
Chapter 7
Coexistence of Tree Canopy Species

Hitoshi Sakio and Masako Kubo

Abstract The canopy tree species Fraxinus platypoda, Pterocarya rhoifolia, and
Cercidiphyllum japonicum coexist at the Ooyamazawa riparian forest research site.
In this chapter, we clarify the coexistence mechanisms of riparian tree species as they
pertain to disturbance regimes, life-history strategies, and responses to environmen-
tal factors. Reproductive strategies, e.g., seed production and germination, differ
widely among these three species and we observed probable reproductive trade-offs
in each species. Canopy-height individuals of F. platypoda are recruited from
advanced saplings, and P. rhoifolia and C. japonicum both established following
large-scale disturbance events. Basal sprouting, i.e., vegetative reproduction, is
likely the mechanism by which C. japonicum survives and attains co-dominance
in riparian forests. F. platypoda had greater shade and water tolerance than the other
two species. Each of these species is well-adapted to the various disturbances typical
of riparian zones. Therefore, the coexistence mechanisms among them are likely a
combination of random chance and niche partitioning.
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7.1 Introduction

Natural disturbances and life-history characteristics are key factors influencing the
coexistence of tree species (White 1979; Loehle 2000). Disturbances in riparian
areas are dynamic and vary more widely in type, frequency, and magnitude com-
pared with those on hillsides. Various disturbance regimes in riparian areas lead to
heterogeneous topography (Gregory et al. 1991; Kovalchik and Chitwood 1990) due
to repeated destruction and regeneration of riparian forests.

Fraxinus platypoda, Pterocarya rhoifolia, and Cercidiphyllum japonicum
(Fig. 7.1) are the dominant tree species in the riparian forests of the Chichibu

P. rhoifolia

F. platypoda

C. japonicum

Fig. 7.1 The three
dominant canopy tree
species in the Ooyamazawa
riparian forest of the
Chichibu Mountains in
central Japan
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Mountains in central Japan (Maeda and Yoshioka 1952; Sakio 1997). One such
riparian forest, along the Ooyamazawa stream, is an old-growth forest whose high-
elevation trees have not been affected by human impacts, e.g., logging or erosion
control works (Chap. 1), and are therefore valuable. The dominant canopy tree
species in this forest is F. platypoda, followed by P. rhoifolia and C. japonicum.

The life-history characteristics and regeneration processes of these three canopy
tree species were explained in detail in Chaps. 2, 3 and 4. In this chapter, we clarify
the coexistence mechanism of riparian tree species in terms of disturbance regimes,
tree life-history strategies, and responses to environment factors.

7.2 Seed Production

All three dominant canopy species in the Ooyamazawa riparian forest produce wind-
dispersed winged achenes (Fig. 7.2). The average dry weights (mean � standard
deviation [SD], n ¼ 20) of the fruit of F. platypoda, P. rhoifolia, and C. japonicum
are 144 � 24, 90 � 11, and 0.82 � 0.15 mg, respectively. The dry weights
(mean � SD, n ¼ 20) of their seeds are 80 � 17, 70 � 8, and 0.58 � 0.14 mg,
respectively (Sakio et al. 2002).

The seeds of these three species are released according to different schedules,
from autumn to winter (Fig. 7.3).The seeds of P. rhoifolia are released in October,
whereas those of F. platypoda are released in November, during leaf fall.
C. japonicum seeds are released after leaf fall, from November until spring of the

F. platypoda P. rhoifolia C. japonicum

Fig. 7.2 Seeds of the three riparian species
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following year. The dispersal distances of P. rhoifolia and F. platypoda are similar,
extending to several tens of meters. In contrast, the significantly lighter seeds of
C. japonicum (Welch’s t-test, P < 0.001) are dispersed over hundreds of meters,
with the maximum dispersal distance recorded being 302 m (Sato et al. 2006).

Secondary dispersal of F. platypoda seeds can also occur via water, implying an
adaptation for waterborne fruit dispersal. We have observed many F. platypoda
seeds being transported by the flow of mountain streams during mast seed years
(Chap. 2); this process allows the establishment of many seedlings on the gravel
banks of mountain streams in the following year (Fig. 7.4).

Annual fluctuation in seed production varies among tree species. Generally, late
successional species have large seeds and irregular fruiting behavior, whereas
pioneer species have small seeds and regular fruiting. F. platypoda had non-mast
years in 1997, 2001, 2003, 2005, and 2015, and mast years in 1996, 1998, 2002,
2004, 2006, and 2016 (Fig. 7.5). Thus, this species exhibits irregular fruiting
behavior, as has also been observed in Fraxinus excelsior, which is native through-
out mainland Europe (Tapper 1992, 1996). Seed production also fluctuates annually
in P. rhoifolia, which had non-mast years in 1996, 2006, and 2008, and mast years in
2005, 2007, and 2011. In contrast, C. japonicum produces regular amounts of seeds
every year, with only slight fluctuation. Among these three species, F. platypoda had
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Fig. 7.3 Seed dispersal of
the three riparian species
and leaf fall in 2002. Leaf
fall includes all tree species
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the largest coefficient of variation (CV) of seed production (0.97), followed by
P. rhoifolia (0.87) and C. japonicum (0.48).

7.3 Seedling Germination and Growth

7.3.1 Germination Sites

Seeds of the three species germinate from mid-May to early summer of the year
following seed production. Buried seeds in Ooyamazawa riparian forest soil germi-
nated no F. platypoda seeds, one P. rhoifolia seed, and 12 C. japonicum seeds in
30 L of soil (Kubo et al. 2008). Seeds of P. rhoifolia and C. japonicum have
exhibited dormancy in nursery seedling tests; in particular, P. rhoifolia seeds have
successfully germinated 2 years after sowing.

Germination sites differ among the three species (Fig. 7.6). Figure 7.6 shows the
results of a survey conducted in a year following a poor year for F. platypoda seed
production (all seedlings aged >1 year). But, in the following year, a mast year,
F. platypoda seeds germinated in all environments. F. platypoda can germinate in
forest floor environments varying in light, substrate, and water conditions, including
at water edges, under herb cover, and on steep slopes and gravel. Most F. platypoda
seedlings that germinate in the litter layer die due to fungal damage and lack of
moisture; however, some individuals survive for several years (Chap. 2). Current-
year seedlings have a very high survival rate on the gravel banks of mountain
streams, where herbaceous vegetation is rare. F. platypoda seedlings are highly
shade-tolerant and tend to concentrate in former stream channels and small gravel
deposits (Sakio 1997). When a canopy gap forms, thus improving the light environ-
ment, F. platypoda seedlings begin to grow into canopy trees.

Fig. 7.4 Current-year
F. platypoda seedlings
germinated at the stream
edge. Some seedlings are
submerged
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Fig. 7.5 Annual fluctuation of seed production in the three riparian species from 1995 to 2016
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P. rhoifolia can also germinate in any environment, except on steep slopes due to
unstable substrates. P. rhoifolia germination has been observed under closed cano-
pies, and in gravel deposits and the litter layer; however, seedlings that germinate in
the litter layer die within 1–2 months of germination (Sakio et al. 2002). Surviving
individuals develop true leaves, but their growth is greatly affected by light avail-
ability. P. rhoifolia seedlings are affected by herbal pressure, even in canopy gaps;
they require a brighter environment for survival than F. platypoda and may show
arrested tree growth in low-light environments (Kisanuki et al. 1995).

In contrast, C. japonicum seeds germinate in a limited range of environments.
Most C. japonicum seedlings have been found in fine mineral soil and on fallen logs.
Seedling emergence of small-seeded species is generally reduced in litter deposits
(Seiwa and Kikuzawa 1996); the germination and establishment of small-seeded
species, such as birch (Betula platyphylla var. japonica), is promoted in fine-grained
soil (Koyama 1998). These factors also appear to affect C. japonicum seed germi-
nation. Germination begins in mid-May; however, seedlings can be washed away by
surface sediment movement during the rainy and typhoon seasons, with a survival
rate of <10% in late October. This rate is higher at sites with high illuminance, and
seedlings found in such environments have been reported to be significantly larger
than those in low-light environments (Kubo et al. 2000). Similar results were
obtained in a germination experiment examining the effects of soil and relative
photosynthetic effective photon flux density on germination in a nursery (Kubo
et al. 2004).
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Fig. 7.6 Seed germination sites of the three riparian species (Kubo et al. 2000)
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7.3.2 Seedling Shade Tolerance

The light environment is among the most important factors for plant growth. Plant
responses to light differ among plant species. Pioneer species require more light than
late successional species. In forests, canopy gap formation strongly affects light
conditions. Improvement of the light environment by gap formation is an important
factor for growth from seedling to canopy tree (Suzuki 1980, 1981; Nakashizuka and
Numata 1982a, b; Nakashizuka 1983, 1984). For seedlings that have established
under the canopy, a lack of canopy gap formation within a few years will result in
decreased growth and, eventually, death. If an individual establishes under a small
canopy gap, and that gap closes due to branch extension within the surrounding
canopy, the individual will be unable to survive.

We compared the effects of light conditions on the growth of seedlings of the
three Ooyamazawa riparian species in a nursery. P. rhoifolia had the fastest growth
rate, growing to 30-cm seedlings within 1 year, whereas F. platypoda and
C. japonicum seedlings measured about 10 cm (Fig. 7.7). However, since
C. japonicum seeds are much smaller than those of F. platypoda (Fig. 7.2), its
relative growth rate was very high. P. rhoifolia seedling growth decreased sharply
under nursery light conditions (<20% of outdoor sunlight), and failed to survive in
1% light. Similarly, C. japonicum seedlings did not survive at 1% light. In contrast,
all F. platypoda seedlings survived for 1 year at 1% light (Fig. 7.7; Sakio 2008). A
study conducted at the Ooyamazawa riparian forest research site showed that branch
growth was dramatically faster in 1-m-tall P. rhoifolia saplings than in F. platypoda
saplings of the same height beneath a canopy gap (Sakio 1993). At a seedling size of
<1 m, F. platypoda grew in lower light environments than P. rhoifolia and
C. japonicum at the same research site (Kubo et al. 2000).
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Fig. 7.7 Relationship
between growth and relative
light intensity for current-
year seedlings grown in
nursery beds for
1 year (Sakio 2008)
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7.3.3 Seedling Water Tolerance

Trees in riparian areas are always exposed to a moist environment at the water’s
edge, and seedlings that have germinated on the gravel banks of mountain streams
are affected by flooding during the rainy and typhoon seasons (Fig. 7.4). Water
tolerance thresholds differ greatly among the three riparian species. Submergence
experiments, in which 1-year-old seedlings were submerged to the soil surface for
1 year (Sakio 2005) and current-year seedlings were submerged for different periods
(Fig. 7.8; Sakio 2008), showed that F. platypoda has much higher water tolerance

F. platypoda

C. japonicum

P. rhoifolia

Fig. 7.8 Flooding survival
rates of current-year
seedlings of the riparian
species
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than do P. rhoifolia and C. japonicum. Dry weight was significantly lower in
submerged 1-year-old P. rhoifolia and C. japonicum seedlings than in control
individuals; moreover, 80% of F. platypoda current-year seedlings survived
20 days of submergence, whereas only 20% of P. rhoifolia seedlings survived,
and all C. japonicum seedlings died. The superior water tolerance of F. platypoda
may be one reason explaining its dominance in Ooyamazawa riparian forests.

7.4 Sprouting

All three riparian tree species exhibit reproduction by sprouting, with most
F. platypoda producing single trees (Fig. 7.9; Sakio et al. 2002). P. rhoifolia pro-
duces intermediate numbers of sprouts; C. japonicum produces the most sprouts,
with a maximum of 60 observed from one tree. In C. japonicum, sprout number was
positively correlated with the diameter at breast height (DBH) of the main stem. The
role of the C. japonicum sprouts is maintenance of the individual; this has also been
observed in Euptelea polyandra, which maintains individuals by sprouting in areas
frequently disturbed by landslides (Sakai et al. 1995). However, it remains unknown
whether the sprouting mechanism of C. japonicum is related to physical damage to
the individual, physiological responses to changes in the light environment, or tree
age. In P. rhoifolia, sprouting does not play a role in maintenance of the individual in
Ooyamazawa riparian forests, although such maintenance by sprouting has been
observed in P. rhoifolia growing in environments characterized by heavy snow
(Nakano and Sakio 2017, 2018).

y = 0.1481x - 0.5554
R² = 0.1761

0

10

20

30

40

50

60

0 20 40 60 80 100 120 140 160

N
um

be
r o

f s
pr

ou
ts

DBH (cm)

P. rhoifolia

C. japonicum

F. platypoda

Fig. 7.9 Relationship between the diameter at breast height (DBH) of the main stem and sprout
number for each individual of the three riparian species (Sakio 2008)
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7.5 Forest Structure

7.5.1 Size Structure

A survey of all living trees (DBH � 4 cm) without sprouts in an area of 4.71 ha
showed that the frequency distribution of DBH was similar between F. platypoda
and P. rhoifolia, being characterized by many small individuals with DBH � 10 cm
or less (Fig. 7.10). C. japonicum exhibited a different DBH distribution, with only
two saplings at DBH< 10 cm. Both F. platypoda and P. rhoifolia showed frequency
distribution peaks around DBH ¼ 40. Within a core plot (0.54 ha), there were
811 F. platypoda, 192 P. rhoifolia, and one C. japonicum individual with tree
height � 1 m and DBH < 4 cm. Many F. platypoda and P. rhoifolia seedlings
with DBH < 4 cm were distributed beneath the canopy (Chaps. 2 and 3). These
results demonstrate that F. platypoda and P. rhoifolia produce many advanced
seedlings that will eventually become canopy trees.

7.5.2 Spatial Distribution and Age Structure

Figure 7.11 shows the spatial distribution of canopy trees (DBH� 20 cm) and young
trees (4 cm � DBH < 20 cm) within the 4.71-ha research plot. Canopy and young
trees of F. platypoda are dominant from upstream to downstream, whereas
P. rhoifolia canopy trees are distributed in three patches (A, B, and C). Large
patches of canopy trees can reach 50 m in diameter, each with an average tree age
of about 90 years. These P. rhoifolia patches were topographically distributed on

0

20

40

60

80

100

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

N
um

be
r o

f t
re

es

DBH (cm)

F. platypoda

P. rhoifolia

C. japonicum

Fig. 7.10 DBH class distributions of the three riparian species (Sakio 2008)
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large landslide or debris flow paths, suggesting that P. rhoifolia established in these
large-scale disturbance sites at the same time (Sakio et al. 2002).

C. japonicum canopy trees are few in number and scattered randomly throughout
the research area, although young trees showed aggregated distributions in and
around P. rhoifolia patches (Fig. 7.11, D and E). At approximately 90 years, the
ages of young C. japonicum and P. rhoifolia trees were similar; therefore, these two
species are likely to have established at the same time.

7.6 Coexistence Mechanisms of the Three Species

The following coexistence mechanisms of canopy species in the Ooyamazawa
riparian forest can be considered (Fig. 7.12).

In the Ooyamazawa riparian forest, F. platypoda regenerated to produce canopy
trees through seedling establishment on large-scale disturbance sites, such as land-
slide and debris flow paths, as well as through the release of advanced forest floor
seedlings upon the formation of small gaps. F. platypoda has higher shade tolerance
than P. rhoifolia and C. japonicum, as demonstrated by seedling field studies and
nursery experiments. F. platypoda also shows higher tolerance to submergence and
flooding than P. rhoifolia and C. japonicum, and has adapted to germinate and grow
on gravel stream banks.

The 4.71-ha research plot contained several large patches of P. rhoifolia with
DBH of about 50 cm; these were established on the sites of large-scale disturbances

F. platypoda
P. rhoifolia
C. japonicum
Other species

Canopy treesYoung trees

C

A

E

D

B

Fig. 7.11 Spatial distribution of young and canopy trees, including at the sites of two large-scale
disturbances. P. rhoifolia canopy trees and young C. japonicum trees coexist at the same sites
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that occurred about 90 years ago. Thus, P. rhoifolia regeneration sites are limited to
large-scale disturbance sites where large gaps are formed by landslide or debris flow;
the regenerants eventually became canopy trees, forming single-species patches.

Unlike F. platypoda, C. japonicum cannot form large cohorts of advanced
seedlings on the forest floor beneath canopy trees. However, C. japonicum seeds
can disperse into the large-scale disturbance sites favored by P. rhoifolia. The mass
production of small wind-dispersed seeds increases the probability of reaching new
germination sites cleared by large disturbances (Harper 1977; Augspurger 1984).
Thus, C. japonicum regeneration in large-scale disturbance sites can co-occur with
that of P. rhoifolia. In these disturbance sites, organic and inorganic matter such as
fallen trees, boulders, soil, and sand are mixed together to form complex
substrates. The diversity of microsites produced during this process ensures seed
germination, seedling establishment, and growth of C. japonicum. Fine inorganic
soils, which form in boulders and the cracks of fallen trees, are ideal substrates for
C. japonicum germination and establishment. These substrates are less susceptible to
erosion due to rainfall, such that seedlings can grow stably; if direct sunlight is weak,
seedlings may continue to grow because strong light dries out these soils. Thus,
C. japonicum waits for rare regeneration opportunities, which appear at the scale of
decades or centuries; as a trade-off, the lifespan of the individual is prolonged.
C. japonicum generates many sprouts around the main trunk. In F. platypoda and
P. rhoifolia, the death of the trunk means the inevitable death of the individual;
however, if the main trunk of C. japonicum dies, one of the many surrounding
sprouts will grow to become the main trunk (Fig. 7.13). In this manner, once
C. japonicum has established, it will survive for long periods by successively
producing new trunks.

Large gap
(Landslide, debris flow)

Small gap
(Tree fall)

F. platypoda P. rhoifolia C. japonicum

Fig. 7.12 Mechanism for the coexistence of three canopy tree species in the Ooyamazawa
riparian area
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Therefore, C. japonicum trees represent a small population within the
Ooyamazawa riparian forest, but this species sustainably coexists with both the
shade-tolerant dominant species F. platypoda and the pioneer species P. rhoifolia.

7.7 Conclusion

The coexistence mechanisms of the three Ooyamazawa riparian canopy species
involve a combination of niche partitioning and chance. The three species exhibit
trade-offs in reproductive characteristics, e.g., seed size, quantity, and annual vari-
ation. Coexistence is generally maintained through niche partitioning, especially in
the early life-history stages. Chance can also play an important role in P. rhoifolia
and C. japonicum regeneration, through unpredictable large-scale, low-frequency
disturbance. In conclusion, F. platypoda, P. rhoifolia, and C. japonicum are well-
adapted to disturbances in the Ooyamazawa riparian zone throughout their life
histories.

References

Augspurger CK (1984) Seedling survival of tropical tree species: interactions of dispersal distance,
light gaps, and pathogens. Ecology 65(6):1705–1712

Gregory SV, Swanson FJ, Mckee WA, Cummins KW (1991) An ecosystem perspective of riparian
zones: focus on links between land and water. BioScience 41:540–551

Dead

Dead

F. platypoda

P. rhoifolia

C. japonicum

6004002000
years

Dead

Dead

Fig. 7.13 Relationship between tree age and sprouting. In F. platypoda and P. rhoifolia, the death
of the main trunk results in the death of the individual. In contrast, C. japonicum individuals are
maintained by sprouting for long periods after the death of the main trunk

134 H. Sakio and M. Kubo



Harper JL (1977) Population biology of plants. Academic Press, London
Kisanuki H, Kaji M, Suzuki K (1995) The survival process of ash (Fraxinus spaethiana Ling.) and

wingnut (Pterocarya rhoifolia Sieb. et Zucc.) seedlings at the riparian forest at Chichibu
Mountains. Bull Tokyo Univ For 93:49–57 (in Japanese with English summary)

Kovalchik BL, Chitwood LA (1990) Use of geomorphology in the classification of riparian plant
associations in mountainous landscapes of central Oregon, USA. Forest Ecol Manag
33/34:405–418

Koyama H (1998) Germination strategy of Betura platyphylla var. japonica (IV). advantage of
small seeds for desiccation tolerance. Northern Forestry, Japan 50:276–280 (in Japanese)

Kubo M, Shimano K, Sakio H, Ohno K (2000) Germination sites and establishment conditions of
Cercidiphyllum japonicum seedlings in the riparian forest. J Jpn For Soc 82:349–354
(in Japanese with English summary)

Kubo M, Sakio H, Shimano K, Ohno K (2004) Factors influencing seedling emergence and survival
in Cercidiphyllum japonicum. Folia Geobot 39:225–234

Kubo M, Kawanishi M, Shimano K, Sakio H, Ohno K (2008) The species composition of soil seed
banks in the Ooyamazawa riparian forest, in the Chichibu Mountains, central Japan. J Jpn For
Soc 90:121–124 (in Japanese with English summary)

Loehle C (2000) Strategy space and the disturbance spectrum: a life-history model for tree species
coexistence. Am Nat 156:14–33

Maeda T, Yoshioka J (1952) Studies on the vegetation of Chichibu Mountain forest (2). The plant
communities of the temperate mountain zone. Bull Tokyo Univ For 42:129–150 (in Japanese
with English summary)

Nakano Y, Sakio H (2017) Adaptive plasticity in the life history strategy of a canopy tree species,
Pterocarya rhoifolia, along a gradient of maximum snow depth. Plant Ecol 218(4):395–406

Nakano Y, Sakio H (2018) The regeneration mechanisms of a Pterocarya rhoifolia population in a
heavy snowfall region of Japan. Plant Ecol 219(12):1387–1398

Nakashizuka T (1983) Regeneration process of climax beech (Fagus crenata Blume) forests. III.
Structure and development processes of sapling populations in different age gaps. Jpn J Ecol
33:409–418

Nakashizuka T (1984) Regeneration process of climax beech (Fagus crenata Blume) forests
IV. Gap formation. Jpn J Ecol 34:75–85

Nakashizuka T, Numata M (1982a) Regeneration process of climax beech forests I. Structure of a
beech forest with the undergrowth of Sasa. Jpn J Ecol 32:57–67

Nakashizuka T, Numata M (1982b) Regeneration process of climax beech forests II. Structure of a
forest under the influences of grazing. Jpn J Ecol 32:473–482

Sakai A, Ohsawa T, Ohsawa M (1995) Adaptive significance of sprouting of Euptelea polyandra, a
deciduous tree growing on steep slope with shallow soil. J Plant Res 108:377–386

Sakio H (1993) Sapling growth patterns in Fraxinus platypoda and Pterocarya rhoifolia. Jpn J Ecol
43(3):163–167 (in Japanese with English summary)

Sakio H (1997) Effects of natural disturbance on the regeneration of riparian forests in a Chichibu
Mountains, central Japan. Plant Ecol 132:181–195

Sakio H (2005) Effects of flooding on growth of seedlings of woody riparian species. J Forest Res
10:341–346

Sakio H (2008) Coexistence mechanisms of three riparian species in the upper basin with respect to
their life histories, ecophysiology, and disturbance regimes. In: Sakio H, Tamura T (eds)
Ecology of riparian forests in Japan: disturbance, life history and regeneration. Springer, pp
75–90

Sakio H, Kubo M, Shimano K, Ohno K (2002) Coexistence of three canopy tree species in a
riparian forest in the Chichibu Mountains, central Japan. Folia Geobot 37:45–61

Sato T, Isagi Y, Sakio H, Osumi K, Goto S (2006) Effect of gene flow on spatial genetic structure in
the riparian canopy tree Cercidiphyllum japonicum revealed by microsatellite analysis. Heredity
96:79–84

7 Coexistence of Tree Canopy Species 135



Seiwa K, Kikuzawa K (1996) Importance of seed size for the establishment of seedlings of five
deciduous broad-leaved tree species. Vegetatio 123:51–64

Suzuki E (1980) Regeneration of Tsuga sieboldii forest. II. Two cases of regenerations occurred
about 260 and 50 years ago. Jpn J Ecol 30:333–346 (in Japanese with English synopsis)

Suzuki E (1981) Regeneration of Tsuga sieboldii forest. III. Regeneration under a canopy gap with
low density level of conifer seedlings and a method for estimating the time of gap formation. Jpn
J Ecol 31:307–316 (in Japanese with English synopsis)

Tapper PG (1992) Irregular fruiting in Fraxinus excelsior. J Veg Sci 3:41–46
Tapper PG (1996) Long-term patterns of mast fruiting in Fraxinus excelsior. Ecology

77:2567–2572
White PS (1979) Pattern, process and natural disturbance in vegetation. Bot Rev 45:229–299

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons licence and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

136 H. Sakio and M. Kubo

http://creativecommons.org/licenses/by/4.0/

	Chapter 7: Coexistence of Tree Canopy Species
	7.1 Introduction
	7.2 Seed Production
	7.3 Seedling Germination and Growth
	7.3.1 Germination Sites
	7.3.2 Seedling Shade Tolerance
	7.3.3 Seedling Water Tolerance

	7.4 Sprouting
	7.5 Forest Structure
	7.5.1 Size Structure
	7.5.2 Spatial Distribution and Age Structure

	7.6 Coexistence Mechanisms of the Three Species
	7.7 Conclusion
	References


