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Abstract. In this study we examined the relationship between buttressing in cloud forest trees and
the associated stressors of prevailing winds and gravity. We hypothesized that the greatest
amount of buttressing should be found along the axis of greatest stress. We quantified the
amount of buttressing by examining direction, abundance and size (magnitude as measured by
volume/basal area). There was a trend towards increased buttressing per tree in areas of higher
stress, but we found no significant relationship between either buttress direction or abundance
and the axis of stress, and observed no relationship with respect to magnitude. (AAB)

INTRODUCTION (AAB)

Buttressing in trees is unique to
tropical regions. Engineering models
have shown that buttresses can be excel-
lent support structures (Henwood 1973),
and it has been hypothesized that but-
tress formation may be either a function
of mechanical stimulation by strains
caused by winds or an adaptive re-
sponse to wind and gravity stresses
(Richards 1952). The buttresses may act
as one of two different types of support
structures: a tension support, which acts
much like a guy line, located on the side
of the tree facing the predominating
force, or as a compression support,
which acts more like a brace that braces
the tree from the opposite side of the
force. If the force is wind, tension but-
tressing should be found on the wind-
ward side while compression buttress-
ing should be found on the leeward. If
the force is gravity, tension should be
found on the uphill side of the tree,
while compression should be found on
the downhill side. Whether or not but-
tresses are a result of tension or com-
pression, such structures should be
found along the same axis of the tree.
The axis of stress is defined as a line
parallel to the direction of the stress
force (resultant of both wind and grav-
ity) through the center of the tree.

Given these considerations, we hy-
pothesized that greater amounts of but-
tressing should occur in areas of greater
stress, and that buttress location, abun-
dance, and size should be greatest along
the axis of stress. We also examined the
orientation of the largest and presum-
ably most structurally important but-
tress of each tree. To examine the rela-
tionship between buttress location,
abundance, and size and the axis of

stress, we chose three sites in a Costa

Rican cloud forest with varying combi-
nations of wind and gravitational
stresses.

METHODS (CRP)

The study was conducted in the
cloud forest of Cerro Cacao, Guanacaste
Province, Costa Rica, on sites with vary-
ing slopes and wind stresses. The pre-
vailing wind direction at these sites was
easterly, approximately 90° (Benigno
Eras, Costa Rican Park Service, pers.
comm.).

Because we could not find a control
site in this region where both wind and
gravitational stresses were negligible,
we chose a site (Site 1, Figure 1) at the
bottom of a valley where we expected
wind stress to be the least, due to the
protective mountain barriers. This site

had a slope of 31° with an aspect of 292°.
We selected the other two sites near the
mountain peaks for higher wind expo-
sure. Site 2 was on the windward side
of the mountain and had a slope of 26°
with an aspect of 26°. The wind and
gravitational forces at site 2 somewhat
counteracted each other (Figure 2). Site
3 was on the leeward side of the moun-
tain and had a slope of 17° with an as-
pect of 292°. In contrast to site 2, the
wind and gravitational forces at site 3
reinforced each other (Figure 2).

Figure 1. Geographical location of the
three sites.

On each site, we established a 20m
X 50m rectangular transect of forest,
taken perpendicular to the slope.
Within these plots we measured only
buttressed canopy trees with a Diameter
_ at Breast Height (DBH) >25cm. This ap-
peared to be the minimum DBH for a
_ tree to reach the canopy and to have a
well-developed buttress. For each tree,
we measured the length, width, height,
and direction of each buttress, the DBH
of the tree, the slope, and the aspect.

We first looked at the percentage of
our sample (canopy trees with a
DBH>25cm) that had buttresses in order
to determine whether buttressing was a
Prevalent structure in these trees. Then,
we grouped the buttresses of each tree

into 90° quadrants. Because we could
not differentiate between compression
and tension strategies of buttressing, we
theorized that the greatest buttressing
would be in either quadrant 1 and/or
quadrant 3 (Figure 3). We thus made no

attempt to separate these two types of
forces.
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Figure 2. Wind and gravitational
stresses at the three sites.*

*length of arrows show relative
strength of stress between sites.

To estimate the relative im-
portance of each buttress as indicated
by its size, we determined the
relative volume of each buttress
((length*width*height)/2DBH). We also
examined the largest buttress of each
tree, theorizing that the largest buttress
may be most important in counteracting
stress, the smaller ones serving mainly
as stabilizers. Finally, we compared the



total buttress volume per tree
(cm3/(rn/4)(DBH)2) to determine
whether or not the relative strength of
the axis of stress was proportional to the
amount of buttressing at each site.

_____

Quadrants 1 and 3 are predicted
to have greatest buttressing

Figure 3. Predicted orientation of
buttressing.

RESULTS (AAB)

Greater amounts of buttressing
were found in regions of higher stress
(Table 1). The difference between
buttressing at site 3, which contained the
highest stress, and site 1, which had the
lowest stress, was statistically significant
(p<.001).

Table 1. Sample size, mean total buttressing
per tree (cm3/(r/4)(DBH)?), mean buttress
volume (cm3), and mean number of buttresses
per tree at Cerro Cacao, Costa Rica.

Sitel Site2 Site3
Sample size 18 28 25

% of trees buttressed 100 100 100

Buttress volume per tree *
mean 51.63 945 1385
s.d. 30.66 102.2 89.78

Mean number of 3.3 2.7 4.8
buttresses per tree

*Site 1 vssite 2: t=1.73, p < 0.10
Site 2 vs site 3: t=1.65, p < 0.20
Site 1 vs site 3: t=3.95, p <.001

The second part of our hypothesis,
that location, abundance, and size of
buttresses should correlate with the axis
of stress, was not supported. There was
no statistically significant pattern with

respect to the differential distribution of
buttresses along the axis of stress
(x2=.029, p<.995; Table 2). Nor was
there a correlation between location of
the largest buttress of each tree and the
axis of stress. Finally, there was no sta-
tistically significant pattern with respect
to the largest buttress along the axis of
stress (x2=1.60, p<0.05; Table 3).

Table 2. Spatial distribution of buttresses
among stress quadrants (mean number of
buttresses per tree)

Quad-rant] Site 1 Site 2 Site 3

1 1.33 0.85 1.27
2 0.53 0.63 1.23
3 0.67 0.67 1.15
4 0.87 0.52 1.23

x2 =029, p<.995

Table 3. Occurrence of each tree's largest
buttress in various stress quadrants.

Site 1 Site 2 Site 3
High-stress quadrant
1 6 4 12
3 3 7 3

Low-stress quadrant
2 2 9 4
4 4 5 6

x2=1 6, p <0.5

Table 4. Magnitude of all buttresses
(cm3 /DBH) in various stress quadrant

Site 1 Site 2 Site 3

High-stress quadrant

1| mean 598.2 1159.0 7613
s.d. 6.3 2305.0 2001.9
3| mean 4284 101.80 623.0
s.d. 437.3 1103 794.4

Low-stress quadrant

2| mean 547.7 1101.0 855.2
s.d. 544.7 2305 1134.5
4 | mean - 357.1 583.8 1713.0
s.d. 469.3 566.8 3441.8

There was no difference in buttress
size between quadrants of high and low
stress (Table 4). Nor was there any

difference in the size of the largest
buttress between quadrants along the
axis of stress and quadrants
perpendicular axis of stress (Table 5).

——T—;Ble 5. Magnitude of each tree's largest
buttress (cm°/DBH) in various stress
‘guadrants‘

e —

Site 1 Site 2 Site 3
High-stress quadrant

1|mean 10718 755.0 2382.0

sd. 743.4 485.9 1976.5

3| mean 5184 1040.4 2169.8

sd. 449.5 771.2 1667.0

Low-stress quadrant
1318.7 1023.1 3034.1

s.d. 246.3 688.9 2051.0
1204.5 6081.0 5148.9
s.d. 713.0 6880.5 6701.9

DISCUSSION (TSB)

All trees in the sampled sites exhib-
ited buttressing, and the amount of but-
tressing/basal area increased as pres-
sures due to wind and slope increased.
These results support the hypothesis
that buttresses play an adaptive role and
are advantageous as structural support
in environments exposed to the stresses
of wind and gravity.

Our results did not, however, sup-
port our predictions that buttresses

_ would be oriented preferentially along
_ the axis of wind and/or gravity stresses.
_ This finding can be attributed to two

possible factors. First, the parameters
we measured may not have been ade-
quate to detect the predicted relation-
ship, and second, there may in fact be

_ No relationship between buttress orien-

tation and wind or gravity stresses.

One potential problem was with
the method for measuring buttress
magnitude. The statistic of buttress vol-
ume over DBH may not have ade-

quately detected a buttress's structural
importance. Counting the buttresses
and measuring wood density might
yield a better assessment.

Using prevailing wind direction as
a representation of the direction of wind
stress may also have been a problem.
Prevailing wind direction is not neces-
sarily equivalent to the direction of the
force, as a site's specific topography and
canopy structure can alter wind pat-
terns. An emergent tree, for example,
will alter the flow of wind around it and
subsequently alter the direction of the
force on neighboring trees.

Our inability to assess canopy
structure presents yet another problem.
Individual trees have crowns of varying
size and shape, and such differences re-
sult in varying degrees of wind stress on
the trees.

In our assessment of aspect, we
used the mean for the aspect of all the
trees at each site. This may not give the
most accurate results, as the topography
within each site varied. In future stud-
ies, the aspect of the slope for each indi-
vidual tree should perhaps be used for
examining buttress orientation.

This study encompassed numerous
species. The inclusion of all buttressed
trees could have masked a relationship,
as different species may utilize different
strategies to withstand wind and gravity
stresses. A single-species study might
yield different results.

It is possible that buttress genera-
tion may not, in fact, be caused by wind
and gravity stress. Buttresses may, for
example, instead provide the structural
support that allows trees to lean and
grow into gaps to obtain more light. In
this case, or any time a tree leans due to
a physical disturbance, trees should al-
locate the necessary resources to enlarge



buttress(es) as needed for increased
structural support.

Finally, buttresses may not repre-
sent structural support at all. A buttress
may, for example, act as a short-cut for
nutrient conduction (Richards 1952). In
this case, the larger buttresses might
form in the areas of greatest nutrient
availability, facilitating maximum nutri-
ent uptake.

Due to the complex structure of the
buttresses themselves, a more in depth
vector analysis is necessary to evaluate
the structural role and importance of
each buttress. Only then, and with
more accurate assessments of force di-
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rection, can this question be examined
thoroughly.
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