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a  b  s  t  r  a  c  t

Among  aroids  (Araceae  family)  with  bisexual  flowers,  the reproductive  biology  of  the  neotropical  genus
Monstera  (Subfamily  Monsteroideae)  is  misunderstood.  Nothing  is known  about  the  reproductive  phe-
nology  and  the  sparse  evidence  on  its pollination  system  is  equivocal,  suggesting  both  bees  and  beetles
as pollinators.  In  order  to elucidate  the  pollination  system  and  reproductive  behavior  of  Monstera,  we
documented  the  floral  cycle,  spathe  movement,  floral  visitors,  and  heat  production  of the  inflorescence,
and  the flowering  and  fruiting  phenology  of  M.  lentii  in  a montane  forest  in Costa  Rica.  We  found  that  M.
lentii  was  mainly  visited  and  likely pollinated  by  nitidulid  beetles  (Cychrocephalus  corvinus,  Nitidulidae)
from  the  Mystropini  tribe, which  were  mainly  known  as  palm  pollinators  so far.  In  this  mutualism,  the
beetles  use  the  floral  chamber  as  shelter,  mating  place,  and  probably  as brood  site.  Drosophilid  flies  also
visited  the  inflorescences  and  might  participate  in  a mixed-pollination  system,  while  stingless  bees  are
eetle pollination
tingless bees
hermogenesis

considered  as  pollen  robbers.  Flowering  and  fruiting  peaks  occurred  during  the  rainy  season.  Floral  devel-
opment  was  protogynous,  a mechanism  likely  to prevent  self-pollination.  We  concluded  that  pollination
in  M. lentii  represents  a highly  dependent  system  on biotic  pollinators  for successful  fruit  set  which  likely
contributes  to an  out-crossed  mating  system.  Our  findings  indicate  that  pollination  systems  of  bisexual
aroids  are  more  diverse  than  previously  suggested.

© 2017  Elsevier  GmbH.  All  rights  reserved.
. Introduction

The Araceae family (aroids) is among the most diverse flower-
ng plants in tropical and subtropical regions, with ca. 3750 species
istributed among 125 genera worldwide (Boyce and Croat, 2016).
roids are herbaceous monocotyledons characterized by display-

ng diverse growth habits; from mostly terrestrial to epiphytic
nd hemi-epiphytic (Bown, 2000). The characteristic reproductive
tructures of aroids have a common design composed of a leaf-
ike bract (spathe) that subtends and sometimes encloses the spike
spadix); a terminal fleshy axis that bears the small and highly

odified flowers (Grayum, 1990). Two groups within Araceae are
istinguished according to their sexual expression, one of them
onsists of bisexual basal groups (bearing hermaphroditic flow-
rs) from the Pothoideae and Monsteroideae subfamilies; and the

ther comprises monoecious species (bearing staminate and pis-
illate flowers arranged in separated sections of the spadix) mainly
rom the Aroideae subfamily (Cusimano et al., 2011; Grayum, 1990).

∗ Corresponding author.
E-mail address: alfredo.cascante@ucr.ac.cr (A. Cascante-Marín).

ttp://dx.doi.org/10.1016/j.flora.2017.04.010
367-2530/© 2017 Elsevier GmbH. All rights reserved.
Pollination mechanisms of aroids have been mostly docu-
mented in monoecious genera of the subfamily Aroideae from
the neotropics (Dieffenbachia,  Philodendron, and Xanthosoma) and
paleotropics (Amorphophallus, Arisaema, and Arum) (reviewed
in Gibernau, 2003, 2011). Pollination of aroids involves insects
(mainly beetles, flies, and bees), dichogamous (protogyny) floral
development, and short anthesis periods (1–2 d) in monoecious
species versus longer periods in bisexual species. Among monoe-
cious groups, the spathe frequently encloses the spadix, a floral
chamber develops and heat is produced by the spadix (Gibernau
and Barabé, 2000, 2002; Gibernau et al., 1999; Maia et al., 2010).
Heat production or thermogenesis has been associated to the emis-
sion of volatiles to attract pollinators (mainly beetles and flies)
during floral anthesis (Gibernau and Barabé, 2002; Gottsberger and
Amaral, 1984; Gottsberger et al., 2013; Seymour, 1999) and insect
thermic reward (Seymour et al., 2003). In some cases, insects are
attracted to the floral chamber by deceptive means, imprisoned
and later released through movement of the spathe in a mecha-

nism known as “trap-pollination” (Dafni, 1984). Pollination by trap
mechanisms have appeared at least ten times in the aroid family
and is present in 27 genera (Bröderbauer et al., 2012).

dx.doi.org/10.1016/j.flora.2017.04.010
http://www.sciencedirect.com/science/journal/03672530
http://www.elsevier.com/locate/flora
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flora.2017.04.010&domain=pdf
mailto:alfredo.cascante@ucr.ac.cr
dx.doi.org/10.1016/j.flora.2017.04.010
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The few pollination studies of bisexual aroids include species
rom the subfamilies Pothoideae (Anthurium) and Monsteroideae
Monstera and Spathiphyllum)  (Etl et al., 2017; reviewed in
ibernau, 2003, 2011, 2016). These groups apparently do not
evelop a floral chamber nor trap-pollination mechanisms
Bröderbauer et al., 2012). The pollination ecology of Monstera (60
pp.) has received little attention and the scanty evidence is con-
radictory (Gibernau et al., 2010). Monstera is exclusive to Tropical
merica and one major center of diversity locates in southern
esoamerica between Costa Rica and Panama (Grayum, 2003).

tingless bees have been reported as visitors to inflorescences when
he spathe is fully opened (Madison, 1977; Ramírez and Gómez,
978); while beetle pollination was suggested by Chouteau et al.
2007). Thus far, the latter work is the only detailed pollination
tudy available from a Monstera species. Chouteau et al. (2007)
escribed a pattern of spathe unfurling, formation of a floral cham-
er and heat production in M.  obliqua in French Guiana. Additional
ases of thermogenesis in the genus have been reported for M.
dansonii and M.  deliciosa from cultivated plants ex-situ (Chouteau
t al., 2009). At present, however, it is unclear the potential role of
he floral chamber and thermogenesis in the pollination system of
onstera.

Knowledge on pollination systems of bisexual aroids is nec-
ssary to understand the evolution of pollination mechanisms in
his diverse plant family (see Bröderbauer et al., 2012; Chartier
t al., 2014; Gibernau et al., 2010). Documenting the reproduc-
ive biology, phenology and pollinators of rare and geographically
estricted plant species provides key information for their conser-
ation. The aim of this study is to increase the knowledge on the
ollination systems of bisexual aroids by studying the pollination
cology and reproductive phenology of a Monstera species endemic
o humid and cloud montane forests from southern Mesoamerica.

e  tested for cantharophily in Monstera lentii as previously docu-
ented for M.  obliqua (Chouteau et al., 2007). We  specifically aimed

t describing (i) the floral cycle in relation to spathe movement and
oral visitors/pollinators, (ii) the pattern of thermogenesis, (iii) the
opulation flowering and fruiting phenology, and (iv) the female
eproductive success and spontaneous self-pollination.

. Materials and methods

.1. Study site and species

Field work was conducted in a montane cloud forest fragment
n the vicinity of the Central Valley of Costa Rica, Cartago province
9◦52′−9◦54 N, 83◦57′−84◦00′ W),  known as Cerros La Carpintera,
hich is on the northern limit of the Talamanca Mountain Range.

he mountainous terrain rises from 1500 to 1850 m asl, and the
orested area (ca. 840 ha) is a mixture of irregular primary forest
emnants intermixed with old growth secondary forest (+75 y old)
overing the ridge and upper slopes and surrounded by open pas-
ures and tree pastures. Oaks (Quercus spp.), fig-trees (Ficus spp.),
nd members of the avocado family (Lauraceae) are representative
orest canopy trees (Sánchez et al., 2008).

Climate is seasonal with a dry season (<100 mm per month)
rom December to April and the wettest period from October
o November. Mean annual precipitation is 1839 mm and mean
nnual temperature 16 ◦C. The forested area near the mountain
idge (above 1700 m)  is characterized by frequent cloudiness and
oggy conditions during the early morning. The site represents a
remontane Wet  Forest with a transition to Lower Montane Wet

orest on the upper sites according to the Holdridge’s Life Zones
ystem (Bolaños and Watson, 1993).

Monstera lentii Croat & Grayum is a geographically restricted
pecies from montane wet and cloud forests of the Talamanca
Fig 1. Plant habit of the hemi-epiphyte Monstera lentii (Araceae) in the understory
of  a montane forest, Costa Rica. Reproductive individual displaying an inflorescence
in male phase; note the white spathe fully opened and exposing the spadix.

Mountain Range in Costa Rica and Western Panama, from 1300 to
1700 m asl (Grayum, 2003). At the study site, M.  lentii grows sym-
patrically with the less abundant M. adansonii Schott, M.  oreophila
Madison, and M. punctulata (Schott) Schott ex Engl. (Sánchez et al.,
2008). M. lentii inhabits the forest understory as a secondary
hemi-epiphyte. After germinating in the ground the stems grow
horizontally until they reach a host-tree to climb by means of
adventitious roots up to a height of 3–5 m above the ground. Leaf
blades of M. lentii adults are often fenestrated, 28–60 × 18–41 cm
in size (Grayum 2003; Fig. 1). The small flowers lack a perianth and
are borne on a spadix 5–16 cm long, covered by a green spathe; the
protuberant conical or cylindrical style with a capitate stigma dis-
tinguishes M. lentii from related species (Grayum 2003). The ovary
is protected by a thick tissue formed by the stylar portion of the pis-
til (Madison, 1977); sterile flowers (mean = 66 ± 20 S.D., N = 18) are
borne at the spadix base in the studied species, which represents
in average 12% of all the flowers from an inflorescence. Voucher
specimens are deposited in the Herbarium USJ of the University of
Costa Rica.

2.2. Inflorescence development, anthesis, and floral visitors
In order to describe the floral cycle in relation to the spathe
movement and floral visitors, we followed the development of 12
inflorescences from 10 plants in field conditions. We  carried out
direct observations at 3-h intervals in September 2009 and July
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Fig. 2. Stages of inflorescence and flower development in the hemi-epiphyte Monstera lentii (Araceae): (A) spathe begins to unfurl at the start of stage II (the arrow and line
show  the extent of unfolding; note the longitudinal slit that allows the entry of insects); (B) swollen spathe forming a chamber at the end of stage II; (C) fully opened spathe
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uring stage III; (D) flowers in female phase on the lower section of the spadix in sta
n  stage III; note the dark-colored and non-receptive stigmas; the anthers protrud
fter  the protective stylar region sets apart. Scale bars = 10 mm.  Refer to Table 1 for 

010 and recorded: i) spathe behavior (closed, unfurling and fully
pen; Fig. 2A–C), ii) female anthesis by visual inspection of the
tigma’s appearance (receptive if light colored and with a transpar-
nt secretion or senescent if dry and dark-brown in color, indicating
he end of the receptive condition; Fig. 2D-E), iv) male anthesis
hen pollen was presented (anthers visible and exposing the pollen

rains; Fig. 2E), and v) scent emission by smelling the inflorescence.
Preliminary observations revealed that during the female phase

he spathe remained closed (i.e., enclosing the spadix), thus it was
ecessary to make a window in the spathe by cutting a 2 cm2 section
o facilitate visual inspection. This manipulation had no apparent
ffect in the inflorescence development. In the same inflorescences

sed to describe the flowering cycle, we also recorded the pres-
nce, behavior and relative abundance (visually estimated) of floral
isitors. Six additional inflorescences in female phase and prior to
pathe full opening were collected during the population flower-
note the conical styles; (E) flowers in male phase on the upper section of the spadix
m the sides of the stylar region; (F) ripened fruits ready for dispersal and exposed
descriptions.

ing peak to determine the absolute abundance and identity of floral
visitors in the floral chamber.

2.3. Heat production in the inflorescence

We measured in-situ thermogenesis in four inflorescences from
different plants in August 2015. We  used an Amprobe TMD-56 mul-
tilogging digital thermocouple thermometer (Amprobe Test Tools
Inc., WA,  USA) to automatically record the ambient temperature
and the temperature inside the floral chamber at 1-min reading
intervals during the female and male floral phase (4 d), which
spanned the period of spathe unfolding. One probe was  inserted in

the floral chamber through a small hole in the spathe and positioned
in the space between the spathe and the spadix; the additional
probe recorded air temperature 20–30 cm away from the inflores-
cence and protected from direct rainfall and sunlight.
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Fig. 3. Main floral visitors to inflorescences of Monstera lentii (Araceae): (A) Cychrocephalus corvinus (Nitidulidae), a sap-feeding beetle and the most frequent visitor (scale
bar  = 1 mm);  (B) sap-feeding beetles and a drosophilid fly (on the left side) on the lower section of the spadix (spathe partially removed) during female phase (scale
bar  = 10 mm); (C) stingless bees collecting pollen during male phase when the spathe has fully opened (scale bar = 10 mm).

Table 1
Stages of inflorescence development and associated floral visitors in the hemi-epiphyte Monstera lentii (Araceae) in a montane forest, Costa Rica. See results section for
complete descriptions.

Inflorescence stage

Characteristics Stage I Stage II Stage III

Sexual phase . female male
Spathe  behavior unfurling/swells slit opening/closing fully opening
Duration (days) 3–4 3 2
Insect  visitors:

Sap-feeding beetles – ++ ++
Flies  + ++ ++
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Stingless bees – 

elative abundance: (−)absent, (+) frequent, (++) abundant.

.4. Reproductive success and spontaneous self-pollination

Female reproductive success under natural pollination con-
itions was determined in a sample of 18 infructescenses from
ifferent plants collected 24–34 weeks after anthesis when fruits
ave ripened. Fruits were assigned to one of the following cate-
ories: i) developed (with seeds) and ii) aborted (seed stunted).
eproductive success was defined as the percentage of devel-
ped fruits relative to the number of flowers per inflorescences
excluding the basal sterile flowers). The number of seeds on
eveloped fruits was also recorded. The capacity for spontaneous
elf-pollination was evaluated by bagging 11 inflorescences with
ne mesh fabric bags (pore size <0.5 mm)  before spathe unfurling
o exclude floral visitors.

.5. Population reproductive phenology

We  monitored 70 adult plants of M.  lentii distributed over four
ites separated from 100 to 700 m apart. Plants per site varied

rom 13 to 23 and were identified with a numbered aluminum
late. To determine the flowering and fruiting phenology, we  con-
ucted weekly observations of the reproductive status of each plant
rom April 2009 to March 2010. At each census, we  recorded each
– ++

plant as: i) developing inflorescences (spathe closed), ii) flowering
(spathe unfurling or recently open), iii) fruit maturation (spathe
shriveling up or fallen and fruits swelling) and, iv) fruit disper-
sal (stylar portion of the pistil detaching and exposing the fruits;
Fig. 2F).

3. Results

3.1. Inflorescence development, anthesis, and floral visitors

Inflorescences emerged from the upper leaf axils and each plant
produced an average of 4.8 (±2.9 S.D.) inflorescences during the
study year. The spathe enclosing the spadix was  in vertical position
while the peduncle remained covered by the petiole sheath. The flo-
ral cycle at the inflorescence level initiated when the spathe started
to unfurl and terminated when it was fully opened, after 8–9 days.
During that period, we  identified three stages associated to changes
in spathe behavior, sexual expression, and floral visitors (Table 1).
Stage I began when the greenish spathe started to slowly unfurl for

3–4 days. The spathe’s outer margin left a lighter green area on the
inner fold that allowed recognition of this phase (Fig. 2A). By the end
of this stage, the inflorescence had swollen forming a floral chamber
between the spathe and the spadix (Fig. 2B). A slit (Fig. 2A) formed
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Fig. 4. Temperature values recorded in the floral chamber (dark line) and the surroundi
Monstera lentii (Araceae) in a montane forest, Costa Rica. Temperature recorded at 1-min
(stage  II) and male (stage III) phase. The dark area represents the temperature difference 

Fig. 5. Reproductive phenology of the hemi-epiphyte Monstera lentii (Araceae) in a
montane forest, Costa Rica. Data from April 2009 to March 2010 (N = 70 plants): inflo-
rescence development (continuous line), flowering (dashed line), and seed dispersal
(dotted line). Average monthly values of precipitation are also indicated (gray bars).
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3.3. Reproductive phenology
recipitation data from 2008 to 2010 recorded at the Iztarú Weather Station (No.
4181) located at the study site (Instituto Meteorológico Nacional, unpubl. data).

y the unfurling spathe was visible on the upper section of the inflo-
escence. We  observed drosophilid flies (Drosophilidae: Drosophila,
ubgenus Phloridosa)  entering the floral chamber through the slit at
he end of this stage. A slight bittersweet fragrance was perceptible.

Stage II lasted three days and encompassed the female phase.
he spathe continued unfurling but was still enclosing the spadix
Fig. 2B). We  observed small (ca. 5 mm)  nitidulid beetles (Cychro-
ephalus corvinus Reitter 1873, Nitidulidae; Fig. 3A) mainly arriving
he morning hours and entering the floral chamber through the slit
n the spathe. Each day during this stage, an increase in scent was
erceptible around noon (10:00–12:00 h) and has faded around
usk (18:00 h). The slit on the spathe closed during the second day
f this stage and prevented the insects from leaving the floral cham-
er; however, sometimes an opening remained near the spathe tip.
he beetles and flies were active at night and daytime, wandering

n the spadix and copulating (Fig. 3B). We  recorded an average
f 97 (±42 S.D.) beetles and 28 (±24 S.D.) flies per inflorescence
t this stage. By the third day of the beetles’ arrival, the stigmas
ng outer ambient (thin line) during part of the floral cycle of four inflorescence of
 intervals for four days in August 2015. The shaded gray areas indicate the female
between records from the floral chamber and the outer ambient.

had turned dark brown and appeared dry, indicating the end of the
female phase. There was  not apparent overlap between the female
and male anthesis.

On the first day of stage III, we  observed the anthers protruding
from between the tightly arranged flowers in the early morning.
Pollen presentation started when the spadix was  still enclosed by
the spathe. Later that day at around 20:00 h, the spadix was  covered
with sweet-smelling pollen. In the morning hours of the second
day of this stage, the spathe fully opened and exposed the spadix
(Fig. 2C). At that moment, the spathe turned whitish green out-
side and white in the inside. During the second day of stage III,
we observed that beetles and flies stayed at the spadix base where
fallen pollen grains accumulated and later departed with pollen on
their bodies. We  also observed some beetle larvae at the base of
the spadix. Sometime later, stingless bees (Partamona orizabaensis
(Strand 1919), Meliponini) arrived to actively collect pollen grains
(Fig. 3C). Following the completion of the male phase, the spathe
dried out and remained attached to the spadix for the next 3–4
weeks before abscission.

3.2. Floral thermogenesis

Heat production varied among inflorescences but the tempo-
ral patterns were similar (Fig. 4). Temperature recordings inside
the floral chamber were slightly higher than ambient temperature
during the 4-d monitoring period; the mean difference ranged from
0.77 to 1.22 ◦C (S.D. = 0.41–0.78). We  recorded recurrent periods of
steady increase in heat production in morning hours and around
noon (Fig. 4). The initial peaks of thermogenesis coincided with
the female phase (stage II), and the last period of temperature rise
coincided with the male phase (stage III). During the peak periods
of heat production, temperature inside the floral chamber reached
from 1.8 to 4.3 ◦C above ambient temperature (Fig. 4).
The population pattern of inflorescence development, anthesis,
and fruit dispersal showed well defined peaks (Fig. 5). Production of
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nflorescences and flowering concentrated during the wet  season,
hile seed dispersal occurred during the dry season but showed a
eak at the onset of the rainy season. We  observed occasional over-

ap between inflorescences in anthesis in the same individual. The
omplete reproductive cycle from development to seed dispersal
f an inflorescence spanned for nearly 36 weeks (∼9 months).

.4. Fruit and seed production

All non-manipulated inflorescences exposed to natural pollina-
ion conditions produced fruits and we did not observe abortion of
omplete inflorescences. In average, an inflorescence of M. lentii
eveloped 486.5 (±99.1 S.D.) fertile flowers, from which 61.4%
±16.7 S.D., range = 21–83%) turned into fruit under natural pol-
ination. A high percentage (88%) of those fruits contained one
pparently viable seed, and less commonly two (11.5%) or three
eeds (0.5%). Six out of the 11 bagged inflorescences developed
rom one up to 80 fruits, representing an average fruit set of
0% (range = 1–20%). Seeds formed by spontaneous self-pollination
ere similar in appearance to those sired under natural pollination.

. Discussion

This study is the second documenting Monstera pollination and
he first documenting the pollination ecology of Cychrocephalus
orvinus; a species from the Mystropini tribe also known as “sap
eetles” which have been documented to be mainly palm pollina-
ors (Kirejtshuk and Couturier, 2010).

.1. Flowering cycle, spathe behavior, and heat production

Our results confirm the occurrence of protogyny in Monstera
Chouteau et al., 2007; 2009); a common floral trait among aroids
Mayo et al., 1997). In general, dichogamy is a reproductive mech-
nism to prevent self-pollination while protogyny particularly
ncourages cross-pollination (Webb and Lloyd, 1986). The joint
eriod of stigma receptivity and pollen presentation (5 d) in M.

entii was similar to reports from the congeneric M.  adansonii, M.
eliciosa (Chouteau et al., 2009) and M.  obliqua (Chouteau et al.,
007). Among bisexual aroids Monstera seems to have a short (spe-
ialized?) anthesis when compared to 6–14 d in Spathiphyllum
Hentrich et al., 2010; Montalvo and Ackerman, 1986) or up-to a
ew weeks in some Anthurium species (Croat, 1980; Franz, 2007;
entrich et al., 2010).

The spathe movement in M.  lentii was coordinated with the flo-
al anthesis events. The slow unfurling during the early flowering
ycle allowed the formation of the floral chamber, which coincided
ith the stage of female receptivity; while full opening of the spathe

ccurred in the male phase. The formation of a floral chamber was
ot previously reported for the genus (Grayum, 1990; Madison,
977), but later noticed in M.  obliqua (Chouteau et al., 2007), M.
dansonii, and M.  deliciosa (Chouteau et al., 2009). Earlier, the spathe
f Monstera was described as broadly expanded or “boat shape”
t maturity and colored. In dried herbarium specimens the floral
hamber is not obvious, while in the forest understory it is likely
o be ignored because of its green color (Fig. 2B). Only when it is
ully expanded and shows the inner white color (Fig. 2C) the spathe
ecomes noticeable in the forest but, at that time, it advertises the
nd of the floral cycle.

Thermogenesis in M.  lentii showed a cyclic pattern. During the
nthesis period, a steady increase in temperature inside the floral

hamber occurred during each morning and was  highest around
oon, coinciding with an increase in ambient temperature. A similar
attern was described in M.  adansonii and M.  deliciosa (Chouteau
t al., 2007, 2009). Since the temperature values of the latter species
Flora 231 (2017) 57–64

were recorded from the spadix (vs. floral chamber in our study) the
absolute differences in heat production are not readily comparable.

Peaks of heat production in M. lentii were similar in magnitude
during both female and male phase, and there was not an evident
higher peak associated to pollen release as found in other Monstera
species (Chouteau et al., 2007, 2009). Variation in heat production
among inflorescences in M. lentii might be related to size differ-
ences as suggested by Chouteau et al. (2009). Thermogenesis is
frequently related to the emission of volatiles to attract pollinators
(Endress, 1994) thus, the pattern of longer heat production in M.
lentii might function to increase the time of insect attraction during
the female phase. Alternatively, prolonged thermogenesis during
the residence of the beetles in the floral chamber may  represent an
energy reward that would keep the insects more active (Seymour
et al., 2003), thus increasing the chances that pollen carried by the
insects to be deposited on the stigmas. Heat production and the
apparent stronger emission of volatiles during male anthesis do
not have a single explanation. Temperature may facilitate pollen
release from the anthers (Chouteau et al., 2009) or increase body
temperature of nitidulid beetles before flying away (Seymour et al.,
2003). In addition, stronger volatile scents may  function to repel
insects and encourage them to visit inflorescences in female phase
(Terry et al., 2007), but testing this hypothesis requires quantitative
measurement of floral scent chemistry.

4.2. Insect visitors and pollination

In our study, nitidulid beetles (Cychrocephalus corvinus) were
the most frequent and abundant insects inside inflorescences of M.
lentii. The beetles’ behavior of arriving at the inflorescence during
the female phase, being active and moving around on the spadix
and departing after the male phase with pollen on their bodies
makes them a suitable pollinator. The beetles’ small (ca. 5 mm)
and flattened body allow the insects to enter the floral chamber
which they use as a shelter and a place for aggregation and mating.
Pollen as food reward for the adult beetles could not be ascertained;
however, the mandibles of these beetles rather suggest a predatory
habit. We  could not investigate the use of M. lentii inflorescences
as brood site for beetles’ larvae. This is an uncommon and rarely
collected nitidulid species in Costa Rica, little or almost nothing is
known about its natural history (A. Cline, pers. com.).

Nitidulid beetles have been reported as floral visitors and/or
pollinators of several aroids, mainly in tropical Asia and Africa
(reviewed in Gibernau 2003). In the neotropics, nitidulid beetles
have been found in inflorescences of some monoecious aroids
mainly pollinated by scarab beetles (García-Robledo et al., 2004;
Valerio, 1984); however, they have not been considered as pol-
linators. Thus far, the work of Chouteau et al. (2007) is the only
previous report of nitidulids (Colopterus amputatus)  in Monstera.
We additionally recovered C. corvinus from the floral chambers of
M. adansonii and M. oreophila at the study site. The pollination sys-
tem of Monstera that emerges from the available data quite differs
from other bisexual groups which lack a floral chamber and heat
production, such as Anthurium (Franz, 2007; Hentrich et al., 2010;
Valerio-Gutiérrez and Villalobos-Solano, 1980) and Spathiphyllum
(Hentrich et al., 2010; Williams and Dressler, 1976). However, it
rather resembles the pollination mechanism of the monoecious
and neotropical Philodendron which is pollinated by scarab beetles
instead of nitidulids (Gibernau and Barabé, 2000, 2002; Gibernau
et al., 1999; Maia et al., 2010). Interestingly, the pollination sys-
tem of Monstera seems analogous to that present among several

neotropical palms which involves the formation of a floral cham-
ber, heat production and pollination by nitidulid beetles that breed
in the inflorescences (Henderson, 1986; Silberbauer-Gottsberger,
1990). Moreover, C. corvinus belongs to the Mystropini tribe (sap
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eetles, Nitidulidae) which have been documented to be mainly
alm pollinators (Kirejtshuk and Couturier, 2010).

This study also represents the first report of drosophilid flies
ssociated to inflorescences of Monstera species. In the studied M.
entii, the flies entered the floral chamber during the female phase
nd departed in male phase, which suggests a potential role as pol-
inators. The relationship between anthophilous flies of the family
rosophilidae with Araceae has been previously observed in sev-
ral genera; especially in Southeast Asia and Tropical America (see
ibernau 2003; Tsacas and Chassagnard 1992). Drosophilid flies
tilize the inflorescences of some aroids as oviposition sites (Valerio
984; Tsacas and Chassagnard 1992; Vilela 2001); a behavior we
ould not observe in M.  lentii.

Stingless bees were the only additional insect group visiting the
nflorescences of M.  lentii but they arrived to collect pollen when
he spathe was fully open during male anthesis. Thus, they would be

ore appropriately regarded as pollen robbers, not pollinators as
reviously suggested (Madison 1977; Ramírez and Gómez, 1978).

.3. Phenology and reproductive success

Madison (1977) affirmed that the reproductive phenology
ehavior of Monstera does not seem to show a pronounced season-
lity. However, we found that flowering and seed dispersal peaks
f M.  lentii concentrated during the rainy season. Data on flow-
ring phenology of neotropical aroids is meager but reports from
osta Rican populations also show an association with the wettest
eriod, such as in Xanthosoma wendlandii (Valerio 1988), Dieffen-
achia oerstedii (Valerio 1983), and D. longispatha (Young, 1986).
oth the flowering and seed dispersal peak in M. lentii occurred dur-

ng the time of highest moisture availability. Moisture is an abiotic
actor required for the development of reproductive structures and
nhances seed germination and early establishment (Rathcke and
acey, 1985). Whether reproduction of M.  lentii is also associated
o the phenology of the beetle pollinator is unknown. However, a
etailed analysis of the phenological behavior of the study species

s beyond the scope of this study.
Inflorescences in M.  lentii produced a relatively high mean fruit

et (61.4%) under natural pollination conditions, which contrasts
ith reports from M.  obliqua (Chouteau et al., 2007), in which
ost naturally-pollinated inflorescences (71%) aborted. The rea-

ons of this difference in fruit set are not clear, but are possibly
elated to pollinator density, availability of mates, and resource
imitation. In M.  lentii, protogyny may  be acting as a barrier to self-
ollination. Nonetheless, incomplete dichogamy and spontaneous
elfing seems plausible in some inflorescences as indicated by the
esults of the pollinator-exclusion experiment. Although we carried
ut periodic inspections of the bags to avoid the unwanted entry of
nsects, additional studies are needed to confirm the occurrence of
elf pollination in Monstera. Geitonogamous pollination in M.  lentii
s likely infrequent because of the low anthesis overlap among inflo-
escences in the same individual. Together, these results suggest a
ainly out-crossing mating system in M.  lentii.
In summary, the floral morphology, thermogenesis, and anthesis

ehavior of M.  lentii conforms to the pollination syndrome of can-
harophily (Faegri and van der Pijl 1979; Proctor et al., 1996), which
as confirmed by the presence and behavior of the nitidulid beetle

ychrocephalus corvinus (Nitidulidae). However, since drosophilid
ies may  also be important pollinators, M.  lentii is likely to exhibit

 mixed-pollination system. Further investigations may  evaluate
he relative efficiency of both pollinator types by performing exclu-

ion experiments and analyses of pollen loads from insects arriving
o inflorescences in female phase. In any cases, the reproductive
uccess of M.  lentii seems highly dependent on its pollinators. Fur-
her studies may  also inquire in the natural history of the nitidulid
Flora 231 (2017) 57–64 63

beetles and drosophilid flies to fully understand the nature of this
mutualism.
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