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Abstract: Phenology of plants, or the timing of life cycle events, is important for understanding plant ecology, 
forest dynamics, and plant-animal interactions. In tropical forests, studies that document epiphyte reproductive 
phenology are relatively few because of the challenges of tracking plants that live in the canopy. Phenological 
patterns for 279 individuals of 7 epiphyte species were examined across 12 months in a tropical montane for-
est in Monteverde, Costa Rica. Epiphytes were located in one of two common tree species, Ficus tuerckheimii 
(Moraceae) or Ocotea tonduzii (Lauraceae). Flowering and fruiting (i.e., when ripe or unripe fruit is present on 
the plant) of study plants was recorded on monthly intervals, and phenology was examined as a function of the 
season at the study site (i.e., wet, transition, or dry season), and pollinator syndrome (bird-, or insect-pollinated) 
and seed dispersal syndrome (bird-, bat-, or wind-dispersed) of each plant. Though some epiphyte species flow-
ered and fruited throughout the year, the majority showed significant seasonality in phenological events. Based 
on circular statistics, the timing of mean flowering of different epiphyte species varied, however, timing of mean 
fruiting for most species tended to occur during the wet season. Insect- and bird-pollinated species had peak 
flowering during the dry season and late wet season, respectively. Bird-dispersed fruits were present each month 
of the year with peaks from February to October and again in December. Wind-dispersed fruits were observed 
eight months of the year with a peak in the early wet season. The timing of epiphyte flowering coincided with 
flowering of large trees in the area. Epiphyte fruiting, however, is distinct from large tree fruiting. Our results 
demonstrate the seasonal nature of flowering and fruiting in individual epiphyte species while also highlighted 
the asynchronous nature of phenological events amongst the epiphyte community. Rev. Biol. Trop. 63 (4): 1119-
1126. Epub 2015 December 01.

Key words: arboreal plants, biodiversity, cloud forest, Neotropical, phenological patterns, reproductive biology, 
tropical canopy.

Phenology, or the timing of life cycle 
events, is of critical importance for plants. 
Understanding when phenological events occur 
and the environmental cues underlying these 
processes are becoming increasingly impor-
tant as global change alters climate patterns 
throughout the world. Plants in temperate for-
ests (Tooke & Battey, 2010) and seasonally 
dry tropical forests (Janzen, 1967; McLaren 
& McDonald, 2005) tend to have a single, 
synchronous reproductive cycle each year due 
to seasonal constraints of temperature and 

moisture (Ting, Hartley, & Burns, 2008). In wet 
tropical environments, where annual tempera-
ture shows little fluctuation and dry periods are 
less pronounced, plant phenology may respond 
to subtle environmental cues, such as small 
shifts in light, nutrients or precipitation (Van 
Schaik, Terborgh, & Wright,1993; Morellato, 
Talora, Takahashi, Bencke, & Zipparo, 2000; 
Zimmerman, Wright, Calderón, Aponte Pagán, 
& Pat, 2007; Günter et al., 2008). 

Phenological studies in tropical regions 
have typically examined flowering and 
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fruiting in trees or understory shrubs (Gentry 
& Emmons, 1987, Van Schaik et al., 1993; 
Newstrom, Frankie, & Baker, 1994; Morel-
lato et al., 2000). Far less is known about 
patterns of epiphyte phenology in the canopy 
(Hietz, 1997). Previous studies have examined 
reproductive ecology (e.g. Canela & Sazima, 
2003a,b; Kamke, Schmid, Zillikens, Lopes, 
& Steiner, 2011) and phenology of individual 
epiphyte species (García-Franco & Rico-Gray, 
1991; Flores-Palacios & García-Franco, 2003), 
with the vast majority of work focused on 
phenology of species in the plant Families Bro-
meliaceae and Orchidaceae (Sahagun-Godinez, 
1996; Lasso & Ackerman, 2003; Hietz, Win-
kler, Cruz-Paredes, & Jimenez-Aguilar, 2006; 
Ramírez-Morillo, González, Chi, Carnevali, & 
May, 2008; Orozco-Ibarrola, Flores-Hernán-
dez, Victoriano-Romero, Corona-López, & 
Flores-Palacios, 2015). Epiphytes in tropical 
canopies are, however, remarkably diverse 
and likely show asynchronous phenological 
patterns at the community level. Because epi-
phytes are key players in primary productiv-
ity, carbon sequestration, water and nutrient 
cycling, and mutualistic interactions with polli-
nating and seed-dispersing animals (Ackerman 
1986; Clark, Nadkarni, Schaefer, & Gholz, 
1998; Diaz, Sieving, Peña-Foxon, Larrain, & 
Armesto, 2010), studies on epiphytes are an 
important addition to our understanding of 
tropical forest processes.

Our goal was to understand patterns of 
flower and fruit production of epiphytes rep-
resenting several plant Families in a tropical 
montane cloud forest across months and sea-
sons of the year. Because the production of 
flowers and fruits when appropriate pollinators 
and seed dispersers are present can increase 
reproductive success and plant fitness (Wenny 
& Levey, 1998; Talavera, Bastida, Ortiz, & 
Arista, 2001; Elzinga et al., 2007), we also 
examined phenological patterns in relation to 
pollinator and seed dispersal syndromes of 
flowers and fruits, respectively. 

MATERIALS AND METHODS

Study site: Our study was conducted at 
three sites on the Pacific slope of the Cordillera 
de Tilarán near Monteverde, Costa Rica; the 
Estación Biológica (10°19’00” N - 84°48’00” 
W; 1 570 m in elevation), the Monteverde 
Cloud Forest Preserve (MCFP) (~10°20′00” 
N - 84°45′00” W; 1 494 m in elevation), and 
a forest near the Selvatura Canopy Tours 
(10°20’00” N - 84°47’00” W; 1 634 m in eleva-
tion). All sites were located on the same slope 
aspect, at similar elevations, and within 3 km 
from the Estación site.

In Monteverde, three distinct seasons are 
delimited by changes in rainfall: the wet, tran-
sition, and dry seasons. The wet season, from 
May to October, generally has clear skies in 
the morning, rainfall during the afternoon, 
and a mean monthly precipitation of > 250 
mm. The transition, or misty-windy season, 
from November to January, is characterized 
by strong winds with mist during the day and 
night. The dry season, from February to April, 
has moderate winds and a mean monthly pre-
cipitation of < 50 mm (Clark, Nadkarni, Schae-
fer, & Gholz, 1998; Clark et al., 2000). Mean 
annual temperature is 19 °C for Monteverde.

We tracked the reproductive seasonality 
of seven epiphytic species that were abundant 
at our sites and that represented several plant 
Families. Individual epiphytes were located 
on mature trees of two common species at 
our sites, Ocotea tonduzii Standl. and Ficus 
tuerckheimii Standl. We chose individual trees 
of O. tonduzii (N = 12) and F. tuerckheimii (N 
= 11) based on size (diameter at breast height 
of 60-120 cm), height (23-24 m), and our abil-
ity to safely climb into the branches to track 
epiphytes (see Nadkarni, 1988 for climbing 
methods). The 23 trees used for sampling epi-
phytes occurred in primary forest plots within 
the three study sites. 

We used flagging at the base of epiphyte 
stems to tag target plants on each tree. We 
recorded if individual epiphytes were flowering 
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or fruiting at monthly intervals (i.e recorded if 
flowers or fruits were present). We collected 
data from tagged epiphytes at all sites from 
October 2000-September 2001, however, at 
the Selvatura and Estación we could not col-
lect data in November 2000 and January 2001 
due to logistical constraints. We used the 
Monteverde plant list (Haber, 2000, updated 
2008) and the Tropicos Project database from 
the Missouri Botanical Garden (http://www.
tropicos.org/) to determine pollinator syndrome 
(bird-, or insect-pollinated) and seed dispersal 
syndrome (bird-, bat-, or wind-dispersed) of 
each plant. Voucher specimens of epiphytes 
were stored in the Monteverde Cloud Forest 
Reserve Herbarium in Monteverde, Costa Rica. 

We pooled flowering and fruiting data 
from the three study sites given their proxim-
ity to one another and comparable site features 
(same slope aspect and similar elevation). 
Because our data correspond to a one-year 
cycle (Morellato, Alberti, & Hudson, 2010), 
we used circular statistics to examine mean 
timing of phenological events (Zar, 1999). Our 
response variable was the proportion of plants 
that were flowering or fruiting each month 
for a given species. We converted months to 
angles with 30° separating months such that 
January, February, …December corresponded 
to the angles 15°, 45°, …345°. We used a Ray-
leigh test of uniformity (‘circular’ package, R 
Development Core Team, 2010) to determine 
mean angle (i.e., the month that represents the 
average of the reproductive event). Prior to the 
Rayleigh test, we examined circular histograms 
to verify that the distribution was unimodal 
(Morellato et al., 2010). When species distribu-
tions appeared multimodal (i.e. flowering, Cav-
endishia capitulata Smith; fruiting, Psychotria 
maxonii Standl. and Psychotria pithecobia 
Standl.), we could not use circular statistics and 
we assumed no seasonality in phenology. When 
the Rayleigh test is significant, the mean angle 
indicates seasonality in the phenological event 
being examined. We converted mean angle to a 
corresponding mean date and presented results 
as “peak” timing of flowering or fruiting. We 
also determined length of mean vector, r, which 

measures the concentration of the phenologi-
cal events around the mean angle. Values of 
r closer to 1 indicate greater concentration of 
phenological activity around a single date or 
time (Morellato et al., 2000).

RESULTS

We tracked flowering and fruiting of 279 
individual plants of 7 epiphyte species (Table 1). 
For Psychotria maxonii, we were unable to 
collect data in January. Thus, our analyses of 
flowering and fruiting for P. maxonii do not 
include information for this month. Flower-
ing varied greatly by species (Fig. 1). Four of 
the seven species we tracked flowered during 
each season (Cavendishia capitulata, Clusia 
stenophylla Standl., Guzmania nicaraguensis 
Mez & Baker, P. pithecobia). Two species had 
peak flowering during the wet season (Table 1; 
Cavendishia melastomoides Klotzsch) and P. 
pithecobia; Rayleigh test: P ≤ 0.001) and two 
had peak flowering during the dry season (Ore-
opanax oerstedianus Marchal and P. maxonii; P 
< 0.001). One species showed peak flowering 
during the transition season (G. nicaraguensis; 
P ≤ 0.03). Clusia stenophylla did not show a 
significant peak in flowering time (P = 0.12). 

Three of the seven species we tracked had 
fruits during each season, however, the peak for 
fruiting in most species was observed during 
the wet season (Fig. 2; Table 1). Oreopanax 
oerstedianus was the only plant that showed 
peak fruiting during the late dry season, which 
preceeded the wet season (P < 0.001). The 
remaining four species with unimodal fruiting 
patterns (C. capitulata, C. melastomoides, C. 
stenophylla, G. nicaraguensis) had peak fruit-
ing during the wet season (P ≤ 0.001). 

Four species we tracked were insect-pol-
linated (54 % of all individual plants) and 
three species were bird-pollinated (46 % of 
all individual plants). Insect-pollinated species 
had peak flowering during the dry season (r = 
0.36, P < 0.001) and bird-pollinated species had 
peak flowering in the late wet season (r = 0.33, 
P < 0.001).
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Six species we tracked had fruits that 
were bird-dispersed (66 % of all individual 
plants), and the remaining species, G. nica-
raguensis, was wind-dispersed (34 % of all 
individual plants). Bird-dispersed fruits were 
present each month of the year with peaks from 
February to October and again in December. 
Wind-dispersed fruits of G. nicaraguensis were 
observed eight months of the year with a peak 
in the early wet season (r = 0.47, P < 0.001). 

DISCUSSION

The epiphyte species we studied flowered 
and fruited throughout the year. The majority 
of species showed significant seasonality in 
phenological events, however, phenological 
events were asynchronous among the epiphyte 
species. Previous work on trees in Costa Rica 
showed a similar pattern, with diverse phe-
nological events even among closely related 
species resulting in asynchronous patterns at 
the community level (SanMartin-Gajardo & 
Morellato, 2003; Boyle & Bronstein, 2012). 

Epiphytes with significant seasonality in 
flowering showed peaks in the dry season or 
the late wet season. This showed some similar-
ity to large trees in Monteverde, which show 
peak flowering in the late dry to early wet sea-
sons (Koptur, Haber, Frankie, & Baker, 1988; 
Haber, 2000). Greater flowering activity during 
the dry season is common in a variety of tropi-
cal habitats (Janzen, 1967; Daubenmire, 1972; 
Frankie, Baker, & Opler, 1974; van Dulmen, 
2001; De Medeiros, Lopes, & Zickel, 2007) 
and is believed to be a mechanism that maxi-
mizes use of pollinator presence (Janzen, 1967, 
Talavera et al., 2001).  

In contrast, timing of fruit production 
appears markedly different in epiphytes and 
large trees in Monteverde. We found that levels 
of fruiting were highest for epiphyte species 
during the late dry season (N=1), early wet 
season (N=3), or the late wet season (N=1). 
Conversely, large trees had peak fruiting from 
the late wet to transition season (Koptur et al., 
1988; Haber, 2000). Differences in fruiting phe-
nology of epiphytes and trees is corroborated 

Fig. 1. Circular histograms of flowering periods for seven epiphyte species over a 14-month period. Bars show percentage 
of individual plants in flower for every month of the year.
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by seed rain patterns in Monteverde: a greater 
number of seeds from epiphytes landed in seed 
traps during the dry and wet seasons, whereas 
a greater number of seeds of non-epiphytic spe-
cies landed in seed traps during the transition 
and dry seasons (Sheldon & Nadkarni, 2013).  

Variation in flowering and fruiting among 
epiphyte species may be driven by the presence 
of effective pollinators and seed dispersers, 
which can increase plant reproductive success 
and fitness (Wenny & Levey, 1998; Talavera et 
al. 2001). Frugivorous and nectivorous birds 
in Monteverde have two altitudinal migration 
periods; one at the beginning of the wet season 
when they arrive from lower elevations to the 
breeding grounds, and one in the late wet sea-
son when they descend to the lowlands after 
breeding (Lawton & Guindon, 1981; Wheel-
wright, 1983; Loiselle & Blake, 1991; Levey & 
Stiles, 1992). These movements are believed to 
be largely a response to food supply (Loiselle 
& Blake, 1991; Levey & Stiles, 1992). In our 
study, we found that bird-pollinated flowers 
peaked in the late wet season, but were less 
abundant during the late dry and early wet 
season when birds breed in Monteverde. This 
may be due to the fact that nectivorous birds 
tend to feed more on insects during the breed-
ing season compared with the non-breeding 
season (Hardesty, 2009). In contrast, insect-
pollinated flowers were highest during the dry 
season. Data are lacking on insect seasonality 
in Monteverde, thus we do not know if insect 
pollinators are most abundant and/or effective 
during this time.

Bird-dispersed fruits of epiphytes were 
common throughout the year, particularly from 
the dry through wet season with another peak 
in the middle of the transition season. Thus, 
fruit abundance appears highest throughout 
the time birds are breeding in the wet season 
and during the time birds are accumulating fat 
reserves after the breeding season (Loiselle & 
Blake, 1991). 

Tropical plants rely on seasonal shifts in 
environmental cues, such as precipitation, to 
initiate reproductive events (Van Schaik et 
al., 1993; Morellato et al., 2000). Changes in 
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regional climate in the Cordillera de Tilarán, 
particularly an increase in the frequency of dry 
days (Pounds, Fogden, & Campbell, 1999), 
may impact the timing of flowering and fruit-
ing and could result in potential mismatches 
among plants and their pollinators and seed 
dispersers (Schweiger, Settele, Kudrna, Klotz, 
& Kűhn, 2008). More extensive sampling 
across multiple years is needed to better under-
stand the mechanisms underlying flowering 
and fruiting in epiphytic plants and the con-
sequences of changes in regional climate for 
plant-animal interactions.
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RESUMEN

La fenología de las plantas, o el cronograma de even-
tos en el ciclo de vida, es importante para la comprensión 
de la ecología vegetal, la dinámica de los bosques y de las 
interacciones planta-animal. En los bosques tropicales, los 
estudios que documentan la fenología de las epífitas son 
relativamente pocos debido a los desafíos que representa 
darles seguimiento a las plantas que viven en el dosel. Aquí 
se presenta un reporte de los patrones fenológicos de 279 
individuos de 7 especies de epífitas que abarca 12 meses 
en un bosque montano tropical en Monteverde, Costa 
Rica. Las epífitas se encuentran en una de las dos espe-
cies de árboles comunes, Ficus tuerckheimii (Moraceae) 
u Ocotea tonduzii (Lauraceae). Se registró la floración y 
fructificación (i.e. cuando la fruta madura o inmadura está 
presente en la planta) de las plantas de estudio en intervalos 
mensuales y examinó la fenología a través de las estaciones 
en el sitio de estudio (i.e. estación húmeda, transición, o 
seca) y  el síndrome de polinizadores (ave- , o insecto-
polinización ) y el síndrome de dispersión de semillas 

Fig. 2. Circular histograms of fruiting periods for seven epiphyte species over a 14-month period. Bars show percentage of 
individual plants in fruit for every month of the year.
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(ave-, murciélago-, o viento- dispersión) de cada planta. 
Aunque la mayoría de las especies de epífitas tuvieron 
flores y frutos durante todo el año, la mayoría mostró esta-
cionalidad significativa en los eventos fenológicos. Con 
base en estadísticas circulares, el tiempo de floración pro-
medio de las especies de epífitas es variado, sin embargo, 
el momento de la fructificación promedio para la mayoría 
de las especies tiende a ocurrir durante la estación húmeda. 
Especies de insectos y aves de polinización tenían pico de 
floración durante la estación seca y la estación lluviosa 
tarde, respectivamente. Frutas dispersadas por aves estaban 
presentes todos los meses del año con picos de febrero a 
octubre y de nuevo en diciembre. Frutas dispersadas por el 
viento se observaron ocho meses del año con un pico en la 
temporada de lluvias temprana. El momento de la floración 
de las epífitas coincidió con la floración de árboles de gran 
tamaño en la zona. La fructificación de las epífitas, sin 
embargo, fue diferente de la fructificación de los árboles 
de gran tamaño. Nuestros resultados ponen de manifiesto 
el carácter estacional de la floración y fructificación de 
las especies epífitas individuales, además de destacar el 
carácter asincrónico de los eventos fenológicos entre toda 
la comunidad de epífitas.

Palabras clave: plantas arbóreas, biodiversidad, Costa 
Rica, bosque nuboso, patrones fenológicos, biología repro-
ductiva, dosel tropical.
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