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CAPITULO I

RESUMEN

Los estudios ccologicos y demograficos son una herramienta ofl para la
conservactdn de especics raras, amenazadas o de importancia econdmica. Uno de los
principales objctivos de la Reserva de la Biosfera Sicrra de Manantlan es la conservacion in
sifu de las poblaciones del teocintle Zea diploperennis. En cste estudio se presentan los
resultados sobre aspectos ceoldgicos y demogrificos del pariente silvestre del maiz, Yo
diploperennis y fue dividido en tres [ascs. La primera fase consistio en contestar las
siguicntes preguntas:¢ 1 principal banco de frutos del cudl depende la incorporacion. se
encucntra en la parte aérea de la planta o en cl suclo?. ; Fxiste una relacion entre el estado
sucesional y el banco de {rutos de Zea diploperennis?. La segunda fase describe la
estructura, el flujo de individuos genéticos (“genets™) y tallos {en este caso es una unidad
clonal llamada también “ramet™) de siete poblaciones de Zea diploperennis durante dos
cstaciones de crecimiento. Se evalua la relacion entre varios factores del medio (altitud,
exposicion, pendiente y tipo de suelo) y ¢l estadio sucesional, y atributos demogriaficos
(Lasa de incremento de individuos genéticos y tallos, y nimero de individuos incorporados).
Tambicn se explora la relacion entre la cdad v la tasa de mortalidad de individuos. La
tereera fasc tuvo como objetivos la deseripcion y andlisis del efecto de dos perturbaciones
antropogenas (roza-tumba y quema vs. roza tumba sin quema) sobre algunas caracteristicas
demogrificas bisicas de Zea diploperennis. En particular el esfuerzo se concentrd en: a)
describir cambios de la poblacién durante cinco afios en cuadrantes bajo diferentes
regimencs de perturbacidn, b) Estimar la contribucién refativa de diferentes estados de vida

al crecimiento de la poblacion bajo diferentes secuencias de perturbacién. y (¢) identificar




regimenes de perturbacion que puedan permitir la persistencia de poblaciones de Zea
diploperennis en el tiempo.

Los resultados seftalaron que: (1) Las poblacionces de Zea diploperermis presentan
tanto un banco de frutos en la parte a¢rea como en el suclo, siendo la primera cuatro veces
mayor que la scgunda (x* = 4.2, p=0.04). Los esladios sucesionales mas avanzados fucron
los que presentaron una mayor cantidad de frutos en el suelo (Duncan p=0.05). (2) La
poblacion de tatlos fluctué mas a través del tiempo, mientras que los individuos coclincos
(cohortes de genets) dismimlyc-ron. La dinamica de las poblaciones de individuos genéticos
siguid un ritmo estacional con un tamario maximo de la poblacion al inicio de la temporada
de fas Huvias. Se encontrd una relacion lincal significativa entre la mortalidad de la cohorte
y su edad, las mas jovenes presentaron una mayor proporcion de mortalidad quc las mas
viejas, La tasa de mortalidad fue mayor durante fa temporada de Huvias. (3) Las curvas de
sobrevivencia de las cohortes que se registraron desde fruto fue de tipo Hi, mientras que las
cohorte de tallos fue de tipo 1. (4) Los efectos del perturbacion exhiben diferencias
significativas cn el niimero de tallos, mazorcas y produccion de frutos por mazorca., siendo
mas alto cuando la roza-tumba y quema fue aplicada. (5) Las perlurbaciones aplicadas
causaron un aumento de casi ¢l 100% del valor de A, elevandola a valores cerca o mayorces
a 1, siendo la permanencia el estado mas importante en contribucion a los valores de A. Lo
anferior sugiere que la competencia asimétrica intraespecifica podria ocurrir, i, ¢., los
individuos establecidos al inicio son los responsables de la supresion ¢ incorporacion
cuando la poblacion no es perturbada. (6) Si las poblaciones no son perturbadas, entonces la

cspecie sera localmente extinta. Para asegurar la permanencia de una poblacion de Z.




diploperennis a largo plazo, este deberd mancjarse con perturbaciones de al menos uno

cada cinco afios.

SUMMARY

licological and demographic studics are a useful tool for conscrvation of specics
that are rare, threatened or economically important. One of the principle objectives of the
Sicrra de Manantlan Biosphere Reserve is the in sitie conservation of the populations ol the
teosinie Zea diploperennis. In this study arc show the results of ccologic and demographic
aspeets of the wild relative of corn, Zea diplopereimis, and were divided into three phascs.
The first phase consisted of answering the following questions: of the principle fruits pool,
which does the recruitment depend on, is it found in the part of the plant above ground or
underground? Does a relationship between the successional stage and the fruits pool of Zewu
diploperennis? The sccond phase describes the structure, the flow of genets and ramets of
scven populations of Zea diploperennis during two season of growth. The relationship
between some environmental factors (altitude, exposure, slope and type of soil) and the
successional stage and demographic attributes (growth of gencts and ramets, and
recruitment) is evaluated. Also, the relationship is explored between the age and the
mortality rate of genets. The third phasc had the objectives of description and analysis of
the effect of two anthropogenic perturbation (slash and burn vs. slash without burn) on
some basic demographic characteristics of Zea diploperennis. In particular the elfort
concentrated in: a) deseribing the changes in population during five years in plots under
different perturbation regimens, b) Estimate the rlative contribution of different life stage

on the population growth under different sequences of perturbation and ¢) identify the




regimens of perturbation that would permit the persistence of populations of Zea
diplaperennis in time,

‘The results showed that: () the populations of Zew diploperemnis present as much a
fruits pool in the part above ground as the part underground, being the first four times more
than the sccond (x* = 4.2, p=0.04). The oldest successional stages were who that presented
a major quantity of fruits underground (Duncan p=0.05). (2) The population of ramcts
fluctuated more over time while the genets cohorts diminished. The dynamic of the
populations of genets followed a scasonal rhythm with a maximum size of the population at
the begin of the rainy scason. A lincarly significant relationship was found between the
mortality of the cohort and their age, the youngest presenting a larger proportion of
mortality than the older. The mortality rate was highest during the rainy scason. (3) The
survival curves of the cohorts that were registered from fruit was type 1, while the cohort
of ramets were type 1. (4) The cllects of perturbation showed significant diflerences in the
numbetr or stems, cars and production of [tuits per car, being higher when the slash-burn
was applicd. (5) The perturbation applied caused an increase of almost 100% of the value
of A, increasing it 1o values closc to or higher than 1, being the permanence the stage most
important in the contribution of the values of A. The previous suggests that the asymmetric
competence intraspecific could occur, i.e., the genets established at the begin are those
responsible for the suppression and recruitment when the population is not perturbated. (6)
If the populations are not perturbated, then the specics would be extinct locally. To assure
in the long term the permanence of Z. diploperennis populations, this should be managed

with perturbations of at least onc cvery five years.




CAPITULO Il
INTRODUCCION

Los estudios ccoldgicos basicos y demogralicos pueden aportar elementos
importantes para la conservacidn in situ de especies amenazadas, raras, cn peligro de
extineion y plantas de importancia econdémica (Harvey 1985; Brussard 1991; Owen v
Rosentreter 1992; Olmsted y Alvarez-Buylla 1995). Zea diploperennis es un pariente
sitvestre del maiz y fue “la punta de lanza™ para la creacion de Ta Reserva de la Biosfera
Sierra de Manantlan en Jalisco, México, lugar endémico de este teocintle. Iista especie tiene
potencial para ¢l mejoramiento genélico del maiz y su conservacién es uno de los objetivos
de la reserva. Esta especic esta asociada a estadios iniciales de la sucesion y se requicren
conocimienlos para ¢jccutar un programa cfectivo que asegure su conservacion in siin.

Zea diploperennis €s una especic perenne, rizomatosa, heliofila, sus tallos pueden
medir hasla tres metros de altura y es parccido al del maiz. Su crecimiento clonal es de lipo
falange, dondc los tallos, en la mayoria de los casos, no se separan del tallo madre y los
individuos genéticos son policdrpicos con tallos monocarpicos.

Incendios localizados ecurren cada afio en la Sicrra de Manantlan, como resullado
del escape del fuego del sistema tradicional agricola de maiz, Hamado coamil (roza-tumba-
quema). Las perturbaciones inducidas por el humano son también ereados por la ganaderia
exlensiva en la vegetacion natural. 2] sistema de coamil mezclado con Zea diploperennis ha
exhibido, bajo condiciones experimentales, que los individuos de este tillimo se ven
lavorecidos por estas perturbaciones. Sin embargo, el cfecto global de la perturbacion a
nivel de poblacion y bajo condiciones naturales no ha sido cvaluado. /\(Ii(:i()ﬂﬂlil](:ﬂlC,
especics de arboles como Magnolia iltisiana y 1la comunidad entera de bosque meséfilo de

montaiia parecen ser sensibles a incendios y/o aprovechamicnto pecuario.



La Estacion Cientifica Las Joyas, localizada dentro de la zona ntcleo de la Reserva
de la Biosfera Sicrra de Manantldn tiene las segundas poblaciones mas grandes de Zea
diploperennis. 1istas poblaciones han sido excluidas del ganado y protegidas contra
incendios forestales desde 1988, como parte de las principales politicas de proteccion del
arca nlicleo Manantlan-Las Joyas, y cn la conservacion de la poblaciones existentes de Zew
diploperennis. Basado en la cvidencia de que el fuego y la ganaderia extensiva favorecen cl
desarrollo de Zea diploperennis, mientras que al mismo ticmpo estas perturbaciones pueden
limitar la preservacion de otras especics y comunidades, opciones de mancjo son necesarias
para armonizar la conservacion del teocintle con otros tipos de perturbaciones
antropogenas.

LZste trabajo consigha tres fases de un estudio ecologico y demogrifico de
poblaciones naturales de Zea diploperennis. La primera fasc cosiste en dar respuesta si cl
principal banco de {rutos estd en el suclo o en la parte aérea y muerta de la planta y conocer
st hay o no relacion entre ¢l estadio sucesional y ¢l banco de {rutos. La segunda fasc
describe la estructura y el flujo de siete poblacioncs de individuos gendticos y tallos de Zea
diploperennis. Tambicn sc evalla la relacidn entre varios factores del medio como; altitud,
exposicion, pendiente y tipo de suclo y estadio de sucesion versus los atributos
demogrificos de individuos genélicos y lallos. La tereera fase tuvo como objetivos la
descripeion y andlisis del clecto de dos perturbaciones antropogenias: roza-tumba y quema

vs. roza-tumba sin quema, sobre algunas caracteristicas demogrificas de Zea diploperennis.



CAPITULO 11

DINAMICA ESTACIONAL DEL BANCO DE FRUTOS DEL TEOCINTLE Zea

diploperennis (GRAMINEAE)



BIOTROPICA 28(2). 267-272 1996
NOTES

Dinamica Estacional de! Banco de Frutos del Teocintle
Zea diploperennis (Gramineae)

Palabras clave:  banco de semiflas; conservacion; sucesién; teocintle; Zea diploperennis.

EL BANCO DE SEMILLAS O FRUTOS representa una de las fases mas importantes del ciclo de vida de muchas
especies de plantas, ya que en esta fase suceden procesos (depredacién, germinacion y dispersion) que
pueden repercuric direcramente en el tamado de las poblaciones fururas (Guevara 1977, Harper 1977).
El banco de semillas puede cstar en el suelo o raramente en la paree aérea de algunas especies de planeas
(Baker 1989), sin embatgo existe aidn infurmacién poco precisa sobre ¢l papel que juega €l banco de
semillas de la parte aérea de las plantas progenitoras (Grime 1989), Los estudios de los bancos de sernillas
en condiciones naturales pueden ser Gtiles para la conservacion de especies de plantas raras © en peligro
de extincién, principalmente para aquellas que dependen de la propagacién por semillas para invadic
nuevos lugates o para mantencrse en un lugar determinado. La cantidad y calidad del banco de semillas
varia a través de las estaciones del afio (Grime 1982, Ortiz-Arrona 1992). Este trabajo describe la dinamica
estacional de {os bancos de frutos de Zea diploperennis lltis, Docbley, Guzman & Pazy pertenecientes a
tres arcas de diferente estado succsional. Con el objeto de fortalecer las recomendadones de manejo para
su conservadon iz site contestamos las siguientes preguntas: ;El principal banco de semillas o frutos del
cufl depende el reclutamiento, se encuentra en la parte agrea de la planta o en ¢l suelo? ;Existe una
relacién entre el estado sucesional y ¢l banco de frutos de Zea diploperennis?.

Zea diploperennis (Gramineae) es una planta rizomatosa iterdpara con tallos semelparos. Su crecimiento
clonal es de tipo falange (Hurchings & Bradbury, 1986) y los individuos pueden vivic mas de 8 afios
{Sanchez-Velasquez 1992, ver lltis e #l. 1979 para su descripcion taxondmica). Las mazorcas ticnen de
6 a 11 fruros (cada fruto contiene una semilla), &tos son dispersados prindpalmente por barocotia y en
su mayoria ocurre de diciembre a enero, con fa excepcion de los dos frutos mis cercanos al pedinculo
que permanecen durante la temporada de sequia (aptox. encro—junio); al inicio de las lluvias éstas semillas
son dispersadas a traves de la muerte y caida del rallo, la germinacién también ocurre al inicio de las
lluvias {obs. pers.). Esta especic es endémica de la Reserva de la Bidsfera Sierra de Manandan (RDSM)
y estd asocinda al cultive del maiz, cuyas pricticas favorecen su crecimiento y desarrollo de los individuos
(Sanchez-Velasquez ef al. 1992), Mantiene su presencia en dreas de cultivo abandonados (aprox, 360 ha
en toca la RBSM), dominando las primeras etapas de la sucesion pero permitiendo la existencia de especics
asociadas en ewapas posteriores (Benz er al. 1990). Las estructuras de las poblaciones estin dominadas
por los primeros individuos que invadieron las dreas (L. Sanchez-Velasquez, com. pers.). Esta especic s
resistente a las siete principales enfermedades que atacan al maiz (Naule & Findley 1982a, 1982b) y al
cruzarse con éste, bajo condiciones naturales, producen hibridos fértiles (litis er a/. 1979, Benz o al.
1990, obs. pers.). La importancia de la conservacion de Z. diploperennis radica en que ésta especie tiene
un potencial para el mejoramiento genético del maiz y se pueden obtener ahorros de hasta 6.82 billones
de dolares anuales (Fisher & Hanemann 1983).

Este trabajo se realizd en siete areas de cultivo de maiz abandonadas desde hace 7 (3 areas), 12 (2
arcas} y 17 (2 drcas) afios, éstas las agrupamos y denominamos como estados sucesionales 7 (con 4 ha),
12 (con 22.27 ha) y 17 (con 3.54 ha), respecdvamente. En cada drea habia una poblacion de Z.
diploperennis y sc localizan en la Estacion Clendfica Las Joyas (ECLJ) de la RBSM (Pérez 1991), Jalisco,
México (19°35'42"=19°37'40"N y — 103°15'02"=104°37'40"O). Las superficics presentan una topografia
muy irregular; el estado 7 presenta pendientes de 0 a 20(%) y los estados 12 y 17 entre 10y 20(%), y
las alticudes son de 1960 a 2000 m, de 2000 a 2030 m y de 1960 a 2020 m, respectivamente (L.
Sanchez-Velasquez, com. pers.). Todas las poblaciones estan rodeadas de bosque de Pinus y bosque
mesofilo de montafia (Rzedowski 1977), la distancia entre ellos varia de 800 m a 1000 m. La temperatura
media anual es de 18° C con una precipiacion pluvial anual de 1500 a 1800 mm, con régimen de
lluvias de junio a octubre y lluvias estacionales en invierno; neblinas son frecuentes excepto en la temporada
mAs seca que corresponde a marzo y mayo (Saldafia & Jardel 1992),

De abril de 1990 a abril de 1991 se tomaron aleatortamente, cada cuatro meses, 21 muestras de
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suelo (tres en cada uno de los estados sucesionales), 9, 6 y 6 en los estados sucesionales 7, 12 y 17,
tespectivamente; 1a unidad de muestreo fue de 30 em (largo y ancho) % 5 ¢cm de profundidad. El uso
de ésta profundidad estd respaldada por et trabajo de Sinchez-Velisquer & Lorente-Adame (1993),
quiencs demostraron que la maxima profundidad en donde se encuentran frutos de Z. diploperennis es a
10 ¢m, la cual fue raro y la principal cantidad de semillas se encuentra arriba de los 5 cm de profundidad.
En cada una de las muestras se removid la hojarasca y el material rocoso; después se guardd en una bolsa
plastica negra con los dacos del sitio. De uno a dos dias después y en &l laboratorio se separaron los frutos
de Z. diploperennis tamizando la muestra con una malla de luz de 4 mm. A los frutos completos y sin
dafio aparente se pusicron a imbibicién durante 24 horas en cajas de Perri con algodén y papel filtro
humedecdidos con agua destilada. Después se procedid a bisectarlos longitudinalmente y una mitad de
cada fruto se les realizd la prueba de viabilidad con una solucidn de doruro de tetrazolium al 0.1(%) en
solucion buffer (pH 710.1, solucién de fosfato de sodio y de potasio), colocindolas durante tres horas
en unn camara 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),

Pata observar la remocidn (proceso que puede implicar tanto dispersion como depredacion) y ger-
minacién de frutos de Z. diploperennis, se tomaron de tallos escogidos aleatoriamente 2800 frutos (89
+ 4 porcento de viabilidad) en la colecta de enero de 1990. Esta muestra s¢ subdividid en 14 grupos
de 200 (resultando una densidad de 3000 frucos por m?), cada grupo se colocd sobre cuadros de malla
de aluminio de 22 x 22 cm (con 1 mm de didmetro de luz), ésto con el objetivo de no confundirlas
con posibles frutos enterrados. Esta muestras se colocaron aleatoriamente {abril de 1990) en pequefias
arcas (en ausencia de callos afreos de Z. diploperennis) 6, 4 y 4 muestras en los estados 7, 12 y 17,
respectivamente. Se aseguraron los cuadros de malla sobre el piso con un dlavo en cada uno de los extremos
y se cubrieton los frutos parcialmente con una capa de suelo, La revisidn de las muestras se hizo en abril,
mayo y agosto de 1991, Un individuo puede liegar a producir mas de 1400 frutos, esto implica que en -
el suelo podemos encontrar mas de 5000 frutos por m?.

Con ¢l objeto de validar la hipétesis de que 1a principal fuente de frutos de Z. diploperennis esti en
la parte atrea de la planta (o sea, los fruros basales que no caen sino hasta poco después de las primeras
lluvias) y no en el suelo, se reali2d oero muestreo en mayo de 1992 (antes de inicio de lluvias y poco
antes de la época de germinacion de los frutos que va de julio a principios de agosto, L. Sinchez-Velisquez,
com. pers.). Para ésta parte del experimento se cligieron los estados 7 y 12, y en cada uno de ellos se
colectaron aleatoriamente cinco muestras de suelo (N = 10) de 30 ean (largo y anche) x 5 em de
profundidad. La parte aérea se muestred de la siguiente manera, aleatoriamente se distribuyeron dnco
cuadros de 30 X 30 ¢m en cada uno de los estados sucesionales (N = 10) y se colectaron todos los tallos
aéreos de Z. diploperennis dentio de cada cuadro. Los tallos se guardaron en bolsas de plistico negras y
un dia después en el laborarorio se procedid a contar los frutos que se encontraron en cllos. Tanto los
fruzos del suelo como fos presentes en Jos tallos se le aplicd la prueba de viabilidad. Los frutos se clasificaron
en viables {frutos con endospermo y embridn vivoe), no viables (frutos con endospermo y embrién muertos),
depredados (frutos con agujeros y sin endospermo y embrién) y abortados (frutos sin endospermo y
embrion).

En el anilisis estadistico, el nimero de frutos de las muestras de suelo fueron comparados entre los
diferentes meses de cada estado succsional a través del proceso GLM de dos factores de SAS ver. 6.03
(1988), y con GLMs de un factor se compararon los frutos entre los diferentes meses y entre los diferentes
estados sucesionales; el niimero de frutos se transformaron a escala log,, (Zar 1984) y después se analizaron
con comparaciones milltiples del proceso Duncan (Proc MEANS de SAS). El experimento de remocian
y germinacion se analizé con el proceso de GLM de dos factores de SAS, los valores porcentuales de la
remocidn y germinacién del mes de agosto (obtenidos a través de Pr = r/200, donde Pr es el valor
porcentual de remocidn y r es el niimero de frutos removidos, y Pg = g/200, donde Pg es el valor
porcentual de la germinacion y g es el nimero de frutos germinados) fueron transformados por raiz
cuadrada y posteriormente arcoseno (Zar 1984}, Proc MEANS Duncan de SAS fue usado las comparaciones
multiples. Los datos del banco de frutos del suclo vs. parte aérea (tallos) se compararon a traves de la
prucba de Mann-Whitney (Zar 1984) con aproximacién Chi? (SAS 1988, proc NPARIWAY).

El niimero de frutos encontrados en el suelo fluctia durante el periddo de un afio, y el patron general
es similar en las tres estados secesionales estudizdos; disminuyen en agosto y aumentan en diciembre (Fig,
1a, 1b). Los valores promedios y error estandar de la media de las mucstras de suelo se muestran en la
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FIGURA 1. Comparaciones entre el numero de frutos promedio (valores transformados en log,,. por; a) estado
sucesional-mes, b) por mes y ¢) por estado sucesional (a1 P < 0.002; b: P = 0.009; ¢; P = 0.02). Letras iguales
dentro de cada una de las graficas sefinla que no hay diferencias significacivas (Duncan, P = 0.03),
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figura 1. Se evidencian diferencias significativas (F = 4.17, gl = 5,69 P < 0.002} entre algunos meses
de los estados sucesionales (Duncan P = 0.05, Fig. la).

Los datos comparados entre meses mostraron ser significativamente diferentes (F = 4.21, gl = 3,69
P = 0.009), agosto de 1990 fué significativamente menor a los otros meses (Duncan P = 0.03, Fig.
1h). Los datos también se compararon entre estados sucesionales, y se observaron diferencias significativas
(F=4.12, gl = 2,69 P = 0.02) entre los estados 7 y 12 (Duncan P = 0.05, Fig. 1¢). Nosowos inferimos
que la disminucidn de frutos en el mes de agosto (Fig. 1b) se debe probablemente a que &ste es el mes
posterior al inicio del periodo de Huvias asi como de la germinacién y establecimiento de plantulas de Z.
diploperennis (Jiménez 1991, Sanchez-Velisquez er al. 1992, obs. pers.), por lo ranto se encueneran menor
cantidad de frutos en el suclo. Agosto es el mes en que finaliza la germinacién de frutos de 2. diploperennis.
Es evidente de que el banco de frutes de Z. diploperennis es de tipo persistente, ésto se demuestra por
que atn despuds de la dispersion y germinacion, persisten semillas en el suelo, i. €., en el mes de agosto.

La remocion de frutos fue alta. Después de tres meses ésta fué del 97.8(%) en las tres areas, la
germinacién fue menus del 2.2(%). En agosto {1990) observamos que los fruros no germinados fueron
removidos en su totalidad, Se enconcraron diferencias significativas entre el estado sucesional vr. la remocion
(F= 1112, gl = 6,7 P = 0.0001) y vr. germinacién (F = 6.5, gl = 6,7 P = 0.0133). La remocidn
fué significativamente mayor en el estado mis joven (estado 7 = 183.2 + 10.7, estado 12 = 178.3 +
13.03 y cstado 17 = 176.3 £ 14.14), rientras que para [a germinacion lo fue el estado 12 (4.3
2.5), tos estados 7 (0.5 £ 0.3) y 17 (2.25 % 1.4) no fueron significacivamente diferentes en la germinacion
{Duncan P = (.05). Las diferencias significativas entre el nimero de frutos encontrados en el suelo y
porcentage de frutos germinados no nos presenta un paudn caro entre ellos y el estado sucesional.
Solamente el porcentage de remocion nos sefiala que el estado mds joven presenta el mayor porcentage
de remocidn.

La alta remocidn observada de frutos, y quizd la depredacién en las ireas estudiadas se debe prob-
ablemente a la presencia de Reithrodonthomys fulvescens, al revisar los nidos de éste roedor, los cuales estan
hechos con rallos de Z. diploperennis y otras ramas de planwas asociadas, se enconwaron ranto frutos
completos como abiertos, éstos dltimos 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. diploperennis presentan un banco de semillas que se distribuye tanto en la parte
aérea de la planta como en el suelo. La mayor parte del banco de frutos estd en la parte aérea de la planea
(35.3 + 14.8 proyectada en 0.09 m?®), es cuatro veces més que el banco de frutos en el suelo (5.2 *
1.4 proyectada en 0.09 m?) y son significativamente diferentes (Kruskal-Wallis aproximacion Chi? =
4.2, gl = 1, P = 0.04). No hubeo diferencia significativa en nimero de frutos no viables entre las muestras
del suelo y la muestra de los tallos, 5.2 = 0.95 y 4.8 + 1.7, respectiivamente (Kruskal-Wallis Chi? =
0.83, gl = 1, P = 0.36). Encontramos diferencias significativas entre el niimero de frutos abortados de
las muestras de suclo (0.0} y las muestras de los rallos (25.7 * 8.5). Los fratos abortados que sélo se
observaron en la parte aérea (estos generalmente son pequefios con un pericarpio delgado y fragil), quiza
no se observaron en las muescras de suclo por tener mayor probabilidad de biodegradacidn y fragmentacidn,
Este tipo de frutos en la parte aérea estan protegidos de la intemperie por las bracteas de las mazorcas.

Los frutes que permanecen durante la época de sequia en la parte aérea de la planea, forman la
principal fuente potencial de reclutamiento de las poblaciones de Z. diploperennis. Una vez que inician
las lluvias (junio) los tallos muertos (tallos semelparos) caen y liberan los frutos para formarc parte del
banco de frutos del suelo e inmediatamente germinar. Es posible que este proceso adapeadivo favorezea
a la planta para escapar a los roecdores que ya han sido reportados en éstas areas, estos son; Reithrodontomys
Sfulvescens, R. sumichrasti, Peromyscus boylli, P. spicilegus, P. hylocetes, Oryzomys couesi, 0. melanotis,
Sigmodon alleni y Neofoma alleni (Galvin 1992),

Otros wabajos han sefialado la importancia del banco de semillas en la parte aérea de las planta
progenitoras en la dindmica poblacional (Simpson ¢ af. 1989) como en algunos dcboles del género Pinuy
y arboles australianos de los géneros Callistemon v Melalenca (Myrtacene) (ver Grime 1989 y Baker
1989). Con fundamento al patrdn discontinuo de dispersion de semillas, en el que la parte aérea de la
planta juega un papel importante en ¢l banco de semillas o frutos (Baker 1989), postulamos que atgunas
gramineas, principalmente el gremio de los teocintles, presentan esta estratégia adaptatva que les permite
escapar a los depredadores en el suelo.

Recomendaciones de manejo. Los resultados de este estudio sugieren que ol teocintde Zea diploperenniy
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presenta un banco de frutos persistente. Sin embargo, la mayaria de los frutos caen de los ratlos y son
removidos inmediatamente o germinan. Los que se mantienen adheridos a los tallos semelparos soportan
la remocion y la época de sequia, formando asi la principal fuente de frutos, por lo que el banco de frutos
cstd principalmente en la parte aérea y muerta de la planta.

Los resultados nos permiten inferir que entre mis corto sea el periode de sequia mayor serd la
probabilidad de sobrevivencia de los frucos, ya que asi germinari y escaparan a fa depredacitn por roedores.
Es evidente que un nGmero pequeiio de frutos escapan a la depredacién y éstos tengan el potencial para
formar un banco de frutos en el suelo. Sinchez-Velisquez y Lorente-Adame (1993) demosuaron éste
potencial en diferentes habitats y profundidades del suelo, i.e., entre mas enterrada esté ¢l fruto (hasta
10 cm) mayor probabilidades de sobrevivencia tendré y 2 menor dosel vegetal menor seré la sobrevivencia,
Para repoblar areas con Zea diploperennis o crear nucvas dreas, recomendamos que las nuevas dreas ©
aquellas en las que comienza Ja excincion local (L. Sdnchez-Velasquez, com. pers.), se aplique la roza-
tumba-quema {"‘slash-and-burn™) o roza-rumba sin quema (Sinchez-Velisquez ¢t a/. 1992) y que los
frutes, previamente colectados de diferentes poblaciones (para asegurac una amplia diversidad genérica)
se dispersen a! “voleo” poco antes o inmediatamente después de las primeras lluvias, con el objeto de
que escapen a los depredadores y asegurar asi la emergencia de nuevas plintulas. Esta recomendacion se
hace para la segunda localidad més grande con poblaciones de Z. diploperennis, la Estacién Cientifica Las
Joyas. En este lugar ha sido excluido el ganado bovino (principal dispersor) desde 1988 y se ha eliminado
el uso de la prictica tradicional del cultivo del maiz llamada roza-tumba-quema; actividades asociadas al
desarrollo y mantenimiento de las poblaciones de Z, diploperennis (liis er af 1979, Benz et al. 1990,
Sanchez-Veldsquez ef al. 1992),

A. agradecemos B. F. Benz y a la Biol. Ma. de los Angeles Saldafia A. por [a revisién que hicieron
a este trabajo. A los M. L. Marrinez A., V. Rico-Gray y W. W. Benson por sus valiosas aportaciones
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Abstract: One of the objectives of the Sierra de Manantlan Biosphere Rescrve (Jalisco, México)
is the conservation in siti of the (cosinte Zea diploperennis s, Doebley, Guzman & Pazzi. Zea
diploperennis is a perennial, shade intolerant and their shoots are architecturally similar to maize.
Clonal growth is of the phalanx type. Genets are iteroparous whit shoots semelparous. Study of
the demography of seven module and gencet populations of Z. diploperennis was undertaken in
scven sites representing three differcnt stages of old-field succession. Seven permanent one-
meter-square plots were randomly established in cach site. All genets present initially and those
that became established during our study were mapped and labeled according to the year of
establishment The magnitude of demographic fluctuations was greater in module populations.
Genet population dynamics followed a scasonal rhythm with a maximum population size
obtained at the onset of the rainy season. A relation was documented between percent annual

mortality of a cohort and its age: the younger the cohort, the greater the mortality. This was a
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statistically significant relationship, Y = [sin(~0.288.X +1.657)]° (r=10.92, p <0.01), where Y
is proportion annual mortality of gencts and X is the age of the cohort. The maximum rates of
genet mortality occurred during the rainy scason when population densities were grealest. As a
conscquence, we postulate that competition oceurs principally during the rainy season. Lincar
rclationships were observed between rate of population increase of genets versus old-field
successional stage and soil type. Those areas with poor soil (Ultisol), degraded soil or soils with
similar physical characteristics could be rehabilitated by introducing Z. diploperennis. Such
rehabilitation would achieve two distinct objectives, promote propagation of this rare endemic

and reclaim areas that are susceptible to erosion and further degradation.

Key words: Initial seedling recruitment, Manantlan, México, population structure, rchabilitation,

teosinte, Zea diploperennis.

Study ol an organisin’s basic ccology is the first step in conservation planning and decision-
making. Such rescarch provides a basis for understanding and documenting critical stages of a
specics life history. Protecting and maintaining rare and threatened species in their natural
habitats is one of the goals of conservation biology (Lesica 1992) and of the Biosphere Reserves
in the Man and the Biosphere — United Nations Iiducational, Scientific and Cultural Organization
program (MAB-UNESCO) (HalfTter 1988). Species rarity may be caused by evolutionary and
historical cvents that resulted in the present-day distributions, or by existing ecological and
genetic factors (Watson ef al. 1994). Investigating the autoecology and natural history of rare
specics is one area in which ecologists can apply their experience to current problems in
conservation biology or recovery plans (Harvey 1985, Brussard 1991, Boyce 1992, Huenncke
1995, Tear et al. 1995). Ilowever, to be successful, this outlook must be applied in long-term
conscrvation programs. Demographic monitoring of rarc plant species is an essential component

of an cffective species management program (Gilpin & Soulé 1986, Owen & Rosentreter 1992,
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Olmsted & Alvarez-Buylla 1995) in which active manipulations might be part of such a program
(Boyce 1992).

One of the objectives of the Sierra de Manantlan Biosphere Reserve is the conservation in sifu of
the teosinte Zea diploperennis (Jardel 1992), a rare endemic species narrowly restricted in
geographic range to a few hundred hectares (Rabinowitz er af. 1986). In spite of the fact that
teosintes (wild Zea .. Gramincae) are a potential source of cconomically valuable germoplasm
for maize’s improvement (Itis ef al. 1979, 1oyt 1988, Sanchez-Veldsquez 1991, Wilkes 1994),
their basic population ecology has not been studied under local natural conditions. Zea
diploperennis is a tropical endemic species occurring naturally in patches on approximately 360
hectares in the Sierra de Manantian Biosphere Reserve in Jalisco, México (Benz ef al. 1990).
Growth and development appear to be favored by traditional forms of slash and burn agriculture
(Sanchez-Velasquez et al. 1991). Zea diploperennis is a perennial, shade intolerant, rhizomatous
grass whosc one to three meter shoots are architecturally similar to maize. Clonal growth is of the
phalanx type (Hutchings & Bradbury 1986) where modules (epigeal shoots arising from
underground hypogeal rhizome) do not separate themselves from the parent shoot. Genets are
iteroparous (but their modules are semelparous). reach sexual maturity and are capable of
devcloping more than one module in the first two years (Sanchez-Velasquez & Lorente-Adame

1993, Lorente-Adame & Sanchez-Velasquez 19906).

This paper reports the descriptive phase of a fong-term study whose ultimate goal is to implement
a management program to conserve Z. diploperennis in sitn. We describe the structure and
population flux of gencts and modules of seven populations of Z. diploperennis. We also
evaluaied the relationship between various environmental factors (altitude, exposure, slope. and
soil type) and the stage of old field succession, and demographic attributes (rate of increase of
genets and modules and gencts arrival). In addition, we explored the refation between age and

rate of mortality genet.
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MATERIALS AND METHODS

The seven study sites are located in the Las Joyas Scientific Station in the Sicrra de Manantlin
Biosphere Reserve in Jalisco, México (19°36"N, 104°16'W). Grazing and forest fircs have been
excluded since 1988 from all sites. All sites are old abandoned maize fields; these are: Coamil {
(Site 1), Coamil 2 (Site 2), Playas (Site 3), Huiscorol (Site 4), Zarzamoro (Site 5), Asolcaderos
(Site 6) and Asoleaderos del Tlacuache (Site 7)., which represent three different time intervals
since abandonment, i.e. different successional stages (Table 1). The characlteristics of cach site

and its history are listed in Table 1.

Scven permanent onc-meter square plots were randomly established in each of the seven
abandoned fields. All genets present initially and those that became established subscquently
were mapped and labeled according to the year of establishment (cf. Sarukhan & Iarper 1973).
The number of modules per genct was recorded monthly from May to December during year one
and year two (except for June and September). In May-year one we could differentiate the genets
which werc born in one past year because they had one, or rarcly two, small modules and onc or
no inflorescence. Cohorts born during our study were could identified easily: in the first-year, the
first leaves to emerge have emarginate apices and in [oHlowing years have an acuminate apex.
Births and deaths were recorded according to age and comparisons of the 1, 2,3 and > 4 year-old
cohorts were performed. The number of genets established by themselves, the total number of
genets and modules (initial and final), and rate of increase of gencts and modules, were compared
according to successional stage and environmental factors (altitude, exposure, stope and soil
type) using procedure two factors-general lincar model (GLM) with values previously
transformed to ranks (except rate of increase of modules and genets) and posteriori, multiple
comparisons using Tukey’s test from Statistic Analysis Systems (SAS) version 6.03 (Seaman ef
al. 1994). In this casc, performing analysis of variance (ANOVA) with valucs transformed lo

ranks is more conservative than the corresponding ANOVA without transformation and is
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frequently more accurate than the non parametric Kruskal-Wallis test (SAS 1988). In addition,
we used a general linear model procedure (o obtain the relationship between proportion annual
mortality of gencts (these values were previously transformed to their square rool and then

arcsine were calculated) and age cohorts.
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RESULTS

Population flux of genets was analyzed during two reproductive cycles from May (year onc) to
December (year two). The initial number of gencts (May year one) did not differ significantly
among successional stages (F = 0.31, p > 0.05), nor was there a significant difference among the
final number of genets (December year two; F =3.2, p > 0.05; Table 2). Furthcrmore, the
difference in the recruitment between them (suceessional stages) was not significant during May
year onc and December year two (FF = 2,13, p > 0.05; Tablc 2e). However, the oldest successional

stage had higher rate of increase of genets than the other stages (I =4.65, p < 0.05; Tablc 2d).

Similarly, we analyzed the module populations from December year one to December year two
(final phasc of two reproductive cycles). The percent age of survival of modules was zero because
modules are semelparous. No difference was observed in the average number of modules by
stage in December year one (F = 0.01, p >> 0.05; Table 3a) nor in December year two (I = (.04,
p >>0.05; Table 3b). The annual rate of increase of modules was not signilicantly different (F =
0.07, p >> 0.05)(Table 3d). The greatest number of modules was observed during the month of
May year two in all stages, with stages 1 and 2 having the greatest overall number of modules

(Table 3f).

The general patiern of genel densitics was similat across all sites (sce Fig. 1 two examples).
These were relatively constant from December year one to July year two. Births occurred during
May and July in both ycars but in year one was greater than in year two. Death of genets was

most notable in ycar one during the period from August to October (Fig. 1).

Genets born in different years (before two or more years from initial study, one year helore of
initial study, and at {trst and second year from our study) and were distinguishable throughout the
duration of the ficld work (i.e., we had 1, 2, 3, and > 4 year-old cohorts in year two final), The

highest genet mortality rates occurred from August to October and were greatest for cohorts
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werce born in year one (Fig. 2a). When young genets initiated growth, more than 50 percent
appeared chlorotic and died by damping-off. The remainder disappeared {rom areas excavated by
gophers and due to unknown causes. Genets born before two or more years from initial study
showed a greatest mortality from July to October in both years (Fig. 2a). Genets mortality

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

Patterns of module population fluctuations were similar for cohorts of the same age across sites.
The number of modules from genets were born in year one was similar to genet survival curves
of the same age probably because genets generally begin with a single module. The greatest
number of modules was recorded during the months of July from year one and May from year
two, and slowly decreascd from August to November. The cohort born in year two contributed

with a relatively lower number of gencets and modules than the previous cohorts (Fig. 2b).

Genets born in year one and before were most abundant in sites one, two, three, four, {ive six and
seven (Table 4). The most abundant cohorts at site three were genets of two and three ycar old.
Recruitment during year two was zero at siles two, four and five, with the other sites showing
very low recruitiment. Proportion mortality (from May year one through December year two)
among age cohorts was significantly different (I' = 123.4, p << 0.01). The relationship between
proportion of genets mortality and age was estimated as: Y = s5in(~0288X + 1.657)%, where Y is
the proportion of mortality and X is the age of the cohort, was significant (r = 0.92, p<<0.01).
Soil type explained significant differences in genets increase rate (Ultisol > Alfisol, 2.31 + 0.4
and 1.2 + 0.1; genets in December year two/gencts in May year one respectively; [=8.64, p<

0.01).
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DISCUSSION

Only two partial associations were observed, between rate of population incrcasce of genets versus
type of soil and stage old field succession (Table 2), the genets increase rate was higher in the
oldest stage and Ultisols than in younger stages and Alfisols. Ultisols have low fertility and jow
basc content (Boul ef al. 1993). Our results suggest that Z. diploperennis has greater adaptive
success in Ultisols than in Alfisols, hence the higher genets increase rate in Ullisols. Tlowever.
the plasticity phenotypic experiments in different kind of soil are necessary to test this

hypothesis.

In all stages of abandonment gencts rate of increase was greater than one. These rates resulied in
high recruitment in year one. Nevertheless, when we cstimated genets rate of increasce from
December year one to December year two, the values were lower than one {see Tables two and
four). Our results suggest that it is important to monitor genet flux for a greater length of time
because there was high variation in density during both ycars. Thus appropriate modcls of
population dynamics must be based on numerous years of monitoring in order to adequately

conduct projection and population viability analysis.

No trends between the successional stage or environmental factors (altitude, exposure, slope and
soil type) versus module population parameters were observed (Table 3). Our results difier rom
Benz er al. (1990) who worked with the same species yet demonstrated a significant positive
relationship between number of modules and age stages. Perhaps their trend is a result of having
included three sites in each of two localities differing in management history: three sites in San

Miguel with very young stages and threc others with old stages in Las Joyas.

b our study, the net change of modules was negative for all stages (Table 3¢). The oldest slage

had a smaller net change of modules. PPerhaps this was a consequence of secondary vegelation
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abscnce encircling the sites. In this case, there is litlle potential for invasion by other rhizomatous

species.

Module reproduction was synchronized across sites. The greatest number of modules in cach site
coincides with the month following the first month (June) of the year with precipitation, and the
lowest number of modules was observed during the months with less precipitation (October-
December). In highest rain scason appears to favor the clonal growth in all thizomatous plants

specics (Abrahamson 1980).

The general trend of genet survivorship curves among populations was similar. Survivorship
across cohorls of the same age appeated to be more synchronized than across cohorts of different
age but from the same site (IFig. 2). The mortality in Z. diploperennis genets, as in other

rhizomatous species (Flarper 1977, Lovett Doust 1981), declines with age.

The inverse relation between proportional gencts mortality and age is likely to be duc to
asymmetric intraspecific compet-ition (Crawley 1990), where older established individuals are
competilively superior to their younger counterparts, as has been demonstrated for Solidago
canadensis (Hartnett & Bazzaz 1985), Fagus crenata populations (Nakashizuka 1987 review of
Crawley 1990) and Boutelona gracilis populations (Aguilera & Laucenroth 1993). This pattein
characterizes species where intraspecific competition appears to be responstble for the
suppression of recruitment after the initial colonization (initial seedling recruitment, according to

Eriksson (1993)).

As in the casc of Rammiculus acris and R. bulbosus (Sarukhan & [Harper 1973), the total number
of genets per site in populations of Z. diploperennis exhibited a seasonal rhythm with peaks
during spring time and was more cvident in year two (Fig. 1, Fig. 2). The greatest genels
mortality occurred during the scason of greatest growth, i.e., the rainy scasons (Jl.lly through

September). This is similar to mortality patierns described for R. canadensis (Harinett & Bazzaz,
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1985), Lolium perenne and other clonal grasses (Langer ef al. 1964, Kays & Harper 1974). These

patlterns suggest that intraspecific competition may regulate genet mortality (Sarukhan & Harper
1973).

Growth active of rhizomatous perennial Z. diploperennis occurs immediately aficr the first rains
following a dry season. As a conscquence, we postulate that intraspecific competition occurs
principally during the rainy scason, which coincides with the period when the maximum rates of
genet mortality occur. Our results concur with the hypothests offered by Hartnett & Bazzaz
(1985), that clonal growth and genet survival of herbaceous clonal species (of the initial scedling
recruitment type) are inverscly related to time of recruitment. That is, long after initial
colonization, populations of herbaceous clonal species will be formed mainly by the genets that
became established initially, as hypothesized by Benz ef al. (1990) (see also Kays & Harper
1974, Maddox et al. 1989, Eriksson 1993). This suggest that reproduction from sceds is
unimportant at thesc old stages and might not be a viable alternative for achieving population

increase.

The degradation of soils in the Sierra de Manantldn Biosphere Reserve is caused primarily by
forest fires, slash and burn agriculture and catile grazing (Pineda 1988, Jardel 1991, Sanchcz-
Veldsquez & Garcia-Moya 1993, Sanchez-Veldsquez ef al. 1996, Hernindez 1998). Those
degradation arcas with Ultisol soil could be sowed with Z. diploperennis. Such activities would
achieve two distinct objectives, promote propagation of this rare endemic and reclaim arcas that

arc susceplible to erosion and further degradation.
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RESUMEN
Uno de los objetivos de 1a Reserva de la Biosfera Sicrra de Manantlan (Jalisco, México) ¢s la
conservacion in situ del teosinte Zea diploperennis. Esta cspecie es perenne, intolerante a la
sombra y su arquitectura es parecida a la del maiz. El crecimiento clonal es de tipo falange. Los
genets son iterdparos con tallos semélparos. Sc estudio la demografia de médulos y gencts de
siete poblaciones de Z. diploperennis en sicte sitios de cultivo abandonados, cstos representan
tres diferentes estados de sucesion. Siete sitios permancntes de un metro cuadras fucron
alcatoriamente distribuidos en cada uno de los sitios. Todos los genets presentes inicialmente y
aquellos que se establecicron durante nuestro estudio fueron mapeados y cliquetados de acuerdo
al afio de establccimiento. La magnitud de las fluctuaciones demograficas fuc mas grande en las
poblaciones de modulos. La dinamica de las poblaciones de genets s1guid un ritmo estacional con
un tamafio maximo de la poblacion al inicio de la temporada de lluvias. Una relacion
significativa fuc obtenida entre Ja proporcién anual de mortalidad de la cohorte y su edad: las

cohortes mis jovenes presentan la mds alta morlalidad, i. e., Y = [.s'in(—().288)(' + 1.657')]2 L(r=

0.92, p <0.01), donde Y es la proporcion de la mortalidad anval yX es la edad de Ia cohorte. La
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maxima tasa de mortalidad de genets ocurrié durante la temporada de lluvias cuando la densidad
de la poblacién fue mas alta. Como consecuencia, postulamos que la competencia ocurre
principalmente durante la estacién de lluvias. Se observaron relaciones lincales entre la tasa de
incremento de gencts versus ¢l estado sucesional y el tipo de suclo. Aquellas drcas con suclos
pobres degradados o suelos con similares caracteristicas, pueden ser rchabilitados introduciendo
Z. diploperennis. Con esta rehabilitacion se logran dos objetivos; promover la propagacion de

esta especie endémica, y recuperar reas que son susceptibles a la erosion y fuerte degradacion.
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TABLE 1

Characteristics of the Zea diploperennis study sites.

Site

1 2 3 4 5 6 7
Altitude 1960 1980 2000 2030 1960 1960 2020
(m)
Exposure SW  SW  Sw S NW § N
Slopc (%) 10-20 10-20 0-5 10-20 10-20 10-20 10-20
Soii Alfisol Alfisol Ultisol Atfisol Alfisol Ultisol Ultisol
type”

Surrounding
Vegetation

Abandonment
time (ycars)

MMIF MMFEF MMF MMF MMF MMEF MMF
PQ,SVPSV PSV PSV PSV P P

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

Last maize maize maize maize, maize, maize, maize
Crop and  apple, apple,
Cultivated potato orchard, pear

pear and

and  orchard

pasture
Site 1.55 078 1.65 1069 11.58 1.66 1.88
sizc
(ha)"

and Benz.

P = Pine forest. PQ= Pine Oak forcst, MMF= Montanc mesophytic forest, SV= Secondary
vegetation. ! 1. Martinez-Rivera, L. Delgado and E. Flores unpub. data., " Pérez (1991 ).
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TABLE 2

Jiménez-G. and Reny.

Flux of Zea diploperennis genet populations in three different stages of old field succession
(mean munher of genets in 1 m? and standard error of the mean, within and without value
transformed to rank, respectively). in (d) the values were not transformed to rank,

Stage age (yr):

(a) Mcan No. ol genets

No. of gencts
(X£S5))

May year onc

(b) Mcan

No. of genets
December year two
(X£S8)

(¢} Net change

(all plots)

(d) Rate

of increase

(total No. of genets
December year (wof
total No. of gencts in
May year one)

(c) Mcan

No. of Genets
(X2S8)
established between
May ycar one and
December year two
(N Total

No. of genels
mortalitics between
May year one and
December year (wo
{g) Total no. of
genets present May
year one alive by
December year two

4
21434
25+2.8°

23435
22+2.6"

1.3+0.16"

30+3.8
22+2.5°

680

278

34

14-17
194+3.5
22+4.27

26+6.3
22+4.2°

36

1.3+0.22°

544203
24+4.7"

796

153

1719
2143.4
27+4.2°

40+5.4
33+3.7°

27

2.6+0.61"

48+5.9
314+3.6°

649
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(h) Percent 63 58.1 61.7
survival of

genets

{p/total

number of

genets) X 100

(1) Expected 4.15 4.06 408
time for

complete

turnover (yr)

((1.58/100-h) X 100)

(j) Total 1090 1035 1021
gencls

recorded

during study

(k) Percent 62.4 76.9 63.3
annual

mortality of all

genets during

20 mo

(1) X 100)

Means with superscripts of the same letter indicate no significant difference at P=0.05 (SAS,
procedure two factors general lincar model, means Tukey test).
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TABLE 3
Flux of Zea diploperennis modide populations in three different stages of old field succession
(mean number of modules in I m* and standard error of the mean, within and without value
transformed 1o rank, respectively). In (d) the value were not transformed o rank
Stage age (yr): 4 14-17 17-19
(a) Mean No. 70+13.2 644-8.9
of modules 25+4.3" 25138
(XY £5))
December
year one
(b) Mcan No. 04+10.4 54-+8.2 0111
of modules 2543.3" 24+3.5° 254417

(Y£5)

Deeember

year two

() Net -168 -224 -42
change

(ali plots)

(d) Rate of 0.89+0.1" 0.9410.12" 0.9+1°
increase

(total in ycar two/

total in year onc)

(c) Expected 1.42 1.42 1.42
time for

complete

turnover (yr)

((1.42/100-h*) X 100)

(N Maximum 1717 1273 1089
no. of modules

(all on May

ol year (wo)

Mecans with superscripls of the same letter indicate no significant difference at p=0.05 (SAS,
procedure two factors general linear model, means Tukey test). *Percent survival of modules. all
case were zero, because modules are semelparous,

72+9.8
25+42.3"
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FIGURE LEGENDS
Fig. 1. Total number of genets, cumulative births and cumulative deaths of Zea diploperennis in

seven Ix1 m quadrates at two sites. The other sites have similar shape,

Fig. 2. a. Survival of genet cohorts of Zea diploperennis, total number of genels by age cohorts
(1,2, 3, and > 4 year-old in December year two) across site. b, Total number of modules as a
lunction ol date for Zea diploperennis born belore two o more year from initial study, genels
born in one year before of initial study, and genets born in first and second year from our study,

(7. ¢.. in December year two are modules from 1, 2, 3, and > 4 year-old cohorts) across sites.
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POPULATION DYMAMICS OF Zea diploperennis

Summary

6.

Zea diploperennis (chapule) is a wild relative of maize endemic to the Sicrra de
Manantlan Biosphere Reserve. Because this species is a priority for conservation in the
reserve, the effects on its population of the most common types ol anthropogenic
disturbance —slash-and-burn, and slash without subscquent burning—- were investigated
in three populations for five years.

The patterns of establishment and mortality were qualitatively similar in all populations
studicd. The cohorts of genets that were followed from germination showed type 111
survivorship curves, while cohorts of vegetative shoots had type 1l curves.

Numbers of shoots, ears and fruits produced were significantly higher when slash-and-
burn disturbance was npplic;d. The massive production of sceds after disturbance support
the resource-matching hypothesis. Because permanence is the most important stage in
contributing to A, the results suggest that the first genets to become established have an
advantage over newly-recruited plants.

When the two disturbance types were applied, A increased to close to | or 1. Afler the frst
disturbance, A increased by almost 100 %.

In almost all situations, with or without disturbance, the persistence loops of Zea
diploperennis are the most important life history pathways in the relative contribution to
fitness. In genceral, when A increases, sexual growth loops also increasc in importance, and
persistence loops decrease. Changes in A are not refated to changes in vegetative growth
loops.

I populations of 7 diploperennis are not disturbed at lest one every § years, the specics will

go extinet in the wild.

Kevwords: Disturbances, demography., loop analysis, mast seeding, slash-and-burn.

12




Sanchez-Vel&squez, L. R., et al,

Introduction

The study Uf‘poplllaliOI.l regulation and demography in their natural habitats is
extremely important for the conservation of rare and endangered species and for the
sustainable management of cconomically important plants (Iarvey 1985; Brussard 1991;
Owen & Rosentreter 1992; Olmsted & Alvarez-Buylla 1995). Protecting and maintaining rare
and threatened species in their natural habitats is one goal of conservation biology (13russard
1991; Lesica 1992). Although reasintes —the wild relatives of maize— have a large
cconomic potential for the improvement of cultivated corn (Wellhausen ef af. 1951 Sianchez
& Ordaz 1987; Iltis 1993). they have reccived little attention from the ecological point of
view and no demographic studies have involved i sitt monitoring (Sanchez & Ordaz 1987,
Sdnchez-Veldsquez 1991). The teosintes are associated with anthropogenic disturbances and
great importance has been ascribed to their possible influence on the formation and
variability of the main varicties of maize in Mexico, as their reproductive system aliows for
natural hybrids, and genetic ow between wild and cultivated plants (see Welthausen ¢f af.
1951; Sanchez & Ovdaz 1987; 1lis 1993). Zea diploperenniy iltis, Docbley, Guzmdan and
Pazy. the most recently-described species of teosinte (Htis ef al. 1979), is restricted to the
Sierra de Manantlan Biosphere Rescrve in Jalisco, Mexico. The interest in its conservation
derives from its very narrow geographic range, although it is locally frequent, with crowded
populations in discrete patches (sce Rabinowitz et af. 1986 [or a discussion of geographic,
ceological, and demographic levels ol rarity). Indeed, one of the objectives of the Sicrra de
Manantlan Biosphere Reserve and the associated Manantlan Institute of Feology and
Conscrvation of Biodiversity (University of Guadalajara} is the in situ conscrvation of this
leosinte (Jardel 1992).

Small-scale fires occur every year in Manantldn, mostly as a result of escaped burning

from the coamil agricultural system (a slash-and-burn land management technique used by
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local peasants or campesinos). Disturbances are also crcated by cattle grazing on natural
vegetation. It has been shown that in experimental mixed cultivation with maize the growth
of individual plants of Zea diploperennis is favoured by these disturbances (Sanchez-
Velasquez et al. 1992). However, the global effect of disturbances at the population fevel and
under natucal conditions has not been evaluated, Additionally, uncontrolled burning and
grazing may threaten other rare species in the Manantlan Reserve, such as Maguolia iltisiana
(Vizquez & Cucvas 1995), as well as whole communitics that seem to be sensitive to burning
and/or grazing, such as the cloud forests (Pineda-Lopez 1988; Sanchez-Velasquez 1988;
Jardel 1991; Saldaiia & Jardel 1992; Sanchez-Velasquez & Garcia-Moya 1993),

The Las Joyas Field Station, located within the core arca of the Reserve, has the
sccond largest populations of Zea diploperennis (the largest populations are in the indigenous
community of San Miguel Ayotitlin; sce Benz, ef al. 1990). These populations have been
protected Irom grazing and forest fires since 1988, as part of management policies aimed at
the protection ol the core arca of the reserve and conservation of the existing populations of
Z. diploperennis (Jardel 1992). Additionally, no new agricultural areas have been opened in
Las Joyas since that date (Lorente-Adame & Sanchez-Velasquez 1996). Management options
arc urgently nceded to make the protection of tcosinte compatible with other conservation
activitics within the reserve. Studies of populations of a single species under contrasting
management conditions (c.g. different successional stages or diflerent intensity of
disturbance) can fead to a better understanding of the demographic patterns of successional
species than studics made on a single arca (Weaver & Cavers 1980; Lovetl-Doust 1981
Maddox ef al. 1989; Watson ef af. 1994).

Our objective was to analyse and compare the eflect of two types of anthropogenic
disturbance (slash-and-burn vs, slash without burning} on the demography of 7.

diploperennis. In particular, (a} to describe population changes during five years in plots



under different land disturbance regimes, (b) to assess the relative contribution of different
lile-history stages to population prowth under dilterent disturbance sequences, and {(¢) to
identify disturbance regimes that may cnable the persistence of populations ol Zea

diploperennis.
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Materials and methods
SPLECIHES AND STUDY AREA

Zea diploperennis (Poaceace) is a heliophyllous, rhizomatous specics of teosinte, with
semelparous annual acrial stems (ramets) that branch from a perennial iteroparous genet. The
shoots e similar in appearance to those of maize and around two melers {* I .m) high
(Sinchez-Velasquez 1991 Sanchez-Veldsquez er al. 1992). Clonal growth is "phalanx-type”
(sensu Clegg 1978: cited in Hutchings & Bradbury 1986). developing radially from the
parcental shoot with short rhizomes that form a compact circular front. The plants can grow in
narrow association with maize ficlds under traditional coamil cultivation {Iltis 1980; Benz ef
al. 1990; Sanchez-Velasquez ef al. 1992). Zea diploperennis, is dispersed into newly slashed
plots by cattle and sometimes also by farmers who promole its growih as a source of lorage
for their livestock and of hybrid vigour for their maize crops. ltis et al. (1979), Benz ef of.
(1990} and Sinchez-Velasquez er of. (1992) have deseribed the laxonomy and general
biology of the specics. The potential of Z. diploperennis as a source of penes for maize
breeding is internationally recognised (e.g. FAO 1989).

The Sierra de Manantlin Biosphere Reserve is located in the mountains of Southern
Jalisco, Mexico. It comprises oak forests in the lower clevations, and pine and montane
mixed forests in the higher ranges. Pine stands occupy the drier slopes, while species-rich
monlane forest communitics are found on the welter arcas (Jardel ¢r al. unpublished data),
The sites where Zea diploperennis is found are within montane forest habitals at altitudes
ranging rom 1900 to 2100 m. Soils are alfisofs and ultisols. both with a well-defined argillic
horizon and mostly derived from highly-weathered voleanic material (Martinez er of, 1993,
USDA 1998). Mean annual temperature in these sites is approx. 16°C, and mean annual
precipitation is around F700 mm (Hernandez et of. 2000). A dry period occurs from FFebruary

to May. and a wet period {rom June to October. Occasional winter rains, derived mostly from
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tropical hurricancs forming in the Pacific coast of Mexice, may fall between November and
January (Martinez er af. 1991, Garcia-Oliva el al. 1991).
PERMANENT PLOTS AND EXPERIMENTAL TREATMENTS

We studied three populations in three different arcas within Las Joyas: Sitc 1 "7
Huiscorol", site 2 "Los Asoleaderos™ and sile 3 "1 Zarzamoro™. All sites are less than ane
kilometre afar, and located at approximately 19° 36' N and 104° 16' W. All are old maize
ficlds that were abandoned from agriculture in the mid-seventics, Seven permanent 1 m’ plots
were randomly established in each of the sites. All genets initially present, and those that
became established during our study, werc mapped and labelled according to year of
establishment {cl. Sarukhdn & Harper 1973). In May 1989 we could diffcrentiate the genets
that were born in 1988 because they had one or rarely two small shoots, and zero or only one
car. Cohorts born from seed during the five-year study period were identified by means of the
plotmap from the previous year, and aiso by their leaf apex. The first two leaves in a truc
seedling have an emarginate apex, but later Ieaves, or new leaves from vegelative shools,
show an acuminate apex. Dead plants were identificd by the absence ol green shoots and
buds, and/or by their disappearance from previously locations. In the first three years, we
mapped the plots from May to December at intervals ol approximatcly one month. To
describe survivarship curves for cohorts of vegetative shoots, we counted the plants in the
plots between January 1992 and November 1993 at intervals of approximately on month. The
number of shoots per genet and the number of cars per shoot were counted during the months
in which mature fruits were present, Because of the Jow frequencics encountered in some of
the small one-meter-square plots, we tumped the counts from cach plot at cach obscrvation
date to obtain a value for the whole site at that time.

In May 1991 we slashed all the sccondary vegetation (woody scrub with dominant

leguminous shrubs) from sites 2 and 3, without burning the stubble. In May 1993 we re-

17




POPULATION DYIALICS OF gea diploperemnis

applied the sanie treatment to site 2, while i site 3 we used stash-and-burn, (only burning
inside the study site, ensuring that fire would not spread to the surrounding forests). No
disturbance was appliced to site I. Because of the rarity of the study specics, the small size of
the existing patches, and the scale of the disturbance treatments, it was not possible to apply
the three treatments (o cvery site (it is especially dilficult o apply fire safely during the dry
scason to only part of a site),

In spite of the lack of adequale replication, the three sites at Las Joyas have some
important features that made them appropriate for this study. Firstly, their management
history is comparable, as they were abandened from cultivation around 1970-1974. Sceondly,
as they are located within the core arca of the rescrve, they are amenable to controlled
experimental treatments without conflicting with land use decisions made by farmers,
Because ol the extreme rarity of the study specics, there are no more suitable sites than the
ones we used. Lastly, when setting up this experiment we were interested in evaluating the
success of management in the core area of Manantlén for the conservation ol Zea
diploperennis. Thus., the three sites should be regarded as plots with contrasting management,
and not as true replicates of an experimental treatment.

The permanent seed pool was estimated in 1990. At cach site we (ook, five random
soil samples (30 x 30 cm wide x 15 cm deep) in January 1990 (immediately afier sced
masting). We then took five additional samples in November 1990 (after the annual rainy

scason and before the foltowing masting event). Seed pool was estimated as

N, ) ) . .
PR 100, were N 18 the number of viable seeds found in January (after masting
woed N ) g

ey
and before the raing), Ny, is the number of viable seeds found in November {alter

germination during the summer rains, and before the dispersal of the new seed mast), and

P ca 18 the percentage of the sceds that did not germinate but remained viable in the seed pool
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(Lorente-Adame & Sanchez-Veliasquez 1996). These pereentages were fater used in transition
matrices for the simulation models.
SURVIVAL OF GENETS

For the analysis of cohort survival we calculated {he time-specific mortality rates, and

. . . . . . ON
analysed their relationship with time. By definition, the mortality ratc is ial—— =—k,N. where
4

k¢ is the probability that an individual dics at time 1. As E(’J’N =dlog N , we can rewrile the

Jlog N

o - —k,. Let us now define &, the estimated mortality rate, as a
!

[irst equation as

~ Alog N

dilference equation — k = A - Then for any time ¢, the estimated time-specitic
!

log ¥, —log N,

A A
mortality rate &, between time 7 and time +x can be calculated as & =
x

where x is the time interval for which the mortality rate was estimated.
With this last cquation we calculated mortality rates of the genctic individuals
{genets) in each site for cach time interval. This method of analysis has the advantage over

standard survival curves that cach point is truly independent of the previous ones. 1f the

relationship between £ and 7 is linear, then & = Bo + By 1. where By is the ordinate at the
origin and {3, is the slope of the line relating mortality of the cohort to time. I3y docs not
differ significantly from zero, mortality of the cohort is age-independent. In demographic
terms, this means that the survival curve is Lype [ (constant mortality). I B3y is significantly
greater than zero, mortality increases with cohort age (i.c. the survival curve is type 1). If (b is
significantly lower than zero, mortality decreases with cohort age (i.c. the survival curve is
type ). Survival was analysed by regression. All data were tested for homaoscedasticity,
independence and normality of the residual error (Neter ef al. 1985). We used the General

Lincar Procedure (GLM) of the SAS statistical package (ver. 6.03; SAS 1988) using a type
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[T sum of squares. The survival parameters were caleulated for all individuals established
from seed (i.c. gencts) before 1988, in 1988, and in 1989. All cohorts were followed until
November 1993,

PRODUCTION AND SURVIVAL OF RAMETS

To analyse the cffects of disturbance and years on the production of vegetative steims
(ramets) for each genetic individual, we randomly selected 40 individuals {rom each sitc and
year. Through a Montecarlo process we calenlated, for each year, one thousand difierences in
the number of vegetative shoots between pairs of randomly selected individuals between two
sites (selection was done without replacement from a maximum of 1600 pairs). By analysing
the differences between sites through time, we removed the fixed effects of the sites and
focussed on the site x year interaction. Thus, il the distribution of differences in the number
of shoots from one year to the next remained the same, we can conclude that both sites
produced vegetative shoots in the same rate as in the previous year. On the other hand, if the
distribution that resulied from the Montecarlo simulation changed significantly belween years
(as shown by a r-test), we can conclude that the refative number of vegetative shoots
produced in one site had increased or decreased significantly compared to the other site. The
signilicance threshold for the -test was subjected to a Bonferroni correction to allow for
multiple non-independent tests.

We only included shoots of individuals that were established at the beginning of our
study (i.c. during or before 1988). For the analysis we uscd the number of vegetative shoots
borne by a genetin cvery year in November (i.e. at the end of the annual reproductive cycle),
with the exception of 1992, when we counted the annual shoots in Qctober, as the rainy
scasen that year was one month carlicr and the flowering scason moved forward
carrespondingly. We also conducted a survival analysis of vegetative shoots through time

following the same methods used to analyse the survival of genets (see above). We analysed
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survivorship curves (or cohorts of vegetative shoots produced between December 1991 and
October 1992 until November 1993,
PRODUCTION OF EARS AND CARYOPSIS

To analysc the cffects of site and year on the production of reproductive structures
(cars or mature spikes) by cach genetic individual or genet, a Montecarlo simulation was used
to remove the fixed effect of sitcs, following the procedure described in the previous scetion
for vegetative shoots. Additionally, to analyse the production of cars in vegetative shoots, we
marked all new shoots with differently-coloured plastic labels cvery month between
December 1991 and November 1993, At the end ol the reproductive cycle, we counted the
number of ears produced by cach shoot. For the analysis of cars produced in October 1992,
we included all shoots born between December 1991 and October 1992, For the analysis of
cars produced in November 1993, we counted ears in all shoots born between October 1992
and October 1993, By means of a contingency-table analysis, we com pared the number of
cars produced by cach monthly cohort against the expected value under the null hypothesis of
a uniform distribution (Zar 1984). For the analysis we used the log-lincar model in process
CATMOD from SAS (1988), and the & statistic was used as a \* measure of the fit to data
{Liveritt 1977; Freedman 1987).

Number of caryopses per car

In December 1993 we randomly collected [ifty-three cars from cach site. In the
laboratory, we counted the number of seeds {caryopscs) in each ear, and then transformed
these values to ranks (procedure Rank: SAS 1988). We then analysed the transformed results
for between-site differences (procedure GLM; SAS 1988) followed by a SNK multiple-
comparison test. Rank transformations provide nen-parametric, distribution-free, and robust

tests that use standard ANOVA procedures when the untransformed data fail 10 imeet the
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parametric requirements ol"hmnosccdaslicity and normality (Conover & Iman 198 I; cited in

Seaman ef al. 1994).

The effect of fire on the viability ol caryopses

Caryopscs of Z. diploperennis were collected in February 1993, and stored at 0°C. In
March of that same year, we placed 50 caryopses in cach of Tourteen bags made from
aluminium mesh (1 mm mesh-size), of size 10 cm x 10 ¢m. The bags were randomly placed
under the stubble of site 3 afier slashing the scrub. Subscquently, the site was burned. The
bags were collected the following da-y, and the caryopses were placed in a moist germination
chamber (i.e. imbibed in waler) for 24 hours at 30°C. Afierwards, the Caryopscs were
bisected and imbibed in tetrazolium chloride solution (0.1% in a pl1 7 bulfer solution of
sodium and potassium phosphate) for three hours at 30°C in a dark chamber, Embryos that
turned red were counted as viable (Moreno 1984). The same viability test was performed on
six control samples of 50 caryopses which had been kept refrigerated. The proportion of
viable sceds in cach sample replicate was transformed by an arcsine-square root conversion
to improve normality (Zar 1984), and the resulting valuces were compared between treatments

.

by means of an /- test.
EFFECT OF SIZIE AND AGE ON THE FATE OF THE GENET

Some population variables, such as fecundity and mortality, may be affected by age, size
or lifc-cycle stage (Caswell 1989). or by their interactions (Law 1983: Hughes & Connell 1987).
Caswell (1986: 1988; in Caswell 1989) developed a log-linear method to evaluate the effect
of developmental stages on the demographic fate of the individuals in a population. A multj-
way contingency table is constructed relating the age (A), size (S), and fate (/) of the genet,
The entry iy in cell (k) of the table gives the number of individuals starting in age 7 and
size f at time ¢ and achicving fate & at time -1, This table can be analysed as a log-lincar

model with A% goodness of fit (LEveritt 1977). A model is first fitied including alf the main
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cffects of size, age, and fate, as well as the intcraction term (S x 4). The effect of size on the
faic of the genct is then explored by adding the interaction term (S x /) and evaluating its
significance. Similarly, the effect of age is explored through the interaction term (4 x ), and.
lastly, the possibility that age and size may have a synergistic effect on genct fate is explored
through the three-way interaction term (S x A x /7). We used three size categories (genets
without flowering shoots, genets with 1-2 flowering shoots, genets with 3 or more flowering
shoots), four age categories (1, 2, 3. and 4 or more years old), and three fate categories .
(flowering, vegetative, dead).
PROJECTION MATRIX MODELS

At cach site and for cach ycar, we calculated Markovian transition probabilitics for
the genets, dividing their life cycle into four stages: (a) seeds, (b) genets without flowering
shoots, (c) gencts with 1-2 flowering shoots, and (d) genets with 3 or more flowering shoots
(Fig.1). The population growth rate (A, the dominant cigenvalue of the transition matrix), the
stable-size class distribution, and the elasticily values for cach of the 12 matrices were
calculated by iterative matrix multiplication (Caswell 1989). To climinate the fixed elfect of
sites, we subtracted for each A-value in each site the value of & for the year 1989, during
which none of the :qiles had been subject to the disturbance treatments. Thus, for cach site we
transformed the scrics of 4 yearly growth rates (in which the fixed effect of sites may bias our
statistical analysis) into a new series of 3 deviations from the value in these year (from which
the fixed efTcct of the site had been removed). Inter-site comparisons were made on the
transforimed series.
Loop analysis

A more apprepriate mcthod for comparing the relative contributions of different life-
history stages to the population growth rate is demographic loop analysis (van Groenendacl ¢/

al. 1994; Wardle 1998). The method consisted of four basic steps, as described by Wardle
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(1998): (1) We constructed a life-cycle graph and population transition matrix of the Zea
diploperennis population. (2) We calculated the elasticity values of the matrix according to
Caswell (1989). (3) We decomposed the life cycle graph into unbranched loops in such a way
that all transitions were incorporated at least once into some loop, using software developed
by van Groenendael ef al. (1994). The characteristic clasticity of the loop was estimated as
the clasticity of the (ransition clement that is unique to the loop. (4) The loop clasticity was
calculated by multiplying the characteristic clasticity by the number of transition clements
within the 'loop.

The analyses were made using a program based on the theory of loop analysis (van
Groencndael et al. 1994). The final output of the program is the refative contribution of each
alternative loop to the population growth rate A. We classified all the possible loops in the
Zea diploperennis transilion matrix into three different categories: (a) Persistence loops, i.c.
loops in which a given category at time / remains in the same category at time ¢ + 1 (b)
sexual reproduction loops, i.e. foops that involve the category of seed in the loop; and (c)
vegetative loops, i.c. loops that generate new categories without going through the seed stage.
Finally, by summing all the relative contributions of each group of loops to A, we could
cstimate the contributions of persistence, sexual reproduction, and vegetative growth to
population dynamics.

Simulation analyses

Onc widcly use mcthod for exploring the consequences of different management
scenarios is to project the population transition matrices following pre-defined rules (sec
Caswell 1989; Ehrlén & van Groenendael 1997; Tuljapurkar & Caswell 1997). These
population dynamics simulations help in understanding how different management decisions
could affect the protection of rare species. Our goal was to detect the frequency of

disturbance regimes that favour persistence of Zea diploperennis. We used four transition
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matrices to simulate different management scenarios for each population in cach site: the
1989-90 matrix corresponds to an undisturbed situation in all three sites, the 1990-91 malrix
corresponds to a disturbed situation (slash) in sites 2 and 3, the 1991-92 matrix corresponds
again to an undisturbed situation in all sites (although sites 2 and 3 were recovering {rom
previous disturbance), and the 1992-93 matrix corresponds again to a disturbed situation
(slash in site 2 and slash-and-burn in site 3).

By applying the 1989-90 matrix to the population vectors from cach site we could
project an "undisturbed" sitvation, in which we used the 1990-91 matrix to project the
demographic effects of disturbance. We defined for each site a series of six scenarios with
growing frequency of disturbance. We constructed a 1/10 scenario, in which the “disturbed”
matrix was applicd every 10 years to the demographic projections, a 1/7 scenario with
disturbance every seven years, a 1/5 scenario, a 1/3, a 1/2, and a /1 scenario in which the
disturbance matrix was uscd for cvery projected year. A second set of analyscs was done
using the 1991-92 matrix to simulate years in which no perturbation was applicd, and the
1992-93 matrix to simulate experimental perturbation. In the case of site 1, no perturbation
trcatment was ever applied, the alternating between years served as a statistical control to
verify that the obscrved trends were not an artelact of the transition probabilities ol a given

year.

(5,1
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Results
SEED POOL

The proportion of seeds that did not germinate between January and November 1990
but remained viable in the seed pool was 40% in site 1, 32% in site 2, and 34% in sitc 3.
These values were used in the projection maltrices: To simulate no disturbance, we used a
probabtlity of permancnee of sceds in the seed pool of 0.4 (the value from site 1). To simulate
slash disturbance, we used a probability value of 0.33 for sced permanence (the mean value
from sites 2 and 3). To simulate slash-and-burn disturbance, we further decreased the slash
probability of permanence, taking into account that only 11.7% of the burned caryopscs
survived (sce below), to produce a value of 0.04.
POPULATION FLOWS AND SURVIVAL OF GENETS

Two periods of high birth rate were observed during the springs of 1989 and 1991,
followed by two events of accelcrated mortality in the summer and fall of the same two years.
In the other years (1990, 1992 and 1993) the peak of spring births was much lower, or even
undetectable, and the peak of summer deaths was also negligible (Fig.2). Superimposed on
that scasonal cycle there was a general and sustained decrease in the number of genets. In all
three sites the number of genets at the end of the observation period (November 1993) was
fower than the number at the beginning (May 1989).

A similar trend was observed in the survivorship curves of genets at all three sites
(Table 1 and Fig.2): The curves for the pre-1988 cohort approached a type-H curve, with
constant and relatively low mortality rates ol around 0.02 month™; the 1989 cohort showed a
markcd type-11 curve with very high initial mortalities (around 0.1-0.2 monlh") that
decreased (o around 0.07-0.09 (still a high value compared to the pre-1988 cohort) afler two
years, andd the 1988 cohort showed intermediate survival values and an intermediate shape,

with a type-11 mortality pattern in sites | and 2, and a fow-curvature type-11f pattern in site 3.
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All later cohorts (from 1990 to 1993) showed too few established individuals to make any
statistical tests on their mortality rates, and also died off very quickly, within periods ranging
from one to six months. These results were confirmed by a step-wise multiple regression
model for the pooled survival rates, including the eflects of time, site and cohort: Significant
differences were found between cohorts (/7= 18.06; d.£. 3, 294; p < 0.0001) and a significant
interaction term was also found between time and cohorts (F = 9.65; d.f. 3, 294; p <0.0001),
but no significant differences were attributable to the effect of cither the site or the type of
disturbance.

The age-structure of the genets at the end of each growth cycle (i.c. in October-
November) for ycars | to 5 was relatively similar in the three sites. The pre-1988 cohort was
proportionally more abundant at the end of the study (November 1993) in all sites, Also there
was no successful recruitment from the 1990-1992 cohorts (a period without disturbances) in
any of the three sites, except for one individual from the 1991 cohort that survived in site 1.
The 1988 cohort died on average more rapidly in site 1 than in the other sites.
PRODUCTION AND SURVIVAL OF RAMETS

The Montecarlo simulation evaluating the statistical distribution of inter-site
randomised dilferences showed that these distributions did not differ between 1989, 1990,
and 1993. That is, during these years the [ixed effects determining differences between sites
remained refatively constant. In years 1991 and 1993, however, the distribution of inter-site
difterences changed significantly. These years correspond to the times when experimental
disturbances were applied.

‘The total number of non-reproductive ramets tended consistently to decrease with
time in alt three sites (sce Fig.3). Flowering shoots, however, showed a trend that difTered
between sites, as discussed in the previous paragraph. While flowering ramets tended to

decrease in the undisturbed site 1. they showed marked increases in sites 2 and 3, especially
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in years 1991 and 1993, afier the disturbancce treatments were applied (Fig.3b). As would be
expected, those high-disturbance events were also followed by a marked incrcase in the
production of ears and caryopses (Fig.3¢).

Most of the shoots produced between December 1991 and August 1992 had produced
reproductive structures (cars) by October 1992, started to dic-off during the dry scason ol 1992-
93, and were all dead by June 1993 when the following rainy scason started (Fig.4). The shoots
produced during, or afler, September 1992 did not reproduce that year, and some managed to
survive until the next fruiting season in October 1993. The survival analysis was made only for
those cohorts that completed their growth cycle, i.e. for the vegetative cohorts produced
between December 1991 and October 1992. In all three sites, mortalitics did not change
significantly with time (the slope tests for the mortality vs. lime regression curve gave p-
values higher than 0.06 for ail cohorts in site 1, higher than 0.07 for all cohorts in site 2, and
highcr than 0.10 for all cohorts in site 3).

PRODUCTION OF EARS AND CARYOPSES

As for clonal shoots, the Montecarlo simulation evaluating the statistical distribution
of inter-site randomised differences showed no differences between 1989 and 1990. During
these two years the cffects determining fixed difTerences between sites remained relatively
constant, In years 1991 and 1993, however, the distribution of inter-site differences changed
significantly. These years correspond to the experimental disturbances, Finally, in year 1992,
sites | and 2 did not show significant differences but the differences involving site 3 (s1-s3
and s2-s3) changed significantly. The results suggest that the disturbance treatiments had a
significant effect on the production of cars and caryopses, independently of the fixed effects
that may be ascribed to cach site. Additionally, the results suggest that in site 3 the increased

fertility caused by disturbance in 1991 spilled over into year 1992 (sce Fig.3¢).




Sénchez~-Velasquez, L. R., et al.

In general, the production of ears insite 1 tended to decrease consistently with time,
while in sites 2 and 3 it tended 1o increase (Fig.3a). This increase was especially high in years
after the sites were subject to disturbances. Disturbance seemed to especially enhance the
reproductive performance of the younger cohorts, as indicated by a highly significant
mteraction term between cohort and sites (GG = 409.9; d.f. 2; p < 0.00001).

In the two reproductive cycles (1992 and 1993) in which we distinguished the
contributions of the monthly cohorts of ramels to the production of ears (Fig.5), we found
significant differences between cohorts (G = 929.4; d.T. 9; p < 0.00001) and between sites (¢
=340.5; d.[. 3; » <0.00001). The intcraction between cohorts and sites was also significant
(G =416.59; d.f. 16; p <0.00001). In October 1992, the cohorts producing morc ears were
those derived from ramets born during the dry season (January to May 1992). In site 3, the
January cohort was the one that produced more cars, while in sites | and 2 it was the May
cohort. In November 1993, however, there was a marked shift in the success of the monthly
cohorts of ramets. The cohorts producing more cars in all sites were those derived from
ramets produced towards the end of the dry scason (June 1993).

Significant differences were observed between sites in the number of caryopses
produced per ear (7 =3.99; d.f. =2,155; p = 0.02). Reproductive shoots al site 1 produced
significantly fewer caryopses per car (6.35 £ 0.16) than those at sites 2 and 3 (7.08 + 0.22,
and 6.92 £ 0.19, respectively), whicl in turn did not differ significantly in caryopsis
production. Finally. highly significant differences were also found in the percentage of viable
embryos between the caryopses in the control treatment (85.7 £ 2.16%) and thosc produced
in the fire treatment (1 1.7 4 6.28 %) in site 3 (/7= 60.9; d.f. = 1,18; p < 0.001).

EFFECT OF SIZE AND AGE ON THE FATL OF THE GENET
We found that both age and size had a strong and significant influence on the fate of the

genet in all three sites (Table 2). The log-lincar estimates indicate that smaller plants arc more
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frequently non-Mlowering and that they die with a higher frequency than the larger plants. A
similar result was obscrved for age. As a general rule, older plants had a lower probability of
death, and it was also unlikely that they would revert to a non-flowering state. No significant
interactions were found between age and size in relation to fate. Additionally, the log-lincar
madel showed that the two predictors (age and size) are themselves significamly rclated; older
plants tend to be larger.
PROJECTION MATRIX MODELS

The population growth rates of the genets were negative in all three sites at the
beginning of the observations (1989; Table 3). A fter that first year, however, when the
disturbance treatments were applicd, the values of A increased in the disturbed sites 2 and 3.
but increased less in the undisturbed site 1. When the serics of A-vahues was trans{ormed into
deviations from the base year (1989), it was found that the vector of residuals for site | was
significantly lower than the corresponding vectors for sites 2 and 3 (p <0.04 for both
comparisons). The residual growth rates did not differ significantly between sites 2 and 3
(> 0.9). That is, population growth rates tended to increase in sites 2 and 3, but did not
increase similarly in site 1. Tt is also noticeable that in site 2, A achieved values higher than
unity in the two years in which perturbation was applicd (90-91 and 92-93). and in site 3. A
was higher than unity after slash-and burn was applicd (92-93). In site 1. in contrast, genet
growth rates were consistently lower than unity,
Loop analysis

We (ound that the relative contribution of the three alternative life history pathways ol
Zea diploperennis —persistence. sexual reproduction, and vegetative growth— varicd
between sites and years (Fig.6). In years with disturbance, the contributions of sexual
reproduction loops were relatively high. In contrast, the undisturbed site | showed

consistently high contributions of the persistence loops to the plant’s demography and low
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contribution of sexual reproduction. By pooling all the 12 loop analyses together, it was
found that a marked and significant (p» = 0.003) correlation exists between the relative
contribution of sexual reproduction and population growth (Fig.7). Additionally, it was found
that the mean clasticity of the sexual reproduction loops was significantly lower than those
for the persistence and the vepelative growth loops (x = 5.8 +4.3, 28.4 26.5, and 8.2 7.1,
respectively).

Simulation analysis

The projection of population transition probabilities for the genets in site 1
(undisturbed) showed that, independently of the year that was used to calculate the matrix,
the population of genets in this site would constantly decrease to local extinction (Fig.8). The
lnal fate predicted by the simulation of the populations in the other two (experimentatly
disturbed) sites depends strongly on the frequency and type of disturbance. In site 2, the
simulation predicts that genets will increase in number if disturbance is applicd at least once
cvery two years (simulation with transition data from years 1989-90 and 1990-91), or once
cvery three years (simulation with transition data from years 1991-92 and 1992-93). in site 3,
the simulation with transition data from years 1989-90 and 1990-91 failed to predict a net
incrcase in the number of genets, although it clcarly shows that genet extinction increases as
disturbance frequency decreases. When data from years 1991-92 and 1992-93 was applicd to
site 3, the simulation predicts that genets will increase in number if disturbance is applied
every year, and that biennial disturbances should be sufficient to maintain a large number of

genets in the population.
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Discussion
EXPERIMENTAL TREATMENTS

The effects of disturbances such as slash and burn have been an important subject in
plant popuiation dynamics (Loucks ¢ af. 1985; Silva et af. 1991; Joy 1992; Whelan 1995), Few
of these studies, however, have been done on plants of extreme rarity such as Zea diploperennis.
Rare species with extremely patchy distributions, such as this one, present restrictions for
experimental work as proper replication cannot be achieved, In spite of this major shoriconuing,
the challenges imposed by extremcly rarc and endangered species must be met if their
conservation is to be achieved. This is especially true in the case of Zea diploperenmis because of
its obvious importance as a wild relative of maize. Taking advantage of the time series present in
our data, and of the fact that during the base year (1989) alt three sites had been subject to
similar management, we eliminated the fixed cficet of site from our statistical analyses
whenever possible by subtracting the base year from the data series. By working with time
difTerences, we have also contributed to reduce the pseudo-replication effect ol repeated
measures (Mead 1990),
SURVIVAL OI' GENETS

The effect of disturbance on genets was not marked, both the establishment and the
mortality patterns were qualitatively similar in the threc sites. The pre-1988 and the 1988
cohorts approached a type-l survivorship curve, while the 1989 cohort showed a more
marked type-11l curve. However, the 1989 cohort was followed since establishment while the
previous cohorts were recorded from a later time. it is likely that initial mortality was high in
all cohorts, tending to approach a stable lower value later in life. High initial mortafities
during cstablishment {ending to level-ofT as the secdlings mature have been described for
other plant species (e.g. Harper 1977, Sarukhan and Harper 1973, Hutchings and Bradbury

1980). As Z. diploperemnis cohorts age, mortality decreases, eventually reaching & stable rate
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for aduit individuals. This was observed in all three sites, including those that were slashed or
slashed-and-burned. The experimental disturbances did not change the patterns of
recruitiment, establishment and mortality of genets compared with the undisturbed site.

The age structures of the three populations of Z. diploperennis were dominated by
thrce age classes (pre-1988, 1988, and 1989 cohorts). It has been reported that in many plant
species success(ully established adults can obstruct the establishment of seedlings (Crawley
1990, Lriksson 1993}, and that, additionally. the presence of adults does not necessarily mean
that the site is favourable for seedlings (Kays & ilarper 1974; Williams 1975; Lovett-Doust
1981; Lriksson 1988, 1993; Maddox er «f. 1989, Aguilera & Laucnroth 1993; Sinchez-
Velasquez ef af. in press). It is not rare to find clonal populations of plants consisting of only
onc or two, numerically large, age classes (Crawley 1990). 1t is also known that compact,
"phatanx-type" clonal growth, as observed in Z. diploperennis, promotes genetic
homogencity in space (Harper 1985 Hutchings & Bradbury [986).

PRODUCTION AND SURVIVAL OF RAMETS

In sharp contrast with the demography of genets, disturbances had a significant cifect
on the number of ramets. In site | the number of vegetative shoots decrcased with time,
whereas in the other sites it increased or remain constant. The increase in vegetative shoots
was most conspicuous in site 3 during 1993, after the slash-and-burn treatment. These results
suggest that the main consequence of disturbance is to promote active vegetative propagation
of genets through rhizome growth and production of acrial shoots (Sanchez-Veldsquez ef of.
1992); similar responses to disturbance have been observed in other grass specics (Silva ef al.
1991; loy 1992). It has also been reported for other specices that disturbance may promote
clonal growth and that burning may help to matntain grasslands (see Loucks ef e, 1985;

ITughes e al. 1991 West 1993). In addition to the effect of disturbance, the highest

63




POPULATION DYNAMICS OF Zea diploperennis

production ol clonal shoots was coincident with the rainy scason (May to October; sce Fig.).
a pattern common in other clonal species (Abrahamson 1980).

Hartnett & Bazzaz (1985) have suggested that many clonal perennial species with
connecled modules exhibit a constant mortality paitern through time, i.e. a type-11 mortality
pattern. The survival curves of ramets of Z. diploperennis showed a type-1l mortality pattern,
A similar demographic pattern was observed in Aphelandra anrantica, a tropical herbaccous
perennial specics (Calvo 1989: cited in Martinez-Ramos & Alvarez-Buylla 1995).

SEED POOL. AND PRODUCTION OF CARYOPSES

Mast seeding is the synchronous production of seed at long intervals by a population
ol plants (Janzen 1976). Eight hypotheses have been suggested as mechanisiis favouring
mast sceding (Kelly 1994). In the case of Z. diploperennis, massive production of sceds was
obscrved in our sites after disturbance, especially afler burning. This behaviour is in
agreement with Kelly's "resource matching” hypothesis, i.c. mast sceding scems to be a
response to pulses of disturbance, which potentially provide new resources and new spaces
for establishment. Additionally, mast seeding counters the mortality that fires may bring upon
the seed bank in the soil, which according to our results may reduce the number of viable
sceds by morc than 80%. For fire-tolerant species, fires may help to climinate potential
competitors (Hughes ef al. 1991; Watson ef of. 1994; Howe 1995) and may also favour
population permanence and growth (Stlva ef af. 1991). Fire has been for centuries an
important management tool for indigenous farmers in Manantlan, and has hence been an
important clement in the past demography of Zea diploperennis (Benz ef af. 1990: Sanchez-
Velasquez 1991), while cattle have been one of the main dispersal agents of the plant’s
propagules (Htis 1980; Benz et al 1990: Guzmian and [Uis 1991). Z. diploperennis scems (o be

highly tolerant o these disturbances,
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Within the 1992 and 1993 shoot cohorts, the ones that produced more cars were those
generated in early spring 1992 and in summer 1993 It is interesting to note that 1992 was an
anomalous year, with winter and spring rains, while 1993 had normal summer rains. Thus,
ramets growing in rainy months yield more fertile ears.

LFFECT OF SIZEE AND AGE ON THE FATE OF THLE GENET

Some studics have demonstrated that for many plants size is more strongly associated
with population parameters than age (e.g.. Hughes 1984: Eriksson 1989; Hara 1988:
Lommnicki 1988; Caswcll 1989; Silva er al. 1991: Svensson ef al. 1993; Bengtsson 1993,
Olmsted & Alvarcz-Buylla 1995). In this study, however, we found that age and sizc are
correlated, and that both affect the final fate of the genct. Knowing that in any rare population
size is as good or better a predictor of genet fate than age is relevant to make decisions for the
conscrvation and management of the population, as size is casier to measure in the ficld than
age.

PROJECTION MATRIX MODELS

In the absence of disturbance, population growth tends to be negative (A<1).
Experimental disturbance increased the production of seeds enough to produce a signilicant
increase in the growth rates of the genets. Although slashing of the successional scrub
produced an increasc in the values of A, this incrcasc was especially high in site 3 after the
combined application of slash-and-burn. In short, the disturbance brought about by slashing
the scrub, or by slashing-and-burning, was sufficient to change genet demography from
ncgative to positive growth. Silvaer of. (1991) found similar dramatic increases in the
population growth rates of the grass Andropogon semiberbis when burning was applicd.l

Loop analysis showed that in almost all situations, with or without disturbance,
persistence is the most important life-history pathway of Zea diploperemnis in relation to its

relative contribution o fitness (Fig.6). Although, quantitatively, sexual growth loops contribute
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less 1o the species” fitness, bouts of seed production and subsequent germination are the major
causes of positive population increase. This was re-affirmed by the simulation studies, which
show that only when disturbances are applicd frequently (once every 2-4 years) does the
simulated growth of the population of gencts become positive.
FIRL AND CONSERVATION QF Z DIPLOPERENNIS

Fire is an important factor for the evolution and maintenance of many plant species,
especially in fire-prone grasslands (West 1993) and conifer forests (Cottan 1981 Heinselman
1981). The cffect of fires on a given population will depend on the frequency, intensily and
periodicity of burning (see White 1979; Pickctt & Whitc 1985). The growth of grass specics
can be positively alfected by fire (Joy 1992). The fact that the demography of genets in Zea
diploperennis is not affected by disturbance, and that the production of ramets is strongly
enhanced by siash-and-burn management suggests that this species is adapted to disturbance
in general, and to fires in particular.

The application of prescribed burning in Z. diploperennis populations at the Las Joyas
Field Station is of high risk, as the high flammability of the dry stems of wild teosinte could
causc the fire to escape into the adjacent forests. For this reason, we could not use a fire
treatiment in site 3 during the extremely dry season of 1991, Fircs have been a disturbance factor
in the Sierra de Manantlan Biosphere Reserve for many years, and have adversely affected the
montane forests (Jardel 1991, Sinchez-Velasquez er ¢f. 1996). Our study supgests that the use of
slash without burn has similar eflects to those of slash-and-burn for individuals and populations
of Z. diploperermis. Thus, simple slashing could be the most suitable management lactor to
maintain the populations of this tcosinte.
CONCLUSIONS

Our study demonstrates that the populations of Zea diploperemnis respond positively Lo

slash, and slash-and-burm. Disturbances afleet the population at both the levels of ramet and
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genct demography. At the leve! of the individuai ramets, disturbances dramatically enhanced the
number of vegetative shoots within each genet and the number of shoots with reproductive ears.
Thus, in the year following a disturbance there is an increased rain of seeds into the soil seed
bank, followed by a bout of germination. At the fcvel of genet demography, increascd
germination leads to the establishiment ol new genets in the population. Because of the marked
type-Il survivorship curve of scedlings, most of the new recruits will die, but a few may survive
and help to maintain, or even increase, the number of gencts.

Without any disturbance, the net recruitinent of new genetic individuals into the three
populations of Z. diploperennis in the core arca of Las Joyas is almost zero, Experimental
disturbances promote vigorous vegetative growth and massive seed production. The number
of genetic individuals in the three sites within L.as Joyas is gradually decreasing without
disturbance, and if the trend continues, the populations may face severe genetic
impoverishment and even local extinction within the core arca of the reserve. It is ironic that
the plant that gave origin to the conservation programme scems to be doing worse in the core
area than in the peripheral buffer zoncs, where indigenous agriculture is still performed.
Although we have not analysed in this study the fate of newly established genets in recently
slashed and burned forests, simple descriptive obscrvations suggest that the opening of new
arcas promotces the establishment of new genelts.

The best way to preserve the specics seems to be through the management of the
whole population in a similar manner to traditional itincrant slash-and-burn agriculture.
Instead of applying recurrent disturbances to patches where populations are already found. a
program should be cstablished to itinerantly sow Z. diploperennis in new, recently disturbed
arcas, trying to simulate in this manner the type of “lugitive,” highly disturbed environments
to which the specices is so clearly adapted. Studies of genetic diversity in the protected

populations of Las Joyas compared to the populations in the buffer area under traditional
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indigenous use may also bring new and important elements for the successful conservation of

Zea diploperennis,

68




Sanchez-Velasquez, L. R., et al.

Acknowledgements

This work is part of the first author’s Ph.D. rescarch at the Facultad de Ciencias of the
Universidad Nacional Autonoma de México. The study was supported by the Universidad de
Guadalajara and World Wildlife Fund-US, and by grants D112-904275 and 465100-5-3388N
from the Conscjo Nacional de Ciencia y Teenologia México. Fieldwork was assisted by E.
Cortez I, A. Cardenas T., G. Jiménez, J. Rosales A., O. Cardenas, R. Ramirez, I°.
Herndndez, and B. Figucroa. Victor Sanchez., Chief of Operations of Las Joyas Scicntific
Station, provided logistic support. This is a contribution o knowledge on plant ecology
within UNESCO-MAB’s network of Biosphere Reserves. We are indebted to Jan van
Groenendacl, who supplicd the loop analysis software, and to José Garza from Centro de
Computo, UNAM-Morelia, for Montecarlo analysis. Michicl van Brengel wrote the program
to calculate clasticity values. loracio Paz lernandez provided valuable commentaries on the
analysis of data, and Luis Manuel Martinez and Eduardo Santana reviewed the final

manuscript.

69




POPULATION DYNAMICS OF Zea diploperennis

References

Abrahamson, W. G. (1980). Demography and vegetative reproduction. Demograpiy and
evolution in plant populations. (cd. O. T. Solbrig). pp 89-106. Blackwell Scientific
Publications, Oxford.

Aguilera, M.O. & Laucnroth, W.K. (1993). Scedling establishiment in aduit neighborhoods -
intraspecific constraints in the regencration of the bunchgrass Bowtelona gracilis. Jowrnal of
Feology, 81, 253-201.

Bengtsson, K. (1993). Fumana procumbens on Oland - population dynamics of a digjunct
species at the northern limit of its range. Journal of Ecology, 81, 745-758.

Benz, B.F,, Sanchez-Velasquez, L.R. & Santana-Michel, F. (1990). Ecology and ethnobotany
of Zea diploperennis: Preliminary investigations. Maydica, 35, 85-98.

Brussard, P.F. (1991). The role of ecology in biological conservation. Ecological
Applications, 1, 6-12,

Caswell, 11. (1989). Matrix Population Models: Construction, Analysis, and Interpretation.
Sinauer, Massachusetts,

Cottam, G. (1981). Patterns of succession in difTerent forest ccosystems. Forest Succession:
Concepis and Application. (eds. D. C. West, H. H. Shugart & D. B. Botkin), pp. 178-184.
Springer-Verlag, New York.

Crawley, M.J. 1990. The population dynamics of plants. Philosophical Transactions of the
Royal Society of London, 330, 125-140.

Zhrlén, J. & van Groenendacl, J. (1997). Dircet disturbance analysis for better conservation.
Conservation Biology, 12, 470-474.

Eriksson, O. (1988). Ramet behaviour and population growth in the clonal herb Potentilla
anserina. Journal of Ecology, 76, 522-536,

Lriksson, O. (1989). Scedling-dynamics and life historics in clonal plants. Qikos, 55, 231-

238.

70




Sanchez-Velasquez, I.. R., et al,

Eriksson, O. (1993). Dynamics of genets in clonal plants. Trends in Ecology and Evv!un’n;r,
8.313-316.

Everitt, B.S. (1977). The analysis of contingency tables. John Wiley & Sons, Inc., New York.
Excel (ver. 1997). Microsoft Corporation. USA.

FAO. (1989). Recursos fitogendéticos. su conservacion in situ para el uso humano.
Organizacion de las Naciones Unidas para la Agricultura y la Alimentacion, Roma, Italy.
Freedman, G. (1987). Applied Categorical Data Analvsis. Marcel Dekker, Inc. New York,
Garcia-Oliva, F., E. Ezcurra and L. Galicia. 1991, Patterns of rainfall distribution in the
Central Pacific Coast of Mexico. Geografiska Annaler, 73, 179-186.

Guzmin, R., & Iltis, H.H. (1991). Proteccion a genes perennes de maiz en una rescrva de la
bioslera. Diversity, 7, 89-92,

Hara, T. (1988). Dynamics of size structure in plant populations. Trends in Ecology and
Ivoluwion, 3, 129-132,

Hartnett, D.C., & Bazzaz, F.A. (1985). The genct and ramet population dynamics of Solidago
carntadensis in an abandoned field. Journal of Ecology, 73, 407-413.

Farper, J.L. (1977). Population Biology of Plants. Academic Press, London.

Harper, J.L. (1985). Modules, branches, and the capture of resources. Population Biology cnd
Lvolution of Clonal Organisms (eds. J. B. C. Jackson, L. W. Buss & R. E. Cook}, pp. 1-30.
Yale University Press, New Haven.

Harvey, H.J. (1985). Population biology and the conscrvation of rare species. Stuclies in Plant
Demography (ed. J. White), pp. 111-123. Academic Press, London,

ieinselman, M.L. (1981). Firc and succession in the conifer forest of northern north
America. Forest Succession: Concepts and Application. (eds. D. C. Wesl, 1. 1L Shugart & D,

B. Botkin), pp. 374-405. Springer-Verlag, New York.

71




POPULATION DYNAMICS OF Zea diploperennis

Herndndez-Vargas, G., L. R. Sinchez-Velisquez, T. Carmona V., Ma. del R. Pineda L. & R,
Cuevas G. (2000). Efecto de ta ganaderia extensiva sobre la regeneracion arborea de los bosques
subtropicales de imontafia cn la Sierra de Manantlan, Madera y Bosques, 6, 13-28.

Howe, H.F. (1995). Succession and fire scason in experimental prairie plantings. Ecology, 76,

F917-1925.

Hughes, T.P. (1984). Population dynamics based on individual size rather than age: A general
model with a reefl coral example. The American Natwralist, 123, 778-795.

Hughes, T.P. & Connell, J.H. (1987). Population dynamics based on size or age? A reci-coral
analysis. The American Naturalist, 129, 818-829.

Hughes, T.P., Vitousek, P.M. & Tunison, T. (1991). Alien grass invasion and firc in the
scasonal submontane zone of Hawaii. Ecology, 72, 743-746.

Hutchings, M. & Bradbury,L.K. (1986). Ecologica! perspectives on clonal perennial herbs.
BioScience, 36, 178-182.

Itis, HLIL, Doebley, 1.T7., Guzman, M, R. & Pazy, B. (1979). Zea diploperennis (Gramineac):
A new (eosinte from Mexico. Seience, 203, 186-188.

Itis, HLIL (1980). The 3rd University of Wisconsin-University of Guadalajara tcosinte
expedition to the Sicrra de Manantlan, Jalisco, Mexico: December 28, 1979 1o January 21
1980. Background, preliminary results and commentary on nature preservation in Mexico.
(Reissucd with corrcctions as Contributions fromt the University of Wisconsin Herbarium |,
December 1983).

Iltis, H.H. (1993). La taxonomia del Zea desde una perspectiva historica. Binlogia, Ecologia
¥ Conservacion del Género Zea (ed. B, F. Benz), pp. 17-41. Universidad de Guadalajara,
Guadalajara, Jalisco, México.

Janzen, D.1. (1976). Why bamboos wait so long to Nlower, Annuwal Review Ecology and

Svstematics, 7, 347-391.




Sénchez-Velasquern, L. R., ot al.

Jacdel, P.E.J (1991). Perturbaciones naturales y antropogénicas y su inlluencia en la
dindmica sucesional de los bosques de Las Joyas, Sierra de Manantlan, Jalisco. Tiempos de
Cicencia, 22, 9-26.

Jardel, P.E.J. (1992). Estrategia para la Conservacion de la Reserva de la Biosfera Sierra de
Manantldn. Universidad de Guadalajara, Guadalajara, Jalisco, México.

Joy. BB. (1992). Effects of grazing, competition, disturbance and fire on specics composition and
diversity in grassland communitics. Jowrnal of Vegetation Science, 3, 187-200.

Kays, S. & Ifarper, J. (1974). The rcgulation of plant and tiller density in a grass sward,
Jowrnal of Ecology, 62, 97-105.

Kelly, D. (1994). The evolutionary ccology of mast sceding. Trends in Ecology and
fvolution, 9, 465-470,

Law, R. {1983). A model for the dynramics of a plant population containing indivicduals
classified by age and size. Feology, 64, 224-230.

Lesica, . (1992). Autoccology of the endangered plant Howellia aquiatilis, implications for
management and reserve design. Eeological Applications, 2, 411-421.

Lomnicki, A. (1988). Population Ecology of Individuals. Monographs in Population Biology
Nao. 25. Princeton University Press, New Jersey.

Lorenie-Adame, R. G., & Sanchez-Velasquez, L.R. (1996). Dindmica cstacional del banco de
frutos del teocintle Zea diploperennis (Gramineac). Biotropica, 28, 267-272.

Loucks, Q. L. Plumb-Mentjes, M.1.. & Rogers, 1. (1985). Gap processes and large-scale
disturbances in sand prairies. The Ecology of Natural Disturbance and Patch Dynamics (cds.
S.'F. AL Picketit & P. S. White). pp. 72-83. Academic Press, San Dicgo.

Lovett Doust, 1.. (1981). Population dynamics and local specialization in a clonal perennial
(Rammculus repens): L The dynamics of ramet in contrasting habitats. Jowrnal of Ecology.,

69, 743-755.

73




POPULATION DYNAMICS OF Zea diplopcrennis

Maddox, G. ., Cook, R, L., Winberger, P & Gardescu, S, (1989). Clone structure in
Solidago altissima (Asteraceae) populations: Rhizome connections within genotypes.
American Jownal of Botany,76, 318-326.

Martinez-Ramos, M. & Alvarez-Buylla, E. (1995). EEcologia de poblaciones de plantas en una
setva himeda de México. Boletin de la Sociedad Botdnica de México, 56, 121-153.
Martincz, R.L.M., J.J. Sandoval L. & R.D. Guevara G. (1991). El clima de la Reserva de la
Biosfera Sicrra de Manantlan (Jalisco-Colima, México) y su drea de influencia. Agrociencia:
Serie Agna-Suelo-Clima, 2, 107-119.

Martinez, R.L.M., L.R. Delgado & R.1. FFlores. (1993). Suclos de la Estacion Cientifica Las
Joyas, Reserva de la Biosfera Sicrra de Manantldan, Jalisco. Agrociencia: Serie Agua-Suelo-
Clime, 3, 103-115,

Mcad, R. 1990. The Design of Experiments: Statistical Principles for Practical Applications.
Cambridge University Press.

Morcno, E. M. (1984). Andilisis Fisicos v Biologicos de Semillas Agricolas. Instituto de
Biologia, Universidad Nacional Auténoma de México. México. D. F.

Neter, J., Wasserman, W. & Kutner, M. 1985, Applicd Linear Statistical Models. Second
edition. Richard 1D, Trwin, Inc., Homewood, [linois.

Olmsted 1. & Alvarcz-Buylla, E. (1995). Sustainable harvesting of tropical trees:
Demography and matrix models of two palm species in Mexico. Ecological Applications, 5.
484-500.

Owen, W, R. & Rosentreter, R, (1992). Monitoring rare perennial plants: Technigues for
demographic studics. Natral Aveas Jowrnal, 12, 32-38.

Pickett, S. T. A. & White, P.8. (1985). The Ecology of Natural Disturbence and Pateh

Dynannics. Academic Press Inc.. San Dicgo.




Sanchez-Velasquez, L. R., et al.

Pineda-Lopez, Ma. del R. (1988). Efecto de las perturbaciones en la estrictura v
composicion de los bosques templados de Las Joyas, Sierra de Mananiddn, M, Sc. Thesis.
Instituto Nacional de Investigaciones sobre Recursos Bidticos. Xalapa, Veracruz, México.
Rabinowitz, D., Cairs, S. & Dillon, T. (1986). Scven forms of rarity and their frequency in
the Mora of the British Isles. Conservation Biology (ed. M. E. Soulé), pp. 182-204. Sinauer
Associales Inc., Massachusetts.

Saldafia, A.A.. & Jardel, EJ. 1992. Regeneracion natural del estrato arboreo en bosques
subtropicales de montaiia en la Sierra de Manﬂmlz’m. México: Estudios preliminares. Biotam,
4, 36-50.

Sanchez G. J. & Ordaz, S.L. (1987). EI Teacintle en México: Distribucicon v Situacion Actual
de las Poblaciones. Systematic and Ecogeographic Studies on Crop Genepools No. 2,
IBPGR. Rome, ltaly.

Sénchez-Velasquez. L. R. (I‘)QS). Sucesion forestal en la Sierva de Mancantlan, Jal., México.
M.Sc. Thesis, Centro de Botinica, Colegio de Posgraduados, Texcoco cstado de México,
Meéxico.

Sinchez-Velasquez, L.R. (1991). Zea diploperenmnis: Mcjoramicento genético del maiz,
ccologia y la conservacion de recursos naturales. Tiempos de Ciencia, 24, 1-8.
Sanchez-Velisquez, L.R., Solis-M., A., Corlez. [=., liménez, R.G., Rosales, M.P & Cardenas,
A. (1992). Efecto del cultivo tradicional del maiz sobre el crecimicnto y desarrolio de Zea
diploperennis. Biotam, 3, 51-58.

Sanchez-Velasquez, L.R. & Garcia-Moya, E. (1993). Sucesion forestal en la Sierra de
Manantlan Jal., México: Bosque mesofilo de montafia y bosque de Pinus. Agrociencia, 3, 7-

26.




POPULATION DYNAMICS OF Zea diploperennis

Sanchez-Velasquez, L.R., R.G. Jinénez. G. & B.F. Beny. (In press). Population dynamics aml
ccology of a rhizomatous species of teosinte Zea diploperennis: 1. Population Mux of modules
and genets. Revista de Biologia Tropical, 48.

Sdnchez-Velasquez, L.R., Rosales. A.J.)., Pineda-1.opez, Ma. del R. & Saldafia, A. Ma. de los
AL (1996). Descripeion cuantitativa de la vegetacion de la Lstacion Cientifica Las Joyas, Sierra
de Manantlan, Jal., México. Boletin del Institutor de Boténica de la Universidad de ¢ rcrcledaara,
4, 73-156.

Sarukhdn, J. & Harper, J.L. (1973). Studics in plant demography: Rararculus repents 1., R,
hulbosus L. and R acris \..: 1. Population flux and survivorship. Journal of Ecology., 6, 676-
716.

SAS. (1988). SAS/STAT User's Guide: Release 6.03 edition. SAS Instilute, Cary, North
Carolina.

Scaman, 1.W.Ir,, Walls, §.C., Wise, S.E. & Jacger. R.G. (1994). Caveat emptor: Rank
transform methods and interaction. Trends in Ecology and Evolution. 9, 261-263.

Silva, | E., Raventos, )., Caswell, 11. & Trevisan, M.C. (1991). Population responses to fire
in a tropical savanna grass, Andropogon semiberhis: A matrix modet approach. Jonrnal of
Ecology, 79, 345-356.

Svensson, B. M., Carlsson, B.A.. Karlsson, P.S. & Nordell, Q. (1993). Comparative long-term
demography of three species of Pinguicula. Jowrnal of Ecology, 81, 635-645.

‘Fuljapurkar, S. & Caswell, 11 (eds.) (1997). Structured-popudation Models in Marine,
Terrestrial, and Fresinvater Systems. Chapman & Hall. NY.

USDA. 1998. Keys to soil taxonomy, Unites States Department of Agricultnre, Natural
Resowrces Conservation Service, PISA.

van Groenendacl, )., de Kroon, IT. & Fuljapurkar, S. (1994). Loop analysis: Evaluating life

history pathways in population projection matrices. Ecology., 75, 2410-2415.




Sénchez—\ielésquez, L. R., et al.

Viazquez, G.A. & Cucvas-G., R. (1995). Diversidad, estado, usos y canservacion de la flora
vascular de la Sicrra de Manantlén. Flora de Manantlén (eds. A. Vazquez, R. Cuevas, T. S.
Cochrane, I1, H. Iltis. F. Santana, & .. Guzman), pp. 61-71. Sida, Botanical Miscellany No.
13, Botanical Research Institute of Texas.

Wardle, G. M. (1998). A graph theory approach to demographic loop analysis. Feology, 79,
2539-2549.

Watson, L.E., Uno, G.IE.,, McCarty, N.A. & Kornkven, A.B. (1994). Conservation biology of
a rare speeics, Lriocaunlon kornickianum (Griocaulaceac). American Jowrnal af Botany, 82,
980-986.

Weaver S.IE. & Cavers, P.I3. (1980). Reproductive effort of two perennial weed specices in
different habitats. Journal of Applied Ecology, 17, 505-513,

Wellhausen, E.J., Roberts, L.M. tlerndndez, X. E, & Mangelsdorf. P.C. (1951). Razas de
maiz en México: Su origen, caracteristicas y distribucion. Folleto Téenico No. 5. Oficina de
Estudios Especiales, Secretaria de Agricultura y Ganaderia, Mcxico D. I,

West, N.LIE. (1993). Biodiversity of rangelands. Journal of Range Management, 46, 2-13.
Whelan, R.J. 1995. The Ecology of Fire. Cambridge Studies in Ecology. Cambridge University
Press.

White, D.C. (1979). Pattern, process, and natural disturbance in vegetation. Botanical
Review, 45, 229-299.

Williams, G.C. (1975). Sex and Evolution. Princeton University Press, Princeton,

Zar, L1 (1984). Biostatistical Analysis. Prince Hall, Englewood Cliffs, New Jersey.

1




POPULATION DYNAMICS COF Zea diploperennis

Table 1. Relationship between mortality rate and time as indicated byra lincar
regression. The curve type is indicated by the slope (15 indicates a non-
significant lincar relationship). The values in parentheses are standard errois. In
the cases in which mortality did not change significantly with time, the value
given for mortality at /=0 is the mean value for the whole time scries (indicated

by an asterisk).

Site Cohort  Mortality at t=0 Slope P Curve type
{ <1988 (.025 (0.005)* - ns type Il
| 1988 0.065 (0.002)* - ns type 1l
i 1989 0.134 (0.029) -0.0024 (0.0009)  0.014 type Hi
2 <1948 0.0131 (0.003)* - s type 1l
2 1988 0.031 (0.006)* - s type II
2 1989 0.115 (0.026) -0.0023 (0.0008)  0.001 type 11
3 <]988 0.028 (0.006) -0.0005 (0.0062)  0.012 type 11
3 1988 0.103 (0.017) -0.0024 (0.0005)  0.001 type 111
3 1989 0.223 (0.034) -0.0053 (0.0011)  0.001 type [




Table 2. Log-lincar analysis of the effect of size (S represented by different size-classes. /. e,

vegelative stems, 1-2 flowering stems, and > 3 flowering stems), age (A; 1.2, 3, and > 4 years

old). and faic (; flowering, vegetative, dormant. or dead) of Zea dipfopercmis in three sites

with different management in the Sierra de Manantlan, Mexico. ierarchical model was

convenicntly specified, e.g., the model AS, F contains the terms A, S, F, and AS,

Model Site | Site 2 Site 3 Total

di. & P odf. & P odf. &* Poodf ¢ P
AS.T 13 107.39 1 122.24 10 266.17 15 506.58
AS, SF 9  27.11 7 9044 7 195.56 1 267.11
Sk 4 8028 <0001 4  31.8 <0.00t 3 706! <0001 4 23947 <0.001
AS, F 13 107.39 1 122.24 10 266.17 5 5006.58
AS, AT 8 4529 6 2677 5 16.00 10 12026
AF 4 621 <0001 5 9547 <0.001 5 250.17 <0.001 5 38632 <0.00l
AS. AT 8 4529 6 2677 5 16.00 10 120.58
AS.SF,AF 4 319 2 384 2 0.70 6 11.63
Sp 4 421 <0001 4 2293 <0.001 3 153 <0.001 4 10895 <0.00
AS, SF 9 2711 7 90.44 7 195.56 [ 267.11
AS,SE.AF 4 3.19 2 384 2 0.70 6 11.63
AL 5 2392 <0001 5 866 <0001 5 1943 <0.001 5 25548 <0.00]
AS.SF.AF 4 3.19 2 3.84 2 0.70 6 11.63
ASF 0 0 0 0 0 0 0 0
ASFE 4 319 <0527 2 384 0.147 2 070 0705 9 11.63 007]

ESTA TESIS NO SALL
DE LA BIBLEOTECA
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POPULATION DYNAMICS OF Zea diploperennis

Table 3. Population growth rate (X) of three Zea diploperemnis populations rom Sierra

de Manantkin Biosphere Reserve. Mexico.

A
Cycle Year
Site 1 (s1) Site 2 (52) Site 3 (53)
89-90 0.555 0.572 0.498
90-91 0.734 {.108 0.868
91-92 0.831 0912 0.989
92-93 0.855 1.100 1.069

Using the first year from cach site as a control: s| vs. 42 (p=0.043). 51 vs. 53 (p=0.031)
and 52 vs.. 83 (p=0.92). Using first year from site | as a control; s vs. 52 (»=0.010), s1

vs. 583 (p=0.010) and 52 vs. 53 (p=0.99).
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FIGURE LEGENDS

Fig.1. The life cycle graph for Zea diploperennis gents S=seed; veg=gencet without Mowering

shoots; 1-2 =genet with |-2 Howering shoots: »3=genel with 3 or more flowering shoots.

Fig.2. (a) Total number of shoots. (b) number of reproductive shoots and (¢) number of fruits
of Zea diploperennis in cach year at the three study siles (cireles, site |; squares, site 2

triangles, site 3).

IFig.3. Survivorship curves (fog-scale) of ramets of Zeq diploperennis in the three study sites,

for the monthly cohorts of years 1992 and 1993,

Fig.4. Pereentage of mature reproductive ears produced by monthly cohorts of ramets in the
three study sites. The letters under cach bar indicate the month(s) during whicl the cohort

was cstablished.

I"1g.5. Loop analysis in three populations of Zea diploperennis. The caleulation of the relative
contribution of alternative life history loops to fitness is based on the clasticity of the
transition clements of the projection matrices (van Groenendael er al. 1994) (circles,

persistence: squares, sexual growty; triangles, vegetative growth loops).
Fig.6. Relationships between population growth rate (A) and (a) persistence, (b) sexual

growth and (¢) vegelative growth foops. The persistence loops and the vegetative growth

loops were not significantly correlated with A (7= 0.46 and 0.03, p=0.13 and 0.93,
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POPULATION DYNAMICS OF Zea diploperennis

respectively), but the sexual growth loops were significantly correlated with population

growth (r =0.77, p = 0.004).

Fig.7. Simulation analysis in three Zea diploperennis populations, showing simulated
population sizes vs. time. The ratio in cach graph indicates frequency ol simulated
disturbances: for example; 1/10 indicates onc simulated disturbance every ten years. The
dotted lines indicate simulations projecting the 1989-90 transition probabilitics as the
undisturbed condition, and the 1990-91 matrix as the disturbed condition. The continuous
lines indicate simulations using the 1991-92 matrix for the undisturbed condition, and the

1992-93 matrix for the disturbed condition. Sece text for more details,
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CAPITULO VI
CONCLUSIONES Y RECOMENDACIONES

Los resultados sugicren que Zea diploperennis presenta un banco de frutos
permanente. La mayoria de los frutos caen de los tallos y son removidos inmediatamente o
germinan, solo una pequeidia porcion de los frutos permanccen en el suclo . Los que se
mantienen adheridos a los tallos semélparos soportan la remocion y la época de sequia, que
forman la principal fuente de fiutos, por {o que el banco de frutos esta principalmente en la
parte aérca y muerta de la planta.

Los resultados nos permiten inferir que entre mas corto sca ¢l periodo de scquia
mayor sera la probabilidad de sobrevivencia de los frutos, ya que asi germinarian y
escaparian a la depredacion por rocdores. Sanchez-Velasquez y Lorente-Adame (1993)
demostraron éste potencial en diferentes habitats y profundidades del suclo, i. ¢., entre mas
enterrado esté el fruto (hasta 10 cm) mayor probabilidades de sobrevivencia tendri y a
mcenor cobertura vegetal, menor serd la sobrevivencia.

También sugicren que Zea diploperennis presenta una mejor adaptacion en suclos
de Ultisoles que en Alfisoles, de tal manera que fa tasa de incremento de individuos
genéticos es mas alta en los primeros. Sin embargo no se observaron tendencias entre cl
cstadio sucesional o lactores del medio como: altitud, exposicion, pendiente y tipo de suclo.,
versus los parametros de las poblaciones de tallos.

El mayor niimero de tallos de cada uno de los sitios de cada afio coincidié con el
scgundo mes de la temporada de Hluvias (junio), y el nimero mas bajo de tallos fue
obscrvado durante el mes con menos precipitacion (octubre o diciembre). La disponibilidad
de agua parece lavorecer el crecimicnto y desarrollo de las plantas clonales (Abrahamson

1980).
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La mortalidad en individuos genéticos de Zea diploperennis, como cn otras especics
de plantas rizomatosas (Harper 1977, Lovett Doust 1981), disminuye con la edad. La
relacion inversa entre la proporcion de la mortalidad de individuos genéticos y la edad cs
probablemente debido a la competencia asimétrica intraespecifica (Crawley 1990). donde
los individuos mas vigjos establecidos son competitivamente superior a sus homologos mas
jovenes, como ha sido demostrado para poblaciones de Solidago canadensis (1arinett y
Bazzaz 1985), Fagus crenata (Nakashizuka 1987 en Crawley 1990} y Bouteloua gracilis
(Aguilera y Lauenroth 1993). Este patrdn caracteriza a especies donde la competencia
intracspecifica parece ser la responsable de la supresion de la incorporacidn de plantulas
despuds de la colonizacion inicial (incorporacion inicial del plantulas de acucrdo a Iinksson
(1993)).

Como en ¢l caso de Ramunculus acris y R. hulbosus (Sarukhan y Harper 1973), ¢l
numero total de genets por sitio en poblaciones de Z. diploperennis, exhibio un ritmo
cstacional con picos dllt’ﬂl‘]lc la primavera y fue mas cvidente en el segundo aiio. La
mortalidad mas alta de individuos genéticos ocurrié durante la estacion de mayor
crecimiento, i. e., la estacion de lluvia (de julio a septiembre). Esto se asemce)ja a tos
patrones de mortalidad descritos para R. canadensis (Hartnett y Bazzaz 1985), Lolium
perenne 'y otros zacates clonales (Langer ef af. 1964, Kays y Harper 1974). Liste patron
sugicre que la competencia intracspecifica puede regular la mortalidad de individuos
genéticos (Sarukhan y Harper 1973).

El crecimiento mas activo del Z. diploperennis ocurre inmediatamente después de
las primeras lluvias hasta la estacion scca. Como una consecuencia, sc postula que la

competencia inter ¢ intracspecilica ocurre principalmente durante la estacion de Huvias, que



coincide con ¢l periodo donde se observaron Tas maximas tasas de mortalidad de individuos
gencticos.

La cvaluacion del efecto de las perturbaciones sobre los atributos de las poblaciones
de Zea diploperennis. se demostrd que esta especic responde positivamente a la roza-
tumba-quema y a la roza-tumba sin quema. Fl efecto de la perturbacion es doble. ya que
afecta a las poblacioncs en ambos niveles. tanto en la demografia de individuos genéticos
como de tallos. A nivel de tallos, la perturbacion aumentd dramdticamente ¢l ndmero de
tallos vegetativos dentro de cada genct, y especialmente ¢l ndmero de tallos con mazorcas.
De este modo, en cl aiio seguido de un cvento de perturbacion increment6 la Huvia de
frutos cn el banco de frutos del suclo. seguido por una subsecuente periodo de germinacion.
A nivel de demografia de individuos genéticos, incrementd la germinacion conduciendo un
incremento cn cl establecimiento de plantulas, y por lo tanto en la incorporacion de nuevos
individuos para la poblacion. Como lo senalan La curva tipe 11 de sobrevivencia de
plintulas, la mayoria de las nuevas incorporaciones moriran, sin embargo. pocos
eventualmente sobreviven y ayudan al mantenimiento, o incluso incrementa ¢l nimero de
pencts.

El uso de la roza-tumba sin quema <licnc efectos semejantes que aquellos causados por
la roza-tumba-quema. tanto a nivel de individuo como a ntvel de la poblacion de Zea
diploperennis. De este modo, 1a simple roza. tumba sin quema podiia ser un factor de mancjo
mas conveniente para mantener las poblaciones de este teocintle, Sin alguna perturbacion. la
incorporacion neta de nuevos individuos en las tres poblaciones de Z. diploperennis esludiadas
durante cinco aiios cn la zona nicleo de Manantlian-las Joyas es casi cero. 1as perturbaciones
experimentales pareeen ser capaces de promover ¢l crecimiento vegetativo vigoroso y la

produccion masiva de frutos. £l nimero de individuos genéticos en los tres sitios dentro de

9}




Las Joyas cstd gradualmente decrecicndo sin perturbaciones. y si la tendencia continua, las
poblaciones pueden extinguirse localmente dentro de drca nicleo de la reserva, Fslo es casi
irdnico que la planta que dio origen al programa de conservacion parece estar sicndo mas
pobre en ¢l drca niicleo que en la zona de amortiguamicnto periférica, donde la agricultura
indigena esta atn levandose a cabo. Aunque no se ha analizado ¢l destino de los nucevos
individuos genéticos establecidos en recientes bosques talados y quemados, e este estudio,
simples observaciones deseriptivas sugicren que fa apertura de nuevas drcas, promteve ¢l
establecimiento de nuevos individuos. Debido a los altos costos econdmicos y riesgos
asociados a las practicas de roza-tumba-quema en la zona niicleo de la reserva, quizd la mas
cficicnte mancra para mantencr las poblaciones es a través de un sistema de un mancjo
metapoblacional - similar a la agricuitura itincrante de roza-tumba-quema, donde las areas de
Z. diploperennis han sido perdidas podrian scr reabiertas y sembradas con frutos de 7.
diploperennis -, mas que tratar de preservar las poblaciones por medio de perturbaciones
locales donde las poblaciones estan establecidas. Estudios de diversidad genética en las
poblaciones protegidas de Las Joyas comparados con las poblaciones de Jas dreas de
amortiguamicnto bajo el uso del sistema indigena tradicional puede también brindar nucvos ¢

importantes elementos para el ¢xito de la conservacion de Zea diploperennis.
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