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AbstrAct

The authors report the measurement of temperature from the spadixes of two Monstera species: Monstera adansonii Schott and Monstera 
deliciosa Liebm. The temperature of the spadixes was recorded during the entire flowering cycle parallel to the description of the flowering 
biology (movement of the spathe, odour production, gum and pollen release) on plants growing in the greenhouses of the Montreal Botanical 
Garden. The flowering and thermogenesis cycles were a 96-h process spread out over five days and identical for both species. When the flower-
ing cycle begins (first day, female phase), the temperature of the spadix increases slightly to a few degrees above that of the ambient air and 
maintains this difference until the beginning of the male phase. In the early morning of the fifth day, as ambient temperature is at its lowest, 
the temperature of the spadix begins to rise and peaks in synchronization with pollen release. The type of flowering and thermogenetic patterns 
suggest that M. adansonii and M. deliciosa may be pollinated by insects (potentially beetles) arriving before the spathe unfolds and departing 
on the day of pollen release. However, field studies are needed to confirm this hypothesis.
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Floraison et cycles thermogénétiques chez deux espèces de Monstera [Araceae]

résumé

Les auteurs ont mesuré l’augmentation de température dans les spadices de deux espèces de Monstera : Monstera adansonii Schott et 
Monstera deliciosa Liebm. La température des spadices a été enregistrée parallèlement à la description du cycle floral (mouvement de la 
spathe, production d’odeur, libération de pollen et de résine) sur des plantes cultivées au Jardin botanique de Montréal. Les cycles floraux  et 
thermogénétiques, qui sont identiques pour les deux espèces, durent 96 heures et s’étendent sur près de cinq jours. Quand la floraison débute 
(premier jour, phase femelle), la température du spadice augmente légèrement au dessus de la température ambiante jusqu’au début de la phase 
mâle. Le matin du cinquième jour, quand la température ambiante est à son plus bas, la température du spadice commence à augmenter et atteint 
un maximum en même temps que le pollen est libéré. Le type de cycles floraux et thermogénétiques indique que M. adansonii et M. deliciosia 
pourraient être pollinisés par des insectes (probablement des coléoptères) arrivant avant que la spathe soit complètement déroulée et repartant 
au moment de la libération du pollen. 

Mots-clés : inflorescence, chaleur, température, fleur, pollinisation.

Introduction

Thermogenesis in reproductive organs is common in the 
Araceae family but also exists in several other plant families: 
Annonaceae, Arecaceae, Magnoliaceae, Nymphaeaceae and 
Zamiaceae (see review in : GibernAu et Al. 2005; roemer et 
Al. 2005; thien et Al. 2009). Heat production by floral struc-
tures is generally associated with the emission of fragrances, 
the arrival of pollinators and the liberation of pollen, and it 
has been well documented in the subfamily Aroideae (see 

review in : GibernAu et Al. 2005; ivAncic et Al. 2005; mAiA 
et schlindwein 2006; chouteAu et Al. 2007a; bArthlott 
et Al. 2008, seymour & GibernAu 2008). In this subfam-
ily (mAyo et Al. 1997), the spadix bears unisexual flowers 
arranged in sexual regions (female flowers in the lower zone, 
male flowers in the upper zone, and in some genus a sterile 
zone is present in the middle) and the heat is generally pro-
duced by either the fertile and sterile male flowers or by a 
specialized sterile zone, the appendix located above the male 
flowers (see review in GibernAu et Al. 2005).
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On the other hand, data on thermogenesis and pollination 
in the Araceae subfamilies bearing bisexual flower inflo-
rescences (i.e. Pothoideae, Monsteroideae, Lasioideae and 
Calloideae) are scarce. Pollination observations concern 
only a few genera (see review in : GibernAu 2003; boos 
1997; Zhu & croAt 2004; GonçAlves 2005; chouteAu et 
Al. 2007b; FrAnZ 2007). Data on thermogenesis are still rarer 
and pertain to only two genera, Symplocarpus and Monstera 
(leick 1915; uemerA et Al. 1993; seymour 2004; chouteAu 
et Al. 2007b). Until now, the thermogenesis and flowering 
cycle in the genus Monstera, which comprises over 40 spe-
cies (mAyo et Al. 1997), had only been studied in Monstera 
deliciosa (leick 1915, skubAtZ et Al. 1990) and Monstera 
obliqua (chouteAu et Al. 2007b). leick (1915) reported 
the presence of a thermogenetic cycle of three days in M. 
deliciosa, and skubAtZ et Al. (1990) a cycle of two days. 
However, in Monstera obliqua, chouteAu et Al. (2007b) 
reported that the flowering and thermogenetic cycle was a 
48-h process spread out over three days.

The inflorescences of the genus Monstera bear small bisex-
ual flowers consisting of a whorl of stamens surrounding a 
pistil without a perianth (mAyo et Al. 1997) enclosed within 
the spathe. Two distinct zones are present in the spadix of 
Monstera; most of the spadix consists of fertile flowers while 
in a small zone at its base some sterile flowers are present 
(rAmireZ & GomeZ 1978; mAyo et Al. 1997). In Monstera 
deliciosa, the sterile flowers produce gums believed to attract 
pollinators (Trigona bees), who collect it for the construc-
tion of their nest and also inadvertently collect pollen onto 
their bodies (rAmireZ & GomeZ 1978). However, one study 
of the pollination ecology of Monstera obliqua has shown 
that these characteristics are not present in all Monstera 
species. M. obliqua has been observed to be pollinated by 
small beetles (Colopterus amputatus) in the absence of 
gum production (chouteAu et Al. 2007b). The pollination 
mechanisms for this species are surprisingly complex com-
pared to other studied Neotropical genera bearing unisexual 
flowers (rAmireZ & GomeZ 1978; croAt 1980; montAlvo & 
AckermAn 1986; beAth 1998; schwerdtFeGer et Al. 2002; 
FrAnZ 2007). Nevertheless, the pollination mechanisms in 
the genus Monstera have been studied insufficiently. 

Therefore, analysis of the thermogenic and flowering cycle 
of additional species will enable us to formulate a hypothesis 
regarding the pollination mechanisms in this genus. This 
study will also contribute to a better understanding of the 
thermogenetic patterns in the subfamily Monsteroideae. 
We report here on the measurement of temperatures from 
the spadices of two Monstera species: Monstera adansonii 
Schott and Monstera deliciosa Liebm. The temperature of 
the spadices was recorded during the entire flowering cycle 
parallel to the description of the flowering behavior (move-
ment of the spathe, odour production and gum and pollen 
release) on plants growing in the greenhouses of the Montreal 
Botanical Garden. 

The specific goals of this study are: 1) to determine the 
relationships between the flowering cycle and the thermoge-
netic pattern in two species of Monstera (M. adansonii and 
M. deliciosa); 2) to compare their thermogenetic patterns 
and that of M. obliqua; and 3) to integrate the thermogenetic 
pattern of Monstera into the general framework of thermo-
genesis in Araceae.

Material and methods

This study was conducted during the summer of 2004 at the 
Montreal Botanical Garden. For both species of Monstera, 
twelve inflorescences belonging to three different individual 
plants were monitored regularly during the entire flowering 
cycle. The receptivity of the stigmas, the movement of the 
spathe, and the resin and pollen release were monitored by 
removing a 3 x 3 cm square from the spathe before the ini-
tialization of the flowering cycle. Odour production was also 
recorded by one of the authors (M. Chouteau) “smelling” the 
inflorescences.

The temperature of four inflorescences, chosen on three 
different plants, was measured for both M. adansonii and M. 
deliciosa. Temperatures of the spadix and ambient air were 
recorded every 20 minutes using two Digi-Sense® DualLogR® 
thermocouple thermometers. One of the thermometer’s 
probes was inserted approximately 5 mm into the middle of 
the spadix and the second probe was used to record the ambi-
ent air temperature. Thermometers were inserted into the 
spadix until five days before the expected beginning of the 
flowering cycle. Voucher specimens were deposited at the 
Marie-Victorin Herbarium (MT): M. adansonii (Chouteau & 
Lavallée 5), M. deliciosa (Barabé 249).

Results

In both species of Monstera analyzed, flowering appears 
to be asynchronous with inflorescences opening successively 
on the same individual. Both the flowering and thermogen-
esis cycles were a 96-h process spread out over five days and 
identical for both species.

Before flowering begins, the spathe is tightly folded 
around the spadix, preventing access to the flowers (Fig. 
1A). The first day, the flowering cycle begins in early morn-
ing around 6h00 (female phase, Fig. 3). At this time, stigmas 
are already receptive, a fragrance is produced and the spathe 
unfolds slightly (Fig. 1B). The spathe unfolds in such a way 
that direct access to the flowers is not possible and a floral 
chamber is created between the spadix and the spathe, which 
are now separated by a 4 mm gap for M. adansonii and a 
2 mm gap for M. deliciosa (Fig. 1B). The inflorescences 
remain in this position until the morning of the fourth day. 
At the start of the photoperiod of the fourth day (6h00), the 
swollen spathe (Fig. 1B) unfolds slowly until its complete 
opening. During the unfolding of the spathe, first access to 
the flowers occurs around 12h00 and at approximately the 
same time, small amounts of pollen are released by the flow-
ers of the lower zone (Figs. 2A, 2B). Also at around noon, 
the stigmas quickly dry and become unreceptive. At night 
(19h00), the basal zone flowers release a sticky resin that 
remains on the stigmas (Fig. 2B). During the morning (6h00 
to 8h00) of the fifth day, the flowers of the inflorescences’ 
upper zone release a large quantity of pollen (Figs 2C, 2D) 
which accumulates in the bowl formed by the base of the 
spathe and a strong, sweet fragrance is produced.

Before the initiation of the flowering cycle, the tempera-
ture of the spadix closely follows that of the ambient air 
(data not shown) for both species. When the flowering cycle 
begins (first day, female phase), the temperature of the spadix 
increases slightly to a few degrees above that of the ambi-
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ent air and maintains this difference until the beginning of 
the male phase (Fig. 3). The difference between spadix and 
ambient air temperature is cyclic during the female phase 
and varies with changes in ambient air temperature (Fig. 3). 
As a general rule, the difference is at its minimum during 
the morning hours (around 0°C) when ambient air tempera-
tures increase quickly and reaches its maximum at mid-day. 
In the afternoon, when the ambient temperature stabilizes 
at its maximum, the temperature of the spadix continues to 
increase until it reaches 1.6°C ± 0.4°C (spadix temperature 
26.1°C ± 1.5°C) for M. adansonii and 2.1°C ± 0.8°C (spadix 
temperature 27.4°C ± 1.3°C) for M. deliciosa above ambient 
air temperatures. In the evening, as ambient temperatures 
decrease, the spadix maintains its temperature a few degrees 
above that of ambient temperatures until sunrise. At this 
time, the spadix temperature of M. adansonii is 23.5°C ± 
0.9°C (2.3°C ± 0.4°C above air temperature) and for M. deli-
ciosa 23.5°C ± 1.0°C (2.1°C ± 0.6°C above air temperature). 
In the early morning of the fifth day (male phase: Fig. 3), 
as ambient temperature is at its lowest, the temperature of 
the spadix begins to rise and peaks in synchronization with 
pollen release.

In M. adansonii (Fig. 3A), the increase in temperature 
begins at 03h24 ± 00h13 and peaks at 06h59 ± 00h52. When 
peaking, the difference between ambient air temperature 
(20.6°C ± 2.0°C) and the temperature of the spadix (25.6°C 
± 2.7°C) is 5.0°C ± 0.8°C. At 11h46 ± 00h29, the flowering 
cycle is completed and the temperature of the spadix closely 
follows that of the ambient air temperature.

For M. deliciosa (Fig. 3B), the spadix temperature begins 
to rise at 01h38 ± 01h42 and peaks at 06h11 ± 00h04. At its 
peak, the temperature of the spadix is 26.6°C ± 1.3°C, 5.5°C 
± 1.3°C above that of the ambient air (21.2°C ± 1.7°C). At 
10h57 ± 00h13, the temperature of the spadix drops and 
thereafter closely follows that of the ambient air.

Discussion

The documented flowering cycle of M. deliciosa is sli-
ghtly longer (96-h) than that reported by leick (1915) and 
skubAtZ et Al. (1990) for the same species (72-h and 48-h). 
This difference remains difficult to explain. However, in M. 
adansonii and M. deliciosa the thermogenetic and flowering 
cycles are longer than those observed in Monstera obliqua 
(chouteAu et Al. 2007b). The 96-h flowering cycle of both 
species is twice as long as that of the 48-h flowering cycle 
of M. obliqua. In terms of volume (cm3), the spadix of M. 
obliqua is approximately seven times smaller than that of 
M. adansonii and M. deliciosa. Given that the pattern of 
the flowering cycle is very similar in these three species, 
one may hypothesize that this difference may be related to 
the size of the spadix. However, the flowering cycle of the 
last two species is much shorter than that of other taxa with 
bisexual flowers, such as Anaphyllopsis (chouteAu & Al. 
2006) and Anthurium (croAt 1980; montAlvo & AckermAn 
1986; schwerdtFeGer et Al. 2002; FrAnZ 2007).

In M. adansonii and M. deliciosa, heating occurs mainly at 
the time of pollen release (i. e. male phase) as in M. obliqua 

Fig. 1 : Inflorescence of Monstera deliciosa. 
A) before flowering (note at the bottom right the lack of a floral chamber) and B) during the female phase (note at the bottom right the presence of a floral 

chamber). Bar = 4 cm.
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(chouteAu et Al. 2007b) and in many genera with unisexual 
flowers such as Philodendron (e.g. bArAbé et Al. 2002; 
GibernAu & bArAbé 2002), Caladium (mAiA & schlindwein 
2006), Xanthosoma (GArciA-robledo et Al. 2004), 
Dieffenbachia (younG 1986), Montrichardia (GibernAu et 
Al. 2003) and Syngonium (chouteAu et Al. 2007a). In M. 
obliqua and the genera enumerated previously, the increase 
in temperature is believed to aid in releasing pollen from 

the stamens. In P. solimoesense, it also helps to increase the 
body temperature of dynastid beetles prior to flight activity 
(seymour et Al. 2003). 

Interestingly, although the flowering cycle is longer in M. 
adansonii and M. deliciosa, the spathe unfolds in a man-
ner similar to that observed in M. obliqua. This suggests 
that these three species may be characterized by similar 
pollination mechanisms. In M. obliqua, the beetle pollina-

Fig. 2 : Monstera deliciosa. 
A-B. The inflorescence at the end of the female phase displaying A) the unfolding of the spathe and B) the secretion of gums and the release of pollen by the 

basal flowers. 
C-D. The inflorescence during the male phase displaying C) the spathe completely unfolded and D) the release of pollen by the spadix. Note the dry and unre-

ceptive stigma. Bar = 1 cm.

M. Chouteau, D. BaraBé & M. GiBernau
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Fig. 3 : The temperature curves (°C) of the spadix, the ambient air and the difference between the spadix and the ambient air during five successive days of 
flowering for A) M. adansonii and B) M. deliciosa. a) The start of stigma receptivity, the spathe unfolds (floral chamber) and odour is produced. b) The spathe 
opens, enabling for direct access to the flowers, the stigma are unreceptive and the basal flowers produce gums and release pollen. c) The spathe is completely 
open and the spadix releases large amounts of pollen. 
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tors arrive before the spathe is completely open and use 
the floral chamber as a mating site and shelter. Pollinators 
appear to be attracted to the sweet scent produced during 
the 48 h of the flowering cycle, although a small increase in 
the spadix temperature is recorded during the female phase 
(chouteAu et Al. 2007b). In the same way, thermogenesis 
in M. adansonii and M. deliciosa begins when the spathe 
appears swollen prior to opening, thus creating a small floral 
chamber. Also, despite a weak increase in the spadix tem-
perature, spadices from both species emit a strong fragrance. 
All these correlated traits suggest that M. adansonii and M. 
deliciosa may be pollinated by insects (potentially beetles) 
arriving before the spathe unfolds and departing on the day 
of pollen release, contrary to bee observations (rAmireZ & 
GomeZ 1978). However, field studies are needed to confirm 
this hypothesis.

The presence of a thermogenetic cycle in genera with 
bisexual flowers has been reported also for Symplocarpus 
(see seymour 2004 for a review). In this genus, the tempera-
ture may increase 35°C above the ambient air temperature. 
In comparison, the difference between air and spadix tem-
perature in Monstera remains very low, no more than 6°C. 
This difference between Monstera and Symplocarpus may 
be due to the habitat in which the plants grow. Symplocarpus 
blooms in April-May in cold regions, where the temperature 
may drop to –15°C during this period. Therefore, the produc-
tion of heat by the spadix would be necessary to maintain 
the physiological processes linked with flowering, in par-
ticular the release of pollen. On the contrary, in the case of 
Monstera, such an increase in the spadix temperature is not 
necessary because the plants grow in a warm, tropical envi-
ronment, where the ambient temperature does not slow down 
physiological activities. However, validating this interpreta-
tion will require analysis of the thermogenetic cycle of other 
tropical genera with bisexual flowers. 

AcknowledGements

This paper was written in great part during a visit by D.B. to the Laboratoire 
Évolution et Diversité Biologique (Université Paul Sabatier, Toulouse) in 
2009. The second author would like to thank Professor Brigitte Crouau-Roy 
for her welcome and support. This research was supported in part by an indi-
vidual operating grant from the Natural Sciences and Engineering Research 
Council of Canada to D.B. The authors thank Simon Mayo (Royal Botanic 
Gardens, Kew, U.K.) for reviewing and improving the manuscript.

reFerences

bArAbé (d.), GibernAu (m.) & Forest (F.). 2002. - Zonal thermogenetic 
dynamics of two species of Philodendron from two different subgenera 
(Araceae). Botanical Journal of the Linnean Society, 139: 79-86.

bArthlott (w.), sZArZynski (J.), vlek (P.), lobin (w.) & korotkovA 
(n.). 2008. - A torch in the rain forest: thermogenesis of the Titan 
arum (Amorphophallus titanum). Plant Biology, doi:10.1111/j.1438-
8677.2008.00147.x

beAth (d.n.). 1998. - Pollination ecology of the Araceae. Web site www.
aroid.org/pollination/beath/index.html

boos (J.o.). 1997. - Observations on New World Araceae – Lasieae. 
Aroideana, 20: 13-26.

chouteAu (m.), bArAbé (d.) & GibernAu (m.). 2006. - Floral biology and 
pollen-ovule ratios in some Neotropical Araceae, and their putative sig-
nificance. Plant Systematic and Evolution, 257: 147-157.   

chouteAu (m.), bArAbé (d.) & GibernAu  (m.). 2007a. - Thermogenesis in 
Syngonium (Araceae). Canadian Journal of Botany, 85: 184-190.

chouteAu (m.), mcclure (m.) & GibernAu (m.). 2007b. - Pollination 
ecology of Monstera obliqua (Araceae) in French Guiana. Journal of 
Tropical Ecology, 23: 607-610.

croAt (t.b.). 1980. - Flowering behavior of the neotropical genus Anthurium 
(Araceae). American Journal of Botany, 67: 888-904. 

FrAnZ (n.m.). 2007. - Pollination of Anthurium by derelomine flower 
weevils (Coleoptera: Curculionidae). International Journal of Tropical 
Biology, 55: 269-277.

GArciA-robledo (c.), kAttAn (G.), murciA (c.) & Quintero-mArin (P.). 
2004. - Beetle pollination and fruit predation of Xanthosoma daguense 
(Araceae) in an Andean cloud forest in Colombia. Journal of Tropical 
Ecology, 20: 459-469. 

GibernAu (m.). 2003. - Pollinators and visitors of Aroid inflorescences. 
Aroideana, 26: 66-83.

GibernAu (m.) & bArAbé (d.). 2002. - Flowering and pollination of 
Philodendron squamiferum (Araceae). Canadian Journal of Botany, 80: 
316-320. 

GibernAu (m.), bArAbé (d.), lAbAt (d.), cerdAn (P.) & deJeAn (A.). 2003. 
- Beetle pollination of Monrichardia arborescens. Journal of Tropical 
ecology, 19: 103-107.  

GibernAu (m.), bArAbé (d.), moisson (m.) & trombe (A.). 2005. - Physical 
constraints on temperature difference in some thermogenic aroid inflo-
rescences. Annals of Botany, 96: 117-125.

GonçAlves (e.G.). 2005. - A revision of the genus Dracontioides Engl. 
(Araceae), including a new species from Bahia, Brazil. Aroideana, 28: 
21-31.

ivAncic (A.), rouPsArd (o.), Quero GArciA (J.), lebot (v.), PochylA (v.) 
& okPul (t.). 2005. - Thermogenic flowering of the giant taro (Alocasia 
macrorrhizos, Araceae). Canadian Journal of Botany, 83: 647-655.

leick (e.). 1915. - Die Erwärmungstypen der Araceen und ihre blütenbio-
logische Deutung. Berichte Deutschen Botanischen Gesellschaft, 33: 
518-535.

Maίa (a.C.D.) & SChlinDwein (C.). 2006. - Caladium bicolour (Araceae) 
and Cyclocephala celata (Coleoptera, Dynastinae): A well-established 
pollination system in the northern atlantic rainforest of Pernambuco, 
Brazil. Plant Biology, 8: 1-6.

mAyo (s.J.), boGner (J.) & boyce (P.c.). 1997. - The genera of Araceae. 
Royal Botanic Gardens, Kew. 

montAlvo (A.m.) & AckermAn (J.d.). 1986. - Relative pollinator effec-
tiveness and evolution of floral traits in Spathiphyllum friedrichsthalii 
(Araceae). American Journal of Botany, 73: 1665-1676.

rAmireZ (w.b.) & GomeZ (l.P.d.). 1978. - Production of nectar and gums 
by flowers of Monstera deliciosa (Araceae) and of some species of 
Clusia (Guttiferae) collected by New World Trigona bees. Brenesia, 14-
15: 407-412.

roemer (r.), terry (i.), chockley (c.) & JAcobsen (J.). 2005. - Experimental 
evaluation and thermo-physical analysis of thermogenesis in male and 
female cycad cones. Oecologia, 144: 88-97.

schwerdtFeGer (m.), GerlAch (G.) & kAiser (r.). 2002. - Anthecology 
in the Neotropical genus Anthurium (Araceae): a preliminary report. 
Selbyana, 23: 258-267.

seymour (r.s.). 2004. - Dynamics and precision of thermoregulatory 
responses of eastern skunk cabbage Symplocarpus foetidus. Plant, Cell 
and Environment, 27: 1014-1022.

seymour (r.s.) & GibernAu (m.). 2008. Respiration of thermogenic 
inflorescences of Philodendron melinonii: natural pattern and responses 
to experimental temperatures. Journal of Experimental Botany, 59: 
1353-1362.

seymour (r.s.), white (c.r.) & GibernAu (m.). 2003. - Heat reward forin-
sect pollinators. Nature, 426: 243-244. 

skubAtZ (h.), nelson (t.A.), donG (A.m.), meeuse (b.J.d.) & bendich 
(A.J.). 1990. - Infrared thermography of Arum lily inflorescences. Planta, 
182: 432-436.

thien (l.b.), bernhArdt (P.), devAll (m.s.), chen (Z-d.), luo (y-b.), 
FAn (J-h.), yuAn (l-c.) & williAms (J. h.). 2009. - Pollination biology 
of basal angiosperms (ANITA grade). American Journal of Botany, 96: 
166-182.

uemerA (s.), ohkAwArA (k.), kudo (G.), wAdA (n.) & hiGAshi (s.). 1993. 
- Heat-production and cross-pollination of the Asian skunk cabbage 
Symplocarpus renifolius (Araceae). American Journal of Botany, 80: 
635-640.

younG (h.J.). 1986. - Beetle pollination of Dieffenbachia longispatha 
(Araceae). American Journal of Botany, 73: 931-944.

Zhu (G.) & croAt (t.b.). 2004. - Revision of Dracontium (Araceae). Annals 
of the Missouri Botanical Garden, 91: 593-667.

M. Chouteau, D. BaraBé & M. GiBernau


