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Figure 1.2  Mean abundance of arbuscular mycorrhizal fungal spores in 

a) field samples and b) trap cultures from forest and pasture soils at three sites 

in Siete Colinas, Coto Brus, Costa Rica (n = 7, except n = 6 for Delgado forest 

field samples).  Error bars indicate 95% confidence intervals; asterisks indicate 

differences between plots within a site at α = 0.05. 
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Figure 1.3  Mean spore abundance of arbuscular mycorrhizal fungi in trap 

cultures from forest and pasture soils collected during the dry and wet season 

at three sites in Siete Colinas, Coto Brus, Costa Rica (n = 9).  Error bars 

indicate 95% confidence intervals.  Means that share a letter do not differ at 

 α = 0.05. 
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Species composition of AM fungal communities differed between forest 

and pasture (Tables 1.4 and 1.5).  Twenty-one AM fungi were represented in 

enough samples to be able to compare their spore abundance between the 

two vegetation types.  All but four of these species were observed in both 

forest and pasture (Figure 1.4).  Acaulospora mellea was found only in field 

samples from the Cascante forest plot; Entrophospora ‘contigua’, Glomus hoi 

and Scutellospora calospora were observed only in field samples and trap 

cultures from pasture plots.  In addition to being observed only in pasture, 

Glomus hoi was also the species with the highest spore abundance in field 

soils from pasture. 

Of the 17 species found in both forest and pasture, two were more 

abundant as spores in forest field samples than in pasture ones (Acaulospora 

spp. 2 and 4) and four were more abundant in pasture field samples than in 

forest ones (Acaulospora scrobiculata, Acaulospora spinosa, Glomus 

macrocarpum and Scutellospora pellucida; Figure 1.4a).  In the trap cultures, 

Acaulospora spp. 2 and 4 were also more abundant in forest than in pasture 

(Figure 1.4b).  However, of the four species that had been more abundant as 

spores in pasture than in forest in the field samples, only Gl. macrocarpum 

showed a difference in abundance between forest and pasture in the trap 

cultures.  Archaeospora leptoticha, which showed no difference in abundance 

between forest and pasture field samples, produced spores in pasture trap 

cultures but was absent from forest trap cultures.  Similarly, Glomus luteum, 

which had been equally rare in field samples from both forest and pasture, 

produced more spores in pasture trap cultures than forest ones.  Overall, 

species that were more abundant in forest than in pasture were all members of
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Table 1.3  Species of arbuscular mycorrhizal fungi, grouped in alphabetical 

order by family, observed in field soils and/or trap cultures from three sites in 

Siete Colinas, Coto Brus, Costa Rica. 

 

Species 

Acaulosporaceae 

Acaulospora delicata Walker, Pfeiffer & Bloss 

Ac. denticulata Sieverding & Toro 

Ac. foveata Trappe & Janos 

Ac. mellea Spain & Schenck 

Ac. morrowiae Spain & Schenck 

Ac. rehmii Sieverding & Toro 

Ac. scrobiculata Trappe 

Ac. spinosa Walker & Trappe 

Acaulospora sp. 1 (undescribed) 

Acaulospora sp. 2 (undescribed)  

Acaulospora sp. 3 (undescribed)  

Acaulospora sp. 4 (undescribed) 

Acaulospora sp. 5 (undescribed) 

Acaulospora sp. 6 (undescribed) 

Entrophospora 'contigua' (undescribed) 

E. infrequens (Hall) Ames & Schneider 

Entrophospora sp. (undescribed) 
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Table 1.3 (continued) 

 

Archaeosporaceae 

Archaeospora gerdemannii (Rose, Daniels & Trappe) Morton & Redecker 

Ar. leptoticha (Schenck & Smith) Morton & Redecker 

Archaeospora sp. (undescribed) 

Gigasporaceae 

Gigaspora gigantea (Nicol. & Gerd.) Gerd. & Trappe 

Gigaspora sp.  

Scutellospora biornata Spain, Sieverding & Toro 

S. calospora (Nicol. & Gerd.) Walker & Sanders 

S. pellucida (Nicol. & Schenck) Walker & Sanders 

S. verrucosa (Koske & Walker) Walker & Sanders 

Scutellospora sp. 

Glomeraceae 

Glomus aggregatum Schenck & Smith 

Gl. clavisporum (Trappe) Almeida & Schenck 

Gl. coremioides (Berk. & Broome) Redecker & Morton 

Gl. fasciculatum (Thaxter) Gerd. & Trappe emend. Walker & Koske 

Gl. hoi Berch & Trappe 

Gl. luteum Kenn., Stutz & Morton 

Gl. macrocarpum Tulasne & Tulasne 

Gl. microaggregatum Koske, Gemma & Olexia 

Gl. rubiformis (Gerd. & Trappe) Almeida & Schenck 

Glomus sp. 
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Table 1.4  Results of MANOVA for effects of vegetation type, site and season 

on spore abundance of 21 arbuscular mycorrhizal fungal species in field soils 

and 17 species in trap cultures from three sites in Siete Colinas, Coto Brus, 

Costa Rica, using the Hotelling-Lawley Trace test. 

 

 Hotelling-Lawley Trace 

 Field  Trap 

Source of variation        df F P  df F          P  

Veg type  20, 10 15.90 < 0.0001  16, 9 20.98 < 0.0001  

Site  40, 18 7.70 < 0.0001  32, 16 1.16 0.3866  

Season  20, 10 3.16 0.0328  16, 9 0.85 0.6276  

Veg type x site  40, 18 2.52 0.0189  34, 14 0.86 0.6588  

Veg type x season  20, 10 0.53 0.8896  16, 9 0.90 0.5914  

Site x season  40, 18 1.64 0.1293  32, 16 1.21 0.3535  

Veg type x site x season  40, 18 1.65 0.1272  32, 16 0.35 0.9946  

Whole model  220, 90 2.11 < 0.0001  176, 79 2.23 < 0.0001  

Note:  Species occurring in <5 samples or with ≤10 spores were excluded from 

analysis. 
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Table 1.5  Effects of vegetation type, site and season on spore abundance of 

arbuscular mycorrhizal fungal species in field soils and trap cultures from three 

sites in Siete Colinas, Coto Brus, Costa Rica (Error df = 34 in both models).  

Species found in <5 samples or with ≤10 spores were excluded from analysis. 

 
Source of variation Species 

  Ac. delicata Ac. mellea Ac. morrowiae 
Field df F P F P F P 
Veg type 1 1.15 0.2903 15.23 0.0004 1.50 0.2285 
Site 2 9.48 0.0005 14.95 < 0.0001 1.41 0.2570 
Season 1 0.09 0.7706 3.34 0.0765 8.57 0.0061 
Veg type x site 2 5.62 0.0078 14.95 < 0.0001 6.93 0.0030 
Model 6 5.27 0.0006 13.26 < 0.0001 4.53 0.0018 

Trap        

Veg type 1 0.70 0.4096 - - 2.21 0.1462 
        

  Ac. rehmii Ac. scrobiculata Ac. spinosa 
Field df F P F P F P 
Veg type 1 3.67 0.0639 10.02 0.0033 15.62 0.0004 
Site 2 2.72 0.0801 11.28 0.0002 7.36 0.0022 
Season 1 2.10 0.1561 0.94 0.3382 0.66 0.4225 
Veg type x site 2 0.81 0.4525 0.27 0.7637 0.57 0.5708 
Model 6 2.14 0.0736 5.59 0.0004 5.30 0.0006 

Trap        

Veg type 1 - - 0.85 0.3628 0.09 0.7679 
        

  Acaulospora sp. 
1 

Acaulospora sp. 
2 

Acaulospora sp. 
4 

Field df F P F P F P 
Veg type 1 3.21 0.0823 4.80 0.0354 15.42 0.0004 
Site 2 0.92 0.4085 4.52 0.0182 4.03 0.0270 
Season 1 0.34 0.5636 0.17 0.6852 1.74 0.1953 
Veg type x site 2 0.09 0.9155 0.02 0.9785 0.75 0.4787 
Model 6 0.91 0.5020 2.37 0.0505 4.28 0.0026 

Trap        

Veg type 1 - - 5.93 0.0203 21.09 0.0001 
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Table 1.5 (continued) 

 
Source of variation Species 
 df Acaulospora sp. 5 Ar. leptoticha Archaeospora sp. 
Field  F P F P F P 
Veg type 1 2.20 0.1472 2.59 0.1166 0.35 0.5579 
Site 2 0.88 0.4223 1.93 0.1602 2.73 0.0797 
Season 1 4.20 0.0482 0.56 0.4612 1.17 0.2871 
Veg type x site 2 0.08 0.9190 0.89 0.4208 2.83 0.0729 
Model 6 1.39 0.2464 1.49 0.2108 2.20 0.0672 

Trap        

Veg type 1 0.05 0.8300 20.23 0.0001 0.09 0.7709 
        

        

 df E. ‘contigua’ Gl. clavisporum Gl. fasciculatum 
Field  F P F P F P 
Veg type 1 13.91 0.0007 2.35 0.1342 - - 
Site 2 5.62 0.0078 1.26 0.2959 - - 
Season 1 0.10 0.7492 0.05 0.8233 - - 
Veg type x site 2 5.68 0.0074 3.16 0.0549 - - 
Model 6 6.29 0.0002 1.82 0.1237 - - 

Trap        

Veg type 1 8.39 0.0066 - - 0.22 0.6426 
 
        

 df Gl. hoi Gl. luteum 
Gl. 

macrocarpum 
Field  F P F P F P 
Veg type 1 96.28 < 0.0001 0.00 0.9742 15.28 0.0004 
Site 2 13.64 < 0.0001 0.53 0.5916 0.38 0.6851 
Season 1 1.86 0.1814 0.27 0.6094 0.21 0.6515 
Veg type x site 2 13.77 < 0.0001 1.59 0.2181 6.28 0.0048 
Model 6 25.48 < 0.0001 0.75 0.6161 4.64 0.0015 

Trap        

Veg type 1 20.10 0.0001 15.98 0.0003 11.83 0.0016 
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Table 1.5 (continued) 

 
Source of variation Species 

 df Glomus sp. S. calospora S. pellucida 
Field  F P F P F P 
Veg type 1 0.54 0.4685 14.61 0.0005 11.13 0.0021 
Site 2 3.22 0.0525 3.46 0.0429 0.15 0.8627 
Season 1 0.92 0.3454 0.50 0.4843 1.90 0.1772 
Veg type x site 2 2.16 0.1314 3.58 0.0388 0.53 0.5915 
Model 6 1.94 0.1023 4.98 0.0009 2.43 0.0462 

Trap        

Veg type 1 0.13 0.7183 20.11 0.0001 1.99 0.1672 
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Figure 1.4  Mean spore abundance of arbuscular mycorrhizal fungal species in 

a) field samples (n = 20-21) and b) trap cultures (n = 18) from forest and 

pasture soils.  Species are listed in alphabetical order.  Excludes spp. found in 

<5 samples or with ≤10 spores.  * P < 0.05; ** P < 0.01; *** P < 0.001. 
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Figure 1.5  Mean spore abundance of Glomus macrocarpum in forest and 

pasture soils at three sites in Siete Colinas, Coto Brus, Costa Rica (n = 7, 

except n = 6 for Delgado forest field samples).  Error bars indicate 95% 

confidence intervals; asterisks indicate differences between plots within a site 

at α = 0.05 
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the genus Acaulospora, while species that were more abundant in pasture 

than in forest came from five genera from all four AM fungal families. 

Gl. macrocarpum was the only species found in both forest and pasture 

for which the difference in abundance between forest and pasture was not 

consistent from site to site (Table 1.5).  At the Delgado and Ramírez sites Gl. 

macrocarpum was more abundant in field soils in pasture than in forest, 

whileat the Cascante site there was no difference in its abundance between 

the vegetation types (Figure 1.5).  In the trap cultures, the difference in spore 

abundance of Gl. macrocarpum between forest and pasture did not vary from 

site to site (data not shown). 

Similarity of AM fungal communities 

Values of the Morisita-Horn index of similarity for forest and pasture AM 

fungal spore communities (field samples) ranged from 0.23-0.94 (Table 1.6).  

The pasture plots were most similar in species and their abundances to each 

other, with the exception of the Cascante pasture plot, which was most similar 

to the Cascante forest plot.  There was a high degree of similarity between the 

forest plots, but two of them were actually closest in species composition to 

the Cascante pasture plot.  Only the Delgado forest plot was most similar to 

another forest plot. 

Values of the Jaccard index of similarity for forest and pasture trap culture 

spore communities ranged from 0.45-0.80 (Table 1.7).  The AM fungal 

communities of pasture trap cultures shared 70-80% of their species with other 

pasture trap cultures, while sharing 42-62% of their species with forest trap 

cultures.  Trap cultures from forest plots were more variable than those from 

pasture plots, sharing 52-63% of their species.  Although there was a greater 

than 50% correspondence between trap cultures from forest plots, each set of 
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Table 1.6  Values of the Morisita-Horn quantitative index of similarity for forest 

and pasture arbuscular mycorrhizal fungal spore communities of field soils at 

three sites in Siete Colinas, Coto Brus, Costa Rica (0 = no similarity, 1 = 100% 

concordance). 

 

  Forest  Pasture 

Veg type Site Cascante Delgado Ramírez  Cascante Delgado Ramírez 

Forest Cascante - 0.71 0.78  0.94 0.56 0.31 

 Delgado  - 0.70  0.64 0.46 0.23 

 Ramírez   -  0.86 0.64 0.34 

Pasture Cascante     - 0.66 0.41 

 Delgado      - 0.93 

 Ramírez       - 
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Table 1.7  Values of the Jaccard qualitative index of similarity for forest and 

pasture arbuscular mycorrhizal fungal spore communities of trap cultures from 

three sites in Siete Colinas, Coto Brus, Costa Rica (0 = no similarity, 1 = 100% 

concordance). 

 

   Forest    Pasture  

Veg type Site Cascante Delgado Ramírez  Cascante Delgado Ramírez 

Forest Cascante - 0.63 0.53  0.50 0.55 0.62 

 Delgado  - 0.52  0.64 0.55 0.61 

 Ramírez   -  0.42 0.45 0.52 

Pasture Cascante     - 0.80 0.70 

 Delgado      - 0.76 

 Ramírez       - 
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trap cultures from a forest plot was as similar to trap cultures from a pasture 

plot as it was to those from the other forest plots. 

 

DISCUSSION 

Rather than an overall decline in spore abundance of AM fungi from forest 

to pasture, this study found changes in the community composition of AM 

fungi after conversion of forest to pasture.  While many AM fungal species did 

not change in abundance between forest and pasture, a subset was either 

much rarer in pasture than in forest or vice-versa.  An additional group of fungi 

was observed only in pasture.  Similarity indices suggest that pasture AM 

fungal communities reflected both the forest AM fungal communities from 

which they may have been derived and shared environmental conditions 

among pastures at the time of this study. 

Abundance of AM fungi 

I found no evidence for an overall decline in AM fungi in pasture relative to 

forest.  At the Delgado and Ramírez sites, spore counts were higher in pasture 

soils than in forest soils.  However, at the Cascante site, there was no 

difference in spore counts between the two vegetation types.  The Cascante 

pasture plot exhibited characteristics that may have ameliorated the effects of 

forest conversion to pasture.  It was located in close proximity to a stream and 

faced north, which reduced insolation and increased humidity, and its isolated 

location may have reduced grazing pressure relative to the other two pasture 

plots (personal observations).  If we regard the Cascante pasture plot as the 

least affected by clearing of forest, then it is likely that pasture soils typically 

have more spores than forest soils.  This result is consistent with other studies 
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of spore communities of AM fungi in tropical forest and pasture (e.g., Allen et 

al. 1998, Picone 2000). 

The trap cultures suggest that a larger pool of spores in field soils does 

not necessarily indicate a greater abundance of AM fungi occurring as hyphae.  

While pasture trap cultures from the Delgado site did produce more spores 

than forest ones, pasture trap cultures from the Ramírez site did not.  No 

difference in spore counts between pasture and forest trap cultures from the 

Cascante and Ramírez sites suggests that, while pasture soils may contain 

more spores than forest soils, they do not appear to differ from forest soils in 

abundance of AM fungi occurring as hyphae.  Pastures may also contain more 

spores than forest soil due to differences in mycophagy between the two 

habitats.  Many forest rodent species and other terrestrial vertebrates are 

known to forage for sporocarpic species in the Glomeromycota (Janos et al. 

1995, Reddell et al. 1997, Mangan and Adler 2002).  Spores have also been 

observed in the casts of earthworms (Reddell and Spain 1991, Lee et al. 

1996).  Differences in abundance of AM fungi-eating animals in forest and 

pasture have not been measured yet.  I have perhaps underestimated the 

amount of hyphae in forest soils, since some AM fungal species in pastures 

may be more likely to respond to physical soil disturbance by sporulating than 

forest AM fungal species (Jasper et al. 1991). 

From the perspective of a forest seed germinating in pasture, failure to be 

inoculated by AM fungi appears unlikely.  However, the greater variance in AM 

fungal abundance in pasture relative to forest indicates that AM fungi may be 

more heterogeneous in the former than the latter.  Whether such patchiness 

reduces the likelihood or slows the timing of colonization needs to be 

assessed. 
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Species composition of AM fungi 

I found both qualitative and quantitative differences in the species 

composition of AM fungal communities of forest and pasture.  Of the 21 

species for which data are presented here, one was observed only in forest, 

while three were observed only in pasture.  Consequently, conversion of forest 

to pasture appears to increase species richness.  However, fewer spores were 

collected from forest samples than pasture ones, so some rare denizens of 

forest have likely gone undetected.  The vast majority of the species observed 

in forest samples were also observed in pasture samples, suggesting that 

most forest AM fungal species are able to persist in pasture environments.  In 

contrast, some of the most abundant species in pastures were never observed 

in forest, suggesting they may be unable to colonize forest habitats.  Species 

that were unique to pastures were a large component of the pasture AM fungal 

spore communities at two of the three pasture plots. 

Unfortunately, very little is known about requirements of AM fungi (Hart et 

al. 2001).  In particular, are these species excluded from the forest by abiotic 

factors or absence of appropriate plant hosts?  Distributions of at least some 

AM fungal species are known to be influenced by pH (Wang et al. 1985), 

which differed between pasture and forest.  Bever et al. (1996) found 

considerable variation in sporulation rates of different AM fungal species on 

different plant hosts in a temperate old field. The origins of apparently pasture-

specific AM fungi need to be explored. 

While previous studies also observed most or all forest AM fungal species in 

pastures as well, they did not observe common species that were confined to 

pastures (e.g., Johnson and Wedin 1997, Picone 2000).  This may be due in 

part to the fact that these studies did not include trap cultures, which detected 
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several common species in pasture that might not have been detected 

otherwise.  Because spore longevity is not known (Helgason et al. 2002), 

assessing AM fungal communities of forest and pasture solely on the basis of 

field-collected spores may be misleading.  It is possible that some species of 

AM fungi observed as spores in pastures may be relict individuals (sensu 

Janzen 1986) capable of persisting for decades but no longer forming 

mycorrhizas. 

In addition to detecting species which appear to be confined to one 

vegetation type or the other, I also observed differences in abundance of AM 

fungal species found in both forests and pastures.  Since forest samples 

typically yielded fewer spores than pasture ones, the two Acaulospora species 

with higher abundance in forest than in pasture are almost certainly 

experiencing declines following forest conversion to pasture.  Two Glomus 

spp. observed in both pasture and forest, Gl. luteum and Gl. macrocarpum, 

are much more abundant in pasture, suggesting a benefit to these species 

from forest conversion to pasture.  However, more than one-third of the 

species considered here (8 of 21) exhibited no change in abundance between 

forest and pasture. 

Field soils vs. trap cultures 

This study of changes in the AM fungal community in response to forest 

conversion to pasture is the first to combine examination of field soils with trap 

cultures.  The efficacy of trap cultures for measuring the AM fungi occurring as 

mycorrhizas in a community is limited by the bias of trap cultures toward 

species which are prolific sporulators under trap conditions and away from 

species which are unable to survive the transition from field to greenhouse 

conditions (Morton et al. 1995).  However, this bias does not affect 
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interpretations of differences in abundance for a single species between forest 

and pasture.  Trap cultures can provide valuable information about AM fungal 

communities that cannot be obtained by examining only spores from the field.  

In this study, Ar. leptoticha was equally abundant as spores in field soils from 

forests and pastures.  Yet this species only produced spores in trap cultures 

from pastures, suggesting it was not present as hyphae in forest soils during 

the course of this study.  Gl. luteum was only rarely detected in field soils and 

did not appear to differ in abundance between field soils collected in forest and 

pasture.  However, data from the trap cultures suggest that Gl. luteum is more 

abundant as hyphae in pasture soils than forest soils.  Several species that 

exhibited differences between forest and pasture in field soils did not show any 

difference in abundance between forest and pasture in trap cultures.  The 

length of time for which spores may persist in an apparently viable state in 

soils is not known (Helgason et al. 2002).  Trap cultures provide an indication 

of the species composition of the AM fungal community at present, while 

spores from field soils may best be viewed as a long-term record of the 

community. 

Conclusions 

The enormous change in plant species composition entailed by forest 

conversion to pasture is accompanied by a smaller, but still potentially 

important, shift in species composition of AM fungi.  There was an effect of 

vegetation type on abundance of eight of twenty-one AM fungal species 

tested.  Five of the six most common species observed in pasture were absent 

or rare in forest, while two of the most common species in forest showed 

marked declines in spore abundance in pasture.  The origins of AM fungi 

confined to pasture need to be determined, as well as the importance of the 
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observed shifts in species composition for establishment in pasture of forest 

plant species. 
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CHAPTER TWO 

Effects of forest and pasture soil and light environments on seedling 

establishment in Terminalia amazonia 

 

INTRODUCTION 

In populations of most organisms, mortality is highest during the earliest 

stages of the life cycle.  Consequently, elucidating factors which affect survival 

and growth at these stages is essential to understanding population dynamics.  

Both light and soil environments can play a role in successful recruitment in 

plant populations.  Of these two factors, light is by far the better understood 

(Denslow et al. 1998). 

For forest plant species, the light environment has been shown to have a 

profound effect on survival and growth at seed and seedling stages (Bloor and 

Grubb 2003).  Under extremely low light conditions, seedlings may lose more 

carbon through respiration than can be gained through photosynthesis.  In 

addition to affecting photosynthetic rate, light also plays a role in protecting 

seeds and seedlings from mortality due to pathogens (Augspurger 1984).  

Extensive work, particularly in the tropics, has demonstrated that many forest 

plant species require light gaps for successful recruitment (Whitmore 1989).  

Light gaps likely facilitate seedling establishment both through increasing 

photosynthesis and providing sites safer from pathogens (Augspurger 1984). 

The role of soil factors in seedling survival and growth is currently unclear 

(Ostertag 1998).  Studies comparing seedlings between fertilized and 

unfertilized plots in the forest understory and light gaps have rarely observed 

an effect of increased nutrient availability on survival and growth (Denslow et 

al. 1998). 


