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FOREST STRUCTURE AND THE EFFECTS OF TREE-FALLS ON HETEROGENEITY IN FOUR TYPES
OF TROPICAL FOREST IN COSTA RICA

J. KHAI TRAN, R. QUINN THOMAS, STEPHEN T. WELLER, BRENDA M. WHITED
AND ELIZABETH V. WILSON

Abstract: Forests are dynamic systems in a perpetual state of regeneration from disturbance events. Disturbances
in the form of tree-falls create texture and heterogeneity in forest structure by creating gaps. To study the relation-
ship between forest structure and disturbance events, we sampled four types of primary forest in Costa Rica: dry

deciduous forest, pre-montane cloud forest, seasonally wet forest, and tropical wet forest. Forests were generally
distinguishable based on structural features, and plots within forests differed in some predictable ways depend-
ing on the presence or absence of recent tree-falls. While structural changes in forests are generally attributed to
the presence of tree-fall gaps, our results suggest a reciprocal interaction between forest structure and gap forma-

tion.
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INTRODUCTION

Within Costa Rica there are many differ-
ent described forest types including dry decidu-
ous forest, pre-montane cloud forest, seasonally
wet forest, and tropical wet forest (Hartshorn
1983).
proximate, they represent very different forest
types. These forests are demonstrably different

While these forests are geographically

in water and nutrient availability, seasonality of
precipitation, elevation, temperature, species
composition, herbivore communities, and soil
type (Osterling et al. 1995). The forests could
also differ in their disturbance regimes
(Lieberman et al. 1989). We studied these four
forest types to test if these differences corre-
spond to variation in physical structure of the
forests.

The tempo and scale of disturbance
events may change forests in numerous ways,
including species composition. Intermediate
levels of disturbance are hypothesized to maxi-
mize species diversity (Connell 1978). Distur-
bance events such as tree-falls also add hetero-
geneity or texture to forest structure. We exam-
ined whether disturbance caused by tree-falls
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created increased forest heterogeneity via the
processes of regeneration and succession. To
determine the effects of tree-falls in these four
forests types, we compared structural character-
istics of the forests in areas with and without
tree-falls. Our sampling was designed to deter-
mine what structural characteristics differ be-
tween the forests and if some variation within
forests can be understood as a product of tree-
fall disturbances.

METHODS

We measured forest characteristics at
four sites across Costa Rica: Palo Verde National
Park (9 January 2004), Guanacaste; Monteverde
Biological Reserve, Monteverde (15 January
2005); Corcovado National Park, Osa Peninsula
(3 February 2004); and La Selva Biological Sta-
tion, La Selva (13 February 2004). At each site,
we walked a transect of primary forest, stop-
ping every 50 m to measure forest characteris-
tics in plots with 10 m radius. We noted all tree-
falls along the transect and the presence of any
tree-fall in plots. We examined six to ten plots at
each forest site. All plots were centered at least



15 m away from existing paths and unnatural
disturbances.
From the center of each plot, we measured basal
area using an English 4X forestry prism for for-
ests with low stem density (Palo Verde and Cor-
covado) and 10X forestry prism for forests with
high stem density (Monteverde and La Selva).
(2) Using a laser hypsometer, we measured the
height of the tallest tree within the 10 m radius
of each plot. (3) We measured percent open
canopy using a spherical densitometer, taking
readings at the center of each plot, as well as

We measured six variables: (1)

one reading in each of four quadrants of the
plot. (4) We estimated percent ground cover as
all plant growth below chest height by visually
assessing how much ground would appear cov-
(5) To
measure sapling density, we walked four 10 m
transects in each plot, counting the number of
sapling within reach of our standardized out-
stretched arms (~ 1 m height and 2 m width).
(6) We measured the diameter at breast height
(DBH) of all trees > 6 cm in diameter within the
radius of the plot.

Height of tallest tree, basal area, percent
ground cover, variance in sapling density, vari-

ered if viewed from directly above.

ance in percent open canopy, and variance in
DBH, which were estimated from a single meas-
urement per plot, were analyzed with an
ANOVA model that included forest and tree-fall
presence. Percent of open canopy, sapling den-
sity and DBH, which were estimated from vari-
ables composed of multiple measurements
within each plot, were analyzed with a nested
ANOVA that included forest, tree-fall presence,
and plot within forest and tree-fall presence
(plot was considered a random effect). We con-
structed a correlation matrix (based on 32 plot
means) of all nine of the above variables. This
correlation matrix was the basis for a principle
component analysis (PCA).
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RESULTS

Many variables differed among the four
forests (Fig. 1), and some patterns within forests
were related to tree-falls (Table 1). The inci-
dence of tree-falls was 0.4 tree-falls / 10 m tran-
sect in Palo Verde and Monteverde, and 0.8 tree-
falls / 10 m transect in Corcovado and La Selva.

Height of tallest tree

The height of the tallest tree varied
among forests, with the tallest trees located in
Corcovado and La Selva (Fss = 1572, P <
0.0001). Trees were taller in plots that had tree-
falls (Fi24 = 6.02, P = 0.0013). The interaction of
forest and tree-fall presence was not significant
(F324=0.80, P =0.51).

Basal area

The basal area at Monteverde was higher
than all the other forests (Fsu = 27.66, P <
0.0001). In all forests, basal area was higher in
the plots that had tree-falls (Fi24 = 6.46, P = 0.02).
The interaction of forest and tree-fall presence
was not significant (Fz24 = 2.05, P = 0.14).

Percent ground cover

The percent ground cover was highest in
Monteverde and lowest in Palo Verde (Fs2s =
31.65, P = 0.001) and did not differ among plots
with and without tree-falls (Fi24 = 0.02, P = 0.89).
The interaction of forest and tree-fall presence
was not significant (Fs24 =1.78, P = 0.18).

Sapling density

Sapling density was lowest in Palo
Verde, highest in Monteverde, and intermediate
in both Corcovado and La Selva (Fse4 =17.39, P <
0.0001). While plots within a forest differed
(Fo464 = 2.99, P = 0.0001), there was no pattern
with respect to tree-falls (Fies = 0.17, P = 0.68).
There was also no interaction between forest
and tree-fall presence (Fse: = 0.37, P = 0.77). The
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Figure 1. Replicate samples from each of four forests plotted with respect to first three axes of a principle components analysis Spa-
tial separation of points from the same forest indicates differences in forest structure.

variance in sapling density followed the same
pattern between forests (Fs2« = 6.50, P = 0.002),
with respect to tree-fall presence (F124=0.31, P =
0.58), and with respect to the interaction of for-
est and tree-fall presence (F32¢=0.11, P = 0.95).

DBH

The mean tree diameter did not differ
among the forests (Fses = 2.06, P = 0.12) or with
respect to tree-fall presence (Fie4 =1.59, P =0.21).
However, in all of the forests except for Corco-

vado, the tree diameters were smaller in plots
with tree-falls. There was a significant interac-
tion of forest and tree-fall presence (Fse1 =1.09, P
= 0.0003). The variance in tree diameter did not
significantly differ among forests (F324=1.82, P =
0.17), between plots with and without tree-falls
(F124 = 0.08, P = 0.78), or with the interaction of
forest and tree-fall presence (Fs2« = 1.27, P =
0.31).
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Percent open canopy

The average percent open canopy did not
vary among forests (Fzes = 1.09, P = 0.37) or be-
tween plots with and without tree (Fi64 = 0.53, P
= 0.47). The interaction of forest and tree-fall
presence was not significant (Fses = 1.04, P =
0.39). The variance in percent open canopy fol-
lowed the same pattern between forests (Fsz2s
0.91, P = 0.45), with respect to tree-fall presence
(F124=0.60, P = 0.45), and with respect to the in-
teraction of forest and tree-fall presence (Fs2 =
0.64, P = 0.60).

PCA

Using a 3-axis PCA, we explained 77.4 %
of the variation in the four forests. Sapling den-
sity and variance in sapling density were
strongly positively weighted into PC1. Tree di-
ameter and variance in tree diameter were the
largest components of PC2. Characteristics of
open canopy measures accounted for the most
variance in PC3 (Table 1). Using those three
axes, the forests of Monteverde and Palo Verde
were quite distinct from each other and from the
other forests. La Selva and Corcovado are
broadly overlapping (Fig 1).

DISCUSSION

Height of tallest tree

The smaller heights of the tallest trees in
Monteverde and Palo Verde may be attributed
to constraints imposed by altitude and moisture.
The greater height of the tallest tree associated
with the presence of tree falls is likely a product
of older stands with taller trees being more sus-
ceptible to agents of gap formation, such as
wind and epiphyte loads.

Basal area

The higher basal area at Monteverde was
due to high stem density, not high tree diame-
ter, (see DBH below). Higher basal area in plots
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with tree-falls was likely the result of high den-
sities of younger trees filling in gaps.

Percent ground cover

The percent ground cover, highest in
Monteverde and lowest in Palo Verde, is likely
affected by seasonality and nutrient availability.
Surprisingly, the lack of difference between
plots with and without tree falls suggests that
gap formation does not facilitate the growth of
understory species.

Sapling density

Sapling density and variance in density,
highest in Monteverde and lowest in Palo
Verde, may be indicative of recruitment, and is
likely the product of abiotic conditions com-
bined with effects of herbivore communities,
which differ among the four forests.
ingly, sapling density did not differ in plots
with tree falls, suggesting that recruitment does

Interest-

not necessarily increase in response to a gap.
The lack of higher variance in plots with tree
falls contradicts the hypothesis that gap forma-
tion increases heterogeneity.

DBH

Mean tree diameter was not a characteris-
tic that differed across sites. While DBH may
differ among forests of different ages, the four
forests we sampled were primary growth. The
average DBH may have been lower in plots
with tree falls as a result of greater relative
abundance of younger trees, though the number
of larger trees might not necessarily be different.
The reverse pattern in Corcovado remains to be
explained. The lack of higher variance in plots
with tree falls contradicts the hypothesis that
gap formation increases heterogeneity.

Percent open canopy
The lack of difference between plots with
and without tree falls suggests that gaps are



quickly filled, though the height to canopy
cover may be lower where a gap was recently
filled. The lack of higher variance in plots with
tree falls again contradicts the hypothesis that
gap formation increases heterogeneity.

PCA

Multivariate analyses seemed to reflect
the separation of Monteverde and Palo Verde
from La Selva and Corcovado with respect to
water and nutrient availability, seasonality of
precipitation, elevation, temperature, species
compositions, herbivore communities, soil type,
and other factors. Rates of tree-fall were also
similar in La Selva and Corcovado, perhaps as a
consequence or as a partial cause of similarities
in forest structure.

We identified important structural differ-
ences and similarities between the four forests.
The vegetation and ecosystem differences be-
tween these forests were understood prior to
this study, but a systematic comparison of the
forest structures was lacking. Within forests,
gap formation does not appear to affect hetero-
geneity in forest structure as we predicted.
However, tree-fall gaps have other effects on
forest structure. Presumably, there is a feedback
in that forest structure also affects susceptibility
to gap formation.

Global climate change may affect distur-
bance regimes, which in turn influence tree-fall
dynamics of forests. It is possible that global
climate change will influence forest structure
and the rate of disturbance events. It is difficult
to predict how forest dynamics will be influ-
enced, but this is an area of considerable eco-
logical and social concern. Dealing with the ef-
fects of climate change requires deeper under-
standing of the nature and mechanisms by
which it may alter forest structure.
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