rection, can this question be examined
thoroughly.

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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INTRODUCTION

It is known that herbivory can have
an effect on plant fitness. Herbivorous
insects are thought to play a role in
nfluencing physiological responses of
individual plants and leaves. These
responses include both chemical and
physical defenses. However, the
production of these defenses often are
_quite costly. Because competition for re-
sources like light and nutrients increases
with the number of competitors in a
given area, plants in a dense understory
environment may not be able to obtain
enough resources to produce sufficient
defenses. The result is decreased
deterrence - of herbivory, and
subsequently higher levels of herbivory
may ensue.

In order to address these issues, I
studied a single species of the genus
Piperaceae in a Costa Rican cloud forest.
This plant is found in both open areas
where there are fewer plants and
competition for resources such as light
and soil nutrients is reduced, and in
shaded areas of dense understory
vegetation where competition for light
and soil nutrients is more intense.

[ therefore hypothesized the fol-
lowing:

PIPER

NSECT HERBIVORY PATTERNS AND LEAF TOUGHNESS OF A CLOUD FOREST

Linda M. Mizak

Abstract. 1 examined differential patterns of insect herbivory on a species of Piperaceae between
two cloud forest sites. Individuals from the shaded site displayed larger amounts of herbivory
than those from the open site. This may have been a result of greater competition, lower
availability of resources required for defense at the shaded site, or perhaps greater insect
abundance. Leaf toughness was evaluated as a possible physical response to herbivory but the
data were inconclusive. Future studies of chemical defenses should be investigated between sites
as a possible explanation for the differential herbivory patterns observed.

(1) There would be less herbivory in
open areas which are less
competitive for light and soil
nutrients and have greater re-
source availability.

Leaf toughness would be greater
in open areas where more
resources can be allocated
toward herbivore defenses.

()

METHODS

Site Selection. Two sites were chosen for
study at Cerro Cacao, Guanacaste
Province, Costa Rica, and fifteen
individuals of Piper were collected from
each. For the shaded site, a transect was
run parallel to the Sendero Casa Fran,
and samples were taken from low-light
areas of dense vegetation , no more than
2m from the trail. The large pasture
south of the field station was selected
for the open site, and samples were
taken along the gap edge where low
vegetation densities ensured high light
availability and low competition.

Determination of Herbivory. A section
from each individual plant collected was
selected at random. The ten leaves
closest in proximity to the center of this
section were examined for damage done
by chewing herbivores. The percentage



of leaf area missing was categorized in
the following classes: 0%, 1%, 5%, 10%,
200/0, 400/0, 600/0, 800/0, or 100%.

Determination of Leaf Toughness. Relative
toughness was assessed using an
improvised device which measured the
amount of weight (in ounces of water)
required to puncture the leaf tissue.
Twelve undamaged leaves were
randomly selected from each site. The
middle third of each leaf was tested for
toughness. Both before and after each
trial, it was verified that no major leaf
veins were penetrated during testing. In
order to control for the effect of scar
tissue on leaf toughness, damaged
leaves were not tested.

Data Treatment. The percentage of leaf
area missing was arcsine transformed to
equalize the variance prior to statistical
analysis.
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Figure 1. The mean % of leaf area
missing per individual plant from open
and shaded sites.

RESULTS

The amount of herbivory (% leaf :
area missing) was greater in the shaded

area as compared to the more open site
(Figure 1). This difference was
statistically significant (t=4.94, p<.001).
These results strongly suggest the
existence of a pattern of differential
herbivory, with greater pressure occur-
ring at the shaded site. There was,
however, no significant difference in leaf
toughness between the two sites (t=.567,
p>0.5; Figure 2).
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Figure 2. Mean mass required to puncture
leaves from open and shaded sites.

DISCUSSION

The demonstrated pattern of
greater herbivory in shaded areas may
be a result of several factors. More
intense competition among plants in
shaded areas may restrict the amount of
resources a plant can allocate for
defense against herbivores, while plants
in areas of lower competition may have
access to greater resources that can be
allocated toward defenses.

Patterns of herbivory may also be
ffected by insect abundance. This
end may result from lack of cover from
redators or perhaps a higher risk of
esiccation from sunlight in areas of
educed cover. Unfortunately, due to
ul weather, insect sampling was not
asible during the study period. Future
udies should investigate the possibility
hat herbivorous insects are less
abundant in open areas.

‘ Although no significant difference
in leaf toughness was demonstrated,
these results may be somewhat
misleading. The instrument used to test
leaf toughness may not have possessed

the level of precision or accuracy
required for the analysis. Further trials
with different equipment should be un-
dertaken before it is accepted that no
significant difference exists.

In light of the differential patterns
of herbivory demonstrated between
sites, it would be fruitful to investigate
further the existence of chemical
defenses as a response to environmental
conditions, including herbivory.
Individual plants in areas of lower
competition and greater light and
nutrients (open areas in this particular
study) may be better chemically
defended.



