DIFFERENCES IN LEAF, FRUITING AND FLOWERING PHENOLOGY OVER A Park, Guanacaste Province, Costa Rica
MOISTURE GRADIENT IN THE DRY, LOWLAND FOREST OF PALO VERDE, COSTA on 9-10 January 1993. The hillside site,
RICA chosen to represent a relatively dry sub-
habitat, was located just west of the OTS
Marco Seandel, Elizabeth D. O'Hara, Sonya T. Dyhrman, Samuel P. Cook, and Diana B. Palo Verde Field Station, along the
Kornet Sendero El Pizote. The mesic site was
approximately 150m in elevation above
Abstract. We examined tree phenology in three sites (dry, mesic, and wet) along a presumed the dry site, located in a saddle between
moisture gradient. Trees in the driest site abscised their leaves before trees in the wettest sitg. two peaks along the Sendero Dos
Additionally, canopy trees abscised their leaves before understory trees in the dry and mesic Calizos. A marsh-edge site was chosen
habitats. We also found a significant increase in the proportion of trees fruiting and flowering : , .
from the driest to the wettest site. These phenological trends occurred in spite of the changes in to represent a moisture-saturated envi-

species composition among the three sites and between the canopy and the understory. (MS) _ronment, near .the lagoon directly south
_of the OTS station.

INTRODUCTION (DBK) and higher winds, all factors causing
higher moisture stress in canopy trees.
In the dry, lowland forest habitat of We expected to see these trends along
Palo Verde, Costa Rica there are several the moisture gradient within a single
distinct sub-habitats, differing in eleva- species, but phenological patterns are
tion, topography, species composition, complicated by species replacement that
and soil moisture. While the mobility of occurs along a moisture gradient. For
animals and insects allows them to find example, species adapted to drier
water and nutrient-rich patches, trees conditions may retain leaves longer than
-are sessile and must contend with local those adapted to mesic conditions. We
moisture and nutrient levels. posed the following hypotheses:
Previous research has shown that
moisture content of the soil affects the (1) There will be a difference in the
phenology of leaves, flowers, and fruits timing of leaf abscission between
(Frankie et al. 1974). While their study the three habitats; at the time of
is an in-depth examination of our survey, the trees in the dry Full  Transitional ~ Bare
differences in phenology among canopy habitat will have undergone the Leaf Cover
species, we examined phenology of all most leaf-loss, while those in the ~ Figure1. Leaf phenologies for dry versus
trees, both canopy and understory, marsh will have undergone the _ mesic forest areas at Palo Verde, Costa Rica.
among sites along a soil moisture least.
gradient on two days during the tropical (2) Within the same habitat, canopy ‘ In the dry and mesic sites, we ex-
dry season. We selected three sites: a trees will abscise their leaves be- ; amined canopy species, defined as trees
dry slope; a mesic, higher-elevation fore understory trees. ~forming the upper stratum of the forest,
(180m) site in a saddle; and a sea-level, and understory trees, defined as greater
marsh-edge site. The three sites were We also documented fruiting and than 3m in height but beneath the main
within 500m horizontal distance of one flowering phenology at each of our ~ Canopy. Lianas were excluded. In the
another. We expected trees in drier three sites to record trends related to the marsh, there was a single canopy layer
habitats to experience the adverse effects soil moisture gradient. of low stature, and it was not appropri-
of the oncoming dry season sooner than ate to distinguish between canopy and
trees in wetter habitats. We also METHODS (MS) understory trees. In the dry and mesic
expected canopy trees to abscise leaves sites, we made observations along the
before understory trees because of lower We recorded data on tree seasonal- trail, and included only trees within 2m
relative humidity, higher temperatures, ity at three sites in Palo Verde National on each side of the trail for understory
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species and trees within 20m on each
side of the trail for canopy species. We
sampled approximately 80m of trail at
each of the two sites in this way. Only
trees whose canopies were exposed to
the marsh edge were examined in the
moisture-saturated site.
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Figure 2. Environmental differences in leaf
phenology by habitat and strata at Palo
Verde, Costa Rica.

Trees along the transect were vi-
sually allocated to one of four stages of
leaf phenology (full canopy, early leaf
fall, late leaf fall, or bare) and three
stages of fruiting status (immature fruit,
mature fruit, or none) and were catego-
rized by the presence or absence of
flowers. In addition, similar data were
recorded for seven individual species of
trees, the results of which are not in-
cluded in this study. To eliminate in-
consistency in classification between ob-
servers of phenological stage, we pooled



data for early and late leaf fall and la-
beled both "transitional".

RESULTS (EDOH)

We performed a chi-square analy-
sis among the three classifications of leaf
stage (full, transitional, and bare) for the
three environments. The samples for
the canopy and understory were pooled
for this analysis. The dry site had more
transitional and bare trees than the
mesic site (Figure 1), while at the marsh
edge, almost every tree surveyed was in
full leaf (Figure 2). This difference was
highly significant (x?=153.64, p<.005).
Next, we examined the differences in
leaf phenology between the canopy and
the understory in both the dry and
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Figure 3. Environmental differences inflower
phenology by habitat and strata at Palo
Verde, Costa Rica.

mesic environments. Both tests sup-
ported our predictions and were signifi-
cant (dry: x2=5.99, p<0.05; mesic: x2=8.1,
p<0.05). Pooled data for the understory

and canopy showed that the flowering
stage was significantly different among
sites, with the most flowering occurring
in the wettest site (x2=13.25, p<0.05;
Figure 3). Finally, a significant differ-
ence was found for fruiting phenology
among the three sites (x?=131.52,
p<<0.005; Figure 4), with the most
fruiting occurring in the wettest site.

160 =

140 35

—

N

[an)
|

Understory

—

o]

(e]
1

=
e

’.
¥,

Mesic
Canopy

by

2%

A e e e
RIS
RS

i

v
30252

Mesic
Understory

o+

50

R

.

# of Trees in Sample

1250525

Marsh

2525

po25eseex

Immature Mature Fruit No Fruit
Fruit

Figure 4. Environmental differences in fruit
phenology by habitat and strata at Palo Verde,
Costa Rica.

DISCUSSION (SPC, STD)

We found a strong relationship be-
tween presumed moisture levels and
stage of leaf loss: trees in drier envi-
ronments had progressed to a later stage
of leaf fall than trees in soils with higher
moisture levels. This relationship held
in spite of changes in species composi-
tion and relative abundance along the
moisture gradient and supports our first
hypothesis.

In both the dry and mesic sites,
there was a greater proportion of bare
trees in the canopy than in the under-
story, as predicted by our second hy-

pothesis. Presumably, the trees of the
canopy are more water stressed due to
the exposure of leaves to direct sunlight.
Transpiration would likely be greater in
the canopy than the understory.

Due to the complexities of fruiting
and flowering phenologies and the in-
fluence of factors other than soil mois-
ture (i.e., pollinators and seed dis-
persers),we cannot make a simple inter-
pretation of the relationships between
fruiting, flowering, and soil moisture
gradients.

Phenological differences influence
microhabitat conditions within the dry

forest of Palo Verde. In turn, these
conditions influence the distribution and
abundance of plant and animal species

in the canopy, understory and forest
floor.
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