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ABSTRACT 
In the Janzen—Connell hypothesis, host-specific natural enemies enhance species diversity and influence the structure of plant communities. This study tests the 
explicit assumption of host specificity for soil pathogens of the genus Pythium that cause damping-off disease of germinating seeds and seedlings. We isolated Pythium 
spp. from soil of a tropical forest in Panama. Then, in an inoculation experiment, we determined the pathogenic!ty of 75 tropical isolates of unknown pathogenicity 
and seven pathogenic temperate isolates of Pythium on seeds and/or seedlings of eight tropical tree species. Only three tropical isolates, one identified as P. ultimum 
and two as P. dphanidermdtum, were pathogenic. Tropical pathogenic isolates were pathogenic on 4—6 of eight tree species. Temperate isolates were pathogenic on 0—4 
of eight species, indicating that some tropical tree species are susceptible to novel isolates of Pythium. No tree species was susceptible to all isolates and two species 
were not susceptible to any isolate. Collectively, these results indicate that these Pythium isolates vary widely in their pathogenicity, causing differential mortality of 
potential host species; likewise, the tree species vary in their susceptibility to a given Pythium isolate. These differences in pathogenicity and susceptibility indicate 
some support for the Janzen—Connell assumption of host specificity. While they are not restricted to a single species, their intermediate level of specificity suggests that 
Pythium spp. have the potential to have some effect on forest community structure and diversity. 

Abstract in Spanish is available at http://www.blackwell-synergy.com/loi/btp. 
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THE JANZEN-CONNELL HYPOTHESIS STATES THAT HOST-SPECIFIC 

NATURAL ENEMIES cause a greater incidence of mortality of seeds 

and seedlings near the parent tree than farther away because they 

respond to high density of seeds and seedlings and/or are restricted 

in their dispersal (Janzen 1970, Connell 1971). Consequently, re- 

cruitment by the susceptible tree species occurs at some distance 

from the parent tree, and other nonsusceptible species may occupy 

the vacant space near the susceptible parent tree. Hence, species co- 

existence is enhanced and spatial distributions become less clumped 

over time. This mechanism is especially important if the natural 

enemy responds to the high density of common species, thereby 

favoring rare species (Gillett 1962, Wright 2002). 

This hypothesis hinges directly on the explicit assumption of 

host specificity (Browder & Eversmeyer 1986, Kohmoto etal. 1995, 

Zhou & Hyde 2001). It depends on a given natural enemy killing 

only its host species, and not other species, resulting in the mecha- 

nism operating at the species level. While this strict specificity would 

bring the most opportunity for species coexistence and maintenance 

of diversity, in fact, any differential mortality among species by a 

natural enemy would have some potential to affect the diversity and 

distribution of species. Despite the centrality of host specificity to 

the hypothesis and the dominant role this hypothesis has played 

in tropical forest ecology, this assumption is seldom tested (but 

see Packer & Clay 2000 for a temperate example). Indeed, Gilbert 
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(2005) points out our nearly total lack of knowledge of pathogen 

specificity in tropical forests. He concludes that the most important 

current need to assess how important pathogens are for tropical tree 

diversity is to determine the extent of their host specificity. 

Soil pathogens, dominated by species of Pythium, Phy- 

tothophora, Fusarium, and Rhizoctonia, are significant natural en- 

emies of tropical tree species. Their host specificity has not been 

tested in the context of the Janzen—Connell hypothesis. They cause 

widespread density- and distance-dependent mortality of seeds and 

seedlings by damping-off disease (Augspurger 1984, Dailing et al. 

1998, Hood et al. 2004). A greater incidence of damping-off oc- 

curs in high density because diseased seeds and seedlings facili- 

tate pathogen dispersal to nearby seeds and seedlings via mycelium 

(Burdon & Chilvers 1975; Neher etal. 1987, 1992). In addition, 

being restricted by the soil, their dispersal is limited except by 

soil run-off, swimming zoospores, and mycelium growth between 

plants. Some of the genera, however, disperse through time and do 

not necessarily require a living host. They form persistent spore-like 

structures and are saprophytic between periods of infecting living 

organisms (Hendrix & Campbell 1973). 

The extent of host specificity of plant pathogens varies (Agrios 

1997, Zhou & Hyde 2001). There are many examples of fungal 

plant pathogens being recorded on one host (Shivas & Hyde 1997). 

However, degrees of pathogenesis and aggressiveness, that is, the 

rate of pathogenesis, on different species are likely for facultative 

pathogens, such as Pythium. Thus, the pathogen would use a di- 

versity of hosts, both in space and time. Indeed, relative to other 
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pathogens, soil microbes are considered at the extreme end of the 

continuum of host specificity, being relative generalists (Hendrix 

& Campbell 1983, Martin 1992, Carlisle & Watkinson 1994) and 

have been called the 'Jack of all trades' (Harper 1977). 

The host specificity of soil pathogens causing damping-off dis- 

ease in tropical forests is currently unknown. They have rarely been 

isolated (Davidson et al. 2000), and often only disease symptoms 

have been used to indicate their presence. Damping-off was first 

observed to cause heavy morality of seedlings of Platypodium el- 

egans J. Vogel, a tree on Barro Colorado Island (BCI), Panama 

(Augspurger 1983a). Mortality due to damping-off ranged from 35 

to 81 percent among four parent trees and was particularly high 

near the parent in the highest density of seedlings. Subsequent ex- 

periments and observations demonstrated damping-off mortality to 

be both density- and distance-dependent in a range of host species 

(Augspurger 1983b, 1984; Augspurger & Kelly 1984; but see David- 

son etal. 2000). In addition, seedling populations incurred a greater 

incidence of damping-off mortality underneath their own parent 

than when transplanted under other conspecific parents at the same 

density (Augspurger & Kelly 1984). These studies raised the pos- 

sibility that such pathogens could be not only species-specific, but 

even genotype-specific; alternatively, different pathogen species or 

strains of the same species, but with different pathogenicity, could 

occur at the different locations. In a greenhouse study in which 

seedlings of 18 tree species from BCI were grown in soil from under 

a 19th species, 13 species showed damping-off disease (Augspurger 

& Kelly 1984). Either the soil under one parent contained multiple 

pathogens, each with some degree of host specificity, or one or a few 

pathogens were capable of infecting many host species. Without 

isolating specific pathogens and directly testing their pathogenicity 

on multiple hosts, it is impossible to know the extent of their host 

specificity or to fully interpret the above studies in the context of 

the Janzen—Connell hypothesis. 

This study's objectives were to determine the extent of: (1) host 

specificity for Pythium, a genus of Oomycetes, isolated from soil 

on BCI, Panama; and, conversely, (2) susceptibility of tropical tree 

species to Pythium isolates, including novel temperate isolates. Speci- 

ficity of tropical and temperate isolates was explored on seedlings 

of three parents of P. elegans and of one parent of seven other co- 

occurring tree species. Simultaneously, temperate isolates of Pythium 

species were tested for their pathogenicity on the same set of tree 

species to determine host specificity. This inoculation study al- 

lowed an interpretation of these plant—pathogen interactions from 

two perspectives: first, how specific a given isolate is to potential 

host species; and second, how many isolates a given tree species 

is susceptible to. Furthermore, inclusion of the temperate Pythium 

isolates determined the susceptibility of tropical tree species to novel 

pathogens. 

The study had two phases. First, from soils collected on BCI, 

tropical microbes were isolated on media selective for common 

Oomycetes, principally species of Pythium and Phytothphora. Spe- 

cial emphasis was placed on Pythium species because preliminary at- 

tempts to isolate the pathogen from diseased stem tissue of seedlings 

of Platypodium had shown it to be aerial, white, and fast-growing, 

traits typical of some Pythium species. In addition, Pythium species 

are well known to be a dominant group causing damping-off of 

seeds and seedlings (Hendrix & Campbell 1973, Martin 1992), 

and are often the primary colonist. Second, an inoculation exper- 

iment was conducted in which tropical isolates and the previously 

isolated temperate Pythium spp. were tested for their pathogenicity 

on tropical tree species. 

METHODS 

ISOLATION OF SOIL MICROBES.—Tropical isolates of potential soil 

pathogens were obtained from soil collected on BCI, Panama (9° 

10' N, 79°50' W), a semi-deciduous forest with a dry season from 

December to April (Leigh et al. 1996, Leigh 1999). In March, 

three sets of soil samples were collected with a soil corer inserted 

to a depth of 10 cm. The dry season sampling captured the soil 

microbes in their survival mode. Sampling occurred on two spatial 

scales. First, soil was collected at 26 sites on BCI (hereafter 'island' 

sites) randomly selected over an area of ca 3 km2 centered on the 

island's plateau. Second, at a smaller scale, soil was collected near two 

canopy trees of 7? elegans. At Platypodium 1 sites, soil was collected 

at 60 sites within its seed dispersal range (ca 100 m; C. Augspurger, 

per. obs.) within the Lutz Creek watershed; no other Platypodium 

tree was within this dispersal range. At Platypodium 2 sites, soil 

was sampled at 10 sites within 10 m of the trunk located off the 

trail at Miller 12. The 96 soil samples were air-dried in Panama, 

then stored in open bottles in a dark, dry location for 15—33 d until 

pulverized by a dry roller and sieved (2-mm screen) at the University 

of Illinois, where the remainder of the study was carried out. The 

sieved soil samples contained no visible root structures. The soil 

was brought into the United States using with a USDA APHIS soil 

permit. All soils and plant material were disposed of according to 

USDA APHIS specifications. 

Soil Pythium were isolated using a selective medium consisting 

of water agar (1.7%), benomyl (10 ppm), nystatin (25 ppm), pen- 

tachloronitrobenzene (PCNB; 25 ppm), and rifampicin (20 ppm). 

This medium was designed to eliminate the growth of Rhizoctonia, 

most Fusarium, and gram-negative bacteria. The medium allowed 

growth of Oomycetes, including Pythium and Phytophthora. No 

Phytophthora were observed or isolated in this study. 

To facilitate isolation of propagules in the soil, autoclaved 

(121° C, 110 KPa) sterilized soil (Drummer: [mixed mesic Typic 

Haplaquall]) from Illinois was used to dilute the raw Panama soil to 

three concentrations: 1:0, 1:9, and 1:99. Prior to plating onto the 

selective medium, 10-ml soil from each of the three concentrations 

was wetted with 20 ml of sterile deionized water and incubated for 

24 h in the dark at 27° C. Nineteen aliquots (each 5 /xl) of soil 

solution were uniformly applied to each of the three replicate plates 

per dilution (total nine plates per sample). Plates with soil were in- 

cubated at 27° C in the dark for 10 d during which unique isolates 

were obtained. 

MlCROBIAL AND TREE SPECIES.—To obtain pure cultures of tropical 

isolates for use for pathogenicity studies (see below), one repre- 

sentative colony of each unique morphology and growth rate from 

each soil sample were transferred from the initial dilution plates first 

to water agar, and then to corn meal agar (DIFCO Voigt Global 
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Distribution, Lawrence, KS, 17 g/L). A total of ca 700 isolates were 

transferred. They were categorized into 16 unique groups. Traits 

used in distinguishing the groups included colony color, extent of 

aerial growth, coarseness and sheen of hyphae, and density, sym- 

metry, zonation, dendritic pattern, and speed of hyphal growth. It 

is unknown how their morphological differences related to genetic 

variation within or among species. Chen etal. (1992) note that asex- 

ual isolates of Pythium are difficult to distinguish by their morphol- 

ogy; molecular tests are required. Furthermore, the species concept 

in Pythium remains fluid. The 16 unique groups therefore may be 

artificial, and the number of unique genetic isolates is unknown. 

One typical isolate from each of the 16 groups was designated 

as a 'core isolate'; four were from Platypodium 1 sites, three from 

Platypodium 2 sites, and nine from island sites. Isolates with similar, 

but not identical, morphologies to these 16 core isolates occurred in 

multiple samples in a variety of sites; 59 (hereafter 'other isolates') 

were arbitrarily selected for tests of pathogenicity. It is unknown 

whether these slight variations in morphology reflected underly- 

ing genetic variation and they might be linked to differences in 

pathogenicity. 

Temperate isolates of seven Pythium spp. were selected from 

a reference collection based on their history of demonstrated 

pathogenicity of temperate graminoid and legume hosts from a 

variety of soils in the United States (P. Sanders, pers. comm.; 

Table 1). 

In the pathogenicity tests, < 7 temperate Pythium species, the 

16 tropical core isolates, and < 59 of the tropical other isolates 

were screened on each tree species. All core isolates were tested on 

each tree species, but the number of other isolates tested varied 

among tree species depending on seed and seedling availability (see 

Table 1). 

Eight tropical tree species from BCI were tested as poten- 

tial host species: P. elegans (Leguminosae), Luehea seemanii (Tili- 

aceae), Cochlospermum vitifolium (Cochlospermaceae), Ochroma 

pyramidale (Bombaceae), Cordia alliodora (Boraginaceae), Apeiba 

membranaceae (Tiliaceae), Lafonsia punicifolia (Lythraceae), and 

Tabebuia guayacan (Bignoniaceae). Nomenclature follows Croat 

(1978). These species include pioneer species {Cochlospermum and 

Ochroma) and species from secondary (Luehea, Cordia, Apeiba) and 

primary (Platypodium, Lafonsia, Tabebuia) forest. Their seed masses 

range from 1.9 to 444 mg. Each species is common in the 50- 

ha forest dynamics plot on BCI, except Ochroma (rare), Lafoensia 

(rare), and Cochlospermum (absent; Condit et al. 1996). In a prior 

greenhouse study, using soil from beneath one tree of Dalbergia re- 

tusa, a high incidence of post-emergence damping-off was observed 

among seedlings of Platypodium, Luehea, Cochlospermum, Ochroma, 

Cordia, and Lafoensia, especially in high-density stands in the shade 

(Augspurger & Kelly 1984); Apeiba and Tabebuiawere not included 

in that study. 

Seeds were collected beneath the crown of one parent for all 

species, except Platypodium, for which seeds of three parents (here- 

after Platypodium 1, 2, and 3) were collected separately. Seeds were 

not collected near any of the island soil sites. Platypodium 1 and 2 

were at the beginning of the transects used to collect soils referred to 

TABLE 1.  Pathogenicity of temperate dnd tropical isolates o/Tythium spp. on eight tropical tree species, including three parents of Platypodium ele 

Potential host species 

Platypodium 

parent 

0,6 Ape w Tab 

Isolates 

Temperate 

P. torulosum 1 

P. periplocum 

P. sp. unknown 

P. mamillatum 

P. torulosum 2 

P. ultimum 

P. aphanidermatum 

Tropical 

P. aphanidermatum 1 

P. aphanidermatum 2 

P. ultimum 

Other core isolates 

Other isolates 

13- 13- 13- 

+/+ + + - - - 
-/- 
-/- 
-/- 
-/- 

+ 
+ 

+ 
- - 

-/- 
-/- 

+/+ + + 

- 

+ 

- 

+/+ + + + + - 
+/+ + + + - - 

13-/- 13- 13- 13- 13- 13- 13 

59-/- 20- 20- 31- 20- 20 

aSee methods for tree species identity. Blanks indicate not tested. Numbers indicate number of additional core isolates (13) and number of other isolates (maximum : 

59) tested. 

+/+pre- and post-germination damping-off; +post-germination damping-off; —/—no pre- or post-germination damping-off; —no post-germination damping-off. 
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above as Platypodium 1 and Platypodium 2 sites. Platypodium 1 and 

2 were separated by 0.8 km; Platypodium 3 was 1 km east of Platy- 

podium 1. Platypodium 1 and 2 were selected because in a prior field 

study, 81 percent and 63 percent of their seedlings, respectively, 

died from damping-off disease (Augspurger 1983a). The percent 

killed by damping-off was negatively correlated with distance from 

the parent tree. 

PATHOGENICITY TESTS.—The overall inoculation design was to use 

both tropical and temperate Pythium isolates to inoculate vermi- 

culite containing germinating seeds and/or young seedlings of the 

tree species. A complete design was not possible because of insuf- 

ficient seed and the large number of tropical isolates that emerged 

from plating soil samples. Pathogenicity was tested at the seedling 

stage for all species. In addition, Luehea was tested at the seed 

stage. 

All seeds were surface-sterilized in 0.6 percent sodium 

hypochlorite for 1 min and rinsed three times in sterilized water. 

Seeds of Ochroma and Cochlospermum were scarified with a razor, 

and fruits of Platypodium were cracked open to enhance immediate 

and synchronous germination. An experimental unit consisted of 

seeds placed on top of sterilized vermiculite in a plastic container 

(4-cm diam x 13.5-cm deep). The number of seeds per experimen- 

tal unit varied among species from 1 to 15, depending on seed size 

and availability. 

A standardized unit of inoculum consisted of three colonized 

oat kernels. Inoculum was prepared by placing autoclaved steril- 

ized, premoistened oat kernels onto isolates growing on corn meal 

agar for 2 d at 25°C. Three colonized oat kernels per experimental 

unit were removed from the plates and placed on top of the ver- 

miculite. Control experimental units received only seeds and sterile 

oat kernels. A 1-cm layer of fine vermiculite was added on top of the 

oat kernels to ensure moist conditions. To test for pre-emergence 

damping-off in Luehea, inoculum was added 2 d after seeding and 

initial watering. To test for post-emergence damping-off, inoculum 

was added the day that hypocotyls emerged above the vermiculite 

(at 4—14 d, depending on species). Three replicate experimental 

units were used for each isolate in both pre- and post-emergence 

tests. Tree species were placed randomly in racks of 98 experimental 

units that were kept in closed clear plastic bags at 30° C in 16 h 

light and at 100 percent humidity. The vermiculite was maintained 

moist by daily watering. 

All experimental units were inspected daily for seedling emer- 

gence (hypocotyls emerging above vermiculite) and symptoms of 

damping-off were noted for up to 11 d after inoculation. An 

isolate was deemed pathogenic at the pre-emergence stage if no 

seedlings emerged in any replicate experimental unit for that iso- 

late, but seedlings emerged from each control experimental unit. 

Pathogenicity at the post-emergence stage was declared if at least 

one seedling/experimental unit in each of the three replicated units 

for a given isolate died after showing symptoms of damping-off {i.e., 

lesions at or near surface of vermiculite, watery stem, fallen over, and 

seedling death), while no control seedlings showed these symptoms. 

In almost all cases, all replicate experimental units showed identical 

responses and most seedlings per experimental unit died as well. 

RESULTS 

PATHOGENICITY TESTS.—The majority of both tropical and temper- 

ate isolates were nonpathogenic at the seed and young seedling stage 

of host development (Table 1). Only three of the 75 tropical iso- 

lates tested were pathogenic on any tree species. These three isolates 

were identified as Pythium spp. (P. Sanders, pers. comm.). The three 

pathogenic tropical isolates, all from the core isolate group, showed 

different pathogenic responses across the host range tested. The iso- 

late of Pythium aphanidermatum 1 was nonpathogenic on all three 

Platypodium parents, but was pathogenic on four of seven other 

species. The second isolate of 7? aphanidermatum 2 was pathogenic 

on all three parents of Platypodium and five of seven other species. 

The suite of host species on which the two P. aphanidermatum were 

pathogenic differed. Thus, a given species included multiple strains 

that differed in pathogenicity. Finally, the isolate of 7? ultimum was 

pathogenic on four of eight tree species. None of the other 13 core 

isolates or the 59 other isolates were pathogenic on any species tested 

(Table 1). 

Only three of seven temperate Pythium species were pathogenic 

on any tree species (Table 1). Only one of two temperate iso- 

lates of Pythium torulosum was pathogenic on four of eight species, 

including all three parents of Platypodium. The temperate isolate 

of Pythium periplocum was pathogenic on two of six tree species, 

while the temperate isolate of the unknown Pythium species was 

pathogenic on one of six species (Table 1). 

For all isolates tested on both seeds and seedlings of Luehea, 

the results for pre- and post-emergence damping-off were identical. 

No isolate caused damping-off at only one developmental stage 

(Table 1). 

From the perspective of the tree species, a mixed pattern of 

susceptibility was also evident (Table 1). Some species were suscep- 

tible to both tropical and temperate Pythium species. They varied 

in their susceptibility to tropical isolates. Luehea, Cochlospermum, 

and Ochroma were susceptible to all three of the pathogenic tropical 

isolates; Platypodium, Cordia, and Apeiba showed mixed suscepti- 

bility, while Lafoensia and Tabebuia showed no susceptibility to any 

tropical or temperate isolate. There was no association between sus- 

ceptibility and species abundance. Both common and rare species 

were susceptible and nonsusceptible to the various isolates. 

DISCUSSION 

Pathogens that increase the variation in environments for successful 

seedling establishment have the potential to enhance species diver- 

sity and affect relative species abundance (Bever 1994, Sever et al. 

1997, Klironomos 2002). In order for soil pathogens to provide 

this heterogeneity, they cannot be complete generalists, capable of 

infecting any species. The effect of the pathogens on the spatial pat- 

tern of the seedling community would be greatest if each has a single 

host species. However, heterogeneity in seedling establishment arises 

whenever a pathogen is not effective against all species. 

This study demonstrated that none of the three pathogen 

isolates are strictly host-specific; conversely, none is a complete 
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generalist capable of infecting all species. Each isolate has a unique 

host range. This intermediate level of specificity can be viewed from 

two perspectives. Their lack of total specificity and fairly broad host 

range argues for a diminished role in affecting spatial patterns of 

seedling recruitment. Alternatively, some specificity creates hetero- 

geneity in the environment for successful seedling establishment, 

suggesting that tropical soil pathogens have some potential to affect 

seedling recruitment, thereby influencing local and community- 

wide patterns of tree densities and distributions. 

Previous studies of the comparative pathogenicity of Pythium 

species have been limited to temperate crop species (e.g., McCarter 

& Littrell 1970, Abad etal. 1994, Larkin etal. 1995), and in natural 

systems to herbs (Mills & Bever 1998) and a tree (Packer & Clay 

2000, Reinhart etal. 2005). Mills and Bever (1998) demonstrated 

that four Pythium species each infected all four host species tested, 

but each species caused a different extent of reduction in plant mass 

and roonshoot ratios of the different species. Packer and Clay (2000) 

found that in soil with Pythium spp. collected from under Prunus 

serotina, all seedlings of P. serotina were killed, but mortality of 

two other tree species was low. They did not do direct comparative 

pathogenicity studies of a given isolate of Pythium on multiple tree 

species. The current study is the first to survey the extent of host 

specificity of soil pathogens in a tropical forest and to demonstrate 

via pathogenicity trials that Pythium species have different host 

ranges on tropical tree species. 

Very few pathogenic isolates were found among the 96 soil 

samples. This rarity arose, in part, because the initial isolation of 

soil-borne organisms was done by culturing vegetative propagules 

and not by using baiting techniques to isolate only pathogens. In ad- 

dition, more pathogenic isolates may have been detected if more tree 

species or multiple parent trees of each species had been tested, or if 

different environmental conditions had been used. Therefore, some 

isolates classified as nonpathogens may be facultative pathogens. In 

addition, despite using selective media for Pythium, it is possible 

that not all isolates were Pythium. 

Each tropical isolate was not family-specific in its pathogenic- 

ity, as the host ranges included multiple families. It is possible that 

an additional pattern of pathogenicity would arise if tested in a more 

phylogentically oriented design. Some Pythium species, for exam- 

ple, are pathogenic on graminoids but not nongraminoids (Mitchell 

& Deacon 1986). Host specificity of insect herbivores in the study 

forest is phylogenetically related (Barone 1998). 

Only some of the temperate Pythium species were pathogenic 

on novel hosts. Some, but not all, novel isolates of Pythium species 

have been shown to be pathogenic on crop species (Zhang & Yang 

2000). These results suggest that not all local dispersal events or in- 

vasions to a new habitat by a pathogen will lead to finding a suitable 

host. Despite many Pythium species being cosmopolitan in their 

distribution with a wide variety of host species, each species never- 

theless has somewhat limited pathogenicity. Likewise, each species 

has intraspecific variation (Garzon etal. 2005), suggesting that only 

some invading pathogen strains of a species will be pathogenic. 

Indeed, only some temperate isolates, including only one of two 

strains of one Pythium species, were pathogenic on tropical tree 

species. 

From the tree's perspective, the species showed varying degrees 

of susceptibility to these isolates. Furthermore, they were susceptible 

to both local and foreign pathogens. This differential susceptibility 

corroborates the evidence above that pathogens have the potential 

to enhance tree species diversity. Seedlings were nonsusceptible to 

some pathogens, as no species was killed by all pathogenic isolates. 

In fact, two species were susceptible to no isolates. These species 

cannot be declared nonsusceptible in general, however, but only 

to those specific isolates tested under those specific environmental 

conditions. 

The tree species were not susceptible to the majority of isolates. 

Therefore, although the high density of isolates indicated a high 

probability of a seedling, wherever it establishes, being exposed to 

many different soil microbes, the probability that it encounters a 

pathogenic one is low. Escape from pathogens via seed dispersal, 

however, does not always occur. Seedlings of several species were 

susceptible to isolates from soil at some distance away from any 

parent tree of that species, and showed susceptibility to novel isolates 

as well. Thus, while local dispersal or invasion of a new habitat may 

not lead to a pathogen-free environment, it likely leads to a site with 

lower seedling density with less chance of the pathogen spreading 

to adjacent seedlings. At the same time, because a seedling may 

be vulnerable to a variety of pathogens, local adaptation to specific 

pathogens is less likely. 

These results indicate that plant—pathogen interactions in a 

tropical forest are likely to be highly complex. Given both differ- 

ential pathogenicity and differential susceptibility, the population 

dynamics of both pathogen and host are more complex than if 

the pathogen were strictly host-specific or the host uniformly sus- 

ceptible. Similar complexity due to differential plant host choice 

in the same tropical forest has been demonstrated for mycorrhizae 

(Kiers etal. 2000, Husband etal. 2002), fungal endophytes of leaves 

(Arnold et al. 2000), polypore fungi (Gilbert et al. 2002, Ferrer & 

Gilbert 2003), and insect herbivores (Barone 1998). 

Assuming that similar patterns of differential pathogenicity 

and susceptibility would occur with a greater number of isolates of 

pathogenic Pythium and under field conditions, soil pathogens have 

the potential to enhance species diversity in the manner envisioned 

by the pest pressure hypothesis (Gillett 1962), made spatially explicit 

by the Janzen—Connell hypothesis. The results provide support for 

the assumption of some degree of host specificity for this particular 

group of natural enemies. The small number of pathogenic Pythium 

isolates tested limits the strength of this conclusion. Future studies 

should test more pathogenic isolates, for example, those obtained 

directly from diseased plant tissues. In addition, to test the predic- 

tions of the Janzen—Connell hypothesis in this tropical system, it 

must be demonstrated that this relative host specificity leads to the 

greater survival of heterospecific, nonsusceptible hosts, especially 

rare species, thus leading to greater local plant diversity (Gilbert 

2005). While this study examined multiple tree species, it did not 

do so in the field in a community context. The complexity found in 

this study indicates that field studies must be expanded from a focus 

on a single host species to include neighboring species in a commu- 

nity context (Kwit et al. 2004), and to examine whether pathogen 

mortality falls more heavily on common than rare species. 
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