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RESUMEN 

Los resultados de las investigaciones, contenidos en los 

seis capitulos que conforman esta tesis doctoral, tienen corno 

terna central el establecimiento de especies vegetales en 

comunidades de zonas áridas y semiáridas. Específicamente, los 

estudios se centraron en el análisis detallado de lo que se h a 

denominado corno fenómeno de asociación planta-nodriza, por e l 

cual plántulas de diferentes especies se establecen bajo el dosel 

de árboles y arbustos perennes (plantas nodriza). 

El marco teórico, los antecedentes y las hipótesis g enerales 

(capítulo 2), están basados en el hecho de que históricamente se 

ha conceptualizado que los desiertos son ecosistemas limitados 

por el agua. Posiblemente por esta razón, los estudios de la 

adaptación y la competencia han ocupado casi por completo la 

atención de los ecólogos por décadas, y por lo que las 

interacciones de índole positivo corno el nodricismo han s i do 

mínimament e integradas a la teoría ecológica de estos ambientes. 

Determinar la relevancia de esta interacción positiva en el 

establecimiento de nuevos individuos en las comunidades 

desérticas fue el objetivo general planteado. 

Los patrones y la dinámica del estable cimiento de espec i es 

d e cactáceas en el Valle de Tehuacán, el centro de diversid ad más 

importante d e cactáceas columnares en América, es el terna que se 

analiza en los capítulos 3 al 5. Estas partes de la tesis e s tán 

constituídas por tres articulos mandados a revistas con arbitraj e 

internacional: dos aceptados en la revista Journal of Vegetation 

Science y uno actualmente en revisión en la revista Journa l of 

Ecology. En e l p r imero se prese nta evidencia del fenómeno del 
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nodricismo e n el Valle de Tehuacán para cinco especies de 

cactáceas. En este mismo reporte, se hace una caracterización 

del microambiente por debajo de di f erentes especies. En el 

segundo, se analiza detalladamente la interacción entre la 

cactácea columnar Neobuxbaumia tetetzo y la nodriza Mimosa 

luisana. En este trabajo, se determina que existe una dinámica 

de reemplazamiento de las plantas nodrizas por las cactáceas que 

es debida a la competencia, evidenciando a su vez que la 

naturaleza de la interacción puede cambiar en el tiempo, 

empezando con un comensalismo y terminando en competencia o 

inclusive en un sistema análogo al d e depredador-presa de Lotka-

Volterra. 

El tercer articulo, comprende un análisis experimental d e 

las causas del nodricismo entre N. tetetzo y M. luisana. Los 

resultados indican que el microambiente produc i do por las p l antas 

nodrizas, principalmente desde el punto de vista de la 

modificación del ambiente fisico y de la protección de las 

plántul as contra la radiación y pérdida excesiva de agua, son las 

causas de la asociación interespecifica. La generalización de 

estos resultados experimentales a otros ecosistemas áridos , se 

obtuvo mediante el análisis de la distribución circular de 

especies de suculentas que habitan en los desiertos de Al tar en 

Sonora y en el del Vizcaino en Baja California, ambos localizados 

. fuera de la faja intertropical. Ahi se encontró que la ma yoría 
~ 

de los indi viduos pertenecientes a la diferentes especies se 

concentran en la parte norte de la planta-nodriza, la cual e stá 

sombreada durante todo el año. 
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En el último capítulo se hace una síntesis acerca de la 

importancia del proceso estudiado y lo que se considera son las 

consecuencias teóricas más importantes para el entendimiento de 

la dinámica de estos sistemas. En términos generales las 

comunidades de las zonas áridas y semiáridas deben ser 

conceptualizadas corno mosaicos con estados de ocupación del 

espacio en donde coinciden diferentes especies vegetales, 

animales y microorganismos. Se concluye que el nodricismo 

promete ser un terna central en las investigaciones ecológicas de 

los desiertos por sus importantes implicaciones teóricas a nivel 

de individuo, población y comunidad. 
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SUMMARY 

The research presented in the six chapters of this doctoral 

thesis has a s a central theme the establishment of species in 

arid and semi arid plant communities. Specifically , the study 

concentrated on the analysis of the nurse-plant association 

phenomenon, which is caracterized by the seedling establishment 

of ' different species beneath the canopies of perennial tree s and 

shrubs (act i ng as nurse-plants) in arid lands. 

The general approach to the problem and the main hypotheses 

(chapter 2) are based on the fact that deserts have historically 

been considered as water-limited ecosystems. Possibly f or t h is 

reason, studies on adaptation and competition ha ve occupied the 

attention of the ecologists for several decades. At the same 

time, positive interactions like the nurse-plant phenomenon have 

not been considered as equally important in the arid-land 

ecological theory. The assessment of the importance of pos i t ive 

biotic interactions in the establishment of new individuals in 

the community was the central objective of this work . 

The establishment pattern and dynamics of cactus species in 

the Tehuacá n Valley, a center of diversity for giant columnar 

cacti in Ame r ica, are considered in the chapters 3 , 4 and 5. 

These chapters are formed by three papers that have been sent f or 

their publicat i on to international magazines: two have already 

been accepted by the Journal of Vegetation science, and the other 

has bee n s ubmitted to the Journal of Ecology. In the first 

paper, evidence that five species of cacti recruit themselves 

beneath the canopies of nurse-plants, and a characterization of 
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the microenvironment beneath trees and shrubs acting as nurse

plants, are presented. 

In the second paper, the interaction between the columnar 

cactus Neobuxbaumia tetetzo and the nurse-plant Mimosa lu isana is 

analyzed. In this paper, a replacement pattern due to 

competition is detected, in which the columnar cactus excludes 

the nurse-planto The results also indicate that the nature of 

the interaction may change in time, starting with comensalism and 

finishing with competition, or even in a cycle analogous to a 

Lotka-Volterra predator-prey system. 

The third paper presents the experimental analysis of the 

underlying mechanisms associated to the establishment of N. 

tetetzo beneath the canopy of M. luisana individuals. The 

results show that the amelioration of the physical environme nt, 

mainly the protection of the seedlings from direct solar 

radiation and excessive transpiration, is the main determinant of 

the nurse-plant effect. The generality of these results was 

tested by ana lyzing the circular distribution of saplings of 

succulents with respect to the nurse-plants in the Deserts of 

Altar in Sonora and the Vizca1no i n Baja California, which a re 

situated outside the tropical belt. Most of the individuals 

showed a non-random circular distribution, concentrating towards 

the north which is shaded all the year . 

The last chapter a synthesis is made on the relevance of the 

nurse-plant a ssociation phenomenon and of its theoretical 

consequences for the understanding df the dynamics of deserts . 

In genera l terms, arid environments should be conceptualized as 

mosaics with d ifferent patches in which plants, animals and 
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microorganisms coexisto It is concluded that the nurse-plant 

phenomenon promises to develop as a central theme in the 

ecological investigations in arid and serniarid regions, given its 

theoretical implications on individual , population and community 

levels. 
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INTRODUCCION 

¿ Cuáles son los factores que determinan la dinámica de los 

eventos ecológicos en los desiertos? Esta ha sido la pregunta 

central, y la base de una intensa polémica desde el inicio del 

presente siglo. En los trabajos pioneros realizados por Shreve 

(1929, 1931 , 1942) se señala al agua corno el factor de mayor 

significancia en estos sistemas biológ i cos. Noy-Meir (1973), que 

sintetiza los aspectos más i mportantes acerca de la ecología de 

las zonas áridas, considera también a los desiertos como 

"ecosistemas limitados por el agua". Señala, en este sent i do, 

una serie de aspectos relevantes tales como los bajos niveles de 

precipitación y su impredecibilidad, expresada tanto en su 

variabilidad temporal (entre años y estaciones) y espacial a 

niveles reg i onal y local . De acuerdo con esta conceptuali zación, 

factores corno la temperatura y la radiación son importantes, dado 

su impacto en el balance hidrico de los organismos y del suelo, 

en particular su capacidad de almacenamiento de agua y la 

accesibilidad de ésta para las plantas y los animales. Sin 

embargo, cómo y qué tipo de interacciones surgen entre las 

poblaciones, ya sea de la misma o de diferentes especies, a 

través de la competencia o inclusive de la cooperación, han s ido 

preguntas muy postergadas en la literatura ecológica de las zona s 

áridas, aún cuando su ocurrencia ya había sido señalada en 

diferentes estudios (Muller 1953; Agnew & Haines 1960; Beatley 

1969; Waisel 1971). 

De la mis ma manera, la alta diversidad de las formas de vida 

en los desiertos que ha s ido interpretada por diversos autores 

corno la expres ión de diferentes s oluciones al problema del uso 
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del agua, el recurso más limitante (Solbrig et al. 1977), f ue la 

base para aseverar sobre la dificultad o incluso la imposibilidad 

de la existencia de competencia interespecífica (Shreve 1942, 

Went 1942), pero favoreciendo la coexistencia y la riqueza 

específica de las comunidades desérticas (Noy-Meier 1980). 

Es claro, que aceptar que los procesos ecológicos de est as 

comunidades están determinados por el factor agua, lleva a la 

conclusión que con el estudio exclusivo de la autoecología de las 

especies, estaríamos en condiciones de entender el funcionamiento 

de estos ecosistemas. sin embargo, a partir de la década de los 

sesentas l a demostración de la existencia de competencia fue el 

tema central de un gran número de investigaciones, y no es hasta 

el trabajo de Fonteyn & Mahall (1978) cuando es demostrada de 

manera directa. Tal y como ha sido señalado en varios de estos 

estudios l a competencia ocurre en las regiones áridas y 

semiáridas, destacándose su importancia en la estructuración de 

las comunidades (Fowler 1986). Sin lugar a dudas, el estudio de 

la adaptación y el paradigma de la competencia han ocupado el 

interés de las investigaciones en desiertos durante los últimos 

30 años , y quizá por tal motivo otras interacciones 

principalment e las de índole pos itivo, han quedado relegadas por 

mucho tiempo. 

El pre sente trabajo, muestra evidencia que permite señalar 

que el paradigma del factor agua debe ser reconsiderado, ya que 

se documenta que especies vegetales de los desiertos presenta n 

interacciones que inician con el establecimiento de algunas ba jo 

el dose l de otras. Este comensalismo (Barbour et al . 1980), de 
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hecho es considerado a partir de la realización de este trabajo, 

como el fenómeno más importante y significativo dentro del campo 

de las interacciones entre plantas de los desiertos. En términos 

generales, árboles y arbustos modifican el microambiente por 

debajo de su dosel y actúan como plantas nodriza, facilitando el 

establecimiento de plantas anuales y perennes generando mosaicos 

de ocupación del espacio. Estos parches, representan los 

escenarios donde se dan las interacciones entre las especies. 

Este fenómeno fue reportado desde el siglo pasado para la 

asociación entre el saguaro (Carnegiea gigantea) y el palo verde 

(Cercidium mycrophyllum) en el desierto Sonorense (Engelman 

1859). Aun cuando dicha interacción fue estudiada por Shreve 

(1931) y reportada para otras especies anuales y perennes (Tabla 

1), no es sino hasta que McAuliffe (1984a, 1988) y Fowler (1986) 

la consideran importante en el entendimiento de procesos 

ecológicos en los desiertos. De éstos, quizá uno de los más 

significativos es el del establecimiento de nuevos individuos e n 

la comunidad, ya que al ocurrir bajo condiciones impredecibles de 

precipitación, altos niveles de radiación solar, temperaturas en 

el suelo de hasta 70 0 e, asi como bajo el impacto de la actividad 

de granivoros y herblvoros (Chew & Chew 1970; Inouye, Byers & 

Brown 1980), puede afectar sensiblemente la dinámica de las 

poblaciones y quizá la estructura y la diversidad de las 

comunidades. 

Se ha propuesto que las plantas nodriza proveen protección 

contra la radiación y el daño producido por las heladas (Shreve 

1931; Turner et al. 1966; Steenbergh & Lowe 1976; Nobel 1980; 

Nobel & Geller 1987) asi como contra el daño mecánico incluida la 
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depredación (Niering et al. 1963; Steenbergh & Lowe 1977, 1983; 

McAuliffe 1984b; Jaksic & Fuentes 1980; Parker 1982). Los 

patrones de asociación también han sido atribuídos a una 

dispersión no aleatoria por los animales (Steenbergh & Lowe 1977) 

o por el viento (Went 1942), así como el hecho de que el suelo 

por debajo de los arbustos de las zonas áridas y semiáridas 

tienen mayores concentraciones de nitrógeno que las zonas 

abiertas adyacentes (García-Moya & McKell 1970; Wallace & Romney 

1972; Nishita & Haug 1973; West & Klemmedson 1978; entre otros ) 

creando islas de fertilidad y quizá de importancia causal en las 

asociaciones interespecíficas. Recientemente el nitrógeno ha 

sido consider ado como un factor limitante importante en las zonas 

áridas (West & Klemmedson 1978; West 1981; Reynolds 1986). 

También las plantas de las zonas áridas y semiáridas pueden 

colectar agua a partir de las lluvias ligeras, depositándola en 

la base (Glover & Gwynne 1962), y favoreciendo las asociaciones 

entre especies en estos ambientes. 

Todas estas ideas forman el contexto teórico, y los 

antecedentes de las hipótesis que se exploran en el presente 

trabajo, el cual inicialmente, se abocó a la búsqueda de 

evidencia bibliográfica que permitiera asegurar que e l fenómeno 

del nodricismo fuera universal a las zonas áridas y semiár i das 

del mundo, (Tabla 1). A su vez, determinar el porcentaje de 

especies dentro de una comunidad que comparten el patrón, daría 

nuevas evidencias de su importancia. En México, el 

establecimiento predecible de especies por debajo de arbustos, ha 

sido reportado para Idria columnari s por Humphre y (1974) , para la 
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jojoba, Simmonds i a chinens i s por Murrieta & Espericueta (1977) y 

Molina (1980), así como para nopaleras del desierto Chihuahuense 

por Yeaton & Romero-Manzanares (1986). Unicamente en este ú l t i mo 

se aportan datos estructurales de la vegetación a partir de l os 

cuales se dedujeron patrones del establecimiento de las especies, 

mientras que los demás señalan el establecimiento de las especies 

de manera anecdótica. Con base en lo anterior, determinar la 

ocurrencia del fenómeno en ambientes áridos mexicanos constituyó 

otro de los aspectos abarcados en esta tesis. Particularmente, 

las preguntas centrales para esta fase de la investigación 

estaban relacionadas con la identidad de las plantas "nodriza", 

las subordinadas, el grado de dependencia de estas últimas sobre 

las primeras, las causas que determinan estas asociaciones 

interespecíficas así como su impacto sobre la dinámica de 

poblaciones y consecuentemente como posible proceso estruct urador 

en las comunidades. Esta etapa se desarrolló con el estudio de 

los patrones y la dinámica del establecimiento de especies de 

cactáceas en el Valle de Tehuacán, entre abril de 1987 y Octubre 

de 1990. La zona de estudio, localizada dentro de la provincia 

fitogeográfica del Valle de Tehuacán-Cuicatlán (Rzedowski 1978) , 

es considerada como el centro de más alta diversidad de cact áceas 

columnares a nivel mundial (Briones e t al. 1989). Su flora se 

calcula en aproximadamente 2620 especies, lo cual equivale a má s 

del 1% de la flora del mundo con un elevado grado de endemismo 

(Dávila et al. 1990 y smith 1965), rasgo que comparte con otras 

zonas áridas de México (Rzedowski 1962). A nivel de la 

vegetación, las comunidades vegetales más ampliamente 

distribuidas y en donde se trabajó, son la Tetechera, en la cual 
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la especie dominante es la cactácea columnar Neobuxbaumia 

tetetzo, y el Cardonal dominado también por otra cactácea 

columnar, Cephaloce r eus hoppenstedtii. 

Los resultados de estas investigaciones se presentan en tres 

articulos, dos de los cuales ya han sido aceptados en la revista 

Journal of Vegetation Science, y el tercero que ha sido sometido 

a arbitraje en la revista Journal of Ecology. 

En el primero se presenta evidencia del proceso para cinco 

especies de cactáceas del Valle de Zapotitlán de las Salinas. Se 

determina la identidad de las especies nodriza, y se caracteriza 

el microambiente por debajo de su copa. 

En el segundo articulo, se analiza detalladamente la 

interacción de la cactácea columnar Neobuxbaumi a tetetzo, con l a 

especie nodriza Mimosa luisana. Se presenta evidencia que N. 

tetetzo reemplaza competitivamente a la especie nodriza. A s u 

vez, analizando las relaciones alométricas entre las raíces y el 

tallo principal de la cactácea, con respecto al sistema rad icular 

de la nodriza, se buscó información relacionada con la ocupación 

de las ~aices en el suelo, que apoyara la hipótesis que la 

competencia por agua es el mecanismo asociado al reemplazamiento. 

Las causas que determinan la asociación entre N. tetet zo y 

M. luisana por medio de un análisis experimental bajo condiciones 

de campo es el tema tratado en el tercer artículo. 

En el último capitulo se hace una sintesis sobre las 

perspectivas y alcances del fenómeno del nodricismo para e l 

entendimiento de la dinámica de los ecosistemas desérticos. 
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TABLA 1.- ESPECIES REPORTADAS EN LA LITERATURA CUYO PATRON DE 
ESTABLECIMI ENTO OCURRE POR DEBAJO DE ARBUSTOS. SE ANOTA LA 
ESPECIE, LA FORMA DE VIDA, LA FUENTE Y LA LOCALIDAD DE ESTUDIO. 

REPORTES CON PLANTAS ANUALES 

FUENTE ESPECIE(S) 

Jepson (1925) varias 

Shreve (1931, 1934, 1942) varias 

Osborn et al. (1932) 

Went (1942) 

Muller (1953) 

Muller & Muller (1956) 

Agnew & Haines (1960) 

Evans & Young (1970) 

varias 

varias 

Malacothrix sp., 
Rafinesguia sp., 
Phacelia sp, 
Chenictis sp. 

varias 

varias 

varias (malezas) 

Halvorson & Patten (1975) varias 

Jaksic & Fuentes (1980) varias 

Shmida & Whittaker (1981) varias 

Yavitt & smith (1983) gram1neas 

LOCALIDAD 

D. California, E.U. 

D. Sonorense, E.U . 

D. Australiano. 

D. California, 
Colorado y 
Mojave. 

D. California, E.U. 

D. California, E.U . 

D. Irak. 

D. Sonorense, E .U. 

D. Sonorense, E .U. 

D. Chileno. 

D. California, E.U. 

Pastizales de Ar i z ona. 

REPORTES CON PLANTAS PERENNES 

Engelmann ( 1859) Carnegiea gigantea 

Compton (1929) Suculentas 

Shreve (1931,1934, 1942) varias 

Jaeger (1961) Carnegieae g i gantea 
y otras cactáceas. 

Glover & Gwynne ( 1 962) Justicia spp . , 
Achyranthe s sp., 
Hypoestes sp. 
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D. Sonorense, E.U. 

·D. de Karoo, Sudáfrica . 

D. Sonorense, E.U. 

D. Sonorense , E .U. 

D. Este de Africa, 
Kenia. 



McDonough (1963) 

Niering et al. (1963) 

Carnegiea gigantea D. Sonorense, E.U. 

Carnegiea gigantea D. Sonorense, E.U. 

Hastings & Turner (1965) Carnegiea gigantea D. Sonorense, E.U. 

Greig-Srnith & Chadwick 
(1965) 

Turner et al. (1966) 

Turner et al. (1969) 

Sadr-Uddin & Qadir(1970) 

Acacia tortilis 

Carnegiea gigantea 

Carnegiea gigantea 

EU12horbia caducifolia 

D. Nilo, Sudán 

D. Sonorense, E.U. 

D. Sonorense, E.U. 

D. Distrito de 
Karachi, Pakis tán. 

Hurnphrey (1974) Idria colurnnaris D. Sonorense, México. 

Steengergh & Lowe (1976, 
1983) Carnegiea gigantea D. Sonorense , E.U. 

Murrieta & Espericueta 
(1977) 

Sherbrooke (1978) 

Yeaton (1978) 

Molina (1980) 

Jordan & Nobel (1979) 

Mares et al. (1977) 

Vanderrneer (1980) 

Parker (1982) 

sirnrnondsia chinensis D. Sonorens e, México. 

Sirnrnondsia chinensis D. Sonorense, E.U. 

O12untia le12tocaulis D. Chihuahuens e, E.U. 

Sirnmondsia chinensis D. Sonorense, México. 

Agave desertii D. Sonorense, E.U. 

Amaranthus fimbriatus, D. Sonorense, E.U 
A. 12almeri, Tidestromia 
lanuginosa, Kallstroemia 
californica, K. grandi-
flora, Euphorbia spp., 
E. hys sopi f olia, Ipomoe a 
sp., Arnbrosia confertoflora. 

Boerhaavia coccinea, 
Solanum sp., Verbesina 
ence l ioides, Bidens 
subalternus. 

Carnegiea gigantea 

Gutierrezia 
micr oce12hala 

D. del Monte, 
Argentina . 

D. Sonorense, E.U. 

D. Chihuahuense, E.U. 

McAuliffe (1984a, 1984b, Mammillaria mi crocarpa, D. Sonorens e, E.U. 
1988) Echinocereus englernannii 

20 



Hutto et al . (1986) 

Yeaton & Rornero
Manzanares (1986) 

srnith & Goodrna n (1986) 

McAuliffe & Janzen(1986) 

Fowler (1986) 

Jordan & Nobel (1989) 

Yeaton & Esler (1990) 

Carneg i eae gigantea, 
Larrea t r i dentata 
Fouguieria splendens, 
Jatropha cardiophylla, 
Krarneria sp, 
Cercidiurn rnicrophyllurn, 
Opuntia acanthocarpa, 
opuntia phaeacantha, 
Ferocactus wislizenii, 
Echinocereus fasciculatus, 
Opuntia leptocaulis, 

Carnegiea gigantea 

Opuntia spp. 

6 especies. 

Carnegiea gigantea 

varios 

Carnegiea gigantea 

varios 
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D. Sonorense, E.U. 

D. Chihuahuense, 
México. 

Savanas Sudafricanas. 

D. Sonorense, E.U. 

D. Sonorense, E.U. 

D. Sonorense , E.U. 

D. Karoo, Sudáfrica. 
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Spatial rclatiunships between cacti and nurse shrubs in a 
semi-arid environnlent in central. Mexico 

Valicnte-llanuct, A. *, Bolongaro-Crevellna, A., Briollcs, O., Ezcurra, E., Rosas, M., 
NUlÍcz, H., Barnard, G. & Vazquez, E. 
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Abstract. lne vulley Z1potitlán de las Salinas, central 
Mexico, h:ubours a high divcrsily of cucti. Pallem 
analysis indicated tll3t tlle establishment of lwo colum
nar cacli, Neobuxbaumia telelzo and Cepltalocereus 
hoppenstedlii, and lhrcc small globose cacLi, Coryphanla 
pa/lida, Mammillaria colina and M. casoi, is aggregaled 
and associated Witll perennial nurse shrubs. Some nurse 
species, Castela tortuosa, Caesa/pinia melanadenia and 
Eupatorium spinosarwn have a higher numbcr of cacLÍ 
bcnc~tll tllCir canopies Ulall would be expccled by chance. 
A replacement pallern was found betwcen lhe columnar 
cacLi and lheif nurscs, un aspcct which was 1I0t found 
WiÚl lhe globose cacu. 

Following lhe assumplion thal prolccLion againslloo 
strong radiation is the main factor delermining the nurse 
effecl, lhe azimulh orientaLioll of lhe cacli Witll respecllo 
thcir nurses was evalualed. Only Corypha/lla pallida 
presenlCd a non-randolll distribulion wilh a tendency 
lowards the Nortll and West. The difference in ma;\Ímum 
lcmpcralurc bclwccn tlle soil surface under the differenl 
nurse spccics and of opcn spaces. which is rcachcd at 
miJJay, wus 16 oC. No significanl differcnces wcre 
found in bcncaúl-canopy lempcratures for lhe lhrec nurse 
spccics considercd. SoilniLrogen levels werc significantIy 
lower bcllcaÚI lhe differcnl nurse planLS lhan in open 
spaces. This resull suggesls lhat soil fertility is not un 
important factor in lhe nurse-planl phenomenon in 
ZapoLitlán. 

KeywonJs: CaClaceae ; Cephalocereus hoppenstedlíi; 
Coryphillua pallida; Mammillaria caso;; Mammillaria colina; 
Neobuxooumia lelelzo; Nursc phcllomcnon; Rcplacemenl pal
lcm; Zapolitlán Val ley. 

l"omellc\alure: Zavala-Hurtado (1982). 

lntroduction 

Arid anJ scmi-arid vcgclalion of differenl parLS of lhe 
worlJ is funucd by mosaics oC pcrcnnial plUlllS bencalh 

which lhe rccruiunent and establishment of severa! spe
cíes, inc1uding cacli, occurs in a non-ramlolll fashion. 
This 'nurse plant' phenomenon has bcen describcd for 
lhe Sonoran and Chihuahuan DeserLS, for desert regions 
of lraq and olher dry regions of lhe world WiÚl annual 
and perennial planls recruiling lhemselves bcncalh 
canopiesofperennials (c.g. Wcnl 1942; Muller & Muller 
1953; Agnew & Haines 1960; Halvorson & Pallen 1975). 
The case of the gialll cactus Carnegica gigantea and lhe 
Uec Cercidium microphyllum in lhe SOllomn Dcscrl has 
been dcscribed ever since lhc last century (Hullo, 
McAuliffe & Hogan 1986). Anolhcr case involves lhe 
Cholla caclus Opuntia leptocaulis under Creosote bush 
Larrea tridentata (Y ca Ion 1978). Replacemcnl pallcrns 
have been establishcd for bOlh spccies pairs. wilh the cacLi 
recruiting benenl.h lhe pcrennial shrubs, which laler bc
come excluded Úlrough compeLilion or induccd senil ity 

• (Yenlon 1978; Vandermccr 1980). In a parallc1 paper 
(Valiente-Banuel, Vile & Zavala-Hurtado 1990) the casc 
of the giant colulllllar caclus TeLCcho, Neobuxbaumia 
tetetzo and tlle nurse shrub Mimosa /uisalla is preselllcd. 

The universalily of lhe proccss fOf differenl arld ami 
semi-arid zoncs, the numbcr of specics in lhe comm unily 
that have lhis kind of establishment patlem, alld lhe 
causes lhat underlie lhe process, have 1101 bccn sludicd in 
deplh. Some hypolheses have considereJ lhe rdevance 
of lhe microhabital benenth lhe canopies including soil 
conditions modified by lhe shrubs (which are disc ussed 
in lhe companion paper, Valienle-Banuel, ViLC & Zavala
Hurtado 1990). . 

TIle prcsenl sludy was maJe in a semi-arid environ 
menl in central Mexico where gianl COIUlllllaf cacti are 
lhe dominanl physiognomic componcnl of lhe vcgetaLi on . 
TIle main aim of lhe sludy was lO dcLCmlÍne lhe occurrence 
of lhe nurse phcnomenon for two giant colulllnar cacti 
and lhrcc small globosc cacti. Nurse rclatiollships were 
detecled by observing lhe spaLial palLCrns of lhe cucti 
witll rcspecllo pcrcnnial shrubs in lhe community, and 
by characlerizing the microhabital benealh lhe shrubs in 
terms of lemperalure and soil ferli lily. 



2 Valienle-Banuel, A. el al. 

l\laterial and Methods 

11Ie sludy Sil e 

The study was carried out in tlle valley ZapoLitlán de 
las Salinas (18° 20' N, 97° 28' W; stales of Puebla and 
Oaxaca), a local basin in lhe semi-arid Tehuacáll -
Cuicaúán region (Rzooowski 1973), siluated in lhe rain 
shadow of the Eastem Sierra Madre. Average rainfall in 
lhe Z1l'Olillán Vallcy is 380 mm and allnual mean 
lcmpcralurc is 21°C (Garda 1973). Thc soils are rocky 
and shallow, and are derived mainly fmm sedimentary 
and metarnorphic rocks.The "egetalion has been c1assi
ficd as 'matorral xerilo', arid tropical scrub (Rzedowski 
1978; Z1vala-Hurtado 1982). The flora has ncotropical 
alliniLies; ca. 630 genera and 1400 spccics of secd planlS 
occur, inc1uding ncarly 30% endemics (Smiúl 1965; 
R7Cdowski 1973), with 12 emlcmic spccics of cacLi oul 
of a lotal of 53 (Meyrán 1980). 

MelllOds 

A 20 III X 30 l1l sampling ¡¡lol was locatcd on a 
southcm slopc harbouring a mixcd community dominalcd 
by colwllnar cacti amI droughl-deciduous shrubs. Mosl 
meJsuremcnlS and samplings wcre donc in March 1988, 
towards úle III iddle of lhe dry season. The mean diSlallce 
of the individuals of each of five spccies of cacti 10 tlle 
ncarest sllrub was measurcd and compared wi!h an 
expcctcd random dislribUlion obtaincd by placing lhirly 
random poinls wilhin the sampling plOl and Illeasuring 
ÚICir distance lo úle nCMcst shrub. The cacti are lwo 
gianl columnar cacli: Cephalocereus hoppenstedlii and 
Neobuxhaulllia /etetzo, amI Ihrec ~;rl1all globose spccies: 
M (llllmillaria colina, M. casoi and Coryphallta palUda. 

Thc frcqucncy of cacti undcr each pcrennial species 
WJS detemlincU and a chi-square tesl was carried oul to 
test tlle null hypotllesis that ÚIC number of cacti bcnealh 
cach spccies is pmportionalto lhe tolal arca co\'ercd by 
lhe canopy of Úlal shrub spccies. The standardized 
rcsiduals were uscd 10 leSl !he significance of each cell 
(Habennan in Greig-Smith 1983). The slandardized 
residuaIs are normally distribulcd wiúI zero mean and 
unit variance, so Ihal any value grealer lhan 2 (úle 
approximale 5 % point of the nonnal distribution) was 
rcgarded as a significantl1eviation. 

To dctccl úle existence of a rcplacelllcnt pattcm, 
heighl frcquency histograms were constructed for tlle 
columnar cacli, c1assified into lwo calegories: assocíated 
and non-associated lo a shrub. For úle globose cacli, 
histogranls \vere made for diameLer classes. Addilion
ally, for cach caclus spccics !he azimu!h of individuals 
growing bcnea!h the canopy of shrubs, wiLh respcclto 
lile shrub main stcm, was rccordcd along a transccL 

Table 1. Observed (Obs.) and expcctcd (Exp.) mean distances 
(cm) ± standard error from cacti lo the nearcst pcrclUual plant 
in lhe cnclus-shrub collulIunity of ZapoLitláJI Vallcy. AlI dif
ferences are significant at P ~ 0.001. 

Spccics N Obs. Exp. 

Ctphaloceuus hopptllSltdlii 76 33.8 ± 3.4 51.7± 4.7 
Neobu.xbawnia leltlzo 16 3U.2± 5.5 5 1.7± 4.7 
Mammil/aria colina 30 28.7 ± 2.2 51.7 ± 4.7 
M. casoi 11 32.2 ± 5.0 51.7± 4.7 
Coryphallla pall ida 29 37.5 ± 3.5 51.7 ± 4.7 

11le temperaturcs bcnea!h !he canopy of M i11lOsa 
luisana (n = 5) and in open spacc (n = 2) werc registered 
over a whole day, July 23, 1988. Addilionally, lem
peralures bcnea!h the canopy of Cercidium praecox, 
MinlOsa luisana, Prosopis laevigata, and in open space 
werc registered during 15 h on July 16,1988. 

Thirly soil sumples, O - 10 cm, wcre taken at randolll 
in Ihe sampling plOl, 15 fmm bcncaúl tlle canopy of six 
different shrubs and 15 in open space. The nitrogcn 
concelltration was determiued using a Tcchnicon (334-
74 WB) autoanalyzer and lile di fferenccs wcrc. tested 
witll an analysis o~ variancc (ANOVA; Zar 1974). 

Results 

All five caclus spccics are found significantly ncarcr 
lo shrubs lhan wou ld be expcclcd by challce (P < 0.00 1), 
iIl~plyiIlg all aggrcgated patLen! WiÚl rcspecl to the shrubs 
(Table 1). Outofllle 29 species of shrubs included in Úle 
analysis, lIuee were found wiúI a numbcr of associated 
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Flg. 1. Observed and expecled numbers of cacti associalcd 
with pcrelUlial plants: X2 = 80.94. P = 0.005. A. cons. = 
Acacia cons/ricta; Acan. = Acanlhaceae 1; A. kar. = Agave 
karwinskii; C. mel. = Cae.~alpinia melanadenia; C. sp. = 
Caesalpinia sp.; C. Iort. =- Ca.~Jela lorluosa; E. spin. = 

Eupalorium spinosarwn; M. lui. = Mimosa luisana; Ot]¡cr = 
other species; Opcn = open space. 
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Table 2. Observed (Obs.) and expected (Exp.) nwnbcr of cacti under the canopy of sluubs; standardizcd residuals values are 
shown (fes t). Absolute values > 2 are sigrulicant al 5 % oC lhe normal distribution. 

Spccics C. hoppensledlii M . colina 

Obs. fup. Test Obs. fup. Test 

Acacia constricta 4 3.6 0.19 25 19.2 1.40 
Acafll hJceae 1 0.4 1.00 2 2.0 0.00 
Agave karwinslUi 1 \.0 0.00 7 5.5 0.60 
Caesalpinia nulaTWdtnia 3 3.0 0.00 30 15.9 3.70 
Caesalpinia sr. 6 5.4 0.27 13 28.3 - 3.00 
Castelu tortuosa 2 3.0 -0.50 36 15.9 5.40 
Eupaloriwn spiJIosarum 8 2.9 3.00 22 15.5 1.70 
M Ítnosa luisana 7 6.9 0.04 34 36.3 - 0.40 
Othen 6 4.4 - 1.10 24 23.2 -3.80 
Open space 3 10.3 - 2.30 24 54.9 -4.60 

cacli highcr lhun expcctcd by chance (x2 = 80.94, 
d.f. = 9, P = 0.005; Fig. 1). 

Comparison oC obscrvcd and expcclCd numbers of 
cactus individuals growing bencath shrubs shows that 
Mmru,lillllr1a colina, M a mil Ii/laria casoi aud Coryphanta 
pallida wcre signi ficantly associated wilh Caste/a 
tortuosa, and lhal M. colina was also significantIy as
sociatcd with Caesalpinia melalladenia (Table 2). Of 
tIle lwo spccics of columnar cacli only Cepha/ocereus 
J¡oPl'enstedtii was signiJ1cantly associatcd wilh olle per
enllial spccies, Eupalorium spinosarum (Fig. 2). Fur 
each caclus spccies, tlle open spaces had a significantly 
lower numbcr of individuals tllarl would be expccted by 
chanceo 

Mosl of tlle smaller indi viduals of tIle columnar cacli 
C. llOppenstcdtii and N. tetetzo were significantly a<;so
cia1cd lo shrubs, bul tllis silualioll is revcrscd whcn thcy 
rcach heights of 2 - 3 m (Fig. 3). TIlis paltcm did 1101 
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Flg. 2. Observed and expccted numbcrs of Cephalocereus 
hoppensledlii individuals, associatcd wilh perenrúal plants. '1.2 
= 16.8, P < 0.005. 

M . casoi C. pallida N. Ie telZo 

Obs. fup. Test Obs. fup. Test Obs. fup. Test 

2.2 -0.80 12 7.0 1.94 3 \.1 173 
O 0.2 -0.40 O 0.7 -0.8U O 0.\ - 0.30 
2 0.6 \.72 1 2.0 -0.70 I 03 117 
3 \.8 0.86 4 5.8 -070 1 09 0.U4 
o 3.3 -1.80 10 10.3 0.00 3 1.7 I.U 
9 1.8 5.40 11 5.8 2.20 O 09 - 090 
3 1.8 0.90 8 5.6 100 O 0.9 - 0.90 
4 4.2 0.00 5 13.3 - 2.30 O 2.2 - 1.40 
2 2.7 - \.80 4 7.7 -0.40 4 1.4 1.30 
1 6.3 -2.10 24 20.0 0.95 1 3.3 - 1.20 

occur witll globose cacli, which usualIy li ve in associa
tion with shrubs during most of their life (Fig. 4). 

TIIC azimuth orielltation of cacli wilh rcspect lo lhe 
ncacesl main stem of a shrub is randomly distribulctl 
(Table 3). Ollly Coryphanta pallida prescll lcd a IlOIl

random distribution with a tendency lOwards tl le North 
and Wesl. \ 

TIlc mean daily tcmperature fluCluation is only slllall 
bcneath shrubs, with a lIlaXilllUIll al 12 h, as showll for 
Mimosa luisana (Fig. 5). Temperature fluctual ioll in lhe 
open is much bigger witIl a maximum, rcachet! al 14 h, 
ca. 16 oC higher tIJan ullder tllc shrub. No sigllificalll 
differences wcrc found with olher shrub spec ies: 

• Cercidiumpraecox and Prosopis /aevigata (Fig. 6). 
The mean nitrogen cOllcentralioll of lhe soil salllples 

benealh shrubs was significall lly lower Ulalllhc nitrogcn 
cOllcelltralion in open space (1271 ± 78 and 1755 ± 102 
ppm respcctively; F = 13.11, P = 0.(01). t 'o 

Table 3. Observed azimuth orientation of cacti with respcct to 
the ncarest percnnial plant in the cactus - sluub comfllunily in 
Zapotitlán Valley and a test for deviation from a random 
azimuú¡ orientation. 

Species N S E W X2 P 

C. hoppenstedli; 16 6 9 17 7 18 NS 
N. Ittttzo 19 10 14 9 4.77 NS 
M.caso; 9 10 4 9 2.75 NS 
M . colina 20 24 14 18 2.73 NS 
C. pallida 21 6 9 16 10.61 <0.05 
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Fi~. 3. lIcight distribution of individuaIs of colullUlar caclÍ 
associalcd and nol associ aled wi th percnniaI plants: (a) 
Ccphalocereus hoppellstedtii, (b) Neobuxbaumia tetetlO. 
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FIg. S. Tcmperaturcs on the soi! surface bcneath tllc c::mopy of 
Mimosa luisalla (11 = 5) and in open space (11 = 2) Cor a 24-hour 
period (Ju!y 23, 1988). 
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F!g. 4. Diamelcr distribution of individuaIs of g!abose cacti 
associatcd alld not associated with pcrennial p!al1ts: (a) 
Mammillaria casoi, (b) Mammillaria colina. 
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Flg.6. Tempcratures 011 tlle soil sur face bcncath tllC canopy of 
Minwsa luisana, Prosopis laevigata and Cercidium praecox, 
and in opcn space foc a 24-haur periad (July 16, 1988). 
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Discussion 

AlIllle cacti considcrcd in lhe presen1 study have a 
dislribution pallem associaLcdwilh five perennial spe
cíes. lllis conlirms preyious sludies on tlle establishment 
phase of succulents benca1h the canopy of perennial 
planls (r.g. McAuliffe 1984a, 1984b; Ycaton & Romero
Manzanares 1986; Ycalon 1978). The considerable 
difference in midday temperalurc found bctwccn open 
space and benea1h shrubs talso reporled by Fowlcr 1986 
and McAuliffe 1988), suggests 1hat t.he prolcction against 
radialion by lhe nurse plant is an important factor in Lhe 
palLcm of recruilmenL Franco & Nobel (1989), who 
found diffcrences of more Lhan 30 oc belwccn ouL<;ide 
and under lhe canopy of a nurse plant, pointcd to the high 
deficil in the total daily PAR expcrienced by cacti 
growing in shade condiUons. However, they add tlml tlle 
PAR deficil may be cOlllpensalcd by lhe higher soil 
fer1ilily under lhe nurse shrubs. In our case, different 
nurse planlS can provide the ~l1ne shelter againsl high 
lempcraturcs, bul our nilrogen dala do not show an 
inerease in soil fcrtili1y bencalh nurse plants. This 
uncxpccled resulL contraslS witll previous rcporls for 
lemperale dcserts (e.g. García-Moya & McKe111970; 
Wallace & Romney 1972; Nishita & Haug 1973): lhis 
suggesllhat soil fe rtili ly under the nurse plant necd nol 
be an importalll causal factor in Lhe cactus - nurse 
association. 

While interpreting Lhese rcsullS, one should talce inlo 
consideraLion thal cacti are succulenls wilh CAM 
metabolislII, which during daytime cannol regulale their 
lemperaturc tllrough ttanspication. Thus a protcction of 
tlle sccdling stage against radiation could be crucial in 
lheic survival, particularly in hot, semi-arid tropical 
en\'ironments such as Zapotillán. Of the nurse planlS 
wiLh an associaLcd nU llIbcr of c3cti higher tll3n expccled 
by chance, Castela tortuosa is a typical xerophyle which 
maintains ilS lcaves during tllC entice year, generaling a 
pemlancnl shelLer againsl radiation. On the other hand, 
Lhe nurse planlS Eupatorium spinosarwn and Caesalpinia 
melanadenia drop tlleic leaves during lhe dry scason. 

Ir radiauon is an illlportanl faclor here, a non-random 
microdislribution benealh tlle canopies of nurse plants 
may be exp('cted witll a prcfercnce for NorLh slopcs, 
which reccive lcss annual radiation, and West slopcs, 
which are genemlly cooler, whilc recciving radiation 
mainly in lhe afLcrnoon. Of tllC fivc species sludicd, 
only COl}'phanta pallida shows such a palLcrn. One 
cxplanation for the absellce of an azimuúl paltern could 
be UJUl thc Zapoti llán Vallcy, with ils low latitud e, 
rcceives dirccl solar radiatioll [rom Lhe North in the 
sumiller. lllUS a non-random azimuth pallern around 
nurse plants should be morc prollounced in northcm 
temperate deserts where dirccl solar radiation comes 

from lhe SOUtll al1 year. 
lllc giant columnar cacti were associaLcd wilh nurse 

planlS only in tlleir secdling and juvcllile stages; adult 
columnar cacti lend to rcplace lhcir nurse pl:.lIlts. which 
die when tlle cacli rcach a height of 2 - 3111. This creates 
a replaccmenl pallem in which nurscs are replaccd by 
adult cacti, which in lum will lcave open spaces suitable 
for recruilmcnt by radiation-tolerant sccdlings, when 
they evenlually dic. This palLcm has bcen reponed for 
other deserls and linkcd 10 compculion for waler 
(McAuliffe 1984a). 

The nurse planl phenomenon in arid and semi-arili 
plant communilies dominaLcd by cacti, such as in tllC 
Zapolitlán Valley, can be considered essenlial for 
Ule devclopmclll of a dynamical patch struclurc in 
thesc communities. This more dynamica.l approach lo 
(semi-) arid plant communilies has bccn elllphasizcd by 
McAuliffe (1988). AltllOugh palch dynamics of desert 
communities is CXlrCllleJy slow, dcLcction is possib le 
lhrough dClllographical and pallem sludies of Lhe inLcr
vcning spccics (cf. SLcenbcrgh & Lowe 1983). 
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Valiente-Danuet, AlfoIlS01*, Vite, Fernand02 & Zavala-lIurtado, J. Alejandro2 

ICen/ro de Ecología UNAM, A.P. 70-275,04510 México, D.F., Mexico; 
2Deparlemento de Bíologia, CBS, UAM-Izlapalapa, A. P. 55-535, 09340 México, D. F., Mexico; 

qel. +5255505485; Fax +5255485259 

A bstract. Paltcrn anaIysis amI association anaIysis showcd 
lrot rceruitlllcnt of lhe gianl colull1nar caclus Neobux
baumia (ele Izo in lhe semi-arid valley of ZapoLitlán is 
largel y 1 im itcd lo areas bcncam me canopies of perennial 
shrubs, acting as nursc pl~ts. Chi-squarc and Habcrman 
lesls rcvcaled lhat young cacli werc morc frequently 
found benealh canupies of leguminous shrubs, espcciatIy 
Mimosa luísana, than were oluer cacLi. Segrcgatioll 
analysis indicaled a posilivc associalion (= ncgative 
scgrcgalion) of yOllllg cacli and M .luisanIJ canopies, bul 
oldcr cacti werc randomly distributed wilh respcel to M. 
/ uisalla. 111is resulllogethcr w ilh analysis of height c1ass 
distribuliolls for cacli associnteJ and nol associaled wilh 
M. luisana respcctivcly, inuicalcd lhc replacclllcnl of M. 
ll/isana by N. tete IZO. Minwsa lllisana planls having N. 
tctetzo assodalcd with ÚICIl1 had grcaler amounlS of dcaLl 
basal arca lhan M./IIÍSana lacking associalcd N. tetetzo. 
lllis imlicalcd lhe possiblc imporlancc of compcliLion 
from N. teretzo in driving Lhc rcplaec\1lcnt proccss. 

Thc rool S)'stCIll of N. 1('{etlO is shallow, rcaching nol 
n lore lh:lll30 CIII uepth. lnlcrcell tloll of soil waler by roolS 
oIN./ct('tzo beforc (JCnelration lodecpcrroolS oC M.luisalUl 
Illay be tllC mode of cOlllpetition bctwccn the two spccies. 

KCJwords: Compctition; Facil ilalion; Gian! columnar cactus; 
Rcplaccmen! pallcm. 

Introduction 

1110 succcssful cstabJislllllell1 of succulcnlS in !hc 
Sonaran Dcscrt is largcly limilcd to arcas bcneath the 
callopy of 'nursc' planls (Turner et al. 1966; Stccnbcrgh 
& Lowe 1977; McAuliffc 1 984a,b). This pallern of 
eSl!lblishmcnt may arise úlrough prolcelion of young 
cacti by othcr plant canopies from solar radiation, exces
sivc waler loss, frosl (NobclI980; Jordan & NobcI1981), 
mcchanical injury anLl predation. Stcenbcrgh & Lowe 
(J 977) have suggcstcd lhal dispcrsal by animaIs can also 
conlributc to lhe observcd distribution pallcms. 

11lc establishment of sueculcnlS bcncalh olhcr plants 
may cvclIlually affeet lhc original 'nurse planl ' . 
MeAuliJIe(l984a) found Lhatestablishmcntorc. giganlea 
is facilitated by C. microphy/lum which in Lhe long tCrln 
is eompctitivcly excludcd by the formcr. Yealon (1978) 
has doculllcntcd a eyclical rclationship in úlcChih uahuan 
Dcsert belwecn Creosote bush (Larrea tridentara) and 
Cholla cactus (Opulltia leplOcaulis) suggesting mal !he 
lalter cvcnlually rcplaces lhe forlllcr. 

11le nurse cffcel is known from many arid and sell li
arid regions. Refelcllccs arc inc1udcd in a parallel sluu y 
(Valiellte-Banuel Cl al. 1990) in which cvioence of tl iC 
nursccffccl is shown for fivecacli.lll lhc presclltstudy we 
analyze lhe spatial relationships of te lccho, Neou lcc 
uaumia tetetzo, a gianl colulllllar CJctus. Sincc fOll l 

eompclilioll for waler llIay bc in volved in ll lc rcplaCClIICtl1 
pattern (McAulifre 1984a; Ycalon 1978; Ycalon & 

• ROll1cro-Manzanarcz 1986) wc lookeu ror cOlllrcLÍlive 
cffccls of lhe N. tetctzo and analyzed the structurul SUf

facc (i. e. lhe rool surfacc wilhoUl rcgaru lo el'hCtllClal 
rain rooLS) and arcal cxlcnl of rooLS. 

.,', 

Material and Methods 

111e study was earried out in ÚIC valle)' Zapoti tlán de 
las Salinas in central Mexico (18° 20' N, 97° 28' \V), 
siluated in the rain shadow of tllC Ea<;tern Sierra f\.l aLl rc. 
Average rainfall is 380 111m; soils are rocky ami shallow, 
derivcd maillly fram sedimentary and lIlctalllorphic rocks. 
Thc vegetatioll can be charactcrizcd as ario lmpi~al scrub 
wiUI physiognomic duminance of gi:ull colUlllnar cact i 
(Rzcdowski 1978; Zavala-HurUldo 1982; Valientc-Danuel 
et al. 1990). 

Ana/ysis o[ spatíal re!miolls}¡ips 
Vcgctalion composilion, paltcms of distribulion and 

association belwccn spceics were dctcrn lÍned in a 20 m 
X 30 mquadralin a Neobuxbaumia tetetzo stanu in March
April1987. AH pcrcnnial plant'l in ÚIC plut wcre markeu 
anLl Ú1C ncarcst neighbour lo cach one was rcconlcd. 
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For evcl)' N. lelelzo individual, hcight and lhe presence 
or abscnce of a shrub canopy aboye it were recordc{!. 
l11e llumber of N. lelclZO individuals wlder each peren
nial spccies was countcd and a chi-square test was 
carried out to test lite null hypolhesis that lhe number of 
N. telelzo individuals bcneath cach species is a function 
of Lhe total area covercd by canopies of that shrub 
spccics. llle standardizcd residuals were used lo tcst the 
significance of cach ceH (Habcrman test, scc Greig
Smith 1983). Thc rcsiduals are approximalely normally 
distribulcd w ith zero mean and unit varinnce, so thal any 
adjustcd variable> 2 (5% poinl of the normal disLribu
tion) is regardcd as a significant deviation. 

In ordcr to detcct a replacemcnl belwecn N. tclelzo 
and lhe dominanl associated shrub, Minwsa luisana 
Brandcgee, Leguminosae, a plotless technique proposcd 
by Pielou (1961) was use{) to test segregation among 
individuals of lhese lwo spccics. Nearesl ncighbourdata 
for lhesc lwo spccies \Vcre arranged in ditfercnt size 
calcgories of the CJctus: 0- 20 cm; 20 - 40 cm; 40 - 60 
cm; 60 - 80 cm and > 80 cm. The data for cach size 
calcgory werc compiled in a 2 x 2 conlingcncy t.1ble. 
Chi-square tests were carrie{) out under lhe nuH hypolh
esis of indepcndenl dispcrsion ofbolh spccies. Segrega
lion was eslimalcd using Pielou's index: 

s = 1 -ln(b+c) / (a+b)(b+d) + (C+d)(cHC)J (1) 

where a = no. of times the ncaresl neighbour of a caclus 
is anolhcr caclus; b = no. of limes lhe ncaresl neighbour 
of a cactus is Minwsa; e = no. of times lhe nearcst 
ncighbour of Minwsa is a caclus; d = no. of limes the 
ncarcsl neighbour of Mil/lOsa is anolher Mil/lOsa, and n 
= S3l1lple sizc. S is zero if bolh spedes are indcpcndently 
distribulcd and + 1 if lhcy are complclc1y scgrcgaled. 
For S = - Ilhcrc is a ncgalive scgregalion, Le. lhe ncarcsl 
neighbour always bclongs lO the other spccies. 

In ordcr to describe vertical relations belween M. 
luisana and N. letelzo, 131 Mimosa shrubs (57 with and 
74 wíthout N. lelelzo occurring bcneath lheir canopies) 
were analysed. M. luisana was considercd assocíaled 
wi lh a N. lelelzo ir lhe caclus was localed bcncath lhe 
shrub canopy. Like many deserl shrubs, M.luisana has 
a polypodial grow t11 fonn wi t11 a shorland buríed cenLral 
stem. Diamcters ofliving and dend main branches ofthe 
shrub were mcasured al ca. 15 cm , and lhe basal area, 
BA, of the /11ain branchcs was delermined for b0t11 ¡¡ve 
and dead branches as BA = ¡r /4. 1: d/, where di is lhe 
diameter of branch i. ll1e proportion of dead BA was 
cxpresscd as lhe ratio belwccn dead BA and lotal BA. 

Proportiolls of BA oC dcad Lrunks per planl for M. 
luisana individuals associatcd with N. tete IZO versus 
nOIl-associatcd individuals were compared in a lwo-way 
analysís of variance with are-sin transformalíon. 

Measuremenls on rools of Neobu.xbaumia lelelZO 
Root systcms of eighl N. IClellO individuals ranging 

fcom 0.01 lo 5.43 /11 high wece excavaled. The lellgth 
loget11cr wilh proximal and distal diamclers of each 
excavated rool segl11enl wece used lo calculale surface 
arca of rool segments as Lruncated eones. In order lo 
estimatc lhe ground surCace arca explorcd by the rools, 
lhe average length of the main rool branches was com
puled and used as t11e radius of a circlc. Only fírSlorder 
branches were uscd, and lhe ground cover valucs were 
regresse{) againsl planl height. 

Soil nilrogen slaluS 
Nitrogen contcnl of 15 paire{) samples of soil be

neath and oulside lhe canopy oC M. luisClna was deLer
mined by a modified micro-Kjeldahltcchnique. 

Results 

Spatial relalionships 

In lhe 20 m x 30 m plOL, 476 indíviduals of24 species 
of f10wering plants were rccorded. Neobu.xbaw1Iia ietelzo 
and Mimosa luisana were lhe mosl abundalll specics 
wilh 44.5 % alld 13.7 % of lhe loLaI numbcr of individ u
als rcspcclively. The observed abundance of N. leletzo 
bencalh lhe canopies of somc Icgullles an ot1lcr shrubs 
such as Cordia cylindrostachya Jacq. and Verbesina sp. 
is higher Ullln cxpeclcd (Table t). This meUlIS lhat Lhe 
dí!\Lribulion of Ule caclus is coarse-graine{) wilh respcct 
lo some spccies in lhe plOL The heighl distributions of 
N. tetelzo growing benealh and belwecll pcrcnnial plUl IlS 
ccspeclivcly are differenl (Fig. 1). Most of lhe slJIallec 
individuals are associaled, while Iarger cacti are 111 0sll1"' 
non-associated. Individuals of N. lelelzo < 40 cm are 
negatively segregatcd, while taller individuals are dis
lributcd independenlly from lhe nursc planl (Table 2). 

Effects on nurse planls 

llle compeLiliveeffcclof N.lelelzo on its nurse should 
be rcflccted in the vigour of t1le latter. The lwo-way 
a[\alysis of variance indicates lhallhece is a si gnific¡ull 
difrerellce in t11C pcrccntagcs of dcad basal arca bctwecn 
associaled and 1I0n-assoCÍated shrubs (F-ratio = 12.5, 
P < 0.000 1). Also there is a significanl effccl (F -ratio = 
43.3, P < 0.0001) of thc size classes manifested in a 
highcr dcad basal arca perccnLage in the biggn indi vidu
ais (Fig. 2). Finally, a significant effcct of lhe illleraction 
of these faclors was found (F -ralio == 3.i, P == 0.(05). 
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Table 1. lIabcrman One Cell Significallce test for observcd 
(Obs.) alld ellpcctcd (Exp.) nurnbcrs of N. le/ellO < 80 cm 
b<'llcalh U1C ram'I'Y of pelcnnial plants and in opcn spnce. 
Valucs of Idijl > 2 nre signifiranúy different (5 % oC the normal 
distribution). ccero = Canopy covcr %. 

Spccics CC% Obs. Exp. di) 
-----------------------------
Mimosa /uisana Brand. 46.8 59 55.3 0 .91 
Open spacc 1\.9 15 43.2 -5.63 
Cat sa/pinia me/ana.unia (Rose) SlanJlcy 9.5 12 1.1 10.97 
CvrJiu cylinJros/acltYil Rocm. t'l SdlUlt. 9.5 12 0.6 15.50 
Prusopis liltvigala (Willd.) JolmsL 4.8 6 2.7 2.08 
Ctrci.iiwn praeco:r. (Ruiz & PavÓlI) lIarm 3.2 4 1 \.6 - 2.38 
\'trbtsina sp. 3.2 4 0.5 5.04 
Acacia cOIISlricla Dcnlh. 3.\ 4 2.0 1.44 
IItchJia pod.lnJluJ Mcl.. 2.4 3 5.0 -0.92 
Ülhen (16 sPP') 5.6 7 3.7 1.75 

Al/ome/ric relationships ofNeobuxbaumia tetelzo roots 

Tlle rclationship bet wecn struetural arca of roots (1') 
and heighl of eaeli (X) can be deseribcd with a power (or 
linear log-Iog) funetion: In Y=-0.45 + 1.741nX; r= 0.99; 
p < 0.001. A similar rclationship is found bctwecn 
height (X) and surfaee area eovered by tlle roots (1') 
(Table 3): 
In Y = 1.23 + 1.83 In X; r = 0.97; p < 0.001). 

SOll ni/rogen pallern 

Average nitrogen eontcllts inside and outside the 
canopy of M. luisana wcre 0.22 ± 0.002 % aud 0.19 ± • 
0.001 %, rcspccLivcly. This differenee is slighLly sig
nifieant (P = 0.06) as evaluatcd by an ANOV A usillg 
are-sine eorrection. 

Discussion 

Aeeording lo lhe spalial relationship allalysis prc
scnled, lhcrc is c1car evidcnee of the oceurrcnce of Llle 
nursc planl phcnomcnon in Lhe Tehuaeáll Valley, wiLh a 

Table 2. Scgrcgatioll analysis of Neobuxúaumia lele /lO amI M. 
luisalla for diffcrclll heighl categorics ofthe cacti, according lo 

Pic10u (1961). 

IIcighl daS! (cm) N Oli-square Scgregalion Cocfr. P 

0 - 20 60 19.70 - 038 •• 
20 - 40 26 3.96 - 0.18 • 
40 - 60 13 3.32 0.65 NS 
60 - 80 12 3.27 -0.14 NS 

> 80 61 0.593 0.14 NS 

.. p < 0.001; • p < 0.05; NS nOI signiJicanl,p > 0.05. 
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Flg. t. lIeight disuibutions of Neobuxbaumia le le Izo iw..li 
viduals growing beneath and bctween percruual nurse plants . 

more benign c1imale lhan lhe Sonoran desert. 11le 
oceurrcnee of prcdictable rccruit.ment patlcms of plan ts 
beneath lhe canopies of oLllcr plants suggcsts that com
mon underlying meehanisms may be opcrating, illclud
illg (a) sccd dispcrsioll by animals, wind Uf waler 
benealh eanopies; (b) post-germinalion mOrlalily of 
seedlings in open spaces restricting lhem lo arcas be
nealh plant canopies;...and (e) amelioralion of physical 
conditions and lIIodifieation of soilnuLricnt levcls bcneaúl 
planteanopies (McAuliffc 1988). Thus, vegelation wilh 
eaeti and nurse plants can be regarded as a uynam ical 
mosaie wilh simullanoous eoexistenee of aH possiblc 
stages (MeAuliffe 1988). 

Our edaphic results indieatc Lhat there is a slight 
differenee in tlle nitrogen eOllecntralÍon bcncaÚI úle 
eanopies of M. luisana. 111is aspcct should be explored 
furlher as highcr eoneentralions of soil nitrogcn bencath 
shrubs in arid vcgetalion have also becn reponed for 
non-Iegumes (e.g. Garcfa-Moya & McKe1l 1970; Nishita 
& JIaug 1973). This may be due lo so me kind of 
symbioLie aetivity, liuer deposiLion frolll lllc plants, or 
rhizospheral frce-living fixers (Famsworúl, Romney & 
Wallace 1978). TIle deeomposilion of sw'faee liuer in 
open deserl space is due mostly lo abiotic faclors; here a 
relalively eonSLant C:N ralio is maintaÍned. Under nurse 
plants tllere is lcss UV radialion and more moislure; 
herc, micro and mcso-organisms are morc aelive aml the 
C:N ralio may be lower (MonLafla el al. 1988). N ¡!.rogen 
hac; been reported as a limiting factor in arid and scmi
arid regions whcn moislurc is available (Wesl 1981 ). 
Annuals under nurse plants show a higher productivity 
tltan non-associaled plants (Halvorson & Patlen 1975; 
Tumer et al. 1966). 

TIIC ehangc in nurse plant inlcracliolJ from ini tial 
commcnsalismlo eventual eompctiLion was reporled by 
Ycalon (1918), McAuliffe (1984a), and Ycaton & 
Romero-Manzanares (1986). The present sludy presellts 
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Table 3, Characterislics of the root sySlem of NeoblUbaumia 
tete/lO (n = 8). IIP = height oC the planl (cm); AL = average 
Irngth of lhe root arms (cm); AD '" avefl\ge uepth of lhe rool 
anns (cm); lA = in flucncc arca (cm1); SA= StructllIal area (cm1) ; 

OV = occupied volwne (cm' ). 

---- -
IIP AL AD lA SA OV 

1.0 1.35 0.79 5.75 0.79 4.58 
5.4 1.94 1.00 11.78 3.63 11.78 
6.5 9.13 3.28 262.06 21.08 838.61 

12.8 7.60 3.19 181.46 56.40 579.10 
35.0 47.00 2.37 6939.78 562.11 16438.95 
66.0 54.00 12.50 9460.17 1815.70 118252.13 

197.0 171.5 19.00 92401.31 6743.01 1755624.89 
543.0 241.00 25.00 182466.84 21394.70 4561671.00 

evidcnce of a rcplacement paltem belwcen N. lelellO 

and M. luisana which is due lO compelilion bclwecn 
bolh spccics. From our resulLs il is evidenl lhal lhe 
compctitive efTect of N. lelelzo individuals is highcr in 
lhe bigger individuals of M. luisana than in the smaller 
ones, According 10 McAuliffe (1984a), compctilion foc 
water is the most likely aspcct associated wilh lhe in
tcraction belween Carnegiea gigantea and Cercidium 
microphyllwn; this is probably lhe same for N. lelellO. 

The root surface analysis in N. lelellO suggesls thal part 
of the rainfall watcr could be successf ully intercepled by 
lhe cactus before il can become availablc for the roolS of 
lhe nurse planl. On the olher hand, some of the roolS of 
Mil/lOsa luis(ma are ralher shallow, which could be as
socialcd wilh lhc efficiency of water uptake by Ole mol 
syslcms, 

Our rcsullS suggesl Olal nurse faciliLation and com
pClilioll go"em cocxislclll:e pallcms and slruclure of 
scmi-arid communities wilh dominaling cacLi, 
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SHADE AS A CAUSE OF THE ASSOCIATION BETWEEN THE CACTUS 

NEOBUXBAUMI A TETETZO ANO THE NURSE-PLANT MI MOSA LUISANA IN 
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SUMMARY 

1.- The establishment phase of Neobuxbumia tetetzo, a giant 

columnar c actus dominant in the Tehuacán Valley in central

southern Mexico, occurs mostly beneath the canopies of trees a nd 

shrubs which act as nurse-plants. This pattern cannot be 

attributed to preferential seed dispersion, as Neobuxba umia 

fruits open while still on the plant, dropping ca. 1000 seeds 

per fruit wh ich fall randomly around the parent planto 

2.- An experimental field analysis of germination and 

survivorship of cohorts under different environmental conditions 

was done in order to determine the underlyingmechanisms 

associated to the establishment of N. tetetzo beneath the 

canopies of Mimosa luisana, a legume which is the most abundant 

shrub in the cornmunity. 

3.- Theexperimental treatments followed a factorial design, 

with three levels of radiation (open space, artificial 

homogeneous shade and the shade produced by Mi mosa l uisa na ), two 

levels of predation (exclusion and non-exclusion of predators), 

and four topographic aspects (North, East, South and West) . 

4.- Seed ger mination was lowest in open spaces. In all 

treatments exclus ion from predators significantly increas ed 

seedling establishment. only the shaded treatments had l i ve 

individuals at the end of the experimento The' results suggest 

that the nurse-plant effect between Neobuxbaumia tetetzo and 

Mimosa l uisana is chiefly the result of differential survi val in 

shaded micros ites with les s direct solar radiation, and 

consequently with lower daytime temperatures and lower 
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evaporative demando 

5.- In order to determine the generality of these results , field 

samplings were conducted in two Mexican deserts located outside 

the tropical belt: the Vizcaino Desert in Baja California a nd 

the Gran Desierto in Sonora. As in these deserts direct solar 

radiation has a southern azimuth all year round, a non-random 

circular distribution of the saplings of succulent species with 

respect to the nurse-plants would be expected, with 

establishments concentrating mostly towards the shaded nor th. 

Five of the six succulent species analyzed showed a signi f i cant 

trend to establish north of the nurse-plants. 

6.- The results of this study support the idea that direct solar 

radiation, temperature and evaporative demand are the main 

factors related to the nurse-plant effect. The amelioration of 

the physical environment produced by the nurse-plants is of 

primary importance as a driving force in the patch-struct urated 

population dynamics of many desert plants, affecting the 

structure and diversity of many desert and semidesert 

cornmunities. 

, 
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INTRODUCTION 

In deserts the establishment phase of perennial plants 

occurs under unpredictable conditions of precipitation, high 

predation rates, and in soils with high temperatures and low 

water contento A knowledge of the dynamics of early seedling 

growth is important for an understanding of the dynamics of 

populations and the structure of desert communities. In many 

arid zones, the recruitment of several species occurs under 

perennial "nurse" plants, which modify the environment beneath 

their canopies (Jepson 1925; Halvorson & Patten 1975; Turner et 

al. 1966; McAuliffe 1988; among others). 

Many explanations have be en given for this phenomenon. The 

facilitation process may occur because the acumulation of seeds 

beneath perennial plants may be higher than in openings. This 

non-random dispersion of seeds has been attributed to transport 

by animals (Yeaton 1978; Hutto, McAuliffe & Hogan 1986; Olin, 

Alcorn & Alcorn 1989) , wind (Went 1942) or water (Agnew & Haines 

1960) . Following germination, greater predation of individuals 

that are not hidden by the nurse-plants (Niering et al. 1963 ; 

McAuliffe 1984b; 1986; 1988; Sherbrooke 1977; Jaksic & Fuentes 

1980; Parker 1982; etc), the facilitation of seedling 

establishment by reduced direct solar radiation and lower soil 

temperatures beneath the nurse-plant (Turner 1966; 1981; 

Steenbergh & Lowe 1977; McGinnies 1981; Nobel 1980, Franco & 

Nobel 1989), the protection of seedlings during freezing periods 

(steenbergh & Lowe 1977 , 1983; Nobel 1980) and higher nutr ient 

levels of the soil beneath canopies (García-Moya & McRell 1970, 

Franco & Nobel 1989, McAuliffe 1988) may enhance the surviva l of 

4 



seedlings under perennial shrubs. Finally, seed germination may 

be increased by the accumulation of fine windblown material that 

modifies soi l structure beneath perennial plants (Wallace & 

Romney 1980). 

In the Tehuacán Valley in central-southern Mexico, the 

establishment phase of Neobuxbaumia tetetzo (Weber) Backeberg, a 

giant columnar cactus dominant of an extensive vegetation type 

locally called Tetechera, occurs mostly beneath the canopies of 

trees and shrubs (Valiente-Banuet, Vite & Zavala-Hurtado, in 

press). This association is characterized by a replacement 

pattern in which open spaces are colonized by shrubs apparently 

capable to establish themselves under harsh physical conditions. 

Later, these shrubs facilitate the establishment of cactus 

seedlings beneath their canopies. As the cacti grow the nurse 

plants die and the older cacti are usually seen growing alone. 

This replacement pattern has be en associated to competition 

between N. tetetzo and the most cornmon shrub in the community, 

Mimosa luisana Brandeg. (Valiente-Banuet et al. a in press ). 

similarly , Yeaton (1978), McAuliffe (1984a) and Yeaton & Romero

Manzanares (1986) have reported similar recruitment and 

replacement processes for other shrub-cactus systems. 

In this work, an experimental analysis of the germination 

and survivorship of cohorts in the field under odifferent 

conditions is described. This analysis allowed the elucidation 

of the underlying mechanisms associated with the establishment 

of Neobuxbaumia tetetzo beneath the canopies of Mimosa luisana. 

The factors analyzed were radiation, herbivory, soil type and 
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aspect of the slope. 

MATERIALS AND METHODS 

The study site 

------~--{ 

The study was conducted at the semiarid Valley of 

Zapotitlán (18°20' N, 97°28' W), a l ocal basin of the Tehuacán 

Valley in the state of Puebla, Mexico. This region owes i ts 

aridity to the rain shadow produced by the Eastern Sierra Madre 

(Smith 1965). It has an average rainfall of 380 mm, an annual 

mean tempera ture of 21°C, and very rare freezing events (Garcia 

1973). Soils are rocky, derived from sedimentary and 

metamorphic rocks. The main vegetation type is an arid tropica l 

scrub ("matorral xerófilo", Rzedowski 1978) in which giant 

columnar cacti constitute dominant elements of the vegetation. 

More specifically, the study was made on a hill located ins ide 

the Botanical Garden of the secretary of Urban Development a nd 

Ecology (SEDUE), which is situated approximately 30 km South of 

the city of Tehuacán. This is a · mountainous zone in which 

Neobuxbaumia tete tzo, a branched columnar cactus that reaches 

12 m in height, is the dominant species with densities o f more 

than 1200 adults/ha (adults are arbitrarily defined as 

individuals higher than one metre). The flowering and frui t ing 

seasons occurs from mid May until end of June, just before the 

rainy season. First reproduction occurs when the plant is 

around two metres high. The fruits open on the plant and 

although sorne of the seeds are removed by birds , most of the 

seeds (1-2 mm in diameter) fall to the ground forming a uniform 

black carpet. Under laboratory conditions, the seeds have 99 % 
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germination. Seedlings recruit themselves beneath the canopy of 

several s pecies of shrubs. The most frequent of these nurse 

plants is the deciduous legume Mimosa luisana (Valiente-Banuet, 

vite & Zavala-Hurtado, in press). 

Experimental design 

within the hill located inside the botanical garden, four 

20 m X 20 m quadrats were located, each on a slope with a 

different aspect (North, East, South, West). The experiment al 

treatments followed a factorial experimental design, with t h ree 

levels of radiation (open space, a rtificial homogeneous s hade 

and the shade produced by Mimosa l uisana), two levels of 

predation (exclusion and non-exclusion of predators, not 

distinguishing between vertebrates and invertebrates), and t he 

four different aspects (N, E, S, W). Thus, for each aspect t h e 

treatments were open space, artificial shade and beneath nurse

plants each with excluded and non-excluded conditions. For each 

treatment 180 seeds were sown in a square plot 30 cm by s i d e . 

The seeds were located on the soil surface, previously cleaned 

of other seeds. Care was taken to minimise disturbance of s o i l 

structure. Because artificial shades were established in 

openings, s o il conditions in this treatment differed initia lly 

from those beneath perennial plants. The experiment was set up 

on 15 July 1988. 

Rodents and birds were excluded by covering completely the 

experimenta l units with a 12 mm wire mesh with the bottom edges 

buried in the soil to a depth of 10 cm. Ants were exclud e d wit h 

an insecticide powder (Clordane) which was applied every t hree 
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days dur ing the f irst week and every eight days after, u ntil t he 

seedlings were big enough to resist uprooting by ants. Shaded 

plots were established using green 1.5 mm nylon nets that were 

overlapped until light intensity was within one standard 

deviation of the mean intensity beneath the canopies of Mimosa 

luisana. 

Nurse-shaded plots were always established in the b a se of 

Mimosa luisana individuals of similar size, North of the main 

stem. The 24 treatment combinations were replicated three 

times, giving a total of 72 exper i mental units. 

Data analysis 

Establishment of seedlings 

Success in germination and initial establishment for the 

different treatments was measured as the number of live 

seedlings present in each plot one week after sowing(in moist 

soil, N. tetetzo germinates in approx. 48 h). Differences were 

evaluated through a contingency t a ble analysis made with a log

linear model (McCullagh & Nelder 1983). The null hypothesis 

assumed an egual number of seedlings establishing in all the 

treatments. Departures from this null model were examined f or 

statistical significance. 

Compar i son of s urvivorship curves for the different treatments 

For the comparison of the survivorship curves among 

treatments log-linear models were fitted considering time as a 

continuousvariable and predation, aspect and shadow as 

statistical factors (i.e. categoric variables). The models were 

fitted with the GLIM statistical package (Healy 1988) and the 
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goodness-of-fit was evaluated with a x2 test using the § 

statistic. 

The model was based on the following assumptions. Cons i der 

a species with constant mortality (g). In a cohort, by 

definition, it holds that 

1.. dN = -d 

N dt 

, ( 1) 

Integrating eqn.(l), it can be seen that 

Ht = Ha exp(-g·t), which can be a l so written as 

Nt = exp(a - d.t) , (2) 

where ª = In Ha and Ht is the number of survivors at time t. 

Eqn. 2 is a log-linear model, which can be fitted through the 

corresponding statistical procedure (McCullagh & Nelder 1983). 

This model describes a type 11 survivorship curve (constant 

mortality rate, Pearl 1928). 

If, on the other hand, mortality is not constant in time , 

eqn. (1) can be now written as 

1.. dN = -d + b.t 

N dt 

, (3 ) 

where g is the ini tial mortali ty rat'e at t=O, . and !2 is a 

parameter des cribing how this initial rate is increased (if !2<O) 

or decreased (if ~>O) with time. Integrating eqn. (3), the 

analog of eqn.(2) for the case of varying mortality rate s can be 

obtained, 
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, ( 4 ) 

where g is the initial mortality rate, and the quadratic 

parameter Q=Q/2 is a measure of the shape of the curve. All 

other symbols are the same those as in eqn.(2). This equation 

describes a log-linear model where the quadratic parameter Q is 

a measure of the intensity with which mortality rates vary in 

time. If Q<o, the initial mortality tends to increase with 

time, and the model describes a type 1 survivorship curve. I f 

Q>O, the initial mortality tends to decrease with time a nd t he 

model describes a type 111 survivorship curve. If Q does not 

differ significantly from zero, then the mortality rate tends to 

be constant in time and the best model is the one described in 

eqn.(2). Thus, fitting eqn.(4) to the data by means of a log

linear fitting procedure allows testing hypotheses on the shape 

of the survivorship curve. 

RESULTS 

Germination and establishment 

The total number germinated seeds per treatment is 

presented in Table 1. Germination occurred within the first 

eight days after the experirnent s tarted, since the first ra i ns 

fell two days after the experiment was initiated. Although a ll 

factor s and interactions were significant,radiation and 

predation alone explained more than twenty percent of the 

deviance each, and sixty percent when pooled (Table 2). The 

other terms never explained i ndivi dua lly more than five perce nt , 

and 16.6% pooled together. In all cases, exclusion from 
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predators s i gnificantly increased t he number of established 

seedlings. The lower number of seedlings in the non-excluded 

treatments was associated mainly with the seed removing activity 

of granivores, although it was seen that ants were also capa ble 

of uprooting small seedlings during their first days. Seed 

predators observed during the experiment were birds (Toxos t oma 

curvirostre , Columba l i via, Zenaida asiatica, Z. macroura, 

Columbina inca, C. passerina), and harvester ants (Pogonomyrmex 

spp. and other unidentified species). The number of established 

seedlings in the non-excluded treatments did not differ between 

open spaces and beneath nurse-plants (P>O.05). Under artificial 

shade, however, predation was lower in the South and North 

aspects. without the effect of predators, exposure to direc t 

solar radia tion significantly decreased the establishment of 

seedlings. Furthermore, under excluded conditions no 

significant differences were found between the artificial shade 

and the nurse-plant treatments. In open spaces, seedling 

establishment was significantly lower in the s i tes with west 

exposure. 

Comparison of sur v i vorship curves 

The fitted model to the survivorship curves explained 89 .1% 

of the devi ance (Table 3). Expectedly, time alone explains 

47.6% of the total deviance (survivorship frequencies are, by 

definition, a monotonically decreasing function of time), and 

time as a quadr atic component explained 14.1% of the deviance. 

Of the other statistical factors included in the model, t he most 

important effect was the interaction between shade and time, 
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which explained 11.1% of the deviance. All other factors 

(including al l possible interaction terms) explained 16.3% of 

the deviance, but no term expained individually more than 3% . 

Initial mortalities and the quadratic coefficients of the 

survivorship curves are presented in Table 4. All the quadr atic 

coefficients are positive and significantly different from zero, 

which indicates that all survivorship curves are type 111, in 

which initial mortality is very high and tends to decrease with 

time (Fig. 1). In all cases, initial mortality rates were 

significa ntly higher in open spaces than in shaded conditions. 

Additionally, these initial rates increased substantially in 

most of the non-excluded treatments, which shows that predation 

is very important once the seeds are on the soil. This trend, 

however, was not so clear in the artificial shade plots. 

Only the shaded .treatments had live individuals at t he end 

of the experiment (Fig . 1 and Table 5) . These treatments showed 

initial mortality rates and quadratic coefficients significantly 

lower than in open spaces. In the excluded and shaded 

treatments, survivorship curves were not significantly different 

between the artificial and nurse-plant shades in any of the four 

aspects. The curves, however, were different in the non

excluded conditions, and the pattern varied according to the 

aspect of the plot. In the North, South and West aspects 

survivorship was higher under art~ficial shade, but in the East 

aspect it was higher under the nurse plants. This pattern 

possibly arises from the patchy foraging behaviour of predators 

already mentioned. 

The number of live individuals at the end of the experiment 
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and two years after initiation are shown in Table 5. Although 

substantial mortality was registered during the second year, it 

seems to be large ly independent of the exclusion frorn herbi vores 

(no tests were made on this table for lack of suff i ciently high 

frequencies). 

DISCUSSION 

Several studies have analyzed the establishment of 

succulents under field conditions. For exarnpl e, Steenbergh & 

Lowe (1969, 1977) reported that for the giant colurnnar cactus 

Carnegiea gigantea a large proportion of the seed crop is 

consurned by birds while the fruits are on the plant and another 

large proportion is removed by birds, marnmals and insects 

(mainly harvester ants) when the seeds are on the ground. This 

implicates that a very small percentage of seeds « 10-3) 

remains on t he ground until suitable conditions for gerrnination 

occur during the surnmer. According to our observations with 

Neobuxbaumia tetetzo, the most important effect of the seed 

removers s eems to occur once the seeds are on the ground, 

probably because the fruits of N. tetetzo have a colorless 

fleshy pulp which contrasts with the bright red fleshy pul p of 

Carnegie a gigantea, which serves as a visual attractant f or 

frugivorous birds. The thousands of seeds of N. tetetzo that 

fall uniformly to the ground are removed intensively by ground

foraging birds and also by harvester ants. This harvester 

activity occurs similarly in open spaces and under nurse plants, 

indicating that differential mortality of seeds by preferential 

predation in sorne patches is not occurring in the study s i te. 
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The lowe r pr edation rates found in sorne artificial shaded 

treatments when compared with beneath nurse-plant plots, are 

probably due to the plastic mesh which altered in sorne way the 

behaviour or the search pattern of predators. We do not know at 

present what is the demographic fate of the seeds removed by the 

different granivores. Our observations indicate that most of 

the seeds removed by ants die, but the f a te of those cons umed by 

birds is still unknown. In the case of Carnegiea gigantea, 

birds may disperse the seeds under the canopies of shrubs a nd 

trees, thus further contributing to the nurse-plant effect 

(Steenbergh & Lowe 1977; Hutto, McAuliffe & Hogan 1986; Olin, 

Alcorn & Alcorn 1989). 

The importance of soil moisture for the germination of seeds 

under field conditions has be en associated with variation in 

microrelief and to the presence of safe microsites (Harper et 

al. 1965). The lowest number of seeds that germinated in t h is 

study occurred in openings in which solar radiation heats the 

surface, hence decreasing soil moisture to levels beneath that 

required for germination. This hypothesis is further suppor ted 

by the f act that in openings most of the seeds germinated when 

they were close to stones or under them, and very few managed to 

germinate in completely open spaces. Larmuth & Harvey (1978) 

found that the presence of stones is of vital "importance for 

germination and survival of seedlings in S.E. Morocco, because 

of their role as dew collectors. In the Tehuacán valley, s t ones 

clearly help to maintain humidity for a short time, but t heir 

role in long-term survival does not seem relevante The 
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successful e stablishment of seedlings in rocky habitats has also 

been mentioned by Steenbergh & Lowe (1969, 1977). 

The best conditions for germination were in shaded s i t e s 

where evapor ative demand is lower and, consequently, where soil 

moisture is more adequate. According to Steenbergh & Lowe 

(1977), moisture availability is sufficiently prolonged in 

shaded site s to permit germination. Additiona lly, lower 

transpirat i on of desert plants and lower water output have be e n 

reported for shaded conditions in wadis by Abd El Rahman & 

Batanouny (1965a, b) when compared with open spaces. Also, in 

comparing the microclimate beneath shrubs and in open spaces, 

Shreve (1931) concluded that vegetational differences between 

these pa tches were associated with differences in solar 

radiation , which modify soil temperatures and rates of 

transpiration. In the Zapotitlán Valley, soil temperatures 

beneath and between perennial plants reached a maximum 

difference of 16°C in the surnmer (Valiente-Banuet e t al. in 

press). 

Microclimatic differences between open and shaded 

conditions were reflected in the survivorship curves obser ved. 

Only the shaded treatments had live individuals at the end (3 50 

days) and also two years after initiation of the experimento 

All the unshaded seedlings were dead in less than a hundred 

days, a result also reported for Carnegiea gigantea (Turner et 

al. 1966) and for Agave deserti (Jordan & Nobel 1979). In both 

of thes e studies seedlings died even with watering , a result 

that shows the lethal effect of high temperature for succu lent 

plants with CAM photosynthetic pathway. 
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In shaded, predator-excluded treatments, no differences 

between the artificial shade and the nurse-plant effect wer e 

found. As the artificial shade plots were located on site s t hat 

were previously open spaces, these similar survivorship patterns 

suggest that the differences in soil propertie s reported for 

both kind of patches (Valiente-Banuet, vite & Zavala-Hurtado, in 

press) were not important for seedling survival. However, 

higher nutrient .levels encountered beneath nurse-plants have 

been shown to modify the rates of growth of cacti (Turner e t al. 

1966; Franco & Nobel 1989), and also of certain non-succulent 

plants (Halvorson & Patten 1975) . The relationship between 

nurse plants and nutrient levels, and its effect on the 

survivorship and growth of cacti, should be analyzed in more 

detail because faster growth rates may increase the probability 

of seedling survival, by allowing a more rapid "escape" f rom the 

critical stage s of early growth. Related to this, Jordan & 

Nobel (1981) have reported that the volume of water stored is 

critical for determining the length of drought succulents c an 

survive. 

Our germi nation and survivorship resu1ts indicate that 

radiation and its associated factors, temperature and 

evaporation, determine the interspecific association between 

Mimosa l uisana and Neobuxbaumia tetetzo. The · same observat i on 

also has been pointed out by Turner et al. (1966) and Franco & 

Nobel (1989) for the columnar cactus Carnegiea gigantea and by 

Halvorson & Patten (1975) for non-succulent plants. In s hort, 

our experimental results suggest that excessive radiation, 
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evaporation and temperature in open spaces, and the result i ng 

mortality, are the main cause of the nurse-plant effect. 

In order to test this hypothesis, field samplings i n the 

vizcaíno deser t in Baja California, Mexico (27°33'N, 113°12'W), 

and in the Gran Desierto in Sonora, Mexico (32°01'N, 113°31'W) 

were done. Given that both deserts extend north of the 

intertropical belt (Turner & Brown 1982), direct solar radiation 

shows a Southern azimuth all year round, as opposed to the 

Tehuacán site, which is within the tropics and where surnmer 

radiation comes from the north. If the radiation hypothesis of 

the nurse plant effect were true, a non-random circular 

distribution of saplings with respect t9 the nurse plant would 

be expected in the Vizcaíno and Gran Desierto sites, with a 

preferential establishment towards the north of nurse-shrubs. 

Thus, as a means to falsify our hypothesis, we analyzed the the 

azimuthal o frequency of saplings with respect to the nurse shrub 

of six succulent plants: five cactus species (Carnegiea g i gant ea 

(Engelman) Britton & Rose, Ferocactus wislizenii (Engelman) 

Britton & Rose, Opuntia acanthocarpa Engelman & Bigelow, an 

unidentified species of Cylindropuntia and Pachycereus pring lei 

(Watson) Britton & Rose) , and one euphorb (Pedi lanthus 

macrocarpus Benth.). with the exception of Ferocactus 

wi slizenii, all other species showed a significantly non-random 

distribution with preferential establishment towards the north 

(Fig. 2). These results support the idea that the amelioration 

of the physical environment, in terms of radiation evaporative 

demand a nd temperature, a r e the main factors related to the 

nurse-plant effect. These observations also indicate that 
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besides the different qualities of nurse-plants, it is possible 

that slight gradients at very small scale are present beneath 

the canopies within each patch. This aspect has been suggested 

also by Shmida & Whittaker (1981) for annuals growing associat ed 

to perennia l plants and Franco & Nobel (1989) found that 

Carnegiea g igantea seedlings were more associated with the base 

than to the edges of the nurse-plants. This, of course, does 

not exclude other factors possibly reinforcing this effect, such 

as seed dispersion. In the case of Ferocactus wislizenii, the 

individuals avoid direct solar radiation and excessive heat load 

by growing with an inclination towards the South, an aspect that 

has been reported for Copiapoa spp., a Chilean barrel cactus 

(Ehleringer et al. 1980). This capacity to actively regulate 

direct radiation possibly explains its lack of a significant 

azimuth with respect to the nurse planto 

In conclusion, the nurse plant effect in arid and semiarid 

regions is chiefly the result of differential survival in s haded 

microsites with less direct solar radiation, and consequently, 

with lower daytime temperatures and lower evaporative demando 

oifference s in soil fertility under nurse plants are of 

secondary importance, at least in our study area. Lacking in 

this study is determination of the importanceof nurse-plants as 

water collectors delivering water at the base of the plant, as 

suggested by Glover & Gwynne (1962), and also the possible 

importance of the "hydraulic lift" in which water absorbed by 

deep roots, i s deposited in upper soil layers (Caldwell & 

Richards 1989). 
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The importance of the nurse-plant protection lies in a 

moister and thermally buffered microsite for seedling 

establishment and survival. This can be a crucial factor for 

CAM seedlings, which have closed stornata during the day and are 

unable to therrnoregulate by transpiration when the heat load is 

rnaxirnurn, and also for sorne non-succulent plants whose 

transpiration rates are more pronounced in openings (Shreve 

1934, 1942, Went 1942, Osborn et al. 1932, Shmida & Whittaker 

1981, among others). Although the relevance of radiation as an 

underlying mechanism should be assessed for other subordinated 

species, we can conclude that this factor is of primary 

irnportance as a driving force in the patch-structured population 

dynamics of many desert plants establishing under shrubs. We 

believe that the decreased radiation under nurse-plants, 

together with other factors such as seed dispersal and the 

unpredictability of rains, are primarily responsible for the 

structure and diversity of many desert and semidesert 

cornrnunities. 
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FIGURE CAPTIONS 

1. - Survivorship curves of cohorts located under different 

experimental treatments along 350 days (July of 1988-June 1989). 

Wide lines indicate predator-excluded treatments and thin lines 

non-excluded treatments. beneath nurse-plants¡ 

under artificial shadow and ...•. . in open space. 

2.- Circular distribution of saplings of succulents with respect 

to perennial shrubs in the Gran Desierto and the Vizcaíno 

deserto Azimuthal categories were determined by dividing the 

circumference in four (North is between 315° and 45°, East 

between 46° and 135° and so on). X2 values were obtained by 

comparing the observed distribution with an expected uniform 

distribution. 
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OPEN SPACE ARTIFICIAL Mimosa 
SHADE SHADE 

EXCLUDED 31 163 125 
NORTH 

NON-EXCL. O 99 6 

EXCLUDED 48 147 182 
SOUTH 

NON-EXCL. 3 71 9 

EXCLUDED 48 138 138 
EAST 

NON-EXCL. 10 7 20 

EXCLUDED 12 111 133 
WEST 

NON-EXCL. 7 5 5 

Table 1.- Total number of seeds of Neobuxbaumia tetetzo 

germinated in the different experimental treatments. 
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SOURCE 

PREDATION 

RADIATION 

ASPECT 

PREDATION*RADI ATION 

PREDATION*SLOPE 

PREDATI ON*SLOPE 

PRED*RADI ATION*ASPECT 

MODEL 

RESIDUAL 

TOTAL 

772.5 

444.3 

55.1 

73.2 

57.0 

57.4 

96.4 

1555.9 

456.8 

2012.7 

D.F. 

1 

2 

3 

2 

3 

6 

6 

23 

48 

0.38 

0.22 

0.02 7 

0.036 

0.028 

0.028 

0.04 7 

0.766 

Table 2.- Analysis of the deviance for the number of germina t e d 

seeds at the begining of the experiment (after 8 days of 

seeding). All factors and interactions are significant 

(P<0.005). 
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SOURCE 

TIME 

TIME2 

RADIATI ON 

PREDATI ON 

ASPECT 

TIME*RADIATION 

OTHER EFFECTS 

MODEL 

RESIDUAL 

31750 

9401 

1942 

1522 

246 

7371 

7209 

59441 

7265 

TOTAL 66706 

D.F. 

1 

1 

2 

1 

3 

2 

63 

73 

408 

0.476 

0.1409 

0.0291 

0.0228 

0.003 7 

0.1105 

0.1081 

0.8910 

Table 3.- Analysis of deviance for the survivorship curves. 

All factors and i nteractions are significant (P<0.005). 

Other effects indicate all the interactions. 
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LINEAR PARAMETER NON-LINEAR PARAMETER 

ARTIFICIAL MIMOSA ARTIFICIAL 

OPEN SPACE SHADE SHADE OPEN SPACE SHADE 

Excluded -0.1595 -0.0330 -0.0231 0.000395 0.000077 
NORTH 

Non-Exc 1 . -1. 0000 -0.0305 -0.2752 0.002881 0.000066 

Excluded -0.2149 -0.0307 -0.0399 0.000544 0.000067 
SOUTH 

Non-Exc 1 . -0.5448 -0.0261 -0.1276 0.001468 0.000061 

Excluded -0 . 1298 -0.0624 -0.0342 0.000312 0.000143 
EAST 

Non-Excl. -0.2621 -0.1733 -0.0718 0.000683 0.000460 

Excluded -0.2658 -0.0252 -0.0271 0.000693 0.000053 

WEST Non-Excl. -0.2504 -0.1050 -0.1942 0.000656 0.000277 

TABLE 4.- Initial mortality rates (linear parameters) and non-linear 

parameters of the survivorship curves in the different treatments. 

MIMOSA 

SHADE 

0.000052 

0.000727 

0.000082 

0.000330 

0.000074 

0.000185 

0.000056 

0.000520 



OPEN SPACE 

EXCLUDED O 
NORTH 

NON-EXCL. O 

EXCLUDED O 
SOUTH 

NON-EXCL. O 

EXCLUDED O 
EAST 

NON-EXCL. O 

EXCLUDED O 
WEST 

NON- EXCL. O 

ARTIFICIAL 
SHADE 

23 (4) 

11 ( 1) 

11 (3 ) 

23 (7) 

1 (O) 

1 (O) 

10 (7) 

4 (2) 

Mimosa 
SHADE 

26 (1) 

1 (1) 

2 (2) 

O (O) 

4 (1 ) 

6 (1) 

8 (2 ) 

1 (1) 

Table 5.- Number of live individuals of Neobuxbaumia tetetzo 

at the end of the experiment (350 days) . Values in 

parentheses indicate live individuals after two years. 
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CONCLUSIONES GENERALES 

La aceptación de la hipótesis que la disponibilidad de agua 

controla los procesos ecológicos en las zonas áridas y 

semiáridas, llevaria a la conclusión que el estudio detallado de 

la autoecología de las especies es la base para entender el 

funcionamiento de estos sistemas . La evidencia recabada en esta 

tesis indica que esta hipótesis autoecológica (Noy-Meir 1980) es 

incompleta. 

La dinámica de los procesos biológicos está fuertemente 

asociada a patrones de diferentes escalas que dependen de l a 

abundanc i a del agua, de características geomorfológicas (ej. 

efecto de laderas) y de propiedades fisicoquimicas de los suelos 

(ej. textura y salinidad). No obstante, a escala microambiental 

una gran cantidad de especies interactúan a nivel de parche s 

debido al establecimiento preferencial de individuos debajo del 

dosel de plantas perennes, cuya presencia genera microambientes 

más benignos. Los resultados de numerosos estudios realizados 

sobre e ste fenómeno, indican que éste es generalizable a una 

amplia variedad de desiertos del mundo y que involucra a una gran 

cantidad de t a xa con diferentes formas de vida. En consecuencia, 

estos ambientes pueden ser considerados corno mosaicos, con 

estados discre tos de ocupación del espacio en donde coinc i den 

diferentes especies vegetales, animales y microorganismos que 

utilizan dichos parches corno áreas de refugio y forrajeo (Seely, 

De Vos y Louw 1977; Sartos, DePree y Whitford 1978; Charley y 

West 1977; Mares et al. 1977). 

Las plantas nodriza, generan los ejes del nicho de otras. 

En el Valle de Tehuacán, 20 de las 33 especies que constituyen 
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una tetechera p r esentan patrones de establecimiento predeci bles 

por debajo de la copa de arbustos y árboles (Godínez, Guevar a y 

Valiente-Banuet, en preparación; Tabla 1). En el desie rto 

Sonorense, un núme ro importante de especies de diferentes 

comunidades con diferente grado de complejidad , muestran p a t r ones 

de colonización cualitativamente similares y predecibles 

(McAuliffe 1988). En comunidades de California, el hecho de que 

la riqueza de especies anuales incrementa conforma la cobe rtu ra 

vegetal aumenta, tal y como fue reportado por Shmida y Whittaker 

(1981), sugiere que los cambios microambientales producidos por 

las plantas perennes, generan heterogeneidad, la cual junto con 

la variabilidad en la disponibilida d de agua, son probableme nte 

la base de la coexistencia entre especies y la diversidad de las 

comunidades. Los estudios realizados en el Valle de Tehuacán, 

as! como los de Hutto et al. (1986), indican que el número d e 

individuos de especies subordinadas encontradas bajo la copa d e 

diferentes e s pecies, no sigue una distribución al azar, sino que 

más bien se concentra en unas cuantas especies. Esto sugiere que 

la calidad, vista como el grado de modificación microambient al e 

incremento del intervalo de condiciones favorables debajo de l 

dosel de las nodrizas, puede variar entre éstas, aún cuando las 

temperaturas (que podría ser un factor obvio) bajo el dosel d e 

tres espe c ies en el Valle de Zapotitlán no difirieron. Lo 

anterior enfatiza a su vez, la importancia de la dispersión p a r a 

explicar los resultados. De la misma manera, d iferencias en la 

distribución c ircular de plántulas alrededor de plantas nodr i zas 

sugiere que existen microgradientes que van de la base de la 
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, 
planta hacia la periferia de la misma. Ambos niveles de 

variación s eñalados, pueden generar varianza en las dimensiones 

del nicho, tal y como ha sido sugerido por Shmida y Whittaker 

(1981). Casos similares son presentados por Mares et al. (1977) 

para especies de Prosopis en Norte y Sudamérica, los cuales 

además de tener una alta diversidad de herbáceas bajo sus 

doseles, mantienen también una fauna de invertebrados y 

vertebrados asociados. 

La pedregosidad puede producir modificaciones 

microambientales parecidas a las generadas por las plantas 

nodrizas, dado que pueden proveer de agua a las plántulas por 

medio de la condensación de neblina (Larmuth y Harvey 1978), 

aspecto que debe ocurrir principalmente en los desiertos 

costeros. 

En diferentes estudios incluyendo los realizados en este 

trabajo, se subraya que las plantas nodriza pueden modificar 

propiedades del ecosistema como son el ciclo de nutrientes 

aumentando los niveles de nitrógeno, el cual es considerado como 

un factor limitante importante, así como incrementar la 

productividad y quizá modificar también la hidrología a niveles 

locales. Estas modificaciones producidas por las plantas 

nodrizas claramente afectan propiedades del ecosistema, lo cual 

puede favorecer la integración de métodos y enfoques de la 

ecología de poblaciones y la de ecosistemas (Vitousek 1990). 

En este sentido, la caracterización detallada en el espacio 

y el tiempo de los diferentes parches en una comunidad, con 

relación al flujo de nutrientes, gradientes de radiación solar de 

la base a la periferia del dosel, así como la posible capacidad 
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de las plantas para captar agua a partir de lluvias ligeras o 

inclusive de la humedad ambiental, son aspectos que requieren de 

un cuidadoso anál i sis experimental. Aunado a lo anterior, 

recientemente se ha demostrado que las raices profundas de 

Ar temisia tridentata, en zonas áridas de norteamérica, 

transportan agua de zonas profundas, depositándola en las capas 

del suelo más superficiales, lo cual puede s e r utilizada por la 

misma planta o por otras especies asociadas. Este proceso 

(lIhydraulic lift ll ¡ Caldwell y Richards 1989) requiere de un 

análisis cuidadoso a fin de determinar su relevancia en torno a 

la caracterización de los parches y en torno a la dinámica de las 

poblaciones que crecen bajo el dosel de otras. 

Las causas de la asociación entre Neobuxbaumia tetetzo y 

Mimosa luisana, está relacionada a la sobrevivencia diferencial 

en los sitios sombreados, en donde la radiación, demanda 

evaporativa y/o temperatura son menores. El análisis de la 

distribución circular de estados juveniles de 4 suculentas en 2 

desiertos extratropicales mostró concordancia con lo esperado, 

dando generalidad a los resultados. En términos generales, estas 

plantas con me tabolismo ácido de las crasuláceas (CAM), tienen 

sus estomas cer r ados durante el dia por lo que son incapaces de 

termorregular por transpiración cuando la carga de calor es 

máxima. 

Cada uno de los parches que constituyen las comunidades 

desérticas , conf orman subsistemas locales en donde la compete ncia 

juega un papel i mportante en la dinámica de r eemplazamiento e ntre 

las plantas subordinadas y las nodrizas. Los trabajos de Yeaton 
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(1978), Yeaton y Romero-Manzanares 1986, McAuliffe (1984) y 

Valiente-Banuet et al. (en prensa), muestran patrones similares 

de reemplazamiento de las especies subordinadas (cactáceas) . si 

se aceptara que la sucesión puede implicar únicamente la 

variación de la abundancia de las especies en el tiempo, entonces 

estos patrones de reemplazamiento pueden concordar con el esquema 

de sucesión autogénica de Connell y Slatyer (1977). 

Independientemente de la connotación del término sucesión y su 

dudosa aplicación a la ecologia de las zonas áridas y semiáridas, 

la dinámica de estos sistemas ha podido ser simulado por medio de 

cadenas de Markov por McAuliffe (1988) y en un trabajo para l a 

vegetación del Karoo por Yeaton & Esler (1990). 

Los patrones de reemplazamiento de las especies en los 

parches, indican que la interacción empieza como comensalismo, y 

con el tiempo pasa a ser una relación de competencia o inclusive 

el análogo a un modelo depredador-presa (Vandermeer 1980). 

El fenómeno de establecimiento de nuevos individuos en zonas 

desérticas, es quizá el estado más critico del ciclo de vida de 

las plantas (Steenbergh y Lowe 1969). Este ocurre de manera 

predecible por debajo del dosel de las plantas perennes que 

incrementan la duración de los intervalos con condiciones 

favorables para la germinación y el desarrollo de las plántulas. 

En el caso de las cactáceas, como grupo mejor conocido, una de 

las primeras consecuencias de lo anterior, es el marcado patrón 

de agregación de las especies. La posible ocurrencia de 

regulación en estas poblaciones debe ocurrir dentro de los 

parches principalmente tal y como ha sido reportado por McAuliffe 

y Janzen (1986; Diaz-Maeda (com pers). Este aspecto en la 
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actualidad, se encuentra completamente desconocido para otras 

formas de vida. 

A par tir de la evidencia encontrada, puede señalarse que el 

entendimiento de los factores que dete rminan el establecimi ento 

de plantas capaces de hacerlo en espacios abiertos, podría 

hacerse bajo la hipótesis autoecológica (Noy-Meir 1980), por lo 

que la determinación de la predecibilidad de la lluvia es un terna 

fundamental en el entendimiento de la biología de estas especies. 

Para especies subordinadas, el establecimiento de nuevos 

individuos puede estar determinado por la llegada de diásporas a 

los diferentes parches, la dinámica acoplada de plantas nodriza

subordinadas, la calidad de las primeras, sus patrones de 

abundancia en la comunidad y éstas a su vez en relación con e l 

ambiente físico. La variabilidad en los patrones de abundancia 

de agua pueden efectivamente afectar la dinámica de las 

poblaciones, pero su conjunción con la formación de un 

microambiente por las plantas nodriza es un terna de frontera no 

considerado hasta el momento. 

El crecimiento de cactáceas bajo la sombra de otras 

especies, aun cuando puede reducir la captación de radiación 

fotosintéticamente activa (RFA) y por tanto del CO2 fijado, no se 

ve claramente afectado. Franco y Nobel (1989) han sugerido que 

el déficit de RFA experimentado por cactáceas bajo sombra puede 

ser compensado por niveles altos de fertilidad encontrados en 

estos microambientes. Observaciones sobre la actividad 

fotosintética realizadas durante el desarrollo de este trabajo, 

sugieren que una explicación alternativa que requiere de 
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investigación, es que las plántulas pueden modificar su 

metabolismo fotosintético bajo condiciones adecuadas de agua tal 

y como ha sido reportado para algunas cactáceas (Szarek y Ting 

1975) • 

La información presentada en este trabajo permite señalar 

que la facilitación en las zonas áridas y semiáridas es un 

fenómeno central y general a estos ambientes, que afecta procesos 

ecológicos a escalas comunitarias, poblacionales e individuales. 

En mi opinión este proceso promete convertirse en un tema de 

estudio principal sobre la ecología de las zonas áridas y 

semiáridas de la presente década. Las hipótesis e ideas 

desarrolladas en este trabajo, por tanto pasarán a ser probadas 

en los próximos años. 
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TABLA 1 . PATRONES DE DISTRIBUCION DE PLANTULAS CON RESPECTO A 
PLANTAS PERENNES EN UNA TETECHERA EN EL VALLE DE 
ZAPOTITLAN DE LAS SALINAS, PUE. (Tomado de Godínez, 
Guevara y Valiente-Banuet, en preparación) . 

ESPECIE 

Agave karwinskii Zucc. 
Agave macroacantha Zucc. 
Agave mar morata Roezl 
Agave peacockii Croucher 
Beaucarnea gracilis Lem. 
Bouteloua media (Fourn.) Gould & Kapadia 
Cnidoscolus urens L. 
Coryphanta pallida Britt. & Rose 
Euphorbia antisyphillitica ZucC. 
Hechtia aff. podantha Mez. 
Loeselia coerulea (Cav.) Don. 
Marnmillaria casoi Bravo 
Mammillaria collina Purpus 
Mimosa luisana Brandeg. 
Neobuxbaumia tetetzo (Weber.) Backeberg 
Pedilanthus aphyllus Boiss. 
Ruellia hirsuto-glandulosa (Oerst.) Hemsl. 
Sida abutifolia Miller 
siphonoglossa ramosa Oerst. 
Tillandsia makoyana Baker 
Allionia incarnata L. 
Ayenia fruticosa Rose 
Cathe s t ecum brevifolium Swall. 
Sanvitalia fruticosa Hemsl. 
Verbesina sp. 
Acacia constricta Benth. 
Caesalpinia melanadenia (Rose) Standl. 
Cercidium praecox (Ruiz y Pavon) Harms. 
Cordia curassavica (Jacq.) Roem. & Schult. 
I pomoea wolcottiana Rose 
Portulaca mexicana P. wils. 
Prosopis laevigata (Willd.) Johnst. 
Turnera diffusa Willd. 

8 

PATRONES DE 
DISTRIBUCION 

Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
Asociado 
No Asociado 
No Asociado 
No Asociado 
No Asociado 
No Asociado 
Desconocido 
Desconoc i do 
Desconocido 
Desconocido 
De sconocido 
Desconocido 
Desconoc i do 
Desconocido 
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