo que en la zona de amortiguamiento peri férica. dondc la agricultum 

indígcna csta allll llevándose a cabo, Aunque no se ha analizado el destino de los nucvos 

individuos genéticos establecidos en recientes bosques talados y quemados, cn estc estudio. 

simples obscrvaciones descriptivas sugieren que la apertura de nuevas árens. prolllueve el 

establecimiento de nuevos individuos, Debido a los altos costos económicos y riesgos 

asociados a las prácticas de roza-tumba-quema en la zona núcleo de la reserva, quizá la más 

eficiente manem pam mantener las poblaciones es a través de un sistema de un mancjo 

metapoblacional - similar a la agricultura itinerante de roza-tumba-quema, donde las úreas de 

Z dip/operennis han sido perdidas podrían ser reabiertas y sembradas con frutos de 7. 

di/J/0l'erennis -. más quc tratar dc prcservar las poblaciones por mcdio de perturbaciones 

locales donde las poblaciones estún cstablccidas, [studios dc diversidad genética en las 

poblaciones protegidas de Las Joyas compamdos con bs poblaciones de las áreas de 

amortiguamiento bajo el uso del sistellla indígena tradicional puede también brindar nuevos e 

importantes elementos para el éxito de la conservación de 7.ca dil'/operelllli.l', 
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