SPECIES RICHNESS OF TROPICAL TREES DURING DIFFERENT SUCCESSIONAL

season. We examined how the presence
STAGES AND BETWEEN WET AND DRY FORESTS

of extreme water stress affects species
richness between tropical dry and tropi-
cal wet forests. We hypothesized that
there would be greater species richness
in all stages of successional development
in the tropical wet forest.

The sampling technique we used
involved the collection of leaf litter from
the forest floor. We culled the leaves ac-
cording to morphotype, and, using dif-
ferent morphotypes as indicators to rep-
resent different species, we accumulated
data on species richness at each site.

Thomas S. Bansak and Adam A. Blue

Abstract. We examined leaf morphology as an indicator of plant species diversity in different
stages of forest successional development in a tropical wet forest (La Selva) and a tropical dry
forest (Palo Verde). We found that species richness increased with the age of the stand in both
wet and dry forest. We also found greater species richness in the aseasonal wet forest than in the
seasonal dry forest. (AAB)

INTRODUCTION (TSB, AAB) crease in diversity could be that as spa-
tial heterogeneity increases with the in-
troduction of new plants, the new plants
create new habitats that can be settled
by other plant species (Deshmukh 1986:
205). We felt that this theory should be
applicable to all forest systems and ap-
plied it to the tropical dry forest of Palo
Verde and tropical wet forest of La
Selva, both in Costa Rica. We hypothe-
sized that later successional stages of
forest would be more rich in species
than earlier successional stages.

Species richness can also be af-
fected by environmental conditions; the
more variable the environment, the
more each plant must invest in defense
from the extreme stresses to which it is
exposed over the course of the year.
Conversely, a more stable environment
could exert greater pressure for special-
ization and could be more saturated by
species than a variable environment
(Begon et al. 1990: 828). One example of
a stressor that could potentially limit
species richness is dessication. Water
stress could limit the number of species
that can not only survive in an arid cli-
mate but can also be able to compete
well with the plants species that are al-
ready present. Tropical dry forests, like
Palo Verde, experience a very extreme
annual dry season, which subjects the
plants to great water stress. Tropical
wet forests, like La Selva, are considered
aseasonal due to the lack of a severe dry

The majority of terrestrially-based
life forms are dependent upon plants
"both as the base of food webs and for
the creation of habitat" (Deshmukh 1986:
199). As forests undergo succession so
do the organisms that they support. The
study of forest dynamics could aid in
the understanding of forested, terrestrial
ecological systems.

Primary succession involves the
creation of forest in areas that have not
previously supported flora, especially
through the facilitation of soils.
Secondary succession occurs when local-
ized disaster has destroyed existing
trees, beginning when new pioneer
species recolonize the disturbed area
and ending once the canopy has closed
again. Secondary disturbances can oc-
cur at any scale: from a single tree fall
gap, to limited clear-cutting by humans,
to widespread fire. Pioneers generally
germinate from the seed bank, gaining a
head start on other tree species, and
capitalize on the abundance of sunlight
with rapid growth rates. The slow-
growing, shade tolerant canopy species
must have their seeds dispersed from
the surrounding forested area before
they can outgrow the pioneer species
and close the canopy once again.

It has been suggested that as a for-
est gets older, the more diverse it be-
comes. One potential cause for an in-

SITE DESCRIPTION (TSB, AAB)

The first site was in Palo Verde
National Wildlife Reserve, Guanacaste
Province, northwestern Costa Rica. Due
to the distinct dry season (December
through May), the region is considered
to be a tropical dry forest. The region
gets an average annual rainfall of 1000-
1500mm. Most of the canopy consists of
deciduous trees (Janzen 1983), and the
soils consist almost entirely of vertisols
(Gill 1988), which are montmorillanite
clays that lose large amounts of water
during the dry season. We sampled
both alluvial forest that was released
from grazing pressure in 1981 (Gill 1988)
and undisturbed primary forest.

The second site was in La Selva
Biological Reserve, located on the
Caribbean slope in the La Heredia
region of Costa Rica. La Selva is a
tropical wet forest in which only 8% of
canopy species are deciduous (Janzen
1983). The average annual rainfall is
3991mm. Most of the soils are originally
of alluvial residuals. We only sampled
from sites with inceptisol soils to keep
nutrient availability consistent, in young
secondary, middle-aged secondary, and

previously undisturbed primary growth
forest. The young secondary growth site
was also released from grazing pressure
in 1981. The middle-aged secondary site
was released from grazing pressure
sometime between 1950 and 1960 (Pierce
1992).

METHODS (TSB, AAB)

We sampled at Palo Verde on 13
January 1993 and at La Selva on 13
February 1993. At each of five sites, we
walked a random number of steps off
the path to a point from which to start
our transect. We laid down a 100m
transect into forest representative of the
site and took five sample quadrats at
20m spacing. At each sample quadrat,
we collected all the leaf litter from one
square meter of the forest floor. .

We brought the samples back to
the lab and sorted the intact leaves into
distinct morphotypes. These were then
matched across quadrants and across
successional stages, within each forest.

We encountered some difficulties
in the differentiation of distinct morpho-
types, as leaves at different stages of de-
composition, leaves found as incomplete
fragments, and the basic similarities
found between different morphotypes
made the process difficult. We were
also unable to compare morphotypes be-
tween Palo Verde and La Selva as we
did not save our samples.

RESULTS (TSB)

In both the wet and dry tropical
forests, species richness increased with
age (successional stage) of the stand
(Figure 1). Some species were shared
between stages (Figure 1). At La Selva,



the wet forest are in both cases over
twice the values of those from the dry
forest. The middle secondary of the wet
forest even had more than the primary
 of the dry forest. We were not, however,
able to examine if species were shared
between regions. '
Higher richness for wet forest was
also shown at the level of individual m?
quadrats (Figure 2). This difference was
significant in the young secondary
(Mann-Whitney U Test: ¢=22.5, n1n2=25,
p<0.05) but was not for primary (Mann-
Whitney U Test: ¢=19.5, nin2=25,
p>0.05). Endemics, too, exhibit this
trend, and in both cases the difference
was high.

four species were shared between young
and middle secondary growth, while
nine were common to middle secondary
and primary growth. None were found
in all three stages, nor were any shared
between young secondary and primary
growth. In Palo Verde, eight species
were common to young secondary and
primary.

paring middle secondary and primary in
La Selva (Mann-Whitney U Test: c=19,
n1n2=25, p=0.1). The number of species
found only in one plot of a site (plot spe-
cific endemics) also exhibited the trend
of increase with successional stage
(Figure 2).
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Figure 1. Total number of leaf morphotypes Las
found in different stages of forest growth and
the number of overlapping morphotypes
between stages of forest growth at La Selva and
Palo Verde.
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specific endemics found in different stages of
forest growth at La Selva and Palo Verde, Figure 3. Total morphotype accumulation
with quadrat number for different stages
The accumulation of species upon of forest growth in La Selva and Palo
addition of quadrats for each stage of | Verde.
forest growth showed this same trend;
older forest had a higher overall rate of
increase and tended not to level off as
did the younger stages (Figure 3).
Greater numbers of species were
found in equivalent stages of wet forest

than in the dry (Figure 1). The values in

Species richness per quadrat also
increased with age (Figure 2). The dif-
ferences were highly significant for
young secondary versus middle sec-
ondary at La Selva (Mann-Whitney U
Test: ¢=25, n1n2=25, p<.005), as well as
young secondary versus primary at Palo
Verde (Mann-Whitney U Test: ¢=25,
n1n2=25, p<.005). The value, however,
was not highly significant when com-

Finally, upon examining species
accumulation with quadrat number for
different stages of successional growth,
we found that the graph for primary wet
forest had the steepest slope and there-
fore the greatest rate of accumulation
(Figure 3). This line also shows no signs
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of leveling off within the five quadrats
we sampled. The primary dry forest ini-
tially had the second greatest rate of
species accumulation, but the graph and
rate leveled off after the second quadrat.
This trend was surpassed by that of the
wet middle secondary, which, like the
wet primary, showed no signs of level-
ing off. The wet young secondary and
dry young secondary have the next-to-
lowest and lowest accumulation rates,
respectively. Both showed signs of lev-
eling off, though less so for the wet
young secondary, which terminates only
slightly lower than the dry primary.

DISCUSSION (TSB, AAB)

The results of this study support
both of our hypotheses. First, there was
a greater total species richness in older
stands than in younger for both habitat
types. This suggests that spatial hetero-
geneity may in fact increase as more
plant species are added to a community
over time, which in turn creates new
habitats to be settled by even more
species, especially lianas and epiphytes.

Second, for both stages of growth
compared, the less variable and in this
case the less moisture stressed environ-
ment of the tropical wet forest had
greater total species richness than the
tropical dry forest. Moisture stress,
therefore, seems to limit species rich-
ness, as compromising adaptations are
frequently necessary for survival and as
seasonal variation prevents the excep-
tional specialization to saturation and
fine partitioning of resources that are
possible in the tropical wet forest.

Formerly, the high species richness
of primary tropical wet forest was at-
tributed to the temporally stable condi-
tions of the environment through the



successional stages leading up to a rich
climax community. However, species
richness cannot be attributed solely to
stability, as tropical wet forests are now
considered to be highly dynamic sys-
tems. (Of the tropical wet forests in
Costa Rica, Janzen (1983) suggests that
La Selva is at the high end of the dy-
namism spectrum). It has been esti-
mated that about 2% of tropical wet
forests are in gap at a given time and
that the turnover time of trees is 80-150
years versus several hundred in the
temperate zone (Deshmukh 1986: 200).
Connell (1978) suggests in his
Intermediate Disturbance Hypothesis
that areas of intermediate disturbance
have high species richness, because
competitive dominance, which becomes
established over long periods of time, is
removed. So the richness of older forest
is increasing not only due to the evolu-
tion of a heterogeneous climax commu-
nity but also because of disturbance and
subsequently the presence of various
successional stages and their rich set of
associated species.

The presence of the species from all
stages of succession was not shown
throughout our results, as there was no
overlap between early successional
species and those found in the primary
forest of La Selva. This could, however,
be attributed to the fact that we only
took data from one transect, and it sim-
ply did not run through a young gap.
Further transect replication or a larger
transect with more replicate quadrats
might have found the early successional
species in the primary forest. We did
see overlap, however, between the mid-
dle successional and the primary stages

at La Selva. This would suggest that we
did sample from a gap of intermediate
age in the primary or alternatively that
the species which eventually become the
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primary canopy species were already
present in the intermediate successiona
stage.

At Palo Verde there was overlap
between the young secondary specieg
and the species found in the primary
forest. This overlap could be because
our transect in the primary ran through
a young gap or because there is less
variation in species between young and
old in the dry forest. High seasonal
dessication stress could limit the num-
ber of species that are able to survive

outweighing, to some extent, succes-
sional competition, and could allow for
those well adopted species to exist

throughout the successional stages.

The high rate of species accumula-
tion for the wet forest middle succession
and primary stages implies that, had
more sample plots been taken, their
richness would have continued to in-
crease rapidly, and that the gap would
have widened between these curves and
the others, which seem to level off. Our
lack of a significant difference between
the mean species richness per quadrat
for these two sets could be attributed to
their parallel increase. Not enough
quadrats had been taken to statistically
distinguish between the two.

Our results for plot specific en-
demic species show that as successional
age increases, so does the spatial varia-
tion of species. This occurred for both
Palo Verde and La Selva, implying that
stands not only get richer but also be-
come mote heterogeneous. This hetero-
geneity is not uniform across the forest
types, as far fewer endemics were found
in the dry forest. Stress may therefore
play a limiting role in spatial hetero-
geneity.

The sampling technique we used is
currently being examined for its effec-
tiveness in rapid evaluation of species

richness (Webb, pers. comm.).
Differential decomposition rates be-
tween sample areas may cause variation
in both the quantity of litter collected as
well as the window of time represented
by the leaves.

Also, when comparing across envi-
ronments such as wet and dry forest, it
must be taken into account that during

_ the dry season in the dry forest, decidu-
~ ous trees shed their leaves. More leaves
_are therefore collected, and with a larger
_collected sample there are likely more
 species included. This inflated richness
value is a function of the shredding of

leaves, not necessarily the actual pres-

_ence of species. The possible skewing of
_richness data towards deciduous dry

forests due to shedding and slower de-
composition rates could account for the
lack of a significant difference between
the species richness per quadrat for the
primary forest in La Selva and Palo
Verde. If it was not a factor, there may
just be a maximum density of species
reached in primary stands.

Finally, this sampling technique is
limited to total species evaluation and
does not allow for easy classification
into trees, lianas, and ground vegetation
(unless one has an amazing, taxonomic
mind). However, it is not limited to
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richness evaluations, as the number of
leaves of each species type could also be
recorded to get diversity figures.
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