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Ecological strategy of woody plants in a seasonally dry tropical
- forest on infertile sandy soil
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This doctoral thesis examines the structure and tree species diversity of a seasonally dry
tropical forest on infertile quartz-rich sand in the Ankarafantsika National Park (ANP) in
Madagascar. The primary forest stands within ANP represent the largest remnant of the
original forest type that dominated the Northwestern Madagascar, most of which has been lost
in recent years under anthropogenic pressures. As such, it is urgent to understand how natural
forests as the foundation of regional biological diversity regenerate. The contents of this thesis
represent the first description of the forest tree community in the region beyond a mere

floristic survey.

Chapter 1 explains the background and objectives of the study. It introduces the importance of
variations in leaf phenology and functional traits among tree species that compose seasonally

dry tropical forests.

Chapter 2, “Structure and diversity of woody plant communities in a seasonally dry forest in
Madagascar” describes the characteristics of a woody plant community, including both trees
and lianas (woody vines). This is the first report utilizing the data base from the 15-ha forest
dynamics monitoring plot established by an international collaboration team led by Kyoto
University researchers. In this plot, all woody stems greater than 5 cm in diameter at breast
height were mapped, tagged, measured for diameter, and identified to species. The forest stand
was characterized by small-sized individuals (75% of stems with DBH < 10 cm, with 99% of
trees with height < 15 m), encompassing 35,758 and 513 individuals of trees and lianas,
respectively, belonging to 160 species in 53 families. For this size class, lianas accounted for
1.4% of the woody stems. It was also noted that the two most dominant species were
evergreen, which suggest the prevalence of drought tolerant strategy, in coexistence with

deciduous trees that employ drought avoidance strategy.

Chapter 3 reports variations in leaf and stem traits between the different types of leaf
phenology for the most dominant 22 tree species within the 15 ha plots, distinguishing four
phenology types (10 evergreen, 5 late deciduous, 3 progressively deciduous, and 4 early
deciduous species). Distinguishing deciduous habit to finer subgroups by the timing of leaf
loss demonstrated how functional traits varied with leaf phenology as predicted by the theory
of leaf economic spectrum. In contrast, these traits were independent of the tree height. Hence,
in this forest, where evergreen species occupy nearly half of the tree community despite the
long pronounced dry season, consist of tree species that exhibit continuous variations from

drought tolerance to drought avoidance strategies. This chapter also reports the allometric
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relationships between diameter and tree height, and the estimation of above ground biomass in

this seasonally dry forest.

Chapter 4 reports functional traits of the most dominant 22 liana species in addition to those of
the 22 trees reported in Chapter 3. Whereas lianas are considered to employ a more acquisitive
strategy of fast growth compared to tree species, few published studies comparing lianas vs.
trees have simultaneously considered life forms and leaf phenology types. The results showed
that such consideration is important, as both life form and leaf phenology types affected
functional traits. Within a given life form, early deciduous species had more the more
acquisitive trait syndrome of lower leaf mass per area, higher nitrogen contents, and lower
wood density than evergreen species. Within each phenology type, lianas tended to have more

acquisitive traits than trees.

Chapter 5, “Topographical gradient of woody plant community in a seasonally dry tropical
forest on sandy soil in Northwestern Madagascar”, reports how the structure and species
composition of the tree community change with elevation from 150 m to 200 m above sea
level on a gentle slope. With increasing elevation, stem density and species diversity increased,
but tree height and diameter decreased. The most abundant two species, Drypetes perrieri
(Putranjivaceae) and Noronhia alleizettei (Oleaceae) exhibited opposite trends, with their
abundance decreasing and increasing with elevations, respectively. The community-weighted
mean of leaf thickness, leaf mass per area, and wood density increased, and leaf nitrogen
content decreased with elevations. Although environmental heterogeneity within the plot is not
quantified, those results suggest the possibility of habitat differentiation and variations in

resource competition among trees contributing to the species diversity in this forest.

Overall, from a series of field-based data, this thesis represents the first rigorous report of the
structure and functional characteristics of woody plant communities in NW Madagascar. The
large data from a contiguous plot of 15 ha allowed the detection of previously unrecognized
patterns, such as how they change with gentle topographical gradients, which would otherwise
be difficult to detect. The simultaneous evaluation of functional traits of trees and lianas in
relation to phenological variation is also the first of this kind not only in Madagascar, but also

in tropical forests worldwide.
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