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Abstract
Question: The aim of the present study is to examine how a
rare flowering and massive die-off event of a dominant
understorey bamboo affected tree regeneration processes in a
subalpine Nothofagus forest. In particular, we assess the ef-
fects of the die-off event on tree seedling demography (esta-
blishment and survival) and on the height growth of previ-
ously established juveniles, and we determine how these ef-
fects vary in relation to stand age and canopy conditions.
Location: Carirriñe Pass and Choshuenco Volcano at 1200 m
a.s.l. in a mixed subalpine temperate forest in northern Patagonia
(40°S, 71°W), spanning the Chilean and Argentinian border.
Methods: Regeneration processes in Nothofagus pumilio and
N. dombeyi were examined under different canopy conditions
(closed or gap), in both young and old stands, and in patches of
flowered and non-flowered Chusquea bamboo during the first
three growing seasons following the simultaneous flowering
and die-off of Chusquea montana f. montana in November-
December 2001. We installed permanent plots under all forest
conditions and measured seedling and sapling height growth
and new seedling establishment following the bamboo die-off.
To assess potential variation in tree seed sources, seed fall was
collected and seed viability was measured. To assess for
potential variation in the understorey light conditions and infer
its influence on tree regeneration, hemispherical photographs
of the canopy were taken at each plot.
Results: Bamboo die-off triggered accelerated growth in height
of Nothofagus seedlings and saplings in gaps in old stands.
Bamboo die-off did not result in new tree seedling establish-
ment; however, die-off did increase the survival of newly
established seedlings.
Conclusion: The predominant response of Nothofagus spp. to
the bamboo die-off event was the accelerated height growth of
previously established juveniles (i.e. a re-organization re-
sponse). Successful recruitment into the canopy of these rela-
tively shade-intolerant tree species appears to be dependent on
previously existing canopy gaps. It is likely that the release in
height of previously established juveniles of Nothofagus after
the bamboo die-off will eventually result in development of
even-sized and relatively even-aged, patches of canopy trees.

Keywords: Chusquea bamboos; Regeneration dynamics;
Nothofagus pumilio; Nothofagus dombeyi; Northern Patagonia.
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Introduction

In many forests, abundant and/or large understorey
plants may have a controlling influence on tree regen-
eration processes by either inhibiting successful tree
seedling establishment and survival, or by impeding the
growth of tree juveniles and their recruitment into the
main canopy (Mitchell et al. 1997; Nilsen et al. 2001;
Mallik 1995; Denslow et al. 1991). Bamboos, because
of their rapid growth rates to large sizes and high culm
(stem) densities, often impede tree regeneration as shown
by numerous studies in forests in tropical and temperate
latitudes (Widmer 1997; Tabarelli et al. 2000; Narukawa
& Yamamoto 2002; Abe et al. 2002; Nakashizuka &
Numata 1982; Gratzer et al. 1999; Taylor et al. 1995).
The peculiar life-cycle of many bamboo species in
which populations remain in a vegetative state for dec-
ades and then flower and die gregariously, raises the
obvious question: In some forests does tree regeneration
depend on a window of opportunity created by a syn-
chronous die-off event that reduces understorey compe-
tition and releases resources? The massive flowering
and die-off of a Chusquea bamboo species in subalpine
Nothofagus forests in the southern Andes (ca. 40 °S)
provided a rare opportunity to examine the consequences
of bamboo flowering on tree regeneration processes.

The flowering, seeding, and subsequent death of large
populations of bamboo can extend over thousands of
hectares, and may occur at intervals of up to many dec-
ades depending on the species (Gadgil & Prasad 1984;
Nelson 1994; Makita 1995; Franklin 2004). Given the
rarity of flowering events of bamboo species, there is
little understanding of the effect of synchronous bamboo
flowering and die-off on tree regeneration dynamics (but
see Nakashizuka 1988; Taylor et al. 1988b, 2004; González
et al. 2002). In a mesic forest with a potentially closed
canopy, changes in understorey conditions and the tran-
sient pulse of resources associated with a massive bam-
boo flowering and die-off are likely to result in tree
regeneration responses that can be classified as either re-
organization or new establishment patterns (Marks 1974;
Canham & Marks 1985). The re-organization response
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includes accelerated growth or ‘releases’ of plants al-
ready established at the time of the tree-fall, as well as
asexual sprouting from damaged tissues after tree-falls.
The new establishment response refers to the new recruit-
ment of individuals from propagules either newly dis-
persed to the site or from dormant seeds buried in the soil.
This conceptual framework was used in the current study
to pose specific questions about the nature of tree regen-
eration responses to a massive bamboo die-off.

In south-central Chile (ca. 38 - 43 °S) several species
of Chusquea bamboos dominate forest understories from
sea level to alpine tree line at ca. 1200 m, and have been
shown to impede the regeneration of many tree species,
in particular that of the relatively shade-intolerant
Nothofagus spp. Below ca. 700 m, the climbing bamboo
C. quila reaches culm lengths of up to 20 m, dominates
natural tree-fall gaps, and proliferates where forests
have been disturbed by logging or burning (Veblen
1982; Donoso 1993). At mid-elevations (ca. 500 to 1000
m), forest understories are typically dominated by C.
culeou, which proliferates where either natural or an-
thropogenic disturbance creates canopy openings in the
forests that typically are a mixture of a few relatively
shade-intolerant Nothofagus spp. and abundant shade-
tolerant tree species. On the Argentine side of the Andes
where forest canopies typically are less dense and are
formed primarily by Nothofagus spp., this species is
particularly dominant. The understories of the subalpine
forests (ca. 950 - 1200 m) of the Andes over a broad
north-south extent (at least from 37 to 43 °S) are domi-
nated by Chusquea montana f. montana (syn. Chusquea
tenuiflora, see Matthei 1997). It attains densities of 100
000 culms/ha, forming a relatively continuous under-
storey cover at a height of ca. 1 - 2 m, which inhibits the
regeneration of the dominant Nothofagus pumilio, N.
dombeyi , and N. betuloides of these forests (Veblen
1982; Veblen et al. 1981).

In the subalpine forests of south-central Chile and
adjacent areas in Argentina, the regeneration of the
dominant Nothofagus spp. (N. pumilio, N. dombeyi and
N. betuloides) depends either on coarse-scale distur-
bances such as snow avalanches, mass movements or
severe fire, or on large or small tree-falls (Veblen et al.
1981, 1996). Severe coarse-scale disturbances that re-
move the understorey create opportunities for new es-
tablishment of the relatively shade-intolerant Nothofagus
spp. Tree-falls, which leave the bamboo understorey
intact, favour tree regeneration by creating raised sites
(logs, tree butts) for seedling establishment and altering
microclimatic conditions in ways that favour the growth
of Nothofagus juveniles relative to bamboo growth
(Veblen et al. 1981). Although the inhibitory effects of
C. montana on tree regeneration have been widely docu-
mented (Veblen 1979, 1982; Veblen et al. 1981), this is

the first study to document a widespread, massive flow-
ering and die-off of this species and to examine its
consequences for tree regeneration.

The overall aim of this study is to determine the
effects of a massive flowering and die-off of C. montana
on the regeneration processes of Nothofagus spp. Our
specific objectives are to describe: (1) height growth
and survival of tree juveniles that established prior to
bamboo die-off (i.e. a re-organization response), and (2)
establishment of tree seedlings following the bamboo
die-off. For both these objectives we compare the two
dominant tree species (N. pumilio and N. dombeyi) and
consider the potential influences associated with stand
age and canopy conditions.

Study area

In September-October 2001, a large flowering event of
Chusquea montana occurred near Carirriñe Pass (40 °S,
71 °W) at 1200 m in a mixed forest of Nothofagus pumilio
and N. dombeyi, spanning the Chilean and Argentinian
border. By January 2002, the culms were dead; most seeds
were already on the ground, but some were still attached to
the bamboo spikes on standing culms. We were not able to
establish a control (non-flowered) site in the Carirriñe area
because we could not locate non-flowered populations
within a radius of several km of the site. The nearest non-
flowered population occurring under similar environmen-
tal conditions where access was feasible was at 1200 m on
the slopes of Choshuenco Volcano, ca. 25 km to the
Southwest. Both sample sites are similar in floristic com-
position, forest structure, and abiotic site factors. The dis-
junct location of the second site disqualifies it as a true
replicate in an experimental sense (Hurlbert 1984), and the
limitations associated with this pseudo-replication are con-
sidered in our interpretations. Hereafter, Carirriñe and
Choshuenco will be referred as the dead- and live-bamboo
sites, respectively.

At both the dead- and live-bamboo sites, glaciated
surfaces covered by extensive, recent andesitic volcanic
deposits have produced undulating but gentle slopes
(i.e. 5-25 %). The southern Andes have a coastal mari-
time climate influenced by mid-latitude westerlies (Miller
1976). Annual precipitation generally exceeds 3000 mm
(Anon. 1966), and above 1000 m forest understories are
typically under a snow cover from May through No-
vember. Mixed stands of evergreen N. dombeyi and
deciduous N. pumilio form a narrow altitudinal belt
between ca. 900 and 1200 m, and N. pumilio forms pure
stands at higher elevations.

The understorey of these forests is dominated by
abundant densely distributed clumps of C. montana that
reach heights of ca. 1 to 2 m. The longevity and flower-
ing intervals of C. montana are unknown (Veblen 1982;
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Matthei 1997). There is only one flowered herbarium
specimen that explicitly documents its gregarious flow-
ering habit and that is from ca. 43 °S: Schlegel N° 7651,
CONC; cited by Matthei 1997). However, there is no
documentation or local or scientific awareness of a
previous massive flowering event of this species ex-
tending over a large (> a few km2) area anywhere in the
southern Andes (Veblen 1982; Donoso 1993). Given
that extensive field research has been conducted in these
forests for several decades, this implies that massive
flowering events in C. montana occur at long intervals
of probably at least several decades.

Methods

Field methods

In February of 2002, and for the two following
growing seasons, we measured height growth of already
established juveniles and frequency of new tree seedling
establishment. Ten 15 m × 15 m permanent plots were
located at both the dead- and live-bamboo sites under
primarily mixed stands co-dominated by Nothofagus
pumilio and N. dombeyi. At each site, half of the plots
were in young stands and half in old stands. In the old
stands, three plots were in gaps and two beneath closed-
canopy. In every plot, ten 2-m2 seedling quadrats were
systematically distributed on a regular grid.

Stand characteristics

To assess potential variation in tree seed sources at
each site, wooden seed boxes (0.25 m width × 0.5 m
length × 0.2 m height) were placed in half of the plots at
both sites. Seed fall was collected at the end of the
growing seasons of 2001/2002 and 2002/2003.

Age and size data on trees were obtained to deter-
mine whether our initial subjective classification of
young and old stands was accurate. At each site, species
and DBH were recorded in the plot, and if necessary
outside the plot, for a minimum of thirty trees (≥ 5 cm in
DBH and ≥ 2 m tall). To age trees, increment core
samples were extracted as close to the soil as possible
from every third tree systematically encountered while
walking straight lines through the plot. Twelve tree
seedlings (< 2 m tall) per species (i.e. N. pumilio and N.
dombeyi) were harvested at each site by cutting at the
root-shoot boundary to estimate the time for trees to
grow to the coring height.

Understorey light conditions (i.e. gap fraction;
Anderson 1964) were inferred from hemispherical pho-
tographs (Anderson 1964) of the canopy. From the
centre of each 15 m × 15 m plot, the photographs were

taken during the growing season of 2002/2003 using a
fisheye lens from a height of 1.80 m, eliminating the
influence of the bamboo understorey on light conditions.

Monitoring of tree juveniles that had established prior
to the bamboo die-off

Tree saplings (< 5 cm in DBH and ≥ 2 m tall) within
each 15 m × 15 m plot and tree seedlings (< 5 cm in DBH
and < 2 m tall) within each 2-m2 quadrat were labeled,
identified, and their heights were recorded in three suc-
cessive years. Tree saplings were classified into three
height classes: 1: 2 - 4 m; 2: 4 - 6 m; 3: 6 - 8m; the
saplings and seedlings were measured vertically, i.e.
perpendicular to the ground.

Monitoring of post-die-off populations

In the 2-m2 quadrats, new tree seedlings were identi-
fied, labeled and their heights recorded throughout the
study period. Newly emerged tree seedlings were some-
times labeled as ‘unknown Nothofagus’ due to their
immaturity for identification at the species level. These
individuals were properly identified in the following
field season, except for the last field season.

Data processing and statistical analysis

Stand characteristics
Number of seeds.m–2.a–1 and seed viability (%) by

species were measured; seed viability (%) was obtained
by cutting the seeds (Daniel et al. 1982). Differences in
seed fall and seed viability (%) between live- and dead-
bamboo sites were tested using Dunn’s procedure for
non-parametric multiple comparisons (Zar 1999).

In order to estimate tree ages, cores were mounted and
sanded following standard procedures (Stokes & Smiley
1968; McBride 1983). For incomplete tree cores (i.e.
cores with a missing pith), the number of missing rings
was estimated using a geometric model (Duncan 1989). If
the estimated number of rings was > 20, the minimum age
was used instead. Cores that included less than 75% of the
geometric radius of the tree were rejected.

The 12 tree seedlings that were harvested to estimate
the number of rings missed due to coring height, were
sectioned in discs, sanded, and aged every ten cm from
the root collar up to 150 cm above ground. For these
sectioned seedlings, age/height regressions were com-
puted and used to estimate the number of years that the
coring procedure missed at a given height. In stands
where the R2 was below 0.75, the median age at a given
coring height was chosen to adjust tree ages. At both sites,
and for each stand structure age (young and old stands),
tree species were combined together, and the frequency
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distributions of tree ages and sizes were obtained (Fig. 1).
In old stands, 42% of the sampled trees were N. pumilio
and 58% N. dombeyi at the dead-bamboo site, while 74%
of the trees were N. pumilio and 26% N. dombeyi at the
live-bamboo site. In young stands, 97% of the sampled
trees were N. pumilio and 3% N. dombeyi at the dead-
bamboo site, while 96% of the trees were N. pumilio and
4% N. dombeyi at the live-bamboo site.

The percentage of the understorey light conditions
was obtained by subtracting the area blocked by the
canopy from the maximum total sunlight (i.e. 100%),
which was assumed to be the open clear sky (Anderson
1964). The understorey light condition was assumed to be
roughly similar to the percentage of visible sky beneath
the canopy, or gap fraction (Anderson 1964). At both
sites, the percentage of understorey light conditions was
obtained for each plot. Differences in the understorey
light conditions (medians) were tested between different
stand ages and canopy conditions using Mann-Whitney
test.

Juvenile tree population responses to bamboo die-offs
For tree juveniles that had established prior to the

bamboo die-off, for each growing season, differences in
mean seedling heights and frequencies in height class of
saplings were tested between the two sites by species for
each stand age and canopy condition using non-para-
metric Mann-Whitney and G-tests (Zar 1999). The
Wilcoxon test was also used to test differences in seed-
ling height within each site throughout the study period.
New establishment responses of post-die-off popula-
tions

For newly established tree seedlings, non-paramet-
ric Mann-Whitney and Wilcoxon tests were used to test
differences in density between the sites by species for
each stand age and canopy condition.

Results

Stand characteristics – Light conditions and seed fall
and seed viability

The gap fraction was slightly higher at the live-
bamboo site than at the dead-bamboo site, especially
beneath closed-canopy (Table 1).

Differences in the seed fall of the two Nothofagus
spp. were found between the two seasons that seed fall
was measured. During the first growing season similar
quantities of seeds were found at both sites, but during
the second growing season the amount of seeds col-
lected at the dead-bamboo site was fivefold greater than
that at the live-bamboo site (Table 2). Whereas in young
stands the majority of seeds were produced by N. pumilio,
in old stands the majority of seeds were produced by N.
dombeyi (Table 2).

Seed viability was found to be relatively low (< 5%;
Table 2). In old stands seed viability was highest at the
live-bamboo site, while in young stands seed viability
was highest at the dead-bamboo site (Table 2).

Height growth of tree juveniles that established prior
to bamboo die-off

In gaps in old mixed stands, seedlings of N. dombeyi
were slightly shorter at the dead-bamboo site than those
at the live-bamboo site in 2001/2002 (Table 3). How-
ever, after two growing seasons (2003/2004), the seed-
lings at the dead-bamboo site were significantly taller
compared to those at the live-bamboo site (p < 0.05, Mann-
Whitney test; Table 3). Beneath closed canopy in young
stands, seedlings of N. pumilio were found exclusively at
the live-bamboo site, where these seedlings did not in-
crease significantly in height (Table 3; Wilcoxon test).

In gaps in old stands, saplings of N. pumilio were
slightly taller at the live-bamboo site than at the dead-
bamboo site in 2001/2002 (Table 4). However, after two
growing seasons (2003/2004), saplings of this species
were significantly taller at the dead-bamboo site than at
the live-bamboo site (p < 0.001, G-test; Table 4). Be-
neath closed canopy in young stands, saplings of N.
pumilio were exclusively found at the dead-bamboo site

Table 1. Light conditions* (%) for all canopy and stand age conditions in mixed Nothofagus pumilio-N. dombeyi forests at both
bamboo sites in 2002/2003. For each characteristic, values are medians (range). Differences are test between stand ages and sites.
Medians in the same row followed by the same superscript are not statistically different (p < 0.05; Mann Whitney test).

Live-bamboo Dead-bamboo

Stand age/Canopy condition Old/Gap Old/Canopy Young/Canopy Old/Gap Old/Canopy Young/ Canopy

Total site factor 40.42 a 47.08 a 29.52 b 34.01 a 23.31 a 23.47 b

(29-52) (23-50) (22-46) (25-49) (18-28) (21-30)

* Light conditions are defined as Gap fraction (Anderson 1964); see Methods section.
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in 2001/2002 (Table 4). After two growing seasons
(2003/2004), saplings of this species were significantly
taller than during the 2001/2002 growing season (p <
0.001, G-test; Table 4). A similar trend occurred with
saplings of N. dombeyi, but this result is not presented
here due to the small sample size (see Holz 2004).

Establishment of tree seedlings following bamboo die-off

In general, in old mixed stands, new seedling estab-
lishment of both N. pumilio and N. dombeyi increased in
density from the first to the second year of measure-
ments beneath closed canopy and gaps at both bamboo
sites (Table 5). No new tree established during the year
of the bamboo die-off. An increase in the number of
seedlings of both species was observed in 2002/2003,
especially at the live-bamboo site. In the second grow-
ing season after the bamboo die-off, however, the

Fig. 1. Frequency distributions of tree ages and sizes of both Nothofagus spp. at both bamboo sites in young and old stands. N
indicates the sample size, and DBH indicates the diameter at breast height. The years missed by the coring procedure at a given height
were estimated and added using the median age of the harvested seedlings at that height. Saplings were included.
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Table 2. Tree seed fall (/ha), and seed viability (%) of Nothofagus pumilio (Np) and N. dombeyi (Nd) for all canopy and stand age
conditions in mixed N. pumilio-N. dombeyi forests at both bamboo sites. Values are medians (range). For each species, differences are
test among years and sites. Medians in the same row followed by the same superscript are not statistically different (p < 0.05; Dunn test).

Live-bamboo Dead-bamboo

Stand age/ Canopy condition Old/Gap Old/Canopy Young/Canopy Old/Gap Old/Canopy Young/Canopy

Year Np Nd Np Nd Np Nd Np Nd Np Nd Np Nd

3200 6920 200 0 80 2200 4240 480
Seed fall (No/ha), 2001/ 0 (2480- 0 (5600- (80- (0- (0- (560- 0 (2080- (160- 0
in thousands 02 (0) 5360) (0) 8240) 400) 80) 160) 6720) (0) 6400) 2800) (0)

6000 3840 680 400 12840 6320
2002 0 (5680- 0 (3840- (400- 0 (0- (11920- 0 18080 (4220- 0
/03 (0) 6320) (0) 3840) 960) (0) 800) 13760) (0) (18080) -8400) (0)

Seed viability (%) 2001 0 0 0 5 0 0 0 0 0 0 0 0
/02 (0) (0-8) (0) (0-10) (0) (0) (0) (0) (0) (0) (0) (0)

2002/ 0 5 0 0 0 0 0 1.02 0 0 4.35 0
03 (0) (0-10) (0) (0) (0) (0) (0) (0-2) (0) (0) (0-9) (0)

Table 3. Height (cm) of seedlings of Nothofagus pumilio (Np)
and seedlings of N. dombeyi (Nd) for all canopy and stand age
conditions in mixed N. pumilio-N. dombeyi forests at both
bamboo sites. Beneath closed canopy in young stands, seed-
lings of N. pumilio were found at the live-bamboo site, exclu-
sively. For each characteristic, values are medians, (range)
and [sample size]. Differences in seedling height were tested
among years and sites.Medians in the same row followed by
the same superscript are not statistically different (p < 0.05;
Mann Whitney test).Results presented here include only forest
conditions that have seven or more seedlings at the end of the
study period.

Stand age/ Live-bamboo Dead-bamboo
canopy Young/Closed Old/Gap Old/Gap
condition (Np) (Nd) (Nd)

2001/2002 12.5 a (2-80) 31 b (3-160) 22 b (3-110)
 [42] [50] [16]

2002/2003 20 a(3.5-61) 32 b (4-160) 38 b (6-132)
[37]  [42] [13]

2003/2004 21 a(3-52) 35.5 b (4.5-157) 76 c (30-170)
[27] [34] [7]

Table 4. Frequency per height size class of saplings of Notho-
fagus pumilio for all canopy and stand age conditions in mixed
N. pumilio-N. dombeyi forests at both bamboo sites. Saplings
in closed canopy in young stands were found exclusively at the
dead-bamboo site. The size classes are 1= 2 - 4 m; 2 = 4 - 6 m;
3 = 6 - 8 m. Frequencies between groups of three columns
followed by the same superscript are not statistically different
(p < 0.001, G-test). Frequencies in the same row, as well as
within the last group of three columns followed by the same
superscript are not statistically different (p < 0.001, G-test).

Stand age/ Live-bamboo Dead-bamboo
canopy condition

Old/Gap Old/Gap Young/Closed
Size class 1 2 3 1 2 3 1 2 3

Year
2001/2002 13a 8a 0a 13a 2a 0a 14a 5a 0a

2002/2003 14a 7a 0a 10a 4a 0a 8a 9a 0a

2003/2004 13a 3a 2a 0b 2b 6b 1b 4b 6b

density of newly established seedlings of N. pumilio
was significantly higher at the live-bamboo site than at
the dead-bamboo site, particularly in old stands (p <
0.01, Mann-Whitney test; Table 5). In contrast, the
density of newly established seedlings of N. dombeyi
was significantly higher at the dead-bamboo site than at
the live-bamboo site, especially in old stands (p < 0.001,
Mann-Whitney test; Table 5). In addition, establishments
of the ‘unknown Nothofagus’ occurred exclusively in old
stands in gaps at the dead-bamboo site.

In young stands, newly established seedlings of N.
pumilio showed similar patterns at both bamboo sites
(Table 5). There was almost no new establishment of
seedlings during the growing season of the year of the
bamboo die-off event. A peak occurred during the sub-
sequent growing season, with fairly low density of

establishments during the second growing season after
the die-off (Table 5). There was no new establishment
of seedlings of N. dombeyi in young stands during the
study period at either of the bamboo sites (Table 5).
New establishments of the ‘unknown Nothofagus’ oc-
curred during the second growing season after the bam-
boo die-off at both sites.

Seedling survival

Almost no new seedlings established during the year of
the bamboo die-off. Therefore, the new seedling survival
was only comparable in 2003/2004 for the seedlings estab-
lished in 2002/2003 (Table 6). Aside from the new seed-
lings of N. dombeyi in gaps in old stands, all newly estab-
lished seedlings beneath any canopy and forest condition
increased their survival at the dead-bamboo site (Table 6),
although the N. dombeyi result is not presented here, due to
its small sample size (see Holz 2004).
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Discussion

The re-organization response

Seedlings of N. dombeyi and saplings of N. pumilio
released significantly more in height at the dead-bam-
boo site than at the live-bamboo site, especially after the
second growing season after the die-off (2003/2004;
Tables 3 and 4). These patterns in height growth can in
part be explained by the differences in shade-tolerance
between both the tree and the bamboo species, as well as
by pre-die-off differences in the light conditions be-
tween both bamboo sites (Table 1).

The tendency of N. dombeyi seedlings to experience
height growth releases was greater in canopy gaps than in
closed canopies. This is consistent with the faster growth
of this species under slightly less than full sunlight in
shading experiments (Müller-Using & Schlegel 1981). In
the lowlands of southern Chile, advanced tree regenera-
tion of shade-tolerant species released in height after
Chusquea quila die-off, especially those originated from
root suckers (González et al. 2002).

Regardless of the canopy conditions, a release in
height-growth of N. pumilio seedlings was also ex-
pected; this did not occur. Previous studies have shown

that beneath trees of the deciduous N. pumilio, the depth
of snow is greater, its persistence is longer, and the
sunlight conditions that reach the understorey during the
summer are lower when compared to conditions be-
neath evergreen N. dombeyi (Veblen et al. 1977, 1979).
Consequently, beneath deciduous N. pumilio trees,
clumps of C. montana have shorter growing seasons for
development, resulting in slightly shorter and more
sparsely distributed clumps than those beneath ever-
green N. dombeyi (Veblen et al. 1981). Hence, the lack
of response in growth of N. pumilio seedlings may be an
issue of timing; seedlings of this species may simply
release more slowly in the years following the die-off
than those of N. dombeyi, or the small sample size
underrepresented the pattern of N. pumilio. Addition-
ally, growth differences during the first years of seed-
ling development seem to persist over time for
Nothofagus spp. (Smulders 1988; Donoso et al. 1991a,
b, 1993).

Even though during the year of the die-off the number
of saplings of N. pumilio in gaps in old stands was
higher at the live-bamboo site, saplings of N. pumilio
rapidly increased their heights at the dead-bamboo site
in comparison to the live-bamboo site, particularly dur-
ing the two growing seasons following the bamboo die-
off (Table 4). During the 2002/2003 field season, we
noticed that at the live-bamboo site, some saplings of
both Nothofagus spp. were crushed by tree branches and
fallen trees damaged during the 2002 austral winter.
Therefore, the percentage of individuals in the shorter
height class slightly increased in the year after the die-
off (Table 4). The difference in slope aspect and its
influence on the microclimatic conditions of each sam-
ple site may explain this last finding. In general, both
bamboo sites should be equally affected by the regional
climate; both are on the same slope of the Andes, they
lie at the roughly same elevation, and are close in
proximity to each other. However, the forest in the live-
bamboo site faces the predominant westerlies winds

Table 5. Density (ha–1) (mean ± SE) of new establishments of seedlings of Nothofagus pumilio (Np), Nothofagus dombeyi (Nd), and
‘unknown Nothofagus’ (uN) for all canopy and stand age conditions in mixed N. pumilio-N. dombeyi forests at both bamboo sites.For
each species, averages between sites are tested for the same species under similar canopy and stand conditions; columns followed by
the same superscript are not statistically different (p < 0.01; Mann Whitney test). No new establishments were found during the year
2001/2002.

 Live-bamboo  Dead-bamboo

Old/Gap  Old/CanopyYoung/Canopy Old/Gap Old/Canopy Young/Canopy

Year Np Nd uN Np Nd Np uN Np Nd uN Np Nd Np uN

2002/2003 6333 a 250 a 0 a 9375 a 875 a 4050 a 0 a 5750 a 83 a 0 a 125 a 375 a 2250 a 0 a

±2 065 ±142 ±0 ±3248 ±875 ±699 ±0 ±2139 ±83 ±0 ±125 ±211 ±1041 ±0

2003/2004 22833 a 0 a 0 a 17250 a 0 a 400 b 6750 b 0 c 333 b 3333 b 125 bc 375 b 150 b 26450 c

±4420 ±0 ±0 ±5664 ±0 ±353 ±2764 ±0 ±162  ±918  ±125 ±276 ±86 ±3476

Table 6. Survival (%) of the newly established seedlings of
Nothofagus pumilio (Np) in 2003/2004 in all canopy and stand
age conditions in mixed N. pumilio-N. dombeyi forests at both
bamboo sites. For each characteristic, values are medians
(range).Only the medians with ≥ seven seedlings per forest and
canopy conditions are shown. Medians in the same row fol-
lowed by the same superscript are not statistically different (p <
0.05; Mann Whitney test).

Live-bamboo Dead-bamboo
Stand age/
Canopy Old/ Young/ Old/ Young/
condition Gap Canopy Gap Canopy

Survival (%) 0a (0) 0b (0-100) 0b (0-100) 50c (0 - 100)
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(i.e. directly exposed to wind and snow storms), whereas
the forest at the dead-bamboo site faces south and north
and is slightly less exposed to the westerlies.

Beyond the shade-intolerance of both species and
the micro-environmental conditions that may explain
these height growth differences, an additional factor
could be the fact that we defined saplings as those
seedlings taller than 2 m, which is roughly similar to the
average height of C. montana bamboo. Therefore, sap-
lings of the less shade intolerant N. pumilio might not
have been suddenly over-exposed to high solar radiation
or thermal oscillations after the bamboo die-off, as was
likely the case for this species’ seedlings.

The new establishment response: Tree seedlings that
established following bamboo die-off

New establishment of Nothofagus seedlings were
not related to the bamboo conditions, given that similar
general densities and trends throughout the study period
were found at both the live- and dead-bamboo sites
(Table 5). In the lowlands of southern Chile, new esta-
blishment of tree species occurred in the first and second
(1995-1996) growing season after the flowering and
die-off of C. quila (González et al. 2002). Even though
the relation between new establishments and seed avail-
ability of N. dombeyi was only slightly stronger than
that of N. pumilio (Tables 2 and 5), these results suggest
that new seedling establishments depended more on vari-
ations in other aspects, such as seed fall and seed viability,
rather than bamboo conditions (Tables 2 and 5).

High seed crops of N. pumilio normally occur every
six to eight years (Mascareño 1987; Schmidt et al.
2003), which is conducive to episodic seedling esta-
blishments (Cuevas 2002) with no or few seedling esta-
blishments in between the mast seeding years (Martínez-
Pastur et al. 1999). In contrast, other studies have shown
main seed productions of N. dombeyi at intervals of two
to three years (Burschel et al. 1976).

In general, seed fall is highly variable in Nothofagus
spp. (Mascareño 1987; Schmidt et al. 2003; Heinemann
et al. 2000) and positively correlated with seed viability
(Donoso 1993). This high variability does not allow for
the development of a persistent seed bank (Veblen et al.
1996). Our data suggest that the timing and forest condi-
tions of the highest seed viability only partially coincided
with those of the highest seed fall production (Table 2).

Even though the bamboo die-off did not result in
differences in new establishment of seedlings, the die-
off did increment the survival of new seedlings (Table
6). In general, the survival of new establishments of
both Nothofagus spp. increased under the dead-bamboo
(Table 6; see also Holz 2004). It is likely that the change
in the micro-environmental conditions due to the with-

ering of the bamboo may have favoured new seedling
development. Furthermore, decomposition of bamboo
litter could favour seedling establishment in the near
future (i.e. before the bamboo closes the understorey
again) of both shade-intolerant species by allowing them
to more easily reach the mineral soil.

The flowering and die-off of C. montana can be
interpreted as allowing the coexistence of the relatively
shade-intolerant tree species with the bamboo which is a
superior competitor. Coarse-scale disturbances such as
mass movements and fire in creating regeneration oppor-
tunities for Nothofagus spp. which otherwise may regen-
erate poorly in competition with bamboos and/or shade-
tolerant tree species has long been recognized (Veblen &
Ashton 1978; Veblen 1982). To the extent that bamboo
die-off is considered a coarse-scale disturbance, the find-
ings of the present study are consistent with that non-
equilibrium interpretation of species coexistence.

Vegetation responses to a bamboo die-off is an on-
going process, rather than a discrete event. This is a
significant limitation to the interpretation of the patterns
documented in our three-year study. A further limitation
is the lack of availability of non-flowered bamboo popu-
lations spatially intermingled with the flowered popula-
tion. Thus, variables in addition to flowering behaviour
may have differed between the sites of flowered and
non-flowered bamboo populations. For example, some
of the results may have been related to differences in the
forest physiognomy between sites, rather than to the
bamboo die-off itself.

We conclude that the seedlings and saplings of both
Nothofagus spp. that were growing in canopy gaps and
rapidly responded to the release of resources caused by
the bamboo die-off may recruit into the main forest
canopy as a new relatively even-aged cohort. In contrast,
seedlings and saplings of both Nothofagus spp. that re-
sponded to the die-off in closed forest canopy may be
suppressed in the future due to the lack of gaps in the main
canopy. The accelerated recruitment of Nothofagus re-
generation into the main forest canopy in gaps could lead
to a patchy distribution of an even-aged cohort that is
likely to persist into the future forest structure, affecting
the dynamics of these subalpine forests.

Acknowledgements. This research was in part funded by
NGS. For field assistance, we thank H. Alvarez, R. Bravo, and
P. Dassori. For lab assistance, we thank I. Alvarez. For taxo-
nomic advice, we thank F. Luebert. For critical comments on
this manuscript, we thank B. Kurzel, R. Sheriff, K. Eisenhart,
D. Kulakowski, J. Sherman, T. Schoennagel, and two anony-
mous reviewers.



- Tree regeneration responses to Chusquea montana bamboo die-off in a subalpine Nothofagus forest - 27

References

Anon. 1966. Clasificación preliminar del bosque nativo de
Chile. Informe Técnico 27, Instituto Forestal, Santiago, CL.

Abe, M., Miguchi, H.& Nakashizuha, T. 2001. An interactive
effect of simultaneous death of dwarf bamboo canopy gap,
and predatory rodents on beech regeneration. Oecologia
127: 281-286.

Abe, M., Izaki, J., Miguchi, H., Masaki, T. Makita, A. &
Nakashizuka, T. 2002. The effects of Sasa and canopy gap
formation on tree regeneration in an old beech forest. J.
Veg. Sci. 13: 565-574.

Anderson, M.C. 1964. Studies of the woodland light climate I:
The photographic computation of light conditions. J. Ecol.
52: 27-41.

Burschel, P., Gallegos, C., Martínez, O. & Moll, W. 1976.
Composición y dinámica regenerativa de un bosque virgen
mixto de raulí y coigüe. Bosque 1: 55-74.

Canham, C.D. & Marks, P.L. 1985. The response of woody
plants to disturbance: Patterns of establishment and growth.
In: Pickett, S.T.A. & White, P.S. (eds.) The ecology of
natural disturbance and patch dynamics, pp. 197-216.
Academic Press. New York, NY, US.

Cuevas, J.G. 2002. Episodic regeneration at the Nothofagus
pumilio alpine timberline in Tierra del Fuego, Chile. J.
Ecol. 90: 52-60.

Daniel, P.W., Helm, U.E. & Baker, F.S. 1982. Principios de
silvicultura. McGraw Hill, Ciudad de México, MX.

Denslow, J.S., Weller, E. & Ellison, A.M. 1991. The effect of
understorey palms and cyclanth on the growth and sur-
vival of Inga seedlings. Biotropica 23: 225-234.

Donoso, C. 1993. Bosques templados de Chile y Argentina.
Variación, estructura y dinámica. Editorial Universitaria
S.A., Santiago, CL.

Donoso, C., Escobar, B. & Cortés, M. 1991a. Técnicas de
vivero y plantaciones para Raulí. Chile For. Technical
Document 53.

Donoso, C., Escobar, B. & Cortés, M. 1991b. Técnicas de
vivero y plantaciones para Coigüe. Chile For. Technical
Document 55.

Duncan, R.P. 1989. An evaluation of errors in tree age esti-
mates based on increment cores in Kahikatea (Dacrycarpus
dacrydioides). N.Z. Nat. Sci. 16: 31-37.

Ehrenfeld, J.G. 1980. Understorey response to canopy gaps of
varying size in a mature oak forest. Bull. Torrey Bot. Club
107: 29-41.

Franklin, D.C. 2004. Synchrony and asynchrony: observa-
tions and hypotheses for the flowering wave in a long-
lived semelparous bamboo. J. Biogeogr. 31: 773-786.

Gadgil, M. & Prasad, S.N. 1984. Ecological determinants of
life history evolution of two Indian bamboo species.
Biotropica 16: 161-172.

González, M.E. & Donoso, C. 1999. Producción de semillas y
hojarasca en Chusquea quila (Poaceae; Bambuseae), pos-
terior a su floración sincrónica en la zona centro-sur de
Chile. Rev. Chil. Hist. Nat. 72: 169-180.

González, M.E., Veblen, T.T., Donoso, C. & Valeria, L. 2002.
Tree regeneration responses in a lowland Nothofagus-
dominated forest after bamboo die-off in South-Central

Chile. Plant Ecol. 161: 59-73.
Gratzer, G., Rai, P.B. & Glatzel, G. 1999. The influence of the

bamboo Yushania microphylla on regeneration of Abies
densa in central Bhutan. Can. J. For. Res. 29: 1518-1527.

Heinemann, K., Kitzberger, T. & Veblen, T.T. 2000. Influ-
ences of gap microheterogeneity of the regeneration of
Nothofagus pumilio in a xeric old-growth forest of north-
western Patagonia, Argentina. Can. J. For. Res. 30: 25-31.

Holz, C.A. 2004. Tree regeneration responses to Chusquea
montana bamboo die-off in subalpine forests in the south-
ern Andes. M.A. Thesis, University of Colorado, Boulder,
CO, US.

Huenneke, L.F. 1983. Understorey response to gaps caused by
the death of Ulmus americana in central New York. Bull.
Torrey Bot. Club 110: 170-175.

Hurlbert, S.H. 1984. Pseudoreplication and the design of
ecological field experiments. Ecol. Monogr. 54: 187-211.

Makita, A., Makita, H. & Nishiwaki, A. 1995. Mass flowering
of Sasa kurilensis to the south of Lake Towada, northern
Japan, in 1995. Bamboo J. 13: 34-41.

Mallik, A.U. 1995. Conversion of Temperate Forest into Heaths
- role of ecosystem disturbance and ericaceous plants.
Environ. Manage. 19: 675-684.

Marks, P.L. 1974. The role of pin cherry (Prunus pensylvanica
L.) in the maintenance of stability in northern hardwood
ecosystems. Ecol. Monogr. 44: 73-88.

Martínez-Pastur, G., Peri, P.L., Fernández, M.C., & Staffieri,
G. 1999. Desarrollo de la regeneración a lo largo del ciclo
del manejo forestal de un bosque de Nothofagus pumilio:
1. Incidencia de la cobertura y el aprovechamiento o
cosecha. Bosque 20: 39-46.

Mascareño, A. 1987. Evaluación de ensayos de semillación de
Lenga (Nothofagus pumilio) bajo diferentes tratamientos
a la cama de semillas en la Reserva Forestal Trapananda,
Coyhaique. Undergraduate Thesis, Universidad Austral
de Chile, Valdivia, CL.

Matthei, O. 1997. Las especies del genero Chusquea Kunth
(Poaceae: Bambusoideae), que crecen en la X Región,
Chile. Gayana Bot. 54: 199-221.

McBride, J.R. 1983. Analysis of tree rings and fire scars to
establish fire history. Tree-ring Bull. 43: 51-67.

Miller, A. 1976. The climate of Chile. In: Schwerdtfeger, W.
(ed.) Climate of Central and South America, pp. 113-130.
World Survey of Climatology, Elsevier, Amsterdam, NL.

Mitchell, R.J., Mars, R.H. & Le Duc, R.H. 1997. A study of
succession on lowland heath in Dorset, South England:
changes in vegetation and soil chemical properties. J.
Appl. Ecol. 34: 1426-1444.

Müller-Using, B. & Schlegel, F.M. 1981. The development of
seedlings of Chilean Nothofagus species in a shaded area.
Plant Res. Dev. 13: 152-184.

Muñoz, P.C. 1966. Sinopsis de la flora Chilena. 2nd ed.
Ediciones Universidad de Chile, Santiago, CL.

Nakashizuka, T. 1988. Regeneration of Beech (Fagus crenata)
after the simultaneous death of understorey dwarf bamboo
(Sasa kurilensis). Ecol. Res. 3: 21-35.

Nakashizuka, T. & Numata, M. 1982. Regeneration process of
climax beech forest I. Structure of a beech forest with
undergrowth of Sasa. Jpn. J. Ecol. 32: 57-67.



28 Holz, C.A. & Veblen, T.T.

Narukawa, Y. & Yamamoto, S. 2002. Effects on dwarf bam-
boo (Sasa sp.) and forest floor microsites on conifer seed-
ling recruitment in a subalpine forest, Japan. For. Ecol.
Manage. 163: 61-70.

Nelson, B.W. 1994. Natural forest disturbance and change in
the Brazilian Amazon. Remote Sens. Rev. 10: 105-125.

Nilsen, E.T., Clinton, B.D., Lei, T.T., Miller, O.K., Semones,
S.W. & Walker, J.F. 2001. Does Rhododendron maximum
L. (Ericaceae) reduce the availability of resources above
and below ground for canopy tree seedlings? Am. Midl.
Nat. 145: 325-343.

Peralta, M. 1975. Tipificación de algunos suelos en algunas
formaciones botánicas de la Cordillera de los Andes. Bol.
Tec. Fac. Cienc. For. Univ. Chile 31: 44-50.

Pickett, S.T.A. & Thompson, J.N. 1978. Patch dynamics and
the design of nature reserves. Biol. Conserv. 13: 27-37.

Pickett, S.T.A. & White, P.S. (eds.) 1985. The ecology of
natural disturbance and patch dynamics. Academic Press,
New York, NY, US.

Puntieri, J., Barthélémy, P., Martínez, E., Raffaele, E. &
Brion, C. 1998. Annual-shoot growth and branching pat-
tern in Nothofagus dombeyi (Fagaceae). Can. J. Bot. 76:
673-683.

Runkle, J.R. 1982. Patterns of disturbance in some old-growth
mesic forests of eastern North America. Ecology 63: 1533-
1546.

Runkle, J.R. 1985. Disturbance regimes in temperate forests.
In: Pickett, S.T.A. & White, P.S. (eds.) The ecology of
natural disturbance and patch dynamics, pp.17-33. Aca-
demic Press, New York, NY, US.

Schmidt, H., Caldentey, C. & Promis, A. 2003. Seguimiento
forestal y ambiental del uso de los bosques de lenga- XII
región. CONAF XII Región, Universidad de Chile-
Facultad de Ciencias Forestal, Santiago, CL.

Smulders, A.M. 1988. Estudio del ritmo de crecimiento de
Nothofagus alpina (Poepp, et Endl.) Oerst.; Nothofagus
dombeyi (Mirb.) Oerst. y Persea lingue (Nees.) durante
sus primeros años de vida. Undergraduate Thesis, Uni-
versidad Austral de Chile, Valdivia, CL.

Stokes, M.A. & Smiley, T.L. 1968. An Introduction to tree-
ring dating. University of Chicago Press, Chicago, IL, US.

Tabarelli, M. & Mantovani, W. 2000. Gap-phase regeneration
in a tropical montana forest: the effect of gap structure and
bamboo species. Plant Ecol. 148: 149-155.

Taylor, A.H. 1992. Tree regeneration after bamboo die-off in
Abies-Betula forests, Wolong Natural Reserve, China. J.
Veg. Sci. 3: 253-260.

Taylor, A.H. 2004. Canopy tree development and under-
growth bamboo dynamics in old-growth Abies-Betula for-
ests in southwestern China: a 12-year study. For. Ecol.
Manage. 200:347-360.

Taylor, A.H. & Qin-zisheng 1988a. Regeneration patterns in
old-growth Abies-Betula forests in the Wolong Natural
Reserve, Sichuan, China. J. Ecol. 76: 1204-1218.

Taylor, A.H. & Qin-zisheng 1988b. Regeneration from seed
of Sinarundinaria fangiana, a bamboo, in the Wolong
Giant Panda Reserve, Sichuan, China. Am. J. Bot. 75:
1065-1073.

Taylor, A.H., Zisheng, Q. & Liu, J. 1995. Tree regeneration in

an Abies faxoniana forest after bamboo die-off, Wang
Lang Natural Reserve, China. Can. J. For. Res. 25: 2034-
2039.

Veblen, T.T. 1977. Plant succession in a timberline depressed
by volcanism in south-central Chile. J. Biogeogr. 4:275-
294.

Veblen, T.T. 1979. Structure and dynamics of Nothofagus
forests near timberline in south-central Chile. Ecology 60:
937-945.

Veblen, T.T. 1982. Growth patterns of Chusquea bamboos in
the understorey of Chilean Nothofagus forests and their
influences in forest dynamics. Bull. Torrey Bot. Club 109:
474-487.

Veblen, T.T. 1985. Forest development in tree-fall gaps in the
temperate rain forests of Chile. Nat. Geog. Res. 1: 162-
183.

Veblen, T.T. 1989. Tree regeneration responses to gaps along
a transandean gradient. Ecology 70: 541-543.

Veblen, T.T. 1992. Regeneration dynamics. In: Glenn-Lewin,
D.C., Peet, R.K. & Veblen, T.T. (eds.) Plant succession:
Theory and prediction, pp. 152-187. Chapman & Hall,
London, UK.

Veblen, T.T., Ashton, D.H., Schlegel, F.M. & Veblen, A.T.
1977. Distribution and dominance of species in the
understorey of a mixed evergreen-deciduous Nothofagus
forest in south-central Chile. J. Ecol. 65: 815-830.

Veblen, T.T., Veblen, A.T. & Schlegel, F.M. 1979. Understorey
patterns in mixed evergreen-deciduous Nothofagus for-
ests in Chile. J. Ecol. 67: 809-823.

Veblen, T.T., Donoso, C., Kitzberger, T. & Rebertus, A.J.
1996. Ecology of southern Chilean and southern
Argentinean Nothofagus forests. In: Veblen, T.T., Hill,
R.S. & Read, J. (eds.) The ecology and biogeography of
Nothofagus forests, pp. 293-353. Yale University Press,
New Haven, CT, US.

Veblen, T.T., Donoso, C., Schlegel, F.M. & Escobar, B. 1981.
Forest dynamics in south-central Chile. J. Biogeogr. 8:
211-247.

White, P.S. 1979. Pattern, process, and natural disturbance in
vegetation. Bot. Rev. 45: 229-299.

Widmer, Y. 1997. Life history of some Chusquea species in
old-growth oak forest in Costa Rica. In: Chapman, G.P.
(ed.) The Bamboos, pp. 17-31. Academic Press, London,
UK.

Zar, J.H. 1999. Biostatistical Analysis. Prentice-Hall. Upper
Saddle River, NJ, US.

Received 9 May 2005;
Accepted 16 September 2005.

Co-ordinating Editor: J. Franklin.


	Portland State University
	From the SelectedWorks of Andrés Holz
	Winter 2006

	Tree regeneration responses to Chusquea montana dieoff in a subalpine Nothofagus forests in the southern Andes
	JVS 3632 Holz E10..

