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RESUHEN 

l. La t1pica gran diversidad de los bosques tropicales de 

tierras bajas es contradicha por ejemplos de bosques dominados 

por una sola especie arbórea del dosel (dejando de lado sitios de 

sucesión temprana o suelos inundablcs). Varios factores y 

mecanismos han sido propuestos como importantes en el 

mantenimiento de poblaciones de árboles tropicales con altas 

densidades (Y por ende, bosques de baja diversidad). Para uno de 

tales casos, la composición floristica y la estructura fueron 

examinadas considcrnndo el componente lcfioso con al menos un DAP 

de 2.5 cm. A su vez, la hipótesis de que los patrones de 

establecimiento y sobrcvivencia difieren entre las especies, 

explicando la discontinuidad entre bosques dominados por una sola 

especie y bosques mixtos, fue puesta a prueba. 

2. En la vertiente Pacifica de México, Cclacnodendron mcxicanum 

Standley (Euphorbiaccae) forma tales bosques de dominancia 

concentrada y se halla restringida a ellos. Este bosque de 

~lacmodgnrJ!:.Qn (CF) se presenta en parajes discont.inuos que 

var1an en tamaño desde <0.1 a >1000 ha, inmersos en un bvsque 

mixto rico en especies (MF). Las propiedades de los suelos en los 

primeros 20 cm de profundidad de ambos tipos de bosque fueron 

comparados considerando sus caracter1stlcas fisicas, la 

concentración de nutrientes, asl como sus efectos sobre la 

germinación y establecimiento de varias especies leñosas. 

También, se llevaron a cabo experimentos sobre sobrevivencia de 

semillas y plántulas, en varios sitios con CF y MF adyacentas, de 

especies comunes del MF, asi como de Celncnodendron mexicanum. 

3. El bosque de Cclaenoclcndron mexicanum fue significativamente 

menos diverso que el bosque mixto, con mils de un cincucntn por 

ciento de individuos conespeciflcos (OAP > 10 cm). sin embargo, 

las especies subsidiarias en CF fueron también aquéllas 

caracter1sticas del MF. Celaenodendron mcxicanum fue la única 

especies exclusiva de sus parajes. De tal modo, ln composición 

floristica sugiere que la presencia de una sola especie, 



Celaenodendron mexicanum, distingue estos parajes de dominancia 

concentrada y las especies subsid.iarias son también asociadas 

comunes en los parajes adyacentes de alta diversidad. 

4. Bosques tropicales maduros de tierras bajas con baja 

diversidad de especies arbóreas han sido considerados, a menudo, 

corno el resultado de la restrición a condiciones cdáf icas 

parti.cularmcntc desfavorables. sin embargo, en el presC?nte caso 

factores topogr{tficos y edáficos no explican la discontinuidad de 

los tipos de bosques establecidos. Lo~ patrones de germinación y 

sobrevivencia de pltíntulas (a cuatro meses de edad) de 

Celaenodendron mcxicanum y ocho especies comunes del MF no fueron 

diferentes cuando crecieron sobre suelo proveniente de CF o de 

MF. J\demás, la germinación exitosa y con el correspondiente 

establecimiento de plántulas de la especie más común del MF 

(Cacsalpinj.a cr.iostachys), en ambos tipos de bosque, señala que 

su baja densidad en CF no es debida a alguna simple restricción 

fisiológica en estos estadios tempranos de desarrollo. 

5. No hubo evidencia de efectos de mecanismos compensatorios 

actuando en estos tempranos estadios y no hay razón para dudar 

que la dominancia de Celaenodendron müXicanum continuará a través 

de subsecuentes generaciones. La sobrev.ivencia de semillas 

postdispcrsadas de Celaenodendron m~K].canum hasta el estadio de 

plántulas de un año de edad (1.3%) fue mayor que aquélla de dos 

especies comunes del MF species (0.0%) y no muy diferente que la 

de la especies más importante del MF (CaC!salpinia eriostachys, 

2.3%). En CF las clases de tamaño menores (DAP < 10 cm), cuyos 

individuos pueden estar representando las cohortes más recientes 

que ingresaron a la población, también Cclaenodendron mexicanum 

fue la especie dominante. Esto sugiere que CF es persistente y un 

paraje con menos dominancia y menores individuos de 

Celaenodendron mexicanum representa una fase intermedia de MF 

cambiando a CF. En este paraje, a pesar de la mayor lluvia de 

semillas de las especies del MF, la sobrevivencia de las semillas 

postdispersadas y de las plántulas fue similar a la observada en 

los parajes con individuos mayores y con mayor dominancia de 



Celaenodendr.on mexicanum. 

6. Los datos no apoyim la idea de la existcmcia de un mecanismo 

de escape frente n los depredadores mediante defensas qu1micas o 

fructificación en masa en intervalos interanuales largos e 

impredecibles o la ausencia de depredadores. Invertebrados, 

presumiblemente hormigas, tan bien como vertebrñdos fueron 

removcdores (depredadores} importnntes de semillas post

dispersión. Además, los roedores fueron aparentemente 

depredadores de las plántulas de ~elqgnQ._cIQn.9._:r:_qn_m9xicqnum. La 

remoción (depredación) de semillas de tres especies comunes del 

MF y de Celaenodendron me~_l__qflnl.J!!!, no fue diferente entre tipos de 

bosque aunque hubo grandes diferencias entre especies. 

7. La dominancia de Celncnodendron mcx:J_canum y la pobre 

representación de otras especies en CF, podr1a estar relacionada 

a diferentes intensidades de los procesos de mortalidad. Los 

experimentos mostraron que la mo~talidad al afio de edad no fue 

diferente entre los tipos de bosques para Cel.QQ_nodendron 

mexi™-Y.m y especies del MF. J\s1, el contrastc existente en 

diversidad de los parajes no puede realmente ser atribuido a una 

sobrevivencia diferente de las semillas post-dispersión y de las 

plántulas. Sin embargo, diferencias en el grado de gregarismo de 

estas especies debo resultar en una gran heterogeneidad espacial 

en las densidades de semillas. De tal modo que, aún con similar 

sobrevivcncia es probable que el reclutamiento de nuevos 

individuos a la población difiera en espacio y entre especies. 



SUMMJ\RY 

l. The typical high diversity of lowland tropical forests is 
rcmarkably contrndicted by examples of forest dominatcd by a 

single species of canopy tree (disrcgarding early succcssional 

sites or watcrlogged soils). Several factors and mechanisms have 
been propasad as important in rnaintaining high-density 

populations of tropical trees (and hcncc, low-diversity forcsts). 

Far ene such case, structure and floristic composition was 

examined in the woody componcnt with DBH ~ 2. 5 cm, and the 

hypothesis was tcsted that pattcrns of differential spccies 

establishment and survivorship uccount far the discontinuity ot: 

the establishcd forest typcs. 

2. On the Pacific slope of México, Celaenodendron mexicanum 

Standley (Euphorbiaceae) forros monodominant forests and it is 

essentially restrictcd to thcse. This monodominant forcst (CF) 

occurs as discontinuous patches ranging in size from <0.1 to 

>1000 ha, within species-rich mixed forest (MF). Soil propertics 

at depths up to 20 cm of both forest types were cornparcd 

regarding their physical and nutrient status, nnd their ':!ffects 

on germination and estublishrnent of severa! species. Also, 

experiments were conducted on seod and seedling survivorship at 

severa! sitcs in adjacent CF and MF using common species of MF, 

as well as p__gJ-ª .. fülQ_c!gp_g1;:.Qn_Jnexicanum. 

3. The Calq_enodendron mexicanum forest was significantly less 

diverse than mixed forest, with more than f ifty pcrcent of 

individuals conspecific (DBll ~ 10 cm). Jlowcver, the subsidiary 

species in CF were also those characteristic of MF. 

Celaenodendron mexicanum itself was the only species exclusive to 

its patches. 'I'hus, the floristic composition supports the view 

that the distinction of these monodominant stands depends on the 

presence of a single species, Celaenodendron mexicanum, and the 

subsidiary species are also common associates in adjacent high 

diversity stands. 

4. Mature tropical lowland forests with low diversity of tree 



species oftcn have been considered ilS the result of restriction 

to particular difficult soil conditions. However, topographic and 

edaphic factors did not account. for the discontinuity of the 

estilblished forest types. Soil from CF did not result in patterns 

of germlnation and seedling survivorship (to four months) 

different from MF soil for Celaenodendnm __ rnQKJ_canurn and eight 

comrnon specics of MF. Moreover, the most common species of the MF 

(Cacsalpinia C!rioptachy_!'?_), successfully germinated and 

estilblished in both forcst types, demonstrating that its low 

density in CF is not due to somo simple physiological rcstriction 

on this early stage. 

5. There was no evidcnce for an effect of compensatory 

rneclrnnisms in thesc onrly stnges, and there is no reason to doubt 

that Celaenodendron rnexicanum•s dominancc will continue through 

subsequent gencrations. The survivorship of postdispersal seeds 

to year-old seedling of Celnenodendron rnexicanurn (1.3%) was 

higher than those of two common MF species (O.O%) and not much 

different thnn that for the rnost important species of MF 

{Caesalpin.Ja eriostnchys, 2. 3%). In cF the smaller size classcs 

(DBU < 10 cm), whose individuals may represcnt more rece:itly 

recruited cohorts, also were dominated by Celaenodendron 

mexicanum. This suggests that CF is persistent and a stand (CF3) 

with less dominancc ilnd smallcr .lndividuals of Celaenodendron 

mcxicanum is an intermedia te phasc of MF changing into CF. In 

this stand, in spite of greater seed rain from MF species, 

survivorship of postdispcrsal sccds and secdling wcre similar to 

mature CF. 

6. The data do not support the existence of a rnechanism of 

escape from prcdators by chemical defenses or rnast fruiting at 

long intervals or absence of predators. Invertebrates, presumably 

ants, as well as vertebra tes were important seed removcrs 

{predators) • Rodents also were prcdators of Cela_!';!nodendron 

rnexicanum seedlings. Among thrcc common species of MF and 

Celaenodendron rnexicanum there were no differcnces in seed 

removal (prcdation) betwecn forcst typcs, although there were 



large differenccs between species. 

7. The dominance of Colaenodendron mexicanum, and the peor 

representation or othcr species in CF, might be rclated to 

different intensities of mortality processes. Ex:periments showed 

that mortality to age one year did not differ betwcen forest 

types for Celaenodendron mcx:icanum and MF specics. 'l'hus, 

existing contrasts in stand diversity cannot be readily 

attributcd to differential survivorship of post-dispersa! seeds 

and seedlings. llowever, differences in the degree of 

gregariousness of these species must rosult in a great spatial 

heterogeneity in the densities of seeds. Even with similar 

survivorship, then, it is probable that recruitment will diífer 

in space. 

6 



IN'rRODUCCION 

Los bosques tropicales son unas de las comunidades vegetales 

mfis diversas del mundo. Por ello, mucho del esfuerzo en 

investigación ha sido orientado a explicar por qué hay tantas 

especies coexistiendo cm pequeñas áreas? (Grubb, 1977; Connell, 

1970; Hubbcll, 1979; Ituston, 1979; Tilman, 1900). sin embargo, 

también hay casos de bosques maduros sobre suelos de buen drenaje 

que están dominados por una sola especie, los cuules colindan con 

bosques tlc gran diversidad. Estas especies están representadas 

por un 50-100% de los individuos del dosel y presentan 

regeneración abundante. 
Ejemplos de tales especies han sido mencionadas pilra Asia y 

Africa, como tan bien para América, cubriendo desde pequeñas 

áreas a miles de hectáreas (ver Richnrds, 1952; Whitmore, 1975; 

Connell & Lowman, 1989; Hart et al, 1989). Aparentemente, la 

dominancia a través de todo su rango es tlpico de estas especies. 

Estas especies merecen atención por representar sus poblaciones 

una extraordinaria contradicción de la estructura poblac!.onal 

t1pica de las especies arbóreas en los bosques tropicales (baja 

densidad de individuos pero distribuidos en pequeños agregados. A 

su vez, los bosques dominados por una sola especie pueden ser 

útiles por su analogía con los monocultivos establecidos por el 

hombre (Janzen, 1977). sin embargo, en la mayoria da los dasos, 

datos sobre la autoecolog!a de estas especies son todavla muy 

pocos. Igualmente, la existencia de estudios experimentales sobre 

los factores que pueden estar determinando su dominancia son muy 

escasos. 

Estudios comparativos entre especies pueden ayudarnos a 

entender las dlnfimicas de estos bosques en términos de 

poblnciones arbóreas (Clark, 1986; Clark & Clark, 1992). 

Claramente, para ello es necesario contar con información 

cuantitativa sobre la regeneración de las especies del dosel. Las 

diferencias entre especies en cuanto los procesos dinámicos, 



tales como crecimiento y regeneración, pueden estar determinando 

las tliferencins en estructura poblacional asi como en composici6n 

floristica de los bosques a una escala local (Botkin et al., 

1972; swaine, 1989). Whitmore (1975) cmfatizó que para entender 

los procesos que afectan la regeneración de los árboles del 

dosel, mucha más atención dcbcria ser dirigida a los estadios de 

scmil.la/plántula y pequeños juveniles. En un estudio reciente, 

los resultados de hacer extrapolaciones de tusas de mortalidad y 

crecimiento en seis especies no pioneras del bosque tropical 

lluvioso sugieren fuertemente que, la mnyorin de los sucesos 

determinntes de cuales juveniles van a llegar a exponer su copa 

en el dosel se presentnn antes de que los árboles tengan cuatro 

centlmetros de diámetro (Clark & Clark, 1992). 

Los bosques que crecen en climas estacionalmente secos, los 

cuales representan el 42% de todos los bosques tropicales, han 

sido comparativamente poco e~tudiados (Murphy and Lugo, 1986). En 

recientes revisiones de bosques dominados por una sola especie 

(Connell & Lowman, 1989; Hart et al., 1989), han sido dejados de 

lado aquéllos que se hallnn en regiones con una prologada sequ1a 

anual. Si bien, el número de especies arb6rens es generalmente 

menor en los trópicos secos, sin embargo los bosques con 

dominancia concentrada en una sola especie no son 

correspondientemente más comunes. En realidad, cuando la 

precipitación es menor a los 1600 mm no se monifiesta ninguna 

tendencia en diversidad (Gentry, 1988; en preparación). Ejemplos 

de bosques tropicales secos dominados por una sola especie han 

sido mencionados por varios autores (Montoya-Maquin, 1966; swaine 

& Hall, 1981; Gentry, en preparación), siendo algunos ejemplos 

muy conspicuos por su contraste con un bosque adjacente más 

diverso. En otros casos, la apariencia de tales bosques puede 

estarse haciendo borrosa o su extensión reduciéndose por el uso 

extensivo de las zonas de trópico seco estacional para 

agricultura, pasturas y extracción de carbón, entre otros. 

In this thesis, a study of the dynamics of a low-diversity 

forest was carried out with a population approach, giving special 

B 



emphasis to e;1rly stages of the life cycle: secds and oeedlings. 

'l'he focal species was Celnenodendron mexicanum Standley 

(Euphorbiacene), which dominates discontinuous patches of 

deciduous forest near the southwcstern coast of México, a 

tropical reglan with higllly seasonal rains. 

La presente tesis está organizada en tres manuscritos 

independientes. En el Cnpitulo I, la historia natural def ~ 

mexicanum es descripta y la estructura y composición floristica 

de sus agregados poblacionales son comparadas con la del bosque 

que los rodea. El caso de Celaenodendron mexicanum es analizado 

en el contexto de otros bosques tropicales dominados por una sola 

especies y se discuten varias de las hipótesis sobre la 

existencia de ellos. 

Notar lamente, muchu de la información existente sobre estas 

especies dominantes tanto de bosques secos como húmedos es 

descripti.va o incluso de tipo anecdótica. De tal modo, la mayoria 

de los posibles factores determinantes de su condición de 

dominantes no han sido puestos a prueba experimentalmente. En los 

Capitulas II y III, se describen experimentos que ponen a prueba 

algunas de estas hipótesis. Por ejemplo, explicaciones d~ la 

abundancia local y de los agregados poblacionalcs tan n1tidarnente 

demarcados de tales especies dominantes se han centrado 

generalmente en las relaciones planta-suelo. As1, en el capitulo 

II, las propiedades del suelo de bosques domin<ldos por 

Celnenodendron mexicanum son comparadas con aquéllas de los 

suelos del bosque mixto adyacente. También, son presentados 

experimentos sobre los efectos de los suelos sobre la germinación 

y establecimiento de varias especies. Una explicación alternativa 

es que la dominancia es debida a la excepcionalmente baja 

mortalidad de los individuos de estas especies, comparada a la de 

la rnayor1a de las otras, como un resultado de la saciación de 

depredadores (Boucher, 1901) o de la defensa qu1mica (Janzen, 

1974) frente a la depredación, herbivoria o patógenos. En el 

Capitulo III, presento experimentos que evalúan la hipótesis de 

que el contraste en diversidad puede estar derivando de 



diferencias en la sobrevivencia de las especies en los estadios 

de semillas post-dispersadas y plántulas hasta el afio de vida. 

Finalmente, so presentan algunos comentarios finales. 
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1 

MONOSPECIFIC DOMIN11NCE OF A TROPICAL DECIDUOUS FOREST IN MEXICO 

Abstract. The typicnl divcrsity of lowland tropical forests is 
contradicted by examples of forest dominated by a single species 
of canopy tree (disregarding early successional sites ar 
waterlogged soils). on the Pacific slope of México, 
Celaenodendron mexicnnmn Standley (Euphorbiaceae) forms such 
forests. Natural history study shows that this spccics is 
dioecious, wind-pollinated, autochorous, dcciduous but drought
resistant, slow-growing, VA mycorrhizal, rich in secondary 
metabolites, nnd has both speclalist parasitcs and generalist 
predators. 

Monodominant f orests of Celaenodendron mexicnnurn (CF) occur 
as discontinuaus patchcs ranging in size from <O.l to >1000 ha. 
Calaenodendron moxicanum is essentialy absent outside of these 
patches, which are surrounded by forcst with a high divcrsity of 
tree species (mixad forest, MF). Fivc samples, thre~ frorn CF and 
two from MF, wcre compared regarding structure and floristics in 
the woody componcnt with DI3B .2:. 2.5 cm. 

The perccntage of canopy trces with DDll ~ 10 cm 
attributable to the most common species was high in two CF 
samples (63% ~elaonodcnd!:Qn mexic2num) compared with MF samples 
(19% ~-ª.1Jll.Dia eriostachys Benth.). Diversity was 
correspondingly low in these two CF samples relative to MF 
samples (Inversa of Simpson 1 s Indcx = 4 and 13, respectively; 
Exponential Shannon-Wiener index = G and 16). The third sample of 
CF had an intermediate value for dorninance (35%) and diversity 
indices similar to MF samples (7 and 12). Discri.minant analysis 
showed three groups with floristic richness as the principal 
distinguishing attribute. The structural characteristics of 
overall density and basal area did not differentiate monodominant 
and mixed samples. The trees and lianas occuring in CF were also 
found in MF; Celaenodendron mexicanum itself was the only species 
exclusive to its monodominant patches. Celaenodendron mexicanum 
also dominates the smaller size classes (DBH < 10 cm) in all 
three CF samples. These individuals may reprcsent recruitrnent and 
suggeGt that CF is persistent, and that CFJ is an intermediate 
phase of MF changing into CF. 
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INTRODUCTION 

Lowland tropical wet forest is typically characterized by its 

great floristic diversity in small plots (Richards, 1952; 

Whitmore, 1975; Gentry, 1982). conspecific canopy trees are 

commonly aggregated {Hubbell, 1979; llubbell & Foster, 1987), but 

not to the extreme of dominating the forcst cunopy. In contrast, 

forests may be nearly rnonospeciflc or comprisc a specialized 

flora in conditions of cxaggerated disturbnnce (e.g. Cavanillesia 

platanifol ia (Bonpl.) Kunth (Budowski, 1970), or on permancntly 

water-logged soil (e.g. Pterocarpus officinalis Jacq., Janzen, 

1978; Raphin spp., Lotouzey, 1978; Hyers, 1984). llowever, there 

are also sorne cases of mature forests on well-draincd soils that 

are dominated by single species with between 50-100% of the 

canopy individuals, covering small a.reas or thousands of hectares 

(llart, Hart & Murphy, 1989). Examples have becn reported in Asia 

and Africa as well as in the Americas (Davis & Richards, 19JJ, 

1934; Eggeling, 1947; Richards, 1952; Montoya-Maquin, 1966; 

Letouzey, 1968; Janzen, 1974; Whitmore, 1975; Connell, 1978; 

Swaine & Hall, 1981; llart et al., 1989; Connell & Lowman, 1989; 

Hart, 1990). Such stands are found on a variety of substrates and 

in diverse rainfall regimes. 

Monodomim1nt forests actually contain many other species, 

and are found in immcdiu.te juxtaposition to divcrEic forests. The 

accompanying species typically are also present in the adjacent 

higher-diversity stands. Apparently, dominance is typical of the 

principal species throughout their rangcs (e.g. Gilbertiodend1-:Q.Il 

dewevrei (De Wild.) Léonard in central Africa, Ilart et al. 1989; 

Cynornetra alexandri C.11.Wright in East Africa, Eggeling 1947), 

but data on their autecology are especially scarce. The abundance 

of saplings suggests the princ~pal species is persistent and 

capable of rnaintaining its dominance in subsequent generations, 

but quantitative data are few and rnost oc the descriptions 

regarding smaller size classes ar r~generation processes have 

been based on anecdotal evidence. These forests merit attention 

as extraordinary deviations from typical tropical forest 

13 



structure, and as natural analogs of monocultures established by 

man (Janzen, 1977) • 

Regions with prolanged annual drought havc been disregarded 

in recent reviews of rnonodominant forests (Connell & Lowman, 

1989; Hart et al., 1909). The number of tree species is generally 

lower in the dry tropics, but monodominant forests are not 

corrcspondingly more cammon. In fact, no trend in diversity is 

apparent as precipitation decreases below 1600 mm (Gentry, 1988; 

in prep.). Ho gencrnl dominance-diversity pattern has bcen 

suggcsted, perhaps reflecting the varicty of driving factors

drought, fire, hurricancs, mcgafnuna, huma.ns -and the importance 

of history. However, examplcs of monodominance are conspicuous by 

comparison with adjacent more diversa forest. 

In the tropical Pacific region of México, with highly 

seasonal rains, there are deciduous forests dominated by an 

arboresccnt Euphorbiaccae, Celaenodendron mexicanum Standl. This 

species is distributed in dense discontinuous, uneven-sized 

patches, sorne of which exceed 1000 ha. Celaenodendron mexicanum 

is essentially absent outside of thcsc patchcs which are 

distinctive for their homogeneous canopy and sparse understory. 

The patches are f ound immersed in deciduous forest of 

exceptionally high diversity, and with a dense understory. 
Quantitative studies of the vegetation have not cncountered 

Celaenodendron mexicanum in the pattern typical of other species, 

of single individuals or sparse aggrcgations (Lott, Bullock & 
Sol1s-Magallanes, 1987) . 

Although the species has been mentioned in regional 

flor is tic studies (Uelson, 1899; Ferris, 1927; Rzedowski & 

McVaugh, 1966; Rzedowski, 1978; Lott et al., 1967), the forests 

it forros have not been studied, nor have thcy appeared on 

regional maps (e.g. D1az, 1969; Direcci6n General del Inventario 

Nacional Forestal, 1970). In vegetation descriptions, 

Celaenodendron mexicanum was first mentioned as a principal 

component in a few coastal areas of tropical scmi-deciduous 

forest (Rzedowski & McVaugh, 1966). This vegetation type is 
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distinct from dcciduous forest in structure and floristics and at 

low elevations is gcnerally restricted to majar drainage channels 

(Lott et al., 1987). Many species in this vegetation are 

deciduous fer only a few weeks as is celaenodcndron mexicanum on 

dry hillsides sites, although the mechanisms are quite distinct 

(Bullock & Sol1s-Magallanes, unpub. data}. 1'he superficial 

phenological similarity may have contributed to errors in mapping 

forest types. some maps show the arca betwecn Manzanillo and 

Puerto vallarta as occupied mostly by scmi-deciduous forest 

(Rzedowski & McVaugh, 1966; D1az, 1969; Flores et al., 1971; 

Rzedowski, 1978}. In fact, the vast majority of thc reglan below 

500 m is occupicd by deciduous rorest, as indicated on the map of 

the Dirección General del Inventario Nacional Forestal ( 1970). 

The lack of previous rccognition of monodominant forests of 

Celaenodendron me.xicam~m rcflects inaccessibility of the larger, 

purer forests. Moreover, it is likcly that many piltches have 

disappearcd, because dcforestation has becn intensive throughout 

most of the species 1 rango. 

In this report, we describe the natural history of 

Celaenodendron mexicª-llYm and compare the structurc and f loriGtics 

of its patches with the surrounding forest. We discuss this case 

in the context of other monodominant tropical forcsts, and the 

hypothescs for their existence. 

STUDY AREi\ 

The rcsearch was done on the property or ln the vicinity or 

the Estación de Biolog1a Chamela, situated in the state of 

Jalisco (México), at about 125 km NW of Manzanillo and at about 

km from thc Pacific coast (19°30' U, 105°03 1 W). The climate is 

warm and scasonally dry. The mean annual temperature is 24.9°C 

(Bullock, 198G). The mean annual precipltation is 707 mm 

(1977-1991), of which 80% falls betwcen July and October. There 

are occasional hurricanes. The region comprises low hills and 

plains between the Pacific Ocean and the Sierra cacoma. The 

elevotions within the station range from 30 to 550 m. The soils 
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are young, generally shallow, and have a low content of organic 

mntter and mineral nutrients (Maass, Jordan & Sarukhán, 1988). 

Tropical deciduous forest iG the predomlnant vegctation, 

except on dcep solls along (tcmporary) water courses (Lott et 

al., 1907; nomenclatura of Rzedowski, 1978; cquivalent to 
Seasonal Deciduous Forest of Beard, 1955; Short Deciduous Forest 

of Miranda and llornc'indez-Xolocotzi, 1963). •rhis vogetation type 

is common on the Pacific slope of Mesoaméricn, with sorne 

extensions as far north as Sonora (México), and as far south as 

Guanacaste {Costa Rica), and with rnany analogues in the Caribbean 

Basin and South America (Gentry, in prep.). In the study area, 

233 tree species have been recordcd, distributed in 55 families; 

Euphorbiaccae is the second family in number of trce species 

(Lott, in press). Tite flora is also rich in life forms, with an 

outstanding diversity and abundance of climbing plants (Bullock, 

1990; Lott, in press), and abundancc of epiphytes (Lott et al., 

1987), compared to typical descriptions of deciduous forest 

(Rzeclowski, 1978; Gentry, in prcp.). l\lso, thc divcrsJty of woody 

species is exceptionally high (Lott et al., 1907; Gcntry, in 

prep.). The most outstanding physlognomic fcature of thib 

vegetation, is the almost completely loss of leaves far severa! 

months each year (Bullock & Solls-Magallanes, 1990; Medina, in 

prcp.). Grasses are rare, and fire is absent. 

VEGETATION STUDY METHODS 

This study is based on five samples, each consisting of six 

transects of 100 rn2
• These correspond to the typical high 

diversity or "mixed" forest at Chamela (MFl and MF2), and to 

three forests with Celaenodendron mexicanum dominnnt in the 

canopy (CFl, CF2, CFJ). All samples are from deciduous, hillside 

stands. 

The data far mixed forest were based on 2 m by 50 m 

transects reported in Lott et al. (1987). Our MF1 and MF2 

comprise data from their Set 1 and Set 2, but are limited to the 

first six of the original ten transects from each, so that the 
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area was equal to our samples. These transects were not 

contiguous (see Lott et al., 1987, for details). 

Thc stands referred to as CFl, CF2 and CFJ wcrc sarnpled by 

us in summer 1909. Each of these corresponds to a discrete patch 

in which we establishcd six adjacent transects oc 4 m by 25 m. 

The transects were neccssarily contiguous, givcn the small arca 

of these patches; respectively, o.so, 0.11 and 0.06 ha. Although 

smaller titan typical patches, these particular forests were 

sampled bccausc they were the only oncs readily accessible, and 

could be used in subsequent experimental studies, being protected 

from outside disturbancc. outside of the station thcre were 

patches of similar and much larger sizc. 

Within each transcct we measurcd all stems with diameter at 

l. 3 m height (DUll) ~ 2 .5 cm, and rooted within the transect. Far 

inclined stems, hcight was mcasurcd as distancc along the stem. 

Far plants which branchcd bclow 1. 3 m, only stcms meeting the 

criterion were measured, nnd basal area was calculated far the 

plant based on the sum of areas of thesc stems. 

Taxonomic identification usually was made in the field; in 

doubtful cases material was collected for determination ln the 

local herbarium or by specialists. Nomenclature follows Lott (in 

press). A total of 150 taxa werc recorded; 21 were not identified 

to species in the CF samplcs (11.6% of the individuals). Voucher 

specimens of Celaenodcndron mexicanum from our plots are 

deposited in the following herbaria: MEXU, EBCH, IEB, USNM, CAS, 

CORO. 

The transect data were used to calculate curtis' Importance 

value (CVI, Mueller-Dombois & Ellenberg, 1974) fer each species 

in each sample. Floristic richness was expressed as the number of 

species present. Also, we calculated two indices of diversity, 

combining floristic richncss and abundance per species. The 

Inverse of Simpson•s Index (ISI = 1/E\,1 pi2) is more sensitive to 

changes in abundance of the more important species (Peet, 1974), 

and is thus a measure of the relativo concentration of dominance 

(Whittaker, 1965; 1972). The Exponential Shannon-Wiener index 
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(ESW = H' 
e ' where 11 1 = -E~\. 1 pi* ln pi) is more sensitive to 

changes in the numbcr of rare species, and is thus more subj ect 

to sample bias. 

The sarnples (each consisting of six transects) were compared 
regarding the floristic and structural data expressed on a 

standard area basis (100 m2 and ha respectively). one-way 

analysis of variance (J\NOVA) werc developcd, using thc Bonferroni 

rnethod to adjust the nominal significancc level to 0.05 (dividing 

by the number of ANDVAs bcing perrormed, D.05/18= 0.0020). The 

minimum differcnccs far the simultaneous tests were calculated by 

the Tukey rnethod (Montgomery, 1984) . Ocscriptive statistics and 

the univariatc tests providcd the basic informntion on thc 
distribution of the variables and helped idcntify sorne 

differcnces among groups. Discriminant analysis was used in an 

interpretive manner to determine the dcgree of scparation of thc 

sampl.es and to identify thc variables contributing most to this 

separation. This mcthocl permits the optimal separation among 

predefincd groups. Applications and limitations of discriminnnt 

analysis in ecological studies are clearly discussed by Williams 

(1983) and James & McCulloch (1990). The Sl\S prograrn (Sl\G 

Institute, 1985) was used, with the direct method, not step-by

step. 

Nl\TURl\L llIBTORY OF CELl\ENODENDRON MEXIC11NUM 

Celaenodendron is a monotypic gcnus (Euphorbiaceae, 

subfamily Oldf leldioideae, tr ibe Byaenancheae, subtr ibe 

Paivaeusinae; Webster, 1975), described by standley (1927), and 

found only in the reglan frorn Mazatlán (23°14 1 H) to south of 

Manzanillo (19ºN) along México's Pacific coast. In Jalisco, it is 

found only at low elevations and only within 10 km of the coast, 

in discontinuous and typically well-del imitad patchcs of variable 

size (<0.1 ha to >1000 ha, Fig. l.la, b). In thesc, it is by far 

the most abundant species, and in all cases dominates the forest 

canopy. These patches differ from mixed forest in having an open 

understory, notably poor in ar devoid of very small diameter 
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waady plants and af herbaceous vegetation. Leaves of 

Cclaenodendron mexicnnum decampase very slowly and a thick litter 

persista throughout the year (in the dry and wet seasons, 

respectively, 4.5 ± 0.1 and 2.B ± 0.1 cm thick). In contrast, the 

litter of adjacent mixed forest is thin ilnd more seasonal, almost 

there is not in the wet scason (2.0 ± 0.1 and 0.4 ± 0.1 cm in the 

dry and wet scasons). In thc dry season, the folinge of 

Celaenodend_ron mcx_i_Q.-ªffi!ID acquires a reddish hue and pcrsists 

until aftcr almost all other species are leaflcss. Although these 

leaves may cease to be functional long befare they fall, the 

trecs are without leaves for a relatively short pcriod, and flush 

with the first summcr rains, simultaneous with flowering (Fig. 

1.2). The flowers are dioecious and the wind-pollinated (Bullock, 

in prep.). 

The ovary is triloculate; each loculc bears two ovules, but 

matures at most one seed. Maturation occurs nftcr cight to ten 

months. The maturc fruit (3 cm día.) is explosivo. Mean seed dry 

mass is so.a ± 0.9 mg ancl the endospcrm is oily. Germination is 

hypogeous and tha eophylls are simple, in contrast to the 

normnlly trifoliate leaves. Apparently there is no innat~ 

dormancy, and germination occurs rapidly in rnoist conditions at 

normal temperatures (Rincón & Huantc, 1988; Martijena, unpub. 

data). 'l'he sceds lose viability when stored far one yenr at local 

ambient tempcrature and humidity. 

The trees form vesicular-arbuscular mycorrhizae (Gavito & 
Martijena, unpub. data). These do not have the typical arbuscules 

of temperate broadleaf species but rathcr highly ramif ied 

intracellular hyphae, coincident with the observations of 

Alexander (1989) in other tropical trees. 

Predispersal predation by parrots is sometirncs conspicuous, 

but no insects have becn detccted inside the sccds befare or 

after their dispersa!. Rodants eat the dispersed seeds. The most 

abundant rodent in the area, J.,iomys pictus pictus (lleteromyidae) 

(Ceballos, 1990), eats the seeds even in the prcsence of oatmeal 

(Martijena & nullock, unpub. data). The leaves are typically 
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damaged, apparently by psyllids. One case was observed of 

herbivory by lcpidopteran larvac (Lasiocampidac). Attine ants 

were only once obscrved cutting the leaves; these were later 

rejcctcd from the ncst, which suggest they are unsuitable for thc 

ants• fungus. A phloem-boring beetlc (Pseudothysanoes thomasi 

Wood: Scolytidac) is known only from Celaenoclcndron mexicanum 

(Equihua Mart1nez & Atkinzon, 1986). Relationships with predators 

and paranites, or othcr plants, may be affectcd by secondary 

metnholi tes: lea ves and twigs ar Celt!QD.9dcndron mexicanum are 

rich in terpenes and flavonoids (Castaficda et nl., 1992). 

Compared to the average far trcC?s and shrubs at Chamela, the 

tr ifoliate lea ves are smaller ( 18. 5 cm2 vs 124. 1-15. 7 cm2) and 

moro coriaceous (96. 5 g m.2 vs 87. 0-22. o g m- 2, n=15 species, 

castellanos et al., 1989). The bark is smoot:h and green or 

grayish green and exfoliatcs in plates of irregular shape, 

1eaving ctarker marks. Thc tree, which is commonly called 
11 guayabillo borc~üano 11 (Jalisco) or "palo prieto 11 (Sinaloa), has 

a straight trunk tha.t can reach 25 m height; small butrcsscs 

develop occasionally. Tho wood has a specific gravity of o.94, 

higher than 72% of Chamela trees (Dnrajas-Morales, 1987). This 

density and our observations and measurements on rings suggest 

the trees are slow-growing. Thc wood is estcemcd far its strength 

and durabllity, and is used locally for posts, construction 

timber and furniture. Presently, stands of Celaenodendron 

mexicanum are being cut, without knowing if thcse will 

regenera te. 

REBULTB 

Oominance and Diversity 

Thc CVI values (sum of Relative Oensity, Relative Frequency 

and Relative Basal Area, which has a maxirnum of 300) far 

Celaenodendron mexicanum in CFl and CF2 were four times greater 

than fer the most important species in MF samples, Caesalpinia 

eriostachys nenth. (Table 1.1). In CF3, the CVI of Celaenodendron 

mexicqrut.J!! wns half that of both CF1 and CF2, but was double that 
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of caesalpinia ariostachys in MF samples (Table 1.1) • The ranked 

abundance curves showed greater dif f erences botween the most 

abundant and other species in all three CF samples than in MF1 

and MF2 (Fig. 1.3). 'l'hesc curves also ernphasize differences in 

the number of uncommon species: fewest in CFl ~nd CF2, more in 

CFJ and most in MF samplcs. 

In CFl and CF2, Celaenodcndron mexiqanu..m accounted far about 

50% of all individuals and 60% of the basal arca (Table 1.1, Fig. 

1.4); in CFJ the figures were 31% and 32% for índividuals and 

basal area, respcctively. It was thc most common species in nll 

size classes, represcnting 100 % (CFl and CF2) of all individuals 

in the largest DDH class, and 36% (CFl) and 46% (CF2) in the 

smallest class (Fig. 1.4). In CF~, Celaenodendron mexicanum was 

well revresented in the smallest sizc class (J4% of all 

individuals), but there wcre few large Cclaenodcndron mexicalJ.!!ID, 

and nene larger than JO cm DBII (Fig. 1.4). Thus, the CFJ canopy 

was formed mostly by all the other species. 

In contrast, Caesalpiniq eriostachy~ reprcsentcd on average 

3% of the individuals in MF samples. The specics was lcast common 

in small size classes, and only exceded 50% in thc largest DBH 

class in MF2 and MFl (Fig. 1.4). However, ~_gsaln_inia eriostac.hY..§. 

accounted far 21% of the total "basal arcaº in MFl and MF2 due to 

a few large individuals; (the old trunks are hollow, formed of a 

ring of cylinders). 

The dominance of Celaenodendron mexicanum, as percentage of 

stems, in CFl and CF2 is correlated with low diversity as 

measured by ISI (r=-0.BG, p<.0001, n=JO). CFJ showed an 

intermediate valuc of ISI, differing only from MF2 (Table 1.2). 

However, according to the ESW index and floristic richness, CFl 

and CF2 were less diverse than both MF samples and CF3, which 

were similar (Table 1.2). 'I'he contrast of the indices showed, 

again, that CFl and CF2 had both a less equal distribution of 

individuals among species, and also a less diverse flora. 

Considering only individuals of large size (DBH .=::_10 cm), 

the number of species did not dif fer between f orect types (Table 
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1.2). Thus, the canopy of CF samples had a species richness 

similar to MF samplcs, although cach species was represented by 

few individuals. l\mong smaller individuals (2.5 cm s onn < 10 

cm), CFl and CF2 presentad the smallest numbcr of species, 

although CF2 clid not diffcr significantly from CFJ and MFl. (Table 

1.2). This suggests that floristic poverty in CFl and CF2, 

relativa to the othC?r samples, was principally at the level of 

small inclividunls. 

Regarding the specics richncss of lianas, the CF samples 

presentad the lawest values, but CF2 did not dlífer significantly 

frorn the MF snmplcs (Table 1.2). 

Floristic relatiollii 

Table 1.3 prescnts the common species and their densities in 

CF and MF samplcs. The crlterion for common species was at least 

ten individuals in one of the samplcs and at 1east one individual 

in another. Eleven species rnet this criterion: íour in CFl and 

CF2, five in CFJ and ten in MF samples. 'l'he rnost notable elements 

sharod arnong samples and stand types were species of r,onchocarpus_ 

and ~J:l.ru2..,Í.ra cf. rnacrocarpa Miranda. 1\1 though the complete..: abscnce 

in CF samplcs of other common species of MF samples was also 

notable, only one specics occurred in the forrner which was not in 

any of the original 20 transects of Lott et al. (1987) in 

deciduous forest: Celaenodendron mexicanum itself. 

structural characteristics 

The proportional distribution of individuals among DBH 

classes differs strikingly between samples (Fig. 1.4). In MFl, 

MF2 and CFJ about 50% of the individuals were 2. 5 to 5 cm DBH, 

but in CF1 and CF2 this size class represented only 33% 

(d. f. -=l, 25, P<O. 0001) • However, most of the understory elements 

did not reach the minimum size far the survey technique and thus 

were not sampled. In contrast, the l.O to 20 cm DBH class was 

better represented in all CF (22%) than in MF sarnples (9.3%) 

(d.f,=1,25, P<0.0001). 
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Regarding the density of stems and basal aren (total or by 

DBH class), there were few significnnt differenccs and no clenr 

pattern, except the density of lianas that was lower in CF 

samples ('rable l. 4) . The overall average total basal area was 

20.s m2 ha-1 ± 2.4. 

!Uru;;rtmiM.n!; ~ 

Four variables were used in the discriminant analysis: 

number of spccies among all individuals (DDH.?. 2.5 cm, lianas and 

trees), number of species with large individuals (DBH.?. 10 cm), 

density of lianas (DBlt.?. 2.5 cm) and density of smtlll individuals 

(DBll < 10 cm). Other variables were discarded due to lack of 

normality, correlation between variables or inequality of the 

dispcrsion matrices according to Box's M test. The predefined 

groups were the five samplcs. The assignment of prior 

probabilities according to the different areal extcnt of thc 

forest types did not modify the resulta. 

According to the value of Wilks' lambda, of the four 

functions obtaincd, only two were significant; the parameters oí 

these two functions are given in Table 1.5. The other functions 

did not contribute substantially to separating the samples. The 

first function explained 60% of the total variance. In Fig. 1.s, 

where the horizontal axis represents this function, one can 

observe that it permitted a good discrimination bctween CFl and 

CF2 from the other sarnple~. 'I'his function, according to the 

standardized coefficients, was dominated by the variable species 

richness (Table l. 5). Observations with high values far the first 

function were those with greater species riclmess (MFl, MF2 and 

CF3). 

In thc second function, which explained .J7% of the variance, 

the highest standardizcd coefficicnts corresponded to three 

variables: density of small individuals, density of lianas, and 

again, species richness (Table 1.5). This last variable hada 

negative standarized coefficient although it was positively 

correlated with the discriminant function. This contrudiction was 
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due to the high correlation of species richness and the number of 

small individuals. Because correlations affect the signs and 

magnitudes of the individual coefficients, the importance of 

these variables cannot be assessed. Thus, the second function 

represented the variation between samplcs in the density of 

lianas. In this regard there was no great diffcrcnce between CFl 

and CF2 from MF samplcs (Fig. 1.5). The only points separated by 

their low density of lianas corresponded to CFJ. 

Both functions corrcctly classif ied only 771 of the 

observations. This low percentage rcflects thc similarity of sorne 

samples in the dominant variable in one or the other function. 

However, the five samples were clcarly arranged in three groups, 

with on.ly 14% error in clussif ication of thc transects into these 

groups: CFl and CF2 samples together, CFJ alonc and MFl with MF2 

in a third group. 

DISCUBBION 

Adjaccnt mixcd and monodominant stands in tropical forests 

typically share a common flora (Hart et al., 1989), as in the 

case of Celaenodendron rnexicanurn. The appurent absence ir. CF 

samples of sorne common species of MF must be due in part to 

random and historical factors, as occurs among MF samples (Lott 

et al., 1987) . We also recognize that thc shorter, wider ilnd 

contiguous transects in CF f orests decrcascd the probability of 

encountering species prescnt at low densities. Howevor, the rate 

of species accumulation is clearly lower in the monodominant 

forests. We would expect larger samples to show that sorne species 

are more rarified than others, because regeneration of particular 

species is often affected by neighborhood cornposition (e.g. 

Enright, 1982). 

The overall degree of dominance in our CF samples is 

comparable to other examples from tropical lowlands ( Fig. 1. 6). 

Dominance is grcater in larger size classes, and more than 60% of 

the trees in the largest class be long to one spccies. Notably, in 

Celaenodend.r.mi_mexicanum and ~ilbertiodendron dewevrei, the 
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figure exceeds 90% in the largest class. However, all the 

examples available far Fig. 1.6, cxcept Celaenodendron mexicanum, 

are from wet forest. other monodominants in highly seasonal 

f.orests are Talbotiella gentil llutch & Greenway, endemia to Ghana 

(Swaine & Hall, 1981), and Ouercus oleoides Clrnm. & Schlecht in 

Central América and México (Montoya Maquin, 1966). On the Pacific 

slopa of México, Cordia eleagnoides DC. (Boraginaceae) 

occasionally forms donse and extensive aggregations (Pennington & 
sarukhán, 1968). Similar to Cclaenodendron mexicanum, Cordia 

eloacmoides is associated with both deciduous and semi-deciduous 

forest. It is wind-pollinated and wind-dispersed, and has dense 

hoartwood. Howovor, its recruitmcnt is highly sporadic (van 

Groenendael, Dullock & Pérez Jiménez, in press), its growth in 

juvenile or coppice candi tions is rapid, and it is oftcn common 

but not dominant. These characteristics suggest a very different 

dynamics than in Celnenodendron mcxican..t.J!!l. 

Although trees under 5 cm DBB have not often been sampled, 

abundant regeneration has been reportcd in~tx_a._ft].cxandri in 

Uganda (Eggeling, 194 7) and in Gilbertiodendrpn dewevrei in Zaire 

(Hart et al., 1989), extending to invasion of adjacent mixed 

forests. Celacnodendron mcxicanum also dominates among the small 

indlviduals. Since these may represent younger trees, it is 

probable that the population is persistent, not rcpresenting a 

seral stage. In turn, the presence of small Cel~enodcndron 

mexicanum in CFJ, many below the ~rowns of other species, 

suggests that Celaenodendron mexicanum not only tolerates its own 

shade but also can recruit in more diverse forests. The CF3 can 

be interpreted as a transitional site ar MF changing 

progressively into CF. The gradual character of the process of 

replacement of MF trees by Celaenoclendron mexicanum could explain 

the higher diversity of CFJ comparcd to the other two CF samples. 

Possible mechanisms which determine and maintain the 

dominance of one canopy tree specics in lowland tropical forests 

have been reviewed recently, again with the focus on wet ar very 

wet forests on well-drained soils (Hart et al., 1989; connell & 
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Lowman, 1909; Hart, 1990). The oldest explan<ition turns on the 

capacity of ene spccies, more tlmn others in the a rea, to 

tolerate unfavorable soils, e.g. Shorea curtisii Dyer eK King in 

Asia (Whitmore, 1975) and Eperua falcata Aubl. in South America 

(Davis & Richards, 1934). Howevcr, other species dorninate forests 

on soils with divcrse nutrient Gtatus, e.g. Talbotiella gentil 

(Swaine & Hall, 1981) and Gilbertiodendron dewevrei (llart et al., 

1989). Moreovcr, this explanation is weak in the typical cases of 

monadominant forcsts with flara!J which include many species also 

common in the surrounding diverse forests, as bctween CF and MF. 

One rclated hypothesis supposes thnt ectomycorrhizal (ECM) 

associations are thc dominnnt factor (Janes, 1980; Alexander, 

1989). Possible cxamples are Gilbertiodcndron dewevrei and 

~ardia seretii (De Wild.) Troupin in equntorlal. Africa 

(Swaine & Hall, 1981). Mo!3t treo species form vesicular

arbuscular mycorrhizac (VAM) with fungí thnt occupy a wide 

taxonomic rnnge of hosts; thus, a high diversity of trees does 

not decrease inoculntion ar seedlings. Endomycorrhizal fungus 

species, however, are highly host-specific, so thcir preemption 

of soil space should be unfavorable to most V/\M tree scedlings. 

Also, ECM may hnvc physiological advantages in situations with 

low ar intermittent nutrient supply (Harlcy & Srnith, 1983), as i.n 

the dry tropics, which would further favor dominance by ECM 

trees. However, HOgberg (unpub.) found that in African dry 

foresta ECM species are sparse compared to more abundant 

populations of VAM trae apecies, such as monodominant Talbotiella 

qentii. celaenodendron mexicanum also forms VAM, as do many 

species in the adjacent diverse forests (Gavito pcrs. com.). 

Whether its peculiar morphalagy reflects hast specificity is 

unknown. 

Extremely high escape from predators and herbivores, ar 

predntor satiation, rnay influence dominance in sorne cases 

(Janzen, 1974; 1981). Experiments with Ouercus oleoides suggest 

that satiation of seed predators can explain the maintenance but 

not the establishment of dominance (Boucher, 1981). Satiation of 
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the generalist sced prcdators of Celaenodendron mexicanum has not 

been studied but seerns unlikely because of the prolonged exposure 

to predators. Tha sced crop is cxposed to parrots far eight 

rnonths befare dispersa!, which occurs scveral months befare 

germlnation is possible. Jlowever, dispersa! is rairly synchronous 

and overlaps the community maximum of sccd filll, so the 

posslbility of satiiltion occuring cannot be cxcluded. Far 

Gilbertiodendron dewevrei, sced and secdling mortality is 

actuully higher than far a common spccics in adjaccnt mixed 

forest; apparently lowcr mortality in larger size classes is more 

important in de.termining dominance (llart et al., 1989}. In the 

case of OryobalnJJ.Q.Pp aromatica Gaertn. in Malaya, more frequent 

reproduction and grcater persistencc of seedlings than in other 

spccies may maintain its dominancc (l'/hi tmore, 1975: 191). 

Another interpretation of monodominancc is successionnl 

(Connell, 1970; 11.i.rt., 1990), as thc rcsult o( scqucntictl 

replncement by one species which is thc most resistant to stress, 

ar the best competitor in thc pool of shade-tolerant species. The 

development of such dominant populations, that characteristically 

have slow-growth and poor seed dispersa!, usually is imp0ded ar 

diverted by disturbance. This climax thesis suggcsts that 

tropical forests with high species diversity rcpresent mid

successional stages and monodominant stands, which appcar to be 

increasing in range (such ns .Gilbertiodendron dewevrei), are 

remnant populntions after ancient, large-scale disturbance or 

climatic changa. However, it is not clear what life history 

traits o( a species, other than shadc-tolerant secdlings and long 

life span, render it the competitive dominant. Also, this 

scenario raises doubts about the absence of very similar species, 

present as subdominants, ar a progressian of stands with reduced 

numbers of shadc-tolerant spccies, cach one occupying a large 

proportion of the canopy. Morcover, actual·historical information 

is lacking. Presumed age structure (i.e. size) in different 

species support several scenarios of recent stand history, 

including progressive recruitment or synchronous mass 
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establishment. Theso contrasts occur in single species, such as 

pryobalanops aromatlca (Whitrnore, 1975). In ~elaenodendron 

mexicanurn, with individuals showing climax features, forests are 
at least multi-age. In dry forcst, inexorable progression to a 
monodominant cllmax rnust confront extreme strcsses, such as 

hurricanes and multi-annual drought in the region occupied by 

Celaenodendron mexicanu..m. llowever, the relative resistance of 

this species is suggestcd by the phenology data (Fig. l.2a) and 

the rarity of branch and treefalls. 

'rhe mechanisms outlined above are not exclusive 

alternatives, and nene is universal. Their rcalistic plurality 

stimulates a broader conception of forest dynamics (Mueller

Dombois, 1990). Attempts to cvaluate thcsc ideas draw attention 

to diverse lines oí evidence, and to the need far studies of 

broader geogrilphic and ecological scope, long-term or historical 

observation, nnd cxperiments on critica! processes like 

recruitment. 
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TADLE 1.1. Species with highest importance values and their 

percentage dominance {means and standard errors f rom six 

transects of 100 rn2; individuals with DDH 2:. 2.5 cm). 

(%) Imlividunls (%) Dmml 

Arca 

Snmplc SJlccic1t CVI x ± l'i.C. x ± s.c 

Ml'2 Cnc.<;alpinia crimt:ich~-s Dcnth. 29 3.3 0.8 20.2 7.1 

Ml'l Cncsnlpiniíl crioslílch~ Bcnth. 3J 3.3 0.9 21.5 13.0 

Cl'J Cclncnmlcmlnm mcxicilnum Slamll. 67 31.R 4.4 31!.8 6.5 

CF2 Cclncmulcndron mcx.icanum Stamll. JJ2 56.5 6.0 (,B,4 4.6 

crt Cclncnmlcndron mcxicanum Stand!. 119 48.7 6.5 ÍJl.5 R.4 
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TABLE 1.2. Floristic diversity (means and standard errors from 

siK transects ar 100 m2; ticked vertical bars indicate values 
which are not significantly different at adjusted P=0.05). 

Oivcnity lndlrcs Florlstlc rlchnco;s (spp n#/100 m2) 

ISJ "" DB11!2.5 <10.0 !:,10.0 llanos 

!;0'1"p(C 

Hr2 15.01 1.• 
la.2 ~ 0.9 

2'.7J 
o.a 

"·'J 
o.s .., o.a 

~~ll 
o.s 

HFI 10.BJ 1.6 14.2 1.l 19.5 1.4 15.7 1.4 4.0 1.0 0.8 

m 7.5 j 1.0 12.0 1.l zo.o 1.6 17.l J 1.a 6.2 º·' 0.2 

CF2 l.4 o.9 '·º] 1.7 12.l] 2.1 10.2 J 2.0 4.0 0.6 0.6 

"' l.8 0.6 5.9 0.9 10.2 1.1 8.5 0.8 l.7 0.6 O.l 0.2 
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TABLE 1.3. Tha most common species and their respective densities 

(no. /600 m'). 

cr1 CF2 CFJ MFI MF2 

Ccl11cnmlcndron mcxic:tnum Slnmll. 75 122 lllJ 

CF Lonchncarpus spp. 21 29 M 55 

Gunrirn cr.m:1crocarnrt.fi.'1irnmln IJ 9 6 

Conlin alliodorn (Ruiz & P:w) Okcn 2 to 8 

Cncsnlpinin crin.o;Lach:i-:s Dcnth. 8 11 

MF Croton pscu<lnnivcus Lundcll 27 19 

Cmlonsp. 16 11 

Scrjnniu hrnchycnnm Rose 11 12 

Anopfo1u!.o;in paniculatn Pres!. 10 

Thouinia paucidcntaln Rndlk. 2 22 

Cncsnlpinin uulchcrrima (L) Sw. 11 
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Tl\BLE 1.4. Structural characteristics (ticked vertical bars 

indicate mcans which are not significantly different at P=0.05). 

Dílll~2.5 <10.0 ~!O.O ~10.0 Lian:1s 

Dcnsity X. s.c. x s.c. x s.c. x s.c. X: s.c. 

(no./ho) 

Ml'2 
5233] 

449 4161] 41KI 433 78 17 18 583 ] llKI 

MFl 3883 393 
3217 ~l 353 

r.r.1 88 33 23 533 157 

CF3 558:1 363 451Kl 450 11183 l 125 50· 24 so] 24 

CF2 3650 292 2550 ] 201 lllHI l 126 33 23 183 77 

CFl 2583 203 1833 ICKi 750 68 :n 23 50. 37 

Bu.o;al Aren 

(m1trn) 

M1'2 21.H 2.3 I0.3] 0.8 11.5 2.0 1.2 1.3 1.39 0.81 

MFl 30..! 3.0 <i.9 0.8 23.4 3.4 7.3 5.7 O.HO U.35 

CF3 34.1 2.B 10.8 1.7 2.1.3 4.4 5.4 2.9 0.03 0.02 

CF2 33.0 4.3 7.2 0.3 2.5.8 4.1 2.9 2.1 0.47 0.2.3 

CFl 24.8 2.5 5.3 0.9 19.4 22 3.3 2.3 0.10 0.07 
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TABLE 1.5. Discriminant functions: their statistics and 

variables, Variable 1: number of species among all individuals 

(lianas and trees, OBH~2.5cm); variable 2: nurnbcr of species with 

large individuals (DBH~lOcm); variable J: density of lianas 

(DBH?:.2. Scm); v<triable 4: density of small individuals (DBH<lOcm). 

Function Function 

Canonical Correlation O.BB 0.83 

Eigenvalue 3.60 2.23 

(%) Varinnce 59.57 36.92 

Standar i zed Coeff icients 

Variable 1 o.na Q.62 

Variable -0.33 -0.12 

Variable 0.03 0.91 

Variable 0.26 -1.19 
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Fig. 1.1. a. Location of the study site and regional distribution of herbarium records and 
visual reports of Celaenodendron mexicanum Standl. b. Local distribution of Celaenodendron 
mexicanum-dominated forest near Chamela, based on aerial photographs and ground study. 
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Fig. 1.2. a. Phenology of Celaenodendron mexicanurn standl. (salid 
circles) and othcr species (open circles). b. Precipitation at 
Chamela. 
Notes: Phenological data are far 1985-1986, bnsed en visual 
observatlon of ten trees (Bullock & Sol1s-Magallanes, unpub. 
data). 1'he leaf presence curve far other species is the m1?.an of 
ten individuals of each of ten tree and liana species cornmon in 
high-diversity forest (Caesalpinia eriostac~ Denth., Cordia 
alliodora (Ruiz & Pav.) Oken, Cordia elaeagnoides O.C., Croton 
sp., Croton pseudoniveus Lundell, Guapira cf. macrocarpa Miranda, 
Lonchocarpus constrictus Pittier, Lonchocarpus lanceolatus 
Benth., soriania brachycarpa Rose, Trichilia trifolia L.). 
Precipitatlon data are far the same 1985-1906 pcriod. 
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sizo class, far scveral monodominant lowlnnd tropical forests. 
Mean and standard error are shown if available; plot size and 
number are notcd below, with sources. a. Mora excelsa Benth. b. 
Mora gonqgrigp:U,. (Kleinhoontc) Sandwith. o. lirull:Ya falcata Aubl. 
d. Celaenodendr-on mexicanum stand!. e. Tetraberlinia tubmaniana 
J. Lé.onard. f. Cynometra alexandri c. H. Wright. q. Gilbertiodendron 
deweyrei (De Wild.) Le6n. Regeneration is common in all these 
examples, although sampling has extended below 2.5 cm DBH in only 
two cases: Celncnodendron mexicanum (height~130 cm) and 
Gilbertiodendron dewevrei (hcight>50 cm) . 
Notes: a, b and o are each from one 1.49 ha plo¿:. in Guyana (Davis 
& Richards, 1934); d is from two plots of 625 rn each in México 
(this paper); o is from one 0.55 ha plot in Liberia (Voorhoeve, 
1964); f is from two plots of 1.42

2
ha cach in Uganda (Eggeling, 

~!; 1 !~ct9r:~mf~~rnpf~t~ 1~~52~fmf 2:a~h ~~~hs!~~l:;e:~e~!t~nD~~T:~ 
(Hart, 1990) . Examples from islands are excluded (e.g. M.m;:f:! 
excelsª Benth. in Trinidad; Gunther, 1942; Beard, 1946), because 
the absence of herbivores or competitors may promete 
monodominance (Janzen, 1974). 
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2 

SOIL PROPERTIEB, GERMINATION ANO BEEDLING ESTABLIBllMENT IN BOILB 

FROM MONODOMINANT ANO HIGH-DIVERSITY TROPI:Cl\L DECIDUOUB FOREBTB 

Abstraot. Low diversity of tree species in mature tropical 
lowland forests often has been attributed to peor soil 
conditions. This idea has not bccn tested cxlrnustively in 
monodominant stands in which the subsidiary species are also 
thosc characteristic of adjacent high-diversity stands. Far ene 
such case, I examined soll properties, and conducted expcriments 
to assess soil effects on gcrmination and establishment of 
severa! spccies. Celaenodendron mexicanum Standlcy 
(Euphorbiaceae) dominates, and is virtually rcstricted to, 
discontinuous patches (CF) within high-diversity forest (MF) in 
southwestern México; thc subsidiary specics in CF also occur in 
MF. CF was found occupying flatlands as well as hillsides o( all 
aspects, and slope gradients of hillsidc CF werc typical of the 
region. 

There were no signif icant dif fercnccn betwcen CF and 
adjaccmt MF for soil texture or most of the nutricnts tested. The 
effects of soils from CF and MF on scedling establishment was 
tested with greenhouse cxpcriments with Cclacnodendron mexicanum 
and three common species of MF (Reccbia mexicana Moc. & Sesse, 
Caesalpinia eriostachys Denth. and Cordiu alliodora (Ruiz & Pav.) 
Oken). The percentages of germination did not show differences 
between soils from CF and MF. Similarly, seedling survivorship to 
four months in the species tested was independent of soil source. 
Seedling height at this time was not significantly diffcrent 
between soils from CF or MF for MF species. Seedlings of 
Celacnodendron mcxic~num rcachcd grcatcr hcights on CF soil from 
two sites but not from a third. Field experiments wcre conducted 
with Caesalpinia eriostachys, the most common spccies in MF, to 
evaluate its establishment in both CF and HF. succcssful 
germination and establishment in both forost types demonstrated 
thnt its low density in CF is not duo to sorne simple 
physiological restriction on new seedlings. 

Thus, topographic and cclaphic factors apparently do not 
determine the distribution of CF. Moreovcr, the experimcnts 
demonstrate that soil characteristics at depths up to 20 cm do 
not result in patterns of dif f ercntial species establishment 
which might account far the discontinuity of the established 
forest types. 
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:INTRODDCTION 

Spntial distributions of plants are frequently deterrnined by 

cdaphic factora (Kruckeberg, 1969), but experimental studies 

rclated to this are concentrated in the ternperate reglan. It has 

long been crnphosizcd that the edaphic factor is important in the 

tropics (Davis & Richards, 1933, 1934 ¡ Richards, 1952; Ashton, 

1964; Webb, 1968, 1969), although the important factors are not 

nccessarily the same in all regions, or as those operating in the 

temperate zonc. Spatial di[ferences in soils have been reportea 

that correspond to dif f erences in dominance-types 

(Dunyavejchewin, 1983, 1985) or even in floristic richness of 

forests (Davis & Richardn, 1934; Ashton, 1977; nuston, 1980). 

Tropical f orests dominated by one or a f cw spccics have been 

considered to result from cdaphic conditions unfavorable for 

plant growth (Davis & Richards, 1934; Richards, 1952; Hartshorn, 

1988), such as peor nutricnt status, presence of saine minerals in 

toxic concentrations, and temporary ar permancnt flooding. The 

dominant spccies is confined to such sites, whcre the soil 

conditions probably exclude many potential competitors. In the 

neotropics, particular cases of such forests on impoverlshed 

soils, disrcgarding flooded soils, have reinforced the 

intorpretation thnt extremely low fertility lcads to low 

diversity of canopy trecs (llart, 1990). However, Huston (1980) 

found a ncgative correlatlon bctwccn soil nutrient availability 

and tree species richness of forty-six costa Rican forest sites, 

supporting the interpretation that, excluding extremely def icient 

si tes, the lowest specics richness occurs undcr rich growth 

conditions (Huston, 1979). Similar observations were reportad by 

Ashton (1964) for Malaysian rain forcsts and by Hall & swaine 

(1976) in Ghana. 

Distributions limi ted by edaphic factors are mentioned in 

the literature far several trees that domínate the stands where 

they occur: Jill.~oxylon zwageri •r. & B. on pure ar loamy sand 

(Richards, 1952), Mora gonggriipii Kleinh. on reddish and heavy 

clay (Dudowski, 196-6), Julbernardin seretii (De Wild.) Troupin on 
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shallew seils (Jlart, Hart & Murphy, 1989), E.P.!'rua falcata 1\ubl. 

en white sand (Davis & Richards, 1934) 1 Shorea curtissii Dyer 

King en hill crests and oryobalanops arornatica Gaertn. in Malaya 

(Whitmore, 1975: 191). In the last case, the author considered 

that this spccies maintained dominance by more frequent 

reproduction and greater persistence o( secdlings than in other 

species, though its general restr.iction to sedimcntary rocks must 

have been significant. Uowcver, the possible factora have not 

been testcd cxperirnentally in any case. 

It is now apparent that sorne other monodorninant tropical 

foresta are not restricted to cxtremely peor soils, but that they 

develop under more benign and varied conditions (llart, 1990). 

Forests dominated by MQ.t_H_.gxcel.§il Benth., .Qynometra alexandri 

c.11. Wright, Tnlbotiella gentil llutch & Grecnway, EusidrnY.!.rul 

zwageri T. & B. and pilbertiodendron dewcvrei (De Wild.) have been 

reported on a widc variety of substrates (Beard, 1946; Eggeling, 

1947; Swaine & Hall, 1981; Uart et al., 1989). 

In the present study, the nutrient contents and tcxture of 

soils of a monodominant forest wcre comparcd with thosc of 

adjacent mixecl forest in a seasonally dry tropical regioil, and 

germination an<l establishment of severa! specics were evaluated 

experirnentally in soils from both forests. 

On the southern coast of tho sta.te of Jalisco, México, there 

are deciduous forests dominated by a single species, 

Celaenodendron mexicanum Standl. (Euphorbiaceae). The 

Celaenodendron meK.J._canum forests (CF) appear frorn low-level 

aerial inspection to occur on low hills of all aspects in 

.juxtaposition with mixed forests (MF). The latter has 

exceptionally high diversity far its precipitation (Lott, Bullock 

& Sol1s-Magallanes, 1987; Gentry, in prep.). A floristic and 

structural description of CF was given by Martijena & Bullock 

(submitted), togethcr with observations on the natural history of 

Celaenodendron mexic~num. CF apparently occurs no more than 10 km 

inland. 

Based on the differances in vegetation structure and 
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floriatic composition botween the forests this investigation was 

focused on two questlons: 

Are soils from CF with high dominance differont from MF 

soils and/or do they rcpresent a cUstinct environment in tcrms of 

seedling astablishment? 

IJo soils from CF with less dominance and smaller 

Cclaenodonc!1;:Qn_wcxicanY.m traes differ from soils from MF or high

dominance CF, ln nutrient status and/or in terms of seed1ing 

establishment? 

EXPERIMENT1\L DES:IGN ANO HETHODB 

study area 

The research sites were in or near the Estación de Biolog1a 

Chamela (19°JO'N, 105°0J 1 W) in Jalisco, México. This is clase to 

the Pacific coast, about 125 km NW of Manzanillo, at elcvations 

bclow 150 m. The climatc is warm, with a meiln annual temporaturc 

of 24.9 e (Bullock, 1986). The most important feature of this 

ecosystem is the mnrked rainfall seasonality. The mean annual 

precipitation is 707 mm (1977-1991), of which 80% falls betwcen 

July and October, and therc are occasional hurricanes (Düllock, 

1986). The reglan comprises low hills and plains bctween the 

Pacific occan and the Sierra Cacoma. Previous descriptions of MF 

soiln showcd that thcy are young, wlth structurc poorly davelopcd 

(EntisolG, USDA), generally shallow, anc.l havo low organic matter 

and m.ineral nutricnt contents (Garc1a-Oliva, Maass & Martlnez, 

1992). 

soil Analynis 

Four nites were selectcd with adjacent CF and MF. (In the 

prescmt study, the si tes denotad MFl and MF2 do not correspond to 

thc names used in Martijena & Bullock, submitted.) Previous 

floristic and structural analysis ar the CF showed that 

Celacnodendron mexicanum in CF3 had less dominnnce in perccntage 

of individuals than in CFl and CF2 (35% versus an average of 

63%). In the latter two, floristic richness was less, while CFJ 
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was similar to rnixed forest (11 and 21 tree species/100 m2 

respectively). It was suggested that CF3 is an interrnediate phase 

of MF changing into CF (sce Martijcna & Bullock, subrnitted). 

Oecau.se rainrall scnsonali ty is thc most important factor 

which influences the structure and dynamics of tropical dry 

ecosysterns (Murphy & r~ugo, 1906), soil sampling was repeated on 

four dates in arder to represent thc variation within and between 

dry and wet seasons, as well as trnnsition pcriods. Thc sampling 

dates were 9-11 July 1989, 14-15 Novembcr 1989, 7 Scptcmbcr 1990 

and 17 May 1992. Each time, ten soil samples were taken in cach 

ene of thc four sitos (five in CF and fivc in MF), far a total of 

40 samples. Each soil sample was a composite sample o[ rive that 

werc taken within a radius of 1.5 m, to a depth of 10 (or 20) cm. 

This depth was choscn bccause it is below thc immcdiate influence 

of leachatcs from thc lltter yct within the root zone of 

estnblished seedlings. 'l'he sumples were air-dricd in complete 

shade and then passcd through a 1.68 mm sicvc. Although this mesh 

was slightly smaller than the standard 2 mm, both sizes were 

comparad for thc May 1992 samplas and no differences werc found 

in values of or.ganic car bon contcnt nnd texturc (MANOVA, df=J, 

42; P=0.9). Chemical analysis wcrc conducted on soil samples from 

the fir.st three dates in the Laboratorio de Análisis Qu!micos, 

Centro de Ecologla (U.U.l\.M., Moxico city) and from the fourth 

date in the Laboratorio de Ecologia Terrestro (C.I.C.E.S.E., 

Ensenada). 

Soil texture wns determined following the Douyoucos 

procedure with the hydrometer mcthod, and using the 

classification of the u.s.o.A. (Gee & Baudcr, 1982). Soil pH was 

measured by a potcntiometer after suspension of 1 g soil in 2.5 

ml water. The concontration of organic carbon was determined with 

the method of Walklcy & Black (Nelson & sommcrs, 1982). It is 

reported and organic matter is not, avoiding the problems 

associated with ostimating the content of thc lnttcr in soil. 

(Fer more details o[ er;timation limitations nee Nclson & Sommers, 

198?.). Determinations of total P and total N were made 
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colorlmatrically (Tcchnicon Instruments corporation, 1977a, 
1977b, 1970). Concentrat.ion of cxtractable PO"' was also estimated 

with a colorirnctric method (Spectronic 21, wnvelength 640 nm), 

nfter extraction with Mclich II. Atomic absorption spectrometry 

was used far exchangeable cations (Perkin-Elmer, 1976). 

Extractions for Fe, Mn, Zn and cu were made with DTPA (Lindsay & 

Norvell, 1969) ; ca, Mg, K and Na were cxtracted with ammonium 

acetate (Schollenber & Simon, 1945). Uot all nutrients were 

ana lyzed far en ch of thc dates. TJ1c presence of other elements 

such as cobalt, molybdenum, cadmiHm, chromium, nickel nnd arsenic 

was not detectcd in thc soil samplos by the methods used. 

Establishment assays 

Grecnhousc cxpcrimcnts wcre conducted to test the cffect of 

propertics of soils from CF and MF on the estnblishment of four 

spccics. The spccies wcrc celuenodcndron mmdcanum and thrce of 

the most typical spccies of MF (Lott et al., 1987): Rccchig 

m.rutl.~JJ.Di! Moc. & Sosnc. (Slmaroubnceac), ~1..lrtLnia criostachys 

Benth. (Leguminosae: Cacsalpinoidcae), Cordia alliodorn (Ruiz & 

Pav.) Oken (Boraginaceao). Moreover, assays with other c~mmon MF 

species wcre performed, but no replications regarding forcst typc 

wcrc possible due to technical limitations. Thcse specics were 

CaseatiA_Q...QKY.WP..9 ... fü! HBK. (Flacourtinccae), El.ptadcnia constrictn 

(Micheli) Macbr. (Leguminosac: Mimosoideae), _J.,__ysilol1ill 

microphyllum Denth. (Leguminosae: Mimosoideac), and cochlospermum 

.Y..il..lf2..li..!!m (Willd.) Spreng. (Cochlospermaceac). The experimental 

design is summarizcd in Table 2.1. 

The assays werc done at Chamela during the wet seasons of 

1989 and 1990, in a shadc structure (plastic scr.een) just outside 

the forest. The soil wns collected prior to cach expcriment from 

three or fewer of the sites wherc soil properties were studied. 

The soils were air-dr ied in complete shade and passed through a 

l. 60 mm sieve befare pott,ing. The containers far thesc 

expcrimants were blnck plastic bngs, 7.a cm diameter and 34 cm 

tal!, with perforation at the bottom far drainage. A fixed number 
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of fresh seeds was sown in ea ch container, dctermined for each 

species according soed size. The position of the containers was 

randomized inltially, and again periodically during the 

experimenta. When rains did not occur, the containers were 

watered enough to keep the soils damp. 

In four species, the expcriments evaluated germination, 

survivorship, nnd growth cturing tour months. Sowing dates werc as 

follows: Celacnodcntlron moxicnnum, 19 August 1989; Cascariª 

!;._orymbosª, 5 Scpternbcr 1989; paesalgj.nia eriostachy..§., 6 June 

1990; Recchia mexicana, 27 August 1990. After germination was 

recorded, only one sccdling was lcft to grow in each container. 

Seedling survlvorship and hcight werc recordad periodically. In 

all cases, harvester (Attine) ants eventually nttacked the 

seedlings; each experiment was considcrect to hnve ended at the 

census prior to such attack. 

In the other four species (Cordin alliodora, Piptadenia 

constricta, L.Y.sJloma microphyllum and -º.Q..chlmm.~rmum vitifolium), 

only germination was evaluated. The cxperirncnts were initiated on 

29 August 1990, and all secdlings were discardcd when they 

emerged. 

At three sites (1, 2 and 3), an expcriment was performed to 

test whether the establishment of spccies other than 

Celaenodendron mexicanum was possible on the natural forest 

floor. Secds of Caesalpinia eriosta~ werc arrangcd in five 

units in ench one of the CF and MF (JO units total). Each unit 

(625 cm2) was delimited by a half-buried plastlc ring that stood 

out 0.5 cm, and was covered by a wire cage (1.25 cm mesh; 25 x 25 

x 10 cm) which prevcnted potential rcmoval by nnimals of the 

twelve seeds. The experiment was initiated in March 1990 (as part 

of a study of seed rcmoval; Martijena, unpubl.). The units were 

inspected weekly and the number of secdlings rccorded until no 

more appeared (6 July). 

Statistical annlysis 

Standard parametric rnethods were used in the statistical 
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analyses; variation is roported as standard error. Data in 

pcrcent or proportions of soil elomcnts (mg kg. 1
) wcre subjected 

to arcsine transformation befen:! analysis to reduce 

heteroscedasticity among treatments and to eliminate dcpendence 

of treatment variances on treatment means (Zar, 1984). Data on 

pll, which were ln logarithmic form, and height data, which 

displayed none of these problems, were not transformad. 

Most of thc nutrient data wcre analyzed by MAUOV/\s. 

Nutrients are often correlatcd in the soil and substantial 

information may be lost when corrclations among variables are 

ignorad. (Far n complete revicw ar annlysos, seo Hnir, Anderson & 

Tatham, 1987, nnd James & McCulloch, 1990.) In different rnodels 

the variables wcre dividcd into groups such that the variance

covarlance matrices were hornogeneous. In thc performance of this 

analysis the S/\S program (SAS Institutc Inc., 1985) was used. 

ANOVAs were used to analyze hcight data for g_olaenodend]:on 

I!lQKicanum, Caesalpinia eJ;"iostacllYª and cascaria corymbosn, 

germination data far thcse spccies and for RC?cchia mexicana and 

.Qru:.dia alliodor_n, and data from the cxperiments on establishment 

of caesalpinia eriostachys scedllngs in the forests. 

'l'hc general procedure consisted in making a presclccted set 

of comparisons betwcen combinations oí mcans. Planned contrasts 

have the advantaga that separate nnswers to separate blological 

questions nre provided. Unlike most multiplc post-hoc 

comparisons, per-comparison error rates are obtalned, so the 

comparlsons are more robust (Day & Quinn, 1909}. Three contrasts 

(Table 2. 2) were of intcrcst according to thc questions mentioned 

above. Tha F statistic was used in all univariate tests, and 

Pillai's Trace and Wilks' Lambda in the multivariate tests. 

Ideally, planned comparisons should be orthogonal and test 

completely sepnrate hypothcses (Sokal & Rohlf, 1901.). 

Unfortunataly, the third contrast ('rablc 2. 2) was not orthogonal 

although lt wns relevant and lnteresting in the context of this 

study, and its rcsults could be related in sorna wny with the 

otber hypothescs. Thus, to be conservative in the experiment-wise 
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type I error rate, the nominal significance levels for all three 

contrasta were adjustetl using the Bonferroni mcthod (dividing by 

the number of tests being pcrforrned; 0.05/J=.0166) (Sokal & 
Rohlf, 1981). The contrast analyscs wcrc carried out with the 

SYS'rAT Program (Wilkinson, 1908). 

'fhe germination data for Piptadenia constrictu, Lysiloma 

!!lig_rophyllum, Cochlosperm4m vitifolium, and survivorship data for 

the othcr.s spccics wcre arrangcd in contingcmcy tubles and 

analyzed with thc G statistic (Zar, 198'1: 71). Itcight dilta of 

~h~cana secdlingn had unequal sample nizes, but they 

were analyzcd by an ANOVA rnodified fer proportion11.l replication 

(Zar, 1984: 215), and no contrast was made. 

REBULTB 

soil properties 

For the samples from the dry-wet transition (July 1989), the 

contrast far sites 1, 2 and 4 with Mn, K, total N, Fe and Cu 

indicated n slgnificont forest type effect (Table 2.3; df=5, 44; 

P=0.004). 'rhe relevance of total N her.e was suggestcd by its 

significant value in univariate analyses (P<0.0006). Tot~l N 

content was higher in CF samples than in MF samples. However, 

there wns no diffcrence betwccn soils from CF3 and MF3. In turn, 

CF3 soil was dif f erent f rom those of the other CF in the contents 

of Mn, K, total n, Fe and cu in combination (df=5, 44; P=0.005), 

and Zn, P04, ca, Na, Mg in combination (df=5, 44; P=0.00002). 

These results may be duc to significantly highcr content of cu, 

and lower ca in the CFJ samples, as indicated by univariate 

analysis (ANOVA, P<O. 002) . 

organic carbon content did not differ between forests in thc 

dry season (May) or at the dry-wet transition (July) (Table 2.J; 

df=l, 64; all P>0.4). In contrast, in samples far the wet season 

(September) and wet-dry transition (Uovember), when organic 

matter from litterfall probably wns being incorporated into the 

soil, the samples from CFl, CF2 and CF4 had more organic carbon 

(df=l, 64; P<0.0004). The quantities were almost twice as large 
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as the corresponding values from MF (average quotient of CF/MF: 

1. 7 ± . 2, n=lB) • At the same time, organic carbon content in 

soils from CF3 and MF3 were similar (df=l, 64; P>0.1). 

In the wct-season sample (Scptember) alca, soils from CF at 

sites 1, 2 nnd 4 were different frorn MF in thc contents of Mn, K, 

total N, Fe ir1 combination (df=S, 44; P=0.0001). Again, the 

difference might be largely a function of total U cantent, as 

suggested by univariatc analysis (ANOVA, P<0.00001). In the 

Septembcr sample cu wus not detectable in either forest type by 

the methods used. In the wet-dry season transition sample 

(November) there werc no differences in the nutrient contents of 

forest soils. In both Septembcr and November, the soil from CF3 

was similar to thosc from thc othcrs CF and from MFJ. 

In spite of thcsc seasonal changes, soil pll did not change 

with the seasons (Table 2.J; df=48; P=0.08) and was similar 

between each CF and its adjacent MF (df=l, 48; P>O.J). All values 

were vcry clase to neutrnl pJI (6.87 ± .os, n=48). 

Soil texture wns not differcnt betwecn forests; all soils 

wera classif ied as sandy-loam. Thc percentages of soil particles 

ranged from 52 to 79% far sands, 11 to 30% for silts, and 8 to 

20% far clays. 

In short, the majar differences are betwecn seasons rathcr 

than betwecn forest types. 1rhe levels of almost all the elements 

measurcd in the soils changes between the dry and wet seasons 

(Table 2.4). In general, the mean values are largor in the dry

wet transition when the decornposition process starts with the 

first rains, and smaller when the vegctation is growing (wet 

period). This pattern is present in both CF nnd MF. This 

fluctuation was expectcd and agrees with the scasonality of 

preclpitation. 

Germination 

Germination percentages far cel aenodendron rnexicanum, 

~' Q.~esalpinia eriostach.Y.§ and Cordin alliodora 

did not differ significnntly between soils from CF and from MF 
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(Table 2.5). Concordant with thcse rcsults were those from the 

assays of thc others spccies, which wcre pcrformccl on soils Crom 

only ene si te. 

Lysilomn m...kt:QPhY.l .. !.!lm and -º..A§,11..!1C......i.!!....S..QJ.:.Y...mP_oyq prescntcd the 

highest valucs of germinution pci:cnntngc (B7% ± 3.0 and 71.41> ± 
9. 2, respectively). Cets"'lenodct1sl .. t:..QD .. _!D~-x~iJ;aJl!L11J l1nd ü lower nverage 

germination, near that o(' Q_QQ§.fl_\n.i1ü;Lg_r!pfilJ!~l!.Y~ (47.8% ± 2.4 

and 58.J\ ± 2.9, rcspcctivcly). Thn othcr 5pecics showed evcn 

lower percentages: ford:i.LJl..LtJ.P.!1º.rq, 20. 9% ± 3. 4; Rccch_.ll\ 

mex..ican~, 14.8% ± 1.8; Q..QghlQ1:?.PJJK!Il..1U!l __ yj_tl1p_lj_!.U!l, 5.2'% ± 0.5; and 

~adenia constrict,_<},, J.8% ± 0.7. 

Seedling survivorship 

There wcre no diffcrences in sccd Llng survivorship of 

~cnodendron mexicanul1), n_eccJ\ l.n_1ng~~1.[1ª aml ~ª-™1121.nin 

eriostachys growing on noils from CF or MF to ugcs of nbout [our 

months ('l'ablc 2. 6). CasQarla c_9J;..Y.!!l@_§..il dld not nhow differences 

between seedllngs gL-owing on soi ls fr.om hoth forest types o( si te 

two. 

Although ~M!nodcndron~ms_;.,ti~qn_qm. hnd thc highc5t average of 

secdling survivorship (97.9% ± 2.4), ~-ª-!::!Q...éLria cqt.YID.!22.fil! and 

Cae .. ~ª-lP_.lnia eriostac;,hY.§? wcrc also very succcssful (91.7% ± 0.3 

and 91.0% ± 7.4, rcspcctivcly). In contrnst, ILQ...c;_gJl.Ll_TOQXÍ_gªnu 

showed a much lowcr survivorship (77. G'i ..:.t 10). survivorsh.lp of 

Cacsalpinia eriostachY.§? ovaluated to about agc onc year (393 

days) was thc snme é\S nt four months. Data fer 9ª._laenodemlron 

m.gx_icanum, Recchi.ª-FlexiQ.illJ-ª. and -º'-ª~ªru;_ia corymbo§m. did not cxtend 

to one year. 

Soetlling growth 

Only Ce.l-E....filll>dcu.Y.~11Jl_g_~J.Q.qfillJ!l showeU differenccs in seedllng 

height dapending on which forcst and site the soil wus from 

(Table 2. 7; d(=l, 65; P<O. 015). ~glaenodcndron mexicanu...m 

secdlings reached greater hcights on soil from MFl and MF2 ( 12 cm 

± o. 4, n=24) than on solls from CFl. and CF2 ( 1..0. 1 cm ± O. o, 
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n=2J). Seedlings growing on CFJ soil wcrc signUicantly taller 

than seedlings on soils from thc other CF (df=l, 65; P=0.000047). 

Heights of CCl..illillQ...c!.Cndron rncuc._i_g{!.l).~ffi sccdlings on CFJ soils were 

similar to those on MFJ soils (13.B cm.:!. 0.5, n-2t¡). 

Establishment in aitu 

The field cxpcriments with ~_!'1~_~9Jn_iniq___~rj._o§....t...!l.gl!Y§ sceds 

showed gcrmination was as succ:cssful in Cf as in ncighboring HF 

(Table 2.n; df=l, 2'1; P>0.00). At si.tos 1 an1J 2 a11 nvcragA of 

83.31 of the sccds bccarne sccdlings (s.c.=4.11, n=20). 

Germination was a Jso similar hctwccn CfJ and MFJ ( G9. 2% ± 7. 5; 

df=l, 24; P=O.O). 'l'he lowcr vnlue in CFJ was nigni.ficantly 

different from thc otl1er CF sitos (df=l, 24; P~0.006). In these 

~ experirnents gerrnination was grcatcr titan .in thc 

greenhouse. This wns probahly rlue to poorei:- draj nnge in thc 

greenhouse containcrs. However., in a 11 cunes mortnli ty was 

independent of soil origin, nnd of forcst typc. 

DISCUBSION 

The levcls of sorne nutricnls are diffcrcnt between CF aml 

MF, but not in all sites and thc di[fcronccs are not concordant 

among dates. Moreovcr, thc dl[fcrcncefi nrc lcss thnn the range 

between the ~easons ('I'able 2.4). '!'he rcsu.lts of physical and 

chcmical analysis o( the soili> do not support the idea that 

Celaenodendron mexi_canum establiahcs on soils diff"crent frorn 

those where MF develops. Valucs reported far MF in a previous 

work (Garc1a-Oliva et al., 1992) lle within the range estimatcd 

far the sites studied in the pl:'escnt paper. l\s indicated by othcr 

authors (MaaGs, Jordan & sar11l~hfi11, 19BO), thc soil 011 11illsides 

at Chamela has low fertllity. twail;sbility of surraccs far cation 

exchange is low, as shown by thc low clay content (14 to 23%) and 

the low estimatcd concentration of organic mattcr (lcss than 5%). 

Thus, low rctention capacity may nccount for thc notorious 

decrease in most of the cations (0.g. en, Na, Mg, Mn, K) in the 

wet season (Table 2.4). However, thcse conditions are not 
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striking compared to "whitc snncl noils 11 (Da vis & Riclrnrds, 1934; 

Jordan & Herrera, 1981), and typic,,1 stnnds at Chamela nre among 

the most dlverse in ncotropicill ch:y forcsts. 

Furthermore, in contrast to nitcs with unfavorable soll 

(e.g. mangrovcs, swamp forests} thnt mtty have few specics in 

common wlth adjacent rich sitcs, tJ1e specics that are found as 

mature trees wi th Cel-ªQ..llQf!Qn.r!!-:QtLfTl..PKJ~mJum are a.loo raund in the 

surrounding MF (Martijcn.J ft. llullocJ:, submitted). However, nothing 

is known about thc natur.al dyna.micm of tlwsc speeics or thcir 

representation ns saplings in the umlerstory of ltF or CF. 

Other exnmplcs of monodominnnt forests abuttjng mixed forcst 

without distinct ch;Jnges in soll conditions and with mont of thc 

species occurring in both forcst typos includc fp.Qpj.JQQ..R!d.:t:..911 

llilll~ill:t:.Y...lll (Guttiferilc} in Intl ia {Kndnmlli., 1912) u.nd 

Gilbertiodendr;:__q__n dcwevrcJ_ in Zalr . .-e (llart et al., 1909). In tha 

case of Shorc,J.__QJJrtipsii Dycr ex l~.ing in l1<i1ay<l, thc contcnt of 

majar nutrients is sjmilar, but therc nre differrnccs in water 

relations, renulting from topoqrilpbic nnc.l soil fnctor.s, wh i.ch 

detet"mine thc si tes it occuples (l·lhitmorc, 1975). 

Sorne species of MF at Chnmeln mny be largely rcstricted to 

particular topograph i e concl i tions, e. g. Qlll!O.t..iL~~-e .. l~m. Sánchez

Mejorada on ridgctops (DullocJr~ et al., pee!!.. com.). Many species 

are restricted to decp soils in arroyos, presumnhly bccnuse they 

are intolerant of th0 water stress typicill of hil lsidc si tes 

(Lott et al., 1967). Howevor, the prcsence ar abr.ence of 

Celaenodendron mexi_g_;;mym is not limitad by topography. Its 

forests occur in arroyos as well nr. on hillsides with convex 

slopcs and on nll uspccts. Thc microsites occupicd are nlso 

undistinctive: slopc gradicnts immcdlatcly adjaccnt to 

Celaenodendron_mexi_qrrnlli!! trces i.n four CF are not diffcrent from 

the slopes of random points 111 MF (df=1, 145~ P=ll.l .. 5; ranga 2.5° 

to 29º). Morcover, mcasurcmcnts ar soil moisture in the first 10 

cm during thc dry scnson in onc CF and its adjacont MF sho1,o1 

mlcrosites conditlons are similar fer ::.:ecdlings (FicJ. 2.1). 

This upparcnt similarity corrcsponds to the rcsults of 
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experiments on establishment in sevenil npccJe>s. Seeds oí common 

MF specios can germinntc and establhih scedlings in simJHir 

percentages in solls of CF nnd MF, shown hy BQccl.Ll-_q__JlJ.QXlgj_ina and 

,Qesalpinia eriostacll.Y..§.. 'l'he expcrimcnt:s with secds of 

~aenodendro!:L!!l..q_X_i_c-!'111Ufl'! show thnt they nrc ahle to gcrminiltí.' nnd 

estahlish in soil from MF. The only di [fcrcncf"'! found bctwcen its 

seedlings growing in CF or MF soil wns in haiqht (unfort'unnb:üy, 

no information is avnilablc on totn l or root biom<Jss). 'i'hcse 

results reflect sorne differences bctwccn sil:ca, but not between 

forest typcs. 'l'hus tllC! distribut1on of ~qJ_ªgnoQ,g1tdX:..QJl. mcxicarrnm, 

and of the othcr spccies tcstcd, dncs not apprar lo be. limited by 

soil characteristics at depths up to 20 cm. 

The occurrcnce, in some cuse!:;, of cctomycorrh i?.nl 

associations in monodominnnt fon?!1ts has suggcstcd thnt dominant 

trce species may hilVC an enh;:rnccd nbi 1 i ty to replacc rind exclude 

many other spccies (Connell & Lowm."ln, 1999). QY.Qr.....<2..l!.P_Q~leojdeq 

Chnm. & Schlccht is u monodominnnt mutunlistic wi.th 

cctomycorrhizal rungi and its d istr.ilmtinn is corrc.1atcd with 

peor soils. Howcvcr, thc particular soil condltions diffcr mnong 

si tes (Pennington & Saru}:h;ín, 1960), and in Costn Rica most of 

subsidiary spccles found in Q.q.i.;r;s;_t!_!L.QJ~.9J.rJQ§. patchcs are also 

found in adjaccnt mixcd forest (BouclHH, 1981). Tn the case of 

Celuenodendron me>:lcanum, it .is b10wn that nn cmlomycorrhizal 

association is formed (Guvlto & Martijena, unpublished) and that 

spores of endomycorrhizal rungi nr.c also common in MF soil 

(Gavito, pers. com.). Endomycorrhiznl rclations may be pertincnt 

to the mineral nutritlon of thc majar canopy specics, but thnir 

impact on dominnncc j5 uncleilr liccn11r:e thcy occur .ln both forcst 

types and have low specificity. Ar.::cord1ng to Janes (1902), thc 

dependence of neatropicnJ treos 011 the samc fcw cndomycorrhiin l 

fUngl species limi ts thci.r abi l i ty to exclude onc another 

competitively. 
Assertion of dominance by a ~ingle npecics in un old-growth 

forest may be possible duo to a gi:cntcr tolcrnncc fJf other 

stresses such as shade. ln Clrnmeln, most of the MF species aml 
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Celaenodendron mexic;.ªnum are dr.ciduous. Lenf fall in MF occurs 

during the first scveral mont)u:; of thc dry scnson but in CF the 

lanves are kcpt until late in thc dry scilson (Mnrtijena & 

Bullock, submitted: Fig. 1.2). Although thc ci\nopy of 

Celgenodendron mexicanum is fnirly dense and i.s prcscnt most of 

the year, thc shade lt custs is somewhat lcss thnn that of the 

surrounding MF (Fig. 2.2). 'I'h.in is becausc MF hns a dense 

understory with rnany el imbing plnnts, which contn1.sts strongly 

with the open understory of CF. 'I'hus, light i11tensity on thc 

forest floor probably does not prevcnt the establishment of 

species othcr than Cel!.LQ..1J.QsJg119LQ!LJll@-~.~g__Cl[lm11 in its forcsts. 'rhis 

is reflected by the high percontngc or ostnblishmcnt from tho 

secds of ~ª-.lPl.nl_a__criost;_g.!~.hY~ sown in CF. 

Clearly, more rcmains to Uo invrn:;t_ignted nbout thc 

ecologlcal belrn.vior of this spccics to C1ccounl: for it:s üchioving 

or maintaining dominancc. Such .i.s nspccts of r.cusonulity of 

photosynthcsis, tolerance of e] imatic variabi l ity, qrowth and 

survival bctweon thc sccdling ancl snplinry stnqes, adult 

longevity, and ef fects of prcdators nncl pnrasi tos. '.rltc longer

term behavior of juveniles ar other opecics in ~Qlacnodcnc1 .. m.n 

~icanum forcst nlso mcrits at.tcntion. llowevcr, certain 

hypothesized mechanisms for cxplaining thosc rnonodominant stnnds 

can be discardcd. Specificnlly, tharo Í$ no cvülcncc far 

diffcrcntial spccics cstablishnic11t dctcrmined by soil properties, 

nor are thcre unfnvornble chungos in other physicnl conditions 

relnted to the discontinuity in forest composition or to 

differences in dominancc of_C~}AQ.IJ9-Y~ ... !l~l.r,_Qn me:~d.C<\!ll!I!l in its 

stands. 
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TADIJE 2 .1. Summary of experimental designs nnd analysis (G: 

greenhouse, F: forest, CF'! Celnenodendron forest, MF: Mixed 

forcst; n: the number of units in cach forcst) 

Si tes 

A~says CF MF CF MF CF ~IF C:F MF 

Soil Annlysi); X X X X X X X X 

Cclnc11mlcntlro11 111cxic11nu1n (O) X X X X X X 12 

Rccchin mexicana (G) X X X X 25 

Cncsnlpinin crinstnchys (G) X X X X 25 

Cnc!'illpinin crimtndll]_ (í-) X X X X X X 

Conlia ullimlorn (G) X X X X 

Casc11rin con·mhnsa (G) X X 

Pintndcnia constrictu. (U) X X 

L~il11mri micrnnh~llum (G) X X 

Cochfos12crnrnm vitiíolimn (GJ X X 

GG 



TABLE 2.2. Hypotheses and planncd comp11riso11s 

llypulhcscs 

CFI +CF2+CF4 ~MFI +MF2+MF4 

CF:l=MF:l 

CFI +CF2+CF4 =CF.l 

Trt.·atmcnts 

Cunlrnsl CF MF CF MF CF MF CF MF 

2 
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1 -1 

o 11 

o 

1 -1 

11 o 

o 

11 o 

-1 

-J o 

1 -1 

11 o 
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TADLE 2.3. Contrasts of soil charactei.·lstics from CF and MF at four 

sites: pH, organic carbon (O.e.) and c>etl:"nctahlc nutrientn. Data are 
in the original sea le (± standard error): 7.n, PO,,, ca, Un, Mg, Mn, K, 

total nitrogen (T.N.), Fe, Cu and total phosphorus ('l'.P.; rng kg
01

); pll 

(log) and o. c. (%). 

Modcl Conlrnst 1 Contrnst 2 Contrnst J 

o.e. 2..i.±.0.·1 = V±Jl..l 25±_11.5 = 2 . .1 J:!l.4 2.'l±_llA = 2.11.:t.ll.5 

Dry-wcl lrnnsitinn: J!!h~ 

o.e. 11.1±11.1 = 11.8.±.11.1 11.6.:t.0.I = 11.5.±.11.1 11.7.±.11.1 = 0.6±Jl.I 

Zn, P04 Cn, Nn, Mg CFl,2,4 = MFl.2..t CF.l = MF.l CFl,2,'1 f CF3* 

Mn, K, T.N., Fe, Cu CFl.2,4 1' MFl,2,.1* CF.1 = MF.1 CFl,2,4 f. CF3* 

pH fi.8±Jl.2 = í>.7.±.11.2 6.5jjJ3 = 6.4 . .UJ.J 6.8±0.2 = 6.5.±..<U 

\Vct ~ fu:ptcrnhcr 

o.e. 2.1.±.0.J > 1.1.±.11.1* 2.l±Jl.I = 2.IJ:!l.J 2.7.±.11 .. 1 = 2.J.:t.11.1 

Zn, 1'04 Cn. Nn, ~lg C'Fl,2.4 = MFl.2.4 CF.l = MF.1 CFl,2.-1 = CF.1 

Mn, K, T.N., Fe, Cu C'Fl,2.4 = ~IFl,2.4 CFJ = MF.l CFl,2,•J = CF3 

pi! 7.ll±Jl.I = 7.ljjl.I 7.l±Jl.I = 6.S±Jl.J 7.ll±Jl.I = 7.1±]1.I 

T.P. 2411.±.211=432:tl 12 J11.±.IH = 118.±.6 2·!0.±.211 = 131.±.18 

Wct.drv trnnsition: Noven~ 

o.e. 2.-1±_11.4 > 1.5.±.o . .i* 2.4.±.llA = 2..t.t.11.4 2.4±]1.·I = 2.4.±.0.4 

Zn, 1'04 Cn, Nn, Mg C'Fl,2.4 = MFl.2,4 CF.1 = MF.1 CFl,2,.1 = CF.1 

Mn, K, T.N., Fe, Cu CFl,2.4 = MFl,2,4 CF.1 = MF.1 CFl,2.-1 = CF.1 

pH 7.ll±Jl. I = 7.11.i_O. I í>.8.±.11.2 = 6.7±]1.I 7.11.±.11.I = 6.8.±Jl.2 

T.P. WIJ.±.155 = 1956.±.2:H 1866±.211 = 2665±}% 2Cl·l.1.±J55 = 18W±.21 I 

(*) aigni!icant at P<0.005 
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TABLE 2. 4. Seasonill values far soll clrnracteristicn (± standard 

error; abbreviations and units as in '1'/\DLE 2.3). 

PrupL'rly Dry SC<1S01l Dry-Wct Wct sl!;1son Wr.!t-Dry scason 

o.e. 2.JJ.:t.0.25 11.76±)1.!J.I CF:2.J9±JU7 CF:2.6 7 .:t.0 . .14 

~11':1.51±_11.26 MF:l.69±.11.1•1 

Zn 9.8.±Jl.5 1.6.:!Jl.2 4.9.±_0.5 

P04 12.0±.1.0 111.2.±J.5 13.Cl±.1.l 

Ca ·1714.±,1•18 H.l;tH 519±,)0 

Nn 1479.±,14 2.llj:.(l.J 6<1.11.±,1.1 

Mg 13113±.115 16J:_2 1•12±_8 

Mn CF:J14±.40 CF:20J:l ll8±1 

fi.1F:J21J±16 ~11':20±_6 

K CF:I075,:bq4 CF:ll±.1 ·19.±} 
MF:82fi±.125 ~11':8±_1 

T.N. Cfo':l89'J±_2711 CF:27JH±.4.10 220.±,17 

MF:12·18±_22J MF: 1751±.115 

Fe CF:59.8.:t.9.7 CF:l l.8.:t.2.0 •IH.7±.2.11 

fi.lf:5.l.f±(,,9 Mf':l.1.5.:t.2.9 

Cu CF:.1.2.±)1.6 (') :U~jjJ.2 

MF:l.9±.0A 

pH Ci.R.:.t.0.1 7.11.±)l.) 7.11.±)1.1 

T.P. 21KJ6±.1118 2R1,:bl8 

( *) Nol <lctcctahlc by lite mcthml usctl. 
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TABLE 2. 5. Contrasts of gcrrnination pcrccntagt's (± stu.ndord 
error). 

Spccics Contrast on:mils fmm 

Ccl:1cnmlcndron mcxicanum 511.11±1.4=•111.4±1.I CFl,2 = MFl.2 

47.5±.f>.7 = 58.J.:t,1.8 CFJ = MF.1 

511.0±1.4 = ·17.5±.<i.7 CFl.2 = CFJ 

Rccchia mcxic:urn 11.7±_2.2 = 17.9±_2.8 C'Fl,2 = MFl,2 

Cncsalpinin criostm.·hys W.ll.±,1.7 = 56.7±1.4 CFl.2 = MFl,2 

Conlia allilJdorn 27.J±)l.5 = Jll.5±.,5.1 CFl,2 = MFl,2 

Cnsi:aria corymlnlsn CF2 = MF2 

Pipllldcnia cnns1rictí1 J .. l = •1.1 CF2 = MF2 

89.7 = H·U CF2 = ~IF2 

Cnchlt1spcrmum vilifnlium 5.J = 4.7 CF2 = MF2 
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TABLE 2.6. Comparisons of survivul porcentngeG. 

Spccics Comparis<m on soils from 

Cclacnodcndrnn mcxknnum 91.7 = ICXJ.0 CFI = MFI 

l!Xl.O = 11111.11 CF2 = MF2 

l!Xl.O = ICXl.O CF3 =MI':! 

Rccchin mcxkana 5.l.8 = 92.J CFI = MFI 

81.8 = 82A CFZ = MFZ 

Cncsnlnini11 criost;~ 96.0 = 'Jfl.11 CFI = MFI 

ICXJ.11 = 72.11 CFZ = ~11'2 
Cnscnria CO[J'.mhtlsa 83.3 = ICXl.IJ CFZ = M1'2 
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TABLE 2. 7. Contrasts of secdling heights (cm, ± otnndnr.d error). 

Spccics 

CclncnmJcmlrnn mcxicnnum 

Rccchia mexicana 

Cacsnlrjnja crinstncl1vs 

Cnscnrin corymhrnm 

("') significant al P<0.015 

Clmtrnst 

10.l.±Jl.8 f 12.6.±Jl.5* 

14.11±11.H = D.7.±JUi 

10.l:t.0.H f 14.0.±Jl.H* 

16.2J:.l.4 = 17.7.±Jl.7 

12.4.±]l.4 = 11.2.±]l.6 

12.7:t.l.0 = 111.7.±.l.2 
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on :mils from 

CFl.2 = MFl,2 

l"FJ = MFJ 

CFl,2 = CFJ 

CFl,2 = MFl,2 

CFl,2 = MFl,2 

CF2 = MF2 



TABLE 2. 8. Contrasta of establishn1ent of carurn.W~riostachys 

in the forests (± standard error). 

Contrast on soils from 

90.8±3.8 75.8±6.9 CFL,2 MFl, 2 

61. 7±7. 6 76.7±13.9 CF3 ~ MFJ 

90.8±3.B 61. 7±7. 6 CF.l,2 CFJ 
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Fig. 2.1. Gravimetric measurements of soil moisture in a 
Celaenodendron mexi canurn forest (salid circles) and its adjacent 
mixed forest (open circles) in the dry season (26 Jan. to 22 Feb. 
1990) ; mean ± standard error~ 
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BEED llND BEEDLING SURVIV~L OF FOUR TREE DPECIEB IN ~DJhCENT 

BPECIEB-RICH llND MONODOHINllNT TROPIChL FORESTO 

1\bstract. Wc tested the hypothesls that survivorship of 
postclispersal secds and ncedlings lliffern bctween spe.c.Lcs of 
high-diversity stands and one species thnt occurn only as hlgh
density populatlons; contrasting putternn of mortality in mixed 
and monodominant stands werc expcctcd. ~1-ªQ.ll.9dc119J_-_g.n mcxicarrnm 
stanclley (Euphorbiaceae) dominates the cnnopy and untlerstory in 
discontinuous patches (CF) within specier;-rich forcst (MF) in 
southwestern México. Expnriments wcre conductcd on sced and 
seedling mortnlity (removal ar prcdation, and in situ mortali.ty) 
at several sites in adjnccnt CF and MF using common r;pecics of 
MF, casearia cor.YJ!lQQ§ª' Trichilia "t;rifojj'"ª- 1 and ~1.lpiniq 
criostachys, as well as Celae!J.QQ._Q.nQron mcxi-ºªDY.ID· 
l. Mortalitics did not diffcr in -º-ª.§..9--ª-r:i.a corYJ!IJ-?_Q?.-ª and 
'.!J:l_chilia trif.glia bctwecn CF aml MF. 'rhcir early losses wero 
100%: no seedlings wcre cstablishccl. Post-dispernal seed 
predation accounted far 37\ to 100% of thc mortali ty in g.!l§gf'..rlJ! 
QQJ::'...Y.l!lbosa, and 42t ln T.r,__ichj__lJª-_t;J:".JLqJ~t-'"'l; the rcmaindcr failed to 
germinate. 
2. Tn the other two species, early los.sos were lurgc but not 
total. Survivorship varicd betwccn si tes, but thcre wcre no 
significant differcnces corresponding to forest typc. 
3. ~eln.cnodcndron mg~_l_qA.mrn1 suffered large losses in the stages 
before scedling establishment. somo 87\ of its sccds wcrc 
removed, and nnothcr 7% e.lid not gcrminatc. Beforc thc cotylcdons 
were exposed, predation reduced thc remaindcr, but this mortality 
differed greatly between sites (2-100%). Although only 2% or the 
seeds produced seedlingr; in situ, subscquent survivorship to nge 
one ycar was high {51%). 
4. ~aesalpinia erios~ltY§., the most common spccies of MF, had 
low initia1 mortality: 47% due to seed removal and failure to 
germinate. Howaver, the first-year survivorship of seedlings was 
only 5%. As a rcsult, the survivorship to one-yeu.r-old plnnts was 
not much diffcrent far cacsa_lg.ini __ fL.ill.P_stac~ ( 2. 3%) and 
Celaenodendron mexicqnum (1.2l). 
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5. Invertebrates, presumably nnts, as well nr. vertebrates wcrc 
important seed predators (removcrs), although the lmpact of each 
varied between species and sitos. Rodents were apparently the 
vertebrate predators of CelaeJ1ocJen.Qron mc.K...iconJ!!!l seeds and 
seedlings. 
6. Mortallty patterns wcro similar in maturc CF and in a stand 
with less dominance and smnllnr individuals of g_~lo.enodendt:Qll 
mexiQ'!!!!!!!l· 
7. Differences of mortality bntween spcc.los wnre notable, but 
were not associnted with forest typcs. llowevcr, differenccs in 
the degree of gregariousness within thcse species probably cause 
the quantities of soetls produccd by cach to di rri=r grcntly 
betwcen estnblished forest typcs. Thus, oven with nimilar 
survivorship, recruitmJ?nt rnay differ in spnce. 
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:INTRODUCTION 

Natural enemles of seeds and sccdli11gs mny be a significant 

force in rnaintaining the low denslty of uonspecific traes in 
tropical forests, and thus 11'1 maintnining high local specios 

diversity (Janzen, 1970; connell, 1971). 'l'hc Janzcm-Connell model 

predicted survival only nt greatcr djsta11ces from thc. pnrent 

because of the aggregatlon and attacks o( host-spccific 

predators, herbivores an<l/or pathflgons. \'lith recruitment 

probabillty lowcrctl near conspcc1 fíe udu l ts, thc prolrnbility of 

non-conspecific establishment in thcse sites Jncrcascs (Clark & 
Clark, 1984) . llowever, sorne tropical trcC! spccier. typically or 

locally occur at extraordinnrily Jdgh densities, forming low

diversity ar monoc.lomimint stands with ab1mdnnt recruitmcnt, 

although thesc stands may be immersccl in high-divcrsity forests. 

Examples of such spccics wcre carly emphasizcd by Richards 

(1952; see also Whitmorc, 1975} nnd in rccent years interest has 

reappeared in those which are not spccialists of cnrly succession 

ar water-loggcd soils (scc Jnnzcn 197'1, 1977; Sw<1inc & llall, 

1981; Connell & Lowman, 1989; Jlart et al., 1989; llnrt, 1990; 

Martijena & Bullock, submittcd). Explanutions of thcir local 

abundance and sharply delimited pntchcs have foc11sed lcss on secd 

and seedling mortality and more on plant-soil re líltions, such as 

soil fertility (Janzcn, 1974; IJuston, 1900; lfartsl1orn, 1988), and 

mycorrhlzae (Connell & Lowman, 1939; JtOgberg, unpub.). llowevcr, 

thcse have becn rejected in sorne cases (e.g. swainc & Hall, 1981; 

Martijena, in preparation). 

Altcrnatively, the cxistenco o[ somc such populations has 

been interpreted in terms of levels of mortality fr.om predation, 

herbivory ar diseasc, that are low relativo to othcr spccics in 

sorne dcfined r;patial contcxt. The mcchnnisms may be predator 

satiation by mast fruiting (Janzcn, 1971}, or abnencc of cnemies 

(Janzen, 1970, 1974). Doucher (1981) found that where ouercu§. 

oleaides (Fagaceae) has nlready nchieved high density, satiation 

of predators by abundant acorn production enables the spccies to 

maintain recruitment. Howcvcr, if its density falls to the lcvel 
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~".11;~H~ r:~+ e.; .;····-~ :1-;·;, 
typical of tropical trees, it will go locaJ!1y··ext:inCt. Ábsence of 

spccialist (Janzen, 1970) or qcncralist mammalian seed predators 

or herbivores may also changa rocr.uitmcnt patterns, and allow 

traes to davalop high-danslty populntions (Janzen, 1972; Dirzo & 

Miranda, 1991). 

Given tha hetcrogencity of j ntr.a-populatlon dcnsity on a 

local scalc (Hubbcll, 1979; llubboll & Foster, 1907), it is of 

interest whethor survivorship is similnrly haterogeneous, even 

without considcration of prcd'ltor satiatjon. l n soma cnses of 

monodominancc the problem can be r.implifjccl to a contrnst bct.ween 

stand types. Goldberg (1905) founcl the e(fccts of prcdntion 

differed betwcen stands ancl betwccn spccies of monodominant nnd 

mixed subtropical forests. similnrly, cxperimcntn with VLlrious 

mangrove specics showed that levels of prcdation on secds wcre 

corrclated with conspecific clominnncc, but thc sign of thc 

corrclation differcd between spceics (Smith, 1987). 

We hnve studicd these. contrar.ts in ~elaenQQgpJ;lrqn_rnexi.®num 

Standley (Euphorbiaceae) in southwcstcrn México. 'l'his species 

occurs in patches (CF) where more l:han fifty pen;cnt of the trees 

are conspecif:ic, although these patches are surrounded by high

diversity mixcd forest (MF) • .Q.@.l.!1Q!!Odcmdron meK.i~Q!,llUJ!l LJttains 

densities far greater than is usual far even thc most common 

species of MF (means o( 1661 vs 150 trccs ha. 1), and is 

essentially absent outside of CF. On thc other hand, spccics of 

MF are poorly represente.el in CF, although present. Also, 

floristic and structural annlysis showed thLlt thcrc is variation 

in Celaenodendron mexicqnuin domirmnce and in the proportional 

distribution of individunl Llmong DDII clases bctwccn CF stands 

(Martijena & Bullock, suhmitted). 

Field experiments with post-dispersa! secds of 

Celaenodendron mexicanum and thrcc spccies of MF were conducted 

in both types of forcst, CF nnd MF, to evaluate the hypothcsis 

that the contrast in divcrsity may derive from dlf ferential 

survivorship in the stagcs of post-dispersa! seeds and seedlings 

to age one year. We al so introduced a factor of 11prcdator type 11 

79 



in the cxperiments, intcndcd to distinguish sccd rcmoval by 

vertebra tes and invertcbrates. 'I'his was becauGe l eaf-cutter 

(Attine) ants at our site are known to collect seeds, including 

those of the most common canopy trce in mixcd forest, caesalpinia 

eriostachys (I.eguminosae). 

Based on the differences in vegetation structure and 

floristic composition betwcen the forests, and considering both 

types of enem.ies nnd the mortnlity spcclfic to e.'lch stage, the 

investigation was focused en nnswcring the following questions: 

Does survivorship of each species di ffer hetwcen CF with 

high dominancc and MF, in the stages of post-t1 ispersal secds and 

seedlings to age onc year? 

Does survivorship at a gi.vcn stagc of each spocles dif·fer 

between the CF with less dominnncc and MF or high-dominance CF? 

Ooes the pcrccntage of losses ln the stagn of post-dispersa! 

seed change when invcrtcbrates are thc only prndntors? 

EXPERIMENTAL DESIGN ANO METllODS 

Site, climate and vegotation 

The research sitm:; were in ar ncar the Est:ac::lón de Bl.ologia 

Chamela property (19ºJO'N, 105°03 1 W} in Jalisco, México. 1'his is 

close to the Pacific coast, about 125 km NW of Manzanillo. The 

clima te is warm nnd scnsonally dry. The menn annual tempera tu re 

is 24 .9°C. Thc mean .:mnual prccipitntion ic 707 nm (1977-1991), 

of which 80% falls betwcen July and October (Bullock, 1986). 

Tropical deciduous forest is the predominant: vegetacion, 

except on deep soils along (temporary) water courses (Lott et 

al., 1987). The trees and lianas are oxceptionally di verse far 

the site's precipitation (Gentry, in prcp.). A vc?getntion 

description of CF was given by Martijcnn & Bullock (submitted}; 

lt has a limited latitudinal range ancl appnrent:ly occurs no more 

than 10 km inland. 

Four sltes with adjacent CF and MF werc chosen. 1\t these 

same sites, soils have been analyzed and evaluated far 

establishment of severa! species (Mnrtijena, in prcp.). Floristic 
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and structural an<ilysis showed that in CF3 f;.ªJ.S!nnodondron 

mexicanum had leas dorninance than in CFl nnd cF:! (35% vs an 

average of. 63%). In the latter two, individuals of al1 size 

classes worc prcsent, but there were praportionnlly more large 

trees. In CF3 about 50% of the individuals had trunk diarneter <5 

cm (Martijena & Bullock, subrnitted). It was suggested that CF3 is 

a intermcdiatc phase of MF ChilngincJ into CF (Martijcna & Bullock, 

submitted). CF4 presents the same clw.ractcristic!1 ns CFl and CP2. 

The species stutlied werc colJLcmoQ.enn!:.Q1LJnfil;i_c.!1.llH!D, and threc 

of the most common specics o( MF (I.ott, Dullock ft Solis

Magall.ancs, 1987): .Q~&1~;:.iª----º.Q.tY.!fl_li._o_fill llDK. (Flac'.ourtiaccne), 

~hilia tri folia QJ:"lJ.ID..~r._i (C. DC.) Pcnnington {11cliilcene), 

Caesalpinia eriostactiy_;;? ncnthum (Lnguminosac: Cacr..nlpinoidcac). 

Characteristics of cel,ru:pod.Qq~~~~-m~JC~~~PJ.lm 

~aenodcndro.n~llc.AO!!J!l is dioecious, and ts not known to 

present mast cyclcs of frulting. Fruit mnturation occurs eight to 

ten months after flowering. 't'herc .nre at most threc scads per 

fruit; the sccds are light brown with u mean dry mass of oo.s mg 

and olly endosperm. 'l'he maximum observad distrtncc of seed 

dispersa! from the e><plosive fruits is cight metcrs, with the 

greatest nbundance at four meters. 'l'here is no innate dormancy, 

and germination (hypogeous) occurs rapidly in moist conditions at 

normal temperatures (Rincón & Iluantc, 1988; Mnrt.ljena, 

unpubl.lshed data). The seeds lose viability when stored far ene 

year at loca1 ambient temperatura and humidity (Martijena, 

unpublished data). On the forest floor at the beginning of the 

dispersa! period, 10% of the secds show n dark coloration; these 

increase in írcquency to 78% nt thc stnrt of the rainy season. 

These seeds are empty ar ha ve low germination campa red to those 

with light coloration (O to 17t vs more than 50%). 

Predispersal predation by parrots is sometimos conspicuous. 

No insects have been detectecl inside the secds befare or after 

their dispersnl, when fruits taken from trees ar seeds from the 

forest floor were kept undcr observation. The most abumlant 
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rodcnt in the aren lJ,.,pmys pictus pi_Q.1::._lJ.§ (lleteromyidan) (Ceballos, 

1990), readily eats the seeds (Martljena & llullock, unpubl. 

data). 

The leaves are typically damaged, apparently by psyllids. 

onn case was observed of herbivory LJy lepidoptcrnn larvac 

(Lasiocampidae). Attine ants wcre only once observed cutting the 

leaves; these werc later rejcctcd from the nest, which suggests 

thcy are unsu.itable far the ants• fungus. Rclntions wi.th 

predators and parasites, or other plants, muy be affectcd by 

secondary mett1bolites: leavcs ami twigs of ~~lae11Q_d_gndron 

mexicanum are rich in terpenos aml flavonoids (Cnstaficda et nl., 
1992). 

Experimental assays 

Experiments wcre dcsigned to cvnltrnte los ser; by removal, 

germ.lnation failurc 11nd ncedl ing mor ta lit y, tn both types of 

forest. The cxperiments and thc forcsts whcrn thcy were done are 

shown in the 'l'able J. 1. 

To evaltrnte seed prcdation (removol}, a known number of 

seeds was placed simultaneous.ly in CF and adjnccnt MF a.t one or 

more sites according to secd nvnilability. Sceds were collected 

in the station, and selccted far those in an apparently healthy 

state. Casear.ia coa_n:tQQ§i! seeds wcre cleaned of the fleshy aril 

to avoid attack by fungi until thc assny was c5tablished. 

Starting dates of experiments wcre as follows: Cclacnodendron 

mexicanum, 9 June 19B9; caseari-ª-ºº~posª, 16 Septernber 1989; 

Trichilia tr.ifoli-ª. and caesalP.inia criostachys, 9 March 1990. 

Seeds of each spccics werc arranged in units of 625 cm2, 

delimlted by a half-huricd ring of plast.ic thnt: stood out of the 

ground 0.5 cm. Twelvc sccds were placed inslde, according to the 

average density of ~-~odend_r_pJLJ!!..ruL~'1ill!IB sceds in CF (192 

seeds m·2). Beca.use ~3UJ .. º1t~ifL~9.J'.Y.!!lb.Q§-ª secds wore scarce, therc 

were only ten secds pcr. unit, and only six units. Removal of 

seeds by invertcbratcs was evaluated in cach species cxcept 

Caesalpinia eriostachy_q. In the samc CF and MF, similar units to 
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those described befare were instal led but werc covercd by a cage 

(1.25 cm wire mesh; 25 x 25 x 10 cm), fixcd by stakcs which 

prevented rcmoval of the seeds by vertebra tes. 'l'hc cxclosure 

design allowed access by small-:-to-medium-size insects, but 

prevented hcrbivory by mammals 1u1d large insccts. •rhc protected 

and unprotected units of each pair wcre not fnr from each other 

minirnizing the effects of animal tcrritorinlity or foraging nr.ea. 

Because removal of ~~i.ª-._QJ.:i_9stm~llY.§ seods by ants was 

already known, and the seeds wcrc too lni:-gc to pass through the 

mesh, only five uncovcred units werc set up. 'J'en units in each 

forest were used far Tfl_@.1.lla ti:i.J_Q._lJ_n nnd .C.e>~~modendro_n 

mexicanum. All units were inspcctetl weekly ar biweekly and the 

number of seeds and scedlings WilS recordad until no more 

secdlingn appcared. Wo use the term 11 visit 11 in rcference to nny 

week ln which any seeds wcre removed from a given unit. When no 

more removal occurred the secds thnt dld not germlnnte were 

analyzed with tetrazolium to determine viability. 

Mortality in CelnenodenQ.~1-l!l_Q_KJcanl!m in thn tr.nnsition 

between scedlings with closed antl cxpooetl cotylcdons was 

evaluated with anothcr experiment, which started on 9 August 

1989. Again there were unprotectcd units (seeds cxposed to 

removal by vertebrates and invertebratcs) and coged units 

excludlng vertebrates. However, the cxperimcnt was done 

protecting all seeds from removal by burying them and coating the 

ring with a sticky resin. The units were inspC?ctcd weekly, and 

when germination started, the resin was removC?d. Numbers of 

germinated seeds nnd seedlings were registered until no more 

seedlings appoared. 'l'hen, the cages of the protected uni ts were 

removed and all scedlings were left completely exposed. At that 

time, only four soedlings were lcft to grow in ench unit; their 

survivorship was recorded monthly to age one year. When there was 

mortality, we looked far evidencc of the causes. 

To evalunte Celae_QQ_dendron_mg_xicanum seedling survivorshlp 

independent of differcnces in the seed and germination phases, we 

used transplanted seedlings. A cohort of 40 seedlings was 
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germinated in a shadehouse, in individunl black plastic bags with 

soils from CF2 or MF2. The secdlings were trnnsplanted in 

September 1990 to CF2 and MF2, bur.ying the containers with the 

bottoms open. In each forest thc scC!dl Lngs were nrranged in six 

units with four secdlings each. llul r of thc units were covered by 

cages (mesh 1. 25 cm; 25 x 25 x JO cm) which excluded vertebra tes. 

Survivorship was rccordnd to one ycar. 1\.lso, during thc two 

years of expcrimcntation, thc nilturnl nppearance nnd mortality of 

~elaenodendron mexi_@Il!Lll) secdlings was rcgistere(l in three 

perrnanent plots (25 x 25 m; in c1~1, CF~ and CFJ). 

Caesalpinia eriostQQ.hy§ scccll ings from scedf; surviving the 

rernoval experiment (desc.::rihed bcfon~), ;rnd othcrs from n stucly 

done at the samc time and si tes (as part of the soil study), were 

censused periodically for survlvorship to age onr:? ycnr. 

atatistical analysis 

Standard parametric mothods were used in thc statistical 

analyses; variation is reported as standard error. J\ll data 

(percentage per unit) were subjectcd to arcsine transformation 

befare analysis to reduce hctcrosccctasticlty among treatments and 

to climinate dcpcndcncc ar trcatmcnt varianccs on trcatment means 

(Zar, 1984). 

The general proccdure consistcd in making a preselected set 

of comparisons betwecn combinations of means. Planned contrasta 

have the advantage that separate answers to separate biological 

questions are providcd. Unlike most multiple comparisons, per

cornparison error ratos are obtaincd, so the comparlsons are more 

robu!it (Day & Quinn, 1989). Four contrnsts (Table J.2) were of 

interest according to the questions mentioned above. 1'he F 

statistic was used in all tests. 

Ideally, plannod comparisons should be orthogonal and test 

completely separa te hypothcses (Soknl (, Rohlf, 1981). 

Unfortunately, the third contrast was not orthogonal although it 

was relevant and interesting in the context of this study, and 

its results could be interrelnt:cd in som~ way with the othar 
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hypotheses. Thus, to be conservat:lvo in thc cxperiment-wise typc 

I error rate, the nominal signif Jcancc levols for all three 

contrasts were adjusted using tlw Donf•n·roni method (dividing by 

the number of tests being performed; 0.05/J=.Ol6íi) (Sokal & 

Rohlf, 1981). The contrnst an;ilyses wcre C<:tt"t'i1~d out with thc 
SYS'rAT program (Wilkinson, 1900), 

REBULTB 

survivorehip of post-dispersa! ne~ds 

9.§....~aria cory@osa.-: 'l'hjs spccies had the grcatcst variat.lon in 

the percentnge of sccd rcrnoval, frorn o to 100'1; ('l'able 3. 3). ln 

both forest types, exclosures s.igni r icnntly rmluced romova l of 

the necds. Whcn free o[ cxclosurcs, removnl wns r.ignificantly 
more intenso in CF2 than MF2. 'J'hese rcsults suqgc>st that 

invortebratcs were not importnnt in removinq thcso seeds, nnd 

that the differencc bctwcen CF2 and MF;! rc[led:ed tho spatlnl 

pattern vertebrate nctivity. Rcmoval by lnvertnbi·atcs was not 

different bctween thc forest types. At the J?ntl of the. second 

week, seeds that had not becn removed were nlready coverecl by 

fungus and none germinatcd in either forest. 

'.JJ;:.i911~..1folia~ Rcgardlcss of thc dogrcc of protection of 
the seeds, 26 to 65% o( them wcre removcc.l, inc.l lcating rernovnl by 

invertebrates (Table 3.3). Also, there were no differences 

between the units in CF nnd MF. In CF3 rcrnoval wns greater, anc.l 

also faster, than in the othcr CF ('l'able 3.J): in 65\ of the 

units with or without exclosures, all thc seeds were removed in 

one to threc visits (Fig. 3.1). At the othQ!r two sites, only 15% 

of the units had all seeds rcmoveU, and 80% of the units had four 

or fcwer seeds rcmovcc.l in thrcc or. rcwcr vinit!"l. 'l'hcsc reaultn 
suggcst there were differences in thc spntial distribution of 

rernovers, and diffcrcnccs in thcir bchavior bct:ween sites. At 
sito 3 invertcbrates seomed to be important bccause removnl wns 

similar between open and cngcd uni ts. 

After 13 weekn, when thc wct season hnd started, unremovod 

seeds had not gerrninated. Almost nll these seellS were ernpty and a 
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few had no living tissue. Thus, na in -º.<J~rJ...o_g_1rryJll!JQ.fu.1., thcre 

:were no survivors among ~l.i.lJ.n. tri folia secds ('l'able J. 4). 

~™lpinia eriostachys.- There wns no diffcrenc:c in removal of 

these seeds bctween forest types ('l'abJe 3.3). On average 47.2% ± 
7 .1 of the secds were removed. Although the sceds werc cxposed 

during 13 weeks, not onc secd was token in 27% of thc units 

without exclosure (Fig. 3.2). All sceds wcrc removed in only 20% 

of the units. The number of vislts to a given unit wns threo at 

most. The percent of remaining scm1s thrtt. germinated wao similar 

arnong the forests. On average, 46.7% ± G.5 of tho injtial secds 

escaped removal and germinatcd ('fühle J. 4). 

~..,!li!nodendron mfilJSmD.!!..111~ 'l'hese seetls werc removed as much in 

CF as in MF, and thcre was no di.ffcrence betwren uni ts with nnd 

without exclosure (Table J,J). 011 averngc, üfLcr cxposure far 

eight wccks, 09. 7% ± 2. 4 of thc r:;cc<ls h<ld been removed. Howcver, 

thcy were removed in dif(en~nt Wílyr;, in both CF amt MF, depending 

on the presence ar absencc oC cxctosures, i.e. on which animuls 

werc involved. All twclvc scccls worc removed in u single vis.lt in 

22% of the open units, nnd in ene to thrce visitG .in 82\ (Fig. 

J. 3) • On the other hand, in thc uni ts thnt preventcd vertebra te 

predation, only 32% of the units hrttl nll the sceds removed in two 

or thrcc visits, and there was no case in whlch ·"lll twelve seeds 

were takcn in onc vislt. Morcovcr, in 15't of the cxclosure units 

half of the sceds ar less was removed in as mnny as four visits. 

Apparently, thcse differcnt pnttcrns indicatccl filstcr rcmoval by 

vertcbrates from thc open units. Vcrtebrate predution was evident 

from rodent tooth marks en piceas of soeds, which wore similar to 

the pieccs left by a captivc mousc in .feeding tests (Martijena & 

Bullock, unpublished data). 

Among the unremoved seedn thcrc wus substantinl failure to 

germinate in all units (68.7'}; ± 10.6). 'l'hus, survivorshlp of the 

initlal twelvc secds was low (J.2\ ± 0.2), although similur 

betwcen forests and indcpendcnt of the kind of prctlntors (Table 

3.4). Thc seeds which Called to gcrminntc werCT empty ar without 

living tissuc. 
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survivorship in the seed-seodling tranaition 

When ,QWsalpinia ei:_.~1.PllYB sacds startcd to gcrminate, 

thay quickly cxposed thoir cotylcclons nncl no mortality was 

appreciated in thc transition. 

Germinating sceds of .Qg]._~1gn_r;g!QnYr...Qn_.mgK...l.C:::@Hm delayed 

several days befare the cotylcdons becnme cxposc<l, and only 79.1% 

± 3.G achieved this. 'l'he14 e wcre no qenernl dlffercnces between 

units with or without exclosurc. Howcver, in CFl nnd MF?., 

mortality was grcatcr among gorminnting seeds tlrnt wcrc cxpor.ed 

to all animals than with vcrtohrnten C'Xcluded (Tnble 3.5), 

reaching 100% in MF2. Agnln, thcsf! dlffercnces rnny rC'flcct the 

spatial pattern of vcrtcbrntc c.lintribution, rC'gardlcss o( fon~at 

type. In almost all cases, thc r?picoty.l was cut nnd droppcd in 

situ, uncaten, and with tooth mnrks on thc cut end. 

Survivorahip of seodlings to ngo ono yoar 

Only 4. 6\ ± 1. 5 of ~~$.i1JP.JD~_!L_~ff_.Í,QQ!!Jl9.ll.Y~ seedlings 

survivcd to a.ge onc ycnr in i111 forcstr: (Tnblc J.6). Mortnlit:y 

was as high in MF as in CF. 

In contrast, ~-~-J.ften9detidrq_JL_lJl_~tigA!1!Jffi secdl i ngs had lowf'r 

mortality which did not diffc1- hetwccn CF nnd MF ('l'able J. 6). on 

average, 51.4'f. ± 6.0 of thc seecllings that hnd germinated in the 

forests and 91.7% ± J.7 of trunr;planted seedlings survived to age 

one year. Greater survivorship of transplanted seedlings may havc 

been due to the presencc of their containers, or better initlal 

developmcnt in shadchouse conditions. 

Natura1 soedling establishment of Colaenodondr_Q11..Jl!º1ficanWX! 

From July 1989 to July 1991 Cew established seedlings 

attributable to natural processcs were found. In 1989, 29 

recently emerged seedlings wero observed in the permanent plot of 

CF2 and 14 in CFJ. In the following year, only 2nt of these were 

still alive in CF2 nnd 64% in CFJ. Over tho some time interval, 

seedling survival in tho experiments was JO% (CF2) and 68% (CFJ). 

Thus, early survivornhip was not affected by experimental 
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treatments or the aggregntion into units. Morcovor, t.he size of 

scedlings from experimental and natural processen nt 7 to 12 

months of agc was similar in both forcsts (O.o± 0.2 cm and B.J ± 
0.3 cm respectivcly). 

The high natural sccdling survivcn·ship in crJ is espccinlly 

interesting because relatively (CW trces thPrc have seed crops, 

rnany being of small size. Early in the 1990 w0t !;eason, 50 

seedlings were observetl in CFJ, and 46% o( thcm rairvivcd to the 

next summer. At thc samn t.imc 011ly onc sncdling wus dctectcd in 

CF2 and it did not survivc. Uo r.:cndlings wcre se0n in thc CFl 

plot, although seed <lispcrsnl und soedli11g cst·ablishment occurrcd 

alsewhere in the CFl stand. Fu.lling debr.is has bncn shown to be a 

strong source of juvcnilc mortn li ty in moif;t/wet forests 

(Hartshorn, 1972; Vandermecr, 1977; ClnrJ: & Clarl:, 1909). 

Jlowever, no evidcnce of scedll n1Js dying ns re:;;ull: of litterfnll 

was found in any ar the cxpcrimr:-ntn lly or nnturally cstnblishcd 

plants in eithcr forcst typc. 

DIBCUBBION 

We had suggcstcc.l th<lt dif(enrnceo 111 GUt:vivorship in post

dispersal seeds and seedlings mny accaunt for thn existence of 

these forest stands contrasting in divcrsity. Th.ls was not the 

case. The experimcnts showed no higher mortality in the early 

stages far MF species in CF, ami r.imilnrly ~..f:!JnenQ_Q_gpQ_r_qQ 

mexicanum was not freer of mortality in CF than in MF. This 

result also applies to comparisons wit:h the "transitionalu CFJ 

stand. The idea that spccies forming monotonous ;.tands are 

relatively free of predation (Jan?.cn, 1974) does not apply to 

Celaenodendron mexicanum. A sim.llnr conclusion mny apply far 

~ilbertiodendron dewevr_g!, which Corros extensi ve monodominant 

stands in central /\frica (Hart et nl., 1989). Alno, the seeds of 

~nodendron mcxicno!!!!l are not rcmarkably toxic, and as in the 

case of ouercU?.-Q.l..QQ.iQ§._~ the predators are generulists. 

Seed predation (removill) wnn importilnt for nll the species 

(Fig. 3.4). vurintions in prcllation rate wcre mor.e conspicuous 
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between specics (26'lí to 94%) thnn bctwoe11 sites. All the spccles 

tested are common as adults, aml the specic~. wlth the l1ighcst 

predation is that which forms rnonodornl nant standr:. 'l'his suggests 

that overall sced prcdatlon ratos are uninformiltivc about ndult 

populations, ns is nmply shown by thc ovcrlapping predation rates 

of rarc and abundant trees elncwhr:-re (e.g. Jan7.cn, 1975¡ nouchcr, 

1981; De steven & Putz, 1984; Ilown et nl., 19ll5). 

The importance of invcrtcbrate prcdntion was shown by 

similar rcmovnl of scrnls from prol:er:tnd nnd unprot:cctcd units in 

the case of Tri ch iU.a trl_(QJl.n and !~Q_l.jl~JJQ..lJ.!rn~!r_Q.!LJfl,.g_~_icnnu..m. 'J'he 

animals involved were presumahly nnts. l\ppnrently, rorlcnts al!:!o 

removed CelaenodcmdrotL.ID.Qllifl.!JlJ_l11 sef"!dn. 'l'hc cvidC'nc::e suggcsts 

they must be considcrC?cl as prcdatoni, not dispr-rsnrs, of 

Celaenodendron mexicamun. VertebratP.s wcr:c the mtljor rnmoval 

agent in tho cuse of ~..!~ari.Q_<;;_Qr..Y.!!!.!~q_s;! sr:>nds (thn ,,)Jsoncc of the 

fleshy aril is presumilbly natural. arter disper:.al for this 

species, whatcver its of f~ct on qrouncl-for.ag inc1 nnitntlls). 

The second mo5t Jrnportant cause or mortnJ i ty far these thrce 

specics was fa ilur1~ of thA- sC?cds to germ1.1wte. Togethcr wi th 

predation, this reoultC'd in no estabUshmont of ~-ªEJllU:Í.ft 

corymººª'ª or '.ftichUi!L....t.r..ifo!..i.n. scedlings in any foront (Fig. 3.4 

and Table 3. 7). Sorne sced~ of ~-Q.l.n.g_n.QQ_o...n._c.!r_Qn_mp&<;;nr.uun aleo 

failcd to germina to, and predfltion on tho younq sr:-edJ ings wns 

observed. 

In contrast, ~~..!n...inia et .. J.Q§....l;fttllY.§. showcd cxceptionally 

low predation of seeds, and the lowost losses dur.ing gcrmination. 

The probability of its socds becoming seC?dling!:i was tho highcst 

among these species, o. 4 7 ('fable 3. 7) , whi le QQ@gnodc..n.Q.l;:Qn 

mcxicamm seeds had a probability of only o.<n. Howcvcr, 

survivorship of caesaJ.e.!nJa criosJ;,fl.f;hY.§ scedlings during their 

first year was o.os, one ordcr of magnitude less thnn in the 

previous stagc. In th.is cnrly C?stablisl1ment phase, Celaenodendron 

ffi!'!>cicíl!J.!!!!.\ seedlings lncrensed in survivorship by t:he same amount. 

'I'hus, the probability of n post-dispersa! seed becoming a year

old seedling WilS not much diffC?r.C?nt bctween these two species. 
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Becauae of fluctuations in thc physical environment, 

predation, fruit crops nnd othcr factors, sccdling populations 

and their survival ratcs vary through t:hc ycars. 'rhus, data frorn 

ene year can lcad to incorrect lntcrprotations wllcn they are 

considered typicnl. We aJso recognizc that doing the experiments 

in two differcnt yc;:¡rs may be rcsponsJbln far thn npparont 

difference in mortnlity pnttern br::?twccn thcsc twn spccics. 

However, it is notable thut thc rcmtlts werc lnd~pendent of 

forest type in both yenrs. 

Although Celag__@dcndmn.._m_e~_i9-ªtll!ffi doc~ not llave thc lowest 

early mortality, thc locnl density of sccdn ovcr which the 

probabilities occur may rJlffcr qt'eatly. In consequence, net 

seedling recruitment may diffcr grcntly ilmong sprcics. Wc suggest 

that in CF, where thc combincd secd ct'ops o( many _!:!elaenodendron 

~C__illll!fil is high, the number of thc survi•ting scocllings is more 

than sufficie11t to mnlntélin thc population. Evcn across thc 

boundary betwccn thc f orcst types where thc dcnsity o( 

celaenodendron mexic<1num sccds is lower, recruitment can occur in 

CF and lnvasively in MF despitc high losscs. ExpC"riments that 

involved placing seeds in mixocl forest whcre ~Q..lf1_~.l!Q<;!cndro11 

mexicanum docs not occur dcmonstratcd that .in spj te af high 

losses, scedlings could cstablish. 'l'he apparcntly long lifc and 

slow growth of this species may fncilltatc its eventual dominance 

from a seedling pool accumulatccl Uuring a rew years. Equal losses 

in common species of MF that do not form aggrcgates should result 

in a signiflcantly lower number of seedlings, nnd peor or null 

recruitment in CF, as in the extreme cases oC Qascarla corymbosa 

and Trichilia trifolia. 

Sorne alternativa explanations that might nccount far such a 

pattern of abundance and restricted distrlbution on a local scale 

ha ve becn rej ected in the case o f .Q.PJ_acn9dendrQil_WX.!.canum. 

Apparently, topogrnphic factors such ns aspcct and slopc do not 

determine its local distribution. Specialization on peor soils 

was examined in another study (Martijcnn, in prep.) , but thera 

were no significnnt differences between CF and acljacent MF far 
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most of the nutrients tosted. Greonhousc exporlmnnts do not show 

bctter establishment of MF npccics ar Cela~nocten<lron mexicaru!...!!l on 

soils from either forest typc. Flcld e>cperimonts with Caesalpinia 

eriostachya showed successful germin.:ition .:ind establishment in 

both forest types, further cmphasizing the lack of restriction on 

early stagcs. Thc prcsencc of common spccics of lff in tho canopy 

of CF suggests that thcy are not physioJ og.ical Ly .t ntolerant o( 

the soils on which ~ClilllDOd~:.D_c;l_r..QD.....J119-K~-ºªH!Jm c_¡row!l. l\lso, 

Celaenodcmdron mcxicao..Yl!l forros n mycorrhiznl assoc.iation (Gavito 

& Martijcna, unpublished), iJut tho rolutJon is e11domycoerhizal, 

and thus probably not spccific. 

It remains unknown whcthcr thc trcnd of increased 

survivorship with incrcasing <HJC ts maintained by Cclaen_Q_c;J_g11tJ-t:..Qll 

mexicanum across all ages, e1r at: lc<lst through jttvcnile stages, 

and if other spccies differ in thcir pntterns of adult mortallty. 

There is circumGtancial cvidcncn thnt f;_p_J_rr.p_JJQ.f!º1lltron mcxicnmun io 

relatively drought tolornnt. l\fter a severo drought {1985-1986), 

there were many standing de ad trccs of vnr. ious specics l.n HF, 

while only the smallcst brancltcs of .Q.QJ"aenoden¡J.!:_o_n__mr,rnl..9.-ª.Jlli!ll wcre 

affected. However, the real i ty of these apparcnt advantages nced 

to be confirmcd in the long-term studies, and thcir physiological 

bases need to be idontif ied. 
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TADLE 3.1. Sumrnary oí experimental <leslgns to evnluate losses as 

(1) seeds, (2) germinatod seeds and seedlings to one year old 

(CF: Celaenodendron forest; MF: Mixed forest; opon: seeds exposed 

to action of vertebrates and invertebrates; excl: seeds with 

exclosure exposed only to invertebrates) 

Siles 

As);ays Spccics CFMF Cl'MF CFMF CFMF Cc111dititlll 

(1)(2) Cn!lcnria CtH):'lllln1sa X X t1¡1c11/cxel 

(1)(2) Trichilin trifnlia X X X X X X tlpcn/cxd 

(1)(2) 01c.-;alpinin crimtnch~·s X X X X X X open 

(1) Cclacnmlcndnm mexicanum X X X X X X X X opcnfcxcl 

(2) Cclacnodcntlrcm n1cxicn1J.W!!. X X X X X X t1pc11/cxd 
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TABLE 3.2. Uypothcses and plannecl compnrisons 

Contrast llypothcses 

CFJ = MFJ 

Cf'HCF2+CF4 _ CFJ -· ·---------·-- -

opon ::. exclosurc 
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TABLE J.J. Seed predation (removal) (mean%± s.e.) 

Spccics Contmc;t llo Cnndition 

Cnscuria cotymbt1sn llXJ .±.o > 37 .±_20* Cl'2 = Ml'2 upen 

7 .±.8 = 0.±_0 CF2 = MF2 cxclosurc 

llXJ .±_O> 7 .±.8* Open= Exd C1'2 

37 .±_20 > O ±.O* Open= Exd Ml'2 

Trichilin trjíolia 26.±_8=26.±_8 CFJ.2 = MFl,2 opcn·cxcl 

66 .±_15 = 78 .±_12 CF3 = MD opcn-cxcl 

26 ±.8 < 66 ±15* CFl.2 = CFJ opcn-cxcl 

48.±_8 =34.±_8 Open= Excl CF-MF 

Cncsalginin criostachys 33 .±_11 = 50 .±.13 CFl.2 = MFl.2 open 

43 .±_22 = 73 .±_19 en= MF3 open 

33 .±.11 = 43 .±.22 CFl.2 = CF3 open 

Cclacmulcmln1n mcxicanum 90.±_4=88.±_5 CFl,2,4 = MFl,2.4 UJJCll·C.XCI 

90 ±9 = 95 ±4 CF3 = M8 opcn-cxcl 

90±4 =90±.9 CFl,2.4 = CF3 opcn-cxcl 

94.±_3=85.±.4 Open= Excl CF-MF 

(•) 5ignilicant nt P<.0166 
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TABLE 3.4. Seed survivorship (mean% ± s.c.) 

Spccics Contr11st Ho Ctmdititm 

Cn ... cnrin Co!Ymhnsa ti ±.ti ti ±.ti CF2=MP2 opcn-cxcl 

ti ±.ti ti ±_11 llpcn=l!xcl CF.Htl'2 

Trichilin triíolin ti ±.ti ti ±.ti CFl,2=MFl.2 ll!lCll·CXC\ 

11 ±.11 J:_ll Cl'J=MF.1 opcn-cxcl 

ll ±.ll J:_ll C:Fl,2=CF.1 opcn-cxcl 

ti .±.ti .±.ti (1¡1c1\=EM:I CF-MF 

Cncsntaini.i crit1st:ich;ts 6n.n ±HIA = ld.1 .±..ltl.4 CFl,2=Ml'l.2 open 

·16.7 ;tJ8.8 = 75.11.:!:_17.7 CF3=MF:l open 

(~l.tl ;!:Jll.4 = •16.7 .±..18.8 CFl,2=CF3 open 

Cclncnodcmlmn mc.'l(icnnum 4.4 ±.2.1 = 1.4 .±..ll.8 CFl,2=MF1,2 opcn-c.xc\ 

5.0.±..5.3 = :>.:i .±..3.5 CF3=MF3 open-c.'l(c\ 

4.4 ;!:_2.1 = 5.0 .±..5.3 CFl,2=Cl'3 opcn-cxr.:l 

2.5 ±. t.2 = 4.tl .±.. 1.8 Opcn=E...,.c\ CF-MF 
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TABLE 3.5. Predation on germinntnd seeds (mcnn% ± s.a.) 

Spccic5 Contrn.~t llo Omditinn 

Cnc:;;.itlpinin crimililcitys 11 ±.11 = 11 J:.O CFl,2=MFl,2 o¡icn 

11 ±.O= 11 J:_ll C'El~MF:l (lfll!ll 

11 ±.O= () ±.O CFl,2=CF3 t1pc11 

Cclncnodcndron mcxicanum 22.9 ±. 7 = 31.4 :!:.111 CFl,2=MFl,2 lljlCJt·CXcJ 

27.1 ±.5 = IJ.8 ±.8 CF3=MF3 <1pcn-cxcl 

22.9 ±. 7 = 2'1.1 ±.S Cl'l,2=CF3 npcn-cxcl 

.50.5 ±J'J > 1).7 ±. 7* 0¡1cn=J;.....,c1 Cl'l 

liXl.O ±_11 > ~>.6 .±. 7* Opcn=Exd MF2 

20.2 ±.5 = 12.5 ±. 2 Opcn=Excl Cl'2,3-MF1,3 

(•) signilicnnt nt P<.<>166 
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TABLE :t. 6. Seedling survivorship to ago ano ycar (mnnn% ± s. e.) 

Spccics Contrnsl Jlo Ctindition 

Cnc.c;nlninin crinstnch)'S 7.0 ±_2.6 = l.ll ±.1.l l"l'l,2=MFl,2 open 

7.5 ±.6.8 = :»:l .±.U CF.l=Mí-.1 llpcn 

7.ll ±.2.6 = 7.5 ±. 6.8 Cí-l.2=CF:l open 

Cclncnodcndron mcxicnnum .1.1.4 ±_10.6 = 54.9 ±J:?.J t"Fl.2=MFl,2 open 

(sccdlings gcrmilrntcd 67.9 ±12.6 = 6·1.11 ±..5.2 CF.kMF.l open 

in thc fmcsts) .1.1.4 ±.111.6 = (,7.1J ±12.fi CFl,2=CF:l open 

CclncnmJcndron rncxicanum 91.7 ±_5.B = 91.7 J:_5.8 CF2=~1F2 opcn-L·xd 

(trnn:-;plnntcd sccdlings) 8.1.J .±. 5.8 = llHl.11±.2.2 Opcn=Excl CF2-MF2 
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TABLE 3. 7. Stage transition probnbilities (survi vorship) of the 

four species in CF and MF combined 

Spccícs Sccd-sccdling scctlling-1.st ycnr Sccd-tst yc:1r 

Cnscari¡1 cno·mllllS:! O.IKI 0.00 

Trichilin lrifnlin 11.IKI ll.00 

Cnc!rnlginin criost:1~ 11.47 11.115 0.02 

Cclacnodcmlmn 111cxica11lLJ!!. 11.112 11.51 0.01 
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Fig. 3 .1. Removal of 'l'richi lia trJ_f_olia seeds related to the 
nurnber of visits (weeks with at least one seed removed) in a. 
open units in CF and MF of sites 1 and 2; b. units with exclosure 
at the same si tes; c. open unlts in CF3; d. units with exclosurc 
in MFJ. 
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Fig. 3.2. Hemoval of caesalpinia priostachys seeds related to thc 
number of visits in a. CF of sites 1 nnd 2 together; b. MF of the 
samc sites (all the units were without exclosure). 
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Fig. 3.3. Removal of Celaenodendron mexicanum seeds related to 
the number of visits in a. open units in CF nnd MF of sites 1, 2 
and 4 together; b. units with exclosure at the same sites; c. 
open units in CFJ; d. units with exclosure in MFJ. 
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Fig. 3. 4. Flow chart of ea ch species showing probabilities of 
mortality and of transltion between stages. More than ona 
probability is given on path segments where significant 
differences were. found in the planned contrasts. Other values are 
means. a. Casearia corymbosa; b. 'l'richilia trifolia; c. 
caesalpinia eriostachys; d. CelneDOdcndron mexicanum 
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COMENTARIOS FINl\LllB 

Varios posibles mecanismos lnn s:l.do propuestos para promover· 

y/o mantener la dominancia por pnrte de una especie arbórea del 

dosel en bosques tropicales de tierras hiljas sobre mtelofl sin 

problemas de drenaje. Ellos no representan illternativas 

exclusivas y ninguno os universal. Los intentos de evaluar estas 

hipótesis en casos particulares han dirigido la atención sobre 

diversos tipos de evidenc:ia y sobre la necesidad de estudios en 

un ámbito ecológico y geográfico ,,mpl:lo, dato:. que cubran largos 

periodos y experimentos. 

En el presente caso, ciertos mecnnismos propuestos para 

explicar ln existoncia da parajes do1ninados por una riela cspcclc 

pueden ser descartados. Espccificumtmte, no hny evidencia de 

diferencias en el establecimiento de las especies determinados 

por las propiedades del ~uclo, o por algltn otro factor no medido 

que pudiera relacionorse con la discontinuidad en composición que 

ambos bosques represcmtfl.n. Las ntrnctlvna ldcns ele Janzon (1970) 

sobre escape de la dcprcclaclón a través de adaptaciones, tales 

como semillas qu.1.micnmcnte tóxicas o la Güciación de los 

depredadores de semlllas (cj. por fructif lcación en mnsa en 

intervalos impredecibles y n largo plazo) no han sido puestas a 

prueba exhaustivamente; sin embnrgo, no hay indicios que lleven a 

suponer que ellas sean aplicílbles a .Qgln_~nod~o..<!ron mexicnnum. 

Aparentemente, las semillas no son tóxicns, si~ndo comidas por un 

mamlfero gencralistn y la reproducción es anua 1, si bien puede 

ser muy variable. Aderntis, como en el caso de Gi lbertiodendron 

dewevre!_, Celaeno_Qfill_c.!_ron rncxis~1.!llll!l tiene pérdidns relativamente 

grandes en el estadio de semilla post-dispersi6n por ln acción de 

depredadores. 

otra intcrpretnc.::i6n de la domlnanci a concnntrada en unn sola 

especie es sucesionnl (Connell, 1978; llort, 1990), explicada como 

el resultado de un reemplazo secuencial por par.te de una especie, 

la cual es la más resistente al est.rés, o la mejor competidorn 

del conjunto de espacies tolernntes n la sombra. Esta hipótesis 
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del climáx sugiere _que los bosques tropicales con grnn diversidad 

de especies repres~ntan estados intermedios en la sucesión y que 

los pnraj es dominados por una sola enpecie, lon cuales parecen 

estnr incremcntnndo su distribución (tales como §.i.lJ.J.~dendron 
dewevrei), son poblaciones que han sido limitndns o reducidas 

espacialmente por disturbios de gran escala o cmnbio:; cli mt'tticos .. 

Sin embargo, no ha sido definido que otro rnGqo de ln historla de 

vida de estas cGpccies, actemfis de pl~ntulas tolcrant~s a la 

sombra y esperanzns de vida l argn, ln convierten en la. dominante 

competitivamente. Esta interprctnclón contradice la noción de que 

áreas de gr01n diversidad pueden r.epreacntnr refugios en el caso 

de grandes cambios ambientales. Sin emburgo, ü.ún no ne cuenta con 

información histórica que pudiera douumentnr que tales parajes de 

dominancia concentrndn son nntlguon o muy viejos. Lil 

dendrocronolog1a nú11 no ha tomildo pnrte en estos estutlios. De 

hecho, estructuras de edades estimndns {por cj. ui:;m1clo el tmnnño) 

de estas especies dominantes, sugieren diversos cscrrnnrios de la 

historia reciente de estos parajes, desde rcgcnerac.lón progresiva 

a establecimiento sincrónico en mnsn. Estos sugeridos patrones 

tan contrastantes se presentan para una misma especie, como 

sucede con !Lt;:XQ.balall.Q.ll.§_9romatica (Whitmorc, 1975). 

Celaenodendron mexlcanum muestra vnrins cnrncterlticas asoci.ndns 

a especies clirnácicns y sus poblncioncs prese11tnn individuos de 

diferentes edades sino de todas las edades posibles. 

En el caso de Q_t.YQ.Q.alanoQ.f:? __ J!.~..IDil.ti..9..ª- en Malnsin, un proceso 

de reproducción más frecuente y una mayor persistencia de las 

plántulas que en las otras especies puede cst~r manteniendo su 

dominancia (Whitmore, 1975: 191). En cambio, ~elacnodcndron 

mexicanum, en el paso de semilla dispersada a plántulas de un año 

de vida no mostró una mayor probabilidad de sobrevivencia que la 

más común de las especies del bosque mixto (MF). Sin embargo, las 

densidades locales de semillas, sobre las cuales las 

probabilidades estimudas se aplican, deben estar difiriendo 

grandemente. En consecue11cia, el ingreso neto de nuevas plántulas 

a la población puede ser muy diferente entre las especies. 
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As1, se propone que en los parajen de gs>J_-ªcnollcndron 

mexlcanum (CF), donde la producción comblnadn de semillas de 

muchos individuos es alta, el número de plántulas sobrevivientes 

es suficiente parn mantener la poblnci6n. Incluso, nlln en ln zona 

de contacto entre ambos tipos de bosques, donde? l <t dc'!llsidnd ele 

semillas de .Q_e_J_J!..gnpdcndroll....JJ!~Xicªrmm es m5s J1aju, el 

reclutamiento ele nuevos individuos de estn C$pC?cie pllede darnc en 

CF e invadir el MF, <l pesar de sus altns pé>rcUdns. Por el 

contrario, similares pérdidas sufridas por las aspee.les comunas 

del MF, lns cual en no formiln ilgrr.gncioncs densas y por ende 

muestran unn menor densidad e.le semi l Jos, debC'n rcsultilr en un 

mlmero significativamente menor ele pJfintulns y en un pobre o nulo 

estnblecimiento en CF. L<is grane.les varicwJones intei·anuales de 

factores climc"íticos, producción de frutos y tnmblén de las 

poblaciones de depredadores punden ser comunes, por lo que el 

ingreso de nuevos individuos a la población puede darse 

irregularmente o ele una milneril discontinua. El bnnco de semillas, 

después del periodo de germinación y antes del nuevo periodo de 

fructificación y dispersión, qucclil totalm<?ntc vacio. Tal que, las 

cohortes de semillas no se superponen en el suelo. Sin embargo, 

para un organismo de largn vida J' con lento crecimiento como 

celaenodend!;:QIJ_!ílex.i_cany_m, l<i varinción temporal en el 

reclutamiento de plántulas pucdn no ser de importnncia n largo 

plazo para la dinámica de la población, o al mi?nos para el 

mantenimiento de la dominancia. Una vez un individuo se establece 

y ocupa el espacio, puede por un lnrgo periodo de tiempo impedir 

la entrada de otros individuos a especies. En el largo plazo, el 

banco de juveniles de diferentes edades acumulados puede proveer 

los individuos que ingresan a .tus clases ndult.:Js. Esta tipo de 

banco también puede facilitar ln eventual dominancia al invadir 

el MF. 

No se cuenta con dntos sobre si la tondencia de unn mayor 
sobrevivencia a mayores edaden es mantenida en el caso de 

Celaenodendran mexicanu.rn a trnvés de todas las edudcs, o al menos 

en todos los estadios de Jos juveniles, ni tampoco sobre si las 
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otras especies tienen diferentes patrones de nortalldad de 

adultos. En los bosques tropicales socas, lat"> especies vegetales 

deben enfrentarse a estreses extreman, tales como huracanes y 

multi-anuales sequías. Sin embargo, J.a relativa rcslstencia de 

Celaenodendron mexicanurq es sugerida por los datos fenológicos y 

por evidencia circunstancial. Después de unu nevera sequía ( .1905-

1986), hubo muchos tirboles muertos en pie de diferentes especies 

en el MF, mientras solamente lan rnmns más pm¡uefJas de 

Celaenodendron mnx:l~!lllffi ruaron ilfcctadas. Cor·renpondiéndosc con 

eso, ramas y troncos ca idos non cKtrcmndam0nt:n rnros en CF y en 

camblio, muy comunes en el MF. 

Sin ombargo, la existencia de aparentes ventajas a lnrgo 

plazo necesita aün ser conf.lrmad.ñ y ,r:;trn hnscs fisio.lógicns 

identificadas. A su vez, tampoco se conoce por qué ~laenod_e_JJJ:lron 

mexicanum c;o prc::;cnta en agregaciones poblncionales discontinuas 

y solamente cerca de la costa, es decir por qué no oc ha 

extendido y cub.ierto más (o todos) los si tio!1 ocupados por NF? 

Factores topográficos no limitan fuertemente la distribución de 

CF, pero su abundancia relativa '.i su desempcfio en diversas 

situaciones aún no ha sido cunntificndo. Desafort.unnclamcmte, 

puede ser dificil ahora debido a la extracción y derorestncJdn 

extensivas. La limitación n la zona cercana D. la canta es tamb.lén 

interesante y podrla estnr relacionada a condicione!; menos 

severas en la estación seca (la presencia de neblina y de brlsa 

marina), las cuales podrlan permitir una más larga er;tación de 

crecimiento. 

Claramente, el comportamiento en el largo plazo de los 

juveniles de las otras especies en los parajes de cclaenodendron 

mexicanum y en el bosque mixto, también merecen atención. Más 

necesita ser investigado acerca del comportami.ento ccol6gico de 

esta especie dominante, cubriendo aspectos de estacionalidad de 

la fotos1ntcsis, tolerancia a la variación climática, crecimiento 

y sobrevivencia durante los estnd1os de juveniles y pre

reproductivos, asi como longevidad de adultos. Dadas las 

caracter1sticas mostradas en este estudio, la cuestión de la 
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longevidad y persistencia tieno especial importancia. A fin de 

contar con una aproximación sobre la longevicl;ul de adultos, las 

tasas de crecimiento pueden ser comparadas con los tamaños los 

árboles de mayor tamaño. El cntudlo de la anatomla del leño 

sugiere que el ancho de los anillos tlc crecimiento anual as del 

orden de 0.5 mm. Asi, la edad mtnjma aproximnda para el 1.7% de 

los árboles, los cuales exceden los JO cm de DAP, serla do 292 

años. 
Finalmente, lns posibiljdndcs de que CF nea autolimit:ante 

(Horn, 1975) o incluso sujeta a colapso (Muollcr-Dombois, 198B) 

no ha sido estudiada y por lo tanto no puede ner excluida. Por 

otro lado, parece que la existencia lle CF no os un fenómeno 

azaroso (llubbell, 1979} ya que ln dominancia por unil sola especie 

es una cara.cteristica consistentr! do lns poblaciones de 

Celaenodendron mexicanum. La intorprctaci6n general de CF es aún 

el sujeto de importantes questiones, las cuales nccenitan ser 

investigadaa en escnlns grandes de tiempo y c!:'pacio. 
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