(hydropsychid caddisflies) to a greater
extent than were upstream collections.
These results confirmed our expec-
tations that an increase in sediment level
due to erosion does affect the diversity
and abundance of aquatic invertebrates.
However, the relationship between sed-
imentation and invertebrate communi-
ties may be complicated by the interac-
tion between sedimentation and factors
not measured in our study. Longer term
studies with larger sample sizes may be
necessary in order to effectively measure
invertebrate abundance. In addition, a

Hynes, H.B.N.

higher degree of replication would in-
crease the generality of observed effects
on invertebrate communities.
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~ THE EFFECTS OF WIND STRESS ON CLOUD FOREST VEGETATION ABOVE THE
; TREE LINE

INTRODUCTION (KXKI)

In some situations, mechanical
stress induced by wind may prevent es-
tablishment of trees or cause mortality,
resulting in a natural tree line. The tree
line on Cerro Pedregal is an exceptional
feature of the local landscape, where the
forest abruptly breaks, giving way to
sparse woody vegetation that gradually
becomes grassland. The boundary oc-
curs at approximately 1050m, well be-
low the highest peak in the area. The
tree line is quite low compared to most
in Costa Rica, which occur at elevations
greater than 3000m.

In order to test the effects of me-
chanical wind stress on tree growth as a
factor influencing the formation of the

_tree line, we examined trees along a

wind gradient in an area of sparse
woody vegetation above the natural tree
line at Cerro Pedregal, Costa Rica.

- We predicted that the height of
woody vegetation above the tree line
would be inversely proportional to wind

_ velocity, and based on observational ev-

idence of breakage in this area, that
there would be a maximum height value
attained by trees before breaking from
wind stress.

METHODS (NLD)

A 100m transect line was estab-
lished on Cerro Pedregal, Guanacaste
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Abstract. We examined the effects of wind stress above the natural tree line on Cerro Pedregal,
Guanacaste Province, Costa Rica We predicted that the height of woody vegetation above the
well-demarcated tree line would be inversely proportional to wind velocity. Our results indicate
that the main stems of the woody plants snap at heights above 43cm. Therefore, wind-induced
snapping appears to be responsible for the establishment of tree line on Cerro Pedregal. (NLD)

Province, Costa Rica. The transect be-
gan at the tree line and ended at the
ridge, following a line parallel to the
prevailing wind direction (254°SW).
Wind direction was determined from a
distant vantage point, by visually
assessing the effects of wind gusts on
the grasses. Stations were marked at
10m intervals along the transect. At
each of these stations, a Venturi
Anemometer was used to measure wind
velocities at five, 25cm intervals from
ground level to a height of 125cm.

These readings were taken twice a
day, once in the morning and the once
in the afternoon. Using these data, a
wind speed profile was created (Figure
1), from which we were able to desig-
nate stations 1-4 as low wind areas and
stations 7-10 as high wind areas.

We chose the ten trees nearest to
the transect line in each of the low and
high wind areas. For each tree we mea-
sured the following: total height, base
stem diameter, dead stem diameters,
and distance from the transect line. We
also noted whether the tree was posi-
tioned in the lee of a barrier (rock or
tree). Rock cover was determined by
pacing the transect line and generating a
percentage based on the ratio of rocks
stepped on per total steps taken.

Tree heights and distance from the
transect line were compared between
the low and high wind areas, and a re-
gression analysis was used to correlate



stem diameter to tree height and predict
the previous height of the dead stems
(Figure 2).

RESULTS (STD)

The wind profile revealed increases
in the wind velocity with increasing dis-
tance from the ground for all the tran-
sect stations (Figure 1). Wind velocities
increased overall from station 1 to sta-
tion 10, which was the farthest station
from the tree line.
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Figure 1. Wind profile for Cerro Pedregal.
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We found that the trees in the high
wind velocity area were significantly
shorter than the trees growing in the
lower wind speed area (t=2.27, p<0.05).
In addition to trees being shorter in the
high wind area, these trees were also
more sparse than the trees in the
lower wind area. The ten trees
nearest to the transect line were an
average of 7.0m from the transect line
in the high wind area, compared to
an average of only 0.58m in the low
wind area to find suitable trees. All
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Figure 2. Tree height vs. tree diameter in both
high and low wind.

twenty trees sampled were in the lee of
some type of wind barrier: rocks (12 of
20) or other trees (8 of 20). Personal
observations indicated that such wind
shelter existed for all the trees in the
area beyond the tree line, even though
the estimated rock cover (the
predominant barrier) was only 17.8%.

hus, trees seem to be associated with
cks more than would be expected.

To estimate the pre-snapping
heights of the dead stems in the high
ind velocity area, a regression analysis
was used (Figure 2), relating the height
the diameter of existing trees (also in
the high wind area). Even with dead
stem diameters ranging from 4-15mm,
the projected snap heights were all very
close, Dbetween 42.9-43.8cm.
Furthermore, this range lies within the
range of height from 25-50cm, where
wind velocity increased the most
rapidly (Figure 1).

DIsCUSSION (KKI, STD)
As predicted, tree height was in-

versely proportional to wind speed. The
height of trees decreased with increasing

wind velocity. The high wind speeds

eem to cause enough physical stress

(stem snapping and desiccation are two
possibilities) to limit tree growth.

The average maximum height at-
tained by trees beyond the tree line in
the high wind velocity area was esti-
mated to be between 42.9-43.8cm. The
wind velocity profile shows a marked
increase in high wind velocity in this in-
terval. These results suggest that trees
growing taller than about 44cm are un-
able to withstand the increased wind
stress and snap off at the main stem.
However, further examination is neces-
sary to demonstrate a definitive thresh-
old.

Trees above the tree line exist only
behind barriers and seem to be associ-
ated with these barriers with a greater
frequency than would be expected.
Thus, wind stress appears to play a role
in tree line formation at the exception-
ally low elevation of =1050m on Cerro
Pedregal.




