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972 species. In addition, he commissioned the preparation of more
than 3000 illustrations of aroids which rank among the finest botanical
illustrations known. They are housed in the Museum of Natural History
in Vienna and many serve to typify the Schott species.

Schott (1830) revived the name Monstera Adans., though the concept
delimited by Schott was quite different from that of Adanson, which was
essentially identical to Linnaeus’ Dracontium. The only Dracontium
included was D. pertusum L. and the other ten Monstera species were
transferred from Pothos L. They represent plants now considered to belong
to Rhaphidophora, Epipremnum, and Scindapsus (all Asian) as well as
two species of Philodendron. The generic description mentioned a per-
sistent spathe, a two-locular ovary with two basal ovules per loculus, and
the operculate fruit characteristic of the group. Since the new combina-
tion Monstera pertusa (Roxb.) Schott was made based on Pothos pertusus
Roxb., Dracontium pertusum L. was given the new name Monstera
adansonii Schott,

Two years later, Schott (1832) subdivided Monstera, separating the
Asian species as the genus Scindapsus, with the technical distinction of
a unilocular ovary in Scindapsus and a bilocular ovary in Monstera. The
description of the spathe in both genera was changed from persistens to
decidua. This left only three species in Monstera: M. adansonii Schott,
M. lingulata (L.) Schott, and M. cannaefolia (Rudg.) Schott, the latter
two being philodendrons.

By 1840, Monstera had been in the European literature for 150 years,
and its known range extended from the West Indies to Brazil, but only
the one species, M. adansonii, was recognized. (The juvenile of Monstera
dubia was in cultivation as Marcgravia dubia but had not yet been
identified as an aroid.) In the 1840’s M. deliciosa was discovered inde-
pendently by Liebmann in Mexico and Warszewicz in Guatemala, who
brought live material to Copenhagen and Berlin respectively. The intro-
duction of this species was a horticultural triumph, and its cultivation
quickly spread throughout Europe. It remains today one of the most
extensively cultivated plants in both tropical and temperate countries.

Following the introduction of Monstera deliciosa into Europe, there
was a rush to discover and describe other new species, and by 1860,
when Schott produced the first monograph of Monstera, he included 35
species. Six of these were placed in a separate genus, Tornelia, on the
basis of their having pinnatisect leaves.

Schott’s concept of species was a narrow one. Faced with an influx of
new collections, he attempted to record the diversity he encountered by
giving each variant specific status. Thus many of his species are distin-
guished by slight differences in leaf shape and texture and later authors
have placed the names in synonymy. Nonetheless, Schott’s monograph
serves as an important record of the early collections of Monstera, and the
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yellow-brown in color; with a twisting of the stem it is shed in large
flakes.

Roots. In many climbing plants the functions of anchorage, and water
absorption and conduction have been divided between different kinds of
roots. This root dimorphism has been observed in many lianescent species
of dicots, monocots, and ferns (Went, 1895; Schenk, 1892; Lieurau, 1888).
Its occurrence in Monstera has been discussed by Van Tieghem (1866),
Lieurau (1888), and Engler and Krause (1908).

In Monstera the radicle elongates to a length of several centimeters
at germination, but forms only a limited root system which is apparently
short-lived. Most of the plant’s root system is adventitious. The terrestrial
seedling stages produce roots only at the nodes of the stem; these early
roots are usually about 1 mm. thick and rarely exceed 20 cm. in length.
The dimorphism of adventitious roots appears only after the plant has
begun to climb, and usually when it is more than 1 m. above the ground
and the stem is 7-10 mm. thick.

Went (1895) refers to the two kinds of adventitious roots as feeder
roots and anchor roots (“Nihrwurzeln” and “Haftwurzeln”). The feeder
roots arise only at the nodes, generally one per node and more or less
opposite the center of insertion of the leaf. These roots are positively
geotropic and may either hang in the air or grow attached to the sub-
strate. They are generally unbranched until they reach the ground, which
may be a distance of 20-30 meters. But once they penetrate the soil, they
branch profusely. Engler and Krause (1908) hypothesized that these
roots are the major water-conducting organ of the plant rather than the
stem. This seems likely because in older plants the stem may lose all
connection with the ground through decay or mechanical injury without
the plant wilting or showing other signs of water stress.

The anchor roots which serve to attach the plant to its substrate are
produced along the internodes, though they may arise at the nodes as
well. They are not positively geotropic, but grow in any direction over
the substrate, often following the course of a fissure or irregularity in the
surface. Where I have seen Monstera growing on a very smooth trunk or
sheer rock, the anchor roots grew perpendicular to the stem. They may
be 2-50 cm. long, but are usually 10-20 cm. long. The anchor roots adhere
to the substrate by means of root hairs which terminate in a sort of
suctorial disc (Went, 1895).

The anchor roots seem to require substrate contact for their continued
growth after they have been initiated. When a climbing stem loses
contact with its substrate, for instance by reaching the top of a stump,
the production of roots in the subsequent internodes is decreased in
number, and those that are elaborated become hard and cease growing
when only about 1 cm. in length. Hanging stolons as well as pendent .
fertile shoots of those species which normally hang lack feeder roots
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altogether and bear only a small tuft of aborted anchor roots at each node.

Leaf. The leaves of monocotyledons are normally described as consist-
ing of a sheath, petiole, and lamina, but in the Araceae a different ter-
minology is used (Schott, 1860; Engler & Krause, 1908 and others). The
sheath and petiole together are called the petiole, which is described
as being vaginate, winged, or canaliculate, or having a sheathing base
or portion. For the sake of consistency this terminology is used in the
present treatment, and the term petiole thus encompasses all of the leaf
from its articulation at the stem to the lamina base.

The nature of the sheathing portion of the petiole, which protects the
next developing leaf and terminal bud, is taxonomically useful in
Monstera. The sheath may be restricted to the lower part of the petiole,
or it may extend to the lamina base. At its upper end it terminates bluntly
or is widely auriculate or is extended into a ligule. In M. tuberculata the
ligule is about equal in length to the petiole. After the next leaf has
expanded, the sheath may remain green and persist, or it may be marce-
scent or deciduous. The petioles of Monstera leaves have a swollen portion
or pulvinus at each end; the upper one, located at the base of the
lamina, is called the geniculum and is often conspicuously curved.

Although Monstera leaves arise distichously, their insertion is often
not readily apparent because they may move to a different position sub-
sequent to unfolding. The result of this movement is that the leaves are
fanned out rather than placed one above the other, which is perhaps an
adaptation to avoid the shading of the lower leaves by the upper ones.
Observation of a large M. deliciosa growing in cultivation supports the
assumption that this arrangement is a response to variation of light inci-
dence. The plant, which was receiving approximately unilateral light
from a window, was rotated 180°. There followed an extensive rearrange-
ment of the leaves, occurring over a period of about two weeks and
apparently resulting in less shading than immediately after rotation of
the pot. This rearrangement was accompanied by a considerable flexion
in the region of the pulvini, even in leaves more than two years old.

The leaf laminae of many species of Monstera exhibit perforations,
one of the most characteristic features of the genus. Naturally fenestrate
leaves also occur in Epipremnum, Amydrium, and Rhaphidophora in the
Monstereae; Cyrtosperma, Dracontium, and Rhektophyllum in the sub-
family Lasioideae (Araceae); and in Aponogeton fenestralis (Apono-
getonaceae) and Pentagonia (Rubiaceae). This phenomenon early at-
tracted the attention of various botanists. A. P. DeCandolle (1827)
considered the holes to represent a failure of development and signify a
weakness of the plant. August de St. Hilaire (1840), on the other hand,
took them as an expression of “une plus grande energie vitale.”

The ontogeny of the perforations was first elucidated by Trecul (1854).
He observed that early in the development of the lamina, small patches
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Fics. 2-23. Adult leaves of Monstera species (to the same scale): 2. M. tuberculata; 3. M.
pittieri; 4. M. obliqua; 5. M. xanthospatha; 6. M. gracilis; 7. M. epipremnoides; 8. M. oreophila;
9. M. siltepecana; 10. M. adansonii var. laniata; 11. M. adansonii var. adansonii; 12. M. adansonii
var. klotzschiana; 13. M. membranaceae; 14. M. subpinnata; 15. M. lechleriana; 16. M. acacoya-
guensis; 17. M. acuminata; 18. M. spruceana; 19. M. dilacerata; 20. M. deliciosa; 21. M. punctulata;
22, M. dubia; 23, M. tenuis.
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of cells became discolored and died, and the part of the lamina that they
would have developed into failed to develop. The death of these cells
began in the mesophyll, and if it started very late in development, an
area of mesophyll might be destroyed, but not the epidermis. This situa-
tion would result in windows in the leaf, similar to those found in species
of Zantedischia, with the upper and lower epidermis covering an empty
space.

The ontogeny of the fenestrations in Monstera leaves was subsequently
studied by Schwartz (1878) and Melville and Wrigley (1969), and in
Epipremnum by Webber (1960), but these authors did not add any
substantial observations beyond those of Trecul. Melville and Wrigley
(1969) proposed an interpretation of the formation of the holes in
terms of Turing’s diffusion reaction theory of morphogenesis, but this is
so abstract as to be unverifiable.

The significance of the holes is obscure. King (1892) suggested that
they allow water to drip through to the roots; otherwise the leaves would
act like umbrellas and the roots would be left dry. This is a fanciful inter-
pretation with no basis in reality. It seems possible that the holes may act
to break up a still air layer adjacent to the leaf and thereby increase
convection and prevent the leaf from overheating when exposed to
heavy insolation. Lacerated leaves of Musa were shown to have con-
sistently lower temperatures in full sun than equivalent entire leaves
(Taylor & Sexton, 1972), and the holes in Monstera leaves might well
function in the same way as the tears in Musa leaves.

If the holes begin to form early enough in development, they may
extend to the margin, resulting in a pinnatifid leaf. Subsequent initiation
of a second series of holes may lead to a leaf which is both perforate and
pinnatifid. Variations in the shape of adult Monstera leaves resulting
from these phenomena are illustrated in Figure 2-23.

Reproductive structures. There does not seem to be a pronounced
seasonality in the reproductive behavior of Monstera. In all species for
which more than a few collections are known from a region, flowering
individuals may be found in any month of the year. When plants do
flower, several inflorescences are usually produced sequentially, each
shoot of the sympodium bearing two cataphylls and the inflorescence.
The usual number is two to four spadices in a cluster, though six to eight
is normal in M. obliqua while the inflorescences are usually solitary in
M. lechleriana.

The spadices of Monstera are borne on erect peduncles except in M.
tuberculata where the peduncle and spadix are pendent. The peduncle is
terete or flattened, 545 cm. long and 0.24.0 cm. thick; it continues to
grow after flowering and may increase 50% in length and thickness
between anthesis and fruit maturity.

The developing spathe is green and tightly wrapped around the spadix,
exceeding it in length. At the time of flowering, the spathe unfurls and
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becomes colored; depending on the species, it may be white to deep
yellow to rose. The spathe often shows a constriction about % of the way
up its length which represents the region where it was closed over the
top of the spadix in the bud. When fully expanded the spathe may be
nearly globose with only a slit-like opening or it may be hemispherical
with the spadix fully in view. The spathe persists for two or three days
after opening and then falls off following the formation of an abscission
layer at the base. Sometimes the spathe is enmeshed in a cluster of
inflorescences and may persist in situ for a considerable time after
abscission.

The spadix goes through a variety of color changes in development.
It may be green or white in the bud, and is usually white to yellow at
anthesis. Following anthesis it turns green, and at maturity it may remain
green or become white, yellow, or orange. During development of the
fruit the spadix may double in thickness and length. The use of spadix
size as a character in the taxonomy of the genus has been unsatisfactory
because authors give dimensions of ‘the spadix’ without specifying the
stage of development.

The axis of the flowering spadix bears numerous, spirally arranged,
perfect flowers, each with four stamens and lacking a perianth. The
flowers at the base of the spadix are usually sterile. The flowers are
protogynous by one or two days, and maturation of the inflorescence is
acropetal. Production of stigmatic drops has ceased by the beginning of
anthesis, and thus self-fertilization is not possible within an inflorescence.

The stamens have a broad filament 1.0-1.5 mm. wide with an adaxial
ridge. The anthers are not visible until just before anthesis, when they
emerge from adjacent pistils by elongation of the filament. The pollen,
which is shed through slits in the anthers, is aggregated into sticky
threads.

The ovary is bilocular with a perforation at the base of the septum.
There are two anatropous basal ovules in each loculus borne to either
side of the perforation. The slit-like stylar canal opens into an elongate
stigma usually surrounded by a slight ridge. The stylar region contains
numerous needle-like trichosclereids, 2-3 mm. long, which are oriented
along the axis of the pistil.

Bunting (1965) has suggested that Monstera may be wind pollinated,
but its syndrome of floral characters definitely suggests insect pollination.
At the time of flowering, the spathe turns from green to white, rose, or
yellow as does the spadix. These inflorescences are conspicuous in a dark
forest, and apparently attract visually-oriented pollinators. I have not
observed any odor produced by inflorescences of Monstera except a
faint, sweet smell in a few cases. The flowers at the base of the spadix
are sterile, but produce a large stigmatic drop. These may be functioning
as nectaries, as there are no nectaries in the fertile flowers.

A pollination phenomenon, known for many of the Araceae, is an
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increase in temperature of the spadix. Leick (1915) reported for Monstera
deliciosa an increase of 15°C over ambient temperature at anthesis. This
may attract a heat-seeking insect, or may serve to volatilize a relatively
non-volatile scent.

Insect visitors to Monstera spadices are varied and numerous. In a
single inflorescence I have observed several species of beetles, hemiptera,
flies, and bees. Of these, the bees are the most mobile and are perhaps
the effective pollinators. C. H. Dodson (personal communication) has
observed trigonid bees to be the chief pollinators of M. lechleriana and
M. dilacerata in Ecuador. The failure of seed set in isolated plants and
in a number of species in cultivation underscores the necessity for a
proper pollinating agent and suggests that Monstera may be free of the
agamospermy which bedevils classification of other aroids, notably
Anthurium.

Following pollination the spathe abscises and the spadix turns green,
apparently becoming photosynthetic and also providing a cryptic color-
ation to protect the developing seeds. Probably more effective in this
regard are the numerous trichosclereids in the stylar region of the pistils,
which represent a considerable mechanical barrier around the developing
seeds. I have never observed predation of developing Monstera fruits.

The fruits mature in a period of 2-15 months, depending on the species,
and the protective stylar portion of the pistil is shed, revealing the seeds
in a sweet pulp which is usually gray, but may be brightly colored. The
seeds are eaten by birds according to observations recorded on herbarium
specimens, but I have not observed birds at ripe fruits. It is not uncom-
mon to find, attached to the plant, the axis of an old spadix with all
of the seeds gone, suggesting that they may have been picked off and
eaten. However, one also frequently finds a large number of seedlings
originating in a single spot on the ground below a Monstera plant, indi-
cating that either a ripe spadix has fallen or a large number of seeds have
fallen or washed off at one time.

Seeds. Although the ovaries of Monstera flowers contain four ovules,
three usually abort and the fruits are one-seeded; rarely are two-seeded
berries encountered. During the development of the seed, the ovule
curves and becomes reflexed about the raphe so that the path of the
vascular bundle in the raphe is S-shaped. This unusual morphology is
illustrated by Madison and Tiffney (1976).

Abundant endosperm is produced early in the development of the seed
but is consumed by the growing embryo. In the mature seed, endosperm
is absent and the principal storage organ is the swollen hypocotyl of the
embryo. Cut, fresh seeds are green or bluish in color within.

In contrast to other Monstereae, the seeds of Monstera have a soft
seed coat. Seeds of M. adansonii and M. deliciosa, and probably other
species as well, rapidly lost viability if allowed to dry out, but if kept
moist may be stored for several months.
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Seed shape and size are quite variable in the genus and provide
useful taxonomic characters at the specific level. Seeds of a number of
species are illustrated by Madison and Tiffney (1976).

Sclereids and Raphides. As with most Araceae, Monstera has cells
containing bundles of calcium oxalate raphides distributed throughout
the tissues of the plant; these are particularly abundant in the fruit and
seed coat. In addition, monsteras contain the needle-like trichosclereids
characteristic of the subfamily, but these are much less regularly distrib-
uted. In most species, they are absent from the roots (except in M.
deliciosa); they are absent from the leaf lamina in M. punctulata and
from the stylar portion of the ovary in M. obliqua. They are always
present in the spathe. Nicolson (1960) found them most consistently in
stems and petioles.

The sclereids are usually unbranched as they occur in the ovary, but
in the rest of the plant they are often H-shaped and occasionally
stellate. Hanstein (1864) considered the H-shaped forms to be the result
of ‘copulation’ of two adjacent fibers, but ontogenetic studies by Van
Tieghem (1886), Block (1946), and others have not supported this
hypothesis.

In the earlier literature the trichosclereids were sometimes referred
to as ‘raphides,’ initiating a confusion which has persisted to the present.
For instance, the scratchy and acrid nature of unripe Monstera fruits has
been widely attributed to raphides of calcium oxalate, but the stylar
portion of the fruit is abundantly supplied with trichosclereids which
visibly penetrate the skin when the fruit is handled. This portion of the
ovary is deciduous and is not normally eaten, so it remains unclear
whether the reported prickly nature of the unripe fruits is due to raphides
or trichosclereids.

GrowTH HaBITS

Species of Monstera are hemi-epiphytes adapted to growing on the
lower to middle trunks of trees below the canopy. Germination is terrestrial
and the young plants creep along the ground until they encounter a
tree and begin to climb. Eventually, as the older portions of the stem
die and decay, the plant may lose connection with the ground by its stem
although retaining a terrestrial connection by long adventitious roots.

Plants of this habitat and habit have been referred to as ‘shade
epiphytes’ (Walter, 1971) or ‘small climbers’ (Richards, 1952). They
are mostly monocotyledons and ferns and in the neotropics the majority
of them belong to a relatively few genera of the families Araceae, Cyclan-
thaceae, and Polypodiaceae.

The principal advantage of this habit of growth is usually considered
to be the interception of a greater amount of sunlight without the neces-
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in size of the leaves and diameter of the stems throughout its develop-
ment. In the subsequent discussion I refer to this type of growth as
unspecialized.

In plants of sections Marcgraviopsis and Echinospadix the germinating
seed produces a green stolon about 1 mm. in diameter with internodes
4-10 cm. long (Fig. 24). Cataphylls or minute scale leaves are borne at
the nodes. This stolon grows along the surface of the ground for a
distance of up to two meters without increase in diameter. The seedling
normally begins to produce foliage leaves only after it has begun to climb.
In the subsequent discussion I refer to this type of growth as specialized.

Seedlings of species in section Monstera, the unspecialized type, are
difficult to find in the field. Even in very small and probably young
plants the seed coat is not evident. However, I have encountered seed-
lings of M. lechleriana and M. adansonii in the wild; in these the seed
coat was empty and shriveled and its resources apparently exhausted by
the time the third foliage leaf was produced. A similar situation was
found in seedlings of M. adansonii grown in cultivation, where the seed
coats were empty and shriveled by the time the stem had elongated 3-8
cm. from the place of germination.

In contrast, the stolon-like seedlings of species in sections Marcgravi-
opsis and Echinospadix are fairly commonly encountered in the wild, and
are always found attached to the plump seed. Seedlings of this type can
elongate for a distance of 1-2 m. on the resources stored in the seed. They
are green and photosynthetic where exposed to light, but often they grow
under leaf litter and are white in color. These stolon-like seedlings seem
to be an adaptation for rapid location of a tree. The species which grow
in this way are evading competition as terrestrial plants by reaching an
epiphytic habitat as seedlings.

The probability that a stolon-like seedling will successfully reach a
tree is a function of the length it can grow, which in turn depends on the
energy stored in the seed. This situation would favor an evolutionary
increase in seed size for species with stolon-like seedlings, offset by an
increased energetic cost per seed, usually resulting in fewer seeds pro-
duced per plant. In the size range of Monstera seeds (6-22 mm.) in-
creased size also probably involves a decrease in dispersibility. The mean
seed weight of FAA-preserved seeds of species with stolon-like seedlings
is 255 mg. compared to 140 mg. for species with unspecialized seedlings
(p < .05).

Juvenile Plants. The Monstera species with unspecialized seedlings
also have unspecialized juveniles. The terrestrial and climbing plant
shows a gradual increase in leaf size and stem diameter toward the
adult condition.

The species with stolon-like seedlings, however, have a highly modified
juvenile. When the plant begins climbing a tree, it produces asymmetric
foliage leaves which are flattened against the tree so as to overlap one
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another and completely cover the stem (Fig. 25). The petiole is very
short and the sheathing portion, which protects the next developing
leaf, is extended into a ligular outgrowth. This tightly appressed type
of shoot with overlapping leaves is known in the horticultural literature
as a ‘shingle plant’ The shingle plant grows up the trunk producing
successively larger leaves until it reaches a critical size, when in the
course of a few nodes it changes abruptly to the adult form with large
exserted leaves.

The shingle plant habit appears in several unrelated genera of climbers,
e.g., Marcgravia, Ficus, Metrosideros, Drynaria, Hoya, Scindapsus, Con-
chophyllum, Teratophyllum. Goebel (1900) and Karsten (1925) suggest
that in Monstera it is an adaptation to protect the young adventitious
roots from dessication, as they are covered by the appressed leaves. It
would also seem that transpirational water loss would be decreased by
this habit, since the stomata, which are limited to the abaxial surface, are
in contact with a still layer of moist air against the trunk of the tree, and
are protected from drying winds.

It is plausible that the shingle plant is an adaptation to water stress
when one considers the nature of the seedling. In section Monstera with
unspecialized juveniles, a plant which is beginning to climb a trunk has
a stem 5-10 mm. in diameter which in its horizontal terrestrial portion
has numerous nodes, each with adventitious roots. The shingle plant,
which is beginning to climb, is attached to a horizontal stem only 1-2
mm. in diameter, with relatively few nodes and few adventitious roots.
Consequently, the young shingle plant has a much smaller terrestrial
water-gathering system than those with an unspecialized climbing shoot
of section Monstera, and it is more likely to be subject to water stress.

The stem of the growing shingle plant increases in diameter with each
successive node, to the point where it can elaborate adventitious roots.
These roots range from 4-10 mm. in diameter and usually extend to the
ground. The adventitious roots increase the water-gathering capacity
of the individual to the extent that it can undergo a phase change to
the adult condition.

Thus the stolon-like seedling and the shingle plant juvenile combine
to form a complex in which the shingle plant is an adaptation to water
stress related to the small root system of the stolon-like seedling, which
in turn is an adaptation for rapid location of a suitable substrate.

Adult Plants. The seedlings and juveniles of Monstera show two con-
trasting morphologies, the unspecialized gradual increase in size of
plants of section Monstera and the stolon-like seedlings and shingle plant
juvenile of sections Marcgraviopsis and Echinospadix. In the adult phase
there has been a much greater diversification of growth habits, involving
differences in the size of trees on which species grow, as well as the
way they grow on them.

There is a correlation in Monstera between size of the mature plant
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and size of the tree on which it grows. The largest species (M. tenuis,
M. acuminata, M. punctulata, and M. lechleriana) are found as repro-
ductive individuals only on the largest forest trees. Smaller trees either
do not provide a sufficient length of clear bole for these climbers to
mature on, or else lack the strength to support a massive epiphyte. These
Monstera species sometimes become established on small trees, but on
reaching the first few branches, the stem grows away from its support
and the pendant tip grows back to the ground.

Smaller species of Monstera can grow to maturity on smaller trees
though they also colonize larger trees where they mostly grow among
buttress roots and on the lower trunk, seldom climbing above 5 meters.
Monstera obliqua, M. xanthospatha, and M. minima are the smallest
species of the genus, with stems 2-10 mm. thick and leaves 10-25 cm.
long. They can grow to maturity on nearly any woody substrate from the
largest trees to twigs of shrubs or small saplings. Compared to the large
monsteras, the small species occupy a more abundant but ephemeral
habitat.

The size of Monstera species is correlated with growth rate and life
span as well. Plants of several species were tagged in the field and
inspected 12-18 months later. The small M. obliqua showed an annual
stem elongation of 2-5 m., representing 30-70 new leaves with a total area
of 0.2-0.4 m® Applying this rate of growth to plants which could be
traced back to an apparent germination site suggested that individuals
may flower within 1% years after germination. At the other extreme, adult
plants of Monstera lechleriana showed an annual rate of stem elongation
of 12-20 cm. and a production of 4-8 leaves with a total area of 1.2-2.0
m?, Individuals of this species apparently do not flower until about 6-8
years of age.

Considering the genus as a whole, the species of Monstera show a
continuum ranging from small, rapidly elongating and early maturing
species which occupy abundant but ephemeral habitats (twigs and
small branches) to massive species with a slow rate of stem elongation
and late maturation which occupy rare but stable habitats (boles of large
forest trees).

Related to differences in elongation rate and host tree size preference,
other differences of Monstera species are in which might be called the
general aspect or attitude of the plants. Monstera lechleriana and M.
dilacerata elaborate a tight head or cluster of 10-15 spreading leaves
at the top of the stem. Monstera punctulata and M. tenuis have a more
open habit of growth, with the arching leaves separated by long inter-
nodes. Monstera acuminata and M. dubia have long internodes and the
leaf laminae are pendent from the petioles, and hang parallel to the trunk
of the host tree. Individuals of the last two species often clothe the
entire bole of a large tree to a height of 25 meters.

In species having long internodes, the leaves are spaced well apart and
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the shading of a leaf by the one above is diminished, but fewer leaves
can be produced on a trunk before reaching the canopy. When a plant of
Monstera acuminata reaches branches above the bole of the host tree, the
stem is altered into a hanging stolon. This stolon has internodes to 30 cm.
long and bears only cataphylls or highly reduced sickle-shaped foliage
leaves at the nodes. It drops to the ground and grows horizontally, often
for a distance of 10-20 m. until it encounters a tree and begins to climb.
This represents a second type of tree searching activity in addition to
that of the seedlings. While these stolons (‘flagelliform shoots™ of Engler
and Krause, 1908) are encountered occasionally in most species, they are
especially. common in M. acuminata, M. siltepecana, and M. obliqua.

A second type -of hanging shoot is found in Monstera dubia, a species
having internodes 6-12 cm. long and large semi-pendent leaves. When the
shoot reaches the first or second forking of branches in a tree, it turns
180° and begins growing downward as a hanging shoot. Unlike the hang-
ing stolons described above, the hanging shoots of M. dubia produce full
size stems and leaves, just as do the climbing shoots, except in this case
the adventitious roots mostly abort. This manner of growth doubles the
useful length of the bole of the host tree. When the hanging shoot eventu-
ally reaches the ground, it may root and grow up the trunk again as a
climbing shoot. Flowering occurs in either ascending or hanging shoots.

Several species (Monstera luteynii, M. pittieri and M. tuberculata)
always produce hanging shoots and flower only in the pendent portions.
They all have small coriaceous leaves and thick cuticles, apparently xero-
morphic adaptations to the greater water stress of free-hanging rootless
shoots as compared to attached shoots with numerous adventitious roots.
The hypothetical neotonous origin of M. tuberculata from an M. dubia-
like ancestor is shown in Figures 26-32.

Monstera acuminata, with four radically different kinds of shoots, rep-
resents an extreme of heteroblastic development (Fig. 29). The seedling
is a thread-like creeper which elongates rapidly while locating a host tree.
The second stage is a shingle plant with xeromorphic features encompas-
sing the transition from terrestrial growth to the more xeric epiphytic
habitat. Several meters above the ground, an abrupt change to the adult
form takes place. This results in a massive sub-canopy epiphyte with
exserted leaves, which is the major energy-gathering phase of the life
cycle. In addition to the abundant production of fruits and seeds, the
adult elaborates shoots of a fourth type—hanging and creeping leafless
stolons—which colonize additional trees or serve the individual as a
means of recovery after establishment on an unsuitable host.

The elaboration of several different kinds of shoots by a single species
has been a source of confusion in the classification and identification of
monsteras, and the shingle plant juveniles of section Marcgraviopsis have
even been described as new species of the dicotyledonous genus Marc-
gravia. Yet once the life cycles are understood, they furnish an insight
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F16s, 26-32. Schematic diagrams of heteromorphic shoots in Monstera; in nature the seedlings
and juveniles have died and decayed by the time the adult is flowering: 26. M. lechleriana, showing
unspecialized development; 27. M. siltepecana, with a hanging stolon; 28. M. punctulata, with a
stolon-like seedling, shingle plant, and adult; 29. M. acuminata, like M. punctulata with the
addition of hanging and creeping stolons; 30. M. dubia; 31. M. pittieri; 32, M. tuberculata. Figs.
30, 31, and 32 illustrate a hypothetical reduction series leading to M. tuberculata, a vegetatively
neotonous form flowering on a shoot which is morphologically a shingle plant.
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into the systematic relationships of the species and in this revision
provide the basis for the subgeneric classification.

GEOGRAPHY

The center of species diversity in Monstera is in Costa Rica and
Panama, with secondary centers in Mexico and the northern Andes
(Map 1). Only a single weedy species, M. adansonii, has colonized the
Caribbean Islands and coastal Brazil. The absence of endemic species in
the Guiana highlands and southern Brazil emphasizes the essentially
north-Andean distribution of the genus in South America. ’

The genus most closely related to Monstera and, considered by several
authors to be congeneric, is Epipremnum, which is found at present in
Indomalaya and the Pacific. Epipremnum is represented in the Tertiary
by fossil seeds first appearing in Eocene deposits, although more common
and diverse in Oligocene deposits. These fossils are found from England
to western Siberia and occur as far north as 55° latitude (Madison &
Tifiney, 1976). The Paleogene boreotropical flora, with which the fossils
are associated, was fairly uniform in the eastern and western hemispheres,
largely due to the availability of migration routes across the north
Atlantic and Beringia (Wolfe, 1975). A possible interpretation of the
present distribution of Epipremnum and Monstera is that they are both
derivatives of an ancestral complex in the Paleogene boreotropical flora
and have subsequently diverged in geographic isolation.

Wolfe (1975) and Raven and Axelrod (1974) suggest that the North
American portion of the Eocene tropical flora was largely extinguished
following the onset of climatic deterioration in the late Oligocene;
surviving elements are seen in some of the dry Caribbean flora and
mesothermal montane floras of Central America.

Several lines of evidence suggest that Monstera may represent a
remnant of this Paleogene tropical flora which has persisted in North
America, subsequently spreading into South America in Neogene times.
One is the distribution of isolated or relict taxa in the genus. All four
sections are represented in Mexico, but only two in South America. The
species found in South America all either occur in Central America or
show close affinities to Central American species. On the other hand, M.
membranacea and M. deliciosa, which are morphologically isolated and
show no close affinities to other species, are confined to Central America
and Mexico.

A second is the distribution of species in relation to seed size. The size
of Monstera seeds spans a critical range for dispersal by birds, the appar-
ent mechanism of dispersal in this genus. The smallest seeds are about 5
mm. long and are probably easily dispersed by most frugivorous birds.
However, the largest seeds (20-22 mm. across) have a much more
restricted pool of potential dispersal vectors. The largest-seeded species
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Maps 1-8. 1. Density distribution of Monstera species; for each square of 5° latitude by 5° longi-
tude the number of dots equals the number of species of Monstera occurring in that region. 2-8.
Distribution of Monstera species: 2. M. dilacerta; 3. M. obliqua; 4. M. spruceana; 5. M. subpinnata
(dots) and M. gracilis (triangles); 6. M. dubia; 7. M. lechleriana (dots) and M. acacoyaguensis
(triangles); 8. M. adansonii var. adansonii (stars), var, laniata (dots), and var. klotzschiana (tri-

angles).
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occur in Mexico, and there is a cline of decreasing seed size both
within and between species toward South America. All of the South
American species have seeds less than 10 mm. long, and one could
argue that the species in South America are simply the most disperable

Mars 9-16. Distribution of Monstera species: 9. M. punctulata; 10. M. deliciosa; 11. M.
acuminata (dots) and M. tenuis (triangles); 12. M. siltepecana (dots) and M. oreophila (triangles);
13. M. tuberculata var. tuberculata (dots) and var. brevinodum (triangles); 14. M. xanthospatha;
15. M. membranacea (dots) and M, minima (triangles); 16. M. pittieri (dots) and M. luteynii
(triangles).
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(and dispersed), assuming the genus to have had a North American
origin.

An additional relevant line of evidence is the range of climatic tolerance
in Monstera. Although strictly tropical in natural distribution, M. delici-
osa, M. adansonii, and Epipremnum aureum grow vigorously, flower,
and set fruit in central Florida where they are annually exposed to frost.
This moderate cold-hardiness, coupled with a degree of drought tolerance,
suggests that Monstera species could have survived periods of unfavor-
able climate in the late Paleogene followed by diversification and
dispersal into South America in the Neogene.

Distributions of individual Monstera species are shown in Maps 2-16.
A pattern found in several species is that of a disjunct distribution of
Mexico-Guatemala and Costa Rica-Panama. Three species of montane
habitats show this distribution: M. punctulata (Map 9), M. deliciosa
(Map 10), and M. lechleriana (Map 7). The latter two exhibit morpho-
logical differentiation between the southern and northern populations,
indicating that this disjunction has persisted long enough to allow some
evolutionary divergence. Monstera siltepecana and M. oreophila are two
closely related montane species which may represent geographical
speciation based on this disjunction. The barrier between these two
regions for montane species seems to be the absence of high and wet
mountains in the region of Nicaragua and Honduras, where the mountain
ranges are lower than those to the north and south. The mountains of
this intervening area are covered with mesic oak-pine forest.

A similar disjunction is found in Monstera tuberculata (Map 13), a
lowland species of the Atlantic coastal plain not known to occur above
200 m. elevation. The Mexican and Costa Rican populations are separate
taxonomic varieties, well differentiated by the morphology of their fruits.
At present, a wet tropical forest is continuous along the Atlantic coast
from Costa Rica to Mexico. The absence of M. tuberculata from Nica-
ragua and Honduras may represent the extermination of these species
in the middle region of a once continuous distribution because of periods
of drier climate in the Pleistocene, as suggested by the Raven and Axelrod
(1974). The only Monstera species distributed continuously through this
region, M. dilacerata (Map 2), has seeds about one-half the size of the
disjunct species. This feature may increase its rate of dispersal to the
point that it is the first species to have reinvaded the area after a period
of dry climate.

In South America, Monstera is distributed primarily in a broad arc
extending from Peru to the Guianas, thus reflecting the distribution of
the lower montane slopes which are the chief habitat of most species.
The only Monstera species which is abundant in the Amazon Basin is
M. obliqua, a tiny creeper inhabiting the margins of waterways. The
massive monsteras which form such a characteristic element of wet
Central American vegetation are mostly absent from the Amazon region.
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Srecies CONCEPT

In considering the overall pattern of speciation in Monstera, two
distinct elements may be separated. The species of sections Marcgravi-
opsis, Tornelia, and Echinospadix are clearly demarcated in terms of their
morphology, growth habits, and habitat preferences, and intermediates
between species are absent. Thus, even though M. acuminata and M.
dubia are quite variable, they are easily recognized and it is not difficult
to distinguish them from other species. This pattern suggests an early
speciation followed by the extinction of intermediates.

In contrast, the species of section Monstera are connected by numer-
ous intermediates and the delimitation of species is difficult. Quite
diverse elements may be joined by a series of intergrading forms, and
nearly all of the species intergrade with M. adansonii, which is itself poly-
morphic. In addition, there are broad geographic clines found with
respect to several characters, among them fruit color, style length and
seed size.

In Mexico, species of section Monstera have white fruits; further south
the same or related species have pale yellow fruits, in Colombia medium
yellow, and deep yellow or orange in the Guianas and Amazonia. A
second cline is in the shape of the style, which is prismatic in Mexico. It
is more conical and attenuate to the south, resulting in rather spiny
appearing spadices in Brazil in contrast to the smooth spadices found in
Mexico. Seed size is greatest in Mexico and decreases to the south and
east. Each cline is found within and between species in section Monstera.

The existence of these clines and of large numbers of intermediates
suggests that barriers to genetic exchange between these species are weak
and that hybridization and introgression are correspondingly common.
Thus, for example, the genes for yellow fruit color have spread through
the South American populations of all species in section Monstera but are
absent from the Mexican populations. This results in the confusing situa-
tion where fruit color in populations of Monstera lechleriana of Venezuela
more closely resemble M. adansonii in Venezuela than they do popula-
tions of M. lechleriana in Mexico.

A number of the species of section Monstera have broad geographic
ranges. They are species found at forest margins, along waterways, and
in clearings rather than in deep forests. Apparently they have adapted
readily to the great increase in habitats resulting from disturbances by
man, and Monstera adansonii has become a common neotropical weed on
fence posts and telephone poles. This has perhaps contributed to the
breakdown of ecological or geographic barriers that formerly separated
species of this section and accounts in part for the numerous intermedi-
ates between species.

The application of binomial nomenclature to this situation is not
straightforward. In this revision, I am treating as species groups of
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individuals which are ecologically and morphologically similar. The
degree of similarity requisite for the inclusion of two individuals in a
species depends on the amount of variability known to occur within
populations and individuals, and on the relative abundance of intermedi-
ates between unlike forms. The resulting classification is a broad one and
emphasizes similarities rather than differences, though in the description
of each species I have tried to indicate the extent of its variability. I am
sympathetic to the possibility that a taxonomist of different tempera-
ment, using the same data and approach, might accept 40 or 45 species
where I recognize 22. It is likely that some of the species recognized in
section Monstera are in reality groups of sibling species, but while
suspecting this I have been unable, with the information available, to
recognize additional taxonomic entities. In addition, there are specimens
which, while not fitting any of the known species, are insufficient as the
basis for the description of new taxa. I predict that further species of
Monstera are most likely to be found in section Monstera and to come
from Costa Rica and Panama, particularly the mountainous regions.

Several previous authors have recognized infrageneric taxa in Monstera.
Miquel (1844) divided the genus into two sections: section Monstera,
with the flowers at the base of the spadix imperfect and carpelate; and
section Heteropsis, with all the flowers perfect. Carl Koch (1857)
included the genera Scindapsus, Alloschemone, and Rhaphidophora in
Monstera which he divided into six subgenera. Three of his subgenera
include species of Monstera as here delimited. These were distinguished
on the basis of leaf shape: one included species with entire margins; a
second with the leaves pinnatifid but not perforate; and a third with the
leaves pinnatifid and perforate. Schott (1860) separated the pinnatifid-
leaved species of Monstera as a separate genus, Tornelia.

I consider these subdivisions of the genus to be artificial, and propose
a new classification in which the genus is divided into four sections. The
majority of the species are placed into two sections on the basis of their
patterns of development. In section Monstera the seedlings have exserted
foliage leaves and develop to the adult stage by a gradual increase in
size. In section Marcgraviopsis, the species exhibit heteroblastic develop-
ment with three distinct phases: the seedling is a stolon-like creeper, the
fuvenile is a shingle plant, and the adult has large exserted leaves. Two
unusual species are relegated to monotypic sections on the basis of
characters discussed in the description of those sections.

This treatment separates into different sections species which as adults
may be rather similar, but have very different developmental histories
(e.g., Monstera dilacerata and M. tenuis). On the other hand, species
which show a very similar heteroblastic development in early stages, but
differing morphologies as adults, are included in the same section.
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TAXONOMIC TREATMENT

TRIBE MONSTEREAE ENGLER

Monstereae Engler, Nov. Act. Akad. Leopold. 39:143 (1876).
Anepsideae Engler, Nov. Act. Akad. Leopold. 39:143 (1876).
Rhaphidophoreae Engler, Nov. Act. Akad. Leopold. 39:143 (1876).
Scindapseae Nakai, Ordines Familia 216 (1943).
Stenospermationeae Nakai, Ordines Familia 216 (1943).
Rhodospatheae Nakai, Ordines Familia 216 (1943).
Callae Schott subtribus Monsterinae Schott, Prod. Syst. Aroid. 346 (1860).

Scandent epiphytes lacking laticiferous elements; trichosclereids usually present in
spathe and spadix; the leaves entire, pinnatifid, or foraminate, the latter two condi-
tions resulting, from the death of small groups of laminar cells early in development;
the petiole:geniculate; the primary lateral veins of the lamina parallel, the secondary
lateral veins parallel or reticulate. Spathe naviculiform, deciduous after flowering
(rarely persistent in Rhaphidophora); spadix cylindric, without an appendix; flowers
perfect, sometimes sterile near the base of the spadix; stamens 4, extrorse; perianth
lacking; ovary 1-2(-6) locular, ovules 1-co, anatropous or amphitropous; fruit a
berry, usually with the stylar portion deciduous; pollen meridiosulcate, foveolate.

TYPE: Monstera Adans.

KEY TO GENERA OF THE TRIBE MONSTEREAE

A. Needle-like trichosclereids present in the spathe and spadix.
B. Ovary unilocular or incompletely bilocular, paleotropical (1 species Brazil).
C. Ovule amphitropous, solitary, basal; seeds lacking endosperm. .. 1. Scindaps