A mast fruiting episode of the tropical tree Peltogyne purpurea
(Caesalpinaceae) in the Osa Peninsula, Costa Rica
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Abstract: The existence of mast fruiting has not been well documented in the Neotropics. The occurrence of
a mast fruiting episode in the population of the tree Peltogyne purpurea in the Osa Peninsula of Costa Rica is
described. In February and March of 2000 most of the trees of this species produced a large fruit crop, compared
with 1995-1999, when the number of fruit producing trees was very low or zero and those that did bear fruit,
did so at a low intensity. In contrast, the fruit crop of 2000 was massive, all trees examined produced fruits
and the intensity of fruiting was maximal. There is not enough information on the event for a hypothesis to be
formed because the climatic or biological cues that triggered this sporadic flowering are unknown and there is
no meteorological data available for this area. Populations with this mode of reproduction may experience local
extinction bacause of logging operations. Rev. Biol. Trop. 54 (4): 1151-1155. Epub 2006 Dec. 15.
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It is known that some trees have mast
fruiting years (Janzen 1967, 1971, Ratchke
and Lacey 1985, Kelly 1994, Kelly and Sork
2002). This is the synchronous intermittent
production of large seed crops in perennial
plants (Kelly and Sork 2002). Typically, years
with vigorous seed production are interspersed
among years in which trees are sterile or nearly
so (Bawa and Ng 1990, Kelly and Sork 2002).
Evolution of this reproductive pattern may be
attributed to the pressure of seed predators
(Janzen 1974, Silvertown 1980) or to pol-
lination efficiency (Kelly 1994). The former
hypothesis is particularly important in those
species that suffer high seed predation, and
where the chance of escaping predation are
much higher in masting years than in any other
year (Janzen 1971, 1974, Silvertown 1980).
The latter is important in those species where
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pollination is limited and masting results in a
disproportionate increase in fertilization and
seed set (Smith et al. 1990, Kelly 1994).

The existence of mast fruiting has not
been well documented in the Neotropics. The
phenology of neotropical trees has been stud-
ied by several authors (Frankie et al. 1974,
Opler et al. 1976, Opler 1980, van Schaik et
al. 1993). Newstrom et al. (1994a, b) classified
the long-term patterns of flowering of humid
lowland tropical plants at La Selva Biological
Station in Costa Rica. They found that the most
common pattern at La Selva is irregular sub-
annual flowering, followed by regular annual
flowering, and that continual and supra-annual
patterns are not well represented there. Other
studies have shown that flowering and fruit-
ing of some tree species do not follow annual
cycles, making it difficult to predict fruiting
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episodes (Ng and Loh 1974, Newstrom et al.
1994a, b).

It is not clear what triggers flowering and
seeding in plants showing supra-annual patterns.
In the Old World family Dipterocarpaceae,
mast fruiting is infrequent, and it is synchro-
nized at intervals of several years, but there
is out of phase sporadic fruiting by one or
several individuals (Chan 1980, Manokaran
and Swaine 1994, Sakai ef al. 1999). Mast
fruiting in Dipterocarps is assumed to result
from a drop of approximately 2 °C or more in
minimum night-time temperature for three or
more nights in a row (Ashton ef al. 1988). Rain
may also be an important factor for timing and
spacing for flowering at least in some tropical
plants (Tyrrel and Coe 1974, Opler et al. 1976,
Monasterio and Sarmiento 1976, Reich and
Borchert 1982). However, others have argued
that weather alone can not be responsible for
masting (Kelly 1994, Kelly and Sork 2002).

Janzen (1967, 1971) provides alternative
hypotheses for induction of flowering and
seeding trees. He proposes that the peak of
flowering in dry forest trees is the result of
selection for sexual reproduction at the most
opportune time of the year, and not the result
of “immutable physiological processes which
can only occur at that time of the year”. He
claims that flowering and seeding during the
dry season eliminates interference of sexual
reproduction with vegetative processes and
allows for the maximization of the use of pol-
linators and dispersal agents (Janzen 1967). He
also proposes that the intermittent seed crop
may reduce losses of seeds due to predation
(predator satiation hypothesis) (Janzen 1971,
1974, Silvertown 1980). However, Reich and
Borchert (1982) argue that there is no reason
to assume that flowering in the dry forest tree
T. chrysantha might have evolved as a con-
sequence to the interaction with biotic factors
such as the availability of pollinators as pro-
posed by other authors (Janzen 1967, Frankie
et al. 1974, Gentry 1974).

P. purpurea (Pittier) (Caesalpinaceae)
is an important timber species in Costa
Rica. It is restricted to few forest patches in
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Southwestern Costa Rica and Northwestern
Panama (Holdridge and Poveda 1975, Jiménez
and Poveda 1991). P. purpurea is often a domi-
nant species. In the region of Mogos in the Osa
Peninsula of Costa Rica, the importance value
index (IVI) of this species is second among
all timber trees (Table 1). Because of its eco-
nomic value, P. purpurea is being intensively
harvested in the Osa Peninsula of Costa Rica,
despite being considered a threatened species
(Jiménez 1993). Here, we report the occurrence
of a mast fruiting episode in P. purpurea in
the Osa Peninsula. In addition, we discuss the
implications of this finding for the adequate
conservation, utilization, and management of
this species.

In 1989, one of us (BV) started a project to
evaluate the impact of selective logging on the
population dynamics of P. purpurea. As part
of this study, the phenology of 12 trees in the
region of Mogos was monitored for two years,
using the methodology proposed by Fournier
(1974). Four phenological events were defined:
leaf flushing, leaf shedding, flowering, and
fruiting (green and mature fruits) with each
rated according to an arbitrary scale indicat-
ing the intensity of the phenological stage.
Sampling size and scoring frequency were
conducted as proposed by Fournier (1974) and
Fournier and Charpantier (1975).

In 1995 and 1996, only four of the twelve
trees flowered. However, in 1995 only one
tree produced mature fruits, and the intensity
of fruiting was low (only 5 % of the crown
exhibited fruits). In 1996, only one tree flow-
ered, but it did not produce fruits. In con-
trast, in 2000, all trees examined produced
fruits (a total of thirteen trees were scored
for phenological intensity, but we collected
seeds for more than forty trees), and the
scores obtained for this phenological event
indicated that the entire crown was producing
fruits (Table 2). In 2001 and 2002, fruit and
seed production were similar to that observed
during prior years. These findings indicate
that in 2000 the reproduction of P. purpurea
was well synchronized and the intensity of
flowering and fruiting was maximal.
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TABLE 1
Relative dominance, relative abundance, relative frequency and importance values of the five most important
timber species in the rain forest of Mogos, Osa Peninsula, Costa Rica

Species Family ([ii)iitrzici
Virola koschnyi Myristicaceae 4.05
Peltogyne purpurea Caesalpinaceae 7.77
Copaifera camibar Caesalpinaceae 4.14
Protium spp. Burseraceae 0.64
Symphonia globulifera Clusiaceae 1.17
Couratari guianensis Lecythidaceae 4.25

Relative * Relative * Importance
abundance frequency value* (IVI)
2.12 8.75 14.92
1.36 5.75 14.88
1.24 4.75 10.13
1.71 7.00 9.36
1.42 5.50 8.09
0.65 2.75 7.65

* calculated according to Mueller-Dombois and Ellenberg (1974), where

Relative dominance = total basal area of the species x 100

total basal area of all species

Relative abundance = number of individual of the species x 100

total number of individuals

Relative frequency = frequency of a species x 100

sum frequency of all species

Importance value index (IVI) = relative dominance + relative abundance + relative frequency

TABLE 2
Fruiting trends of P. purpurea in 1995, 1996 and 2000

Number of ~ Number of Number of  Date of fruit
Trees flowering trees ~ fruiting trees  production
Year Monitored  (score %) (score %)
1995 12 4(35) 1(5) Nov-Dec
1996 12 4 (35) 0(0)
2000 13 13 (100) 13 (100)  Feb-March

Number of trees and scores for the intensity of the phe-
nological event (in parenthesis) are given according to
Fournier (1974).

The observation presented here seems to

fit within the category of supra-annual fruiting
proposed by Newstrom ef al. (1994a). The last
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fruiting event might have occurred between
nine and twelve years prior to 2000. We base
this assumption in two observations. First, one
of us (BV) initiated a demographic study of
P. purpurea in 1990 and found only saplings
in the understory (Vilchez-Alvarado1998).
Second, the first two authors secarched for
seedlings every year since that time, and never
found a single one until 2000. In contrast, in
2000, seeds were visible on the forest floor, as
never observed in previous years and later it
was possible to find hundreds of seedlings per
square meter around reproductive trees.

There is not enough information on the
event for a hypothesis to be formed because the
climatic or biological cues that triggered this
sporadic flowering are unknown and there is no
meteorological data available for this area.
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This species is selectively logged in Costa
Rica. However, logging operations do not take
into account major reproductive events as the
one described above. Typically, it is assumed
that the target species follows an irregular
sub-annual or regular annual reproductive pat-
tern. Therefore, it is important to study the
impacts of such practices on species that show
supra-annual patterns in their reproduction.
Depending on the magnitude of the impact,
targeted populations showing this mode of
reproduction may experience local extinction.
However, insufficient data makes it difficult to
predict the outcome of these practices.
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RESUMEN

Se describe un episodio de fructificacion en masa
en una poblacion de Peltogyne purpurea de la Peninsula
de Osa, Costa Rica. En febrero y marzo de 2000, la
mayor parte de los arboles de esta especie tuvo una
gran cosecha de frutos. En los afios anteriores, desde
1995, ninguno o muy pocos arboles produjeron frutos y
la produccion por arbol fue escasa. La cosecha del afio
2000 fue masiva y todos los arboles examinados produ-
jeron frutos abundantes. Este patron reproductivo podria
producir extinciones locales si la extraccion maderera no
lo toma en cuenta.

Palabras clave: produccion de frutos, fructificacion mastal,
fenologia, reproduccion supra-anual, Peltogyne purpurea.
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