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A central question in community ecology and conservation of highly diverse
tropical forests concerns the control of the ability of tree species to coexist. This
study explores the possible feedback mechanisms that control Shorea
leprosula seedling regenerations and survival. This study also proposes a
model of asymmetric ectomycorrhizal (EM) positive feedbacks that relies on the
assumption of a niche differentiation between EM fungi (EMf) linked to
seedlings and EMf linked to EM canopy trees.

This study conducted on a deductive basis of how the mecanisms involved
might be supported by the distributions of S. leprosula seedlings after a
masting event, the percentage of seedling ectomycorrhization and the
distributions of saplings below 1 cm diameter that established during previous
masting events. Two hypotheses were considered. The first is that the
distributions of ectomycorrhizas give benefits to S. leprosula seedlings survival
correspond to the presence of ectomycorrhizal networks associated to
ectomycorrhizal canopy trees. The second is that S. leprosula seedlings
survival benefits from ectomycorhizal associations that are independent from
the distribution of ectomycorrhizal canopy trees and facilitated by the presence
of large saprophytic fungi. Spatial variations of S. leprosula seedlings
ectomycorrhizal rate didn't support with the first hypothesis. Seedlings
ectomycorrhizal rates only increased near to parent trees but not near other
ectomycorrhizal canopy trees. Similarly, S. leprosula saplings distributions
believed to witness seedling survival from previous masting events were either
not correlated or negatively correlated with the distribution of ectomycorrhizal
canopy trees.

Whereas, the revelation of putative mat-forming and foraging ectomycorrhizal
fungi in association with saprophytic fungi agreed with the second hypothesis.



These traits, observed for the first time in a Southeast Asian lowland rainforests
concord with a possible ecological niche differentiation between
ectomycorrhizal fungi linked to canopy trees and ectomycorrhizal fungi
succeeding to saprophytic fungi and possibly contributing to S. leprosula
seedling survival.
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TABURAN RERUANG KULAT EKTOMIKORIZA DAN SAPROFIT DALAM
HUBUNGANNYA DENGAN KEMANDIRIAN ANAK BENIH Shorea leprosula
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Soalan utama dalam ekologi komuniti dan pemuliharaan kepelbagaian hutan
tropika adalah berkait pengawalan kemampuan spesies pokok untuk wujud
bersama. Kajian ini menerokai mekanisma yang mungkin untuk pengawalan
regenerasi dan kemandirian anak pokok Shorea leprosula. Kajian ini juga
mencadangkan model ektomikoriza (EM) asimetrik yang bergantung kepada
andaian pembezaan nic antara kulat ektomikoriza (EMf) yang dikaitkan dengan
anak benih dan EMf yang dikaitkan dengan EM pokok kanopi.

Kajian ini dijalankan dengan asas deduktif bagaimana mekanisma yang terlibat
mungkin disokong oleh pengagihan anak pokok S. leprosula setelah peristiwa
musim buah, peratusan ektomikoriza pada anak benih dan pengagihan anak
pokok < 1 cm diameter yang hidup daripada peristiwa musim buah
sebelumnya. Dua hipotesis dikaji. Pertama, bahawa taburan kulat ektomikoriza
memberi manfaat kepada kemandirian anak benih S. leprosula terhadap
kehadiran jejaring ektomikoriza berkait pokok kanopi ektomikoriza. Kedua,
bahawa kemandirian anak benih S. leprosula mendapat manfaat dari pada
jejaring ektomikoriza yang independen dari pada taburan ektomikoriza yang
berasal dari pada pokok kanopi dan dimudahkan dengan kehadiran kulat
saprofitik. Variasi reruang kadar ektomikoriza anak benih S. leprosula tidak
menyokong hipotesis pertama. Kadar ektomikoriza anak benih hanya
meningkat dekat dengan pokok kanopi S. leprosula tetapi tidak di dekat
kawasan pokok ektomikoriza lain. Begitu juga dengan taburan anak pokok S.
leprosula, yang dipercaya merupakan hasil kemandirian anak benih dari pada
musim buah sebelumnya, tidak berkait atau berkait negatif dengan taburan
pokok kanopi ektomikoriza

Manakala, penemuan kulat ektomikoriza bentuk met yang memanjang, dalam
kaitannya dengan kulat saprofitik, menyokong hipotesis kedua. Sifat-sifat kulat



ini adalah kali pertama diperhati di hutan hujan tanah rendah Asia Tenggara,
yang menyokong pembezaan nic ekologi antara kulat ektomikoriza berkait
pokok kanopi dan ektomikoriza yang meneruskan kulat saprofitik dan mungkin
menyokong kemandirian anak benih S. leprosula.
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CHAPTER |

INTRODUCTION

Shorea leprosula Mig. is a common canopy species in the lowland forests of
Southeast Asia (Lee et al., 1997). As the most member of the
Dipterocarpaceae, S. leprosula is characterized by ectomycorrhizal (EM)
associations (Lee and Alexander, 1996), limited wind dispersion due to relative
high area—to—mass ratio of winged nuts (Seidler and Plotkin, 2006) and mast
fruiting at irregular intervals of several years (Ashton et al., 1988). All these
traits have been hypothesized to reinforce tree species dominance in the
tropics (Ashton et al., 1988). However, if tropical dominance is elsewhere
represented by one or a few species on a limited area (Peh et al., 2011),
dipterocarp forests are dominated at the family level with up to several tens of
dipterocarp species occupying 40 to 80% of the large-tree components and this
is in mostly Southeast Asian lowland regions (Corlett, 2009; Kochummen et al.,
1990). In addition, the intensity and constancy of this family dominance has
allowed sufficient space for species of other tree families to coexist and for
dipterocarp forests to count among the most species-rich on the planet
(Primack and Corlett, 2005). A commonly hypothesized mechanism of species
coexistence is when intra-specific competition exceeds inter-specific
competition (Chesson, 2000). This is illustrated by the Janzen-Connell
hypothesis where distance and density-dependent seedling mortality increase
intra-specific negative feedback (Connell, 1971; Janzen, 1970).

This mechanism, proposed for both EM and non-EM tree species occurs when
for example predators or pathogens regulate the regeneration of each species
independently (Comita et al., 2014). Conversely, symbiotic associations are
believed to generate positive feedbacks, thus are able to reinforce dominances
(May, 1973). It has for example been proposed that seedlings associated to
EM networks supported by photosynthates of canopy trees may increase their
fitness through a better access to nutrients and water at lower carbon
expenses (Booth and Hoeksema, 2010; McGuire, 2014 and 2007; Nara, 2006).
The effect of positive feedbacks attributed to EM networks on the
monodominance of a single tropical species has been illustrated in more than
ten studies involving eleven species in tropical forests of America, Africa and
Southeast Asia (McGuire, 2014). However, hypotheses about possible roles of
EMf associations in the maintenance of dominance at family level in Southeast
Asian dipterocarp forests have, to my knowledge, not been specifically studied.
In Southeast Asian lowland forests, most of the EM trees are Dipterocarpaceae
with no clear evidence found for EM species-specificities (Alexander and Lee,
2005). In this context, it could be theorized that EM networks associated to
canopy trees may potentially benefit to the establishment of EM seedlings from
different surrounding species. Such positive feedback could lead to family
dominance if not counteracted by negative feedback expressed at the same
level (Alexander and Lee, 2005).



Negative feedback is also suggested to have the ability in maintainting diversity
by counteracting with monodominance (Bever, 1999). Bever (1999) suggested
that negative feedbacks may result from an asymmetric delivery of positive
feedbacks to mutualistic competitors. This kind of mechanisms has for example
been demonstrated in grassland where arbuscular mycorrhizal (AM) fungus
that develops best with Plantago lanceolata which grows at best with an AM
fungi associated to Panicum sphaerocarpon (Bever, 2002). It can be
conjectured that in dipterocarp forests, asymmetric feedbacks to EM seedling
regenerations may occur and prevent EM monodominance if EM seedlings
benefit from EM fungi having different ecological niche and spatial distribution
than EM fungi associated to EM canopy trees. This may happen in the case of
an association of EM seedlings with facultative EM fungi (Baldrian, 2009),
which capable of obtaining carbon both biotrophically and saprotrophically
(Koide et al., 2008; Lindahl and Tunlid, 2015) and a spatial differentiation
between obligatory EM occurring under the canopies of EM trees and
facultative EM capable to survive in the understory of non EM canopy trees.

In the present study, the concordance of hypothesized roles of EMf in the
maintenance of Dipterocarpaceae dominance in Southeast Asian lowland
forests will be discussed in relation with the spatial distributions of S. leprosula
seedlings, seedling nutrient contents, seedlings EM rates, saplings as well as
the spatial distribution of canopy trees ectomycorrhizal status within a 0.47 ha
subplot of the 50 ha demographic forest plot of Pasoh in Negeri Sembilan —
Malaysia. The existence of heterogeneities in the distribution of putative EM
networks associated to canopy trees compatible with the hypothesis of an
ectomycorrhizal spatial niche differentiation is estimated by correlating the EM
rates two-leave-stage S. leprosula saplings with the distance to the nearest
parent tree.

Furthermore, the distribution and species composition of presumed large litter
saprotrophs occurring within the 50 ha demographic plot will be studied for a
possible concordance with the hypothesis of a spatial niche differentiation of
EMf associated to seedlings from EM associated to canopy trees. The choice
of a deductive approach for this study is in line with the method of census plots
used by the Smithsonian Center of Tropical Forest Science (CTFS) for the
examination of ecological theories on the maintenance of high species diversity
(Condit, 1998). Natural processes are therefore not disturbed by the
establishment of experimental layouts such as soil mesh insertions to control
the effect of EM networks between plants, seedling transplantation or soil
sterilization.

Objectives

The aim of this study is to evaluate the concordance of spatial distributions of
ectomycorrhizal and saprophytic fungi in relation with hypotheses of S.
leprosula seedling recruitments and maintenance of Dipterocarpaceae
dominance by the delivery of EM asymmetric positive feedbacks. In the first

2



part of the study (Chapter Ill), possible mechanisms of seedlings survival were
discussed in several points: 1) the spatial distributions of seedlings EM rates;
2) spatial heterogeneities of putative EM networks associated to EM canopy
trees; 3) the presence of possible EM host specificities; 4) the spatial
distributions of conditions for density-dependant seedling mortality; and 5)
spatial patterns of sapling recruitments witnessing seedling survival from
previous masting events.

In Chapter 4, the second part of the study, the nature and distribution of large
patches of presumed litter saprotrophs will be examined for their suitability to
facilitate the sucession of EMf linked to S. leprosula seedlings. Such
succession would support a possible possible niche differentiation between
EMf linked to seedling regeneration and EMf linked to canopy trees and
support the hypothesis of a family dominance regulated by a asymmetric EM
positive feedback.
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