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ABSTRACT

i is the first revision of Philodendron subg. Philodendron since that of K. Krause in Das Pflansenseich in 1913.
Philodendron subg. Philodendron, the largest of the three subgenera, includes 103 taxa (95 -p«.z- and 8 subspecies
o varieties) for Central America. Sixty-¢ight taxa are new 10 science. These include : P albisuccus Croal, P

“hoela Cooat 8 Grayum, . angualobum Crot & Grayu, P annaloiom Croat & Grayuem P, anionioanion Cooat, P

romaticum Croat & Grayum,  bakert Croat & Grayum, P. breedloves Croat, P. brxserense Croat, P. brunneicaule

Croat & Grayum, P. chiriquense Croat, P. chirripoense Croat & Grayum, P: clewellii Croat, P. coloradense Croat, P
Croat

copense Crom, P orreac Croats P, ctobrusense Crot & Grayum, £ cotonene Croa & Graywm, P crss
& Grayum, P. cretosum Croat & Grayum, P. dodsonii 1..“.( & Gy, P dofckopylum Cros, . dominclere Croet
& Grayum, P. duyeri Croat, P. mudm Croat, ' findrs Croat & Groyam, P fohomi Cros
B foreanense Croar, P g Crat, P granalare Crol F gmvumn : Crost, P, hammeli Crot, 2. hbetetim Cront, P
Felniae Crot, . immistum Croa, P fense Croa, P. knappise Crosty . lasori Crot, P e L..... & Goayom. 2
llanense Croat, P. nse Croat, P. malesevichiae Croat, P. mari Croat, P. nigueanum

odasriculatum Crost, B purulhense Croa, P. oscospathum Crot, P.scalarinere Croat & ot P smoes Cms,
B squamicaule Croat & Grayam, P. squamipetilatum Croat, . sraminicaule Crot, . sulcicaul Croa & Grayum, P
thalassicum Croat & Grayum, . tysonii Croat, P. ubigantupense Croat, P. ulleyanum Croat, P. verapasense Croat, P:
wilburi Croat & Grayum, P. shuanum; 6 infraspecific taxa: P: davidsonii Croat subsp. bocatoranum Croat, P. hederaceum
Usog,) Schat va, kitbridel Crot, P ligulaum Schot var. heraclioanum Croat, P. igulatum Schott var. ovatum Croat,
Croat var. aumulﬂmmalm Croa, P. wilburi ar. loipedunculatum Cron & Grayu: wnd 2 new

o Gacq) Schot v ‘osycardium (Schott) Croat, P. radiatum So
sonealdiminiion e

rumhmllmm F s
(Matuda)

to Mi
9 ElSauadr . Hond
anama where 39 i emic. Mexicoand Cota Rica cach hve 7 endemic spesic.
Vit ‘exception of Belize, which has 1 endemic, no other country in Middle America has any endemic species.
Only 26 species (28 taxa), 4 total of 26% of all ol Amcrin pocic, g ine Sewth Al s species (1%
of the total) only to Colombia.

" This study was completed with support from National Science Foundation grant BSR-8614777.
2P, A. Schulze Curator of Botany, Missouri Botanical Garden, P.O. Box 299, St. Louis, Missouri 63166-0299, US.A.

ANN. MissouRl Bot. GARD. 84: 311-704. 1997.
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INTRODUCTION

Philodendron is, after Anthurium, the largest ge-
nus in the Araceae, with 700 or more species (Croat,
1979, 1983a, 1988, 1990). This is the first major
revision of P subg. Philodendron for Central Amer-
ica since Kurt Krause’s (1913) generic treatment in
Das Pflanzenreich. Philodendron is one of the most
important genera in the Neotropics, inhabiting a
wide range of mesic habitats from sea level to over
2000 m and in lfe zones (Holdridge, 1967) ranging
from Tropical moist forest to Premontane rain forest.
While most species occur in virgin humid forests,
the genus is known from freshwater "

considered endemic. Mexico and Costa Rica each
have 7 endemic species. With the exception of Be-
lize, which has 1 endemic, no other country in Mid-
dle America has any endemic specics.

Most of the Central American species of P. subg.
Philodendron (Appendix 3, Sectional Compasition
of Philodendron subg. Philodendron in Central
America) are in P. sect. Calostigma (Schott) Engl.
with 52 taxa (48 species) and P. sect. Philodendron
with 62 taxa (58 species). Other scctions repre-
sented in Central America are: P. scct. Tritomo-
phyllum (Schott) Engl. with 6 species; P. sect. Po-
Iytomium (Schott) Engl. with 3 species (4 taxa); and
P sect. Engl. with 1 species. Sec-

banks, regrowth forest, rock outcrops, and road-
banks. It is not only one of the largest genera in
the Neotropics but also often constitutes the most
conspicuous element of the vegetation because of
its abundance, primarily climbing habit, and fre-
quently large, showy leaves. The genus provides a
wide variety of choice omamental plants for horti-
culture, including most of the species treated here.
Unfortunately, it is also still poorly known taxonom-
ically, especially in the South American Andes.

Philodendron has 119 Central American species
comprising 128 taxa, distributed in two subgenera
of Philodendron. This Central America revision en-
compasses only members of P. subg. Philodendron,
with 103 taxa, including 95 species and 8 varieties
or subspecies (Appendix 1, Geographic Distribu-
tion of Central American Philodendron subg. Philo-
dendron). A total of 68 taxa are new to science: 62
species, 6 subspecies or varieties, and 2 combi-
nations. Altematively, P. subg. Preromischum, re-
vised separately by Grayum (1996), contains 21
species (26 taxa) for Central America. That revision
encompasses all species from Pacific and Carib-
bean tropical America, ignoring only species from
the region of the Guianas and from the Amazon
drainage of South America.

Philodendron is a distinet genus, not easily con-
fused with any other, though closest to Homalo-
mena, which differs in having a consistently terres-
trial habit, frequently spiny petioles, a sap smelling
of anise, and staminodia among the pistillate flow-
ers.

Species diversity of P. subg. Philodendron in
Central America shows a general diminution from
Mexico to Middle America with the lowest totals
just north of the San Juan depression, followed by
a marked increase approaching the South American
continent. Mexico has 21 taxa, Guatemala 15, Be-
lize 9, El Salvador 5, Honduras 13, Nicaragua 18,
Costa Rica 48, and Panama 82. Endemism is high,
especially for Panama where 39 taxa are currently

tions not represented in Central America are: Schi-
zophyllum (Schott) Engl; Ca K. Krau-
se; and Philopsammos G. S. Bunting. A key for the
sections of P. subg. Philodendron s included under
“Taxonomy.”

MATERIALS AND METHODS

This revision is based on more than 25 years of
field studies in Central and South America, be-
tween 1967 and 1993. All but 15 of the 95 species
were studied in the field or under cultivation at the
Missouri Botanical Garden. Those only known from
herbarium material are: P. breedlovei, P. breuster-
ense, P. chirripoense Croat & Grayum, P. cotobri-
sense, P. dwyeri, P. folsomii, P. hammelii, P. jefense,
P madronense, P. roscos var.
natum, P sousac, P. ubigantupense, P
and P verapazense Croat. Except for these, all de-
scriptions have been prepared from both living and
dricd specimens. The use of (“dried”) preceding all
or any part of the description is an indication that
all that follows is based on herbarium material only.
Morphological characters were coded directly into
a computerized database to ensure parallel and
sortable descriptions. The aroid descriptions data-
base, completely rewritten since the publication of
my revision of Anthurium sect. Pachyneurium
(Croat, 1991), contains 892 character states used
to describe the morphological diversity expressed
in Philodendron. A total of 108 of these are uscd
exclusively for description of the bisexual inflores-
cence (and thus were not used in the description
of Philodendron), while 220 describe unisexual in-
florescences. The database also allows for sorting
of characters for use in writing keys or in providing
useful lists of characters for preparing a cladistic
survey. In addition, the database can be put to fi-
ture use for the preparation of floristic surveys o
for adding additional newly discovered species- The
description database is tied directly to the nomen-
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clatural database in TROPICOS (Crosby, 1986;
Crosby & Magill, 1986). Finally, discussions and
references to illustrations as well as exsiccatae are
stored separately but tied to a particular species
description and 1o the nomenclatural information
by a unique taxon number. Specimens can be add-
ed 10 the exsiccatae almost until the time of pub-
liation because they are automatially presorted to

tane wet forest (T-wilP-wl); Premontane wet forest
transition to moist forest (P-wilmi); ...d Premontane
wet forest transition to rain forest

Herbarium material has been wlde]y distibuted,
and original field vouchers are cited for all herbaria
whose material was seen. Herbarium material may
consist of one of three kinds: (1) complete original
sets (wild collected); (2) sterile original material

localities before
are decoded into narative text automatically before
final editing for style.

Terminology and usage in the descriptions in this
revision are largely defined by Croat and Bunting
(1979). Further definitions of petiole cross-sectional
shapes are defined and illustrated in Croat (1983a).
The colors reported in the description frequently
are taken from the color chart by Berlin and Kay
(1969) and are referenced in the text as B & K.
This color chart, available from the University of
California Press, is a reproduction of the Munsell
Color Array of 40 hues, st maximum saturation,
with nine degrees of brightness. This represents 40
hues in the vertical columns and 9 degrees of
brightness in the horizontal columns. Colors are ar-
ranged in 10 basic clusters with 4 different hues
per cluster, ranging from red through yellow, green,
blue, purple, and finally red-purple. The four col-
umns for each color cluster are numbered 2.5, 5,
7.5, and 10. These numbers are repeated for cach
basic color type. The colors from the B & K color
chart are read by first reporting the color, then the
row followed by the column. For example, the third
calor in the ffth row is Red 5/7.5. The second color
in the eighth row is Red 8/5.

Ecological zones, though sometimes estimated
from my own experience with Central American
vegetation, are largely taken from Holdridge life-

maps (Holdridge, 1967; Holdridge et al.,
1971), where they exist for Central American coun-
tries. Vegetation types for Mexico are taken from
the “Mapa de tipos de vegetacion de la Repdblica
de Mexico” (Flores et al., 1971).

Each life zone is represented by a full textual
statement and abbreviation which appear on life
zone maps. The Holdridge Life Zones of Central
America and areas where Philodendron occur are
listed here, arranged in a generally drier to wetter
order: Tropical thor woodland (T-tw); Tropical dry
Jforest (T-df); Tropical moist forest (T-mf); Tropical
wn/mul (T-wl); Tropical rain forest (T-c); Premon-

thorn woodland (P-tw); Premontane moist for-
m(l’mﬂ Premontane wet forest (P-wfy Premon-
tane rain forest (P-tf); Tropical Lower Montane wet
forest; (TUM-wi); Tropical Lower Montane rain forest
(TLM-r); Tropical wet forest transition to Premon-

with an from a cultivated plant
of the same number; and (3) material collected en-
tirely from cultivated plants. Specimens based en-

rely or in part on cultivated material are clearly
cated on the herbarium label.

Herbarium specimens were borrowed from most
major herbaria including: AU, B, BBS, BISH,
BM, BR, CAS, CAY, CM, COL. CR, DAY, DUKE,
DS, EAP, ECON, ENCB, F, FLAS, FSU, FIG,
GH, HBG, ISC, K, L, LA, LL, LE, M, MEXI
MICH, NY, PMA, RSA, S, SCZ, SEL, TEX, U, Ut
UMO, US, VEN, and WIS.

Descriptions are mostly parallel and as complete
as possible. Descriptions of the pistils, vitally im-
portant in the infrageneric classification of Philo-
dendron, are particularly detailed. In order to avoid
repetition, description references are made to Style
Types discussed by Mayo (1986). These style types
are discussed and illustrated (Fig. 469) in the in-
troduction under the section on “Morphology of Re-
productive Structures—Gynoecium.”

Infraspecific categories in this work adhere to the
following definitions. Subspecies are those inra-
specific taxa that are mostly or entirely allopatric
ither geographically, elevationally, or ecologically.
Varieties, though morphologically distinct in one o
several characters, are apparently geographically,
elevationally, or ccologically sympatric. All infra-
specific taxa within Central American Philodendron
subg. Philodendron are ecologically sympatric
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and in dealing with label problems. Very special
thanks also go to my colleague and fellow aroid
specialist Mike Grayum, whose knowledge of the
Costa Rican Araceae is without parallel. He has
not only made many of the best collections of Philo-
dendron, but his breadth of experience in that part
of Central America and his vivid insights into the
interrelationships of species were very rewarding.
In addition, his skills as an editor and his knowl-
edge of Latin and rules of nomenclature contributed
much to this work. Simon Mayo, like Mike Grayum,
conducted extensive work on Philodendron. Their
work was concurrent or preceded my own, and their
ideas and interpretations of phenomena in the ge-
nus were ever insightful. My own work has bene-
fited greatly from their work. Dan Nicolson was al-
ways generous with his time in helping to solve
nomenclatural as well as problems with
translations of difficult Latin phraseology. Gordon
McPherson provided pickled material of many spe-
cies of Philodendron during his tenure as our res-
ident botanist in Panama. Eleanor Sauer has proof-
read or written Latin diagnoses for nearly all of the
new species. Joseph Tosi, of the Tropical Science
Center in San José, Costa Rica, assisted us in stan-
dardizing our use of the Holdridge Lifezone System,
which we have added to our computerized data-
base. Leland Russell, summer volunteer and later
summer employee while vacationing from his un-
dergraduate studies at Carleton College in Minne-
sota, became very skillful at dissections of Philo-
dendron inflorescences. His critical comparative
study of the Central American species of Philoden-
dron went a long way in increasing our understand-
ing of the differences within the genus. Finally, [
would like to thank my wife, Patricia, who has with-
out complaint allowed me to spend several months
each year wandering the tropics of Central and
South America for almost three decades. She was
always available to solve every computer glitch and
has also helped with the computerized sorts of in-
formation which led to the construction of the keys.

HISTORY OF THE GENUS PHILODENDRON

Although Philodendron apparently figured in
pre-Columbian folklore, art, and medicine during
the 16th century, and herbarium material was col-
lected by Georg Marcgraf as early as 1644 (Mayo,
1990), it was Charles Plumier who made the first
effective introduction of the genus to European sci-
entists (Mayo, 1990). He collected five or six spe-

es from Martinique, St. Thomas, and Hispaniola,
giving phrase names beginning with “Arum” or
“Dracunculus.” See Mayo (1990) for a detailed ac-

count of Philodendron collections made by other
late 17th-century and 18th-century explorers, in-
cluding Hans Sloane in Jamaica and N. J. Jacquin
in the West Indies, Colombis, and Venezuela.

Plumier’s expeditions resulted in the first species
of Philodendron to be published as new to science,
albeit as an Arum, A. lingulatum L., a member of
Philodendron subg. Preromischum. His trips also
resulted in_Philodendron hederaceum, the first
member of P: subg. Philodendron to be published
new to science, as Arum hederaceum Jacq.

HEINRICH WILHELM SCHOTT

One hundred thirty-six years passed from the
time Plumier first introduced plants of what came
10 be known as Philodendron to European scientists
in 1693 and the first circumscription of the genus
by Schott in 1829. During this interim a number of
workers, including Carl Linnacus, worked with ge-
neric concepts and decided that not all aroids be-
longed in the same genus. Arum came to be used
only for the European plants it now represents and
Arisacma, Dracunculus, and Colocasia. were also
scparated by the carly 18th century (Hemmann,
1698; Tournefort, 1700). By the fifth edition of Gen-
era Linnacus (1754) had recognized
also Calla, Dracontium, and Pothos as well as
Orontium, Pistia, and Acorus, although not recog-
nizing the last three as related to Arum.

By the middle of the 18th century the exploration
of the Neotropics was well under way. The intro-
duction of so many new plants from the New World
tropics, including many Philodendron species,
made it clear that further separation was
Because of the uncritical acceptance of many ab-
errant elements into Arum during the course of the
18th century a number of taxa now recognized as
Caladium, Philodendron, and Syngonium were in-
corporated into Arum. Ventenant (1800) solved part
of the problem by recognizing Caladium, but Willd-
enow (1805) erred in transferring into Caladitm
four of Jacquin's West Indian Philodendron species
(all considered Arum at the time).

Even by the time of the 16th edition of $ystema.
Vegetabilum Sprengel (1826) did not distinguish
Philodendron but had increased the number of gen-
era to 12, adding Ambrosina, Arisarum,
Gymnostachys, and Zantedeschia. ”

Resolution of many of the remaining generic
problems with the Araceae awaited Austrian bota-
nist Heinrich Wilhelm Schott, who was the first to
focus on the taxonomy of the Araceae (Nicolson.
1960). Schott was uniquely qualified in this regard:
having spent four years in Brazil collecting plants
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and with access to the large collection of living
plants at the Imperial Gardens [of the Hapsburg’s]
at Schonbrunn Palace in Vienna where he worked
as the director. These included his own Brazilian
collections as well as those of N. J. Jacquin from
the Caribbean. In 1829 Schoit described the genus
ed as Philodendrum) Sehm

Brazil in 1821. The first species placed in 'he ge-

and P. hederaceum (Jacg:) Schott. In 1832 Schot
published a preliminary classification of the Ara-
cese in a work entitled Meletemata Botanica, which
included many plant families and was done in con-
junction with his colleague S. Endlicher. In this
work he recognized 39 genera of Araceae including
Philodendron and some other by now well known
species-rich genera such as Anthurium, Syngoni-
um, Digffenbachia, Aglaonema, and Spathiphyllum.
In this work he also published the firs infrageneric
system of classification for Philodendron, although
it contained only three groups still recognized to-
day. Though Schott subsequently continued to work
on his circumscription of the genera and species of
the Araceac for the remainder of his career, he did
not pnbli.nh any major revisions of Araceae for 24

End.llrhn (1837), publishing alone but with the
s assistance of Schott (Mayo, 1990), pro-
ied revision af Philodendron that difieed rom
the Meletemata Botanica account by Schott only in
having a more complete generic description, in-
cluding vegetative details which were presented for
the first time.

Shortly after Endlichers revision, K. S. Kunth
(1841) published in his “Enumeratio Plantar-

m. . the first species-level revision of Philoden-
dron. This revision included new species and new
combinations and for the first time included species
of the genus that would later be recognized as mem-
bers of P subg. Pleromischum.

It was not until Schotts (1856) publication of a
work entitled Synopsis Aroidearum that a fully de-
veloped infrageneric system of classification was re-
alized. This was Schotts first species-level revision
of the genus, and the Synopsis divided the genus
into 22 “greges” grouped in 7 unnamed categories
order of complexity of leaf
blade shape (Mayo, 1990). A total of 99 species
(which was recognized here for the firs time as grex
Piersbutn) el G sl Pisuog looor-
tigma were included (two of them reported as mem-
bers of grex Sphincterostigma).

Schotts final classification of Philodendron was
published four years later in the Prodromus Syste-
matis Aroidearum (1860), a more rigorous work that
came 1o be his last comprehensive self-published
work, since he died at the age of 71 in 1865. This
included 110 genera; almost all are still
recognized as genera or subgenera. The fact that
his work has stood the test of time is a testimony
1o the serious nature of the rescarch he had done
in Vienna during his long period of seeming inac-
tivity.

Schott’s treatment of Philodendron in the Prod-
romus differcd from his revision in the Synopsis in
hlvlng ‘more complete descriptions, using more in-

forescence characters; in having six rather than
seven unnamed categories of leaf shape to group
the “greges”; and in beginning to make use of the
cataphyll (prophyll in the sirictest modem sense)
as a character. Schott used the term “subopposite
stipule” for the feature that came to be known as
the cataphyll in Engler’s usage. This has proven to
be one of the best and most reliable characters for
the genus. For a detsiled listing of the key char-
acters for Philodendron used in Schotts Prodromus
revision, refer to Mayo (1990: 50).

The Prodromus treatment included 135 species
of Philodendron included in the same “greges.”
Twenty species of the total were members of P

subg. Preromischum Schott and 6 species are now
placed in P. subg. Meconastigma (Schot) Engl. (3
in grex Me incterostig-
ma). Thus Schott included 110 names of P sect.
Philodendron. Taking synonymy into account, only
76 species of P. sect. Philodendron were included
in this 1860 revision. Only 18 names pertained to
Central America. Of these, only 8 are accepted
‘members of P. sect. Preromischum.

The species included by Schott (1860) in each
for Central America are lis

Grex Baursia Rehb. ex Schot: P. wendlandii Schott

Grex Preromischum Schott: P._ aurantiifolium
Schott, P. ligulatum (L) K. Koch, P: scguine
Schott, P. inacquilaterum Licbm.

Grex Canniphyllum Schott: (no species represent-

Grex Clnn.wphy”um Schott: (no species represent-

Grex Salemul(ngmn Klotzsch: P. axymrdlum
Schott, P micans K. Koch, P. scandens
Koch & Sello = (P. hederaceum)

Grex Psoropodium Schott: P: tenue K. Koch & Au-
gustin, P. gracile Schott
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Grex Achyropodium Schott: P: verrucosum L. Ma-
thieu ex Schott

Grex Platypodium Schott: P. pterotum K. Koch &
Augustin, P fragrantissimum (Hook.) Kunth

Grex Cardiophylacium Schott: P. brevispathum
Schott, P hederaceum Schott (= P: jacquinii

Schott)

Grex Belocardium Schott: P: hoffmannii Schott, P
‘advena Schott, P. acrocardium Schott

Grex Cardiobellium Schott: (no species represent-

Grex Meconostigma Schott: (no species represent-
ed)

Grex Eubelium Schott: (no species represented)
Grex Macrolonchium Schot: (no species represent-
od

)

Grex Macrobelium Schott: P. daemonum Licbm. =
P sagittifolium Licbm., P. sagittifolium Schott,
P tanyphyllum Schott = P. sagittifolium
Licbm.

Grex Imbéa: (no species represented)

Grex Oligophlebium Poepp.: (no species represent-
ed

)
Grex Doratophyllum Schott: (no species represent-
ed)
Grex Schizophyllum Schott: (no species represent-
ed)

Grex Tritomophyllum Schott: P. tripartitum (Jacg)
Schott, P dogilla Schott = P tripartitum
(Jacg,) Schott, P. anisotomum Schott

Iytomum Schott = P. radiatum Schott, P. war-
saeuiczii K. Koch & Bouché

Grex Sphincterostigma Schott: (no species repre-
sented)

In all, only 18 of the 135 species of Philoden-
dron included in this 1860 revision were from Cen-
tral America, and 4 of the total were members of
P. grex Preromischum. One of the four species, P.
ligulatum Schot, is a member of P. sect. Philoden-
dron, which Schott had inadvertently placed in his
grex Preromischum. Five of Schott’s names became
P. hederaceum (P. acrocardium, P. hoffmannii, P.
oxycardium, P. scandens, and P. micans), but the
count was reduced by only four since the name P:
hederaceum was involved in two currently accepted
species (namely, P. hederaceum and P. jacquinii).
Other reductions are P2 gracile, which is a synonym
o P tenue; P. daemonum and P. tanyphyllum,
which are synonyms of P. sagittifolium; P. dagilla,
a synonym of P tripartitum; and P. impolitum and
P polytomum, synonyms of P radiatum. Thus

Schott was dealing with only 16 (16.5%) of the 9
currently known Central American species.

ADOLF ENGLER

Litile was done with Philodendron following
Schotts death in 1865 until Adolf Engler, working
at the Universities of Kiel and Breslau (and finally
at the Berlin Botanical Garden), began his revi-
sionary work on the Araceae. Schott had laid the
groundwork, describing most of the genera that still
exist today, but he was dealing with only a small
portion of the species. Taking up his first positions
at Kiel and Breslau in 1871, at age 27, Engler
worked with various tropical families on the Flora
Brasiliensis project, publishing and working on
general review of the vegetative and floral mor-
phology for the entire family (Engler, 1877). Later,
in his powerful position as Dircctor of the Berlin
Botanical Garden, Engler commanded attention
and a wealth of herbarium specimens and living
‘material from all over the world during Germany's
preeminent period of domination in the botani
world preceding World War II. Since Engler was
only 21 at the time of Schott’s death, it is not ikely
that the two ever met, but Engler would have had
access to some of the same material, including liv-
ing material from the Schonbrunn greenhouses, as
well as Schott’s notes and illustrations made over &
40-year period (Engler, 1876). Unlike modem
workers, he had access to Schott’s herbarium in Vi~
enna before it was destroyed during World War IL.
This is important for a continuum of species con-
cepts in groups often described from inadequate
material of unknown origin and worse yet some-
times destroyed by war.

Engler’s (1878) treatment of the Araceae in Mar-
tius's Flora Brasilicnsis included 116 species of
Philodendron, 95 of which were members of P. sect.
Philodendron (13 were in P: sect. Preromischum
and 8 in P. sect. Meconostigma (Schott) Engl). Only
47 species of Philodendron were then known from
Brazil. The work also included sectional and spe-
cies descriptions as well as a key to all existing
species of Philodendron. In this work Engler mod-
ified Schott’s system of classification for Philoden-
dron by recasting Schott’s “greges” as sections and
reducing the number from 22 to 10. He also syn-
onymized & number of species, reducing the total
from 132 to 116 species. Only a single
American species, P. oxycardium (= P. hederaceum
var. oxycardium) was reported for Brazil, a fairly
accurate picture as we know today. Only a couple
of other species, namely P. fragrantissimum and P
verrucosum, have been found to range into the Am-
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azon drainage of South America. Two additional
species, P. glanduliferum Matuda and P. brevispa-
thum, have a subspecies or variety that occurs in
the Amazon basin of South America, but the same
do not occur in Central Americ

In the following year Engler's treatment of Philo-
dendron for A. and C. DeCandolle’s Monographie
Phanerogamarum (Engler, 1879) was essentially
unchanged, adding only 3 species to bring the total
to 120, OF these, 93 species were s of P
subg. Philodendron and 20 of the epithets repre-
sented species currently known from Central Amer-
ica (now t0 15 through synonymy).

The final revisionary effort by Engler on Philo-
dendron published 20 years later (Engler, 1899)
was changed only slightly at the subgeneric level
from the 1878 work. One section was raised 1o sub-
generic status, and the remaining nine scctions
were included in P subg. Euphilodendron Engl.
(now P. subg. Philodendron). Despite minor
changes made by Krause (1913), it is essentially
Engler's classification that persists almost a century
later. Engler’s (1899) revision was substantially
larger than Schott’s last revision. Engler's revision
contained 167 species, 134 of them in P: subg.
Philodendron, with 23 reported for Central America
(reduced to 15 species through synonymy in this
revision). One species, P purpureoviride Engl., re-
ported for Ecuador, is now known for Central Amer-
ica.

The species of P subg. “Euphilodendron” in-
cluded in Engler's (1899) revision broken down by
section for Central America are listed below:

P sect. Preromischum Schoti: P aurantiifolium
Schott (as synonym of P: gustiferum Kunth), P
guatemalense Engl., P. inaequilaterum, P. se-

ncae Engl.
P. sect. Baursia (Rchb ex Schott) Engl: P, wen-
P sect. Palysprrmmm Engl.

“Gruppe” Platypodium Schots P e
“Gru oxycardium

“Gruppe” Cardiobelium Schott: P: brevispathum, P
ile (= P: tenue), P. schottianum, P. tenue
“Gruppe™ Achyropodium Schott: P. verrucosum
P sect. Oligospermium Eng.
“Gruppe” Macrobelium Schott: P: sagitifolium,
P. daemonum, P. sanguincum Regel (= P.
sagitifolium), P. mezicanum Engl.

“Gruppe” Belocardium Schott: P. ligulatum
Schott, P. advena, P. subovatum Schott (=
P adsena), P. smithii Engl.
“Gruppe” Oligocarpidium Engl.: P. piticri Engl.
(= P. hederaceum)
P sect. Tritomaphyllum (Schot)) Engl.: P. anisoto-
mum, P tnpammm, P fencli Engl. (= P. tri-

partitum)
P sect. Schuaphyumn (Schott) Engl.: no species
present
I3 e Polylomxum (Schot) Engl: P augustinum
Koch (= P. radiatum), P. radiatum Schott,
P warsseuwiczii K. Koch & Bouché
P sect. Macrolonchium (Schott) Engl: P. fragran-

tissimum
P sect. Macrogynium Engl:: P: hoffmannii Schott
sensu Engl. (= P. jacquinii Schott)

The tum of the century saw major activity with
Philodendron, no doubt due to Engler's just pub-
lished revision. Engler made no changes in his re-
vision but went on 1o publish 26 additional species
(Engler, 1905b). In addition, seven species were
described by Alfred Barton Rendle, Ignaz Urban,
Ambroise Gentil, and N. E. Brown between 1901
and 1908,

KURT KRAUSE

Kurt Krause, who began working with Engler at
the Berlin Botanical Garden on 1 January 1905,
described two additional species before preparing
his revision of Philodendron for Das Pflansenreich
(Krause, 1913). The latter remains the most recent
revision of the whole genus. Krause's revision is a
slightly reworked version of Engler’s (1899) revi-
sion but did include the description of a new sec-
tion, P. sect. ium, with a single species
in P. subg. Philodendron (“Euphilodendron”) and
included 55 more species. There were 32 other new
species published in . subg. Philodendron. Six of
these were in P. sect. Preromischum (P. subg. Pter-
‘omischum), while one was in P. subg. Meconostig-
ma. The remaining 25 were in P subg. Philoden-
dron. Most were members of P. sect. Baursia and
P sect. Polyspermium (Philodendron) with a single
species each in the following sections: Oligosper-
mium (Calostigma), Schizoplacium, Macrolon-
chium;, and three species in P. sect. Polytomium.
Only two species, P. grandipes K. Krause and P.
panamense K. Krause (both in current P sect
Philodendron), were from Central America. Krau-
se's treatment of P subg. Philodendron included the
following sections and species for Central America
(or at least now known from Central America):
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Names used by Krause (1913) and their current
status. Species mumbers refet to those in Krause's

95. P scandens K. Koch & Sello = P hedera-
ceum

96. P axycardium Schott = P hederacenm vaz.
9. P micans K. Koch = P. hederaceum var.
hederaceum forma micans

108. P schottianum H. Wendl. ex Schott
110. P panamense K. Krause

T P gracile Schont = P. tenue K. Koch &

Augustin
116. P: tenue K. Koch & Augustin
125. P. verrucosum L Mathieu ex Schott

22 P fragrantissimum (Hook.) Kunth

9. P sect. Macrogyniam

207. P Meffmannis Schot sens Engl. = P jac-
quanss Schott

10. P sect. Campiogyninm K. Krause: (0 species
repersented in Mesoamenca

182. P. anisotomum Schott
183. P. iripartitum (Jacq.) Schott
6. P. sect. Schizophyllum (Schott) Engl.: (o spe-
cien represcnted in Central Amenica).”
7. P. sect. Polytomium (Schott) Engl.:
195. P radiatum Schott
198. P augustinum K. Koch = P radiatum
Schott
199. P. polytomum Schott = P radiatum Schott

200. P. wanssewiczi K. Koch & Bouché
8. P, sect. Macrolonchium (Schott) Engl.

* Philodendron pedatum (Honk.) Kunth was reported
John Hall o Cote Roea bt o v ¢ e el
available for confmation,

were reported for Cen-
tral America. and 11 of these were in P2 subg. Prer-
omischum. »
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davisianum G. S. Bunting, P. lancigerum Standl. & ~ were oft

L. 0. Williams (= P. sagittifolium), P. latisagittium
Matuda (= P. mexicanum), P: lundellii Barlett ex
Lundell (= P jacquinii), P. microstictum Stand). &
L. 0. Williams, P. miduhoi Matuda = P. hedera-
ceum, P. mirificum Standl. & L. 0. Williams (= P.
plerotum K. Koch & Augustin), P. monticola Ma-
tuda = P advena, P. platypetiolatum Madison, P:
pleistoneurum Standl. & L. 0. Williams (= P. gran-
dipes K. Krause), P. pseudoradiatum Matuda (= P.
radiatum va. pseudoradiatum (Matuda) Croat), and
P trisectum Standl. (= P. anisotomum).

Three additional species were described in
Philodendron but actually pertain to other genera
(see under “Excluded Names™).

Many of the other taxa in Krause’s evision were

Most of the Central American floristic work out-
side of Mexico was carried out by Paul C. Standley,
often working with his associate Louis O, Williams.
Standley worked initially at the Smithsonian and
later at the Field Muscum in Chicago, then at the
herbarium of the Escuela Agricola Panamericana,
where he died at Zamorano in Honduras. Standley
described P. brenesii and P. trisectum (= P aniso-
tomum Schott) alone, and with L. 0. Williams he
llno provided the following epithets: P armigerum

(= Syngonium (Standl. & L. 0. Wil
I-m-) Croat), P auriculatum, P. brevinodum (=
Monstera tuberculata Lundell var. brevinoda
(Standl. & L. O. Williama) Madison), P. hastiferum

), P

et P e TS S o
them since of the nine described, three proved to
belong to other genera, and three others proved to
be synonyms of existing Philodendron names. This
is particularly surprising since both Standley and
L. O. Williams were astute observers who were very
familiar with the Central American flora in general.
Their mistakes point out the complexity of the tax-
onomy of Araccac and the bewildering array of ma-
terial available o them at that time. Even when |
began my own work with the Araceac in the late
1960s therc were few specimens (aside from types)
that proved 10 have the correet names. Specimens

fen poorly presered and . and
imnl].ly all In-hd good field notes. [allhs Eeld

wammum..uw.mmdm
are essential to the understanding of
mmmnmlwx«uu-p
sible that this confusion, coupled with the dearth
of well-prepared specimens and the paucity of
types of Araceae, discouraged workers
decisions about which species were new.

quately done., even if one considers that fewer spec-
imens were available to the authors than today. The
treatment of the Flora of Panama (Standley, 1944),
for example, is woefully inadequate considering the
wpmummmmm-m.

Philodendron was much better from the
of correct names, but he treated only 8 of the 104
subg,

mixture of two species and P. guttferum was 3 mix-
ture of three species the most curious
\hing sbout Sumdlr’s Fora f Pomama tresrcot
-lb.nbyl‘)“tﬁerknbeﬂ and his col-

(Standley 3
for additional details. Sce also section on “Collect-
ing History of P. subg. Philodendron.™

The Flora of Guatemala (Standley & Steyermark,
1958b) was much more accurate and complete in
the percentage of the total taxa of P subg. Philo-
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dendron included. However, this probably has less
1o do with the fact that it was published 14 years

on the flora of San José Island (Johnston, 1949) of
Panama.

In Mexico, Eizi Matuda, the local aroid special-

taxa included and with all but one of the taxa still
properly bearing the name, the Guatemala treat-
ment remains generally more useful than that of the
Flora of Panama. Added to the flora since the 1958
revision are: P. adoena, P. fragrantissimum, P. glan-
duliferum, P. jodavisianum, P. mexicanum, P. pu-
rulhense, and P. verapazense.

‘The Flora of Guatemala (Standley & Steycrmark,
1958b) treated P. hederaccum correctly but treated
P jacquinii under its synonym, P. hoffmannii. Cu-
riously, however, the illustration used represents
both species. The leaf and stem seem clearly to be
P hederaceum, but the inflorescence clearly shows
the long-protruded styles of P. jacquinii.

Standley’s (1937) treatment of the Araceae of
Costa Rica was reasonably good, partly because
many species had been described by Schott from
collections made by H. Wendland in Costa Rica.
Other widespread species whose taxonomy had
been well established were also a part of the flora.
Properly named Costa Rican species recognized by
Standley were: P: brenesii, P. ligulatum, P. terotum,
P. radiatum, P. schottianum, P. tripartitum, P. ver-
rucosum, and P. wendlandii. Species now synony-
mized are: P. gracile
P. jacquini), P. pittieri (= P. hederaccum), and P:
trisectum Standl. (= P. anisotomum). I has never
been determined which species he included under
the name P. panamense, but that species is not
known for Costa Rica. Thus, with 8 out of the 13
names correct and 3 additional species that at least
represent synonyms of currently recognized spe-
cies, Standley did pretty well. However, with only
13 of the current 49 species treated (26%), the
treatment was no more complete than that of the
Flora of Panama, which was written a few years
later.

‘Though no other floristic taxonomist had such a
prominent role with Central American Philoden-
dron as Standley, there were others who described
Philodendron during the course of their foristic
work.

Ivan M. Johnston of the Amold Arboretum de-
scribed Philodendron. erlansonii (= P. jacquinii)
and P. harlowii (= P. hederaccum) while working

cies during his investigations of Mexican Araceac
(Bunting, 1965): P. dressleri, P. jamapanum (= P.
advena), P. jodavisianum, and P. tustlanum G. S.
Bunting (= P. sagittfolium).

Matuda's treatment of the Philodendron in Mex-
ico (Matuda, 1954) dealt with 16 species, 13 of
them in P: subg. Philodendron. While a number of
the species had the correct names, e.g., P: advena,
P mexicanum, P. pseudoradiatum, P. radiatum, and
P tripartitum, others had synonymous names, €.g.
P. sanguineum and P. daemonum (both currently
recognized as P. sagittfolium). Matuda also recog-
nized P mexicanum under three different names,
namely P. mesicanum, P. latisagittatum, and P
sagittifolium (a distinct species that he treated as
both P dacmonum and P: sanguineum (a currently
recognized name improperly used; see above). Ma-
tuda redescribed two species using the names P
apocarpum and P. miduhoi (currently P: jacquinii
and P hederaceum, respectively). Finally, he de-
scribed P. monticola (now considered synonymous
with P advena).

Other Central American species of P subg.
Philodendron published since the time of Krause's
revision and prior to the beginning of this project
in 1986 are P davidsonii and P. platypetiolatum,
the latter described from Ecuador during Mike
Madison's extensive work with the flora of Ecuador
during his tenure at the Selby Botanical Garden-
‘Thus, up to the initiation of the current study, only
26 species in P. subg. Philodendron were
for Central America. With 96 species of P: subg.
Philodendron now known for Central America, this
registers an increase of 70 species or a 270% in-

rease.

Of the species of P subg. Philodendron de-
scribed since Krause's revision (not including the
present effort) only seven were described by non-
specialists (1. M. Johnston, P. C. Standley, and Staz-
dley and L. 0. Williams). Standley, together with
L. 0. Williams, described most of the new Ceatral
American species and wrote most of the floristic
treatments of the Araceae for Central America. De-
spite his extensive experience, I do not believe that
Standley fully understood the diversity of the Ara~
ceae. This is because he failed to recognize & e
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atvely large mumber of species that were new to

s0 much interspecific variation that proper deci-
sions often cannot be casily made without direct
comparisons of living material. In addition, collec-
tions in the past often had few or no field notes to
use for study.

‘COLLECTING HISTORY

In addition to the history of revisionary efforts it
is instructive to consider the collecting efforts in
Central America that have laid the groundwork for
the scientific work done with Philodendron subg.
Philodendron. Perhaps owing to their sometimes in-
timidating size, the difficulty of retrieval, and cer-
tainly due to the difficulty of preparing and drying
specimens, members of P. subg. Philodendron have
never been popular with botanical collectors. The
early neotropical collectors, i.¢., Ruiz and Pavon,
Sessé and Mogifo, Triana and Planchon, and others
collected few Araceac (or at least few survived to
modern times). Eduard Poeppig, working in Peru,
and Richard Spruce, working in the Amazon region
of Brasil, did somewhat better, collecting a number
of new species. In Central America few collectors
made many collections until modern times. Even
Standley and Julian A. Steyermark, two of the most
prodigious collectors in the region, did not make
many collections of Araccae. Both gathered well
over 100,000 collections in their careers. Yet in all,
Standley made only 146 collections of P. subg.
Philodendron, comprising 21 species in all of Cen-
tral America. Of this total only 6 of the collections
(these previously mentioned) proved 10 be unde-
scribed species, none of which Standley recognized
as new. Standley was not avoiding collecting Philo-
dendron because they constituted a lot of work to
press. This is demonstrated by the fact that he col-
lected P. radiatum 13 times and P. warszewiczii 12
times. These are among the most difficult plants to
prepare owing to their huge size and fleshy parts.

That 0 few new species of Philodendron were
collected was apparently due to the fact that in ear-
i times relatively few roads led into areas of wet
forest.

Matuda, working exclusively in Mexico and con-
centrating on Araceae, accrued 27 collections of P:
subg. Philodendron and only 1 of these, P: glan-
duliferum, proved ultimately to be new to science.
George Bunting, also working only in Mexico (un-
der the numbers of Harold Moore of Comell Uni-
versity), made 36 collections of P: subg. Philoden-

dron, including 2 new species (P. dressleri and P
jodavis

ianum).

Steyermark, though collecting many more Philo-
dendron in Venezuela later in his carcer, collected
only 26 Central American P. subg. Philodendron,
comprising 9 species, none of which were new. L.
0. Williams, who also worked on the Flora of Gua-
temala and collected for many years in Guatemala,
Honduras, and Costa Rica, made only 14 collec-
tions of P2 subg. Philodendron. Two of these were
species that remained undescribed until this work,
namely Williams 628 (P. sulcicaule) and Williams
28387 (P. wilburii va. longipedunculatum Croat &
Grayum). Percy Gentl, collecting in Belize, made
20 collections. The Philodendron subg. Philoden-
dron collections of Pittier in Costa Rica totaled
nine, none representing new species. Adolf Tonduz,
also working in Costa Rica, made only five colleo-
tions of this group. Alberto Brenes made four col-
lections in Costa Rica between 1926 and 1932. Two
of them, P. brenesii and P. bakeri, proved to be new.
Paul Allen made five collections of Philodendron
in Costa Rica, four of which were described as
(though two were subsequently synonymized).
Aside from these few i
mentioned above, no other new species were col-
lected until the early 1960s. Roy Lent, living in
Costa Rica and collecting between 1964 and 1971,
made 24 collections of P. subg. Philode

Grayum, P: hederaceum var. kirkbridei, P: strictum,
P thalassicum Croat & Grayum, and P. wilburii var.
wilburii, W. C. Burger, collecting in l‘»«- be-
tween 1968 and 1986, in part with one-time aroi
pecialist Richard Baker, made 56 enlsctions of B
APt N T e oes
bakeri, P chirripoense, P: crassispathum, P. thalas-
sicum, and P: wilburii,

Though Panama is even richer in Araceae than
Costa Rica, the collecting activity there was not
particularly rewarding. The Philodendron collec-
tions of H. von Wedel, who worked in Bocas del
Toro Province in Panama, totaled only seven. Rob-
ert Woodson and his collaborators, Paul Allen, and
Carrol Dodge collectively made only 11 collections
before the Flora of Panama project was begun.
This occurred in a country that proved to have 96
species, 65 new 1o science.

Even James Duke, who regularly got into areas
of wet forest in many parts of Panama, made only
four collections of P. subg. Philodendron, none of
them new.

Collecting activities begun by Walter H. Lewis
and staff from the Missouri Botanical Garden in the
early 19605 were more aggressive by using heli-
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tropecal American plasts during his carver and who

went 1o many remote and intereating arcas, made

oaly 24 collections of P wubg. Philodendron in

Central America. Theee of them, P llanense, P
and P

scribed at the time.
Honduras, Costa Rica. snd Pansma

began in 1967 with work on the Flora of Barro
Colorado Island (Croat, 1978). Collecting on BCI
and taking othet trips in Panama with Waher Lewis,
John Dwyer, and others gave me my first real ex-
perience gathering Araceae. Many of the arcas vie-
ited were not previously explored by botanists,

umervus

new Araceae occurred. Many species were collect-
ed for the first time even in areas where consider

given day proved 10 be new 10 science. Later, when

wrrving an the Miscunt Botans al Ganlen's resident
butanint im Panasma, chuting 1970-1971, and while

ot be
mont clonely with Typhonodorum.

INTRAGENERKC RELATIONSHIPS

The last thorough taxonomic revision of the Ar-
m-uhwllmlm—m
in pant by K. Krause (Engler & Krause, 1908,
1920; Krause, 1913). That revision included eight
sublamilies of Aracese with Philodendron in its
mMmmh.W-d

lOIl)Mhd‘-—ly-ﬁhmul—lh
m Schismatoglottidinae, Anubiadese, Agla-
Diclienbachicac.

»u—i-..- and Pelundrese. Englec (1 “"m
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Bogner and Nicolson (1991) left Engler’s sublamily
Phi e intact, but Grayum (1984) made

ive changes including an incorporation of
the sublamily Calloideae and the Calocasioidese
1Mfmlnlnrhlng-mﬁtuﬂ.nlulmln

Calloideae, because of nomenclatural priority). The
sublamily is divided into Nephthytis, Aglaonema,
Peliandra, and Alliances. In Gra-

Taccarum. Grayum (1990) later placed Philoden-
dron close to Homalomeninac and the African gen-
era Culcasia and Cercestis (which had been placed
in the Pothoideae and Lasioidese, respectively, by
Engler). They all share similar stem and stamen
vasculature as well as extrafloral nectaries and res-
in canals in their roots and a scleroic root hypo-
dermis. Most (excluding Homalomeninac) also lack
an anther endothecium that is prescat in all other

a cladistic analysis. While maintaining casentially

the same alliances suggested by Crayum (1990),

Mayo et al. (1995) placed all araceous genera with
unisexual flowers i Arvidese.

of chloroplast DNA restriction site variation in the
Ariflorac by French ct al. (1995) places Philoden-
dron as a sister group to Homalomena, suggesting,
according to Grayum (1996), that Homalomeninae
is paraphyletic. Am-l...mvmxm..nm
m.......r..manmm
and Philodendron taken together, while Ilm
chardia is a sister taxon o all four of these genera.
While questions still remain about the closest
generic relatives of Philodendron, the classification
by Mayo et al. (1995) has taken into account all
the evidence o date including the extensive mo-

Araceae (Grayum, 1990). Grayum belicved that the coming a distant third.
Philodendroideac arc a sister group 1o the Pothoi- Despite the somewhat more distant of
deae (including Engler which from herbarium mate-
have in common the i ofge rial of --u«un'lyc_a.d-im
niculate petioles, cork formation in aerial roots, the opening of

vascular bundles, collateral bundles, hwwmu‘n_s.um;.ﬂ
and other features (Grayum, 1984).

While there is reasonable agreement on the clas-
sification of tribes and subtribes, subfamilial con-
cepta are still evolving. A comparison of the major
systems of classification at the suprageneric level
was made by Croat (1990{1992). It included the
systema of Hotta (1970), Grayum (1990), and Bog-
ner ...d Nicolson (1991).

netic analysia on the Philodendroideac by
Ihya (1986) shows Philodendron to be distinct but
without any definitive diagnostic features with
which to distinguish it completely from other gen-
era. He reported the genus to be only distantly re-
lated to other genera in the subfamily but that its
closest relatives were the African genera Culcasia
and Cercestis. In his survey of sclerotic hypodermis
in the roots of Araceae, French (1987a) provided
evidence to link Philodendron to the West African
genera Anubias, Culcasia, and Cercestis and the
ncotropical Montrichardia.

More recently,in an atiempt to bridge differences
in the systems of Bogner and Nicolson, Grayum,
and Hay and Mabberley (1991), Mayo et al. (1995)

ucted another sweeping survey and

iy W, e Ml dhapes that closcly
match those of some Dicflenbachia. If the petiole s
well preserved the presence of the petiole sheath is
the best means to scparate Dicffenbachia and P
subg. Philodendron; the latter genrally has a very
short sheath, while it is rarc that the sheath of Dicf-
fenbachia docs ot extend to the middle or above the
‘middle of the petiole.

Live material of neotropical Homalomena is not
casily confused with Philodendron because the for-
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mer usually has anise-scented sap, while Philoden-
dron usually has a distinet turpentine-like aroma,

ischum were removed from Monstera and plmd in
Phil Schott recognized 7

sometimes also like fresh carrots, but never anise-
scented. Philodendron and Homalomena may have
similar leaves, but the latter ofien has pubescence
on the blades and pubescence and/or scales and
spines on the petioles. These two gencra have sim-
ilar inflorescences with unisexual flowers, sterile
and fertile sections of the staminate portion of the
spadix, and a close arrangement of pistillate flow-
ers, not to mention the similar constricted spathe
that persists after anthesis. However,

a grex in his 1860 Prodromus, and Engler first rec-
ognized the species occurring in this group as 2
sect. Preromischum in his Flora Brasiliensis treat-
ment (Engler, 1878).

Piploponeic: s el wnlyeci 7SR
(1986, 1988) have shown Philodendron to
three subgenera distinct in vegetative and b
morphology, floral anatomy. and to some extent by
distributi subg.
with a South American

can usually be determined by the presence of min-
ute, club-shaped staminodia sparsely scattered
among the pistils.

Sterile specimens of neotropical

distribution, is highly apomorphic but cladistically
primitive in the genus (Mayo, 1990). Based on a
study of gynoecial morphology Mayo considers P
subg. 1o have evolved in easter Bra-

may be confused with Philodendron by the novice
because the two genera share similar venation.
However, Schismatoglottis always occurs terrestri-
ally, often in somewhat marshy situations where
Philodendron rasely occurs. In fertile condition
they are easily separated by the spathe promptly
dehiscing above the tube in Schismatoglattis, with

persistent, usually reclosing over the staminate por-
tion of the spadix, which in tumn rots away inside,
never really falling frec until the spathe opens in
fruit.

Sterile material of Spathiphyllum has been con-
fused with Philodendron, but that genus differs by
its consistently terrestrial habit, long-sheathed pet-
ioles (exhibited in Philodendron only in P. subg.
Preromischum), the presence of trichoscherieds,
and by its distinctive, closely spaced primary lat-
eral veins.

INFRAGENERIC RELATIONSHIPS

Philodendron is currently divided into three sub-
genera. A subgeneric system of classification for
Philodendron was proposed as carly as 1832 by
Schott, who recognized four unranked groups: Eu-
philodendron, Calostigma, Meconostigma, and
Sphincterostigma. The latter two were combined by
Engler (1899) as P. subg. Meconostigma. Schott’s

Calostigma was later called P: sect. Oligospermium
Engl. (Engler, 1878) and is once more called P.
sect. Calostigma [(Schott) Pleiffer] (Mayo, 1990).

Euphilodendron became P. sect. Polyspermium in
Engler's Flora Brasilicnse treatment in 1878 and
must now be treated according to the Code (Greuter
etal., 1994) as P. sect. Philodendron (Mayo, 1990).

It was not until Kunth's (1841) treatment that
members of what are now called P. subg. Prerom-

zil as a group adapted to open habitats and later
spread into the more humid Amazon basin. By the
same standard he assumed that P: subg. Philoden-
dron and P. subg. Preromischum also arose later
and became predominant as hemiepiphytes in hu-
mid forests. He considered P. subg. Preromischum
10 be a sister group to P: subg. Philodendron and
that P. subg. Philodendron is the most advanced of
the three subgenera. The geological history of the
continent would probably support this since eroded
‘mountain plateaus of eastern Brazil are much older
than the current land surfaces of the Amazonian
basin. Most of the species of the genus, now so rich
on the Andean slopes of northem and westemn
South America, surely must have evolved since the
Andes arose during the late Cenozoic.

Mayo clevated P. sect. Preromischum to the sta-
tus of subgenus (Mayo, 1989) and Grayum (1996)
subdivided the subgenus into two sections, P sect.
Preromischum (Schott) Engl. with sylleptic* sym

“Sylleptic shoots are shoots that develop from latersl
meristems without any cessation of activity ater initiation.
ie., growth is continuous with the lateral shoot usually
taking over from the main axis, which terminates in flon-
rng in mos Arscae gevers. Sylletic

subg. Philodendron, results when
ranching occus from a aon-retng aeral b sch the
the existing stem with its terminal inflorcscence i
medinely overiopped by contnued govth of th wclry
branch in a manner that makes it appear that the growth
of e s i incdterminate and s the i
produced appear to be axillary to the leaf produced by the
rcw stem scgment. This ype of growth, though in o2l
. unuc‘bﬂmhs, each with a single c.upe‘- Ty m"
of Ray), a single stem segment, and a single leaf (sym-
podial lliag 1t of ey meapioll of Grayum) and i
‘minated by an inflorescence, appears to be en
stem producing a continuous series of pua

g
~

leaves each with an axillary inflorescence
Ray, 1987b)
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podial growth and P sect. Fruticosa Grayum with
prolepic® sympodial growth (Ray, 1987b), a growth

family, known only in Alo-
casia and a few species of Monstera (Grayum,
199).

Philodendron subg. Philodendron is difficult to
define and in primarily distinguished by its nega-
tives, i.c. it lacks the specific characteristics of P
subgenera Preromischum and Meconastigma (see
key to subgenera below). There are relatively few
members of P. subg. Philodendron with a pachy-
caulous habit common to so many
subg. Meconastigma, i.c., with very stout, selw".“y
erect stems and possessing conspicuous leaf scars.
Phdodmdmn subg. Philodendron also lacks the

icuous, more o less triangular scales bome
R s T
sometimes obvious (Fig. 11) in P. subg. Philoden-
dron, they are usually small and inconspicuous and
fall carly. The species most similar to P: subg. Me-

conastigma is P. warszewicsii, but another species,
P basii, is similar in being large with a thick, erect
stem.

Species of P subg. Preromischum have subile
characteristics that to the expert permit immediate
recognition. These characters include the slender,
somewhat woody, britle stem, a conspicuous peti-
ole sheath, thinner blades with rather pronounced
primary lateral veins, the prescnce of interprimary
veins, and the frequent presence of raphide cells
or stitchlike markings. Another feature that is of-
ten useful in separating P. subg. Preromischum from
P subg. Philodendron s the much higher incidence
of asymmetrical leaf blades in the former. Species
with asymmetrical (especally at the base) blades
are not common in P subg.
species of P. subg. Philodendron may have oblong
0 elliptic, non-cordate blades like those of P sub.
Preromischum, but they never have the fully
sheathed petioles of the latter (except in juvenile
condition, which may confuse the non-expert).

The three subgenera of Philodendron in general
can be most casily separated by the characters pre-
sented in the following key (moified after Mayo,
1991).

Proleptic sympodial growth, characteristc of members
of Philodendron sect. Fruiticosa (Grayum, 1996), results
that has rested, elative

ot axillary as in sylleptic sympodial grow
inerodes in pelptic rowh ar very irger

s conaccutive series of cataphylls or reduced
Teaves (see g 3 in Ray, 10875,

KEY TO THE SUBGENERA OF PHILODENDRON

La. Stem of mature fowering plants with a succes-

: peii
long sheaths narrowly crcircling the stem at the
basc P aubg.

1. Siem of matur fovering pl... = 0 e
sion of short symy

e e i he o
cenccl) | tomany and sppoaing o be borne in
the ioles of adult plants with short,
conspicuous petiole sheath and bome
o the side of e s, ot ancieing 1 o the

spei subequalor Ionge then el somes
stamens usually at least 3 times longer than
Me

il soto of epadt mch st tham the
ferile staminate zone; stamens less than 3
times longer than

P subg, Philodendron

There are also & number of anatomical charac-
teristics separating the subgenera. Vegetative buds
of Philodendron subg. Philodendron are always lo-
cated below the point of overlap in the sheath mar-
gins of the cataphyll, whercas they are lacking in
P. subg. Pteromischum (Ray, 1987b). Philodendron
subg. Preromischum is distinct in having a style
with a shallow compitum® with & subepidermal con-
centration of raphide crystals (Mayo, 1986, 1989)
and a total lack of tannin cells in the stamens
(Mayo, 1986). In_addition, while hypophyllous
stem segments are typical for P. subg, Philodendron
they are ambiphyllous,’ hyperphyllous,® or pers-
phyllous in P. subg. Pteromischum. Philodendron
subg. Philodendron in characterized by having con-
tinuous parenchyma from the cortex to the center
of the stem. In contrast, . Preromischum has
e T S

"lnlr not definitive, there are a number of other
featurcs that normally are uscful to separate P

“The common depreasion that lead to individual stylar
canala.
Hypophyloussom sepmeds ar thone tose i which
the petiole acar borders the lower edge of the scgment (sec
. 7 in Ray, 1967b).

+ Ambiphyllous stem segments are s short that the pet-
iole scary border on both enda of the stem segment (see
211 n H-y 1967

stem negments have the petiole scar at
e u"..v e of the

stem segment (s figr. 2. 8 in Ray.

o S S e b Sk s e
node subtending the petiole “is clongated and supercedes
the point of atachment” (Ray, 1967b).
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subg. Preromischum. s blades are typically more
or less oblong, moderately thin, and typically more
inequilateral than those of P subg. Philodendron.
The stems of P. subg. Pteromischum are commonly
less than 1 cm in diameter and frequently with
rather long intemodes. While there are many mem-
bers of P. . Philodendron with more or less
oblong leaf blades, blades of most species are cor-
date or subcordate at the base. Many members of
P subg. Preromischum have stems that branch and
spread away from their support before flowering;
this behavior is rare in P. subg. Philodendron.

Because of the usually conspicuously sheathed
petioles of P. subg, Pteromischum, the subgenus is
more likely to be confused with sterile specimens
of than vith the oblong-bladed spe-
cies of P. subg. Philodendron (and in such cases
the presence of trichosclercids beneath the epi-
dermis of Rhodospatha casily distinguishes it from
Philodendron).

RELATIONSHIPS WITHIN P. SUBG. PHILODENDRON

Discussion of subgeneric classification. Any at-
tempt to revise the subgeneric classification of

the lack of morphological characteristics that
correlate with one another throughout the sub-
genus. Engler (1899) separated the species of P
subg. Philodendron primarily on the basis of leaf
shape, leaf blade venation, and the nature of the

pistil (i.e., number of locules per ovary, type of
placentation, and number of ovules per locule).
Most sections, all moderately small ones, were
separated on the basis of leaf morphology. These
are: P. sect. Tritomophyllum, P. sect. Schizophyl-
Lum, and P. sect. Polytomium. Two sections, P.
sect. Macrogynium and P. sect. Camptogynium,
are based on the nature of the pistil. Following a
cladistic analysis of a relatively small number of

cies, including some in P. subg. Philoden-
dron, Mayo (1986) concluded that Philodendron
should be divided into two to three sections in-
stead of the existing nine sections in the genus.
While I agree that P sect. Macrolonchium should
be reduced, I think that a cladistic anal

existence of the remaining sections recognized by
Krause with the possible exception of P. sect.
Camptogynium, which was not studied by Mayo.

The most time-honored way to separate species
in P. subg. Philodendron is based on number of
ovules per locule, a system first devised by Engler
stemming from his first revision of Philodendron
(Engler, 1878). Engler used the number of ovules

per locule to separate two large groups, which he
called P sect. Polyspermium and P: sect. Oligosper-
mium (now P: sect. Philodendron and P: sect. Ca-
lostigma, respectively). These two sections together
comprise the largest percentage of species in the
subgenus. As they are constituted they are very di-
verse morphologically, and it is possible that the
number of ovules per locule will not prove to be
reliable for separation at the sectional level. It is
possible that species with relatively few ovles or
solitary ovules may have evolved independently
several times from ancestors with numerous ovules
having axile placentation, Since it has not yet been
determined if this is the case, the classification sys-
tem used here will in general be conservative.

Krause (1913) closely followed Engler’s sectional
revision. His P. sect. Philodendron (as P. sect. Poly-
spermium) consisted of species with axile placen-
tation and “many” ovules per locule, while P sect.
Calostigma (as P. sect. Oligospermium) consisted of
those species with sub-basal (or less frequently ba-
sal) placentation with “1 or few” ovles per locule.
Since the time of the last revision of Philodendron
‘many species have been added, and the distribu-
tion of ovules per locule for all species now forms
a more complete continuum. There is stil i
icant correlation between axile placentation and
moderately large numbers of ovules per locule and
the converse, basal and sub-basal placentation and
relatively low numbers of ovules. Both P sect.
Philodendron and P: sect. Calostigma will be dis-
cussed below.

While these two groups, P. sect. Philodendron
and P. sect. Calostigma, constitute the largest per-
centage of Central American species, several other
sections are separated on the basis of leaf shape,
venation, and style type (see above key). Each of
these wil be discussed in tum, despite the fact that
some do not occur in Central America. Krause
(1913) treated ten sections in his revision of

ndron. As previously discussed, P: sect. Pier-
omischum has been clevated to the status of sub-
genus, and P. subg. Macrolonchium Engl. has been
reduced to a subsection of P: subg, Philodendron-

1. Philodendron sect. Baursia (Rehb. ex Schot)
Engl, in Mart, Fl. bras. 32): 134. 1878.
Philodendron grex Baursia Rehb. ex Schot,
Syn. Aroid. 73. 1856. TYPE: Phil
crassinervium Lindl. (lectotype, designated by
Mayo, 1990).

As defined by Engler and Krause, P sect. Baur-
sia consists of species with generally inconspicuous
primary lateral veins, but the group as constituted
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by Krause remains highly variable in terms of its
ovules, habit, and leaf shape. The group comprises
species with moderately many ovules and axile pla-
centation, moderately many ovules with basal pla-
centation, a few ovules with basal placentation, and
solitary ovules with basal placentation. Al of these
specis have leaves purportedly devoid of primary
lateral veins. In reality this is not true of al species
included in the group. Most species have elongate,
simple blades, but three have 3-lobed or tripartite
blades.

With 33 species included by Krause the section
was third i size of the three major sections (P. sect.
Philodendron with 64 and P. sect. Calostigma with
53 species). One species, P acreanum K. Krause,
is actually a member of P sect. Pleromischum. Of
the remaining species in the section, those that best
it the description of the group oceur principally in
eastern South America and in the upper Amazon
basin and have more or less oblong leaf blades.
Philodendron crassnervium is the type of the sec-
tion. Except for P

Oligophlebium be recognized to accommodate
these spes

Some specics that were placed in P sect. Baursia
will have to be reinvestigated to determine if they
belong instead in P sect. Philopsammos G. S. Bun-
ting (1986). That group is often similar in having
elongated leaf blades, but it differs in having bi-
locular ovaries whereas those of P sect. Baursi
are plurilocular.

By no means all of the species with more or less
oblong blades in P. sect. Baursia have primary lat-
eral veins weak or lacking. At least one speci
wendlandii, the only Central American species
placed in P sect. Baursia by Engler, should be
placed in P sect. Calostigma. It has distinct pri-
mary lateral veins and a spongiose petiole with a
distinct dark green annular ring like the other
members of P subsect. Glossophyllum in Central
America. This leaves Central America without
members of P

> sect. Baursia.

Schott (with axile placentation), 2. bahiense Engl.,
and P pasianum K. Krause (cach with solitary
ovules per locule), species of P. sect. Baursia have
a few basal ovules per locule and oblong to oblong-
elliptic blades. Many but not all have indistinct pri-
mary lateral veins.

Some members of Krause's P. sect. Baursia, s-
pecially the species that are vines with a solitary
ovule per locule and occur in the Andes west of
the Continental Divide, such as P: lehmannii Engl.,
P ellipticum Engl., P pachycaule K. Krause, P
chimboanum Engl., P. longipes Engl. and P. gra-
eolens Engl., do not scem to belong with the re-
mainder and should perhaps be put into another
section. The same is true of the three-lobed and
tripartite species, P. deltoideum Poepp. & Endl., P
panduriforme (Kunth) Kunth (Krause also included
here P reichenbachianum Schott, now a variety of
P panduriforme), and P. micranthum Poepp. ex
Schott. With the exception of P: micranthum, which
has primary lateral veins lacking or weak, these
species have primary lateral veins at least some of
the time (though they are indistinct in P: delto-
ideum). None of the three species appear to have
any other features in common with the more typical
‘members of P: sect. Baursia, e.g., P. crassinervium
Lindl., P linnaei Kunth, and P. callosu K. Krause,
among others.

Mayo (1986) believed that P sect. Baursia
contained two groups of species, and he would
also separate P. deltoideum and related species
from the remainder, suggesting that Schott’s grex

at sect. G. S
Bunting, Phytologia 60: 306. 1986. TY]

Krause subsp. ptarianum(Steyerm.) G. .
Bunting, Phytologia 64: 467. 1988.]

Philodendron sect. Philopsammos is restricted to
South America, known largely from the region of
the Guiana highlands with cxtensions into the Am-
azon basin, occurring principally on white sand sa-
vannas, sandstone outcrops, and on tepuis, rarely
in alluvium in lowland forests. It is characterized
by having usually terrestrial or epipetric, thick,
crecping stems with mostly short intemodes, mostly
long persistent, mostly intact cataphylls, moderate-
ly long petioles, mostly erect, geniculate petioles,
more or less oblong, elliptic to narrowly ovate, co-
riaceous blades, usually lacking any. prominent
posterior lobes and with usually distinct, sometimes
‘moderately obscure primary lateral veins. Inflores-
cences aze moderately large with pistils bilocular,
rarely 3-locular, and ovaries moderately numerous
with axile placentation.
Included in the scction are the following species:
P canaimac G. . Bunting, P. c um R.
E. Schult,, P dunstervillcorum G. S. Bunting, P
dyscarpium R. E. Schult, P. peraiense G. S. Bun-
ting, P. phlebodes G. S. Bunting, P. pimichinense G.
S. Bunting, P. callosum K. Krause, P: pulchrum G.
M. Barroso, P. remifolium R. E. Schult, P sabu-
lmvun G. . Bunting, P. steyermarkii G. S. Bunting,
and P tatei K. Krause. Perhaps also to be included
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in this group is P. englerianum Steyerm. No species
in the group occur in Central America.

In describing this section Bunting (1986) made
no mention of how the section is

SUBSECTIONS OF P. st

T, PHILODENDRON

1. Philodendron subscct. Macrolonchium
(Schott) }:-.;Lm vxm Fl bras. 3¢ m mm

from P. sect. Baursia (or any other section). This
is a critical point since both sections have spe-
cies with elongated blades and at least sometimes
have primary lateral veins not markedly more
prominent than the interprimary veins (secondary
lateral veins). The section is presumably distin-
guished from P. sect. Baursia on the basis of hav-
ing mostly two locules per ovary. As an indication
of its affiliation with P. sect. Baursia, Bunting, at
the time he described P. sect. Philopsammos,
specifically mentioned P. callosum (a species i
cluded by Krause in P. sect. Baursia and initially
considered by Bunting to be distinct from P. ptar-
ianum) as being a possible member. Philoden-
dron ptarianum has proven to be closely related
1o P. callosum, but that species was described by
Krause as being “plurilocula,” i.c., with many
locules per ovary and “pauciovulata,”
few ovules per locule. If u. rue, the
character separating P sect.
P sect. Baursia, namely the muul number of loc-
ules per ovary, would break down even in two
subspecies (as now recognized by Bunting,
1995), one of which is the type of P, sect. Phil-
opsammos. One collection of P: callosum, Davidse
& Miller 27269, had 2-locular ovaries with 8-10
ovules per locule with unusual black, shiny
seeds. It would clearly appear to be a member of
P sect. Philopsammos.

3. Philodendron scct. Philodendron. TYPE: P
grandifolium (Jacq.) Schott

Philodendron sect. Philodendron in Central
America is both large and diverse, and like P. sect.
Calostigma (a discussion of which follows) it is fur-
ther subdivided here into subsections.

With 38 species (40 taxa) P. sect. Philodendron
is the second largest section in P. subg. Philoden-
dron in Central America. Philodendron sect. Philo-
dendron is characterized by having axile placenta-
tion and typically many ovules per locule but,
owing 10 its size and diversty, there are no other
characters that completely characterize the group.
Philodendron sect. Polyspermium (according to the
Code (Art. 21) it must now be P. sect. Philoden-
dron) was subdivided by Krause into six groups,
“Gruppen” (termed subsections by Mayo, 1990).
These subsections will be discussed here, especial-
ly in relation to the Central American species.

Prods. apat. Arod. 269, 1860, TYPE: o
dendron simsii (Hook.) G. Don (lectotype, des-
ignated by Mayo, 1990: 64).

This is a small group of species characterized by
D-shaped or broadly and sharply sulcate petioles
and the presence of short stems with short inter-
nodes. The leaf blades typically are ovate-triangu-
lar. The cataphylls typically persist as fibers. The
ovaries are 5-10-locular with numerous ovules per
locule. This group was treated by Engler (1899) and
Krause (1913) as a section based on stems wi
internodes shorter than broad versus scandent
stems, but the group is in no way warranted at the
sectional level based on this or any other character.

Though neither short stems nor D-shaped peti-
oles are unique to this group, it appears to be nal-
ural at the subsecctional level. All of the species
have similar ovate-triangular blades and coarse
reddish brown persistent cataphyll fibers. The two
pinnately lobed specics in the group, P. pinnatifi-
dum (Jacq.) Schott and P. robustum Schott, seem
unlikely members of this subsection. Those species
are very similar to P. fendleri K. Krause, which En-
;1« placed in his P. sect. Polytomium. Philoden-

and P. robustum should probably
be placed there ss well. They scem to have litle
in common vith the other simple-leaved species-

pear 10 be related. The only Central American spe-
cies in this subsection is P. fragrantissimum.

2. Philodendron subsect. Canniphyllum
(Schott) Mayo, J. Linn. Soc., Bot. 100. 168.
1989, Philodendron grex Canniphyllum
Schott, Syn. Aroid. 76. 1856. TYPE: Philo-

Sibrillosum Poepp.

This s a small group that included only five spe-
cies in Krause's revision and one of these, P. coe-
rulescens, proved to be a synonym of P
terum, a member of P. subg. Pteromischum-
Philodendron juninense Engl.. P. and P

cuncatum Engl. are all Andean species, while the
no doubt distantly related P. blanchetianum Schott
is a specics from castern Brazil in Bahia. Philo-
dendron subsect. Canniphyllum has only a few spe”

Jodendron creto-

cies in Central America. Both Philc
sum and P.
cataphylls and resemble the type lp!cln. P fibril-
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losum (selected by Mayo, 1990). The only other
Central American species that has characteristics
to fit in the subsection is P. ¢ . which is
unuuuly placed here, though it differs in having
longer, more slender internodes and lacks persis-
ey At e b of persis-
tent cataphylls is highly correlated with the length
of internodes (persistent when intemodes are short,
deciduous when internodes are long) and thus it is
not surprising that P. chirripoense would lack cat-
aphylls. Stil, the latter is a most peculiar species
s0 its placement remains in doubt.

3. Philodendron subsect. Platypodium
(Schott) Engl, in Mart., F1. bras. 3: 137. 1878.
Philodendron grex. Platypodium Schott, Syn.
Aroid. 85. 1856, TYPE: Philodendron peero-
tum K. Koch & Augustin (lectotype, designat-
ed by Mayo, 1990: 61).

group was characterized by Schot (1856)
as m;.., D-shaped petioles. While he included
both P. pterotum and P. fragrantissimum, Engler
later transferred the latter to his P sect. Macrolon-
chium (Schott) Engl. Mayo (1990) designated the
only remaining species in Schott’ section, namely
P pterotum, as the type species.

In addition to P: peerotum, Krause (1913) placed
in P. sect. Platypodium four more specics, P. cle-
mentis Wright, now considered a synonym of P. ra-
grantissimum (a member of P. subsect. Macrolon-
chium); P. splitgerberi Schott, a possible synonym
of P. fragrantissimum; P. lechlerianum Schott, a
close relative of P. purpurcoviride (a member of P
subsect, Solenosterigma); and P. emestii Engl.
Thus, of the species listed by Krause, probably only
P pterotum and P. ernesii belong here. It is un-
likely that P. ernesti s very closely related to P
plerotum, but it does appear to be closely related
10 P. brunneicaule, another species placed in this
section.

In addition to P. pterotum, other species of P:
subsect. Platypodium that occur in Central Amer-
ica are: P. brunneicaule, P. copense, P. findens, and
P fortunense Croat.

4. Philodendron subsect. Psoropodium
(Schott) Engl, in Mart., FL. bras. 3: 138. 1878.
Philodendron grex Psoropodium Schott, Syn.
Aroid. 84. 1856. TYPE: Philodendron oma-
tum Schott (lectotype, designated by Mayo,
1990: 61).

As defined by Schott (1856), this s a group that

has petioles verrucose at the apex. Mayo (1991)
appropriately sclected P. oratum as the lectotype.

Krause's description, “petioles semirounded above,
smooth or asperous, blade base cordate or sagit-
tate,” would accommodate more than half of the
species in the genus Philodendron, but Schotrs in-
tention for the subsection was clear. The only other
species included by Schott was P. rubens Schott,

onsidered by some authors 1o be a synonym

muschlerianum K. Krause, P. dolosum Schott, P. as-
peratum K. Koch, and P. tobagoense Engl. The ab-
ertant elements which, T believe, are unrclated to
> omatum include P. brevilaminatum Schott and
P. traunii Engl. (now both synonyms of P. fragran-
tissimum in P. subscct. Macrolonchium), P. gran-
dipes, and P. maximum K. Krause, a gigantic spe-
cies from the southwest Amazon basin that is
unlikely to be related in any way to P. ornaum. T
have moved P. grandipes from P: subsect. Psoro-
podium to P. subsect. Philodendron, where it more
Appmpnnely belongs.
Krause also included in
three other poorly known species, P. thaliifolium
Schott, P brandtianum K. Krause, and P. bertae K.
Krause. These do not appear o be in any way re-
lated to P. ornatum. 1t is clear from these as well
as the other species included by Krause that the
section s defined by Engler and by Krause no lon-
ger resembles Schott's original description. Proba-
bly a number of the species will necd 1o be moved
into other groups, or the section will need to be
more well defined. As currently defined no specics
in P. subsect. Psoropodiuum oceur in Central Amer-
ica.

group

5. Philodendron subscct. Solenosterigma
(Klotzsch ex Schott) Engl., in Mart, Fl. bras.
3: 139. 1878. Philodendron grex Solenoster-
igma Klotzsch, Syn. Aroid. 81. 1856. TYPE:
Philodendron scandens K. Koch & Sello [(=
Philodendron hederaceum (Jacq.) Schott (lec-
totype, designated by Mayo, 1990: 61)].

As treated by Krause (1913), this appears to be
a natural group, consisting of P. hederaceum, the
type, as well as P consanguineum Schott and a
number of relatives. Philodendron fuertesii K. Krau-
se, P. krebsii Schott, and P. urbanianum K. Krause
all closely resemble P. consanguinem, and P. mar-
ginatum Ub., P. pricurianum Schoti, P. ozycar-
dium, P. micans, and P. melanochrysum Linden &
André are all synonyms or subspecies of P: heder-
aceum. These species share long, slender inter-
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nodes, deciduous, mostly unribbed cataphylls,
more or less terete petioles, ovate-cordate leaf
blades, and solitary inflorescences.

Other species included by Krause in P subsect.
Solenosterigma are P. purpurcoviride (aside from P:
hederaceum and P. brevispathum, the only other
weclea of the group that occurs in Central Amer-

P jenmanii K. Krause, and P. scabrum K.
i o e i
synonyms of P. muricatum Willd. ex Schott. Though

dron brevispathum, with its scaly stems, is best ac-
commodated with P muricatum in P. subsect. So-
Lenosterigma.

Philodendron subsect. Philodendron has 20 spe-
cies in Central America. The size and diversity of
P subsect. Philodendron warrant the recognition of
the five series presented below.

SERIES OF P. SUBSECTION PHILODENDRON
1. Phi ser. Phil TYPE:

surely belonging in P subsect.
(along with the two synonyms already placed here)
Krause placed P. muricatum in P. sect.

i brevispathum i transferred here
from P. subsect. Cardiobelium (Schott) Engl., since
it appears 1o be closely related to P. muricatum.

6. Philodendron subsect. Philodendron
Philodendron grex Cardibelium Schos, Syn. A, 88,

sul Condisboliom Gebu)
in M.n,ﬂ. e 201091678
hott) Engl., Bot. ].hrh
syu 56 525, 529. 1899, TYPE: Philder

gaicun Schon (lctotype, designaied by Mayo,
1990: 60).
Philodendron_grex. Eubelium Schott, Syn. Aroid. 92.
lase. m..dmdm subsect. Eubelium (Schott)
ThNSE lw 1878. TYPE: Philo-

oy ,m...;xﬁ,l Scl

As defined by Schott (mw). grex Cardiobelium
consisted of a single species, P. giganteum. The
group was greatly expanded by Engler (1899) and
by Krause (1913) as a subgroup within section Po-
Iyspermium. Now with 20 species, it constitutes the
largest subsection in P: sect. Philodendron. The
characterization, as expanded by Krause, “petioles
smooth or lightly striate, asperate; blade cordate to
sagittate, with the primary lateral veins much more
conspicuous than the secondary veins,” is so broad
that many unrelated species might casily be con-
tained within it. Certainly to be excluded is P, rub-
s Schott (2w 4 synonym of P, ormaium and the
ies in P, subscct. Psoropodium). Among
e well K e secemingly distinct taxa includ-
ed by Krause are P grandifolium, P. acutatum
Schott, and P. fraternum Schott, all with deciduous
cataphylls, and P. tenue, P. schottianum, and P
panamense, with persistent cataphylls. The type, P:
giganteum, also has conspicuous persistent cata-
phylls. A particularly unusual species included by
Krause is P. quitense Engl., with deeply three-lobed
leaves. It is probably a synonym of P. acuminatis-
simum Engl. in P. subsect. Doratophyllum.
The only Central American species included in
the section by Krause were: P brevispathum, P:
panamense, P schottianum, and P tenue. Philoden-

P. grandifolium (Jacq,) Schott

The series is not known from Central America,
but has several species in South America. This
group is characterized by thick stems, deciduous
cataphylls, subterete petioles, large ovate-triangular
blades conspicuously lobed at the base, several in-

axil, and 5-7-locular ovaries with

acutatum Schott, P. billietiae Croat, and P. megal-
ophyllum Schott appear to be typical members of
this group, having many ovules per locule, decid-
uous cataphylls, more or less terete petioles, and
ovate-triangular leaf blades.

2. Philodendron ser. Impolita Croat, ser. nov.
TYPE: P. strictum G. . Bunting

Internodia brevia; cataphylla persistentia; petiolus teres
vel D-formatus; lamina palida adaxialiter, glaucescens.

Etymology. From impolitus meaning unpol-
ished, i.e., matte, in reference to the matte and pale
Tower blade surfaces.

Three Central American taxa, P. hebetatum, P
srictum, and P. thalassicum, and at least one ad-
ditional undescribed species from South America
belong in this group. It is characterized by having
leaf blades dark to medium green abave but very
pale, almost white beneath and covered with a min-
ute waxy covering making the surface matte. The
species have relatively short internodes, persistent
cataphylls that often dry yellowish or have patches
of yellowish cpidermis persistent (not alw e true
for P: thalassicum). Petioles may be obs
what flattened to D-shaped and dry with a yeun-uh
epidermis (not always true for P: thalassicum).
Blades are ovate-cordate to ovate-triangular.

3. Philodendron scr. Velvetina Croat, %
nov. TYPE: P. gigas Croat
‘maxime crassa; cataphylla D- ""‘“‘"

ibus; petiolus subteres; lami
i adunlen |mwlll-
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Etymology. lamina ovato-cordata: ia; pisilla 5-6-

From velutinus meaning velvet, re-
ferring to the velvety upper surfaces of the bl mv

The subsection consists of & single species, P
igas, in Central America but would also include
P. andreanum Devansaye from northern Colombia.
The group is characterized by its stout stems, short
internodes, cataphylls that persist as thin fibers,
subterete petioles, and especially by the very large,
narrowly ovate-cordate blades, which are velvety
and bicolored on the upper surface with the midrib
and primary lateral veins paler, and paler and matte
on the lower surface. Inflorescences range up to 7
per axil.

4. Philodendron ser. Fibrosa Croat, ser. nov.
TYPE: P. jodavisianum G. S. Bunting

Tnternodia brevia, cataphylla persistentia ut fbrac; pe-
tiolus plerumque teres aut subleres; lamina ovato-cordata;
pistilla cum placentatione axiali; loculi pluriovulati.

Etymology. Fibrosa = composed of separable
fibers, in reference to the cataphylls persisting as
fibers.

This represents the largest series in P, subsect.
Philodendron. It is characterized by thick stems,
short intemodes, cataphylls that usually persist as
a mass of fibers on the stem, usually subterete pet-
ioles, and more or less ovate-cordate blades. Pistils
have axile placentation and many ovules per locule.

e liing sl
Central America: P. alticola, P: P

; inflorescentia sol
Toculari; loculi cum 18-20 seminibus.
Etymology. Albus = white; succus = juice,
sap, in reference to the white sap of cut parts.
The series consists of a single species, P albi-
succus, characterized by having copious white sap,
which tums chalky on drying. Only one other spe-
cies in Central America, P. cretosum, shares this
unusual feature. It may belong in the same series
despite its linear to oblanceolate leaf blades. It cur-
rently is placed in P2 subsect. Canniphyllum.

7. Philodendron subscet. Afhyropodum
(Schott) Engl, in Mart, F. bras. 3: 139.
P grex Achyropodium Schott, Syn Aid. 55
1856. TYPE: P verrucosum L. Mathieu ex

This is a seemingly quite natural group charac-
terized by scaly petioles. As defined by Schott
(1856) it was represented only by the type, P: ver-
rucosum. Krause (1913) included six species (one
ofwlnch. P arcuatum K. Krause, is a synonym of

in P. subsect. Solenosterigma). The
m.hen in the subsection are: P. nanegalense Engl.
P. pilatonense Engl., and P. gualeanum Engl. (ll
of which, T believe, represent a single species), as
well as P. serpens Hook. £. All but P: verrucosum
were known only from South America. There arc
several other undescribed species in P subsect.
Achyropodium o known from South America.

breedlove, P. chiriquense, P. dodsonii, P. grandipes,
P jodavisianum, P. lazorii, P. llanense, P. pana-
mense, P pirrense, P. purulhense, P. scalarinerve, P
schottianum, and P. tenue. Of these a few are still
doubtful. Philodendron grandipes, with a D-shaped
petiole, and P. jodavisianum, with a U-shaped pet-
iole, perhaps belong in P subsect. Platypodium but

-hn -‘ln not seem to be related to the species in that

. Philodendronbreedlovei, which appears to
T e
plete), is at odds with the other species but fits
nowhere else. A few species are in related clusters
within the series; for example, P. lazorii and P: pan-
amense seem 1o be closely related as do P. gran-
dipes and P jodavisianum.

Grayum (pers. comm.) believes that P: dodsonii
perhaps belongs with P. pterotum in P. subsect. Pla-
# ium.

5. Philodendron ser. Albisuccosa Croat, ser.
nov. TYPE: P. albisuccus Croat

Internodia brevia; succus albus, calcareus; cataphylla
persistentia in Bbris tenuibus palldi; petiolus subteres;

sect. jum s largely

e b G

America (Costa Rica and Panama) but has one spe-

cies, P. verrucosum, that ranges as far south as Peru.

The subsection is represented in Central America
P

petiolatum, and P: verrucosum.

4. Philodendron sect. Calostigma (Schott) Pfeif-
fer, Nomencl. Bot. 2: 674. 1874. P [rankless]
b. Calostigma Schott, in Schott & Endl., Me-
let. Bot. 19. 1832, TYPE: P. imbe Schott

Philodendron sect. Calostigma is the largest sec-
tion in Central America with 48 specics comprising
52 taxa. It is characterized by having basal or sub-
basal placentation and typically solitary or few
ovules per locule. Owing to its size and diversity,
there are no other characters that completely char-
acterize the group.

There are some differences between P sect.
Philodendron and P: sect. Calostigma in Central
America that are statistically significant, even if not
without exception. For example, 81% of those. spe-
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Table 1. Leaf blade breakdown by section. # = number of specics.
Blades cntire
With basal lobes Lacking basal lobes Blades not entire
Cordate Subcordate Ovate. Oblong Incised-lobate
% of % of % of % of % of Section
Section * st # st #  secl  # sect.  #  sect.  toul

Calostigma 8 S6% 7 M% 1 2% 14 28% 0 % 50
Macrogynium 1100% 0 [ o o o %1
Philodendron 34 81% 3 % 1 2% 3 ™ 1 2% 42
Polytomium o 0% o [ 0 0% 3 0% 3
Trtomophyllum 3 38% 0 % 0 0% o 0% 5 &% 8

cies in P. sect. Philodendron have cordate blades,
while only 7% have subcordate blades, and 12%
Tack posterior lobes. In contrast, P. sect. Calostigma
has only 56% of its species with cordate blades,
14% have subcordate blades, and 30% lack pos-
terior lobes. See Table 1 for a complete breakdown
by section.

See other comparisons between P. scct. Calostig-
ma and P. sect. Philodendron under sections enti-
tled “Ovary Locule Number” and “Ovules Per Loc-
ule” as well as in Appendix 2, Technical Data on
Pis

Philodendron scct. Calostigma was subdivided
by Krause into five groups (termed subsections by
Mayo, 1990). These subsections will be discussed
here, especially in relation to the Central American
species.

1. Philodendron subscct. Macrobelium
(Schott) Engl., in Mart., FL. bras. 3: 143. 1878.
P grex Macrobelium Schott, Syn. Aroid. 96.
1856. TYPE: P sagittifolium Licbm.

Philodendron subsect. Belocardium (Schott) Engl.
Mart., Fl. bras, 141. 1878. P. grex Belocardium
Schott, Prodr. Syst. Aroid. 255. 1860. TYPE: P. ad-
wena Schot (lectotype, designated by Mayo, 1990).
As reported by Krause, Philodendron subsect.

Macrobelium was the largest subsection in P. sect.
Calostigma, with 22 species. It was poorly defined
by Krause as consisting of species with somewhat
spongy petioles, 6-12-locular ovaries with relative-
ly few ovules per locule, and basal to sub-basal
placentation. In addition (although not stated by
Krause), the blades are all cordate, sagittate, or
hastate. Although Krause described the subsection
as having 2-5 ovules per locule, many more species
have been added to the group since the last revision
and several species that logically belong in P: sub-
sect. Macrobelium have more than 10 ovules per
locule, despite having sub-basal placentation.

Philodendron subscct. Belocardium must be syn-
onymized with P. subsect. Macrobelium since P. ad-
vena, clearly a close relative of P. sagittifolium, was
designated the lectotype of the former subsection,
and Schotts definition of grex Macrobelium differs
little from grex Belocardium, primarily since the
blades are described as elongate-sagittate with 6-
7 primary lateral veins instead of ovate-cordate
blades with 34 primary lateral veins for grex Be-
locardium. As defined originally by Schott (1860).
P grex Belocardium comprised vining plants with
ovate-cordate blades with the posterior rib mostly
lacking and not at all naked along the sinus and
bearing solitary inflorescences with 1-2 ovules per
Tocule. The group consisted of P2 subovatum Schott

pulneum K. Koch, P. erubescens Linden, P. jacqui-
nii, P: lindenii Schott, P: acrocardium Schott, and
P. consanguineum Schott. Several of these species
are now known 1o be synonyms of P. sect. Oligo-
carpidium or P. sect. Macrogynium. Philodendron
lindenii would have better served as a lectotype for
the group and, along with P. erubescens, P: detia-
tum, and P. populneum, might have to be formed
into a group distinct from P. sect. Belocardium.

Engler (1913) synonymized Schot’s grex Glos-
sophyllum with P “Gruppe” Belocardium, but the
former group, as defined by Schott, appears 10 be
distinct and will be resurrected in this work. It
comprises more or less scandent plants with tumid
petioles and more or less oblong blades that are
frequently subcordate or cordulate at the base (se¢
that section for more details).

Because of its size (28 species) and the diverse
composition of the species comprising P2 subsect.
Macrobelium, it was deemed necessary to divide the
subsection into four series. A discussion of the new
series of P subsect. Macrobelium follows.
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1. Philodendron ser. Macrobelium (Schott)
Croat, ser. nov. TYPE: P. sagittifolium Licbm.

Philodendron ser. Macrobelium is the largest
group of species in P. subsect. Macrobelium and
includes the type. Philodendron ser. Macrobelium
is distinguished by having moderately coriaceous,
cordate to sagittate blades with the basal posterior
rib usually not naked or only weakly naked near
its base. In addition, cataphylls arc usually decid-
uous or only briefly persistent. Most of the species
in the series have a strong resemblance to the wide-
spread P. sagittifolium. All members have type D
styles (see section on style type), relatively few
ovules per locule (usually 1-5, rarely to 6, 7, or 8).
In most cases the ovules are contained within a
translucent or transparent ovule sac.

Central American representatives of P: ser. Ma-
crobelium are: P. advena, P. um, P: aroma-

ticum, P. coloradense, P. duwyeri, P. zdﬂmdamm, I

The Central American species of P ser. Ecordata
are: P. brenesii, P. crassispathum, P. davidsoni, P.
Lentii, and P: niqueanum. A relationship between P.
brenesii and P. ser. Impolita is possible, based on
the glaucous lower blade surface in P. brenesii, but
1o other member of the group has glaucous leaves.
Morcover, all the members of the above group usu-
ally have intemnodes longer than wide and have de-
ciduous, rather than persistent cataphylls.

3. Philodendron ser. Reticulata Croat, ser.
nov. TYPE: P. tysonii Croat

Internodia brevia; cataphylla persistentia in fbris ten-
uibus; petiolus lamina subequans aut longior, teres aut
cum loculis

: lamina ovalo- p
ovulatis; ovulac plerumque 5-7 per ov

Etymology. Reticulus, meaning netted, refer-
ring to the dried network of cataphyll fibers char-
acterizing this series.

> shuanum.
iolatum s unusual in h-vmg
ch-lattened petiole. Perhaps it s rec-
onition as a separate series.

Philodendron mexicanum, long considered a
member of the group, is unusual in not greatly re-
sembling P. sagittfolium and in having blades
sometimes more or less hastate.

It is possible that P annulatum belongs in P.
subsect. Glossophyllum because it sometimes has a
purple annular ring at the apex of the petiole (one
of the features characterizing this subsection) and
usually has only 1-2 ovules per locule (though
sometimes 4-5 ovules per locule).

2. Philodendron ser. Ecordata Croat, ser.
nov. TYPE: P. brenesii Standl.

‘subcordat

Iermodia clongta vl s caapyl dci
eres: |

ikt ia gebole mpses
locularia; loculi plerumque 4-14 ovulat,

Philodendron ser. Ecordata represents a group of
species with elongate stems, intemodes often longer
than broad, deciduous cataphylls, elongate petioles,
and blades that are ovate to ovate-elliptic, acute,
or at most subcordate at the base (hence the name
“ecordata,” meaning without a cordate blade), often
with the minor veins on the upper surface weakly
etched. The basal veins are either free to the base
or if they are united into a posterior rib, the latter
is not naked or is naked for only a short distance.
Pistils are 5-14-locular and locules are 4-14-ovu-
late.

sex. Reticulata s the only group of
species in P. subsect. Macrobelium with a few
ovules per locule, stems with short internodes, and
persistent cataphylls. Most species with short i
temodes and persistent cataphyll fibers are mem-
bers of P. sect. Philodendron. Species in this group
have terete or subterete petioles about as long as
the ovate-cordate blades and pistils with 5-9 loc-
ules, each with 5-7 ovules.

Philodendron ser. Reticulata is represented in
Central America by only two species, P.jefense and
P tysonii.

4. Philodendron ser. Pachycaulia Croat, ser.
nov. TYPE: P. basii Matuda

Caudex. succulentus; internc
hylla 2-costata, i e

oy ooy Sty eyl

Etymology. Pachy = thick, caule = stem, re-
ferring to the thick, succulent stems.

Philodendron ser. Pachycaulia is represented by
a single species and is characterized by its very
stout succulent stems with intact persistent cata-
phylls, terete petioles, ovate-cordate blades with
the posterior rib naked along the sinus to 4 cm.
The pistil has a type D style and is 4-6-locular
with 4-6 ovules per locule. It is believed that the
succulent stems evolved to store water, allowing the
plant to survive the long dry season in westemn
Mexico. The series is represented only by P. basii
from western Mexico.
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2. Philodendron subscct. Glossophyllum
(Schott) Croat, comb. nov. Basionym: Philo-
dendron grex Glossophyllum Schott, Syn. Ar-
oid. 80. 1856. TYPE: P. elaphoglossoides
Schott (lectotype, designated by Mayo, 1990).

1. Philodendron ser. Glossophyllum Croat,
ser. nov. TYPE: P. elaphoglossoides Schott

Philodendron subsect. Glossophyllum consists of
two new series, Glossophyllum and Ovata.

Philodendron ser. Glossophyllum, as defined
here, has the appearance of being a natural group
of species with more or less oblong leaves acute or
frequently cordulate or subcordate at the base. The
primary lateral veins are usually distinct. Stems are
typically somewhat scandent, though some mem-

13 of the group, such as P. auriculatum, P. bakeri,
P: dolichophyllum, P. ligulatum, P. morii, P. pseu-
dauriculatum, P. utleyanum, and P. wendlandii,
sometimes have the internodes scarcely longer than
broad. The petioles are usually spongy or subspon-
& usually subterete, and often bear a purplish or
greenish annulus around the circumference where
the petiole joins the blade; the cataphylls may be
unribbed or sharply 1-2-ribbed and are typically
deciduous (though persisting for a time in some
species with short intemodes, e.g., P: aurici
and P. wendlandii). The style type is variable in the
group, with most having B or D type styles but with
one species, P. granulare, having an unusual type
E style. Many species in the series have orange
berries. Philodendronsex. Glossophyllum  ranges
from Nicaragua to Colombia and Ecuador on the
Pacific slope and to the Guianas and the Amazon
basin.

Krause included this group of plants with his
section Belocardium, comprising both Schott’s grex
Belocardium and grex. Glossophyllum. The former
group consisted of plants with elongate internodes
and ovate-cordate to sagttate blades, and Krause
included P. subovatum Schott (= P. adsena), P. lin-
denii Schot, P weberbaueri Engl., P. smithii, P. sub-
hastatum Engl. & K. Krause, P. myrmecophyllum
Engl, P. pachyphyllum K. Krause, P. advena, and
P viride Engl. The latter group included species
with mostly oblong blades. He characterized his
section Belocardium as having tumid petioles and
unilocular ovaries. Most of the species in the cor-
date-bladed group are not believed to be closely
related to P ser. Glossophyllum and have been re-
ferred here to P: subsect. Macrobelium (see discy
sion of P. subsect. Macrobelium). What remains is
a group that usually has more or less oblong blades

with tumid petioles that are purple-ringed at the
apex and ovaries usually unilocular.

Philodendron. smithii, the only other Central
American species among those mentioned above,
does indeed have tumid petioles and only a single
ovule per locule like most members of P subsect.
Glossophyllum, but the great difference in leaf
shape in this species and others placed here war-
rant their separation into another series within 2
subsect. Belocardium (see below).

Though Krause’s revision characterized P sub-
sect. Belocardium as having a single ovule per loc-
ule, that is not in itself the defining feature of the
subsection. For example, several species typical of
the group have oblong leaves, purple-ringed peti-
oles, and the same general appearance but have
more than one ovule per locule. These are: P: au-
riculatum, with (3)4 ovles per locule; P ligulatum
var. heraclioanum, and P. lig var.
both with 2; P. pseudauriculatum, with 1-2(4); and
P wendlandsi, with 2. Philodendron bakeri some-
tmes has 2 ovlesper locule. Other Central Anmce
ican species, each with 1 ovule per locule are
breustrense, P correae, P dolu:haphvlbml. 3 fnl-

Typical South American species in P. subsect.
Glossophyllum presented by Krause (1913) are: P
cyrtocleum Diels (= P. ruisii Schot), P. longipetiol-
atum Engl,, P. heterophyllum Poepp., P. uleanum
Engl., P. adhatodifolium Schott, P. elaphoglossoides
Schott, P. rusii Schott (erroneously placed in sect

placed in P. subsect. Belocardium by Engler, ap-
pears 10 be closely related to P. fibrillosum Pocpp-
and probably belongs in P: subsect. llum.
Other species of P2 subsect. Glossophyllum de-
scribed since the last revision by Krause are P
acutifolium K. Krause, P: buntingianum Croat, P
liesneri Croat, and P. wurdackii G. S. Bunting.
Though, as defined here, P. subsect. -
lum ser. Glossophyllum consists only of species with
more or less oblong blades, some of the specics are
somewhat anomalous. Philodendron
much like other species in P. subsect. chaowb
Lum, but it has a style that is unique in the gouP
(Style Type E; see discussion of this under that spe-
cies). Philodendron brewsterense and P. uug::‘
pense are sill poorly known but appear ©©
here. Perhaps the most doubtful is . dolichophyl
lum, with 3-7 ovules, which is mumly high for
this group; however, it is otherwise similar in most
aspects 10 other members of the subscction. Phio-
dendron wendlandii, placed by Krause in P: sect
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Baursia, scems 1o fit best in P. subsect. Glosso-
phyllum. Tt differs from other members of subsec-
tion Glossophyllum in having a petiole that is usu-
ally broader than thick and sharply Aattened
adaxially and lacks an anmular ring.

2. Philodendron ser. Ovata Croat, ser. nov.
TYPE: P. smithii Engl.

Caudex longus vel brevis; internodia
quam lta; caaphylla plerumegee deckdus; pet ptllnll sub-
acquantes lamina, teres vel subteres, cum annulo defi-
cienti apice; lamina ovata vel ovato-triangul ,m.d.

vel sagittata ad basi; pistilla cum sylo plerumque “type
B, rare ; ovaria 4-8-locularia; loculi uniovulati aut raro

Philodendron ser. Oata is a somewhat hetero-
gencous group characterized by blades ovate to
ovate-triangular and cordate to subcordate at the
base, with terete or subterete petioles lacking an
annular ring at the apex. Locule number vari
from 4 to 8, and cach usually has a single ovule.
Berry color is greenish white to white, yellowish to
lavender for most species known, but P, cotonense
and P. wilburii have orange fruits. Though only sev-
en Central American specics are known, the series
undoubtedly has South American representatives.

The relationship with other members of P2 sub-
sect. Glossophyllum is uncertain. Aside from the
usually solitary ovule per locule and usually some-
what spongy petiole, there s little resemblance be-
tween this group and typical members of P: subsct.
Glossophyllum, which have elongated, rather than
more or less ovate, blades. Philodendron domini-
calense is the most doubtful member of the group;
with the strongest possible similarity to P. dodsoni
except for having a solitary ovule per locule (rather
than about 20 ovules per locule as in P. dodsonii),
it would appear that it might belong elsewhere.
Philodendron cotonense, despite having 4-5 ovules
per locule, appears also to belong to this section,
considering its marked resemblance to P: wilburii
and even P. smithii.

Central American species of P ser. Ovata are: P:
cotonense, P: dominicalense, P. microstictum, P: smi-
thii, P: straminicaule, P. sulcicaule, and P. wilburii.
With the exception of P. smithii, which ranges from
Mexico to Nicaragua, P ser. in Central
America ranges from Nicaragua to e

3. Philodendron subsect. Oligocarpidium
(Engl) Mayo, J. Linn. Soc., Bot. 100: 168.
1989, TYPE: P. multispadiceum Engl. (lecto-
type, designated by Mayo, 1990).

As defined by Krause, this was a group of four

species that differed greatly from one another.
Philodendron deviatum Schott has proven to be a
synonym of P. jacquinii (which was placed by
Krause in its own P. sect. Macrogynium). Another
species that he included, P. pittiers, is just poorly
preserved material of P hederaceun, which Krause
placed in his P “Gruppe main P. sect.
Philodendron. This leaves only P multispadiceum
Engl. and P. muricatum which, in my opinion, are
quite unrelated. Philodendron muricatum is the
oldest name for two other synonyms, P jenmanii K.
Krause and P. scabrum, which were placed by
Krause in P subsect. Tam
donbiilof the afaity betwen P hderceom and

P. muricatum, it scems best to include P. murica-
tum in subsect. Solenosterigma because P. muri-
catum is clearly a member of P: sect. Philodendron
and not . scct. Calostigma.

‘This leaves only P. multispadiceum, which Mayo
(1990) wisely chose as the type of P. subsect. Oli-
gocarpidium. There are two Central American rep-
resentatives of the subsection and a number of oth-
er undescribed South American species as well.
The Central American specics are P clewellii and

heleniae.

P
‘The subsection is distinguished by having a rel-
atively large number of small (usually 4-10 cm

The
d long-petiolate, narrowly
ovate o ovate-cordate blades that have the basal
veins either lacking or all free to the base and with-
out the development of a posterior rib. Both Central
American species represcnted have a type B style
and an ovule sac surrounding the ovules.

4. Philodendron subscct. Bulaoana Mayo [as
“Bulaoanum”}, J. Linn. Soc., Bot. 100: 168,
1989. TYPE: P. bulaoanum Engl. (lectotype,
designated by Mayo, 1989).

This subsection includes two species treated by
Krause, P imum.
They probably represent the same specics, a plant
with deeply 3-lobed leaves and persistent, reddish
brown cataphyll ibers. Currently the subscction is
known only from South America. Krause treated
= subsection as P. “Gruppe” Doratophyllum, but
t name has no priority at the subsectional level
(M-yo. 1990).

‘This subsection can be easily confused with and
is perhaps inseparable from P sect. Tritomophyl-
lum. A moderately large number of South American
species, including P. barrosoanum G. S. Bunting,
P cataniapoense G. S. Bunting (Bunting placed it
in P “Gruppe” Doratophyllum), P. effusilobum
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Croat, P. holtonianum Schott, P: hylacae G. S. Bun-
ting (P. sect. Calostigma), P. levelii G. S. Bunting
(similar to P: barrosoanum), P. panduriforme Schott,
and P, victoriae G. S. Bunting might all belong here.
Philodendron subsect. Bulaoana and P. sect. Tri-
tomophyllum are separated on weak features.
Krause described his “Gruppe” Doratophyllum as
having somewhat succulent petioles longer than the
blade, a hastate blade, and ovaries that are several-
ovulate near the base of the locule, whereas he de-
seribed P. sect. Tritomophyllum as having tripartite
blades with the lateral lobes erect or spreading, and
the primary lateral veins more prominent than the
minor veins, The ovary was described as 5-11-loc-
ular with the locules 1- or more-ovulate. The Cen-
tral American species that appear to be closely re-
lated have one or two ovules per locule, whereas
Bulaoana are described as hay-
ing, sevenl A v Ll Th e Bsistionds e
., and further study of the members of
[t b e
groups should be merged.

5. Philodendron subscct. Eucardium (Engl)
Mayo, J. Linn. Soc., Bot. 100: 168. 1989.
Philodendron “Gruppe” Eucardium Engl., Bot.
Jaheb. Syst. 26: 535, 542. 1899. TYPE: P, wal-
lisii Regel ex Engl.

This is a subsection of dubious status, based only
on P, wallisii. The original description characterizes
the subsection as having scarcely succulent peti-
oles that are flattened to sulcate abaxially, cordi-
form blades, and 5-6-locular ovaries with a few
sub-basal ovules per locule. Unfortunately, P.
wallisii is a poorly known taxon for which, so far
as is known, no material is extant.

Following his treatment of Eucardium, Krause
discussed several poorly known species, all of
which lacked inflorescences and for which no prop-
er sectional placement was possible. Among these
were P. andrcanum, which is almost certainly re-
lated to P gigas, a member of P. ser. Velutina. List-
ed among these dubious species are P. latilobum
Schott and P. obtusilobum Miq. The former s a syn-
onym of P. panduriforme, possibly a member of P
subsect. Bulaoana, which it most resembles, Philo-
dendron obtusilobum is a poorly known species of
unknown origin, known only from a single leaf. lts
affinities remain unclear, but it appears similar to
P lindenii Schott or P. rubens Schott.

Also described among this group of unassigned
species were P. gloriosum Andsé and P. mamei An-
dré. These two species, along with P. sodiroi Hort.,
appear to be closely related and probably constitute

a new section. Philodendron pastazanum K. Krause
has similar features and probably belongs here as
well. Another species known from the Amazonian
lowlands of Peru and believed to be new is also in
this group. All the species in this putative new sec-
tion are terrestrial plants with a unique growth form
for Philodendron. All have a short, repent, creeping
stem with erect leaves clustered near the apex. The
intermodes are usually much broader than long and
have cataphylls persistent, sometimes persisting
somewhat intact. The petioles are frequently winged
or undulate-winged along adaxial margins (but not
P gloriosum) and blades are typically quite attrac-
tive, sometimes mottled with paler green, sometimes
(as in P. gloriosum) somewhat velvety. The group is
restricted to South America chiefly in the upper Am-
azon region. Studies of the ovules are necessary 1o
confirm these speculations, and investigations will
be carried out as material becomes available.

5. Philodendron sect. Tritomophyllum (Schot)
Engl, in Mart., FL. bras. 3: 144. 1878. Philo-
dendron grex Tritomophyllum Schott, Syn. Ar-
oid. 107. 1856. Baursia sect. Tritomophyllum
(Schott) T. Post & Kuntze, Lex. gen. phan. 63.
1903. TYPE: P. tripartitum (Jacg,) Schott (lec-
totype, designated by Mayo, 1990; 63).

The section is distinguished by having a scan-
dent habit, three-lobed leaf blades and 1-2 ovules
per locule. The section ranges from Mexico to South
America, ranging as far as Ecuador on the Pacific
slope and to Venezuela, the Guianas, and the Am-
azon basin. It is represented in Central America by
six species: P. angustilobum, P anisotomum, P: co-
tobrusense, P. madronense, P. rothschuhianum

species with 3-lobed leaves, including: P. barro-
soanum, P. cataniapoense, P holton-

P effusilobum,
ianum, P. hylacae, P. leveli, P: panduriforme, and
P.victoriae, all now tentativly placed in P subsect-

locule and a strong similarity with P. tripartit
would appear to be closely related to P sect. Tr-
tomaphyllum.

Bunting (1986) placed P cataniapoense in P
sect. Oligospermium “Gruppe” Doratophyllum (no%
P. subsect. Bulaoana) but this species has a single
ovule per locule, elongate internodes, and decidu-
ous cataphylls. It may properly belong with P: sect

yllum.

Some of the above-mentioned South American
species are doubtfully included here, since they
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have several (more than 1 or 2) ovules per locule.
Philodendron levelii has 24 sub-basal ovules, and
P, barrosoanum has 4-6 ovules attached above the
base. Philodendron victoriae is apparently closely
related to P. barrosoanum so it probably has similar
ovules. It is possible that none of these species be-
long to P. sect. Tritomophyllum, but on the other
hand they do not closely match P. bulaoanum, the
type of P. subsect, Bulaoana, cither.

6. Philodendron sect. Schizophyllum (Schott)
Engl., in Mart, FL. bras. 3: 144. 1878, Philo-
dendron grex Schott, Syn. Aroid.

ico (San Luis Potosf) to Colombia (Antioquia).
Philodendron radiatum var. um is en-
demic to the State of Chiapas in Mexico. Central
American species in P. sect. Polyiomium are P
warssewiczii, ranging from Mexico to Nicaragua,
and P. dresslei, which is endemic to Mexico.
Mayo (1986), following a cladistic survey of inflo-
rescence types, concluded that P fendleri belonged in
a group with P. melinonii and P. pedatum. Based on
overall morphology I would conclude that the three
species are not closely related. The latter is, in my
opinion, & member of a distinctive section, P sect.

104. 1856. TYPE: P. pedatum (Hook.) Kunth

(lectotype, designated by Mayo, 1990: 63).
The section is a small but natural group of 6-7
scandent species with irregularly pedatisect leaves,
34 ovules per locule, and sometimes scaly petioles,
primarily restricted to castern South America and
the Amazon basin, but with one species, P, pedatum,
more widespread and ranging to northwestern Co-
lombia. The species may ocour in Central America,
acconing to hortculturist Joho Hall of Costa Rice,
from the Osa

Brongn.,a dis-
tinctive species with cordate blades and placed by
Krause in P sect, Macrolonchium, is in my opinion,
not related to either of the scctions with lobed leaves.

8. Philodendron scct. Macrogynium Engl., Bot.
Jaheb. Syst. 26: 553. 1899. TYPE: P. hoff
‘mannii Schott.

Philodendron sect. Macrogynium is one of tw
sl sctions treated by Kesase (1913) (he tber
being P sect. Camptogynium). Philodendron

sect.

Peninsula. Charact lensnu.“y‘ no material was col-
lected and this claim cannot be refuted.

7. Philodendron sect. Polytomium (Schott)
Engl, in Mart,, FL. bras. 3: 145. 1878. Philo-
dendron grex Polytomium Schott, Syn. Aroid.
108. 1856. TYPE: P radiatum Schott (lecto-
type, designated by Mayo, 1990: 63).

‘The section s a small group of 7-8 species with
pinnately or bipinnately lobed leaves from the West
Indics, Central America, and northern South Amer-
ica. Plants are vines or appressed climbers with
more o less terete petioles, generally deeply mnd,
large, moderately coriaceous blades, and flowe

with several axillary or sub-basal ovles per T
Only one species, P. distantilobum K. Krause, was
reported for the Amazon basin, but another species,
P pinnatifidum, placed erroneously, I believe, in P.
sect. Macrogynium, really belongs here as well. It
is also a species occurring in the upper Amazon
basin. Two_additional species, P. angustiscctum.
Engl. and P. elegans K. Krause, occur in Colombia.
Philodendron fendleri occurs in Trinidad and north-
em Venezuela, and P. lacerum (Jacq.) Schott occurs
in the Greater Antilles (Cuba, Jamaica, and Hi
Paniola). One poorly known species, P. houlettian-
um Engl, has been reported from French Guiana
but 1o material exists to confirm what it is. The
most widespread species in the section, P. radia-
tum, occurs in Central America, ranging from Mex-

quinii (treated by Krause as P ).
sections are represented by scandent species, dis-
tinguished by having the style prolonged and much
narrower than the ovary and a single ovule per loc-
ule. Despite these similarities the two sections are
very different from one another. Philodendron jac-
quinii (P. sect. Macrogynium) has setose stems and
thin, veiny, ovate-cordate blades which may be de-
ciduous during the dry season. Its spathe is bulbous
and roomy inside, quite unlike most species. The
style, though narrowed to the apex, has a typicl,

Philodendron brevispathum, with it similsity to
P jacquinii, might be considered a relative, but the
former has branched scales, not simple trichomes
on stems and petioles; a normal, sessile style; and
6-14 ovules per locule with axile placentation,
rather than 2 ovules per locule and sub-basal pla-
centation for P. jacquinii.

This section appears, at least on the surface, to
be natural. No other species known is alike either
morphologically or ecologically. Its thin, veiny
leaves are deciduous in the dry season and the
large colorful infructescences are prominently dis-
played in a mostly deciduous environment.

9. Philodendron scct. Camptogynium K. Krause
in Engl, Das Planzenreich IV. 23Db (H,n o0
3, 127. 1913. TYPE: P. longistilum K.
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In contrast to P jacguinii, which has setose stems
and thin cordate blades with prominent veins, P
Longistilum. (P: scct. Camptogynium) has glabrous
stems and oblanceolate, subcoriaceous blades with
obscure primary lateral veins. The chief reason for
its status as the only member of & section is the
peculiar prolonged style, which is deflected to one
side and has a cupular apex. It is pechaps not as
unique as Krause assumed. Other species are now

known to have prolonged styles deflected to one
side, among them two undescribed species with
cordate blades from western Ecuador, one based on
Camp 3701 and the other on Jaramillo et al
25449, However, neither has a cupular style apex.
These perhaps represent another section, or more
likely Krause's P. sect. Camptogynium may have to
be incorporated in P. scct. Calostigma, where it
might be easily accommodated.

KEY TO THE SECTIONS AND SUBSECTIONS OF P. SUBG. PHILODENDRON

La. Pistils usual
1b. Pistils 4-10-locular;

ally oculr raely ol caserm South America and Amazon basin P sect. Philopsammas
: throu inge of the genus.
2a. Plarts with primery Itcral eaf v, m raely obscure; all South American (excludes P wendlandi;
‘which s transferred to P. +. Baursia
2b. Plants with primary lateral leaf veins ......uy much more promincat than the minor veins.
3a.Pistl with style much narrowed and much prolonged beyond the body of the ovary and much narrower

than ovary.
4a. Style tumed toward ape, perpendicular to the body of the ovary: South American species only
P. sect. Camplogymiun

4b. Style straight, dirccted in the same axis as the ovary; Central and South Americ:

e P e o P sect. Macmme(PMwllﬂ
sl with style about as e ovary, scarcely prolonged beyond body of ov

Blade Sobed or decly i L

6a. Blades 3-lobed: ovules 1-3 rlowle.b-ulnrmlrh.ul( ote: P subsect.

Doratophyllum
with 3-lobed blades wml]d 0 key here. Sce the discussion afier tha

it subsection.]

Iobum (pethaps this belongs
¥ sabsect, Hacrobelium (Schot) Engl, P anseioman P coobrismie, P 3
rothschuhianum, P. ripartitum}

b Bladesincisedobate; ovules 3-8 per locule, sub-basal or i
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terminating with much. smaller labes: petiles sometimes with tricho

me
1, St Amercy o P et Schiophyllam
B v &
Rl et el \mr\-u:m
oo (P drsir, P : redisum, P waric]
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Bn Pimh wnlh axile pll:ﬂillum, ‘ovules usually 15 or more per locule, seldnm ‘with as few as

i e
a. les. cu late la whvmdm or sagittate at tioles
+ D-shaped in cross section, .h.rpr' Rattened adaxially, sometimes also
with m. lateral margins raised.
1a. Stems with internodes much broader than

s, Waonehiont S ) Enel. fragrantissimum]

ey s vl o ! u"'"mpmn P, indens,

Schot) Engl. (P

) v P. fortunense, P. pterotum]

Sl L
b m.m)bd
125 Bl smonlh o conpicmly s
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Schm\ Lngl i analhum, 7 purpurcoviride, P. hederaceun
13b. Plants n.m.l]y ot scandent, cither teresral or appressc-limbing
with internodes broader than long or not much longer than broad; cat:
el sl peisten, raely dciduous; Blades ot t g
- Pans i petlea ‘subsect. Achyropodium
el (P, glandu{ erum. P iz mal ichion,
latum, P. , P. verrucos
14kl Vi e e RN  Phiodedon
R S e pomein
ut s00n deckduous

‘markedly

. Petioles terete or subterete.
122 Poticks A e S oo v e
placed here by Krause); P. ornai;

endron oo
ral America)]

: giganicum o
15b. Cataphylls persisting as a mass of fibers.
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160, Bldes matc on loves s
matte, not velvely on upper surface,

B e v
P ser. Impolita Croat [P, hebetatum, P. siictum,

P um.
17b. m.ae. velvety on upper surface, not whitish and
wucous on lower surface
P sex. Velutina Croat [P. gigas)
160, Blades suallysemigoey, never Wit o glavcows,

il o clear, never chulky
Fibrsa le( [P. alticola,
B

18b. Sap white and  shalky
P sex. Albisuccosa Croa [P albisuccus)
9b. Bldes acute o btue s pﬂ(:du subterete and smooth
Conniphylam Schat) Mayo [P chimporrs, B P. roscospathun]
. Pitis with bet o sl placentat T Tl gl
up to 8, rarcly as many as ulbul‘ﬂlhwheulnmlhemnzmﬂumnmunhukuu
6 ovules per loc
192 Prate veually appresecd Besicpptyiss slbers nerodes frequenly s RS
o e than wide wldr«p-ud in both Central and South
ot Siaio oy S Wi ceptylle et s e vkt b laer of
fbers; Sout umiaisiman Enel, F: bulgoaram,
P subsect, Bulaoana Mayo
200 Binie o ot o kb, o, sigliie o £ chong: cataphylls deciduous or
et brous o inec;vidspred i b Coniraland St Ame

imerous, usually

m long rmmwmmw\m(pdauurwl

21b. Inﬁmwenm of normal size, typically 1-few and mor 5 cm long.

i several vuis pr ol petnes rarc r-nly Bk

e et subsect. Macrobeliu

Catslyla deciduons,

- Lea Blades with mina veos ot st all ciched it upper
surface P sex. Macrobelium (Schott) Croat

maticum, P. !

msigma

zx.v

incisum, P. wcrapazense,
24b, Leaf blades with minor veins ched ik upper e
P. ser. Ecordata Croat [P
brenesi, P crassispathum, P davidsoni, P.leni, P nigueanum)
e c‘.dg'lllphylh e d persisting
2. weathering an
' er. Reiculats Crat 1P fnse, P tyonil
25b. Cataphylls persisting intact; stems markedly suceal
el P ser mhmc.m[r basii]
220 Pl wit ovils solary (r someimes 2, us in P )i cach
locule; peils frequently wrih puple rine st apex (P
pholuny b blades clngaic (. e ey
ser. Onala).

i ks ik o ety s b
petioles frequently with a purple ring at apex

. Glosso-
PSS ErgLE 1 Glossophyllum 4&»«»&-—1[? au-
erense, P comeae, P doichaphylun,

immitum, P. ligulatum,

3 P P marii,
> pscudauriculatum, P. ubigantupense, P. uleyanum, P. wendlandi
26b. Biades vac o ovat-rangular,corlte 1o subeordt o buse:
tioles usually lacking 8 purple ring at apex
i P. subscct. Glosso-
phylin: 2 sex. Ore ot [ ctoene, B! dominiclensc
ictum, P. smithii, P. straminicaule, P. sulcicaule, P w.lbm.]
196, Plant habit unknown; internodes much broader than Jong, Colombia (cxact loca
‘“ubscet. Eucorsium (Engl) Mayo

Note: For an outline of the sectional classification of Philodendron subg, Philodendron in Central America see
Appendix 3,
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MORPHOLOGY OF VEGETATIVE STRUCTURES
ANATOMY

Vegetative anatomy. (Section on Vegetative Anat-
omy contributed by R. C. Keating; vouchers will be
cited by Keating (in press)).

General comments.  Philodendron has secretory
ducts present in all morphological parts. These oc-
cur mostly as 24 “files” in vascular bundles. La-
ticifers are of the non-anastomosing type, simple
and articulated (French, 1988). The genus also has
secretory ducts present in roots, stems, leaves, and
inflorescences. The roots have a sclerotic hypoder-
mis.

Leof surfaces. Cuticle smooth or occasionally
rough on both surfaces. Epidermis: adaxial cells po-
Iygonal (1-2:1), siraight-sided. Abaxial cells simi-
lar to or larger than adaxial cells or more elongate
(2-4:1 Uw). Stomata: abaxial, randomly oriented,
brachyparacytic to brachyparahexacytic. Venation:
secondary veins parallel with reticulate higher or-

der veins.

Leaf Cross Section. Cuticle of medium thick-
ness, may intrude deeply along anticlinal walls of
epidermal cells. Abaxial cuticle may be thinner
and smooth or striate. Epidermal cells: large or
small, square to columnar or tle-like adaxial cells,
larger abaxially, or same size; outer and inner walls
flat. Stomata level with surface with conspicuous
double cuticular flanges often present. Hypodermis:
absent or as 13 layers present on adaxial side of
midrib, or as isodiametric cells beneath both epi-
dermal layers (in P: crassispathum, hypoderm of 1-
4 layers adaxially and 2-3 layers abaxially), cells
may contain dark material. Mesophyll: palisade 1-
4 layers of elongated or rounded cells, usually
packed with plastids; occupying 10-30% of lamina.
Spongy layers up to 15 cells deep. Air spaces: large,
substomatal cylinders perpendicular to surface;
30-90% space in spongy layer; or air cavities i
regular in some species. Paradermally, spongy tis-
sue with one layer of unarmed cells over abaxial
epidermis, then small cells or short-armed cells
surrounding large air cavities extending from sto-
mata to palisade cells; 3-5 spongy cells per uni-
seriate partition. Large cavities in midrib separated
by uniseriate partitions of ground tissue, partitions
34 cells long between junctions. Collenchyma: 4
5 discrete subepidermal layers of small cells on
abaxial side of midrib, often extending to vascular
bundles.

Vascular bundles. One to several large bundles
in the midrib, often at comers of a net-like aeren-

chyma; well delimited, with 1-5 large metaxylem
cells, next to a small, round or elliptic phloem
strand. Sclerenchyma: fibers, usually 2 a phloem
cap 1-3 layers deep, and less commonly as a xylem
cap. Some laminar bundles ensheathed with fibers.
Fibers having up to 5 discrete wall layers. Xylem
cells ofien ringed with a single layer of small pa-
renchyma cells. Secretory ducts: occasional in mid-
lamina or midsib with 1-2 layers of epithelium. La-
ticifers: ateral to vascular bundles, 2-3 per bundle,
outside fibers, often with short processes protruding
between adjacent mesophyll cells; containing dark
amorphous contents. Starch: abundant in midrib
ground tissue, not scen in lamina. Crystals: raphi-
des common or uncommon in single packets in
short or elongate cells, ends protruding across par-
titions into both adjacent air spaces, or in large
rounded cells of upper or lower mesophyll. Raphide
packets occasionally surrounded by dark sheaths
within the cell (in P. crassispathum crystal cells
elongated parallel with vascular bundles). Druses
rare or common, often coarse and sharp-pointed, in
rounded cells in palisade and spongy tissue parti-
tions. Crystal sand absent or common in most me-

sophyll cells.

Petiole Cross Section. ~ Cuticle smooth and thin.
Epidermis of small cells, level or rounded on sur-
face and inner walls rounded to angular. Hypoder-
mis of 2-4 layers. Collenchyma beneath hypoder-
‘mis as a continuous band of 4-8 layers of angularly
thickened, longitudinally elongated cells (@-10:1)-
Chlorenchyma: up to 5 rows of cells inside collen-
chyma, and in addition, in P. jodavisianum, as per-
pendicular partitions dividing the collenchyma
band, and reaching subepidermal layers. Ground
tissue of various sizes of parenchyma cells among
numerous small to medium-sized air cavities sep-
arated by uniseriate partitions of up to 3 cells long-
Cells ofien longitudinally elongated (3-6:1 1w-
Vascular bundles mumerous and scattered, mostly
oriented with phloem facing perimeter. Bundles are
parallel in longitudinal section with some higher
order angular connections. Xylem of 1-3 protoxy-
lem cells per hundle, with spiral to annular thick-
enings, and occasionally one metaxylem element
Phloem of sieve cells and companion cells forming
organized grid. In longitudinal section, sieve el
ments with horizontal to 45° oblique end walls-
Sclerenchyma: fibers forming phloem cap, 24 cells
deep, usually not fully surrounding phloem later-
ally. In some species, fiber caps surrounding xylem
and phloem or ensheathing entire bundle.

Secretory ducts surrounded by epithelium and
1-2 rows of additional small cells, very common it
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collenchyma and common in ground tissue. Latic-
iers: 1-3, found laterally on one or both flanks of
vascular bundles; non-articulated. Starch common
throughout ground tissue, rare in_collenchyma.
Crystals: narrow raphide cells oceasional, oriented
across acrenchyma partitions with ends pointing
into air cavities, ot cells randomly oriented. Druses
present subepidermally and in cells bordering air
cavitics. Small groups of small prismatics common
in ground tissue.

Stem Cross Section. 1-3 em diam. Cuticle of
medium thickness, smooth to rough-surfaced. Epi-
dermis of very small cells, outer walls rounded.
Cork: cells may be present subepidermally. Hypo-

rmis:
2 layers of thick-walled fibers, followed by thin-
walled periderm cells. Collenchyma: angularly-
thickened cells, 3-10 layers deep, beneath peri-
derm. Cortical ground tissue of loosely packed pa-
renchyma. Air cavities: cell-sized or smaller in all
ground tissue. Central cylinder: weakly delimited
by a circle of vascular bundles, some of which tan-
gentially fused in pairs or threes by phloem fibers
and confluent phloem  strands. Cortical bundles
randomly scattered. Vascular bundles collateral and
highly variable in form and orientation. Compound

numerous in central cylinder with irregular
fiber strands in center of groups of 2-6 bundles.
Small phloem strands outside fibers facing groups
of 1-2 metaxylem clements on outer side. Simple
collateral bundles may have a large wide strand of
fibers surrounding phloem, a very small irregularly
shaped strand of fibers, or no fibers. Fibers having
up 10 7 discrete wall layers visible.

Secretory ducts small and numerous in collen-
chyma and outer cortex, less common elsewhere.
Duct cavities surrounded by two modified layers of
small cells; contents of cavities testing positively
for lipids. Laticifers: absent or present as 1-3 cells

al 10 many vascular bundles, occasional in
phloem. Crystals: raphides as single packets in
elongate cells, most common in central cylinder.
Druses of all sizes common in small cells in cortex.

Vascular anatomy. The configuration of shoot vas-
culature of Philodendron has been extensively
studied by French and Tomlinson (1980, 1981,
1984). They reported the genus to be one of the
most diverse in the family from an anatomical point
of view. The axis of the vascular system of Philo-
dendron is continuous throughout the stem because
the renewal shoots develop precociously and be-
cause the morphologically terminal parts of the
stem 300n become branches (French & Tomlinson,
1984). All species of Philodendron examined by

French and Tomlinson have an “independent cor-
tical vascular system of traces that pass from the
leaf into the cortex, but without entering the central
cylinder.” Generally the cortex is wide with 3-5 or
‘more indistinet series of bundles. Cortical bundles
are collateral, typically with a fibrous sheath next
10 the phloem. Major leaf traces enter the cortex at
an acute angle and prompily enter the central cyl-
inder, while smaller traces enter the cortex at a less
acute angle and may enter the central cylinder well
below where they entered the cortex. No endoder-
mis was observed by French and Tomlinson for any
of the species.

Philodendron subg. Philodendron has secretory
resin canals occurring in the cortex. These consist
of a schizogenous space lined with 2-3 layers of
epithelial cells and contain 3 Sudan IV-staining
(French & Tomlinson, 1984). The central cyl-
inder is separated from the cortex by an amange-
ment of vascular bundles into which the leaf traces
merge. Bud traces are equal on both sides and form
an arc near the periphery of the central cylinder
before joining with the axial bundles.

n their survey of 3-dimensional amangement of
vascular bundles, leaf traces and axial bundles
were distinct, with the leaf traces consistently col-
lateral with protoxylem and usually with a promi-
nent sheath of sclerenchyma next to the phloem.
The axial bundles were divided roughly into five
groups, four of which pertain to P subg. Philoden-

In the P. hederaceum pattem (French & Tomlin-
son pattem 1) there are simple collateral bundles
with some bipolar bundles in the central cylinder
of the internodes with thin-walled and non-lignified
ground tissue.

Another relatively rare pattern involving P. sect.
Baursia (but not  Central American representative
of the section) and P. jacquinii (pattern 3 of French
& Tomlinson) has compound bundles throughout
h 1 cylinder with individual od bun-
dles consisting of strands of xylem and phloem sep-
arated from cach other by sclerenchyma “in the
form of a partial or complete sheath” (French &
Tomlinson, 1984). In P jacquinii leaf traces enter
the central cylinder but make a variety of config-
urations, sometimes including pairing before join-
ing the compound bundles. Compound bundles do
not make a particularly straight course, sometimes
bundling and pairing within and between com-
pound bundles.

A pattern of vascular bundle traces exhibited by
P, fragrantissimum and . roscospathum (French &
Tomlinson pattern 4) is similar to pattern 3 except
that “the pattern of the vascular components with
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compound bundles is less clear because compo-
nents are not separated by sclerenchyma” (French
& Tomlinson, 1984). The sclerenchyma occupies
the central core but does not isolate individual bun-
dle components.

The pattemn for P. mexicanum and P. sagittifol-
ium (French & Tomlinson pattern 5), described as
the most comman in the genus, has axial bundles
strictly amphivasal with a central core of phloem
and a peripheral region of xylem. The tracheary
elements may form a more or less continuous cyl-
inder or may be arranged in clusters around the
phloem. Leaf traces penetrate the central bundle
and fuse with the central cylinder, while the scle-
renchyma sheath of the trace migrates to the center
of the axial bundle.

Habit and grouth patterns. Tn terms of growth
habit Philodendron is clearly one of the most vari-
able genera in the Araceae (Blanc, 1977a, 1977b,
1978, 1980; French & Tomlinson, 1981). The habit
ranges from terrestrial to epiphytic or hemiepiphy-
tic (primary or secondary). Secondary hemiepiphy-
tes may be vines or appressed-climbers.
Relatively few Philodendron species are terres-
trial, although a few are consistently terrestrial.
These include P glanduliferum, P. grandipes, P
malesevichiae, and perhaps P. hammelii (known
only from a single collection). The stem of P, glan-
duliferum (Fig. 198) is usually repent. Other spe-
cies are mostly terrestrial, but sometimes hemiepi-
phytic: e, P. basii, P roseospathum var.
and P warssewiciii.
knappiae is about equally terrestrial or hemiepi-
phytic. Label data regarding habit on herbarium
collections are often suspect, with many herbarium
labels using the term “cpiphyte” when in fact the
collections were probably rooted in the soil and
were therefore technically hemiepiphytic. In addi-
tion, although many species have collections re-
porting them o be terrestrial, the majority were
probably found on the ground as a result of acci-
dentally falling from trees. Many collections are
naturally made in virgin forest arcas where man-
made disturbances such as road building give ac-
cess 1o the forest. In such areas, and especially in
the regrowth along road cuts, aroi

382), persist in
excellent condition on steep roadbanks because the
steep clay slopes allow adequate drainage for the
plants to survive. Stil, these are somewhat unusual
situations. On the other hand, stream banks often
provide similar habitats.

Many members of P subg. Philodendron are

hemicpiphytic, meaning that they are growing on
trees as appressed climbers or as vines, while being
rooted in the soil. There are two types of hemicpi-
phytes (Putz & Holbrook, 1986). Primary hemiepi-
phytes begin their lives when seeds germinate on
the host tree, in the same way as true epiphytes,
then go on 1o develop slowly until they reach suf-
ficient age and size 10 begin developing long aerial
roots that may eventually reach the ground. This
growth strategy enables the species to quickly at-
tain a height where light is adequate but nutrients
are more difficult to obtain. Not surprisingly, one of
the most successful species with this life form is P
megalophyllum Schott, which often lives on ant
nests from which it obtains extra nutrients. No Cen-
tral American species are known to live exclusively
with associated ants, although occasional ant nests
occur among the cluster of roots of many species.
The roots hold the otherwise fragile ant nest to pre-
vent it from being washed away in the rain. E»
amples of this type of hemiepiphyte are P2 goeldii
G. Barroso, P. solimoesense A. C. Sm., P megalo-
phyllum (all from South America), and P. radiatum
(Fig. 1), the only species known with this growth
form in Central America.

Secondary hemiepiphytes (Putz & Holbrook,
1986) start their lives on the ground or on tree
trunks near the ground (where they may send rools
10 the ground) and climb trees where they become
adults and may lose their connection with the
ground. Most Philodendron sect. Philodendron are
members of this group.

As is the case with most Araceae, adult plants
of P. subg. Philodendron have homeophyllous mon-
opodial growth'! (monophyllous sympodial of Rit-
terbusch, 1971) with each article bearing a cata-
phyll and a leaf. When the plant is mature, each
article is terminated by an inflorescence (Ra
1986, 1987b) or its aborted remains (Engler, 1877:
Ritterbusch, 1971). The branching patiern for
wbg. Philodendron has the prophyll following each
intemode suppressed, with a single foliage leaf fol-
lowed by the inflorescences and with the intemode
subtending the prophyl of the elongation shoot be-
ing suppressed. Growth patterns for P2 subg. Philo-
dendron were diagrammed schematically by Engler
Lonw s e e by v et

" “In monopodial growth, flowering occurs on axillary
short shoots and does not interrupt the formation of I_h!
main shoot by a single apex. In monophyllous sympodial
growth, after the shool terminates in an inflorescence
(which often aborts al the primordial stage), each contin"
uation shoot will produce only a single A‘:l::r Teaf before
terminating in another inflorescence, and being.
by another continuation shoot with one foliage lea” (ReY
1987h).
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(1877) and Ray (1988) and discussed in detail by
French and Tomlinson (1981). In contrast to adult
plants of P. subg. Philodendron, the juvenile growth
phase (with a few exceptions) has monopodial (ac-
tually anisophyllous sympodial) growth with an ar-
ticle bearing an indeterminate number of foliage
leaves before terminating in the first (ikely abort-
ed) inflorescence, marking the transition into ho-
meophyllous sympodial growth where cach article
has a fixed number of leaves and is terminated by
an inflorescence or its aborted remains. This tran-
sition does not mean that stem has reached matu-
rity. It has only made a transition from monopodial
(actually anisophyllous sympodial) growth to ho-
‘meophyllous sympodial growth. At this point, the
plant is probably still not mature, and while every
anticle will end in an infloresence, these will all be
aborted. Later, after further thickening of the stem,
the shoot will become mature, and this will be in-
dicated by the fact that the inflorescences do not
always abort (T. Ray, pers. comm).

In contrast to P. subg. Philodendron, P. subg.
growth only up until
the time of flowering when it is followed by aniso-
phyllous sympodial growth, wherein the stem arti-

forms from a bud in the “axil of the penultimate
leaf of the previous unit” (French & Tomlinson,
1981). Both P. subg. Preromischum and P. subg.
Philodendron have development of the stem beyond
each terminal inflorescence. Thus although P. subg.
Philodendron appears to have an unbranched
with an inflorescence in each leaf axil it is really
producing a new branch after producing each leaf.
Close examination will show that a bud for the re-
newal shoot occurs on each article just below the
point of overlap of the sheath edges of the cataphyll
(prophyll of Ray, 1987a). It is from this point that
the new branch will form. There is also a second,
supernumerary bud which lies below (proximal to)
! bud for the renewal shoot. This acts as a reserve
meristem, lying dormant unless the stem is severed
just d.uully 10 it (French & Tomlinson, 1984).

Unlike P. subg. Philodendron, P. subg. Pierom-
ischum typically does not branch after the produc-
tion of each new leaf and therefore lacks compa-
mable branch buds. The inflorescences are never
produced terminally on determinate lateral branch-
€ (Grayum, 1996).

Internode length and width are altered markedly
as the plant climbs, with the intermodes getting ever
shorter and thicker. Ray (1986) has shown a direct
correlation between the length and width of an ar-
ticle (one segment of the stem) demonstrating that

H

the length-width ratio is fixed and varies according
10 a set pattern. Ray (1987b) categorized four dif-
ferent types of stem segments based on where the
leaf was attached to the stem. In P subg. Philo-
dendron all species had the petiole attached to the
Lower end of the stem segments, and these are re-
ferred 1o as “hypophyllous segments.” Most species
of P subg. Preromischum have *

ments” where the
end of the stem segment. “

ments,” where the stem segment is so short that the
petiole is attached across the entire segment,is also
known in P subg. Preromischum and is also the
most common type elsewhere in the family. The
fourth type of sympodial stem segment, referred to
as “peraphyllous segments” and presently known
in the family only in P subg Preromischum, has
the stem scgments elongated and extended below
the point of attachment of the cataphyll.

Most members of P subg. Philodendron have
leaves that tum from juvenile to adult gradually as
the plant climbs so that there is no abrupt transition
1o adult foliage.

Although not as pronounced as in Monstera or
Syngonium, leaf dimorphy is present in some spe-
cies of Philodendron. For example, in P. hedera-
ceum var. hederaceum juvenile leaves have short
petioles tighly appressed to the tree, more or less
ke the “shingle” leaves of Monstera. They are also
dark blackish green and velvety above and often
somewhat purplish violet beneath. The adult plants
have spreading leaves with longer petioles and
smooth, semiglossy blades. The velvety blades
seem 1o be associated only with the carliest growth.
Once the plant grows up high cnough on the tree
the leaves become smooth and semiglossy. Further

wih, even when it represents a reversion 1o
smaller-leaved forms, results in the same smooth,
semiglossy texture as that of the adult.

Philodendron hederaceum and other scandent
species tend to climb high up the trunk of the tree
then spread into the canopy and finally often hang
down from branches before they flower. Philoden-
dron jacquinii often has a similar habit. Some scan-
dent species, such as P. brevispathum and P. sul-
cicaule, typically sprawl over lover vegetation
rather than high in the canopy.

The amount of interode clongation varies im-
mensely in some vining species, such as P immix-
tum, P. um, and P. sulcicaule, with inter-
nodes 10-20 cm long (even longer on plants that
are juvenile o have reverted to a “searching mode”
as the result of dislodgement from the tree). Usually
intemode length varies considerably depending on
the light and nutrients available for growth. Even




fully adult plants with very short intemodes can be
induced to produce longer internodes in cases
where the plant is accidentally displaced from its
growing situation or if it becomes heavily shaded.

Some species have evolved the ability to produce
fagellate branches in an atiempt to reposition
themselves. These have long slender intemodes
and reduced leaves. At first the fagelliform growth
spreads laterally, but if no other growth support is
in the immediate vicinity the branch inclines to-
ward the ground where it may creep across the sur-
face and ascend another tree. Blanc (1980) referred
to these as “flagelles” or “stolons.” Ray (1987b)
indicated that these flagellate branches are usually
developed when a plant overgrows its support or is
accidentally dislodged, but in some species, e.
P fragrantissimum, the flagellate branches may de-
velop from a normally growing plant (Croat, 1978).
Philodendronlinnaci Kunth, a South American
species, has developed this method of locomotion
10 an extreme. That species produces a series of
rosulate clusters of leaves all interconnected by
more slender flagellate stems, which ascend the
tree trunk. After a period of rapid growth resulting
in long, narrow intemodes with the leaves reduced
to small scales, the plant produces a series of short
thick interodes, each of which is associated with
an increasingly larger leaf, and leaves amanged in
a tight rosette (Ray, 1987b). Ray (pers. comm) re-
ports that “with only a few exceptions, fagellar
shoots do not occur in species with homeophyllous
growth. Flagellar shoots are almost universal among
climbing species with anisophyllous or intermittent
homeophyllous growth, but almost totally lacking
among_climbing species with homeophyllous
growth.”

Stems. Stems vary considerably in length depend-
ing on the nature of growth. Vines, such as P. hed-
eraceum, may produce stems well over 30 m long,
whereas the more sl i d climbi
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there may be surface damage or more likely active
root borers in the center of the stem. Eventually the
lower part of the stem rots away as the stem climbs
higher on the side of the tree.

Stems of Philodendron are typically unbranched,
but may be branched naturally, as in many species
of P. subg. Preromischum, or through injury. Com-
‘monly internodes become increasingly shorter and
thicker toward the apex of the stem on appressed-
climbing plants, but some species, e.g., P. fragran-
tissimum, may from time to time begin to produce
long slender interodes to enable the plant to enter
a colonizing mode (see above section on “Habit and
Growth Patterns™).

Mayo (1991) described differences in the
branching pattern of P: subg. Philodendron and P
subg. Meconostigma. While most P. subg. Mecon-
ostigma have very short interodes, some species,
e.g., P. leal-costac Mayo & Barroso and P coreo-
vadense Kunth, have elongated internodes. In these
species the elongated intemode of each article is
the one between the cataphyll (prophyll of Ray,
1987a) and the succeeding foliage leaf, while the
intemode preceding the cataphyll is abbreviated.
In P. subg. Philodendron the elongated internode is.
the hypopodial internode (which precedes the eat-
aphyll), while the internode between the cataphyll
and the foliage leaf is the abbreviated one.

Stems of Philodendron are typically rich in tax-
onomic characters, and together with their associ-
ated cataphylls, yield some of the best key char-
acters for identification. Normally these stem
characteristics are useful only at the specific level,
but Grayum (1996) has found the dried stem color
10 be useful in separating the two sections of P
subg. Preromischum. Unlike most Anthurium spe-
cies, which have intemodes so short that the epi-
dermal features are for the most part obscure o
very uniform, Philodendron has features important
both before and after drying. The internodes of most

d-climbi iepiphytes are actually

growing
hemiepiphytes rarely have stems more than about
2 m long. The youngest part of the stem bears most
of the leaves and has the newest root growth in-
cluding the most active feeder roots. Older portions
of the stem have thick, strong roots usually tightly
fastened 1o the tree, anchoring it in place. Some
roots all along the stem extend downward along the
stem and may lead all the way to the ground. The
older portion of the stem is ofien devoid of any
leaves and usually lacks even cataphyll fibers. The
bare stem clearly shows the petiolar and cataphyll
scars (Figs. 9-12). See discussion below. Inspection
usually shows that the older portions of the stem
have been at some time attacked by root borers so

broader than long at maturity (Figs. 10, 394, 443
but some species, such as P. advena (Fig. 38) and
P straminicaule (Fig. 392), have internodes typi"
cally longer than broad (though short enough that
the plants are not considered scandent). Only nin®
species in Central America have intemodes longer
than 25 cm on adult or preadult plants. Altems*
tively, many species have short intemodes, with 33
Central American species having interodes to only
5 cm long or les
Tntemode widih is somewhat less variable, rané-
ing from less than 3 mm diam. in P: chirripoense 10
10 cm diam. in P. gigas. Only nine additional spe-
cies (P. chiriquense, P. copense, P. dressleris P.
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rugineum, P. fortunense, P. grayumii, P. pierotum,
P schottianum, and P. warszcuiczii) have stems that
attain diameters greater than 7 cm. Most spec
have relatively narrow intemodes, with 44 species
having intemodes of no more than 3 cm diam., and
16 species with internodes of less than 15 em
diam.

Fresh stems often have characteristic surface
features. Surfaces are frequently speckled with a
lighter or darker pattern of green. The surface may
also be short-lineate (Fig. 2) or may present a com-
bination of short lines and speckles (Fig. 3). At
other times the surface may be weakly to promi-
nently striate as in P. anisotomum, P. hederaceum,
and P wilburii. The stems may be glaucous as
sometimes in P dodsonii, P. fortunense, P. immix-
tum, P ligulatum, P. mexicanum, and P. wendlan-
dii. Frequently the intemodes are coarsely short-
costate (Fig. 2) near the apex of the intermode, as

in P. chiriquense, P. grandipes, and P: schottianum.
These apparently represent areas at which roots
will emerge later.

Stems are commonly smooth but may be minute-
Iy wrinkled, as in P verrucosum, or sparsely warty,
as in P. brunneicaule, or setose, as in P. jacquinii,
or with often branched, trichome-like scales
5), as in P. brevispathum. Other species with scaly
s are: P, hammelii, P. malesevichiae, P. squam-
icaule, P. squamipetiolatum, and P. verrucosum.
Even stems of species with smooth epidermis arc
often weakly fissured in fresh condition (Fig. 2).

Coloration of fresh stems may also be character-
istics typically, they are medium to dark green when
fresh, turning gray-green to brownish, yellow-brown
or reddish brown in age. Often several transitional
stages are involved, €., medium green to gray-
green, 1o yellowish green and finally yellowish
reddish brown. This final stem color is often the
same as the color of the stem of artifically dried
herbarium collections, but at other times the dried
stem color of the herbarium collection is not the
same. Thus it may be important to note the color
of the fresh stem before drying takes place. Natural
aging of the stems often causes a scurfy condition,
which results from numerous close cracks (Figs. 4,
5). Sometimes these minute fissures are restricted
10.a specific point of stress yet not visible clsewhere
(Fig. 5).

Another important feature is the extent to which
the stem wrinkles or cracks or is otherwise distorted
by the drying process. The results of the drying
Process are usually quite consistent from collection
1o collection, such that the dried stem and the fea-
tures it exhibits provide useful recognition char-

acteristi

Stems commonly dry with irregular (or some-
times regular) ribs and intervening sulcae, reflect-
ing shrinkage of the relatively indurate outer sur-
face of the stem compared to the rather soft,
somewhat aerenchymatous stem interior. In some
cases the regularity and severity of this ribbing pro-
vide especially useful characteristics, .., in P sul-
cicaule the stems of which become prominently
ribbed in the course of normal development, and
in P. verapazense where the stems become regularly
and conspicuously ribbed on herbarium collections.

In addition to frequently present longitudinel
ribs, in .., P findens, P. fortunense, and P. helen-
iac, stems may be transversely fissured o checked
with small to large fissures. These may be quite
regular or irregular in severity or spacing. While
sometimes characteristic, these transverse stem fis-
sures tend to be somewhat less consistent than the
longitudinal fissures. However, for some species
such as P. edenudatum, P. ferrugineum, P. findens,
P fortunense, P. ligulatum, P. malesevichiae, P
mexicanum, and P. wendlandii (among others), the
stems are frequently transversely fissured. Such
stems are particularly noteworthy in an unde-
scribed South American species, i.c., Croat 62785
from the Pacific coast of Colombia.

Another feature exhibited by some dried stems

schottianum, P. smithii, P. straminicaule, P. subin-
cisum, and P. tripartitum. Tn some cases the cpi-
dermis not only cracks but may begin to loosen and
fall off or protrude away from the stem (Fig. 8), such
as in P. brevispathum, P. cotonense, P i, P
ligulatum, and P: purpurcoviride. Occasionally this
feature is exhibited on fresh stems as well. This is
ally true if the stem is forced to bend by
alling from its support, such as in P. immixtum and
P sulcicaule. The epidermis appears to be hard and
brittle, while the underlying stem appears to be
green and supple. In some coses the epidermis
seems to be naturally shed and replaced by another
epidermal layer on the fresh stem.

Petiolar scars.  Although less conspicuous in gen-
eral than in Anthurium or in P: subg. Meconastig-
ma, the penolnr scars on the stems of P. subg.
e L detied
e T et syl T covtiat 1o
Anthurium the petiolar scars of P. subg. Philoden-
dron are generally much less indented but rather
are more o less flush with the general contour of
the stem surface. They may be moderately incon-
spicuous as in P rothschuhianum (Fig. 9) or mod-
erately conspicuous as in P. davidsonii (Fig. 10).



346

Annals of the
Missouri Botanical Garden

Philodendron petioles are typically much swollen
at the base, so the scar is usually broader than the
rest of the petiole itself. Petiole scars vary from
(051 to 4(-7.5) cm high and (071 to 5(-7) em
diam., but they are rarely more than 3 cm high and
3.5 cm diam. The average height and width for the
32 species studied is 2 cm high and 2.4 cm diam.
The peduncular scar is often quite conspicuous
(Fig. 5) and deep. Of ecological significance is the
fact that these deep holes left when the inflores-
cences fall off are the points of entry for phytoph-
agous insects, especially stem borers, which infect
the older and sometimes the younger portions of the
stems.

Intravaginal squamulse (Dahlgren & Clifford,
1982), so prominent in P. subg. Meconostigma, are
usually present but often inconspicuous in P. subg.
Philodendron (Fig. 11). Mayo (1991) stressed this
as evidence of differences in two conrasting pat-
tems of stem elongation (see discussion under stem
above). In P subg. Philodendron the intravaginal
squamulae (Fig. 11) are always immediately above
the cataphyll (prophyll of Ray, 1987a), whereas in
P subg, Meconastigma the intravaginal squammu-
lae are immediately below the cataphyll scars and
often around the scar for the foliage leaf as well.

Roots. Phil roots have an anatomically
distinet layer of exodermis beneath the epidermis,
distinguished, among other things, by a long-cell
short-cell pattem (French, 1987a). “Thick-walled,
pitted sclereids form a cylinder adjacent to the en-
dodermis and similar sclereids also oceur singly or
in bands with suberized cork cells in the periderm
of older roots” (French, 1987a). Like those of other
members of tribe Philodendreae, Philodendron
1oots have a sclerotic hypodermis. French reported
the scelerotic hypodermis to be distinctive because
of its position next to the exodermis and its occur-
rence in the primary axis. Another distinctive an-
atomical feature of the roots of Philodendron is res-
in canals with sclerotic sheaths (French, 1987a).
Al species of Philodendron produce adventitious
roots at some or all nodes. The number of roots
developed seems to have more to do with the en-
vironment than with the species involved. Plants
that are appressed-climbing and in close contact
vith the substrate generally produce the largest
number of adventitious roots. Roots may be of two
types, which differ both morphologically and ana-
tomically (Lierau, 1888; Porsch, 1911), either for
anchoring the plant to the substrate or for feeding
(van Tieghem, 1907; Went, 1893). The anchor roots
(Fig. 54) tend 1o be more numerous and shorter,
often with a dense layer of root hairs (they are

sometimes restricted o the side of the root that
contacts the substrate). They also have a propor-
tionately much smaller central cylinder and more
mechanical tissue to give them strength (Engler &
Krause, 1908) than those of feeder roots. They arise
principally at the nodes but may arise all along the
internodes. Anchoring roots may spread from the
nodes as in P. auriculatum (Fig. 12) or closely ap-
pressed to the surface of the tree on which they are
growing as in P gigas (Fig. 13). In contrast to the
anchoring roots, the feeder roots (Fig. 1) tend to
be much thicker and longer and usually extend to-
ward the ground. This behavior is to be expected
since Goebel and Sandt (1930) reported that feeder
roots of aroids are negatively heliotropic and posi-
tively hydrotropic. Feeder roots have a much broad-
er central cylinder and broader vessels and sieve
tubes. Feeder roots arise only at the nodes (Gra-
yum, 1990). Normally, the feeder roots are 24
times thicker than the anchor roots, and in P. gigas
the feeder roots may be somewhat woody and up to
35 cm diam.

Some species, such as P. auriculatum (Fig. 12),
have spine-like branch buds sparsely scat
along the length of the root, especially near the
stem. Some hemiepiphytes, such as P: solimoesense
A. C. Sm. in South America, have roots that may
become markedly roughened with warty tubercles.
In such cases the only portion of the root that has
root hairs is the apex where the roots branch as
they near the ground. It is unknown whether these
ro0ts are capable of absorbing atmospheric humid-
ity, as is true for some Anthurium species, but cer
tainly they must be able to take in the free water
that runs down the root. 4

French (1987a) reported that in P. subg. Phile-
dendron a sclerotic hypodermis is entirely absent
in subterranean roots but present in the aerial roots
Philodendron subg. Philodendron has clongated:
infrequently anastomosing resin canals that extend
lengthwise through the root cortex (French, 1987¢)
They are lined with a layer of epithelial cells thet
consist of thin-walled, unlignified cells (parenchy
ma). In P. subg. Philodendron and P subg. Pier-
omischum the epithelium is surrounded by a sheath
with lignified cell walls. In contrast, . subg. ¥
conostigma has resin canal sheaths that lack # scle-
renchyma and instead have 2-5 layers of (unli§-
nified) collenchymatous cells, which are_easily
distinguished from the ground tissue (Freach,
1987c). o

While seldom used taxonomically, roots are vari
able to some extent from species to species. Fresh
rootcoloration (ranging from whitish to green
brownish), length, diameter, and surface textur®
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Table 2. Persistent condition of cataphylls by section.

Deciduous Pensisting
% of Semi- A %ol Section
Section Total sect. Intact intact  fibers  Total  seet total

Calostigma 34 69% 6 6 3 15 31% 9

acrogynium 1 100% 0 0 0 0 0% 1
Philodendron 10 24% o 18 14 32 To% 42
Polytomium 3 100% o [ 0 0 0% 3
Tritomophyllum 7 8% 0 1 0 1 13% 8
Total 55 53% 3 2 ” 3 1% 103

(smooth, coarse, or even warty), as well as the dried
color and degree to which they are fissured or fold-
ed, are all features that may be recorded. These
features have not been used extensively since the
rools are generally removed from the stems before
the herbarium specimens are prepared.

Cataphylls. Tn the taxonomy of Philodendron
probably no morphological feature is more diag-

tion and remarkable consistency in cataphyll char-
acters. Among the most valusble characters is
whether the cataphylls are deciduous or persistent.
This is the single feature that makes the prepara-
tion of keys to species of Philodendron casier than
those for Anthurium. In P. subg. Philodendron 56
taxa have deciduous cataphylls, while 48 have per-
sistent cataphylls. Of the latter, 6 have cataphylls
that persist intact, 25 have cataphylls that persist
semi-intact, and 17 have cataphylls that persist as
fibers. While a few species have cataphylls tardily
deciduous and others have persistent cataphylls
that eventually fall off, relatively few species are
difficult to place in one or the other category. See
Table 2 for a breakdown of persistent condition of
cataphylls by section.

Generally speaking cataphylls are deciduous in
vines and persistent on appressed-climbing plants,
but there are exceptions in both groups. Cataphylls
are bract-like modified leaves which function in the
Protection of newly emerging leaves. For vines, the
cataphyll becomes functionless once the leaf has
emerged and generally is promply deciduous. Typ-
ically it recurls away from the stem on vines
eventually becomes loosened from the base and
f-ll: free, such as on P. purpureoiride (r.; 320)

ely, on epiphytes or appre:
hcmleplphylae with short internodes the cataphylls
cannot easily fall free (Figs. 15, 115, 312). Al-
gh they may fall free from the stem and in-
variably promptly dry and usually become withered

or weather into fibers, they are often prevented from
falling by the tight cluster of petioles generally
found on plants with short intemnodes. They do reg-
ularly fall free on some species with short inter-
nodes, such as P. warszewiczii (Fig, 443) or P. dres-
sleri (Fig. 160), but typically cataphylls persist on
species with short interodes (Fig. 302, P. pirrense;
Fig. 358, P. scalarinerve). Cataphylls often persist
in an organized mass around the apex of the stem
(Fig. 382, P. squamicaule). They may persist intact
in P. grandipes (Fig. 204), P. jodavisianum (Fig.
248), and P. roseospathum (Figs. 341, 343), or have
a very thin, flaky cpidermis that remains intact in
large pieces as in P. dodsonii, P. hebetatum, or P
strictum (Fig. 398); more frequently they decom-
pose at least partially to expose a network of fibers
beneath the epidermis (Fig. 258, P: lasori), and
even more frequently the epidermis disappears al-
together (Fig. 202, P. glanduliferum; Fig. 253, P
jodavisianum;, Fig. 370. P. schottianum). Ecologi-
cally the mass of cataphyll fibers serves a useful
purpose, namely o prevent desiceation of the stem
apex and especially the young roots which emerge
through the moist cataphyll mass. In some species
the layered cluster of cataphylls forms a sodden
mass (Fig. 370, P. schottianum; Fig, 63, P. anto-
nioanum; Fig. 99, P. chiriquense), and in some
cases the youngest cataphylls are protected by a
gelatinous, mucilaginous Auid that fills the inter-
stices of the cataphyll mass. Cataphylls are gener-
ally rigid and firm when fresh, which protects the
young leaf from physical damage. Some are thick

fleshy with considerable amounts of liquid in
their tissucs. As these begin to decompose they
may yield large amounts of watery or even gelati-
nous sap. This fluid may be important as a lubri-
cant for the emerging leaf o prevent damage to the
tender tissues or to prevent desiccation. Since ep-
iphytes are often subject to harsh conditions, this
is probably important to protect the growing point
of the plant and the newly emergent leaves from
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obtusely somewhat
(Fig. 18). Frequeatly also the petiole has an obtuse
medial b toward the apes where it becomes some-
what flatiened.
The majority of Philodendron species have tereie
or sublerete petioles. Sometimes the petioles are
that is, subterete, yet also sharply adax-
ially sulcate. Forty-six taxa are described as having
petioles sublerete in cross section. Some species
have sublerete petioles with the adaxial surface
‘akso narrowly and obtusely sulcate as in P. cretosum
(Fig. 126), P jacquin, P. roscospathum, and some-
times in P
Twenty-one Central American species of P subg.

pe
s termed a sympodial leal (Ray, 1967a). In P. subg.
Philodendron all adult leaves are of this type. Ju-
veaile leaves of P subg. o the other
hand, are all monopodial leaves (Grayum, 1990).

Petioles. Petioles of P subg. Philodendron are
usually elongated, sheathed caly at the base in
foliage and rarely with  conspicucus geni-
g S g e
¢ than the petioles, but 63 species have blades
1 least sometimes sharter than the petioles. Twen-
ty-one species have petioles reported as being as
long as the blades, while 93 taxa have blades at
least sometiemes longer than the petioles. Petioles
range in length from 4 cm in P bakeni 10 137 cm
in P. gigas. Twenty-two species have petioles al-
ways less than 30 cm long. 11 less than 20 cm loag,
and only 4 species, namely P. bakers, P. brewster-
ense, P: chirmipoense, and P. ubigantupense, have
rﬂ-d-kulh-ISmlnu Four taxa, P. copense,

P chiriquense, and P.

Ustally the petiles are erect-spreading from the

stom vith the blades either ctending iatialy in

same plane or, more frequently, somewhat pen-
-k...f._n.n.umpq

Petiole crows section is not s0 varisble in shape

a5 in Anthurium, but the variation it important tax-

onomically. All too ofien herbarium collections

variation exists in petioles
in cross section. Several specics have petioles
broadly and sharply sulcate, ¢.g., P. bakers, P. dar-
idsonii, P. heleniae, n.-..‘r.. 264), P ligula-
tum, P. jodavisianum, and P. scalarinerve. Rarely
the adaxial surface is sharply and broadly concave
and with the petiole often much broader than thick.
as in P wendlandii (Fig. 453). In the later, the
lateral

are prominently winged. The wing is erect-spread-
ing and may be markedly undulate in the arca of
the geniculum as in P fortunense (Fig. 183) and P.
findens (Fig. 171). Sometimes the petioles of P. lig-

latum var. Aeraclioanum also may be weakly
winged (Figs. 275, 276). Even petioles not D-sha-
...iun...u.-..l.gmmm..-umlvmud
Iateral margin on the surface. Examples in-
clude P. annulatum, P. cretosum, P. microstictum,
P. thalassicum, and P. silburii.

Sometimes in addition 1o the raised margina of
the petioles, there may be a prominent medial rib,
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such as in P. jodavisianum and occasionally P:
grandipes, giving the petiole a three-ribbed ap-
pearance adaxially. More commonly the medial rib
is broad and obtuse, such as in P: angustilobum, P
annulatum, P. copense, P. crassispathum, P. ferru-
gineum, P. ligulatum, P. llanense, P. schottianum,
P smithii, P. tenue, P. thalassicum, and P. triparti-
um.

Rarely the petioles may be markedly flattened
dorso-ventrally, as in um. In this
case the petioles are miuch broader han thick with
the lateral margins nearly acute.

A few species have petioles markedly thicker
than broad and U-shaped in cross section. Exam-
ples include P roscospathum, P. jodavisianum, and
sometimes P. davidsonii. Petioles of the latter spe-
cies are more commonly obtusely V-shaped in cross
sect

tion.

Petioles of P: subg. Philodendron typically have
very short sheaths when the inflorescence is abort-
ed and much longer sheaths (to accommodate the
emerging inflorescences) when subtending an inflo-
recence (Figs. 38, 67, 93, 150). Generally the
sheath is markedly closed with one margin over-
lapping the other, making it inconspicuous (Figs.
83, 160). Occasionally the petiole sheath may be
conspicuous, such as in P correae (Fig. 119) and
some members of P subsect. Glossophyllum.

A geniculum is typically not apparent, but the
genicular area serves the same purpose as it does
in Anthurium. It is involved with inclining or twist-
in the plane of the blade, presumably optimizing
exposure to sunlight. Usually the genicular area is
somewhat firmer than the remainder of the petiole,
and sometimes it is differently colored, but it is
usually neither swollen nor s conspicuously dis-
tinct as in Anthurium. Typically the genicular area
is the same shape as the remainder of the petiole,
but sometimes the cross-sectional shape is differ-
ent, being more frequently bluntly ribbed and often
rather decply cracked or scurfy around the circum-
ference (perhaps owing to the bending in response
o0 light). The geniculum, when apparent, is some-
times thicker than the remainder of the petiole as
in P. brunneicaule, P. ferrugineum, P. heleniae, and
P. tenuie. It may be darker than the petiole as some-
times in P. bakeri or P. glanduliferum, or slightly
paler as in P. ferrugineum or P. scalarinerve.

Most species of Philodendron, like Araceae in
general, have glabrous petioles, but there are con-
spicuous exceptions. Several species have conspic-
wously scaly petioles: P. hammelii, P. glanduliferum,
P. maleseuichiae (Fig. 283), P squamipetiolatum (Fig,
387), P. squamicaule (Fig. 382), and P. verrucosum.
The type of scales is also variable. In some species,

such as P malesevichiae, P. glanduliferum, and P
um, the scales are acicular and more
o leas ezt The scales o P glanailfiros and B
mamuduocnlegpi!ld\ng while those of P
are sometimes retrorse near the

apex of l.he p«lole In addition, they are
granular-scury on the surface. In P hammelii the
scales are short and broadened laterally, similar to
fish scales, and less than three times longer than
broad. In P verrucosum and P, squamicaule the
scales are of two distinet types. Philodendron ver-
rucosum has short, broad, and often lacerate scales
interspersed with long-acicular scales. Philodendron
squamicaule has short, purplish, deltoid, broader
than high (about 2 mm high) scales interspersed
‘among acicular, greenish scales 3-5 mm long.

Petiolar scales are not uniformly distributed
along the petioles. In P squamipetiolatum, P.
squamicaule, and P. verrucosum the scales are usu-
ally scattered throughout the petioles. In P male-
sevichiae they are present in the upper % to % of
the petioles, becoming increasingly denser toward
the base. In P. glanduliferum they are similar but
more closely aggregated toward the apex. In P
hammelii the scales are restricted to a small area
near the apex. Philodendron omatum in South
America is the most extreme example of this re-
duction. In that specics the scales are reduced to
stubby protuberances restricted to the apex of the
petiole.

Surfuce features of both fresh and dried petioles
are often conspicuous and frequently diagnostic:
‘Though usually solid green, petioles may be ireg-
ularly purplish-spotted as in P. edenudatum (Fig-
163) and P. sagittifolium. This purplish spotting
may continue onto the lower midrib, a feature com-
mon to other types of markings that continue onto
at least the proximal portions of the midrib. The
surfaces of petioles = be minutely speckled but
more commonly bear a light pattern of short dashes
or streaks usually nmf»mxly distributed throughout
the petiole. They may be densely to sparsely
marked with short dashes, which in tum may be
cither darker or lighter than the surface. T have
referred to this feature in the descriptions as “short-
lineate” or “lineate.” Though the lineations &r°
usually short, usually less than 3 mm long, they
may sometimes be longer and sometimes are vari-
able in length with both short and long lines inter
spersed (Fig. 19). Examples of species with shot
lineate petioles include: P. annulatum, P: aurici-
latum, P. copense, P. cotonense, P. edenudatum, P
/amuum, P. immixtum, P. ligulatum, P. pirense:
P. purlhense, P. smithis, P. subincisum, P. thalas-
sicum, P. warssewiczii, and P. zhuanum. The peti
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oles of P. brunneicaule are red short-lincate. The
short lineations may be associated as well with
much longer, continuous, and frequently weakly

scribed as short-lineate to striate include: P. anto-
wioanur, P. cwll, . gige P, glnduljerm,

jons throughoy
sotomum, P. dr.wnlwnn. P dnulm, Pﬁ:-dem, R

madronense, P.

tianum and P. thalassicum also dry quite yellowish
brown.

Petiole firmness is variable in P. subg. Philoden-
dron, but this character s difficult to quantify. Un-
fortunately Engler used this character as one of his
‘major key characters to separate subsections of P
sect. Cardiobelium, P: subsect. Macrobelium, and P2
subsect. Glossophyllum with very m-.hy petioles
from P Gruppe Oligocarpidium,

P tenue, and P: warszeuiczii.

Fresh petioles of P. subsect. Glossophyllum usu-
ally have a distinct purplish (or rarely dark green)
sing (Fig. 20) around the entire petiole just below
its junction with the blade. The species that share
this feature, mostly members of P. subsect. Glos-
sophyllum, include P: annulatum (Fig. 59), P: bak-
eri, P. correae, and P. ligulatum (all three varicties;
see Figs. 271, 275) with a purplish or purple-black
ting, and P. auriculatum (Fig. 20), P. immistum, P:
dolichophyllum, P: pscudauriculatum, and P: wen-
dlandii with a dark green ring at the apex of the
petiole.

Other apparently unrelated species may likewise
have purple rings around the apexes of the petioles.
These include P. brenesii, P. davidsonii, P. dressleri,
P, ferrugineum, P. microstictum, P: smithii, P. war-
saewicii, and sometimes P. grayumii.

Petioles may produce a cluster of viscid droplets
of a sweet, sugary solution on the abaxial surface
at the apex of the youngest leaves. This has been
observed on P. davidsonii subsp. bocatoranum (Fig.
19) and P: megalophyllum Schott, a common South
American species. These droplets appear to have
0 function in pollination or in blade orientation,
and 1 speculate tht they act as a food source for
ant guards, which serve to prevent the young blades
from predation by phytophagous insects. This
seems all the more likely because the droplets are
associated with new leaves, which are typically very

in the same manner as the stems, and may in time
become completely covered with resin. Of rare oc-
currence are slender strands of latex on broken and
partially severed petioles as on P. malescvichiac
(Fig. 21).

Dried petioles yield another suite of character-
istics generally unrelated to those exhibited on
resh plants.

The dried petiole is sometimes diagnostic and in
some cases, such as P. hebetatum and P. schottian-
um, petioles have a dried epidermis that s so con-
spicuously yellow-brown as to be nearly unique.
Though less conspicuous, the petioles of P schot-

(now P. subsect. Bulaoana) with
firm petioles. This character is difficul to describe
and petioles appear to range from quite firm to
quite spongy without any major discontinuities.
Most species have petioles firm to weakly spongy
when squeezed, and generally they are quite flex-
ible, capable of being bent to a great extent without
breaking. However, spongy petiles, such as those
in P which can be easily crushed by
squeezing, are also more likely to be britle.

Blades. Blade shape. Virtually the entire range
of morphological variation in leaf shape in the ge-
nus as a whole is exhibited among the Central
American species of P subg. Philodendron. The
only blade shapes of Philodendron not shown by
Central American species are those scen on P. gocl-
dii G. Barroso in P. subg. Meconostigma, which has
blades reniform in outline and pedately compound,
and members of P. sect. Schizoplacium, which have
blades pinnately lobed with a few, prominently fal-
cate divisions. While P subg. Preromisc
distinctive leaves (even discounting the winged pet-
ole on adult plants, which s definitive), their over-
all shape and size is matched by some other species
of P. subg. Philodendron. Blade shape in P subg;
Philodendron relates in some case to sectional dif-
ferences. For example, species with threc-lobed
blades are either members of P sect. Tritomophyl-
lum or P. subsect. Bulaoana. Pinnately lobed spe-
cies are members of P. scct. Polytomium. Some sec-
tions, especially P. sect. Philodendron and P. sect.
Calostigma, are highly variable in blade shape,
with that of P. sect. Philodendron ranging from ob-
long to variously ovate 1o ovate-sagittate and that
of P. sect. Calostigma ranging from oblong to sub
cordate, prominently cordate, cordate-sagittate, or
even 3-lobed. Philodendron subsect. Glossophyl-
lum, relatively common in Central America, has
more or less oblong, frequently subcordate or cor-
dulate blades. See also section on “Discussion of
Subgeneric Classification” for additional details.
While lobed leaves in some Araceae, e.g., Mon-
stera, are due 1o necrotic processe in which growth
stops and tissue rots away (Madison, 1977), the
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lobed leaves of Philodendron ae due to differential
growth of leaf tissuc.

In Central America more species have ovate-cor-
date blades than any other shape. In all variations,
38 species have some sort of ovate-cordate leaf
blade. Twenty-two species are described as having
ovate-cordate blades, and 11 as broadly cordate.

es with ovate to ovate-triangular leaves are
most abundant among P. subg. Philodendron in
Central America. At least 55 species have leaf
blades with well-developed posterior lobes, includ-
ing cordate, sagittate, and hastate. Only 15 species
have non-cordate blades prominently longer than
wide. Eight species have lobed blades, six trilobed,
and two_ pinnately lobed. Species with trilobed
leaves are: P. anisotomunm, P. cotobrusense, P: mad-
ronense, P rothschuhianum, P. tripartitum, and P:
angustilobum. Species with pinnately lobed leaves
are: P. radiatum and P: warszewiczi

Posterior lobes.  Philodendron subg. Philodendron
species vary greatly in the shape of posterior lobes:
usually rounded for those species with cordate leaf
bases, e.g., P. glanduliferum (Fig. 197) or P. pla-
typetiolatum (Fig. 306), or cordulate® leaf bases,
eg., P. auriculatum (Fig. 69), P. immixtum (Fig.
236), and P. pseudauriculatum (Fig. 314); to more
or less oblong to narrowly triangular and much lon-
ger than wide as in P. verapazense (Fig. 434), or
sometimes in P. sagittifolium (Fig. 346) and
ue (Fig. 404). Even in species with well-developed
posterior lobes the lobes may be about as long as
broad, as in P. purulhense (Fig. 322), P. tysonii (Fig.
426), or P. schottianum (Fig. 365). Posterior lobes
may be sagittate as in P. brunneicaule (Fig. 95), P
hebetatum (Fig. 218), or P. gigas (Fig. 194); to has-
tate as in P. angustilobum (Fig. 49), P. anisotomum
(Fig. 55), and P. mexicanum (Fig. 287); or bluntly
triangular as in P. wilburii var. longipedunculatum
(Fig. 461).

Sinus shape.  Philodendron species with posterior
Iobes have remarkable variation in the shape of the
sinus: merely arcuate, in P. microstictum (Fig. 289);
arcuate with decurrent petioles in P morii (Fig,
292); V-shaped in P. glanduliferum (Fig. 200), P
Lentii (Fig. 263), P. squamipetiolatum (Fig. 386),
and P. tenue (Fig. 406); oblong in P. dwyeri (Fig,
155); spathulate in P. basii (Fig. 76), P. hebetatum
(Fig. 218), P. smithii (Fig. 372), and P. rothschu-

'* With miniature lobes held very near the petiole (see
photos of P auriculatum) as compared to subeordate,
wherein the lobes, though short, are usually broadly
rounded with each lobe encompassing about half the width
of the entire blade.

hianum (Fig. 339); parabolic in P sulcicaule; hip-
pocrepiform in P: hebetatum (Fig. 225), P. lazori,
P. panamense (Fig. 297), and P. squamicaule (Fig.
374), sometimes closed on live plants as in P for-
182), P. gigas (Fig. 194), P. pierotum
(Fig. 311), and P. schottianum (Fig. 366). In P. for-
tunense and P. subincisum (Fig. 401) the sinus may
be closed even on pressed plants. The shape of the
sinus varies greatly between live and fattened

ied plants, since the shape of the sinus varies
depending on the angle at which the posterior lobes
are tumed up in relation to the midrib. Many spe-
have the posterior lobes tumed upward at an
angle to the midrib on live plants (sec, e.g., Figs.
104, 130, 159, 186, 366, 374), causing the inner
‘margins of the posterior lobes to become closer to
cach other and thus decreasing the apparent size
of the sinus. For example, when the angle of the
posterior lobes is extreme the posterior lobes might
be closed, but when the same blade is flattened and
dried the sinus might become spathulate or hip-
pocrepiform. The description of the sinus as pre-
sented in this work for Central American P subg.
Philodendron is exclusively that of the flattened si-
nus unless otherwise stated.

‘The sinus shape may be intraspecifically vari-
able as in P sousae, for example, with the sinus
ranging from spathulate (Fig. 379) to parabolic (Fig-
380). This is in part related to the age of the plant,
with older plants bearing larger blades that have
larger, more well developed posterior lobes.

2

Blade size. Blades of P. subg. Philodendron in
Central America as elsewhere are highly variable
in size, but relatively few have blades that are con-
sidered huge. Only 19 Central American species of
P subg. Philodendron have blades that exceed 75
cm long (although many others approach that size)-
Of these, only P. gigas has blades that regularly
exceed 1 m in length, with the maximum
at 137 cm. The blades of Philodendron ferrugineum
‘may rarely exceed 1 m in length. By the same token
few species in Central America have small leaves-
Only 37 species have blades less than 25 cm 1005
on adult plants, and of these only 13 have blades
less than 15 cm long. Philodendron
with blades a maximum of 11 cm long, is the spe
cies with the smallest leaves, and P chirripoensc,
with blades up 1o 116 cm long, has leaves aboot
as small. The median leaf length for Phil
in Central America is 57 em.

The widest blades belong to P. gigas and P 12
diatum (to 90 cm long), but P. prerotum (to 84 @
wide), P. findens (to 70 cm wide), P: dodsonii (1o 60
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cm), P: schottianum (to 64 em), and P, warszewiczii
(1062 em) ulm have quite broad blades,

While e of Philodendron is oficn not ro-
i ezt éparaion e v b shape
is sometimes unreliable, the length-widih ratio is, in
general, more relioble as  taxonomic character.
Blades range from being much broader than long, to
‘more than eight times longer than broad (in P. creto-
sum, 1o broader than long. Blades are broader than
long in a number of species, e.g;, averaging only 0.62
times as long as broad in . anisotomum and P. brun-
neicaule and 0.7 times as long as broad in P coto-
brusense and P: grayumii. The average blade length-
width ratio for species with simple, unlobed leaves
ranges from 16 to 2.5 times longer than wide. Ex-
ceptions include P. cretosum and P, folsomii (8.3 and
5.2 times, respectively).

Blade margins are typically entire on simple
leaves, never toothed and only rarely sinuate, such
as in P. subincisum. Species with weakly sinuate
blades are: P. basii, P. dwyeri, and P jefense. On
the other hand, blade margins are frequently un-
dulate 10 a certain extent, especially on larger
blades. Species that have coarsely undulate leaves
are: P. annulatum, P. antonioanum, P copense, P.
Jerrugineum, P fortunense, P. grandipes, P. hebeta-
tum, P. panamense, and P sulcicaule.

Blade margins are frequently hyaline and also
often weakly revolute. Eumpl:l of species with hy-
aline blade margins are: P. advena, P. crassispa-
l‘lml’daﬂdwm!’jemmm?ﬂm,l’m-
‘mixtum, P. hederaceum, P. smithii, P: squamicaule,
P. straminicaule, P. subincisum, and P. wilburii var.
longipedunculatum.

The coloration of leaf blades is highly variable
and largely dependent on the habitat, but some spe-
cies, such as P. roseospathum, P. scalarinerve, and
P. tysonii, have very dark green blades while others
(eg., P lazorii) have lighter green blades. A few

uense, have purple color-
ation on young leaf blades but most lose this col-
oration in age. An exception is P verrucosum,
which has adult blades gﬂru.“y w.,;h.h on the
lower surface. A few taxa such as P. ligulatum var.
heraclioanum (Fig. 274) and P. sagittifolium S
leaf blades purplish-spotted on the lower surface,
eapecially when young. Coloration of lower blade
surfaces is more often restricted to the major veins,
which are frequently reddish (along with the young
petiole) as, for example, in P. antonioanum.

Venation, - Midribs. Leaf midribs of P: subg.
ndron. are more variable in cross-sectional
shape than those of other aroid genera, such as

Stenospermation, Rhodospatha, Spathiphyllum, and

Monstera, yet not as taxonomically significant as in
the related genus Dieffenbachia.

Midribs on the upper (adaxial) blade surface of
P. subg. Philodendron. are highly variable, being
fattened or variously sunken or raised (sometimes
even in the same species). Fifty-six species have
adaxia) midribs at least sometimes raised, 26 have
upper midribs at least sometimes sunken (only P
cretosum has a deeply sunken midrib), and 54 have
adaxial midribs sometimes flat. Only 12 taxa, P

antonioanum, P. aromaticum, P. albisuccus, P. co-
loradense, P. dressleri, P. granulare, P. pirrense, P:
puralhense, P. stictum, P. warssewicsi, P: wilburii
var. longipedunculatum, and P. zhuanum, are de-
scribed as having strictly fattened adaxial midribs.
Fifteen species are described as having only convex
midribs, and 15 are described as hlvlr@ only sunk-
en midribs. Only 2 speci P nic
queanum, are described as Invlng  the daial i
ribs prominently raised.

The adaxial midrib is nearly always to some ex-
tent paler than the surface. In only 12 specics are
the midrib and the blade concolorous. An addition-
al 8 species have midribs concolorous to slightly
paler.

The lower (sbaxial) midrib of Philodendron
blades exhibits less variability. All species have ad-
al midribs to some extent raised. A few species,
€. P. crassispathum, have the abaxial midrib so
broadly convex as to appear nearly flat, but most
species have the midrib noticeably raised. The ab-
axial midsib s generally convex but often narrowly
rounded, thicker than broad, and sometimes bluntly
acute. Species with the sbaxial midrib weakly
raised are rare in P. subg. Philodendron. Only scv-
en species have abaxial midribs a least sometimes
described as broadly convex or weakly raised: P
anisotomunm, P. crassispathum, P. fortunense, P. mi-
crostictum, P. platypetiolatum, P. purpurcoviride,
and P. straminicaule.

Many more species have abaxial midribs more
‘prominently raised. In the largest catcgory, 47 spe-
cies have abaxial midribs more ot less convex, ic.,
‘more o less hemispherical in cross section. Thirty-
six species have abaxial midribs described as
thicker than_broad, narrowly convex, narrowly
rounded or bluntly acute at least part of the time.
A number of these species have abaxial midribs so
prominently raised as to be noticeably thicker than
broad: P copense, P cretosum, P. dolichophyllum,
P. hebetatum, P. heleniae, P jodavisianum, P. pan-
amense, and P roseospathum. Taxa that have ab-
axial midribs sometimes thicker than broad are P
scalarinerve and P. wilburii var. longipedunculatum.

The most extreme type of raised adaxial midribs
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is s0 raised as to appear to be a cylinder attached
tangentially to the surface of the leaf. This type of
midrib has been referred to as “round-raised.” Ex-
amples of species with such midribs are P brun-
neicaule, P: dressleri, P. madronense, P. squamipe-
tiolamum, and P. radiam. In cases where the
midrib s round-raised, the primary lateral veins are
also sometimes round-raised.

While the abaxial midrib is more likely than the
adaxial midrib to be concolorous with the rest of
the blade or darker than the remaining blade sur-
face, 45 species still are reported as having the
midrib paler than the surface. Twenty-four species
have the abaxial midrib described as darker than
the surface.

A number of species, including P. edenudatum,
P grayumii, P. ligulatum var. ligulatum, and P
sagittifolium, have one or both midribs maroon- or
purplish-spotted.

Primary lateral veins. The primary lateral veins
(referred to by some authors as “secondary veins”)
are those that branch off the midrib and extend to
the margins usually without additional branching.
This use of primary lateral vein is consistent with
that of early aroid workers Engler, Krause, and So-
diro. Engler and later Krause referred to the pri-
mary lateral veins as “nervis primaris.” Sodiro also
referred to the primary lateral veins as “nervis la-
teralibus 1

On larger cordate blades there is frequent
branching of the primary lateral veins in the lower
part of the blade where primary lateral veins are
widely spaced (Fig. 26) (see also Croat & Bunting,
1979). The presence of these veins, referred to here
as “sccondary veins,” is not commonly indicated in
this work, but in shape and aspect they are virtually
the same as the primary lateral veins (Fig. 24).

Both surfaces of the blade typically have primary
lateral veins similar to the associated midrib. Usu-
ally they are somewhat less prominently raised than
the midrib. The primary lateral veins on the upper
(adaxial) surface, while usually sunken, may be es-
sentially flat with the surface, Sometimes they are
raised but at the same time contained within a
broad or narrow valley so that the veins appear to
be sunken. Primary lateral veins may sometimes be
“quilted” (Figs. 23, 200, 361), i.e., with the veins
deeply sunken and with the intervening leaf tissue
of the blade that lies between the primary lateral
veins being broadly raised, making the surface ap-
pear like that of a plush qui

Primary lateral veins of P. subg. Philodendron
are rarely cither absent or so inconspicuous as to
appear 10 be absent, such as in . brewsterense,

though they are sometimes not at all conspicuous,
as in P. microstictum (Fig. 289) or P. sulcicaule (Fig.
403). The number of primary lateral veins varies
from 2 pairs in P. chirripoense to 25 pairs in P
madronense. Most species have 3 1o 6 pairs of pri-
mary lateral veins. These generally arise at an
acute angle with the midrib and, afier extending
along or near the midrib, spread at an angle of
generally 40-80° toward the margins, generally
forming a broad arc in the process. The angle of
‘primary lateral veins for all species may be as litle
a5 5° t0 as much as 100°. When species of Central
American P. subg. Philodendron are divided into a
series of range categories based on the angle of
their primary lateral veins, more species (eight)
have primary lateral veins spreading at 50°~60° an-
gle or at 60°~70° (also eight species) than any other
group.
Basal veins.  Primary lateral veins that contact the
plexus at the base of the blade and the apex of the
petiole are here referred to as “basal veins” (Fig
22) (see also Croat & Bunting, 1979). While the
uppermost 1 or 2 pairs usually extend upward and
into the anterior lobe where they join the antemar-
ginal vein, most extend into the posterior lobes.
Generally, basal veins are best developed on plants
that have posterior lobes and are not present, or at
least are few in number, when the blade lacks pos-
terior lobes. Basal veins, like the primary lateral
veins, are typically paired, with usually an equal
number on cither side of the midrib.
Seventy-three species (75 taxa) of P. subg. Philo-
dendron in Central America have basal veins. The
number of pairs of basal veins ranges from 1 to 15,
but only cight species (P. angustilobum, P. copense
(to 15), P. findens, P. grandipes, P. thalassicum, P.
pirrense, P. squamicaule, and P. strictum) have 10
or more pairs. Most species have 3-6 pairs of basal
veins, though up to 16 species may have only 2
pairs of basal veins. Only three species, namely P
lentii, P. mexicanum, and P. scalarinerve, regularly
may have a solitary pair of basal veins.

Posterior ribs. The basal veins are generally 1o
some extent coalesced near their union with the
petiole. The union or coalescence of basal veins is
here referred to as the “posterior rib” (Figs. 22, 25)
(see also Croat & Bunting, 1979). Sixty-three spe-
cies (65 taxa) have the basal veins at least in part
united and thus possess posterior ribs, while 34
species (38 taxa) have the basal veins free 10 the
base (or lack basal veins all together) and thus lack
posterior ribs. Both the number and nature of basal
veins and the length of the posterior rib are §ood
characters for distinguishing taxa. The basal veins
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may be completely coalesced for a distance (Fig.
22) or loosely coalesced. The posterior rib may be
prominently naked for a distance (Figs. 22, 169) or
barely (Figs. 26, 211) or not at all naked (Figs. 161,
163, 287). The basal veins are free or nearly so in
most species with munded or cordulate leaf bases
(Fig. 20). Such species are: P. auriculatum, P: bak-
eri, P correae, P. chirripoense, P. cretosum, P: doli-
chophyllum, P. granulare, P. immixtum, P. lenti, P
ligulatum, P. pseudauriculatum, P. roseospathum, P.
scalarinerve, P. ubigantupense, P. utleyanum, and P.
wendlandii. Even species with short or poorly de-
veloped posterior lobes, such as P. annulatum, P:
clewellii, P. davidsonii, P: microstictum, P. niquean-
um, and P. platypetiolatum usually have the basal
veins free to the base. On the other hand, species
with well-developed posterior lobes usually have
the basal veins coalesced to some degree. Posterior
ibs range from less than 0.5 cm long (in P. sira-
minicaule) and 1 cm long (in P. angustilobum, P
basii, and P. alticola) to more than 14 em long in
P gigas.

Another important taxonomic character is the ex-
tent to which the posterior rib is naked along the
sinus. Tn general, the longer the posterior rib the
more likely it is to be naked at least to some extent
along the sinus. However, P. tenue is exceptional in
having a well-developed posterior rib and being not
naked along the sinus. The degree to which the
posterior rib is naked along the sinus varies from
as lttle s 0.5 cm in P. straminicaule to 6 cm in P.

P. dodsonii, P, dresleri, P. fndens, P. hebetatum, P
knappiae, P: panamense, P: purulhense, P. strictum,
P thalassicum, and P. verapazense.

Lesser order veins.  Between successive. primary
lateral veins there are possibilities for two a
tional orders of veins. Frequently present are in-
termediate primary lateral veins here called “inter-
primary veins” (Figs. 24, 26) (see also Croat &
Bunting, 1979). These veins, while decidedly less
conspicuous than the primary lateral veins, are
nevetheless 100 prominent to be classified as the
smallest-order veins. To qualify as an interprimary,
the vein must extend continuously from the midrib
10 very near the margin without major branching.
Generally there is no more than one pair of inter-
primary veins between alternate primary lateral
veins, They are akin to the primary lateral veins in
all aspects except for their reduced size. Like the
primary lateral veins they may bear minor
which may form all along their margins.

The smallest-order veins are here referred to as
“minor veins” (Fig. 24) and may be close, fine, and
conspicuous as in P. sulcicaule, P. tripartitum, and
P radiatum, 1o thick, well-spaced, and inconspic-
uous in P gigas, P. granulare, P. grayumii, and P.
ligulatum. The minor veins are not all equally dis-
tinct and sometimes, as in P. dominicalense, the
minor are altemately weakly visible and
strongly visible.

‘The minor veins may arise from the midrib or
from the primary lateral and interprimary veins, but
in either case they form a generally close, uniform,
and parallel array, which extends without interrup-
tion to near the margin of the blade. In most species
the minor veins arise from both the midrib and the
primary lateral veins, but some species have the
‘minor veins arising from only the midrib. A total of
77 species (81 taxa) have the minor veins arising
from both the midrib and the primary lateral veins
(Fig. 26). In such cases the minor veins are not
always equally arising from one of the two entities
but may, as in the case of P brenesii, P. davidsonii
subsp. davidsonii, P. ferrugincum, and P. triparti-
tum, be more heavily arising from the midrib rather
than the primary lateral veins. In P auriculatum,
P glanduliferum, P. lentii, and P. ligulatum the mi-
nor veins arising from the primary lateral veins are
‘many fewer than those arising from the midrib. In
P heleniae the primary lateral veins are only rarcly
arising from the midrib.

In another variation of this venation type, some
species, while having minor veins arising from the
midrib as well as both adjacent primary lateral
veins, have considerably more veins arising from
the distal primary lateral vein then from the prox-
imal vein.

A total of 24 species have the minor veins arising
from only the midrib, and in this case they course
along the primary lateral veins but do not join with
it. Many of the species that have the minor veins
arising only from the midrib are species with oblong
blades, such as: P. bakeri, P cretosum, P: dolicho-
Pphyllum, P. granulare, P. heleniac, P. roscospathum,
P ubigantupense, P: uileyanum, and P. wendlandii.
However, this group also has blades ovate or nearly
%0 as in P. brewsterense, P. chirripoense, P. cotobru-
sense, P. crassispathum, P folsomii, P. knappiac, P
microstictum, P. niqueanum, P. sulcicaule, and P
verapazense. Intreatingly, P. anisotomum, with
deeply 3-lobed leaf blades, also has the minor veins
arising from only the midrib, whereas P tripartitum,
a similar specics with 3-lobed blades, has the mi-
nor veins arising from both the midrib and the pri-
mary lateral veins.

Philodendron dressleri, a specics with deeply di-
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vided leaves, has a more complex venation pattern.
Although the minor veins arise from both the mid-
rib and the primary lateral veins, they also arise
from short secondary veins that regularly branch off
the primary lateral veins. In addition, the minor
veins that arise from the midsib are considerably
fewer in number and weaker than in most species
with this venation pattern. Generally, the confluent
‘minor veins that arise from the primary lateral veins
and make a broad sweep before continuing to the
margin leave little area for the minor veins, which
arise from the midrib. The latter tend to merge im-
perceptibly with those from the primary lateral
Veins. A similar pattern with weak midrib-borne
‘minor veins is present with P. basii.

At or very near the margin both the primary lat-
eral veins and the minor veins generally tum sharp-
ly toward the apex of the blade. The minor veins
join with other minor veins and with the primary
veins before finally merging into an inconspicuous
and somewhat opaque marginal plexus. This narrow
band is usually chlorophyllous and apparently
veinless. Frequently the outer margin of this chlo-
rophyllous band is a hyaline edge, which is color-
less and typically revolute.

The minor veins are sometimes noticeably inter-
connected by inconspicuous 1o conspicuous veins,
referred o here as “cross-veins” (Fig 26). Gnnﬂ-
ally the cross-veins are markedly

‘mon than is apparent from surface examination, not
all species exhibit the sccretory ducts clearly. Thus
the presence or absence of distinet secretory ducts
can be useful taxonomically. They are distinclly
visible on P. alticola, P. cotonense, P. grayumi, P.
heleniae, and P. zhuanum, but obscurely visible on
P antonioanum, and P. bakeri. They are clearly
visible on P. schottianum, somewhat visible on P:
lanense, and obscure on P findens, even though
these three species have very similar leaf blades.
While perhaps no more reliable than blade
shape, blade size, or other features, blade surfaces
at a magnification of 10X or higher often reveal
another suite of characters, which often yields an-
other degree of confidence (or forewarns of mis-
identification) when making determinations. The
surface between the minor veins is frequently
marked by pale sub-surface granulations (perhaps
indicating the presence of druse crystals), short,
pale lincations, gland-like punctiform markings,
reddish or brownish speckling, and also what might
be referred to as “stitching,” pale intermittent short
lines appearing on the surface of the blade as
though the blade was loosely sewn with a needle
and thread. Though this phenomenon is much more
common in P. subg. Preromischum, it is also exhib-
ited in P. subg. Philodendron.

consecutive minor veins where they are su.lﬁcleml)
prominent 1o be noticeable, but in some cases the
cross-veins cross transversely from one minor vein
10 the next. While P, scalarinerve has cross-veins
50 prominent, even on fresh material, as to be easily
visible, other species such as P. chiriquense and P
copense have cross-veins casily visible only when
e dry.

Secretory ducts and other \eul-lurv tissues are
frequently present on Central an members
of P. subg. Philodendron. The contents of the se-
cretory ducts are either latex or tanniniferous com-
pounds (Solereder & Meyer, 1928). No thorough
survey has been made of the nature of the secretory
canals in Central American species, so it is not
always apparent whether these structures are resin
‘canals o secretory ducts. Secretory canals (also re-
ferred to as secretory files) in Philodendron are al-
ways non-anastomosing and consist of a linear se-
quence of secretion cells, each separated from the
next by cell walls (Solereder & Meyer, 1928). On
fresh and dried leaves these can usually be rec-
ognized by being darker, usually blackened, and in
being intermittent rather than continuous as is gen-
erally true of veins. While the distribution of se-
cretory ducts in Philodendron may be more com-

oF STRUCTURES
INFLORESCENCES

When a plant of P. subg. Philodendron flovers,
the stem apex is terminated by an inflorescence (oF
frequently an sborted inflorescence primordiu)
(Ritterbusch, 1971; Blanc, 1977c; Madison, 1978)
and new growth is from a bud in the axil of the
penultimate leaf. This new growth pushes aside the
newly developing leaf and the inflorescence that is
developing in its axil (Ray, 1987a). When the in-
florescences abort, the petiole sheath remains quite
small and unexpanded, but when the inflorescences
dmlm the sheath may be much larger.
inflorescences are sympodial, with each sym-
pnl‘hllm consisting of 1-10 (to 11 in South Amesic)

nces arising typically in what appears ©©
be the leaf axil of usually meum“pp«k-vs
(but almost never in the uppermost leaf axil). Often
inflorescences emerge from the mass of cataphyll
fibers, enabling the inflorescence to remain moist
(Figs. 63, 115, 188, 371, 430). The individual in-
florescences are subtended by and enclosed in @
series of moderately coriaceous, whitish to pinkish:
2-ribbed structures (Fig. 195, P. gigas, Fig. 428 P
tysonii) called bracteoles (Ray, 1987a). These have
elsewhere been referred to as prophylls (Usher
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1966; Jackson, 1971). At anthesis the bracteoles
are typically deciduous, although sometimes they
persist for a time simply because they are held so
tightly by the developing infructescences.
Typically the inflorescences are bome in the
ercet or semi-erect position regardless of the posi-
tion of the stem. Even when the inflorescence is
bome on the end of a pendent stem, the stem usu-
ally curves upright so that the opening inflores-
cence s erect at anthesis (Fig. 273, P ligulatum
var. ovatum; Fig. 269,
‘The number of inflorescences
nomically significant. More species (38) have a sol-
itary inflorescence per axl (or are believed to h
a solitary inflorescence) than any other combina-
tion. Many others may be found with only a single
inflorescence .r they are seen in the carly stages of
flowering o nces have aborted owing to
lack of pol nmon, but plants frequently have two
or more inflorescences per axil later in the flower-
ing season. Careful dissection of the leaf axil usu-
ally can provide evidence of the peduncular scar
indicating a lost inflorescence. Taxa known to usu-
.uy have only a single inflorescence per axil are:
P albisuccus, P. P: aromaticum, P

% anisotomum,
bakeri, P. basii, P. breedlonei, P. brevspathum, P.
brewsterense, P. brunneicaule, P. chirripoense, P cor-
reae, P. cotonense (rarely 2), P. crassispathum, P

eraccum, P. immistum, P: jacquinii, P }c/ﬂm,
Inappiae, P. ligulatum var. heraclioanum, P

Latum var. ligulatum (sometimes 2, rarely 1o 5), P
ligulatum vac. ovatum, P. madronense, P. mexican-
um, P. microstictum, P. platypetiolatum (rarely 2),
P. purpureoviride, P. purulhense, P. radiatum var.
pseudoradiatum, P. squamipetiolatum, P. utleyan-
um, P, verapazense, and P, warszewicsi (rarely 1o 3).

Most species with a single inflorescence per axil
are cither vines or appressed-climbing hemiepiphy-
tes with internodes longer than broad.

The number of upper axils bearing mﬂum
cences is also variable. Some species, ¢.g., P leti
rarely have more than one leaf axil bearing an in-
ﬂﬂmcence, while other pecien e, P annulatum

in two.

squamicaule (to 5), P sousac, P. tenue, P. tysonii (to
5), and P verrucosum.

Species with five or more inflorescences per axil
are rare, totaling only eleven. Only two species, P
sigas and P heleniae, have up to seven inflores-
cences per axil

PEDUNCLES

Typically the peduncle is terete but it may be
somewhat flattened laterally, espcclllly when there
are clusters of inflorescences per axil. The pedun-
cle is usually whitish or pale green at the base

where it is often hidden by the lcaf sheath. The
remaining portion of the peduncle s usually dark
to medium green with the surface ofien shortly
pale-lineate like the petioles. The peduncle is often
coarsely pale-ribbed near the apex, as in P copense,
P dodsonii, and P. findens. Rarely is the peduncle
pmknh red or reddish as in P malescvichiae, P

and P. roscospathum (or sometimes in
P mlamnlc] or nwd ith red or purple as in P
chiriquense, P. davidsonii subsp. bocatoranum, P
heleniae, P. grandipes, P. purpureoviride, and P. ver-
rucosum.

Most peduncles, Like other parts of the average
Philodendron, are glabrous, but some specics have
peduncles mmpiuwutly covered with. trichome-

like glands, e.g., P squamicaule (Fig. 384), P
squamipetiolatum (Fig. 388), and P verrucosum
(Fig. 440).

The peduncle is usually much narrower than the
spathe, commonly no mote that % to % the width
of the spathe tube, and is almost always broadened
distally, merging almost imperceptibly with the
spathe tube. Usually the color distinction is also
gradual, but in some cases, c.g., P annulatum, P
dodsonii, and P dolichophyllum, there is an abrupt
transition between the green peduncle and the col-
ored spathe. In P. ligulatum there is a purple ring
at the apex of the petiole, much like that at the
apex of the petiole (Fig. 276).

The length of the peduncle, especially relative
10 the length of the spathe, may be important tax-
onomically. Some species, .., P anionioanum, P
P davidsonii, P. ferrugineum, P. fin-

or more of the closely lp-red upper internodes,
making it appear that the plants have a large num-
ber of inflorescences.

Species that mgulnly have up to four or more
inflorescences per axil are: P. copense (to 6), P. co-
tobrusense (to 5), P. clewellii (to 6), P. dodsonii (2~
5), P. ferrugineum (to 6), P. fortunense, P gigas (to
7). P. grayumii (to 5), P. heleniae (to 10), P. jodav-
isianum (2-6), P. panamense (to 6), P. pirrense, P.

T Ihe Ve Tomirhs o the spatbc. Tn
contrast, other taxa, e.g., P. advena, P. angusilob-
um, P. dodsonii, P. hebetatum, P heleniac, P. im-
mistum, P. mexicanum, P. plerotum, P. rothschu-
hianum, and P wilburii var. wilburii, have
peduncles as long e or longer than the spathes
Peduncles range in length from 1 to 25 cm, with
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four taxa, P. microstictum, P. pseudauriculatum, P.
wilburi var. longipedunculatum, and P. verrucosum,
all having peduncles that attain the maximum
length of 25 cm. Several additional species have
peduncles that may be more than 20 cm long.
These include P: anisotomum, P: brunncicaule, P
panamense, P. pseudauriculatum, P. rothschuhian-
um, and P, sc .

Many species of P. subg. Philodendron have pe-
duncles more than 10 cm long. In addition to those
mentioned above, 37 Central American species
have peduncles more than 10 cm long, while 38
taxa (35 species) have peduncles less than 10 cm
long. Sixteen species have petioles that may be less
than 3 cm long, but only P. knappiac has a pedun-
cle which does not exceed 3 cm in length.

SPATHES.

The spathe of P. subg. Philodendron is highly
variable in many regards. The spathe of Philoden-
dron is typically coriaceous and constructed in
such a way that the spathe may open and reclose
without major alteration in its shape. The margins
are invariably much thinner, with the apical portion
of the spathe usually tightly rolled and frequently
acuminate (Fig. 178, P. findens) and the basal por-
tion more conspicuously convolute. Because the
margins of the base are more conspicuously over-
lapped, when the spathe opens the lower portion
remains convolute (Fig. 70, P. auriculatum) where-
as the apical portion separates to very near the tip.
Some species have spathes that open more fully so
that the opening is almost rounded (Fig. 298, P
panamense) ot broadly elliptic (Fig. 288, P. mexi-
canum). In such cases more of the inner tube sur-
face and the pistillate portion of the spadix are ex-
posed. On the other hand, some species have
spathes that open only slightly so the opening is
merely elliptic with the pistillate portion of spadix
not visible without peering down through the top of
the opening (Fig. 63, P. antonioanum).

Species vary greatly in the extent to which the
spathe remains convolute at the base during anthe-
sis. Spathes of some species, ¢.g., D

P brenesis (Fig. 89), P. copense (Fig. 110), P. sca-
larinerve (Fig. 140), P. findens (Fig. 177), P. roths-
chuhianum (Fig. 340), P. straminicaule (Fig. 360),
and P. schottianum (Fig. 371) remain essentially
closed to the apex of the tube during anthesis.
Mayo (1986) presented a classification of inflo
rescence types based principally on South Amer-
hilodendron species. Eleven inflorescence

10 separate them. The characters chosen for use in
the key were: (1) presence or absence of resin ducts
in the inner surface of the spathe; (2) solitary vs.
two or more inflorescences per axil; (3) relative
length of the sterile staminate portion of the spadix
(equal to or longer than the staminate portion vs.
shorter than staminate zone); (4) presence or ab-
sence of colorful cont inner_surface of
spathe tube; (5) prominently constricted vs. weakly
constricted spathes; (6) presence or absence of res-
in ducts in the spathe; (7) presence of resin ducts
in the sterile staminate portion of spadix vs. with
resin ducts in either the fertile staminate portion of
in both sterile and fertile staminate portions; (8)
presence of non-functional resin_canals in the
spathe va. resin canals lacking in the spathe (usv-
ally correlated with contrasting spathe colors); and
(9) presence or of a terminal sterile zone
on the spadix.

While [ believe that this classification may be
somewhat artificial, it demonstrates many evolu-
tionarily important morphological features and
shows the complexity of the Philodendron spathe.

Species of P. subg. Philodendron have the spathe
tube relatively well demarcated from the blade ci-
ther by being constricted at the apex or by its con-
trasting color. Some species, e.g., P. crassispathum
(Fig. 124), lack any constriction above the tube,
thus the spathe is more or less elliptic. Species that
have a weakly constricted spathe include P: advens
(Fig. 40), P. alticola (Fig. 45), P. breedlovei (Fig:
85), P. purulhense (Fig. 323), P. schottianum (Fig-
368), and P. antonioanum (Fig. 63). Despite these
exceptions, most members of P. subg. Philodendron
have spathes to some extent constricted. The ﬁ

absence

P
51) and P. mexicanum (Fig. 288), unfold to
very near the base. Those of other species, e.g., P
antonioanum (Fig. 63), do not open very broadly.
‘The spathe tubes of P. auriculatum (Fig. 70), P
panamense (Fig. 298), and P. wendlandii (Fig. 451)
remain convolute only in the lower half. The spathe
of P. davidsonii (Figs. 134, 136) may be convolute
only in the lower 4 to % in P squamicaule. That
of P hebetatum (Fig. 226) is convolute to the upper
% and the spathe tubes of P. aromaticum (Fig. 68),

genera and on
other hand, have spathes not likely to be g
ed or are only weakly constricted (Mayo, 1986)
Spathe length is relatively variable depending o
the age of the plant and the stage of development-
Elongation of the spathe is typically more or less
arrested after anthesis, but sometimes a consider
able amount of elongation takes place in both the
peduncle and spathe after anthesis, presumably ©©
accommodate the considerable expansion of the de”
veloping fruits. Spathe length varies from as little
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as 4.5 cm in P. clewellii and 4.8 cm in P. heleniae
1029 em in P. pterotum and 30 em in P. warszeu-
icsii. Relatively few species have spathes that ever
exceed 25 cm in length even when in fruit.
Relatively few species have spathes less than 10
em long. P brewsterense, P. chirripoense,

the pollen from the fertile upper portion of the spa-
dix from falling directly into the chamber of the
pistillate portion of the spathe. This probably serves
more 1o prevent wastage of the pollen (by contain-
ing the pollen in a place where it can most casily
be carried away by beetles)than it does to prevent

ese are:
P. clewellii, P. dwyeri, P. knappiae, P.
and P

somarkedly

var. 3

The shape of the spathe and the relative dispo-
sition of the spadix at anthesis are taxonomically
significant, but seldom described. This is because
many species are still poorly known at anthesis, no
doubt due to the fact that anthesis in Philodendron
lasts only one or two days for each

rotogynous is possible,
2yl S bbbl 0 lm'ger receptive when
the pollen is shed. Testing for pistl receptivity with
the use of peroxidase paper, Grayum (1996) found
stigmas receptive throughout the period of staminal
dehiscence in P. subg. Preromischum, but numer-

One of the features that determines the shape of
the spathe at anthesis is the degree to which the
spathe opens. Spathes of some species, such as P

inicaule, and P strictum, open
along the blade portion (sce discussion above),
leaving an oblong-clliptic opening (Fig. 110, P: co-
pense; Fig. 140, P. dodsonii; Fig. 378, P. smithi).
In these examples the spadix is either included
within the spathe o is barely exserted, stiffly erect
yet held slightly in front of the top edge of the
spathe. On the other hand, spathes of some species,
such as P. angustilobum, P. mexicanum, and P. tri-

most part obscured by the prominently convolute
tubular portion of the spathe, as in P. antonioanum,
P aromaticum, P. copense, and P. dodsonii. Those
species with spathes opening more broadly may
also have the spadix protruding forward somewhat
out of the spathe (see section on Spadix).

The definition of the spathe tube is somewhat
imprecise, in terms of both morphology and color,
but the spathe tube may be defined as the lower
portion of the spathe (that portion which covers the
pistilate portion of the spadix). In reality it usually
extends somewhat above the pistillate portion to n-
clude the lowermost or sterile zone of the staminate
portion of the spadix. In cases where the spathe
has an obvious constriction it is that portion below
the constriction (the balance being the spathe
blade) that is referred to as the spathe tube. Though
the ending of the spathe tube is imprecise, it gen-
erally terminates where the greatest constriction of
the staminate portion of the spadix occurs, usually
immediately above the sterile staminate portion of
the spadix. Functionally, the constriction of the
spathe, coinciding with the narrowest portion of the
staminate portion of the spadix, prevents much of

ous attempts at self-pol of members of P
subg. Philodendron by me and others failed to pro-
duce berries and instead resulted in aborted inflo-
rescences. Not surprisingly those species, e.g., P
advena, P: crassispathum (Fig. 129), and P. purul-
hense, that have spathes scarcely constricted above
the tube also have spadices not markedly narrowed
above the sterile staminate flowers. It is not known
whether the pollination behaviors of these species
differ.

For Philodendron_ species with a_ prominent
spathe constriction, the partially closed spathe dur-
ing staminal anthesis, coupled with the swollen
area of the staminate portion of the spadix imme-
diately below i
which the beetles must squeeze on thei
This probably ensures a greater coverage of pollen
for the departing beetle pollinators.

‘Spathe tube shape and length are not particularly
useful taxonomically. Tubes range in shape from
virtually oblong (e.g.. in P. heleniae, P. I
and P. tripartitum), to oblong-clliptic (c.g., in P
aromaticum, P: copense, P: dodsonii, P. findens, P
gigas, P. hebetatum, and P. pscudauriculatum) to
elliptic (e.g., P. rothschuhianum and P smithii), and
range from only 2 em long in P. clewelli to 14 cm
long in P. davidsonii and P. warssewicsii. Species
with spathe tubes longer than 10 cm are: P. auri-
culatum, P. ferrugineum, P. schottianum, P. sousa,
and P. tysonii. Seventeen species have spathe tubes
less than 5 cm long.

Even though the spathe tube often remains to-
tally closed at anthesis it is, nonetheless, sill some-
what expanded owing to the separation caused by
the flaring of the spathe blade. Generally this pro-
vides considerable room around the spadix to ac-
commodate the pollinating beetles (Figs. 100, 128,
242, 268). At anthesis the spathe tube is consid-
erably more voluminous than before anthesis.

Spathe color. - Spathe coloration is generally taxo-
-ant though variable depending on
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the age of the inflorescence. Before anthesis
spathes are frequently green on the outside, but
reddish coloration often develops well in advance
of anthesis. Coloration of the spathe tube and blade
often differs, with the spathe tube more commonly
various shades of green and the spathe blade more
commonly white, whitish, or whitish green. Even
when the spathe is green throughout, the spathe
blade is typically paler green than the tube. The
tube portion of the spathe is commonly colored or
tinged with red, maroon, or purplish violet (some-
times with other shades of red, orange, or purple)
on one or both surfaces. Strong color contrasis (oth-
er than merely green vs. white), so common in
Philodendron, are absent in other ostensibly related
genera, namely Furtadoa, Homalomena, and Anu-
bias (based on the Philodendron Alliance of Mayo,
Bogner & Boyee, 1995) and also Cercestis and Cul-
casia (included in the Philodendron Alliance of
Grayum, 1990). This would also be true of other
presumed relatives including Dieffenbachia, Mon-
trichardia, Nephthytis, Peltandra, Typhonodorum,
and even Zantedeschia.

Generally if the spathe is colored on the outer
surface it is also colored on the inner surface (but
the reverse is not true). The inner surface is typi-
cally much more intensely colored than the outer
surface. The coloration of the inner surface of the
spathe, though commonly more or less restricted to
the tube, may extend well onto the blade, some-
times even 10 very near the apex, such as in P

i, P, davidsonii, P. mezicanum, and some-
times P. sagittifolium. In some cases, such as P
findens and’P. schottianum, the color is merely
weakly diffused onto the inside of the blade. At
other times only the very base of the tube is colored
inside, such as in P. ligulatum and P. hederaceum.
The spathe blade is commonly more extensively
calored on the outer than on the inner surface, al-
though blade coloration is highly variable, both in-
ter- and intraspecifically. Nevertheless, most spe-
cies have spathe blades some shade of green or
white on the outer surface, often tinged with red,
pink, purple, or yellow. A few species, such as P
sagittifolium and P. ferrugineum (Fig. 167), have
purplish spots or blotches throughout much of the
exterior of the spathe surface. Although the external
coloration of the spathe is usually restricted to the
tube portion, it often extends onto the blade, a sit-
uation that happens more frequently on the outer
surface of the spathe than on the inner surface.
Species that have coloration extending well above
the spathe tube are: P: antonioanum, P. breedlovei,
P. dolichophyllum, P. subincisum, and P. roseospa-
thum. Sometimes the coloration of the spathe may

be restricted to the tube, but only near the margins
of the open edge such as in P. grayumii and P
maleseuichiae.

While some species, .., P. alticola, P. heleniae,
and P findens, show little or no distinction in the
coloration of the spathe tube and spathe blade, oth-
er species have distinctly different colors. In some
cases, e.g., P. antonioanum, P. cretosum, P. edenu-
datum, P. findens, P. grandipes, P. lasori, P ligu-
latum, P. llanense, and P. the tran-
sition from one color to the next is very gradual. In
other cases, such as P. hebetatum, P: immistum, P
jodavisianum, P. panamense, P. pterotum, P stric-
tum, P. radiatum, P. rothschuhianum, P. scalariner-
ve, P. smithii, P. tenue, P. wendlandi, and P. shuan-
um, the transition is less gradual but by no means
abrupt. Stll other species, e.g., P. ligulatum var
ovatum, P: dodsonii, P. gigas, P. strictum, and P
fragrantissimum, show a distinet and abrupt tran-
sition in the spathe tube and blade colors.

The biological significance of the frequently
darker colors on the inside of the spathe tube in
contrast to the paler colors of the spathe blade is
uncertain. It seems unlikely that either the con-
trasting colors or the dark color of the spathe tube
act in attracting pollinators. The presumed polli-
nators, dynastine scarab beetles (see section 01
“Pollination Biology"), are believed to orient mare
by smell than sight (Facgri & van der Pijl, 1979%
Gottsberger & Silberbauer-Gottsberger, 1991)-
Moreover, their normal arrival time, near dark,
would probably preclude their seeing contrasting
colors in any event. In addition, the dark coloration
is usually restricted to the spathe tube and often
not even visible in good light from near the mouth
of an open spathe. It is more likely that the dark-
colored spathe tube acts to encourage these cre-
puscular beetles to stay for an extended period of
time. Mayo (1986) pointed out that, since neither
P subg. Preromischum nor P: sect. Meconostigma
have color contrasts in the spathe blade and tube:
P subg, Philodendron may have different pollins-
tors. Although not enough pollinators have yet beet
identified to confirm this possibility, there seems
be little evidence in favor of Mayo's hypothesis (se¢
section on “Pollination Biology”). Some beetle spe-
cies, such as Erioscelis proba Sharp, are known 10
visit species of both P. subg. Phil and P
subg, Preromischum (Grayum, 1996) (see also Table
3, “Pollinators of P. subg. Philodendron”). P

Lenticel-like structures on both the exterior
the spathe tube and the peduncle in some
dendron species secrete large droplets of 3 visco¥:
somewhat sweet substance. Mayo (1986) has shov®
that these may consist of clusters of stomata, 80
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Table 3.~ Pollinators of Philodendron subg. Philodendron.

Plant species Voucher Beetle species
P anisotomum {Cleaplale enbimesis =
*Eriascelis columbica Ent
P, brenesii Croat 35519 Cyclocephala nigerrima B«:-
P brevispathum
P. callosum No voucher
P. coreac Croat 66653 Cyclocephals
P. grandipes Croat 76594 *Cyclocephala gravis Bates
Jiménez 6 Cyclocephala sexpunciata Castelnau
Jiménez 6 Erioscels columbica Endrodi
Croat 43289
P grayumii Croat 74840 Cyclocephala rubescens Bates
Croat 74840 Cyclocephala sexpunciata Castelnau
P, jodavisianum Croat 35950 es
Croat 35950
P plarianum Ramirez 1163
P plerotum
Croat 10903
P. radiatum
Cyclocephala haszabi Endrodi
P rothschuhianum *Cyclocephala amblyopsis Bates
(Young, 1987) Cyclocephala kaszabi Endrodi
*Erioscelis columbica Endrodi
P. sagitifolium Thompson 4636 Cyel sexpunciaia Castelnau
P. schottianum Croat 36110 Cyclocephala melane Bat
P ripartitum *Cyclocephala amblyopsis Bates
*Cyclocephala kaszabi Endrodi
*Eriascelis columbica Endrodi
P tysonii. Croat 66711 Gyclocephala nigerrima Bates

*Entries were provided by Helen Young, Bamard Colle;

ge. Ne
made during 19841965t La Sl (0TS, Fied o) in Cona R

ew York.

e based on unpublished obsers
w,m Ihc siance of oonge Schus ‘Entrics

burgh. Collections

without an asterisk were
. Thompson were contributed independently to Tk

pointed out their possible ecological significance ss
extrafloral nectaries.

The secretion of resin from the inner surface of
the spathe is apparently unique, in Araceae, to
Philodendron (Mayo, 1991). Mayo (1986) emumer-
ated four different types of inflorescence resin ca-
nals, at least two of which occur among Central

merican Philodendron. One type, found in P. fri-
partitum, has large-diameter resin canals imbedded
just beneath the epidermis on the inner surface of
the spathe. Resin is secreted directly onto the sur-
face. Another type, represented by P. smithii, lacks
resin canals on the spathe but instead has resin
canals in the staminate zone of the spadix.

by John Rawlins

The two other types of resin canals pertain to P
subg. Meconostigma and P. subg. Preromischum. Tn
the former, exemplified by P bipinnatifidum Schott
ex Endl, the resin canals are “I"-shaped and tan-
gential, arising in the acrenchyma of the spathe and
extending to the surface. In the latter, exemplified

P sonderianum Schott, the resin canals are
evenly distributed between the acrenchyma and
epidermis and are parallel to the surface of the epi-
dermis rather than arising in a J-shaped fashion.

Resin canals usually are present in the proximal
¥ to % of the spathe blade and sometimes also the
distil portion of the tube. In P. subg. Philodendron,
these resin canals are generally reddish, red-pur-



Annals of the
Missouri Botanical Garden

ple, or orange to brownish and generally somewhat
intermilttent, as in P sulcicaule, though sometimes
continuous, as in P immixtum, P. mexicanum, P.
sagittifolium, and P. wilburii. They are always ori-
ented ventically, paralleling the veins of the spathe.
The resin canals actively sccrete a resinous liquid
at anthesis that wells up onto the surface of the
spathe and sometimes runs down the spathe below
the resin ducts. The resin is generally very sticky
and probably functions in causing pollen, some-
times itself not particularly sticky, to adhere to the
bodies of the beetle pollinators as they leave the
spathe.

SPADIX

Philodendron species are monoecious, with the
spadix bearing naked unisexual flowers. The flow-
ers lack a perigon and are closely arranged on a
‘more or less cylindrical spadix, with the staminate
flowers comprising the upper %-% of the spadix
and the pistillate flowers comprising the remaining
basal portion. The average spadix for P subg.
Philodendron in Central America has the staminate
portion 2.2 times longer than the pistillate.

The spadix is usually contained for the most part
inside the spathe at anthesis (see section above on
the Spathe), although in the majority of species the
spadix is weakly exserted in front of the spathe.
The majority of plants at anthesis have their
spathes erect or tipped slightly forward so they can
provide shelter to spadices from water dripping
straight overhead.

Spadices of some species, especially those with
broadly opened spathes (e.g., P: angustilobum (Fig,
51), P ligulatum (Fig. 266), P. mezicanum, and P.
ripartitum) protrude prominently forward at anthe-
sis. Other species whose spathes remain convolute
10 about the middle may also have spadices that
protrude prominently forward; these are: P. auri-
culatum, P. davidsonii, P. grayumii, P. hebetatum,
P. heleniae (Fig. 229), P: jodavisianum, P. ligula.
iR Uanense (Fig. 268), and P. panamense (Fig.
299).

The spadix of Philodendron is usually only
slightly shorter than the spathe. The average length
of the spathe is 16.5 cm, while the average spadix
is 15.8 cm long. Thus on average, the spathe is
nearly 1 cm longer than the spadix. This difference
may be as little as a few millimeters or as much as
4em.

The general morphology of the spadix of Philo-
dendron, though highly variable in detail, is more
or less the same for all species in Central America.
The pistillate portion is usually pale green to green-

ish white and obliquely attached to the spathe, and
sometimes markedly stipitate at the base. The flo-
riferous part of the spadix is thus longer on the
adaxial (front) than on the abaxial (back) surface
(Fig. 40). The differences in the length of the ad-
axial and abaxial surfaces of the pistillate portion
of the spadix depend on the angle at which it is
attached 1o the spathe. These are referred 1o as
“front side” and “back side” of the spadix in the
descriptions presented in this revision.

The staminate portion of the spadix characteris-
tically has a swollen sterile section at the base.
Typically the staminate portion is broadest at the
sterile section and gradually constricted just above
this. Above the constriction the spadix is fertile and
is gradually broadened usually to a point about %
of its length, then narrowed gradually or abruptly
to the tip.

The staminate portion is usually uniformly white
to creamy white on the outside, although sometimes
with the axis pinkish. Immature spadices are usu-
ally green, though they become white well before
anthesis. The sterile section of the staminate por-
tion is commonly a different color than the fertile
section. Often it is more nearly white at an earlier
stage of development when the fertile flowers are
typically green. At anthesis the sterile staminate
portion is more likely to be tinged with yellow or
tan, reflecting the higher concentration of oil in
these flowers than in the frtile flowers (see below)-
However, sometimes at anthesis the sterile and the
fertile staminate flowers are identical in color. The
sterile staminate portion frequently can be distin-
guished easily after anthesis with the sterile portion
‘maintaining a white color (Fig. 28) while the fertile
portion turns grayish or brownish. The sterile sta-
minate portion can usually be distinguished even
in these cases by the difference in the size of
spadix (usually larger than the adjacent ferile s~
minate portion), by the usually larger and more ir-
regularly shaped flowers, and because the sterile
staminate section typically ends just before the nar
rowly constricted portion of the fertile staminate
portion (which itself coincides with the const
portion of the spathe). The sterile staminate flowers
are often more easily discernible on dried speci
mens than they are on live ones since they tead 10
dry a different color, usually somewhat more brown™
ish.

The much higher oil content of the sterile st
‘minate flowers was reported by Pohl (1932), and it
is probably owing to this high oil content that the
sterile staminate flowers are often eaten by the
beetle pollinators (Fig. 29). A high concentration o
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lipids in the mitochondria of the staminodial cells
has been documented (Walker et al., 1983).

‘The fertile staminate portion of the spadix is typ-
ically more o less clavate and bluntly tapered to-
ward the apex. In a few species, such as P. advena,
P crassispathum, and P. davidsonii, it is more near-
Iy oblong-ellipsoid, often broadest at the base and
bluntly tapered toward the apex. The spadix of P
Jferrugineum is similarly shaped but is somewhat
more constricted above the sterile staminate por-
tion. Some species, e.g, P. heleniae, have the spa-
dix broadest in the upper % rather than in the ster-
il staminate portion.

Male flowers. The androecium of P. subg. Philo-
dendron is truncate at the apex, prismatic to ob-
pyramidal and usually irregularly 4-5-sided (Fig.
30). It consists of 2-6 sessile stamens (mostly 3
4). These are always distinct for most of their length
although ofien weakly fused at the base. Stamen
number varies within a single spadix and is never
constant (Mayo, 1986). Despite the clear grouping
of stamens it is sometimes difficult to discern clear
floral groupings, especially when the stamens are
distinct. Mayo (1986) reported that some species
have stamens dehiscent laterally rather than ex-
trorsely

The androecia in P. subg. Philodendron range
from 2 1o 6 mm diam. and show litlle interspecific
variation. Stamens of all species studied by Mayo
(1986) had druses in their apices. Anthers are ses-
sile to subsessile with a thick connective that is
truncate at the apex and overtops the thecae. The
connective of all species studied by Mayo (1986)
had raphides present. The thecae are ellipsoid, ob-
long or linear, emarginate at the base, and each
opens by a short lateral slit or subapical pore. The
two thecae of a stamen are generally adjacent in P.
subg. Philodendron but positioned far apart in P.
subg. Preromischum and P. subg. Meconostigma.
Anther thecae lack cell wall thickenings in the en-
dothecium in P. subg. Philodendron (French,
1985).

Pollen typically emerges in long, slender, some-
what viscid filamentous strands (Fig. 31) (see sec-
tion on “Pollination” for  description of its emer-
gence). These slender sirands of pollen do ot
persist for many hours, and ultimately the pollen

comes matted in irregular clusters (Fig. 391, P
straminicaule).

In P. subg. Philodendron resin canals in the sta-
minate portion of the spadi are situated beneath
the stamens and secrete resin onto the surface of
the stamens. The same is not true of P. subg. Prer-
omischum and P. sect. Meconostigma, where the

resin canals are borne at a decper level in the axis
and do not secrete resin onto the surface of the
stamens (Mayo, 1986) (Fig. 128, P. crassispathum).

French (1986) reported that the stamen vascu-
lature of most species of P. subg. Philodendron con-
sists of a single forked bundle with widely divergent
branches. Carvell (1989) reported that a single un-
branched trace supplies each stamen. According to
Mayo (1986) the staminodia have a more distinctive
foral receptacle than do the fertile staminate flow-
ers and often have a multiple-branched vascular
trace, whercas the latter have an indistinct floral
envelope and only a once-branched vascular trace.
In contrast, members of P. subg. Meconostigma
have traces that lack branches or have only short
branches that spread at an acute angle.

Stamens in P subg. Philodendron have both
druses and raphide idioblasts with secondarily
thickened walls and tanniniferous idioblasts occur-
ring throughout the ground tissue (Carvell, 1989).

POLLEN

Anthers of Philodendron (Grayum, 1991) have a
two- or morc-layer tapetum of a periplasmodial
type. Pollen mother cell cytokinesis is probably
successive.

Philodendron pollen (Fig. 30) is binucleate (Za-
vada, 1983; Grayum, 1985, 1986, 1992a), inaper-
turate, starchy and of modenif]y large size (aver-
aging 40 pm, ranging 28 pm—40 pm), with
subisopolar polarity (Grayum, 1985, 1991). As in
most aroid genera, it is shed in monads. Pollen is
typically boat-shaped-elliptic to oblong, or occa-
sionally clongate as in P. radiatum. It is usually
round in cross section, but may be very obscurely
keeled in P2 hederaceum to moderately keeled in P

uinii, P. jodavisianum, and P. wendlandii, or
‘prominently keeled in P mexicanum. The exine

nutely vermrulalz, scabrate, 3

P. grandipes, P. jacquinii, P jodai-
e e il wiac,
subfoveate, or subverrucate (P mexicanum and P
wendlandi).

FEMALE FLOWERS

The pistils of P subg. Philodendron are closely
aggregated on the spadix in a series of irregul
spirals. Gynoecial characters have long been con-
sidered important in the subgeneric classification
of Philodendron, and lobed stigmas were used as
carly as 1832 by Schott-in the recognition of his
greges Meconastigma and Sphincterostigma (the lat-
ter now a synonym of the former). The number of
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ovules per locule was used by Engler (1878) in part
1o characterize the two largest sections of the genus,
Oligospermum Engl. and Polyspermium (now Ca-
lostigma and Philodendron, respectively) (Mayo,
1990).

The pistillate flowers consist of a single naked
pistil lacking staminodia. Typically the ovaries are
ovoid to obovoid or elliptic, and terele in cross sec-
tion, or with the sides often somewhat irregularly
angular by compression owing to their close prox-
imity with adjacent pistils. Embryo sac develop-
ment is of the Palyglmum»!ype 1Grlyum 1991).
Each ovary for the genus superior,

and containe 247 loculen (410 i P subg. Philo-
dendron of Central America). Ovarics range in size
from 0.5 mm (as in P sousae) to 9.2 mm long (as
in P. advena). The locules are typically oblong, with
thin translucent walls that extend %% the length

P straminicaule, and P. warszewiczii. A compitum
has also been seen on an unusual collection of P.
radiatum and some populations of P ripartitum.
The vascular anatomy of Philodendron ovules

has been studied by French (1986b). Of the five
species he studied, three were South American
while two, P. jacquinii (“P. hederaceum”) and P. in-
concinnum (“P. immixtum”), occur in Central
America. French reported a single vascular trace
for all of these except P. jacquinii, which has mul-
tiple traces. Carvell (1989) reported that the vas-
culature of the gynoecium in Philodendron arises
from a single trace, which divides centrifugally to
yield a single branch trace for each locule. The
carpel traces branch once to form a connection with
the placenta as well as a single dorsal trace. The
placental trace forms individual connections with
each ovule (Carvell, 1989).

ical features

of the ovary. The style is barely
from the remainder of the ovary, mostly by being
slightly thicker and opaque, rather than translu-
cent. While Dahlgren and Clifford (Dahlgren et al.,
1985) reported no style in Araceae, both Eyde et
al. (1967) and Mayo (1986, 1989) indicated that
the region has a distinct anatomy. Mayo (1989) de-
fined the style of Philodendron as “that portion of
the gynoecium between the base of the stigmatic
epidermis and the ovary locules.” Slender, con-
spicuous styles are rare in Philodendron, but do
exist, as in P, jacquinii (Fig, 242).

Each carpel is connected to the stigma apex or
compitum (common stylar canal) by a stylar canal.
The compitum (Endress, 1982) is a cavity or com-
plexly shaped channel into which the pollen may
be inadvertently packed by the beetle pollinators.
This no doubt allows for enough grains to be left to
insurepollination, and to make sure not all are
removed from the stigma by movements of the bee-
tles. The stigmatic epidermis extends into the com-
pitum from the stigma apex (Mayo, 1989). At the
base of the channel or cavity there i a ring of holes
that leads into the stylar canals. Where no compi-
tum is present, such as with “Type B” and “Type
D" styles (see section on “Style Types” below), the
stylar canals lead directly onto the surface of the
style. These canals are readily visible on the dried
stigmas of many species if the preservation is ad-
equate. They are particularly casy 1o see in fruiting
collections.

The gynoecium has a separate stylar canal for
cach carpel (see fig. 1 in Mayo, 1989). Each canal
may open at its upper end into & compitum. A com-
pitum is rare among Central American species (see
section on Style Types below), but is present in P.
correae, P. ligulatum var. heraclioanum, P. smithii,

Finally, a few anatomi

are lacking in the gynoecium of Philodendron, but
the gynoecium does contain druse idioblasts (Car-
vell, 1989). Like most Araceae, Philodendron has
unicellular ovular and placental trichomes (French,
1987b). These function in secreting mucilage pre-
sumably for the protection of ovules.

Ovules of Philodendron are bitegmic, with the
inner integument forming the micropyle. The integ-
uments are usually completely free from one ancth-
er (Grayum, 1991).

Seemingly the most important morphological fes-
tures of the pistil from the standpoint of systematic
importance are the quantity and distribution of the
ovules and the type of style, discussed in subse-
quent sections.

Placentation.  Placentation type for P: subg. Philo-
dendron in Central America is usually axile or sub-
basal, with 50 species having sub-basal placenta-
tion and five species with basal placentation. Those

> granulare,

[Il!D sometimes sub-basal), and P: zhuanum. Forty-
seven species have axile placentation and two ad-
ditional species, P. ferrugineum and P: sagitifol-
ium, with mostly sub-basal placentation, sometimes
have axile placentation when they have especially
numerous ovules per locule.

and number of ovules per locule are the follovicé
species with basal placentation have only a *""”
ovule per locule and tend to have a few qu!

per berry. Species with sub-basal

ally have only 1 1o a few ovules per locule (-vu-



Volume 84, Number 3
1997

Croat
Philodendron Subgenus Philodendron

aging 2.1 10 3.5 respectively for the minimum and
‘maximum number in the range) and typically fewer
than 6 but rarely to 10 or to 12 (as in P. brenesii
and P. davidsonii subsp. bocatoranum). Species
with basal and sub-basal ovules tend to have rather
large seeds as well, although sometimes their seeds
are_quite small. On the other hand, species with
axile placentation usually have 10 or more ovules
per locule (averaging 14-18 respectively for the
and maximum in the range) but some-
times as few as 3 (P, dressleri and P. warssewisi),
ord.

For those species with only a few ovules per loc-
ule, the disposition of the ovules seems to be un-
organized o digitate, but for those with more than
a few ovules, the placentas may be uniseriate or
more generally biseriate or, less frequently, in 1-2
or 2-3 series (see Appendix 2, “Technical Data on
Pistils"). Mayo (1989) reported that, based on his
studies of the gyneocial morphology and anatomy
of 15 mostly South American Philodendron species,
the placenta of even those species whose ovules
appear to be in a single row might actually be bis-
eriate, with the funicles inserted altenately along
the placental ridge. This is also true in Central
American species. Forty Central American taxa of

ilodendron proved to have biseriate placentas,
while much smaller numbers uniseriate
(13), 1-2-seriate (9), 2-3-seriate (11), or digitate
(4). Twenty-six species lacked any appreciable or-
ganization owing to the small number of ovules, and
one species, P. nigueanum, was not studied due to
inadequate material.

Ovary locule W Mayo (1991) reported that
ovaries in P. sul from 3- to
47-Jocular, and Bunnng (1968) repored 2 (rarely
3) locules per ovary as characteristic of P. sect.
ammos.

‘Though the number of ovules per ovary is highly
significant in separating P. sect. ndron and
P. sect. Calostigma, the number of locules is not a
&ood indicator of relationship. While the average
number of locules per ovary has a slightly lower
range for P. sect. Philodendron (4.6-6.1 vs. 5.5-7.4
for P. sect. Calostigma), the difference is not great.
In P. sect. Calostigma the number of locules per
ovary ranges from 1 10 10. In P. sect. Philodendron
it ranges from 3 to 10. While P. sect. Philodendron
rarcly has more than 8 locules per ovary, and P
sect. Calostigma rarely has fewer than 5, more spe-
cics (14 in all) have 8 locules per ovary than any

* number.

No species of P. subg. Philodendron in Central

America were found to have bilocular ovaries,

though two species, P. sagittifolium and P. huan-
um, may have only a single locule. In the latter
species, the number of locules ranged only from 1
t0 3, but in P. sagittfolium the number of locules
ranged up to 8. Often such low locule numbers oc-
cur only near the base of the spadix, where the

spadix and are more widely spaced and of irregular
cross-scctional shape. Threc-locular ovarics arc
rare, known only in two species: P. copense and P.
sagitifolium. Five other specics, P. chirripoense, P.
hederaceum, P. immixtum, P. morii, and P. squam-
icaule, may rarely have 3-locular ovaries.

Fouroelled oaricsar iy common in 2 b

Philodendron. Four species, P. cretosum, P. jacqui
theaspe i E bl et
demonstrated only 4-locular ovaries. Most specics
with 4-locular ovaries also have 5-locular ovarics
on the same spadix. Four species showed exclu-
vely 5-locular ovaries. Only cight specics have
locule numbers greater than 10; all but one of these:
are in P. sect. Calostigma.

Ovules per locule. The number of ovules in each
locule varies from 1 to numerous. Mayo reported
numbers as high as 51 for P subg. Meconastigma,
but my studies of P. subg. Philodendron show the
highest number found for any Central American
species is 36, in P. fragrantissimum. Only 4 other
species, P. antonioanum, P. panamense, P. squam-
ipetiolatum, and P. verrucosum, have 30 or more
ovules per locule, and 17 specics have 20-29 (see
Appendix 2, “Technical Data on Pistils”). Fifty-six
species (62 taxa) have fewer than 10 ovules per
locule.

Along with leaf morphology, the number of
ovules per locule has long been used as a principal
means of assigning scctional affnity in Philoden-
dron (Engler, 1878, 1879, 1899; Krause, 1913;
Mayo, 1989). Central American membems of P
subg. Philodendron generally fall into three cate-
gories in terms of number of ovules per locule.
Many species, including most members of P. sect.
Calostigma, P. sect. Tritomophyllum and P. sect.
‘Baursia, have one to few (rarely to 4 o 5, but al-
ways with basal or sub-basal placentation). Forty-
four species and four subspecies belong to this cat-
egory. A second group. with axile or sub-basal pla-
centation, generally has 4-10 ovules per locule, but
sometimes up to 14, Nineteen species fall into this
category. The third group has exclusively axile pla-
centation, mostly with many (15+) ovules per loc-
ule. These groups may not be natural, since two
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species (P. davidsonii and P. roseospathum) have
one variety in each of the aforementioned groups.

It might be expected that, since the pistils of
different species of Philodendron are roughly the
same size (mostly ranging from 1 1o 4 mm long and
about % to % as wide), the size of the ovules might
be larger in those species with fewer ovules per
locule than in those with more. Though there are
differences in ovule size (see Appendix 2, “Tech-
nical Data on Pistils”), they are not great. Of 44
species of Philodendron studied that had axile pla-
centation, the ovules ranged from 0.1 to 2.1 mm
long. Altematively, 48 species with basal or sub-
basal placentation had only slightly larger ovules,
ranging from 0.31 1o 0.5 mm long.

Ovales in Philodendron are hemiorthotropous or
orthotropous (Grayum, 1991), rarely hemianatro-
pous (Mayo et al., 1997) and bilaterally symmetri-
cal with an eccentric attachment of the funiculus
(French, 1986b). The funicles are usually as long
as or longer than the ovules. The ovules that are
axile usually have funicles of different lengths,
since they are positioned increasingly higher on the
axis. After meeting with the wall of the locule the
funicle is lightly fused to the wall all the way to
the base and can be easily removed intact by pull-
ing it free. This might argue against the assumption
by Mayo (1989) that basal and sub-basal placen-
tation were derived from axile placentation, since
axile placentation could have developed by a
lengthening of the funicular plexus and a fusion to
the wall. While no anatomical study was made of
this phenomenon, the frequent presence of basal
funicles in axile placentas makes it appear that at
least in the case of some Central American species
of P. subg. Philodendron, species with axile pla-
centation may have evolved from species with basal
or sub-basal placentas.

The funicles in P: subg. Philodendron are fre-
quently densely covered with short, usually incon-
spicuous, gland-like trichomes from near the base,
sometimes extending to about half their total length.
The secretory trichomes are continuous with those
of the placentas and lining of the stylar canals
(Mayo, 1989).

Funicles often bear a band of glandular tri-
chomes at or near the base. These were well illus-
trated by Krause (1913) who reported them com-
monly in P. sect. Baursia and P. sect. Calostigma
but with a few in P. sect. Philodendron as well.
These small glands can only be seen under high
magnification and probably secrete mucous into the
ovary, preventing the ovules from drying out.

Funicles are often fused into a thickened, some-
times ramified, more or less translucent placenta.

The entire placenta and its associated funicles and
ovles may be removed, making counting them less
difficult. Sometimes, however, adjacent locules
share a common trunk so that care must be taken
10 insure that one is not removing the contents of
two locules.

The free portion of the funicle on species with
axil placentation seems to be proportionately short
e than the free portion of those with sub-basal pls-
centation. This is perhaps because those species
with axile placentation have somewhat longer loc-
ules allowing greater spacing of the ovules. Those

and often have much smaller locules than those
with axile placentation. Ovules need to be separat-
ed for proper development, and funicles of different
lengths allow for this. Thus, in many cases, fnicles
are longer in those species with sub-basal placen-
tation. The generally smaller locule size for species
with sub-basal or basal placentation is confimned
by a survey of locule size. Species with basal or
sub-basal placentation have locules ranging in
length from 032 mm in P. jefense 10 9.5 mm in P
warszewiczii, with the average minimum length 19
mm and the average maximum length 3.5 mm. On
the other hand, locules range in length from 040
(P. bakeri, P: sousae, P. sulcicaule, and P. wilbuii
var. longipedunculatum) 10 0.7 mm (P. advenal; the
average minimum length is 112 mm while the av-
erage maximum is 1.75 mm.

The funicles of a single ovary are usually notof
equal length if the ovules are basal or sub-basal
since the ovules are usually positioned at slightly
different heights off the floor of the locule. Even
when the ovules are scattered along much of the
length of the axis of the locule wall, the funicles
are of slighly different sizes.

Style and stigma mor . This treatment fok-
lows the classification of styles and stigmas of Mayo
(1989). Mayo (1986) defined the style in Philoden-
dron as “that portion of the gynoecium between
ovary locules and the base of the stigmatic ¢
dermis.” Although there is considerable diversity
at the microscopic level, much of the detail of the
style is easily visible only by dissection (see section
entitled “Style Types”). The fresh styles of P subé:
Philodendron are relatively uniform microscopictl
ly. Usually they are hemispherical or sometime*
globose or depressed-globose. The mic ally
visible portion is the stigma, a “single continuos
area in which the epidermal cells are greatly €lot™
gated into secretory papillac” (Mayo, 1986). This
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dense layer of stigmatic papillae is so closely
packed and so engulfed in a gelatinous fluid as to
appear almost solid. Still, a needle can be passed
easily across and through much of its volume in
any direction without disturbing its shape. The stig-
matic papillae are slender, many times longer than
broad, and attached to the surface of the style.
Mayo (1986) reported that the stigmatic papillac
often S cells.

gmaticpapillac typically dry to form a
e e e It S L
around the now somewhat visible style apex. In
time the stigmatic mantle may fall off altogether
allowing easy inspection of the style apex. Some-
times the stigma dries erect and disheveled. In
these cases the appearance of the
difficult to determine but, re

less of how the
stigma dries, the style apex often can be made eas-
ily visible on a dried specimen by lightly scraping
away the stigmatic papillac. The complexities of the
style types of Philodendron are discussed below.

Style types. The present work adopts the gynoecial
classification of Mayo (1989) in which six distinct

“Technical Data on Pistils,” which summarizes the
style types for P. subg. Philodendron of Central
America). Only two species, P. nigueanum and P.
uleyanum, have style types not yet known. The ta-
ble also includes the number of locules per ovary,
placentation type, number of ovules per locule, ova-
1y size, disposition of ovary, and the nature of the
ovular sac when present.

Style type is one of the most important gynoecial
features in Philodendron. While the stigma is mod-
erately uniform in its superficial appearance, the
style is highly diverse in morphological features.
Unfortunately, these features are largely hidden by
the stigmatic papillae when the pistil is fresh. De-
spite the shape of the style, the stigmatic papillae,
which cover all or part of the style, may form a
stigma of more or less uniform shape.

Style Type A has a compitum (common fun-
nel into which the pollen may be packed, de-
fined as the space between the upper stigmatic
papillac and the level at which the stylar ca-
nals emerge onto the style surface) with ridged
inner walls and a lobed apex, with cach lobe
corresponding to the apex of one carpel. Style
Type A is restricted to P. subg. Meconostigma
and thus will not be considered further here.
Style Type B (Fig. 469A) lacks a compitum.
Instead, the stylar canals open into relatively

broad concavities on the style apex. These
concavities are ced in a ring with one
hole per locule. Style Type B also has the sty-
o the apex of the

ing
Tocular cavity. Although the style apex may be

in the middle of the style and may even form
a weak central beak. Some styles also have
well-developed stigmatic papillac associated
with the stylar canals causing the surface to
be at least weakly lobed, with a single lobe for
each locule. In dried condition Style Type B
sometimes appears s a button-like structure,
somewhat resembling Style Type . It is there-
fore important in determining style type to
make comparisons of material at or near an-
thesis. Style Type B scems to be most closcly
related to Style Type D and shares with that
type the relatively large stylar canal pores on
the surface of the style apex relatively near its
periphery. Style Type B is the most common
type in Central America, known in at least 70
species. One species, P. tripartitum, though
usually having Type D styles, also has Type B
and E styles in some populations of the spe-
cies (see that species for a discussion of its
style types).

Style Type C (Fig. 469B) is characterized by
being decidedly concave or funncl-shaped at
the margins of the

row cluster at the base of the compitum (fun-
nel). Since the stylar canals are closely clus-
tered there is no central dome (defined as any
stylar tissue that lics above the level at which
the stylar canals emerge onto the style sur-
face). In contrast to style Types B and D, both
of which have rather prominent stylar pores,
the stylar pores of Type C are small, sometimes
barely visible, and in a generally smaller cir-
cle nearer the middle of the style apex. This
style type is rare in Central American P. subg.
Philodendron, and is known primarily in P
subg. Preromischum. Only five taxa of P. subg.
Philodendron, (P: correae, P. cotonense, P. lig-
ulatum vax. heraclioanum, P. straminicaule,
and P, warssewiczi) have exclusively Type C
styles. Though their pistils arc funncl-shaped
at the apex, these species have funnels gen-
erally not as deep as those of P subg. Prer-
omischum as illustrated by Mayo (1989). One
other species, P. radiatum, has at least one
collection (Croat & Hannon 63414) with the
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style type that also has a funnelform apex and
looks like a Type C style. While the dried style
of this collection is distinct and button-like,
the pores are central in a shallow concavity.
Style Type D (Fig. 469C) is similar to Type
B in that it lacks a compitum and has thick
stylar canals emerging in a circle on a flat sty-
lar apex relatively close to the margin of the
stigma apex. It differs from Type B in that the
style is constricted around the circumference
to form a protruded flat “style boss” (defined
as a * domed, circular, stigma-bearing pro-
jection that extends beyond the main part of
the style and is separated from it by a short
neck) that rises above the general level of the
style apex. Thus the style appears to have a
short flat neck at the apex. It is from the “style
boss” that the stylar canals emerge. The stylar
pores are relatively large and bome relatively
near the margin of the style apex. At least 23
species of P. subg. Philodendron in Central
America have Style Type D, the second most
common style type.

It s easy to confuse or misinterpret Style Types
B and D if the specimens are not well preserved,
especially if the material studied is not fresh but
rather rehydrated. Specics with Type B styles some-
times have styles that dry with a button-like apex
resembling that of Type D. At least one collection
of P. advena has both Type D and Type B styles.
Some populations of P tripanitum have not only
Type D styles but Type B and Type E as well (see
the discussion of that species for details).

Style Type E (Fig. 469D) has a slender fun-
nel-shaped to cylindrical compitum with a di
tinet raised annulus around the upper rim. The
stylar canals arise in a small cluster at the
base of the compitum just as in Type C styles.
The latter differ, however, in lacking the rim
on the style apex. Type E styles are rare in
Central American P. subg. Philodendron,
found in only P granulare and perhaps P.
smithii. Philodendron granulare has such an
unusual form of the Type E style that it should
perhaps warrant its own status. In P. granulare
the annulus of the stylar funnel actually pro-
trudes well above the surface of the style (at
least in its dried state). Philodendron smithii
was reported by Mayo (1989) as having a Type
E style, but 1o rim is obvious in fresh material
of the species. It is more appropriately a Type
C style. Philodendron tripartitum, though usu-
ally with Type D styles, has Type E styles in

some parts of its range (see the discussion fob-
lowing that species for details).
Style Type F is narcowly funnel-shaped with
a small dome at the base of the compitum
around which the stylar canals arise. This type
is not known among the Central American
Philodendron. 1t is known only from P. burle-
marsii G. M. Barroso, a member of P. sect
Baursia (Mayo, 1989) from Amazonian Brazil
Mayo (1989) has shown that the course of indi-
vidual stylar canals is correlated with the type of
placentation. Those specics with basal or sub-basal
ovules, such as P. tripartitum and P. smithii, have
stylar canals that course down the center of the axis
of the pistil and enter the locule near its base.
Those species with axile placentation have stylar
canals that also course down the pistil axis and
enter the locule somewhere above the base of the
locule, but only rarely at the very apex. The siylar
canals are lined with papillose cpithelial cells,
which are contiguous with the stigmatic epidemis
(Mayo, 1989). These secrete the gelatinous mucous
that keeps the stigmatic surface moist.

FRUITS AND SEEDS

In Philodendron the developing pistils remain
within the reclosed spathe after anthesis and pol
lination until they are fully ripe [except in the rare
case of P. surinamense (Miq.) Engl., a South Amer-
ican member of P: subg. Pteromischum that prompt-
ly loses its spathe after anthesis]. The spathe en-
larges somewhat to accommodate the enlarging
berries. When the berries are mature the spathe
once more begins the process of reopening, but it
breaks completely free at the base where it s
obliquely attached to the peduncle. Sometimes the
spathe falls completely free after loosening even
before it opens, but in general it breaks up begin-
ning at the base and falls off (Fig. 33) eventually
falling completely free and leaving a scar just above
the peduncle (Fig. 34). Generally the old, withered
staminate portion of the spadix falls free at this time
as well and the berries are exposed on the remai
ing pistillate portion of the spadix (Fig. 33, Philo-
dendron. hebetatum). In the process of unfolding
the spathe often develops deep longitudinal fis-
sures, which apparently enable it to unfold. Some-
times the old persistent spathe persists on the P
duncle with fragments of the inner surface exposel
(Figs. 35, 36).

The berries of Philodendron are cylindrical
obovoid, generally with a thickened cap-like ape*
and not markedly colored, though berry colors o™
pale yellow to bright orange or even red 1o
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do exist (see section on berry color). Berries in P
subg. Philodendron are universally soft and fleshy
except for the frequently thickened apex. The seeds
can be seen easily through the sides of the berries.
When fully mature the apical portion of the berry
is casily torn free, and the thin, fragile sides of the
berries are easily ruptured (see section on seeds).

‘Though litle is known about fruit dispersal, the
mesocarp surrounding the sceds contained within
cach locule is juicy or gelatinous and is usually
sweet and sticky, logically animal dis-
persed. Infructescences that appear to have been
pecked apart by birds (Fig. 36) are ﬁequcm.ly seen.
Centainly the sticky seeds, often many
would logically be e-ally dispered an bird' beaks.
Alumn.wely the infructescence is large, and even
scented when fnlly ‘mature, making it an ap-
meal even for mammals such as monkeys.
Grayum (1996) theorized that those species of P:
subg. Preromischum with whitish fruits, which may
produce a garlic-like or pepper-like odor at night,
are dispersed by bats. Those with orange fruits may
be dispersed by diumal animals. Certainly the
manner in which many species of P. subg. Pier-
omischum flower, e.g., on the ends of short, spread-
ing branches some meters above the ground, would
make them superbly positioned as bat fruits. There
are also species of P. subg. Philodendron, such as
P lentii, which have their branches held in a sim-
ilar manner.

Ants are also probable dispersers of Philoden-
dron seeds. I have scen two different species of ants
carrying away individual seeds of Philodendron.
Ant dispersal is certainly important for those spe-
cies, such as P. megalophyllum in South America,
that live almost exclusively on ant nests. One cul-
tivated individual of that species even set fruit re-
peatedly without being pollinated. Doing 0 in na-
ture would provide a steady, abundant supply of
berrics for its ant dispersers and assure the specics
widespread dispersal. Indeed, the species is partic-
ularly successful even in areas of white sand soil

re soil nutrients are very low.

Although berry color is known for only a rela-
tively small number of Philodendron species (53
out of 96), some general comments can be made.
Berry color in Philodendron is not so important tax-
ovcmically e t sppeses o b i Anharam (Croat,
1963a, 1986a, 1991). Grayum (1996) reporicd that
for P subg. Preromischum the fruits sometimes pro-

vided taxonomically significant rluncm with
species related to P. inequilaterum ha
fruits while other species have whitish yate

Mature berries of moat Phil species are
generally described as “white,” but are usually

more nearly ochraccous or somewhat greenish
white. A total of 33 species have either white,
creamy white, or grecnish white fruits at least some
of the time. In some species, such as P. advena and
P: smithii, the whitish berries tun somewhat yel-
lowish when fully mature, and the mature fruits of
P brevispathum are pale yellow. The berries of P.
sagittifolium are usually pale yellowish but rarcly
have been reported as orange. While the majority
of Philodendron berries are whitish, 17 species of
Central American P. subg. Philodendron are known
to have berries at least sometimes pale orange to
orange. An additional three species have yellow or
yellowish berrics. Philodendronfragrantissimum
has bright red to purple-red berrics.

Known species with orange fruits arc members
of P subsect. These are: P. auri-
culatum, P. bakeri, P. cotonense, P.
tum, P. wendlandi, and P. wilburii. Other specics
with orange fruits are P. anisotomum, P. brenesi, P
crassispathum, P. ferrugineum, P. lentii, as well as,
at least sometimes, P.jacquinii and P. sagittfolium.
Three of the above, P brenesii, P: crassispathum,
‘and P Lentii, are members of P: ser. Ecordata. Thus,
it may be significant that most species with decid-
edly orange fruits are members of P. scct. Calostig-
ma. Even P. ferrugineum, with orange berries, and
P. sagitifolium, sometimes with orane berries, are
members of P. sec Only P anisoto-
mum (P. sect. Tmamphyilm) and P. jacquinii (P:
sect. Macrogynium) are not members of P sect. Ca-
lostigma.

The seeds of P. subg. Philodendron are few to
many per berry and are mostly oblong to oblong-
ellipsoid, ellipsoid, ovoid-oblong, or less frequently
ovoid. Typlrllly they are minute (see below). The

ically more o less terete, though they
S5 SO A e T P o They
have a rather thick, smooth (c.g., P: granulare) o
striate-costate testa, as well as copious endosperm.
The longitudinally oriented striations may be weak
Sfindens,

(P. advena, P. P cotonense, P: purpureovir-
ide, and P. sagitifolium) to strong (P. ferrugineum
and P. grandipes). Seeds of Philodendron microstic-
tum have both longitudinal striations and much fin-
er cross-ctching. A number of species are reported
10 have seeds with pale raphide cells on the sur-
face. These include P. hederaceum u.d P warszew-
iczi. Seeds of some spocics, €., P: anisolomum
and P. hederaceum, sometimes have a constriction
on the end opposite the funicule.

Philodendron sceds are usually dramatically
smaller than those of Anthurium, which typically
have only two sceds per berry. Secds of species of
P. subg. Philodendron studicd (a total of 48 specics)
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ranged from 0.5 mm to 5 mm and averaged 167
mm long; seed diameter ranged from 0.1 to 3 mm,
averaging 0.7 mm. The longest seeds were those of
P jacquinii and P: hederaceum, at 5 mm. Relatively
few species have secds longer than 2 mm: P. ad-
vena, P. anisotomum, P. findens, P dolichophyllum,
P. grayumii, P. purulhense, P. rothschuhianum, P.
sagitifolium, and P. warszewiczii.

The number of seeds in each locule is often
‘many fewer than the average number of ovules per
locule, presumably owing to the fact that not all are
properly pollinated. A careful examination some-
times shows the aborted undeveloped ovules that
were present at the time of flowering. The percent-
age of ovules in cach locule that develops into
sceds varies from species to species. Species of P
sect. Calostigma that have only one or a few ovules
per locule are more likely to have an equal number
of sceds. On the other hand, species in P sect.
Philodendron, especially those with large numbers
of ovules per locule, rarcly develop all their ovules.

Because species of P. sect. Calostigma have few-
er ovules per locule and thus fewer seeds, one
might expect them to have larger seeds. Though
admittedly the sample size was small (only 21 spe-
cies studied for P. sect. Calostigma and 17 for .
sect. Philodendron), the unexpected results were
that the seeds of species of P. sect. Philodendron
in Central America averaged slightly larger than
those of P sect. Calostigma (to 1.69 mm long for
P. sect. Philodendron and to 1.66 for P. sect. Ca-
lostigma).

Philodendron seeds are largely pale in color,
mostly shades of brown, tan, or white, though for
most species mature seeds have not been observed.
Seeds vary in color from medium green (P. roths-

the family Scarabacidac (Fig. 32). All determined
beetles collected from either Central American or
South American Philodendron are members of the
genera Cyclocephala and Erioscelis. Some species
of beetles are not particularly host-specific, visiting
members of both P subg. Philodendron and P
subg. Pleromischum; other genera such as Diefln-
bachia, Homalomena, Syngonium, and Xanthoso-
ma; and sometimes even other families including
some palms (Arecaceae), Cyclanthus bipartitus Poit.
ex A. Rich (Cyclanthaceae), as well as Annona and
Cymbopetalum in the Annonaceae (M. Grayum,
pers. comm.; Schatz, 1990). Cyclocephala negeri-
ma Bates, for example, has been found visiting P
brenesii and P. tysonii, hmnl.mendlzynGrr
yum, a member of P. subg. Preromischum (see Table
3). Though beetles are not very species-specific
pollinators, individual beetles of some species tend
10 be somewhat stratum-specific, visiting only those.
species growing at particular height ranges above.
the ground (Schatz, 1990; Helen Young, pers.
comm.). These beetles are attracted to the Philo-
dendron inflorescence, usually late in the day or at
dusk. Attractants and/or rewards are apparently &
combination of scent (at least in many cases), &
source of food (oil-bearing sterile staminate flow-
ers), warmth (thermogenesis), and shelter.

Scents produced by Philodendron species are not
always obvious, at least in P subg. Philodendron.
George Schatz and Helen Young (pers. comm.) have
documented floral odors for species of Philoden-
dron and have identified the principal constituents
of these aromas. Some species have noticeably
sweet aromas in the early evening hours, while oth-
er species have no noticeable scent, at least during
the early evening hours on the first day of anthesis.

chuhianum) to whitish (P
ticola, P. annulatum, P 2
thi), yellowish ot pale yellow (2. brenesi, .
Ulanense, and P: strictum), yellow-orange (P. crassis-
pathum, P. purpureoviride, P. wilburii, and P. mez-
icanum), brown (P. ferrugineum), or reddish brown
(P. heleniac). The dried seeds of two species, P
findens and P jefense, are described as translucent.

POLLINATION BIOLOGY

Although there are frequent insect visitors to
Philodendron, especially small Hemiptera in the
genus Neelia, which appear not to feed or mate on
the inflorescences (H. Young, pers. comm.), only
the larger beetles are known to be pollinators. The
system of pollination is nearly identical to that of
Dieffenbachia (Croat, 1983b; Young, 1986, 1990).
Pollinators are members of subfamily Dynastinae in

n (in cultivation at the
Missouri Botanical Garden), a South American 5p<-
cies, had a faint spicy aroma detectable directly at
the spathe during the evening, but even this faint
aroma was absent the following morning on day 0
of the flowering event. At the same time the stignss
were soft, juicy, and sticky but without an obvious
flavor or taste both in the evening and the
‘morning. Schatz (1990) believed that the pattem of
visitation to Philodendron exhibited by beetles st
La Selva in Costa Rica was to a great degree =
plained by odor. He pointed, for example, 1o
high degree of specificity exhibited by
dron radiatum and an undescribed species of Cr
clocephala. The aroma given of by P. radiatum &<
made up of compounds unique to that species-

At anthesis the open spathe of Philodendron P>
vides ample space at the base in the area surround-
ing the pistillate portion of the spadix. The spethe
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blade may provide a certain amount of protection
against rain, as mentioned previously. Beetles typ-
ically spend the first night and most of the following
day inside the spathe where they remove the sticky
exudate from the pistils, eat pollen (Gottsberger &
Silberbauer-Gottsberger, 1991), feed on the sterile
staminate fowes, and mtc. Stdvin P pina-

1992). The end result of this high rate of respiration
in these plants is the production of heat rather than
ATP as in animals (Meeuse, 1966). To accomplish
this high increase in metabolism the plant's mito-
chondria in the inflorescence switch to an electron
transport pathway commonly referred to as the “cy-
anide-resistant pathway.”

Gotisberger and
lmu found that the beetles were active mostly
during the first 10 to 20 minutes after arrival and
during the strongest production of scent. Copulation
‘was most active immediately after arrival, when the
spadix was warmest; grazing on the sterile male
flowers also subsided by the time the spadix had
cooled off. Old inflorescences that have been pol-
linated often have the sterile staminate portion of
the spadix entirely eaten away.

Typically the number of beetles found in a single
inflorescence is modest, frequently no more than
five and sometimes up to a dozen beetles. However,
‘sometimes the numbers are simply astounding, with
Gottsberger and Amaral (1984) reporting as many
5 200 beetles in a single inflorescence of P. bip-
innatifidum. While visiting beetles are often of the
same species, sometimes more than one species of
beetle may be found in the inflorescence. Though
beetles typically do not leave the spathe until about
dusk, they will leave if the inflorescence is suffi-
ciently disturbed. When beetles are disturbed, they
may crawl slowly up the spathe or spadix and ap-
pear at the rim of the open spathe, at which point
they generally fall prompily to the ground where
they disappear in the leaf litter or soil with re-
markable speed.

‘Therm the production of heat in the
spadix by the rapid oxidation of stored starch or
lipids (Walker et al., 1983; Gottsberger, 1990),
plays an important role in the pollination of Philo-
dendron (van Herk, 1937a—c; Van der Pijl, 1937;
Knutsen, 1974; Seymour et al., 1984). Gotisberger
(1984, 1986), studying P bipinnatifidum, has
shown that, although oxidation of carbohydrates
takes place during preheating of the spadix, hpuh
are oxidized thereafter during maximum he:
and are consumed directly, not afier conversion to
carbohydrates. This makes the biochemistry of this
species similar to that accompanying heat produc-
tion in some animals. The thermogenic reaction oc-
curs principally in the staminodial region of the
staminate portion of the spadix (James & Beevers,
1950; Henry & Nyns, 1975) involving the inner
surface of mitochondrial membranes (Urdentlich ct
..L 1991) and is triggered by an accumulation of
acid (Mecuse & Buggeln, 1969; Raskin et
al, 1987, 1989; Mecuse, 1975, 1978; Raskin,

The heat rise in endron is
Sometimes dramatic, with temperatures rising wel
above ambient temperature (Nagy et al., 1972;
Knutsen, 1974). Gottsberger and Sil
berger (1991), working with P: bipinnatifidum, re-
ported temperatures of spadices occasionally to
46°C with the highest and most efficient temy
tures for the emission of scents being maintai
for 2040 minutes. Thermogenesis does not create
even or constant temperatures, but rather produces
fluctuations depending on the time of day with def-
inite peaks (Leick, 1910, 1916; Engler, 1920a,
1920b; Foster, 1949; Nagy et al., 1972; Sheridan,
1960; Gottsberger & Amaral, 1984), the greatest
occurring when beetle visitation and odor is most
intense (Gottsberger & Amaral, 1984). Temperature
peaks may occur on two or more successive days.
While the increased temperature is presumably re-
sponsible for the production of scent compounds
(Nagy et al, 1972), and whereas the production of
heat and scent appears closely correlated with
peaks in temperature, there is still controversy over
the exact function of the heat production at least
as it pertains to genera that produce foul odors.
Moodie (1976) suggested that heat production and
the higher levels of carbon dioxide production are
components of a carrion, dung, and mammal mim-
icry syndrome and that heat production aids in pro-
viding sufficient warmth in colder climates for the
activity of pollinating orgenisms. The subject of
thermogencsis and its role in pollination has been
reviewed in great detail by Mayo (1986), Grayum
(1990), and Bay (1995{1996]).

and rather few plants have been 7 byl
perimental basis. Despite its probable occurrence
in all Philodendron species, thermogencsis has thus
been documented only for P: selloun K. Koch and
P. bipinnatifidum, now considered by Mayo (1991)
to be synonymous. My own measurements with a
recording thermometer on P. glanduliferum and P
advena in the field in Chiapas, Mexico, indicated
a definite heating during the carly evening hours,
usually peaking between 18:00 and 19:00 hours.
‘The site of the heat production on the spadix is
another possible difference between P. subg. Me-
conostigma and P. subg. Philodendron. Mayo's
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(1986) investigations on P: subg. Meconastigma in-
dicated that heat production was centered in the
sterile staminate scction of the spadix. In P. subg.
Meconostigma, that section is as large as or larger
than the fertile staminate part of the spadix, a sit-
uation unknown in P. subg. Philodendron where the
staminodial segment is always a small percentage
of the total spadix.

Contrary to Mayo, Leick (1916) reported that
heating took place in the “middle and upper part”
of the spadix in P. selloum, presumably implying at
least a part of the fertile staminate portion. Con-
curring with this view, Ron Weeks (pers. comm.)
reparted that a perceived temperature rise occurred
both the sterile and fertile staminate spadix por-
tions of those species of P. subg. Meconostigma that
he studied. Mayo (1986) theorized that, because of
the major morphological differences in the relative
lengths of the sterile and fertile staminate
of the spadices, the two subgenera would likely
have different thermogenetic patterns.

themselves are usually quite sticky from the sugary
secretions of the styles and especially from the res-
in, which arises usually from the inner surface of
the spathe or sometimes from the spadix itself (Fig.
128). Once the beetles have emerged they fly offin
search of another place to spend the night, usually
another open inflorescence. The beetles apparently
have a keen perception of infra-red radiation or o
scent because they are often seen in a “homing-in®
pattern, which is quite direct to the next -v-i.ltHc
inflorescence (John Rawlins, pers. comm.)

berger and Silberbauer-Gottsberger (1991) .q.md
that beetles flew in a zig-zag patiem toward the
center of fragrance concentration, indicating tha

duced. They also
were within sight of the inflorescence they shified
to a straight line of flight until they hit the inner
surface of the spathe blade, whence they moved
into the lower portion of the spathe. Gottsberger

and Silberbauer-Gottsberger (1991) have plan

In the Central American species
observed by the author, the spathe opens broadly
late in the afternoon of the first day of flowering; it
closes slightly the moming afier the first night of
anthesis. The evolutionary significance of this slight
closure is uncertain but, even in the most extreme
cases, it occludes only the pistillate portion. The
spathe continues to close on the evening of the sec-
ond day after having been open for about 24 hours
(see discussion below). The beetles, which gener-
ally enter the spathe on the first night of opening,
spend about 24 hours in the spathe tube. This sec-
ond partial closing process usually corresponds
with staminal dehiscence. The now crowded con-
dition of the spathe tube, and the probable desire
on the part of the beetles to seek a new food source
with the onset of dusk, encourages the beetles to
leave the inflorescence. The beetles emerge from
the spathe tube by either climbing up the side of
the spadix or up the inside wall of the spathe. By
the time they emerge from the spathe, it is quite
constricted and they must squeeze through the con-
striction which fits rather tightly around the spadix
just above the sterile staminate portion. In order to
depart the beetles must literally crawl through the
copious strands of pollen that emerge from the api-
cal pores of the stamens. The constriction of the
spathe and its corresponding constricted area on
the spadix help to insure that most of the pollen
that falls into the spathe tube accumulates and s
carried forward and out of the spathe by the de-
parting beetles. Araceae pollen is not very tacky
and probably does not adhere well to the smooth,
hard surfaces of the beetles. However, the beetles

in the case of P
member of P. subg. Meconostigma) that the beetles
use only visual references for location as they near
the inflorescence. Shelter, warmth, food, and cop-
ulation are the driving forces behind this pollina-
tion strategy, and although selectivity is not perfect
in such beetle-pollinated prvcid (Young, 1966,
1988a) an.m in undisturbed populations is high-
The precision and high degree of synchrony of ther
B p‘vn evidence of a highly evolved sys-
tem of pollination.

Even though all detailed observations thus hx
have been made with P. bipinnatifidum, there
considerable confusion regarding the results- s
ticulturist Ron Weeks (Homestead, Florida) report-
ed (pers. comm.) that three members of P. subé-
Philodendron, P. bipinnatifidum, P. speciossm
Schott, and P. williamsii Hook. £., showed no vari-
ation in the schedule of spathe opening, the caps-
bility of the plants being hand-pollinated on the
first evening of opening, or in the shedding of po-
len on the evening of the second day. On the othet
hand, he reported that P. eichleri Engl. showed
grul variation in opening periods, temperatir®

‘hanges, fragrance, and pollen shed, perhaps 0¥ifé
fersieht conditions. Scientific studies carried o0t
on other plants in P. subg. Meconostigma
mmulrn.hle variability. Four separate and confict

ing reports were made on material determined
belnnm P in Brazil. Wamin§
(1867, 1883) reported a two-day pollination evert
with two heat peaks (early evening and late o™
ing, respecively) with the spathe closing then ;
opening during the first night. Gotisberger
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Amaral (1984) reported on two plants, one as P.
selloum (now considered to be a synonym of P. bip-
innatifidum) with a three-day pollination event with
two unequal early evening heat peaks, and one as
P. bipinnatifidum with a four-day pollination event
with three unequal early-evening heat peaks. The
spathe was not reported to close during the event.
Confirming the complexity of the thermogenesis
riddle is the fact that Seymour et al. (1983), study-

ing a cultivated but similar plant believed to be the
same species (Mayo, 1986), found both types of
pollination events that had previously been de-
scribed by Gottsberger and Amaral but this time in
a single plant. Clearly more investigation must take
place, at least in P. subg. Meconostigma, to deter-

ne the pollination behavior.

Leick (1916), reviewing work done by Kraus
(1894, 1896) with P bipinnatifidum, a member of
P. subg. Philodendron from Venezuela, reported a
two-day pollination event with temperature peaks
in the evening of two consecutive days. While it is
not certain that most Central American Philoden-
dron have an elevated temperature on two consec-
utive days, the general pattern of opening and clos-
ing of the spathe and the beetle visitation in P
bipinnatifidum would appear to match the events of
Central American species observed in the field and
under ouse conditions at the Missouri Bo-
tanica Garen Futher. dtsld siudics of thia
phenomenon, including a much broader survey of
Central American species, will be carried out by
my student, Jane Whitehill, during graduate studies
at the Missouri Botanical Garden.

Grayum's (1996) observations with Philodendron
subg, Preromischum showed a similar pattern, with
most species having the spathe beginning to loosen
by carly afternoon and being fully open by mid-
aftemoon. He reported that for the species of P
subg. Picromischum he observed, the pollinators
appeared at the opened inflorescence during a rel-
atively brief time, usually between 19:00 and 19:
15 hours. An important feature in the pollination
story reported by Grayum (1996) for the first time
is that resin secretion from the inner spathe surface
does not begin until 21:00 to 22:00 hours on the
first day of anthesis, and that it then continues until
the end of anthesis.

Once opened, the spathes of P. subg. Philoden-
dron apparently remained open during the night
and were always open the next moming at the be-
ginning of day two, remaining open during the
course of most of the day. During the latter part of
the same day, usually in late afternoon of day two,
the spathe began 1o close and pollen began to shed
in long filaments. The spathe did not fully close at

this time but remained open near the apex. It re-
mained in this condition into the beginning of the
evening of day two. By the beginning of day three
the spathe was generally fully closed, and the only
evidence that it had ever opened was often some
loose pollen remaining on the closed edges of the
spathe. In addition, the closed spathe is somewhat
less turgid than before anthesis, sometimes allow-
ing it to be forced open without breaking the mar-
gins of the spathe. Doing the same with an uno-
pened spathe is impossible without breaking the
stff and brittle spathe margin.

The entire pollination cpisode usually requires
little more than 24 hours, counting just the time
that the beetles are present. The time that the

spathe is to any extent open could be as much as

8 hours longer, since it may open late in the after-
noon and remain open for some hours after the pol-
Len has been shed. Grayum (1996) reported that for
the species of P. subg. Preromischum studicd in
Costa Rica the average pollination event required
about 30 hours (i.c., from spathe opening to clos-
ing).

“That the inteasity of light must play an important
role in flowering behavior is indicated by the fact
that on cloudy days spathes in cultivated collec-
tions open earlier than usual, sometimes s early
a3 noon on day one of the flowering scquence. This
may support the argument of Buggeln et al. (1971)
that darkness induces opening of the spathe and an
elevated respiration rate in Sauromatum venosum
Kunth.

Armbruster (1984), studying the role of resin in

polination, has questioned the efficacy
of floral resin in the of pollen, citing its
possible toxicity and the difficulty of transporting
pollen embedded in resin. While he stressed the
role of resin for other purposes, mainly in nest-
building by bees, it must be pointed out that becs
which use resin for nest building play no role whs
ever in Philodendron pollination. In contrast, the
general availability of resin, its close association
with pollen delivery, the non-tacky nature of Philo-
dendron pollen, and the availability of resin only at
anthesis all point to a strong role for resin in Philo-
dendron pollination. In species with resiniferous
spadices (Fig. 128), the pollen is shed with and
incorporated in the resin from the moment of theca
dehiscence. Altematively, species that lack stami-
nal resin and instead have resin only o the inner
spathe surface have pollen prescnted as slender fil-

aments

Breeding studies (see section on Breeding Be-
havior) have shown that Philodendron species have
few if any genetie bariers to cross-pollination, ow-
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ing perhaps 1o the fact that there are other physical
and temporal barriers to seli-pollination. Even
when two species of Philodendron are in flower si-
‘multaneously, there are other parameters tht effect
separation. Beeles tend to fly at certain elevations
above the ground (Schatz, 1990), helping to prevent
cross-pollination of species that flower at different
strata. In addition, specific attractants, i.c., species-
specific pheromones, may exist in some species that
atiract principally a single beetle species (H.
Young, pers. comm.). The sloppiness in the system,
when it occurs, is owing to opportunistic beetle vis-
itors (G. Schatz & H. Youn, el comm.), and this
might produce some hybri

T T S T ST
ready present, Philodendron appears to have de-
veloped the ability to cross between sections. In
Anthurium, relatively litle cross-breeding was pos-
sible between different sections in the genus (Croat,
1991). In contrast, quite unrelated species of Philo-
dendron, even species in different scctions, readily
cross-pollinate and produce intermediate offspring
(Keith Henderson, Caims, Queensland, Australia,
pers. comm.). For this reason pre-zygotic separation
may be critical to maintaining distinet species
lines. The pollinators of Philodendron, dynastine
scarab beetles, are for the most part not very spe-
cies-specific and frequently switch from one spe-
cies 10 any other in flower at the same time. Not
only will some species of beetles switch from one
Philodendron species to the next, as is known for
certain in Dieffenbachia (Young, 1986), but some
individuals will also switch to another genus. For
example, beetles that regularly visit D. longispatha
Engl. & K. Krause at La Selva may visit P. gran-
dipes, another species that is terrestrial and about
the same height above the ground (G. Schatz & H.
Young, pers. comm.). Beetles are also reported to
move from Dieffenbachia longispatha to Xanthoso-
ma undipes (K. Koch & Bouché) K. Koch. Some
individuals of beetle species that regularly visit D.
longispatha will even switch to Cyclanthus bipar-
itus Poit. (Cyclanthaceae). Schatz believes that this
is owing to the fact a small component of the pher-
omone emitted by Cyclanhus Poit. ex A. Rich is
the principal component of the scent given off by
Dicffenbachia longispatha. He believes that during
the end of the flowering season of Dieffenbachia and
the beginning of the flowering season of Cyclanthus
some confusion occurs in the pollinators' behavior.

The unpublished observations of G. Schatz and
H. Young, (pers. comm.), and the published results
reported by Helen Young (1986, 1988a, 1983h)
principally for Dicffenbachia, probably are compa-
rable to what is happening in Philodendron. Beetles

that visit any paricular species of Dieffenbachia ae
often y of one species, but they are
often accompanied by other opportunistic beetls.
Schatz believes that these opportunistic species are
not likely to be effective pollinators, since they are
s catholic in their tastes that they are not likely
1o make their next visit to a receptive

chia. Likewise, Helen Young (Young, 1988e) indi-
cated that the most common species of beetles are
not the most effectivepollinators. However, they
may be responsible for the occasional hybrids
in Dicffenbachia, at La Selva, where the studies of
both Schatz and Young were carried out. The pok-
lination system described for Dieffenbachia by
Young and Schatz is apparently similar to that of
Philodendron. Schatz (pers. comm.) reported that
while one undescribed beetle species (determined
as Cyclocephala ampliata by H. Young), was found
o visit only Philodendron radiatum, it was accom-
panied occasionally by another more opportunistic
species. Despite the presence of opportunistic
beetle species, some beetle pollinators of Philoden-
dron species are probably much more spe

ific. For example, Grayum (1996), citing npub-
lished data collected by George Schatz,

that two unrelated species of Philodendron subg:
Preromischum were pollinated by the same species
of beetles, and that both Philodendron species have
floral odors featuring the same two principal com-
ponents. This leads to the conclusion that there is
a degree of specificity among pollinators for certain
species based on their floral odors. In addition, in
the list of pollinators known for P subg. Philoden-
dron (see Table 3), only three Philodendron species
were observed to have more than a single species
of bectle present at any one time. In each case, W0
species of beetles were present. As can be seen
from P. grandipes (Table 3), the beetle species need
not always be the same. Though more studies must
be made on pollination biology of Philodendrots
and even though the beetle pollination system i
‘somewhat sloppy and imprecise, a jon of
4 moderately sirog beetle-plant specifcity, o
pled with severe phenological constraints and

row windows of pollination opportunit
as little as a few hours per year), works to reduce
interspecific hybridization. Although hybrids can
be readily produced under greenhouse conditions
evidence for hybridization is not usually apperent
among wild populations.

BREEDING BEHAVIOR

In comparison to Anthurium, where breeding
studies were easy to conduct (Croat, 1980, 19634
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1986a, 1991), Philodendron pollination was diffi-
cult. Cross-pollination atiempts were casy in An-
thurium owing to their hermaphroditic flowers and
because plants often had several inflorescences per
plant in different stages of development. In addi-
tion, the plants reached anthesis during the day
when greenhouse personnel and volunteers were
available to make cross-pollinations. In Philoden-
dron, the mumber of inflorescences available was
always fewer than in Anthurium; Philodendron
sometimes produced only a single inflorescence per
season. In addition, Philodendron was very season-
al in its flowering behavior (unlike Anthurium,
which sometimes flowered all year), making polli-
nation all the more difficult. When flowering did
occur it was often unexpected since it is difficult
10 tell when the spathe is ready to open. Morcover,
the spathe generally opens for one day only. Open-
ing usually took place late in the afternoon after

sse personnel left. Even if the opening in-
florescence was found in time, it was generally im-
possible to find another plant with fresh pollen to
use for purposes of experimental crosses. Philoden-
dron pollen does not remain viable very long,
though it can be kept vible for  time in glassine
envelopes. Ron Wecks, a grower from Homestead,
Florida, reports (pers. comm.), that he stores pollen
in film canisters at refrigerator temperatures and
that it remains viable for several wecks. He also
reports that inflorescences cannot be pollinated af-
ter the first evening they open. After the spathe
opeas (generally late in the day) it is only during
the evening and night of the first night that the
pistillate flowers are believed to be receptive. At-
tempts 1o pollinate plants with their own pollen
have always failed if one waits until the pollen
emerges. It should be noted, however, that Grayum
(1996) reported that, based on the use of peridoxase
paper, which purportedly indicates the receptivity
of stigmas (Young, 1986), the stigmas were recep-
tive for up to 24 hours after anthesis. Though it
scems unlikely that pistillate flowers are receptive
after the firs evening of anthesis, the pistillate flow-
ers are receptive for an unknown period of time
before the spathe opens, so that most successful
pollinations usually involved cutting a hole in the
spathe after obtaining very fresh pollen from a plant
in the staminate phase of flowering. Though one can
completely remove the spathe then protect the de-
veloping pistils with a plastic bag, it is better to
simply cut a window in the spathe large enough to
see most of the spathe. Then with a small brush
one can spread pollen over as many of the pistils
4 possible, again covering the spathe for a time
with a plastic bag 1o insure that the pollen does not

dry out and fail to germinate. An effective means
of spreading the pollen to insure adequate and uni-
form coverage is to mix the pollen with water.

Failure to remove or at least loosen the bag used
10 cover the pollinated spadix later may result in
mold developing in the spathe. Unpollinated inflo-
rescences usually fall off within a weck or two. Ron
Weeks (pers. comm.) reported that for P. subg. Me-
conastigma in Florida the unpollinated inflores-
cences may persist for up to a month. Development
time for fruits ranges from only a few wecks or more
generally a few months and sometimes nearly a
whole year. Ron Weeks (pers. comm.) reports that
in P: subg. Meconostigma fruits ripen in South Flor-
ida in 2.5 to 3 months.

PHENOLOGY

Based on a field-oriented study of phenology and
pollination behavior carried out at La Selva in He-
redia Province, Costa Rica, Grayum (1996) report-
ed species of P. subg. Preromischum flowered for
periods of 4-8 wecks. Obviously, since most mem-
bers of P. subg. Preromischum have only one or two
inflorescences per axil, vs. sometimes 4 or more for
P subg. Philodendron, the flowering cpisodes of the
latter might be longer than two months. The flow-
ering events, however short or long, are not nec-
essarily the same year after year. I suspect that,like
understory vegetation (Croat, 1975), their flowering
phenology may be affected by the onset of the rainy
season.

Based primarily on a phenological survey of her-

barium collections, flowering (and to a lesser extent
fruiting) behavior has been studied here for Central
American species of P. subg. Philodendron. These
studies resulted in a phenological statement for
each species. This statement follows the description
of each specics as a part of the discussion. Some
general comments regarding phenology are impor-
tant,
In studying herbarium material for phenological
variation it is often difficult to determine the exact
state of the inflorescence. However, with experience
it is relatively casy to distinguish inflorescences
that have never opened, i.c., pre-anthesis, from
those which have already opened. Spathes  that
have never opened are very tightly closcd, whercas
those that have already undergone anthesis are not
so tightly closed. By dissecting the spathe one can
quickly determine if the pollen has emerged. If so,
the spathe has already opened and reclosed over
the spadix.

Spadices at anthesis when they are collected are
usually casy to discen as well because they are
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typically opened when pressed. It is difficult, how-
ever, to easily predict the age of an inflorescence
beyond anthesis and before swelling due to the en-
largement of the pistils. Since an inflorescence at
anthesis is rare (open less than 24 hours), while
every successfully pollinated inflorescence persists
for one to many months, there will always be many
more collections with “post-anthesis” inflorecences
than those described as “in flower.”

Central American members of P: subg. Philoden-
dron fall into several phenological groups. All of
these categories can have variations, and flowering
is rarely consistent throughout any period. Some
categorizations are tentative, as listed in Appendix
4, “Phenological Pattems of Central American
Philodendron subg. Philodendron.”

The flowering patiems of Central American
members of P. subg. Philodendron are as follows:

A. FLOWERING IN DRY SEASON AND WET SEASON

This is the largest flowering category ol
tral American P. subg. Philodendron. A total of 47
species fal into this category, including P fragran-
tissimum, P. panamense, P. sagittfolium, P. gran-
dipes, P: pterotum, and P. radiatum. Although these:
species begin flowering during the dry season, the
dry season rarely constitutes the period of greatest
Hlowering activity (except perhaps in the case of P
hederaceum, a specics which though apparently
flowering all year and thus aseasonal appears to
have more flowering collections made during the
dry season than at any other time of the year). Low
flowering activity is particularly characteristic of
species inhabiting regions of Tropical moist forest
or other areas where marked seasonal changes are
apparent and affect the availability of beetle polli-
nators.

Those species occurring in cloud forest habitats
(usually Premontane rain forest or Lower montane
wet forest) also seem to have more flowering in the
rainy season even though they are more apt 1o be
in flower in the dry season than their Tropical moist
forest counterparts.

Though perhaps it is merely a matter of poor
sampling, species more common, widespread, or lo-
cally abundant tend to have flowering seasons that
extend from the dry season to the wet season,
whereas rare s em much more likely to
have flowering restricted to either the dry or the
wet season.

B. FLOWERING ONLY IN WET SEASON

This is the second largest flowering category,
comprising 30 species (32 taxa) believed to flower

exclusively in the wet scason (roughly between May
and December in Central America). They represent
largely rare or narrowly distributed species for the
most part and are often species that inhabit the
wettest and frequently the coolest forest types such
as Tropical wet forest, Premontane wet forest, Pre-
montane rain forest, and Lower montane wet fores.
Examples of species in this flowering type are: P
albisuccus, P. antonioanum, P. chiriquense, P. -
loradense, P. correac, P. cotobrusense, P: dominica-
Lense, P. dadwm}’/e’mglneml’“ul’hw
melii, P. jefense, P. madroncnse, P: niqueanum, P.
pirrense, P. purulhense, P. squamicaule, sod P.ub
gantupense.

Not ll species that flower exclusively in the wet
season oceur in very wet or cool forest. A few spe-
cies flower only in the wet season because the dry
season in the region where they occur is often oo
severe, perhaps s0 severe as to limit the beetle pol-
linators. These include several Mexican species,
eg. P. basii, P. breedlovei, P. dressleri, and P sou-

C. FLOWERING ONLY IN DRY SEASON

One of the most unusual flowering categories,
and a relatively small one with only 7 species, is &
group believed to flower only during the dry season
(January to April in Central America). This goup
is diverse and difficult to characterize. Some of the
species, such as P. bakeri, P. breusterense, P: chir
ripoense, P. edenudatum, P: folsomii, and P: knap-
Piae, occur in wet to very wet areas, some in areds
where weather conditions are so bad in general dur-
ing the rainy season that it may be more efficient
to compete for pollinators during the dry season
(which would ot be very dry in any event). Phil>-
dendron dwyeri is unusual in that it flowered at the
beginning of the dry season in an area that in gen
eral i arid in this season. It is known from
only a single individual and may have
an unusual, out-of-phase flowering.

D. FLOWERING ALL YEAR

Species that flower aseasonally are usually com"
mon species such as P. hederaceum (though it 87
parently flowers more frequently in the dry season)
and P. jacquinii (which is also often edaphically
versatile or less subject to the pressures of the €1
vironment). Though not as widespread as the
aformentioned species, P. advena, another membet
of this group, is a tough, highly variable and ec””
logically adaptive species. Philodendron Pupie”.
viride has much the same edaphic preference
P hederaceu, although it is much h-m-pm‘
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Both are highly adaptable, scandent species. Philo-
dendron hederaccum, though flowering all year, is
even more commonly in flower in the dry season
than in the wet season. Philodendron radiatum,
also @ member of this group, is as widespread and
even more common than P. hederaceum.

E. FLOWERING BIMODALLY

Based on the historical record of herbarium col-
lections, only a few species are expected to flower
twice per year. This patten may be much more
common and simply masked by the year-to-year
variation in flowering behavior. Grayum (1996) re-
modal flowering to be common with P
subg. Preromischum. He indicated that the two
modes were quite unequal, that one of them in-
volved far fewer individuals and lasted for a shorter
period of time. Among species of P: subg. Philo-
dendron, P. aromaticum appears 1o flower in the
mid-dry scason and mid-wet season. It is possible
this species is just too poorly known to determine
its phenology. Philodendron morii may also flower
bimodally, with flowering collections seen in March
and November, and with immature fruiting collec-
tions in December, February, and June. Philoden-
dron wilburii appears to flower at the beginning of
the dry season and primarily later at the beginning
of the rainy scason.

Several species are poorly known

nus is 18. Very few of the 29 species (other names
were synonyms or hybrids) for which chromosome
counts have been reported are members of the genus
from Central America. Those Central American spe-
cies for which chromosome counts have been re-

wendlandii
believed this to be either an error in counting or not
a

GEOGRAPHICAL DISTRIBUTION AND ENDEMISM

The Philodendron subg. Philodendron flora in
Central America is diverse but heavily concentrat-
ed in the southeastern part near South America.
Despite this, relatively few Central American spe-
cies ly enter South America. Most species
that do enter the South American continent range
along the Pacific slope into northwestern Colombia
and Ecuador, with relatively few occurring cast of
the Andes and even fewer entering the Amazon ba-
sin.

As was shown for Anthurium (Croat, 1983,
19864, 1986b), species diversity of P. subg. Philo-
dendron shows a general diminution from Mexico
to Middle America, followed by & marked increase
sppecacing Souk America (Appendix 3, “Section-
al Cl A

because u.,,..,ny of Rowering collections: e.&., P:
P nigueanum, an

(all seen in fower only once during the carly rainy

scason). All ofthese are assumed to be species that

flower entirely during the rainy season.

Fruiting phenology in Philodendron subg. Philo-
dendron is 100 poorly known to report on here. Most
species appear to develop fruits from between one
and four months after the time of pollination, de-
pending on the size of the infructescence, but too
few mature fruting collections were observed to de-
termine the phenological period. Fruit development
time is affected by the size of the infructescence.
Species with small spadices, such as P. heleniac,
produce mature berries faster than species with
larger spadices.

c¥ToLoGY

No karyological studies were made for this revi-
sion, but Petersen (1989) reviewed all chromosomal
literature and made new studies. The chromosomes.
of P subg, Philodendron are small, with counts of
20 = 30, 32, 34, and 36 (rarely 26 and 48). Petersen
(1989) speculated that the base number for the ge-

) Disction of
P’uladzndmu in cmm America is as follow
Mexies has 21 s, Guatemala 15, Belize 9, F1
Salvador 5, Honduras 13, Nicaragua 18, Costa Rica
48, and Panama 82. Thus species diversity is great-
est in Costa Rica and Panama, with 46% and 79%
of the total Central American species, respectively.
Collectively the number of species in these two
countries comprises 90% of the species total.
Fifty-three species (58 taxa) of P. subg. Philo-
dendron (nearly 59% of the total) are endemic to
Costa Rica and Panama. Endemism is particularly
high in Panama, where 38 taxa (34 species) of 81
(#7%) are endemic. In Costa Rica 7 of 47 taxa (46
species) (15%) are mdemlc Costa Rican endemics
are: P. aromaticum, P. auriculatum, P. chirripocnse,
P cotobrusense, P dammual«mr P microstictum,
and P wilburii var. wilburii. Mexico has a higher
rate of endemism, with 7 of 21 (20 species) (33%)
endemic. Mexican endemics are: P: basii, P. breed-

P. hederaceum var.
subincisum. In Middle America little endemism oc-
curs. With the exception of Belize, which has one
endemic (P duyeri), no other country in Middle
America has any endemic species.
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The distribution of Central American Philoden-
dron reflects the trend for endemism in the genus.
Only 27 species (28 taxa) (a total of 26% of all
Central American species of P. subg. Philodendron)
range into South America, cight (7% of the total)
only to Colombia (Appendix 1). These are: P he-
leniae, P. immistum, P. ligulatum var. ligulatum, P
malesevichiae, P. mexicanum, P.

sumed that the evolution of the respective Amazo-
nian and Pacific coastal floras occurred indepen-
dently ater the Andes began to arise toward the
end of the Cretaceous (Raven & Axelrod, 1974).
The relatively few truly wide-ranging species, i,
those ranging from Mexico to Brazil, appear to at-
test to this isolation. In Central America only one
species, P. hed really falls into such

P radiatum var. radiatum, and P. squamicaule.

Sixteen Central American taxa occur in Ecuador
(Appendix 1), all but two (P. brevispathum and P:
Jjacquinii), ranging along the Pacific slope of the

des. These are: P. brunneicaule, P. dodsonii, P
grandipes, P. hebetatum, P. platypetiolatum, P pur-
pureoiride, P. hederaceum var. kirkbridei, P. hed-
eraceum var. hederaceum, P. squamipetiolatum, P.
scalarinerve, P. squamicaule, P. tenue, P. -
tum, and P. verrucosum. Of these 14 taxa, 1, P
hederaceum vas. kirkbridei, skips Colombia or has
not yet been collected there. Philodendson dodsonii
is particularly unusual in being absent from Pan-

ama.

Eight Central American species, P brevispathum,
P fragrantissimum, P. hederaceum, P. jacquinii, P.
Jodaisianum, P. sagitifolium, P. strictum, and P.
tenue, range to Venezuela. The ranges of P brevis-
pathum, P. frograntissimum, and P. hederaceum
also extend into the Amazon drainage, while the
others occur cither on the northern slope of the

drainage. Three additional specics, P. i, P
strictum, and P. tenue, oceur cast of the Andes, but
only along the Cordillera de Meérida, the Cordillera
de la Costa or the northern part of the Guiana High-
lands and within the drainage of the Rio Orinoco.
The only truly widespread Central American
species of P. subg. Philodendron is P. hederaceum,
which occurs virtually throughout the Neotropics,
and is one of only two species (the other being P
verrucosum) that occurs on both slopes of the An-
des. Philodendron fragrantissimum is probably the
next most widespread species, ranging from Belize
1o the West Indies and into South America to the
Guianas, northern Brazil, and to southern Peru.
Further collecting in Colombia, especially along
the western slope of the Andes, will probably
change these statistics but the figures most likely
reflect the realities of life zone ecology and geologic
history of the area rather than under-collecting.
Since relatively few species of Araceae are known
10 occur at lower elevations on both the easter and
western side of the Andes, it can probably be pre-

egory, and it is also common in the West Indies
indicating that it may have an ancient origin (or be
casily dispersed). The high rates of endemism in
Costa Rica, Panama, and Mexico perhaps reflect
the isolation of these areas during periods when the
oceans were at much higher levels than they are
today and when the area that is now central Panama
and Costa Rica was disconnected from South Amer-
ica. Much of the present arca of Central America
was submerged during early times. At the close of
the Tertiary, 800,000 years ago, sea level was sbout
100 m higher than today (Holmes, 1969). The land
mass of what is now Central America began ©
emerge as a series of islands during the Oligocene.
with further uplifting during the Middle Miocene.
It was not until the Upper Miocene and Pliocene
that the final portions of the isthmus of Panams
emerged above sea level (Torre, 1965), and the final
conneetion of Central and South America was made
about 5.7 million years ago. In order to place these
geological events in relation to the modem arid
flora, it should be noted that even during this e
precursors to the existing flora probably already ex-
isted, since the angiosperm floras of the Oligocene.
were believed to have consisted almost entirely of
existing genera, and the floras of the Oligocene and
Pliocene probably already had existing species
(Takhtajan, 1969).
s

ally smaller areas of Premontane wet and Tropicsl
wet forest. In contrast to Panama, much of the a1
of northwestern Colombia in the .
Choct consists of much wetter pluvial forest with

wal precipitation often exceeding 11,700 == .
‘some parts of the region (Gentry, 1982). This br
band of pluvial forest with its own suite of unid®
endemic species no doub acts as a barrier o P
cies from regions with lesser rainfall amounts- e
probably also accounts for the Panamanian &%
Costa Rican species that skip the wettest "":d,
northwest South America but recur in the relsi
drier arcas of mesic westem Ecuador.
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Just as the Central American P subg. Philoden-
dron flora is rather isolated from that of South
America, there is a certain amount of isolation
within different parts of Central America. In com-
parison to Mexico and Costa Rica/Panama, Middle
America (Appendix 1) has low species diversity,
with Guatemala having only 15 specics, Honduras
13 species, and Nicaragua 18. Most of the speci
in Honduras, excepting P. anisotomum, P. mexican-
um, and P. warszewicsi, are shared with Nicaregua
(see Appendix 1). Nicaragua has cight additional
taxa not shared with Honduras: P um, P
grandipes, P. immixtum, P. ligulatum vr. ligula-
wum, P. platypetiolatum, P. pterotum, P. tenue, and
P, wendlandii. All of the latter are shared with Cos-
ta Rica and Panama. Guatemala shares only about
half of its species with Honduras and Nicaragua,
namely P. fragrantissimum, P jacquinii, P: jodavi-
sianum, P. radiatum, P. sogittfolium, P. smithii,
and P. tripartitum. lts other species are shared only
with Mexico (or rarely with Costa Rica and Panama,
€8, P. mexicanum). These are: P. advena, P. ani-

The low species diversity and the very low ea-
demism in Middle America are perhaps explained
by the fact that Central America is rather more re-
mote from existing large land masses to the north
and the south, leaving it isolated from the indepen-
dent evolution that must have been taking place in

of these larger areas (see below for a discus-
sion of the possible origins of the respective species
Central American Philodendron). There is strong
nce, at least based on the distribution of mod-
em aroid species, that the northwestem part of
Middle America may have been isolated from Costa
Rica by the San Juan Depression. Many of the spe-
cies that oceur in Costa Rica or Panama enter into
Nicaragua in only a small area in the southeastern
part of the country. Although the contemporary flora
of Guatemala does not refiect isolation from Mexico
10 the same degree, it is possible that the more
clevated portions of Guatemala, Nicaragus, and
Honduras were isolated from major portions of
Mexico at the Isthmus of Tehuantepec.

Certainly the Mexican aroid flora appears to be
quite isolated, even when compared to the westem
parts of Middle America (here defined as Guate-
mala to Nicaragua). Mexico, in addition to having
one-third of its species endemic, has relatively few
species of Philodendron that range throughout Cen-
tral America. Aside from the aforementioned P
hederaceum, only P. jacquinii, P. jodavisianum, P.
radiatum, P. sagittifolium, and P. tripartitum range
10 northern South America. Two additional species,

ssewiczii range 1o Honduras, and P. smithii ranges
to Nicaragua.
Taken together, Honduras and Nicaragua have

warszewiczi, appear 1o be of Mexican origin, or in
the case of the mor widespread and variable spe-
cies, namely P. radiatum, P. sagitifolium, and P
rnpamlum. they may have originated in Panama or
ta Rica and ranged 1o both Mexico and South
Amni . Certainly, in terms of morphological vari-
ation, all of these specics are much more variable
in Panama and Costa Rica than they are further
north. n jacquinii has a circum-Carib-
bean distribution, indicating that it may be of West
Indian origin. It is difficult to determine the origin
e e s distribution.
Three species, P brevispathum, issimun,
and P. tenue, probably mgn-led in South America
considering their widespread distribution there.
Philodendron platypetiolatum, ranging from Ecua-
dor and barely entering Nicaragua, may be another
South American derivative. The remainder, P an-
gustilobum, P. grandipes, P. immixtum, P joda
sianum (ranging barely 1o Chiapas and rare there),
P ligulatum var. ligulatum, P. pierotum, P. roths-
chuhianum, and P. wendlandi, are probably of
Panamanian or perhaps Costa Rican origin.

The Costa Rican and Panamenian species not
already discussed above appear not to have strong
affinities with South American species, and clearly
did not originate in areas of Middle America. Much
of the flora of adjacent Nicaragua is closely relatcd
10 that of Costa Rica. Except for those rather wide-

thum, P. fragrantissimum, and P
P platypetiolatum (slready discussed), there arc
relatively few species likely to be of South Ameri-
can origin. . verrucosum s almost cer-
tainly a South American species, since it is rela-

tively widespread there, occurring on both sides of
the Andes. In addition, it scems to have more re-
lated species in parts of South America especially
in the Andes of westem Colombia.

Philodendron dodsonii, which occurs in Ecuador
but not Colombia, is just as likely to have origi-
nated in South America s in Central America. The
same is true of P. sirictum, which is known from
castem Venczuela and has relatives in the Andes
of central Colombia, as well as P. hebetatum, which
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is rather widespread in western South America as
far south as Ecuador. Morcover, the latter appar-
ently does not even reach Costa Rica, making the
case for a s.mu. American origin even more lkely.

known from western South
e b r AT e g ctmoetealy
be of South American origin despite being very wide-
spread and common as far north as Nicaragua. More
probably of South American origin is P heleniae,
which is common in Colombia and ranges only to
western Panama. Morcover, it seems to have a close
relative on the eastem slopes of the Andes.

Three species with scaly parts, P. malescvichiac,
P squamicaule, and P. squamipetiolatum, are mod-
erately rare in Panama, and though all are still
poorly known in Colombia, they are more likely to
have originated in northwestem Colombia where
there are several other relatives with scaly parts.

Some taxa, such as P. ligulatum var. ligulatum,
P pseudauriculatum, and P: scalarinerve, either
barely enter Colombia or are rare there and are
more likely therefore to have originated in Central
America. All the remaining species of P subg.
Philodendron occur in Panama or Costa Rica, with
11 species shared between the two countries.

TAXONOMIC TREATMENT
Philodendron (“Philodendrum”) Schott, Wiener
Z. Kunst. 1829: 780. 1829, nom. et orth. cons.
TYPE: P. grandifolium (Jacq) Schott (4rum
grandifolium Jacg;)

Telipodus Raf., Fl. tellur. 3: 66. 1836{1837). TYPE: T
ifolium Jacg)
7: 31. 1859,

ot Bonglndia
PE: T. spruccanum Schat
Elopium H. W, Schot, Oest 34, 1865.
TS R Sov hharion
inamense Miq.)
Baursia T, Pont & Kunse, Lex. gen. phan. 62, 190,
"TYPE: Caladium bauersi Rehb.

Appressed-climbing or scandent hemiepiphytes,
‘sometimes epiphytes or terrestrial herbs (sometimes.
stout and arborescent); growth sympodial, aniso-
phyllous, or (more commmonly) diphyllous; trichos-
chlereids absent, biforines and secretion files pres-
ent. Leaves with spiral phyllotaxy; petioles rarely
geniculate, sheath obsolete or extensive; blades
with parallel-pinnate venation, hypostomatic with
stomates paracytic, simple to trifoliolate, pinnatifid,
bipinnatifid, or (rarely) pedately compound. Inflo-
rescence terminal (appearing axillary), solitary to
multiple in leaf axils; spathe enveloping the spadix
and constricted or not, usually persistent: spadix
‘monoecious, with sterile male flowers below or both
below and (rarely) above the fertile male region;

flowers naked, unisexual. Male flowers with 2-6
free stamens, connective enlarged; anther dehis-
cence by apical slits or pores; pollen inaperturate
boat-shaped, subisopolar, bilaterally symmetrical,
shed in monads, medium-sized (mean 40 jum; rnge
28-54 um), the exine coarsely verrucate to subfov-
i = ot ity i T
sis binucleate and starch-bearing. Female flowers
virtually always lacking staminodes, ovary (2-3)-
6(47)-locular, each locule with axile or (rarel) be-
sal placentation and (1-}4-51 or more orthotropous
or hemiantropous, endospermous ovules. Fruit a
berry, usually white or orange. Chromosome nun-
bers 2n = 30, 32, 34, 36. [Description adapted
from Grayum (1996).]

KEY T0 PHIODENDROY SUBGENERA

la. Stem

of lants with  succes-
sion of many leay

base, winged 1o at least midway on adult plantss
up 105 leaves produced on the siem between
each successive inflorescence

subg. Prer
b, Stem of mature flawering plants with a succes-

sion of short sympodial segments each bearing
cat single leaf wit ioflores-
cence(s) 1 to 10 and appearing to be bome in

the leaf axils; petioles of leaves of adult plants
with a short, usually incanspicuous petiole
sheath borne on the side of the sem, not encir-
cling it at the base (sometimes fully winged o0
produced with

port
ith conspicuous
nd frequently interpetiolar

uously elongate, up o 10 imes longe than
staminodial zone between staminaie
and pisillate zones of the spadix subequal
or longer than fertile zone E:

. Meconosigma
S T e e e
stout o slender and with interpetiolar scales

lxking mal fwers oy 2-3 ek Tonger
wide: staminodial zone between stami-

e and pisillate sones of spadix much

shorter than the fertle staminate zone.

Philodendron

Philodendron subg. Philodendron Schotl
Philodendron subg. Euphilodendron Enél
Bot. Jahrb. Syst. 26: 509. 1899. Baursia subé-
Eubaursia Kuntze in T. Post & Kuntae, L%
gen. phan. 62
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stemmed true piphytes, rarly mm arborescent
in Central America;

in age; juvenile plants terrestrial or epiphytic and
scandent, the peticles conspicuously sheathed and
subtended by inconspicuous intravaginal
cataphylls of mature stems unribbed or variously
ribbed, caducous, marcescent and deciduous or per-
sistent and membransceous to moderately coriaceous,
remaining intact or more commonly decomposing to
net-like, persistent fibrous reticulum. Leaves usually
long:petiolate; petioles usually with ligulate sheath in

apically; blades simple and entire, ovate, cordate, has-
tate, sagittate, oblong to eliptic o variously divided,
wifd, tifliolate, o pinnatifid; midiib raised or sunk-
en above, raised below; primary lateral veins pinnate,
usually conspicuous, spreading 1o the margins and
e el collective vein; lower-
most primary lateral veins (basal veins) often coa-
lesced on cordate blades, the posterior rib (coalesced
basal veins) naked along the sinus or no; interprimary
veins sometimes present; lateral and higher
order veins transversely reticulate between the sec-
ondary veins, sometimes all veins slender with no dis-
tinet primary lateral veins; minor veins conspicuous
or obscure, usually fine and closely parallel; cross-
veins (minute veins extending transversely between
the minor veins) sometimes visible; secretory ducts
sometimes appearing like veins, linear, short 10 long,
obscure to very distinct on lower surface. Inflores-
cences 1-several per axil, usually much shorter than
the petioles; peduncles shorter or longer than the
spathe; spathe erect, usually coriaceous, entirely per-
sistent, ofien with large superfcial resin canals on
inner surface which exude resin, opening widely at
anthesis (usually for about one day), then reclosing
and persisting in fruit, deciduous only on ripening of
it frequently colorful, often bicolorous on outside,
typically somewhat consricted between tube and
blade, convolute at base; tube cylindric to inflated,
uniformly greenish to red or violet-purple within;
blade usually opening widely, becoming * boat-

shaped at anthesis, usually white within, sometimes
tinged reddish; spadix sessile to stiptate, divided into
pistillte and staminae portions, cach with unisexual
fowers; pistllate zone usually greenish, obliquely
fused at its base 1o the spathe, free above, usually
much shorter than the staminate portion and separat-
ed from it by a sterle zone of staminodial flowers:
intermediate sterle zone cylndric o elipsoid, much

mm.km.ﬁynmnnunuLmhd.

Iu-kmgunmulngz prismatic 10 obpyramidal; an-
thers tetrasporangiate (with microsporangia embedded
in the shaxial surface of the anther), columnar in
shape, ellptc, ovate 1o thombic in cros section, ses-

ickenings lacking: pollen extruded in strands or
mixed with resin secretion or exuded in amorphous
masses, inaperturae, elipsoid or oblong or occasion-

Jate or subverrucates
B bty i
truncate and usually more irregular than fertle flow-
e and lacking thecae; pistllte flowers with ovary
syncarpous, ovoid, subcylindsic, cylindric or

3-9(14)Hlocular in Central America (2locular in P
sect. Philopsammos in South America); carpels pre-
sumably equal to number of locules; placentation ax-
ile, sub-basal or basal ovules 1 to mumerous (to ca.

times slightly namower than ovary; style short,
unlobed, with or without boss (see definition under
Style Type D), funnel, or annulus; central style dome
usually lacking in Central Americe; siigma scssilc,
hemispherical to lobulate. Berrics subcylindrical to
obovoid, exposed by the re-opening of the spathe,
white, whitish translucent o red or orange: seeds few
1o many per berry, oblong to ellipeoid o ovoid-oblong,
testa rather thick, striste-costate, mdywrnln-uk'
embryo axile, straight, clongate, endosperm copi
hromememen: 1 = 30,32, 4,36, (26, 8. Specien
ca. 700, Central Mexico to Argentina; West Indies
(occurring in all countries of Central and South Amer-
ica except Chile and Uruguay).
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Kev 1: BLaDES DEEPLY LOBED OR DiviDED

Ki BLADES SIMPLE, NON-CORDATE, EITHER OBLONG OR OVATE; SOMETIMES SUBCORDATE TO
CORDULATE AT BAsE, THE POSTERIOR LOBES UP T0 % AS LONG AS ANTERIOR LoBEs

KEv 3: CORDATE BLADES WITH PERSISTENT CATAPHYLLS

Kev 4: VINES WiTH CORDATE BLADES AND DECIDUOUS CATAPHYLLS

KEY T0 PHILODENDROY SUBGENUS PHILODENDRON OF CENTRAL AMERICA

A, Bladesdoeply divided,cther pinnaely obe, or Hobed to tiflate KEY 1

. Blades ot dcply divided,a  margins merely sinuate, the lateral margins of the anterior lobe
B o Disiooms ekt b (i

ing into ireegular segments in P. findens).

e decgy
:l"“m but numrully spl

lobes oy e ong an the amerios abe ol TTUKEY 2
B :Ib:l:- e Tl N e e e .yl o thar s Kingne theiarkslie

taphylls on stem, either intact or as fibers KEY 3
G e Sty Socsiun, g st posising KEY 4

Kex 1; BuADES DEEpLY LOBED 0k DIviDED

nately lobed, middle.
e way 10 the oy
3a. Blades lobed only 4,7, the way to the midrib; Mexico(Sinaloa & N

1. Bldes deplypinanately obe the divison extending o loat W of he way to the i,
Iobed,

rit), 0-370 m
P. dressleri G. 5. Bunting
3 Blade decply obed,the diviom exending e han _0 ofthe oy o e mid,
. Blades deciduous during the dry season; leaf segments thin,  Tog peermosos, o Rty
groen 10 yellowcbeown, with the minor veine disclly e daker than sufnce, e
segments with usually 3 or more lobes per side, exten m Rl the. middle o the pinnaes
Mexico (Jalisco & Chiapas) t E1 Salvado, Cusemata, Hopdurae, and Nicagus, 300-1500
> warsseuwicaii K. Koch & Bouché
b, Blades evergreen; leaf blade segments e m.n. moderaely thic, dark brown or
sometimes redish beown, he mior v o disine on drying, not markedly darker
than surface; lateral segments ithusaly |2 bes s i sually e 1o e he %
o the pinnac; Mesico to Colombia, 0-700, rarely 0 1860 m P adiatum var radiatam
2 Losves merly piontely e, the blade .::m...... oearthe middle ofthe blade ot pinnatly labed:or
s than fway b e midi um var. tm Croat
Ib, ul..h  deply Hobed or il e
ade it the. medil b e han 17 s onge than the e o
mew times longer than the lateral lobes;
6. Laterallabes of the blade broadly confiuent with the medial lobe by at least 2 cm from the base of
he blade (a5 measured from the depths of the incised area and the apex of the petiole) iflorescences
uslullv 3-9 per axil.

teral lobes directed *

Jobe of the blade with 5-12 pairs of primar el i pabe abe unifos greenish
o within; Hondura to Panama, usually below 10 4 .
rothschubianum (Engl) Crost & Grayun
Tb. Medial lobe of the blade with 18-19 pairs of rimary I \..,..1 veins; spathe tube red-violet
purplish within; Costa Rica (Puntarenas, San José), 1000- re
6. Lateral lobes of the bl e
el Jbesofthe lade o cofunt xih o or weskly confven with the media lobe 0 20
e han 1 e from the e of the blade: nforecenees vty |- vmnm p':r'd
. Medial lobe o blade wih more than 8 i of prmary aerl veins, el comal Pavanse
P madrone
5. Mkl e of i v fewer than 12 pairs of e, sy chanceolte
e el vidaprad e, W Bt
9. Med 1 oy 335 times longe han boad broad ey as lte an L7 times Jones ten
broad): primary lateral veins of medial lobe 4-12 per side, prominent N
diveicd * tomarthe & Letenainey

2
=
z
£
+F
]

. ripart
; 2 times longer than broad; primary lateral veins of medial
mostly 2-4, rarely 5 per side, weakly sunken; lateral lobes directed * outward; m....,m.m
arising only from the midrib ripe fruits orange; Mexico to Costa Rica, BT
P. anisotomum Schott
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5b. Blades with the medial lobe more than 1.7 times longer than the lateral lobes; lateral lobes directed
latcrally (preading) outward o cven downward toward th base of the petle (rfexed.
sagiltat

of petiole); rblratipd o America, 0-1900 m P. mesicanum u.g.
10b. Blades hastate, the lateral lobes directed outward at ca. 90° angle.
Tla. Lateral lobes confuertwith the media ob by umallyfor o than 4 cm el i
basal veins 8-10 per side; Honduras to Panama, 0-680 m . P. angustilobum Croat & Grayum
11b. Lateral lobes mnﬁuznl w.m e el e g (alyio A
veins 47 per ico 10 Costa Rica, 30-1800 m P anisotomum Schott
KEY 2: BLADES ENTIRE OR SHALLOWLY DIVIDED, R OVATE: SuBCORDATE

OR CORDULATE AT BAKE, THE POSTERIOR LOBES Up T0 4 AS LOYG 5 ANTERIOR LoBES
Ia. Plants vines or at least with internodes much longer than broad.

VINES OR SCANDENT: INTERNODES MUCH LONGER THAN BROAD: BLADES OVATE
2a. Blades * ovate, less than 2 times longer than wide.
3a. " Blades with primary aeral vein ither 2 orfone or with the primary aeral vins inconspicuous,
crely more disine thn th minor vcine
6 Blads muxe han 11 com whks peshmels rmo thr 10 g Cosn i
T i e & 1.0, Willams
@b Blades e thn 1 i vide: peduncles T than 10 cm hong.
i e Bty s R ris
greenish, lacking primary lateral veins; Panama, Cerro Brows

e et

b, Internodes more than 10 cm long; blades ca. 2 times Jonger than wide, drying brown,
yih upto 2 bscure primary nteral i Cot Ric, Rl ChlmpA 41 Pacihed, San
nse Croat & Grayum

m
3. Blades with e s o i

" Blades ovte 1o radly e, malyless tan 1 nger than wide.
Ta. Stems, inflorescences densely lrlly Wolu scales slender and spread-

ing): ajo et om Tower suttocs domely T LT
Th. S, petals, s nlreasences pibrous; major veins 08 ek
Panama (Coclé, Veraguas), 770-1200 m . ligulatum var. ovaum Crost
Blades narrowly ovate to oblong-elliptc, usually more than 2 times longer than wide.
8a. Blades less than 12 em wide; posterior lobes about as long as broad; Panama to
Colombia, 0-140 . immistum Croal
Blades usally more than 12 o vid: poscrio lobes much broades than long: Costa
Panama, (210)670- e Coe & Grayum

Rica to Par
Blades  cblong 10 cblong-llipc (arely narovl ovate) o obanceate, iy e han 35
Tonger than wide.
VINES WITH = OBLONG BLADES
W Tt

inct primary veins at base of blade; primary lateral veins obscure or

o Bl-da diying gay-gren: primary sl venm oot o ol sppares Panama S Bl
ca level roat
10b. Bl-du ey s o o bkl ey el v -, basare b il

b m..a.‘ d.y..., blackened, usually an 25 em long spathe more han 12
s (Booes del Tor' € i, 0100 roat
11b. m.dz. e ey o, el o than 25,10 m ong e frrisrty
s Costa Rica (100-900 m) to Panama, 900-1420
P, baker Croat & Grayum
inct primary veins al base of blade; primary lateral veins

Sb.. Blades with ane or more

12a. Petoles ncirled dialy it a dark purplish (o duk grcr) sing scparaing the
petiole
o Blades -m. W. erior lobes usually narrowly rounded and somewhat spreading
ha lon: rrly aboua long s o forscences -5 e il
nnulatum Croat
13h Bl i ,,_mm Jobes st o brod o lone ad held closcly ear the
petiles. nflrescnce usuallycoltary (sometimes 2 in . imitur).
Ya. Blades pically deying eenish o grenish brown. mly moro thon 30
:m long; Panama to Colombia, 0-140 P. immiztum Croat
14, Bl-dn s pialy dring| Hackened, rarely P eler  Nicaragua
ulatum Schott var. ligulatum
120 Pecle acking  dok gl dil ine
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15a. Blades less than 10 cm wide: stem minutely pale granular-puberulent at hig
magicaton, it with 2 unnck-haped aigma (ype s ovle I per ol

Panama (Darién), 75 m P, franudars Cront
15b. Blades usually more than 15 cm wide (crcly o a ltle s ID om wlde ik
heleniac); stems smooth 1o irregularly ridged or folded

(Cometines minuily ary bt ot pule gunul-rpubemlrmi‘ s o
stle apes. ype B):ovles 3 or more e
s Ay S T ey docts spahes prectish white
o ekt s e b 10 o oo Cons e 5, P 10110
1800 m .l Crot & Gryum

guside, mosly e than 10 long; P and Ecuador, ol oo,

I heleniac Croat

1b,Plants appressed-climbing or sometimes teresral, with the intermodes ypicaly broader than e
iy g than et

NON-VINING PLANTS; BLADES OBLONG.

17a. Cataylle deciduous.
- Blades usally promiertly lobed tbes, the lobestypically longerthan broad orat et wsually
spreading away from the peiole.
198 Blades thindiying s aroute it blade issus somenbat decurent on petne ptde
irying Panama, E. of Canal Area, 450-850 m P morii Groat
19, Blldn m.(um,.& Sinus oblong to p.-.um or arcuate but with blade e ot ot ol
onto petiole; Panama, 1 P annulatum Crost
0 aden st Vo e bk et porior obes round, s broad as long, hekd
oely apains the etian
Largest leaf blades more than 50 cm long.
2la. Blades usually more than 30 cm wide; petioles usually about 85% the length o the
blades oreven onger than the Dlade; Cota Rice and Parame, 0200 m

P davidsonii Croat
21b. Blade s than 30 em wide ptces il mach sbore e Hlode
20 Blads ding e brown les I;z‘"‘t
gl Qo g Do 335-650 lichophyllum Crost
22b. Blades drying dark gray-green to e, umally e than 4.3 times longer
than wide; petiole with a purple or green distal
2. Pailes birete sl ot ot all winged marginal; Panams and Co
picudauriculatum Croat
23b. mm. nh-rply D-lhqxd with slender wings on the .d.x:-l margins; Pan-
P

én, 50-200 ar. heraclioanum Croat
200, Largen e bldog il o o By jong.
24a. Blaen usualy dring green o yellowih gren, ti
e d o lancelt, es than 7 1r.lob1u|ew-|m|>n|mn;iedll o
o then decurent lang el Panama (Corle), 700-500 rou
25b. Bladcs ovate-triangular, 11 Vi it 41 st shtoa. P
50-650 m morii Croat
28b. Blades dryin, yellow-brown or browniah, gay-brown 1o reddish brown, moderately
200, Inhorescence 2-10 per il pedunele less than e long spthe tube relih
marvon outside and within Il bades with conspicupus scerctory ducts visile
o the lower dried wrace, Panama to Colombia and Bcusdor, 20- 10401450,

266, Inf il peducle ca. 9 cm long. spahe ube grecn v v
i ¥ et blade Tk iy g of sty  (Colo, ca
wleyanum Crost

. eeutlytrrsral and  blades usually
e, st v rrrory oo Lo e ! Corontin 1061000 .
; " roscospathum Croa
27b. Plans cpiphtic to hemipiphytic, not rosulates petioles s docp an i blades linear to oblan-
colate or oblong:lipti, sometimes weakly cordate. o condulae o ba
S oblanceolate, attenuate at base; primary lateral veins arising at 25-45°
angl from i, cos-vein ot viible on iy 5 sap okl whie Hica to Pan-
285, Blades oblonge Mt Lo namovly ovae,sbtuse tosulcordat ot base; primary latea veins
rinig ot 60-15° ngl: o, compiouous on dryng: sep not colored, o il 80
= ‘;" A 5;“;.‘.:.‘«1““;: 0-1325 P. scalarinerve Croat & "I"V“"
. Blades usually broadet above the middle, acut, obiuse, namowly ou y
minunely cordulae at hase. s o s
300, Peti les tharply e ly (with acute lateral margins); blades acute 1o
narowly oondod (neve cordulate) at base, mostly more than 2.5 times longer
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than i peils temolesbrosder than longs C i, Nicaragas, nd Panama:
P wendlandii Schott
e e abiake narrowly cordulate at base, less than 1.8 times longer
han peiles inerdes ofen longer than broad: souhwesten Cost Ric,
i owlands, 01300 P auriculatun Sundi. & L. 0: Wiiams
20b. Blades broadest below the middle, cordate 1 subcordatc at bae (awte 10 rancae in
i subsp. bocatoranum).

30b. P

31a. Blades ovate 1 broadly ovate,less than 60 cm long, drying dark brownprimary
" lateral veins 5-9 per side; petoles terete; Panama (Darién), ca.

31 Bladen ovateshlong. umaly e tha 60 cm o, dyin gt e
lateral veins 18-21 p petales thicker than broad (. with he thickeot
dimension perpe
Conta Riea 1o Ponama, 0-300 P. davidsonii Croat

P nlquclmam Croat

KeY 3: CORDATE: BLADES WiTH PERSISTENT CATAPHYLLS.

1. Bldes with posteror i (nion of basal veie) naked songthe ede of e inu.
2a. Petioles with conspicuous, elongate, hair
S0P nd

scal
d mouly in he dm.l ¥4 of peil; plants terestil; Panama
Colomi

r scales scatte
i, 830-860 m i Cron
3b. Pamle ot feons sed iy ol e itk esop
v b2l Bt o [ ) onger than m«l . semiglossy o,
pater and ol Tght reen 1 silvery-greem bencaths Coot Rica to Ecuador, 1001250

‘squamicaude Croat & Grayum
b Bladeycrate, ypcaly les than L3 imes longer than o, mate and nubvelve«y above,

tinged ith purplish vclt betwen the major vins below: Cosa

P verrucas:

) o L Mathios e Schot
2. Petolesslabrous or leas e
e uhnply flattened adaxially, with lateral margins sharply cdged or with
a slender
6a. Pznnle, ‘merely sharply cdged, lacking an actual wing at the margin.

Blades whiish and mai beow, caaphyls persning in semb-nact sgments o thin
pidermis; pathe fube grcn ouske,a most tinged pink within; Cota Rica o Par-
ima (Chmqun. (775)1000-2100 P halosicum Crom & G
. oy 105 Ealair st 13 e s b
or bri 72 1o maroon widhiny

Hade whnr Beriane South Ame

8a. 8-2;
el ke s ot Sl ek

oas 1 o b Corts 100 P. copense Croat
.7 imes onge tha wides coscvein betwoen misor

Blades mostly ovate, 1.
il i

0-1000 B gt Honcy & Don
6b.Petioles with a narrow
9. Leaf blades prompily npllllmg into slender segments laterally, drying blackened; pet-
iole wing undulate distally; Costa Rica to Panama, Atlantc slope, m
Croat & Grayum
9b. Lea blades remaining inact dying yellowfreen; priile wing usually undulte
Ieoughot s entiee Fngh; Nicuagas 1o contl Fabarme, ook

 Koch & Augustin
S Petoles tese to el fatened or U-shaped but ot sharply Auiornd adesilly, i suloue
adaxially the margins merely
10a. Blades yhiiah and mate on lower surface cven o frah eavns petle unually drying
lght yellowish bown (except sometimes e in P srictum)
. Blades narronly o ly ovsegusoally more than L tmes |mm|m widesplants commonly
ama o Eouador wsally <1400 m o P, hebeatum Cron
3 e eogerhan vids il e
arma; Celombia, and Ve at 850-1665
in Centr ey . Bunting
105. Blades green to yllowsgreen bencath, usualy =i L oy ptole ding vrioun
colors, not light yellowish brown (except P: copense, P. schottianum, and P. thalassicum).

iphytes;
e g hnudly

NARROW LY OVATE BLADES.

122, Blades ualy 1 times or mae longer han vide,
ip-uw be e o olov-gren o vhi inside
lower surface mate, frequently bluish green stle apex prolonged into
b el e {tle type D) central Cota Rica 1o wester Panama, (175)1000-
100 m P. thalassicum Croat & Grayum
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14b. h.: blades with slsay to semiglossy. no at al blish e style apex flat,
rolonged into & dinine eck (syle type B: arly type ) Panama, except P odari
namwl eico o Venauele).
- Blades dring yellow-gree; sl vensfowr then 5:p iy s e dyin cally
il cataphylls to 40 cm long; Panama (Darién

 elbs G
Blades dryimg dark gray-brown 10 olive-green, typically somewhat Thaciaees b
veins usuall sap usually clear, drying dark brown to reddish; inflores-

3

Tong.
16a. Petols eree 0 obtusely fatened adaxially lacking prominenly aised cral
S e e e e SRR
P. panamense K. Krause:
16b. Peiles uually D-shaped or U-shaped, evaly, Ratened adutally with promi-
R S
peduncies usually much shorter than the spathe; S Mexico to Panama and Ve
caucla 1Mér|dl), 0-1500 m P jodaisianum G. S. Bunting
13b. Spathe tube red to maroon or violet-purple on inside.
1. Bludes dryin grctish 0 yellow-green sometimes yellow-browrish in P alinle),lacking

e abaial surface dens
spadix consticted above the. the fert
staminateportion only slightly thicker than the p..un.u ooy
doughnut-shaped with stylar canals a the bottom p concavity; Panama (Chi-
St Colt, (750 950.3200 ) s Cont e P. straminicaule Crost
e el el Tocule; leaf blades with secretory ducts conspicuous,
of the spadix
St S the f fm e ,...u,, and evenly tapered to the apex,

dried style base raised but ﬂmm-ed R narrow pale ring around itsouer

m Costa Rica and wester Panama, 800-2500 m ... P. allcola Croat & Grayum
17, Blade iying robi brown wih conepinens enanrcne
198 Ptls dvng it o conpicss ight i brown o yellow brovy cpiderni
mooth and ofen flaking; cataphylls less than 25 cm long: primary lateral veins
1116 per sidebsa vin frequenly more thn 8 p sl Banam. (hocas e Toro
- lé Provinces), 590-930 m P Cooat
190 Pl ding drk b he eidermis st pelin: cophyl, more hn 55
: primarylteral s feer B pr et basalvcinsup 108 per sies Panams
(Ciaut, Bocas dl Toro, Colé, and eraguan Poovimees 5001630 m
P. chiriquense Crost

OVATE T0 BROADLY OVATE BLADES
125. Blades usualy about L5 times longer than wide o less (somctimes wider than long).
af lades with lower urface matte (but never velyety), fequently bluish green, the dried waxy
e pattem; central Costa Rica to wester Panama, (71s>mm-z|m m
20b. Leaf blades with lower surfa I p\: S
s with lower surface semiglossy or f matte, then velvety), mever bluith
2la- Leaf blades matie and velvety abovescentral Panama in .M”;q e 3«» e,
21, u.m-a miglossy 10 glossy abov
M....rlu usally in o 10 cm lon,arely loner in rting pedunces of 2

230 Spahe mhe sold bright red on outside; central Panama (Veragas and Coclé)
800-1200 nionioanum C

3. Spube lobe groen o (ot inged wekly e on . s
2 Sl we-ldym ot at al constric '"ff.mﬁh ube.
sy i lossy,yellowish
petioles. yellmvuh 10 yellowish brown and d«-y
i e ot i e Fonama: 630-3300
hosizmum . el &
25b. Cataphylls persisting semi-intact and brown, not glossy or ]
petioles usually drying brown hlmkmed usually not yrlln--h"' i

elossy; Guatemala, 1360-1870
26, s,..n..- * modenicly 1 o prominely conircied above the s .
llow-brown below, corisccous; ovles mosly
©)12 locule; Isthmus of Panar o
o 4zmml le; Isthmus of Pansma, mostly beloy o,
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26b. Leaf blades drying reddish brown, moderately thin; ovules 1
locul fexcept P dodsoiswith ca. 20 ol p ocule) et
or Mexico.
e Stems sl groving v ks in dy b, rely on
. intact or
e £ per acle, wesiem Mexica (alivco & (.'u-zmm)
P basii Mat

1250 wda
2h. Stems sppressed-cimbing o 7o i pamid
phylls decomy

b bare-
15 or ot it 0 meked sloog e s op 1o ot ot 25
em); southwestern Costa Rica, 1000 m
P domiriolnss Gt & cu,.....
28 Spathe tube dark rdis o redpaples ol ca. 20
Tocules postrior i naked 10 ca. © o long the s
o Tiee iy o the Nt sloe st 300-850
m and Colombia and Ecuador a1 2001300
i Croni & Cempum
225, Peduncles usualy mare than 10 cm long (rarely les than 0o e

2a. Stems clathed with a dense serien of verlaping cataphyls, each pei
iculum of overlain with a thin, fragmented epidermi
300. Blades 15.1.5 imen longer than wides drym; redd
ama (Darién), 1000-1560 m
30, Blades 0.8-1.4 times longer than wide, drying grayish green above.
1a. Dried blades with lower surface semiglossy, sparsely granular, with
e e e ke AR v e
lacking raphide cell; ovules 6 per locule;
(Cerr Jefe), 550-800 m / i Crom
atb. Dred blades vithlver iface mate, oo and minlcly rownish
h speckled, lacking obvious cross-veins, the upper surfacc
lly with short whitish raphid clls i
lm.le Panama, Canal Area to Darién

29 Stems with unly 8 few catapyle then usully semintct o with  ew.thin,
disorgan
324, ladedrying reclih brown b dark yellw:bowe:pedumcles sualylss
than half s long 0 the spabe, et below the spathe spthe lbe
eddish pupl 1 red ausdes Cota ica, Colombia, and Eeu
B iotons G & Goayam
32b. m.d..  deying dark gray-brown o elive ren, typically somevhat black-
 pdncles unally o ong 2 o loneer than the spthe, fe-
quemly bent Jus el the spabe; spathe tube

1. Blades with postrior b union S o e etk
. Petioles conspicuously scaly distally; terresrial (except P. verrucosum).
o Blades Iess than 25 cm long ptilar scales clos s overlapping, broa, unally e han 3
times longer than wide; endemic to EI Copé region of Panama, umelii Croat
34b. Blades usually more than 30 cm long; petiolar scales more ey ey many e |nn("

tuca subsp. glandulferam.

stems sl repin aealy scross theground:spaesglabrouss Mes
5801900 fuliferum

ppressed hemiepiphytic climbers stems usually Slimbing recs;wat
ouly covered with slender e, o v v Fons 3001500 m oy 5500
P. verrucosum L. Mathieu cx Schott
3b. Peioesslbrous s mon sl a et nt comicuouly saly;ualy hemicpiphye
oles s and o

g wipdod
Plants usully hemiepiphyic (% roni fequenty ereiial i sama habilat): ptols erete to

sublerete; spathe tube maroon 1o red or violel-purple within.
37- ~pnlhr ot at all constricted lbow the tube, the spathe wall usually to ca. 1 cm thick
ul blades v ve he

el o R e Bona: 11003600 rassispathum Croat & Grayum
37h. sp.m viibly castricw above the be {csept oy weakly TG et
). the wall usually less than 3 mm thick except af very basc; leaf blades not markedly
presdeediar focest Lpplomr e b tomb b
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38a. Primary lateral veins frequently 10 or more per side; spathe tube white 10 pale green
yilkin (ometines tinged red at very bus); Nicaagua to S v and 1o Veneuele:
K. Koch & Augustin
sab. Frmay | lnzul eine ussaly fever thn 10 pe side o 10 in o Spathe tube
red to red-v violel-purple throughout within.
etk el i i BRI B
P subincisum Schott

99b. Bladey wih the mangins enie nt of ol
T e e ....1 midribs lacking conspicuous

bt m.dw“‘ i pramary ol vetam tyeally 610
a. Blades with primary lateral veins typically 6-10 per -
kened and smooh; catuphylls unrbbed 1o
athe tube green or merely tinged reddish outside:

41b. Blades with primary late GeiallyS G persTiarprn i
drying darkbrown t0 gy y-brown with prominulous cro
aphylls sharply 2-ribbed; spathe twbe dark maroon outside; ovaries.
with about 30 axile ovules not contained in an envelope; endemic 1o
s Rt s s

40b. Fresh cataphylls green (purplish-spotted in P cdenudatum and P
ik pelwlu e el T ol

ol Hlulrs mnllly e than L8 times longer, then wide; petles 085
s lng as the blde: dried blades without secrtoryducts

ble on lover srace; Panama 110-1150 m P sdonudatun Cros
42b, Bhdes ‘mosly lew than 18 fimes onger than vid: ptoles 11, \
onge than the blade;dred blades ithsecrtory doctsclearly
vii Hz on the lower surface; Costa Rica to central Panama,
P grayumii it Croa

KEY 4: ViNEs wiTH CORDATE BLADES AND DECIDUOUS CATAPRYLLS

{Note: None ofthe specien i his grup have the. posterio i ofthe lef blade naked alon the s ¢
Gl S R e e H
wilburii, and P. hua
1a Intemodey elongue, wsually much longer than broad; plants usually vines or at least prominently scandent.
s wilh he poserir i colsce basal veie) ok nake (.., ot unning o the margn ofhe
Sa. Stems counely asperous, covered with branched sales r setose pubcacen. .
brown, covered with rchame-like, e e e
ery short; occurring usually in wet habitats; Nicaragua to Panama and ﬁ-p'm Amercn, 60

merica,
2801300 m P bt Scht
4b.  Blades ovate-cordate, thin; posterior lobes directed toward one another at maturity; sems
ereenish, covered with elongate setae; berries pale orange to red o reddish orange; usually
occuming in dry habitats; Mexico to Panama, the West Indies, and South America, 0~

150002500 w P, joequinii Schott
3b.Stems smooth, not covered with branched scales
SE pm....mﬂy faened dn_.m.n.uy it the lateral margin sometimes st ¥
¢ B miipesiaition Modison
S Eah R g minently flattencd dorsivent
Peduncies nually mich shorer than the spahe, ssually Jcon than 7,om bng o
o, drying 6-10 mm diam: ovales many (usoally 10-20) pe Tocul
7a. Leal blades namowly ovate-elliptic or lnmml.mpﬂne or mn-aul-r-hm-m
sualy 18 times or more langer than i e poseir b more than 3 cm lare
Lea bladen narrowly ovae-elipic psiriorobos about s brvd s o
irected towa < Simis = V-shaped: ovles ca. 20 per lculc
0-1000 m T P beedimesCros

iapas).
. ic to spathulate; ovules usual rloc
b, Leal &‘Zz"’“iﬁ’.ﬁ‘f’t’:ﬁ’.‘.‘.;“;.., ‘hgh:y- Tonger than wide (u:l‘; mp:o umt‘w
longer than wide in P hederaceum); posterior ib virtualy lacking of to at
Ouly S ding dark i brown, prominenly b, sully desely
o Ecusdorand Surnames GEOR00°000m
9 i ding o e ey ey s, gt yolovish ot
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100, s'm.. . dnig ycllowish brown, prominently ridged, smooth and
spathe tbe vilel-purpl utside; Cosa Ricufo Ecuader, 0
¢ Engl.

106, S dring Epnink vely i, mac Mttt
ide: Mo o Wes Tdhen widespecad in Sou Ameries
P hederaceun (Jacq) Schott
b Peduncles frequently as long as or longer than the spathe, sometimes more T
long, usually drying 3—4 mm diam.; ovules 1 or 2 per locule.
1a." Leaf blades lacking any obvious primary lateral veins; stems prominently sul-
gae-sibbed even when fresk; ovuls 1 per ocules SE Costa Rica lo cenral
700 > sulcicaule Croat
11b. Lal bl-dn vith cbvious prminy el veiy siamy $ool (o at o
promiently slesie-ibed Tongitudinally when ’mh), ka2
T e P e B0 clewelii C;

‘CORDATE VINES WITH DECIDUOUS CATAPHYLLS AND BLADES WITH NAKED POSTERIOR RIBS

2. Bl vith the posorior i naked an onin onthe marginof he
i Tile as 1 cm in P2 smithi
12a. Stems i
space between m inner surfac of th spthe aml he spdi, il i) e
style to ca. 5 mm long: Mexico to Panama, Cuba, and norther South America; 0-1500(2500)

us for usually 15 cm or more

> Joguink chon
12h. 1
ﬁm.., u.amy over 'pudxx B e
prominently and egulary slcae ibbed when frsh
T rade e a2 Img lackingobiousprimary  lateral veins; petsles 1021 cm
long: NE Cona Hic 1 It 00-700 m sulcicaule Croat

14b lades more than 26 m one o8 W i o i w’mn B
ore than 29 cm long; S Mexico to Guatemala; 700-1525 m Croat
13b. :wm R e e
. Blades mostly broadly ovate, usually more than 25 cm wide; posterior lobes usually

radly rounded, about s vide as lonk: nms  doing ligh r-ddmh brown vith flaking
e nicale Coa & Gryum
15b. Blades most

han 25 e wide (sometmes broader n P smihi) to Panama; \me m.
1oa. Blades sagiiate to hasat st base: poterior lobes 3-3 e lnger tan
pestrior b dirctd st towardthe ape.af he pos wdon alopleryd
tant from the posterior margin ..nuhl.kummmr.n.m.mm
P. mexicanum Eny

16b. Blades cordae hastate 13
lobes usually lm th 2 times, W than wide Ww‘ somctimes more than

2 times longer in 2. wilburi, and then blades drying reddish brown, not greenish
2 in . mex m\‘ e e e et
om fonthe poser

17a. c.upn,u. 2-ribbed; blades usually more than 35 cm long: petiole oftcn
vith  purple didal rin; pedancic wmall longe than Pl Mesien
P smithii Eng]
2 c--.phyu, e b el 2 ribbed); blades usually les than 36 em long;
peiles lacking o purple distal rins wumt;mmu = m.l

spathe (cxcept often longer in P: wilburii var. ) cenir
c‘: Rica to central Panama, 0-2000 m P wilburii Croat & Grayum

5!

CORDATE NON-VINES WITH DECIDUOUS CATAPHYLLS AND NON-NAKED POSTERIOR RIBS

1. ntenodes of maturo stms broader than long o sometimes somexbt onge than brod but ot loatc
ih scandent stems (pousibly smevbat o 7 oo plas mes) sy

rlnmbms hemicpiphytes.
e Peiole r.nm demsely covered with sales or D-shaped with undulae-vin

s terete, less than 1 cm diam., densely covered with conspicuous, spreading scale; bladcs

e Jong. U majovei o e Jower sfaon cemacly Pobenicot Penana o
1300 m P squoni tum Croat

19. Petioles sharply D-shaped or Sl ol il sl mace e
= lbrous: ldes much lamerthan brosds v oflover fce Sabroue; Panam (Co
P, fortunense Croat

argins.

m.um
18b. m.nl., ghb . teretc to mercly obtusely flattencd.
feror i maked along the sinun
21, Peduncle uaually lcs han 10 cm long,
lades less than 25 cm long, the adaxial surface drying dark brown to yellow-brown.
23a. Blades ovatc-triangular, 1.8-3 times longer than wide; posterior lobes 1.4-1.8
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times longse tha wide nfloeacence iy Panama (Chiiqu. 1750-2100 m
roat

23b. m..i.‘ o ovic, 131 tmes oot than vid: prtrioeobes s
horescences 2-3 per axl Panama (Chieqa. 1600 m
P. coloradense Croat
22b. Blades more than 35 cm long, the adaxial surface usually drying green to brownish
sh green 1o dark olive-green (sometimes dark brown in P: huanum or
P, smithii).
les on drying not markedly flattened, 8-15 mm diam., usually greenish to
darkbrown ew than 360 m lon th Caribbean coss in Cost Rics

romaticum Croat & Grayum
24b. Petioles on drying markedly flatiened, to 3-6 cm e yellowish; 700~
900 m, Coclé Province, Panama P zhuanum Croat

21b. Pedcle waually 10or soes cm lont
5. Lea blades with margins convex in lower % of blade.
26a. Stem drying light brown; epidermis ofien flaking; petioles spongiose, but drying
moderately smooth, flttening to ca. 1 cm wide; blades drying thin and lacking
onspics sty canals 40-1630 m oy lns then 600 ), Merico o
Nicaragu P smithii Engl.
26b. Stem d.y...; drk brow, cpdemis suca o cracked bt ot faing petils
firm, d ki, Ratening o 3-6 em wide blades drying cvia
coreswilh g ey gane 0500 ', P (Code)
P, zhuanum Croat
25b- Blaes with margin g o concave inloer 1 of blde; Cosa Rica nd Panana.
ng pale yellow-green, lacking any sign of secretory ducts on
" lower eutace ovalen 1 per Tocules Costn Rice, 13501400 m
P straminicaule Crost
27h. Leaf blades drying dark olive-green or dark brown, with secretory ducts visible
altemating with the minor veins on lower surface; ovules 4-3 per locule; near
sanian border, 1100-1950 m 3
200 Poserior e ot naked aon the sius, o weakly and obsurely raked ner it base.
lodes with posicrio abes tued inward nd avrlappin: peduncles lende,ding ca

" 24 mm diam.; 850-1560 m, Serrania de Pire, Darien Province, Panama. . 1 clwelliCrost
28, Blades it poserio obes neves ovelapping (aceptsometimnes in £ ferugineum), sl
directed backward or ssuall on drying.
290 Spathe barely or okt all consrcte nea the e e e the it
i poion o the spadix an conpieuusly (50%) boades than the
. pele por portion at ...n.m. Mexico to Guatemala, 70-2500 m P. adeena Schott

el staminate porton ofthe spadix narrower to only alightly broader than the i
Al portion t anbess.
30a. Inflorescences 1-3 per axil; spathes less than 11 cm long (except 9.5-18 cm
ong in P. brenesii).
Sla. Prinaryltera e mosly more than 8 pair;inor vens ad.ed;:;kc-
onu ‘uface lower blade surace = blu e 800-200m,
o Wi ik P s - nesii Standl
31b. Primary lateral veins 4-8 pairs (sometimes to ),
minor veins flat or raised on upper blade ,...qm e ke e
ium green to yellow-green, not bluish green; Mexico and Belize.
32a. Leaf blades ca. 16 times longer than wide: .m.h- 17 per locule.
35 Blades drying gray-gree belor ep it orules 1 per Tocule:
Belize, less than 500 m P: duoyeri Croat
33b. Blades drying dark yellow-brown below; sap clear, tuming
brown?; ovules 4-7 per locule; Panama, 1600 m
P coloradense Crost
32b. Leaf blades ca. 1.8-2 times longer than wide; ovules 2o men
20 per loules Mexico (Chiapas, 1300 m) o idesprad. Mesico 12
South America, 150-2700 m.
3a. Blnlirs = IE .l....zs longer than wide; inflorescence 1 per axil;
s 20 per eics (Chinpas). 1300m
34b. Blades 1.85-2 times longer than wide, inflorescences 1-3 per
ot Mesi (Veaeru) s Cooben 0-1600 m
P sagiuifolium Licben-

30b. Inflorescences 46 per axil; spathes 15-23 em long.
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35a. Cataphylls usually more than 25 cm long: blades usually more than 55 cm

long, drying coriaceous, reddish brown, with minute interrupted ridges

o with inerupied ridges on lower surface; Mexico (Chiapas), 450-140
P sousac

Philodendron advena Schott, Oesterr. Bot. Woch-
enbl. 5: 289. 1855. TYPE: Mexico. Exm lo-
cation uncertain, described from mate-
rial, Schott s.n. (lectotype, here dmg.mt L
900230 (89889152)). Figures 3740, 73.

Philodendron subovatum Schott, Osterr. Bot. Wochenbl. 5:
289. l&ﬁ TYPE: Wﬂum Mexico: a cultivated col-
lection prepared by Schott (holotype, W now
st myed). held Museum Photo 29864 (neotype, here
designated; dupllclk phmn at MO).

PhMHdmn monticola Matuda, Madrofio 10: 170. 1950,

Tiapen S
1600 Mm:::"l;l‘z;ml:ﬂ MEXL
i sjuesc (holotype, isotypes,
Phdadmdmnjamdpanu G. S. Bunting, Gentes Herb. 9:
336, fig. 242. 1965. TYPE: Mexico. Veracruz: Cos-
comatepec-Huatusco, Route 155 at Rié Jamapa,
Moore & Bunting 8872 (holotype, BH).
Terrestrial, epilthic, o hemiepiphytic; stem
pressed-climbing, to 2 m long, sap brownish or-
ange; internodes weakly glossy, 24 cm long, 1.5-
25(5.5) cm diam., longer than broad, sometimes
obtusely flattened on one side, medium green to
gray-green, drying brown to yellow-brown, epi-
dermis smooth to closely fissured; roots few per
node, drying dark brown to yellow-brown, epi-
dermis _sometimes flaking; cataphylls subcoria-
ceous, 7.745 cm long, sharply D-shaped to sharp-
ly 2-ribbed, rarely weakly 2-ribbed, light green to
whitish, tinged reddish, generally deciduous intact,
weakly emarginate at apex, margins clear. LEAVES
ercct-spreading to spreading with blades pendent;
petioles 30-45(65) cm long, 7-18 mm diam.,
erect-spreading, subterete to D-shaped, somewhat
Spongy to moderately firm, obtusely flattened adax-
ially, sheath 3-11 cm long; blades ovate-cordate to
sagittate, subcnmnews. moderately bicolorous,
sradually nate at apex, cordate at base,
(32)41—47(64) cm long, 16.5-40 cm wide (1.2-2.5
times longer than wide; 1-1.5 times longer than
Petioles), margins hys upper surface dark
green, drying dark brown to blackened, sometimes
Yellow-green, lower surface slightly more glossy,
paler, drying yellow-brown to reddish brown, some-
times greenish brown; anterior lobe 20.5-53 cm
long, 12-40 cm wide (3.4-3.8 times longer than
Posterior lobes); posterior lobes rounded, 6-14(20)
cm long, 5.4-15(20) cm wide, directed toward base;
sinus + parabolic to V-shaped or spathulate, 8-15

cum Croat

, brown to olive-green, or minutely ridged but

Croat

em deep; midrib broadly convex to flat, slightly pal-
er than surface above, convex and slightly paler
below; basal veins 3-6 per side, with 0-1(2) free
to base, coalesced (0.4)1.3-4(8.5) cm; posterior rib
not naked or obscurely naked to 1 cm at base; pri-

at a (45)50-60(B0)° angle, straight or weakly ar-
custe to the margins, flat to sunken and paler than
surface above, convex below; minor veins weakly

R el R g G T the
midrib_and eral veins. INFLORES-
CENCES spreading-pendent, 1-2(4) per axil; pe-
duncle 5-135017) em long, 7-11 mm diam.;
spathe coriaceous, (6.5)12-19 cm long ((0.7)1.4—
2.4 times longer than peduncle), weakly or not at
all constricted above the tube, acuminate, usually
greenish throughout, broadest at or below the mid-
dle; spathe blade greenish white outside, spathe red
to maroon or greenish white, glossy inside; spathe
tube sometimes reddish outside, 5-8 cm long,
25-3.5(5) cm diam., red to maroon or dark vio-
let-purple, pale-lineate, glossy inside; spadix stip-
itate to 4 mm long; clavate o cylindrical, bluntly
pointed at apex, 11.5-14 cm long, broadest at the
middle or * uniform throughout; pistillate portion
3369 cm long, 1.2-2.7 mm diam. at middle, nar-
rowed somewha at both ends; staminate portion 5
92 cm long; fertle staminate portion tapered to
cylindrical or clavate, usually longer than pistillate
portion, 11-14 mm diam. at base, 8-15 mm diam.
at middle, 57 mm diam. ca. 1 em from apex,
broadest below middle, equal in length to pistllate
portion, narrower than pistillate and sterile por-
tions; sterile staminate portion, 11-30 mm diam.,
usually broader than pistillate portion at anthesis;
pistils 1.7-8.5 mm long, 1.3-2.9 mm diam., ovary
(5)6-8-locular, with basal to sub-basal placenta-
tion; ovules 14 per locule, amanged digitately in
translucent ovule sac, 0.2-0.6(1.5) mm long, equal
in length to funicle; funicle adnate to lower part of
patition, style 0.9-3 mm long, similar to style type
B style apex flat; isioms discoid to subdiscoid; the-
cae cylindrical ical, 0.5 mm wide, contig-
soas, INFRUCTESCENCE with spathe green out-
side, dark purple-violet inside, 11.5-14 cm long;
berries white to yellowish; sceds 1(3-4) per locule,
oblong-ellipsoid, sometimes obovoid, 1.7-2.2 mm
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long, th clear longitudinal  with up to three more or less basal ovules (or they

and faint latitudinal striations and speckled with
shiny, silver raphide cells; funicular scar knob-like,
clear, thicker than the seed body.

specimens of Philodendron advena have
been collected in_post-anthesis. condition virtually
throughout the entireyear. Mature fruits have been
collected less consistently with July and August the
only consecutive months without fuits reported.

Philodendron advena ranges from Central Mexi-
co (Veracruz) along the Atlantic slope to Chiapas
and then along both the Pacific and Atlantic slopes
to southern Guatemala (Santa Rosa and Chiquimula
Departments). It oceurs at 70 to 2500 (mostly above
1000) m elevation in a wide variety of vegetation
types, including “Selva Alta Perennifolia,” “Bosque
Caducifolia,” “Selva Mediana Subperennifolia,”

“Bosque Caducifolia.”

Philodendron advena is a member of Philoden-
dron sect. Calostigma subsect. Macrobelium ser.
Macrobelium. The specics is distinguished by in-
temodes longer than broad, its two-ribbed, gener-
ally deciduous cataphylls, terete to obtusely fat-

ned, somewhat spongy petioles (about as long as
the blades), and by its generally coriaceous, ovate-
cordate, usually dark brown to blackened-dried to
somewhat sagittate-lobed blades with rounded
Iobes with usually four to six primary lateral veins,
and usually one to two green inflorescences with
the inner surface reddish to purplish.

Material from the Pacific slope in Chiapas State,
Mexico, and in adjacent Guatemala often dries
somewhat more greenish. This was described by
M.u..l. as P monticola Matuda. Considering the

ariability in the species, that taxon is not war-
iy Thwgh not closely related to P. purulhense
Croat, P. advena is perhaps most casily confused
with that species, because both may have similar
ovate, black-drying leaves. Philodendron purul-
hense differs from P. advena in its persistent cata-
phylls, a more or less elliptic spathe scarcely con-
stricted above the tube, and ovaries with axile
placentation and 13-20 ovules per locule.

Philodendron advena is probably most closely
related to the equally ecologically versatile P. sag-
ittifolium, which occurs throughout much of its
range. Philodendron sagittifolium is distinguished
by having usually longer, more prominently sagit-
tate blades (averaging 1.5-3 times longer than
broad), which dry typically reddish brown rather
than blackened. In contrast, P: advena has blades
averaging L5 times longer than broad (ranging from
13 10 1.8 times longer). Both P. adsena and P
sagittifolium have five to eight locules per pistil

have the funicle adnate to the lower part of the
axillary wall but extending down to the base).

Two Oaxaca collections are noteworthy. Moore &
Bunting 891 from above Valle Nacional in the
Serrania de Juarez of Oaxaca dried greenish brown
on the lower surface and gray-brown above. Also
unusual is Moore & Bunting 8919 (collected near
8891), which dried reddish brown. This collection
was discussed as possibly distinct by Bunting
(1965). Aside from the color of the blades upon
drying, there is nothing clse out of the ordinary with
the collection (see fig. 235 in Bunting, 1965).

Addional sprimens xamined. A Al
Verspes:near Chiracté,on the Pt umu-.y, oo

m..dmom o

(W San
cmbe, sbove M, . 1800 m. 35725 vn 85561 (F):
between Finca Pirineos and Finca Patzulin, 1200-1400

L Drien Jusrez, near SE portion
2000-3000 m, 36407 (F): Vivin e
1400-1700 m, 37391 (F); ca. 3.3 mi. above Finca Ar
‘menia, abave San Rafael, 1600 m, Croat 40963 (MO, NY):
S et i Consa oo Cosie e Aldea Fra-

temidad, 1 Williams et al. 26014 (F, NY)-
Santa Rosa: Cenaguila, 4000 f- Heyde & Lux €231 G,
Y, US) hclpn ‘summit of Sierra de las Minas, ic.

Fines Alcandi. 2500 m, e
Lim de las Min: belulr rmc- Alejandria,
X ontebello,

n. 30025 (). MEXICO. Chiapas:

tahuacén, vie. km 99, 1707
Croat & Hannon 65163 (MEXU, MOY: 8 mi. NW um-tr
Nuevo sol.n.hu.em 1000-1950 m, Croat 46429

Chaue—Bonampak, 8990 mi. SW o Palenque,
e e Eetvinia, 1800
s Matade 19428 (MEXU, NYY: Cacada, Stipes, 1800
. 19645 (MEXU). o Pl S i de Chis
pas, 1800 m, 37585 (MEXU), Cerro Brujo, Ocasozoutle
de Espinosa, MacDougall 415 mrxvy o 6 mi, SW

Motcinila de Menda, m, Croat 47246 0%
26-30 mi. N of Motcsinla de Mendora, 9545 mi. S

Siltepec, 1000-1300 m, 47462 (MO): Ojo de Agua. o
conusco, Nakamura 38 (DS San Femando-Moravillss
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4-66 mi. NW of San Femando, 840-940 m, 16°53'N,

16V, Grat & Hamnon 65005 (B, MEXU, MO, USK
Ypio. Angel Albino Carao, sbove Fra Cuepecy

73 (DS); Mpio. Berri 3 km N of

B, 500 m, 35438 (D9 16 o NV of R e

o loou m. Bredioe & Smith 31382 (OS): Mpis. Ocos-

a Ocotal Grande, 3300 f., Breedlove 15683 (F,

mcm ol Rayén, Selua Negrs. 10 ki abone Raytn

Jon o ol 700 m. 23291 (U5

mp.o, Ui et ot Trant, above i quian, 2200

. Bdloe & Aimeda 47712 (CAS), Mpio Vil Coro,

of Cerro Tres Picos, near Cerro Bola, 1500 m,

TN, OIS, Brevdie & Thoe 30195 (©3). 0s-

Sace: Sems de Judre, Highway 175, 6-14 i, from

bridge at Valle Nacional, ca. 580 m, Moore & Bunting

8091 (BH) Vita Hermos, 17.0 mi. from brdge at Valle.

Nacional on road to Oaxaca, 8919 (BHY; 660 m, Croat
78721 (CHIP, MO); 4.3-6 mi. above bridge at Vi

e Na-

, 705 m, 1744'N, 96°19'W, Croat & Hannon 65549
(M, MEXU, MO, NY, US): 14 mi. W of Valle Nacional,
1210 m, Croat 39783 (MEXU, MO), 3979 (MO); 21.5
mi. sbove Vlle Nacional, 1660-1670 m, 43108 (MO
Teoitan del Camino—Chilchotl, 2.2 mi. beyond tumoff

Byl o o 3545 (MO} Tabasco: Teapa-Tac-

Irugal,
SESVW, Hamnel & Morelo 15519 (MO, NY); Rio Puy-
stengo, Sierra Madrigal, 7 km E. of Teapa, trail from
Cor Regon del Sureu of Univemsidad Autonoma

Chapingo, 300 m 183N, W, :«huk et al. 1178
(40), Voracrax. Veronus-Oux 50, m,
XTSI BAB3W, Hammel & Meelo 13563 (MO

San Jose de Gracia, 1 mi. S of hwy. between Cordoba and
Veracruz, 750 m, Croat 39618 (MO) Cvne,wHuAluuo‘ o
km 45, barranca de Santa Maria, across b

enda EI Mirador, Moore & Bunting 8856 uau)‘ a. 1200
i Crot 44013 (MO, Mendoza_iaba, Sicra S Crio
t6bal, Highway 150D, ca. 3 km SW of Orizaba, 1260-
1400 m, Croat 39549 (CM, MEXU, MOY; Fortin-Huatusco,
Highway 125, 300 Croat & Hannon

0,

EN); Acajete, 17
HaOln 3115 (WIS); Mpm Concontzintle, 1300 m. Chizaro
953 @ Mo K, R I, El Agricuie
P, 500 m, Chaiaro & Chtzao 40683
MO, WIS}, Mpio. J.l.p. 8 km NW of Consolapan, |
m, ca. 1930'N, 96°50'W, Nee 20683 (MO, NY); (o
€xpan, 1470 m, Young 35 (F, MO); Mpio. Tanelheayccan
Baranca del Pixquisc, Rancho Viejo-Ya Vega, 1650 m,
Qe & Ranarila 3895 (MO, WISy Mo, Yecua
uez,
i, 001600 m 147 N: 0649 W Taylnv'lwl
147 o, N

Philodendron albisuccus Croat, sp. nov. TYPE:
Panama. Darién: Parque Nacional del Darién,
middle slopes on W side of Cerro Pirre, 800~
1500 m, 7°56'N, 77°45'W, 29 June 1968,
Croat 63940 (holotype, MO-3589989; isoty-
pes, B, COL, K, PMA, US). Figures 41-43.

Planta hemiepiphytica; intemodia 2-3 cm longa, 2.8

anguste ovata, cordata bas
lata;, inflorescentia 1; pedunculus (3.7)7-12 cm longus;
spatha 13. sus em longa, extus viridis, intus pallide
Aavivirdis: Tocularia; locules. cum 18-20
o e X

Hemiepiphytic; stem * appressed-climbing, to
75 cm long, to 2.8 cm diam., sap chalky white;
intemodes short, usually sparsely covered with cat-
aphyll fibers, 2-3 cm long, 2.8 cm diam., dark
green; roots brownish, few per node, epidermis
smooth to flaking and pecling; cataphylls thin, to
40 cm long, weakly 1-ribbed to sharply 2-ribbed,
sparsely short-lineate, persisting as thin, pale fibers
at upper nodes, then dccldumu. petioles 51-72
om long, 3-7 mm diam., ercct-spreading, subterete,
dark green, weakly MR e s i
dle, obtusely sulcate at the base adaxially, surface
semiglossy; blades narrow ovate, subcoriaceous,
splitting, long-acuminate at apex (the acumen in-
rolled), cordate at base, 50-66 cm long, 24.5-42
em wide (1.6-2 times longer than wide), (ca. about
equal in length to petiole), broadest just below
point of petiole attachment, upper surface dark
green, semiglossy, lower surface semiglossy, mod-
erately paler, drying yellow-green; anterior lobe
37-48(54.5) cm long, 23.1-27.4(42.4) cm wide
(8244 times longer than posterior lobes);
posterior lobes 8.5-115(16.5) cm long, 9.7~
12(18.5) cm wide; sinus hippocrepiform; midsil
fat, concolorous above, bluntly acute, slightly paler
than surface below; basal veins 3-5 per side, with
1 free to base, third and higher order veins coa-
lesced 0.5-2 cm long, the fith and sixth veins
sometimes coalesced to 5 cm long; posterior rib na-
ked, raised; primary lateral veins (4)6-7(8) per
side, departing midrib at a 60-65° angle, sunken
above, raised to convex below; interprimary veins
darker than surface; minor veins arising from both
the midrib and primary lateral veins; lesser veins
obscure to visible. INFLORESCENCES 1 per axi
peduncle (3.7)7-12 cm long, 3-3.5 mm diam., pale
pathe semiglossy, 13.5-14.5 cm long (1.2~
1.8 times longer than peduncle), weakly constricted
above the tube, green throughout, pale yel-
low-green (greenish brown post-anthesis) within;
spathe tube densely short pale lineate outside, 5~
7 cm long; spadix 12 cm long at anthesis; pistillate
portion 4.3 cm long in front, 3 cm long in back, 8
mm diam. midway, 7 mm diam. at apex; staminate
portion to 10 em long; fertile staminate portion to
9 mm diam. toward apex, somewhat narrower just
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above the sterile portion, to 5 mm diam. 1 cm from
apex; sterile staminate portion 9 mm diam.; pistils
3 mm long, 1.8-2.5 mm diam., ovary 5-6-loc-
ular, with axile placentation; ovules 2-seriate, style
similar to style type B; style apex flat; stigma sub-
discoid. INFRUCTESCENCE 6.4 cm long, 3 cm
diam; berries white; sceds 18-20 per locule.

Flowering in Philodendron albisuccus is poorly
known with a flowering collection seen in October,
immature fruits in June, and nearly mature fruits
in July.

Philodendron albisuccus is endemic to Panama,
known only from the Serranfa de Pirre in Darién
Provinee, at 800 to 1400 m clevation in Premon-
tane rain forest.

Philodendron albisuccus is a member of Philo-
dendron scct. Philodendron subsect. Cardiobelium
sex. Albisuccosa. The species is characterized by its
short intemodes; thin, obscurely one-ribbed cata-
phylls, which persist at the upper nodes as thin,

fibers; sublerete petioles (about as long as the
blades); the narrowly ovate, moderately cordate
blades with a hippocrepiform sinus; and especially
by the sap in all the cut plant parts, which promptly
tums white and chalky upon exposure to air. Only
one other species in Panama, P. cretosum Croat &
Grayum, has chalky sap. Though both species have
chalky sap (a rare feature for Philodendron) and
18-20 ovules per locule, I do not believe them to
be closely related as they show no other features in
common. Philodendron cretosum differs most par-
ticularly in having slender oblong-lancealate blades
that are 5.1-8.3 times longer than wide (vs. 1.6-2
times longer than wide for P. albisuccus). Philoden-
dron_albisuccus also has the much longer petioles
(51~72 cm long vs. 10-23 cm long for P. cretosum),
more broadly spreading primary lateral veins (60-
65° vs. 25-45" angle for P. cretosum). In addition,
P. albisuccus has minor veins more distinct than
those of P. cretosum,

The species is superficially similar to P. alticola
Croat and P. straminicaule Croat & Grayum, both
of which have blades of similar size, shape, and
color upon drying. Both differ by having the inner
surface of the spathe red rather than green.

diional secimens cxamined. PANAMA. Darién:
km S of Garachiné, 600-800 m,
it . Hommel ot al. 14820 (WO, US): Cerro Pime re.
Fion, Altos de Nique—C
3 Niue ca. 8 o W of Cae
. Croat 7851 WO, m«» Rio Cana-Rio Excucha Rui-
do, along ascent of Serranfa de Pimre above Cana Gol
Wine, 151021430 m. 37830 (MO, US}; Rio Cana, SW
Cemmo Pirre, vic. o old gold mine o Cana, 1400 m, 27319
(MOY. Parue Nacional Darién, sopes”of Cero. el
headwatcr of S branch of Rio Pucur, ca. 22 Jan F.of

o EF

Pucuro, 1300-1400 m, 8°04'30'N, TT14'W, Cuadros et
al. 3961 (MO).

3.5 mi. W of Cerro Punta, 2 km inside park
along old abandoned roads and trails, 800 m,
853N, 82°35'W, 28 Mar. 1993, Croat 74906
(holotype, MO—4343624-5; isotypes, B, CR, F,
K, PMA, US). Figures 45-48.

Planta =plphyhe' aut numpiph ...nmd,. s
2410 cm longa, . de fav-
T Bl s ceilh e
incostata, in sicco pal
70 cm longus, 7-10 mm diam.
72 om longa, 21-44 cm lata, sagittata basi, -
e upr, n.v.h.\...m v, nforescnta -2 pecn-
culus spatha 1! 4{)81 cm Innp,
viridis; P‘mll. m»om lor-ul-m lmh 12-18-ovulat

Epiphytic or ).emlrplphyhc‘ stemappressed-
green, promptly gray-
g S B A
(1.5-2)4-10 cm long, 24 cm diam., drying pale
yellow-brown, epidermis sometimes loosening and
flaking free in small patches; cataphylls sharply
D-shaped with weakly raised margins, pale green.
weakly glossy, drying thin, to 28 cm long, unribbed,
drying pale brown, deciduous at lower nodes, per-
sisting semi-intact at upper nodes with a few ex-
posed pale fibers, in part persisting as pale fibers
at lower nodes with a few pale fibers and small,
thin fragments of pale brown epidermis. LEAVES
erect-spreading to spreading; petioles 42-70 cm
long, 7-10 mm diam., subterete, medium green,
weakly glossy, faintly lincate, obtusely flattened
adaxially, weakly spongy, drying greenish to black-
ened, slightly flatiened toward the apex adaxially,
surface drying * matte, sometimes with portions of
epidermis loose and bubbled, tan and translucent;
shznhmg subtending an inflorescence, to 6 cm
long; bladen narrowly ovate-sagittate, subcoris-
ceous 1o moderately coriaceous, semiglossy,
what bicolorous, weakly and shortly acuminate at
apex, sagittate at base, 44-72 cm long, 2144 cm
wide (1.6-2 times longer than wide), (about as long
as petioles), broadest somewhat above point of pel-
iole attachment, upper surface dark green, matte
drying brown to greenish brown and almost matte,
lower surface moderately paler and weakly glossy
drying yellow-brown; anterior lobe 34-35.5
long, margins convex; posterior lobes 13-26 cm
long, 11-17 em wide, directed downward; sinus ob-
ovate, 10-19 cm deep; midrib speckled, .l-d\dy
paler, drying broadly convex, concolorous
narrowly rounded, slightly paler, drying prominent
Iy convex, often flat and irregularly ridged, yellﬂ"
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ish brown below; basal veins 5-6 per side, with the
first free to base, the sccond coalesced 1-5 cm,
third and higher order veins coalesced 4-7.5 cm
long; posterior rib naked for 1-3 em; primary lat-
eral veins 5-8 per side, those near end of blade
departing midrib at a 50-65° angle, those in the
lower one-half of blade departing at 80-95° angle,
broadly curved to the margins, obtusely sunken and
slightly paler, drying weakly raised above, convex
‘and paler than surface, splayed out and downtumed
at the midrib, drying weakly raised below; inter-
primary veins inconspicuous; minor veins moder-
ately distinet, fine, arising from both the midrib and
primary lateral veins, drying prominulous, altemat-
ing with secretory canals appearing as intermittent
lines, sometimes branched, blackened and minute-
Iy sunken. INFLORESCENCES ereet, 1-2 per axil;
peduncle % terete, coarsely striate (coarser on
spathe and base of tube, pale short-lincate other-
wise), weaker toward apex, 5-12 cm long, drying
7-10 mm diam., pale green, drying dark brown;
spathe coriaceous, 11.5-14(18) cm long, scarcely
or not at all constricted midway, green to yellowish
inate; spathe blade dark
brown and un-
marked, smooth outside, pale greenish white to
white on upper two-thirds of blade inside; spathe
tube 2.8-4 cm long, 2-3 cm diam., red to red-violet
1o purplish on lower one-third of tube inside; spa-
dix 9-14 em long; pistillate portion pale green,
0812 cm long, 1-1.5 cm diam. throughout; sta-
minate portion 8-12.5 em long; fertile staminate
portion creamy white, stubby, evenly and bluntly
tapered to apex, 1.5-2 cm diam. throughout, broad-
est at the base, much broader than the pistillate

m., ovary (45—
N7Hoeulnr, with axile plmmmu ovules 12-18
per locule, 2-seriate, weakly translucent, 0.4-0.5
mm long, longer than fuicle; funicle 0.1-0.2 mm
long, adnate to lower part of partition, style similar
tostyle type ntral style dome sometimes weak-
ly developed; dried style base raised but flattened
apically with a narrow, pale ring around its outer
margin; stylar canals emerging as tiny funnels at

of small apical depressions and arranged sep-
arately in a ring, drying as minute funncls extend-
ing above the surface of the style boss; style apex
weakly concave; central domes and small depres-
sions surrounding stylar canal exits; stigma cover-
ing entirc style apex; androecium truncate, oblong
Prismatic, margins irregularly 4-5-sided or 4-6-
sided, 0.9-1 um long; thecae + oblong, ca. 0.3

ide; sterile staminate flowers in part prismat-
ic, in part weakly clavate or irregularly 4-6-sided,

12-1.8 mm wide. INFRUCTESCENCE in early
fruit to 14 cm long; spathe becoming dark brown
with paler lines in tube; berries white with dried
style bases ca. 2 mm long, brown, with & narrow
smooth ring around its margin; seeds tan, ovoid,
weakly mammiliform, 1.4-1.8 mm long, 1-1.2 mm
diam.

Flowering in Philodendron alticola is document-
ed by just a few collections and might be bimodal.
Specimens in Panama were collected both in bud
and immature fruit in February (nearly mid-dry
scason in Panama), but post-anthesis collections
were also made in August and September. No ma-
ture fruits were seen. The region where P. alticola
occurs is decidedly less seasonal (at least in terms
of totally rainless days) than is much of the rest of
Panama. This might induce a lcss seasonal flow-
ering in Philodendron.

Philodendron alticola is known only from castern
Costa Rica and western Panama in the region ad-
jacent to the frontier at 800 to 2500 m elevation in
Tropical Lower Montane wet forest or possibly Trop-
ical Lower Montane rain forest. It is one of the most
high-ranging species of Philodendron subg. Philo-
dendron Schatt in Central America, hence the name
“alticola” (meaning high-dweller).

Philodendron alticola is a member of P. sect.
Philodendron subscct. Philodendron ser. Fibrosa.
In addition to the high elevations at which it occurs,
the species is characterized by having the inter-
nodes longer than broad and drying yellowish
brown and finely ribbed; by its subterete petioles
about twice as long as the blades, drying darkened
and sometimes with bubbly epidermis; the ovate-
sagittate blades, which dry mostly dark brown
above and yellowish green below with conspicuous
blackened, intermupted and sometimes branched
secretory ducts; and by the usually paired, short-
pedunculate inflorescences with the spathe scarcely
constricted above the tube, green outside, white in-
side on the blade and red to purple on the tube
within, The species is most similar to P. stramini-
caule, which is also subscandent and has similarly
colored blades. That species differs in lacking
prominent intermittent laticifers and the fertile sta-
minate portion of the spadix constricted above the
sterile portion; the sterile staminate portion of the
spadix only slightly thicker than the pistilate por-
tion; and a doughnut-shaped style with the style
tubes in the bottom of a concavity upon drying. In
addition, it has only 1 ovule per locule (vs. 12-18
per locule for P. alticola). In contrast, P. alticola
has conspicuous laticifers, the staminate spadix
scarcely or not at all constricted above the sterile
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poction, e the el potion o the spacie uch somewhat spongy, dark green, weakly lattened to-

an the sterile staminate portion. The dried
Syl el P sk s s i st
tubular-extensioned stylar pores.

The species is also similar to P schottianum H.
Wendl. ex Schott, which also shares the conspicu-
ous latex canals on the lower blade surface and a
similarly stubby spadix, but that species differs in
having shorter intemnodes, cataphylls that persist as
a dense mass of fibers (vs. semi-intact or as only a
few pale fibers interspersed with small fragments of
epidermis in P. alicola), by its petioles, which dry
smoother and more matte, and by its more broadly
ovate blades, which often have conspicuous cross-
veins.

Additional specimens examined. COSTA' RICA. Li-

8257'W, Davidse e al. 28735 (CR, MO) S side of un:
named cordillera between Rio Terbi and Rio Sinf, 2-4
sisline ko of Coua Rican-Panamanian border, 2300-
. 911N, 82°57- et al. 28931
mo; PANAMA. Chiriqui.vic. of La Nubes, 2.7, NW
of Rio Chiriqui Viejo, W of Cerro Punta, 2200 m, Licsner
323 (MO, US), 325 (MO, LS), Cermo Punta, Las Nubes,
m, Croat 26492 (MO)

Philodendron Croat & Grayum,
sp. nov. TYPE: Costa Rica. Heredia: Estacion
Bioldgica La Selva, confluence of Rfo Sarapi-
qui and Rfo Puerto Vicjo, 10°26'N, 84°01',
50-80 m, Grayum & Chavarrta 8302 (holo-

type, MO). Figures 49-52, 74.

Planta hemiepiphyticas intem
153

ia 3-6(15) cm longa,
m diam.; cataphylla 12-33 cm longa, acute 2-cos-
tata; petiolus subleres, 17-54 cm longus, 5-10 mm diam.;
lamina profunde 3lobata, 30-48 cm longa, 20-48

nigal entia 1-3; pe-
dunculus (85991115 cm Iongus; spathn (11)13-18 om

nga. lumina spethae €xtus niedum sufoa aibe tabo
spathac pallide virdi, extus interdum suffusa
basi; pistilla 7-10-locularia; loculi (1)2-ovulati

Hemiepiphytic; stem appressed-climbing, grow-
ing 10 25-6 m high in trees; intemodes matte to
weakly glossy, 3-6(15) em long, 1.5-3 em diam.,
dark green, drying gray (within 4-6 intemnodes),
epidermis drying light brown, semiglossy, often
peeling (underlying stem blackened), fissured
transversely, longitudinally ridged; cataphylls soft
sl e g long, bluntly to
sharply 2-ribbed or sharply 1-ribbed to near the
apex then 2-ribbed below, green, sometimes tinged
red, deciduous, persisting deciduous, intact; peti-
oles 17-54 cm long, 5-10 mm diam., subterete,

ward apex with an obscure medial rib adaxially,
with adaxial margins rounded to weakly angular,
surface weakly glossy, drying blackened; sheathing
3-9 cm long; blades deeply 3-lobed, subeoria-
ceous, moderately to conspicuously bicolorous, 30
48 cm long, 2048 cm wide (1-1.5 times longer
than wide), (0.8-1.8 times longer than petioles), up-
per surface dark green, drying dark gray to dark
brown, semiglossy, lower surface drying dark yel-
low-brown to dark gray-brown, weakly glossy, mod-
erately paler; anterior lobe 28-39 cm long, 8.5
14(17) cm wide (1.8-1.9 times longer than lateral
lobes), rarely broadest at the base, usually nar-
rowed toward the base (4-12 em wide just above
the base); sinus arcuate to broadly V-shaped; lat-
eral lobes (7.5)15-22(27) em long, 3-8(12) cm
wide, broadest usually toward the apex, directed
outward, broadly spreading (90-127° angle), broad-
Iy confluent with medial lobe 3.3-6.5 (zarely to 19)
em, acute; midrib broadly convex to flat-sunken
above, convex, slightly paler than surface, drying
blackened below; basal veins 8-10 per side, pin-
nately arranged along a stout medial rib; posterior
rib not at all naked or rarely naked for 1-1.5 cm;
primary lateral veins 5-6 per side (45-75" angle
on median lobe), gradually curved to the margins,
mum.. above, convesx, drying blackened below; in-
ins weakly raised and darker than sur-
nor veins distinet, darker than sur
face below, arising from both the midrib and
primary lateral veins. INFLORESCENCES 1-3 per
axil; peduncle (4.5)9-11(15) cm long; spathe
(11)13-18 cm long, 8-10 mm diam. (1.4-1.624)
times longer than peduncles), greenish white out-
side, greenish white to white within; spathe opening
broadly at anthesis, convolute in only lower one-
half of tube, barely or not at all constricted above
the tube; spathe Hlsdeomeiacs npd white out
side; spathe tube light gree ime:
roon at base outside; spadix held gt
ek el oblong to oblong:tapered, roun
to bluntly acute at apex, (9.5)11-15.5 cm long.
broadest near the middle, constricted weakly above
Sterile staminate portion; pistillate portion pale
green, oblong to oblong-tapered, 4.5-5.7 cm long:
8-10 mm diam. at apex, 8-12 mm diam. at middle.
(5)11-13 mm wide at base; staminate portion 8-11
om long; fertile staminate portion oblong-tapered:
8-13 mm diam. at base, (6)12-13 mm diam. a!
middle, 8-9 mm diam. ca. 1 em from apex, usuly
broader than the pistillate portion; sterile staminate
portion ca. 1 cm diam.; pistils 1.5-3 mm long, 1.1~
1.8 mm diam., ovary 7-10-locular, «m)ll o
diam., with sub-basal placentation; ovules 1(2)
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locule, contained within transparent ovule sac, 0.6
‘mm long, usually shorter than funicle, style similar
to style type B; style apex rounded; stigma button-
like, subdiscoid, 1 mm diam., 0.2-0.4 mm high,
covering center of style apex; thecae oblong to ob-
long-ovate, contiguous, sometimes divaricate. JU-
VENILE plants with petioles 8-10 cm long; blades
dhloﬂg,, rounded to weakly subcordate.

Flowering in Philodendronangustilobum has
B ety b gl
the mid-wet season, including Februrary, March,
May (the greatest number), and August, but too few
collections exist to be certain of phenology.

n angustilobum ranges from Hondu-
ras (Olancho) to Panama, apparently being restrict-
ed to the Atlantic slope from Honduras to Costa
Rica and ranging from near sea level to 680 m
elevation. In Panama it has been collected on both
slopes near the Continental Divide from 800 to
1430 m elevation, but a juvenile collection from
near sea level in the Canal Area is probably also
this species. It is known from Tropical wet forest
and Premontane wet forest life zones.

Philodendron angustilobum is apparently a
member of P sect. Tritomophyllum [though M. Gra-
yum (pers. comm.) believes it is closest to P. ligu-
latum, a wember of P. sect. Calostigma subsect.
Glossophyllum ser. Glossophyllum). This species is
characterized by its moderately long internodes,
spongy petioles, and 3-lobed blades, which dry
blackened with broadly spreading lateral lobes that
are much narrower and shorter than the medial
lobes. It is supeficially similar to P mexicanum
Engl., which has sagittate blades that dry green to
brown and occurs typically in much drier habitats.

‘The sole Honduran collection might prove to rep-
resent another species or perhaps cven a hybrid. It
differs from material collected from Nicaragua,
Costa Rica, and Panama in having the medial lobe
broader, more tri , and not at all constricted
at the base.

Two_collections (Croat & Grayum 59933 and
Croat 67616) from the same plant from southwest-
em Costa Rica near Goliito differ in having the
posterior lobes less narrowed; they may prove to
Tepresent another species.

Additional specimens examined. COSTA RICA. Car-
e cmz e Qusbrads Moling, SE of Florence do
W, Grayum 3877

ma dpeadoca oa Mol
10)

S 2960 (MO):
AN, 150N, 37250 (MO e
Tkm NW d(klﬁlo, T0km SW of Interamerican Highw

00 m, 811"

83'12'W, Croat & Grayum 59933 (CR,

B e
o Dt slon Rio Grnde,350-400 m

N B 64522 (CAS, CR,

EAP, HNMN, K, MO, PMA, US) NICARAGUA. Zelaya:

140 m, Neill 4024 (MO).

Fort <25

Felix, 1330 m, Croat 48439 (M), 2
er Rlo Sen Feli, 1430-1500 m 48485 (40), 800
1000 m, 33160 (MO). Gualaca-Chiriqui Grande,

Panami: Cerro Campana, sbove Su Lin Motcl, 14759
(MO, NY, SCZ).

ndron anisotomum Schott, Ocsterr. Bot.
Z. 8: 179, 1858. Philodendron fenclii Schott
var. anisotomum (Schott) Engl., in A. DC. &
C. DC., Monogr. Phan. 2: 412. 1879. TYPE:
Guatemala. Las Nubes, Wendland 321 (lecto-
type, here designated, GOET). Figures 44, 53—
56, 75.

Philodendron Hemsl., Diagn. P1. Nov. Mexic.: 37.
1879, TYPE: Guatemala. Barranca Honda, Voleén

and
Ocrsted s.n. (holotype, destroyed). Schat ic. 2592
(neotype, here designated).

Philodendron trisectum Standl., Publ. Field. Mus. Nat.
Hist, Bov. Ser. 18: 137. 1937. TYPE: Costa Rica.

a de San Ramén, 1050 m, Brencs

5762 (holotype. F).

Usually a hemlrplphync vine or sometime
rocks; stem ing, green as juv:mlg,
graying il maturity, minutely and densely striate,

‘watery, unscented, leaf scars conspicuous, 8-
10 mm long, 7-9 mm wide; intemodes smooth, se-
miglossy, to 2.5 cm long, 4-10 mm diam., usually
longer than broad, medium green to olive-green,
epidermis thin, tan, peeling; roots olive green,
smooth, few per node; cataphylls thin, semispongy,
to 10 cm long, unribbed, bluntly or sharply
L-ribbed, green, drying pale yellow-green, decidu-
ous. LEAVES erect to spreading, petioles 21-57
cm long, (23-9 mm diam., terete, moderately
spongy, whitish toward apex, slightly flattened to-
ward apex adaxially, surface dark green striate at
base; blades triangular in outline, deeply 3-lobed,
subcoriaceous, moderately bicolorous, long-acumi-
nate at apex (the acumen apiculate, to 3 mm long),
hastate at base, 20-35 cm long, 20-42 cm wide
(0.8-1 times longer than wide), (0.6-1 times the
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petiole length), upper surface dark green, semi-
glossy to glossy, drying dark brown to dark gray-
green, lower surface semiglossy, peler, drying yel-
low-brown to  yellow-green; anterior _lobe
oblong-lanceolate to oblanceolate, almost elliptic,
16-30 cm long, 7-15 cm wide (1-13(1.5) times
Ionger than lateral lobes); lateral lobes broadly con-
fiuent 1-3(8) cm with medial lobe, 10-25 cm long,
3-8.7 em wide, directed outward (90° angle from
‘midrib), acute to bluntly acute; sinus arcuate; mid-
1ib * flat to sunken, paler than surface above,
broadly convex below; basal veins 4-7 per side,
sometimes with last vein fee to base, most veins
coalesced 1.5-13 cm, 2 veins coalesced to 17 em,
drying reddish brown to yellowish brown; posterior
rib naked; primary lateral veins 4-5 per side, de-
parting midrib at a 50-60° angle, narrowly sunken
above, convex below; interprimary veins weakly
sunken and concolorous above, weakly raised and
darker than surface below; tertiary veins visible,
darker than surface below; minor veins fine, close,
ble to distinct below, arising from both

d primary lateral veins but mostly
from the midrib. INFLORESCENCES erect-spread-
ing, 1 per axil; peduncle 5.5-19.5 cm long, 3-8
mm diam.; spathe 7.4-16.6 cm long (0.8-1.4(1.7)
times longer than peduncle); spathe blade green to
greenish white to creamy yellow, tinged with violet-
purple outside, tinged with violet-purple, at least
sometimes, with yellowish resin canals visible in-
side; spathe tube green outside, 4-6 cm long, 2
3.5 cm diam., dark violet-purple inside; spadix
sessile; white, drying golden-yellow throughout, ta-
pered, * rounded at apex, 7.5-10.8 cm long,
broadest near the base; pistllate portion pale green
(post-anthesis), ellipsoid, 3.6 cm long, 1.3 cm diam.
at apex, 12 cm diam. at middle, 6 mm wide at
base; staminate portion to 8.4 cm long; fertile sta-
minate portion white, ellipsoid, tapered at apex, 8
mm diam. at base, 5 mm diam. at middle, 5 mm
diam. ca. 1 em from apex, broadest at base, much
narrower than the pistillate portion; sterile stami-
nate portion tannish, 8 mm diam; pistils (1.5)2.9-
4.4 mm long, 1.7-2.3 mm diam., ovary (6)7~8-loc-
ular, (1)2.2-3.2 mm long, ovule sac 0.7 mm long,
with sub-basal placentation; ovules 3 per locule,
contained within translucent, gelatinous ovule sac,
ca. 0.4 mm long, longer than funicle; funicle 0.2~
0.3 mm long (can be pulled free to base), style
similar to style type B; style apex flat; stigma dis-
coid, 5-6 am diam., 0.1 mm high, covering center
of style apex; the androecium * prismatic, margins
imregularly 4-6-sided, 0.7-1.1 mm long; thecae ob-
long, 0.3 mm wide, * divaricate; sterile staminate
flowers imegularly 5-6-sided, 1 mm wide. IN-

FRUCTESCENCE 9.5-16 cm long, peduncle to 14
em long; spadix to 5.3 cm long, to 3 cm wide; ber-
ries orange, rhomboid; seeds 1-2(3) per locule,
(16)21-22(29) per berry, light brown, 1.5-2 mm
long, 0.5 mm diam., with weak constriction (nipple)
opposite funicular end of secd.

Flowering in Phi anisolomum appears
to be restricted to the rainy season in Central
America. One collection was seen in flower in May
but most are from July through December (the latier
month is sometimes the beginning of the dry season
in parts of Middle America). Immature fruits were
collected from December through July, with mature
fruits known only from March, April, and July.

Philodendron anisotomum ranges from Mexicoto
Costa Rica, at 30 to 1800 m clevation. In Mexico,
the species ranges from Nayarit to Oaxaca and
Chiapas mostly along the Pacific coast, but also oc-
curs in Puchla (Ajenjibre) and Morelos (Cuema-
vaca). One collection, Moore & Bunting 8874, from
near C in Veracruz state, appears out of
range for the species.

Collections from Guatemala are few, but all are
from the Pacific slope except one collection from
Baja Verapaz between EI Chol and Rabinal (Croat
& Hannon 63670). In Honduras and Costa Rics,
the species is nearly restricted to the Pacific slope.
In Costa Rica the species occurs in Premontanc
maist forest. Philodendron anisotomum is a member
of P. sect. dlum.

This species is distinguished by its deeply three-
lobed blades with frequently much smaller, falcate
lateral lobes broadly confluent with the medial
Iobe.

Philodendron anisotomum is easily confused
with P tripartitum (Jacq) Schott, which differs in
having proportionately narrower medial lobes
(mostly 3-3.5, rarely to 1.7 times longer than
broad) with 4-9 prominently sunken primary lateral
veins and lateral lobes typically directly more of
less toward the apex. It has only one ovule per
locule and white fruits. In contrast, P: anisotomum
has medial lobes less than 1.5-2.8 times longer
than broad with 2-4(5) weakly sunken primary lat-
eral veins and usually much smaller lateral lobes
typically dirccted outward, as well as 3 ovules per
locule, and orange fruits.

Material from Nayarit (McVaugh 13363, Moore
& Bunting 8703) is not only geographically isolated
from populations in Puebla, Cuernavaca, and 08
xaca, but also differs morphologically by having
much larger blades (medial lobe >23 cm wide)
with the lateral lobes narrowly rounded rather than
pointed.
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Costa Rican collections differ in sometimes hay-
ing two inflorescences per axil, rather than solitary
nces, which is more typical.

Schott, published on the
same page as P. anisotomum, was considered a syn-
onym of P ripartitum by Krause as1s) but it is
clearly synonymous with P. anisotomum. Schott di
tinguished it from P anisotomum by its longer, less
spreading lateral lobes, but they are well within the
norm.

Additional specimens examined. COSTA RICA. 1911,
without lm.l)ly. Pl & Durond 3090 (BR) Borthon s
(MO). Al e S U
s SATHS) 3 Sam R 3000600 . Tonde
17719 (M. K. P Sen Rance-Buue. 23 o N he
: 1CLIN, B30

s Voo, 1100-1150 . et
ey MO); San Ramon-Balsa,
57, of S B, 1500 Croat 46837 (MO); San

of 100 m,
10°10'N, 8429'W, Lllmer&lud.nzwla 74987 ch. MO
13 km E of San Ramén, ca. 1000 m, 10°05'N, 84°27'W,
Licer 14198 (, CR, MO S

W f Som i, 800 m, 014N, BSSL'W, L 3108
ﬂ’l Finca Los Ensayos, ca. 11 rcero, 900
i, Croa 43522 (MOY. z.m., e Wt
A7 (MO ca. 7.5 mi. N of Zarcero, ca. 1000 m, Croat
43499 (MOY, ca. 15 km N of Zarcero, 1350 m, Williams
oL 081 (% long .9

Gentry
fo i, 1425 m, 4 Smith H1178 (F, WO N of Cavical,
1440 m, Grayum 3085 (DUKE); Canton San Carlos at
e o 578 . A: Sk 1069 (1, USy Sen Tk do S
. 1259 m, . Herrera 58
(AAU, M, MEXU, m)y. Vomeveie n.ma,.un Reaarre,

Rio Penas Blancas, 900 m, 10°18'N, 84°45'W, Haber &
Bello 7181 (MOY; 1250-1350 m, 917'N, 84°B4'W, Burger
;al 10770 (CHAPA, CRY; Rio Peje, 4 km S of Ciudad

(CR, US). Cartago:
Jun Vitas, 1300 m Coprny 608 (L9 sope of Vol
cén lrazd, Standley 36636 (
Som L Cruz de Abangares 1400 m
2831 (MO Monteverde, 1400 m, a
ber & Zuchouski 8734 (CR, ENcn L un 9CA 8
NW of Monteverde, 1200 m, 10°22' W, Haber &
fuchowsh 9518 (INB, MO). (s
oct fouhllsaroun Tre Colinas, 1800-1850
vnm 8304 t al. 25635 (MO); Cantén .u
Bucnos Aires, Qm-bmd. Dorora (iributary of Rio Kui
17308, 83 16W,
Grayum 10275 (CAS, CR, INB, X, M. USy Rerera
Biolégica Carara’ Estacion Quebrada 3
46N, BA36'W, Bello & Rojas 2286 Iy N, Mm
San José: ca. 25 km N of San Isdro del Gener
the Tnter- American o Highway, 1000 m, 2. i
Bvxe anuln 0078 (CR, F); Finca Micos-Llano Li-
b roud W of Cid Cldn,550-630 m,
u‘w Grayun i l. 609 (MO
'-dlry (US), 30 m, 41210 (US), 47&?
U5 1750 m 395962 (195 14 ow N o Bl de Santh

A0, 00 Teyor 17378 (Y, US) San Sbasi, S of

(US); San
it O Coitn 41900 BRI 105 LS00,
41307 ws). AT e 200 m,
38952 (US): Las Pavas, 1070 m, 36085 (US): camino de.
Hatillo, near San José, 1200 m, 32171 (US}; Acosta, Z.P.
Cemos de Escaz, 'R 1600-1

hapin: Pad
207 (U5, 60 (USk 28 mi, NE of Badge lmposte,
1000-1250 m, Croar 42162 (MO). San Salvador: Tonc-
catepeque, S); 650-850 m, Standley
19199 (GH. NY, US). GUATEMALA. Alta Verapaz: Cob-
dn, ca. 1300 m, Sandley 90275 (F); Semococh, 17 km
fiom Sbol, on Cabdn Read, Conteras 4714 (L) 5 mi
o Cabin.slong Highway CA14, 1300 m, Croat 41406
(MO: 5 mi g ey o 11300 m,
d1ast mo;.s o o Vi 008 (F). Baja
Mot Rabinl. I Chol Raina, Highwey o

BTN ol ol 1330 1, 150N, 029F, Croa

).
zaltepoque, Ta00 1300 Steyermark 31198 (F). Escuin-
2 EoduibSata Lo Gt 6 Yoo Escalon,
390 (F); Rio Burrion, NE of Escuir

(F. MEXU). Jalapa: Los Chorras along Rio Pinae, 1 i

San Pedro Pinula, 1400 m, Steyermark 32931 (F).
el A i L Bttt
e Ia Conora, 900-1200 m, Standley

68386 (F): Finca Pirineos-Patzulin, 1200-1400 m, 86844

(), 86918 (). Retalmlen: Rio Coyte, & km W of Re-
talhuleu, 300 m, 87496 (F). Sacatepéques: ne
o 1200, 58384 (P o Socra S e o656 1,
arcos: Finca Armenia, near La Trinidad, above Sar
Rl 1700-1250 m Grot 40826 (MO La Tinidd.
a2 i from Fioca Amenia, sbove San s, 1100
1250 m. 40864 (MO Fnca I Por Yol-
e Tl Seyemark 17140 MEN Y vl T
ca, above Finca Porvenir, 1300-1500 m, 37358 (F,
. Santa Row: E Molino,ca 9% 7

ey 78508

\ St
(F):, Volcan Jumay eyde &
(O G TS HoNDi TS Db o Ot
Gunico San Bonite Ormal, 74 i, NE of S Escbar.
N, 85°42'W, Croat & Hannon 64364 (M
VEN) MEXICO, Tas .. (MO): Chinpas 8.5 mi. NE o
Escuiila, on gl road 0 EI Tiund, 250 m, Croat
46823 (WO ca. 4 km N of Ovando Tt
47575 (MO Tapachla-Uri e, k1 mi.
. 47212 (MO San

. (MO), I
MICH, MO), 17760 (F, GH, MEXU): Zacatonal, Acacay:

(MEXU, MO), Matuda
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‘agua, 1200 m, 18364 (MEXU), Cerro Ovando, 900-1050
m, Croat 78479 (CHIP, CM, MO, NY); Escuintla, Turqufa,
Matuda 17066 (F, MEXU); Mpio. Angel Albino Corzo,

1380 m, Breedlove & Almeda 56917 (MO); 1380 m, Breed-

5 mi Nv. of umolf to Mapastepec), 6.5-8.5
mi. up road, 15°32'N, 92°48'W, Croat & Hannon 63339
(B, BM, CM, MO, NY, PMA, US): Mpio. Villa ==
of Cerro Tres Picos, near Cerro Baul, 1500
love 23968 (D). Jalice: 20-22 an S o Tlpa 3 A
., 1200-1450 m, Mcbaugh 23308 (MICH). Morelos:

near Cueravaca, Pringle 7015 (GH); Cucmavaca, Rose
& Hough 4438 (US). Nayari: Topc-laooctdn,ner k
20, 700-800 m, Moore & Bunting 8703 (BH), at km 15,

|
xaca—Pochutla, along High .
h of Suchixtepic, 39.7 mi. N of tum
46108 szu MO):

lgo, 1480 m, 46116 (DUKE, F, MO). Pucb-
Ia: A,g.,,.m Brave 1-4516 (MEXU). Veraorus: Cirdo

+~Veracruz, Ejido San José de Gracia, below Pefiuelo,
Moore & Bunting 8874 (BH).

Philodendron annulatum Croat, sp. nov. TYPE:
Panama. Panamé: EI Llano-Cartf road, 5 mi.
from Pan American Hwy., virgin forest on
steep slopes, along trail through forest (W side
of road), 350 m, 9'17'N, 78°58'W, 16 July
1987, Croat 67346 (holotype, MO 3609133;
uqupz!.l! cM. COL, CR, K, PMA, RSA, NY,
US). Figures 57-60.

Plan emlzplphv tic

terdum epiphytica aut terres-
55

cum
ol purparc, pice aminacbonga vl blono-ovats,

beondats longa, 8-29 cm lata; inflorescentia

2% pdncolon 361507 o Tongus; spatha 12.3-
22 cm longa, lamina spathac extus alba e
s pallide viridis, tubo spathae extus virid, intus viridi,
st rubell vel marronino bas: pisila (37-6-locular
i ol 1- 204 Syovalat; bacca pallid iden vl o

Usually hemiepiphytic, sometimes epiphytic or
terrestrial; stem appressed-climbing, sometimes
creeping, to 1 m long, sap clear, sticky, sometime
black pepper-scented, leaf scars conspicuous, to
2.5 cm long, to 1.5 cm wide; internodes semiglossy,
sometimes becoming matte, sometimes scurfy, 1-
4(11) cm long, 15-3.5 cm diam., usually longer
than broad, dark green to grayish or grayish green
10 brown, epidermis thin, drying brownish, irregu-
larly ridged, frequently transverse fisured, crack-
ing off, roots olive-green to brownish, slender,
0.6-100 cm long, to 3 mm diam., semiglossy, some-
what twisting, drying pale; cataphylls to 34 cm

long, bluntly to sharply 2-ribbed (ribs to 5 mm
high), green, densely short, dark green lincate or
speckled, sometimes persisting as a rotting mass,
eventually deciduous. LEAVES erect-spreading to
spreading to weakly arching; petioles 14-42 em
long, * terete, slightly spongy, medium green, ob-
tusely flattencd and sometimes with an obscure me-
dial rib near apex adaxially, sometimes with adaxial
margins erect, blunt, surface sparsely dark green
short-lineate or unmarked, sometimes with a purple
ring at apex, sheath 4-9.5 cm long; blades oblong
to oblong-ovate, subcoriaceous, moderately bicolo-
rous, semiglossy, subcordate at base, 24-73 cm
long, 8-29 cm wide (2.5-3 times longer than wide),
(ca. 1.7 times longer than petiole), margins mod-
erately undulate, upper surface dark green, lower
 paler; anterior lobe 23.5-68 cm long, 11~
21.5 cm wide (10.5-15.6 times longer than poste-
rior lobes); posterior lobes usually narrowly round-
ed and somewhat spreading or broader than long,
rarely cordulate and about as long as broad, 1.5~
65 cm long, 4.1-11.6 cm wide; sinus open or
closed with lobes overlapping; midrib flat to broad-
Iy convex, slightly paler than surface or concolorous
above, convex to bluntly acute, mostly concolorous,
sometimes minutely speckled, matte or slighly
semiglossy below; basal veins (1)2-3(4) per side,
usually all free to base, sometimes with 2 united
for up to 2 cm; posterior rib usually absent, never

1o the margins, obtusely sunken, paler than surface
above, convex to weakly raised and darker than
surface below; interprimary veins flat and darker
than surface below; minor veins moderately distinct
to % obscure above and below, arising from both
the midrib and primary lateral veins. INFLORES-
CENCES erect to spreading, 1-2(3) per axil; pe-
duncle 3.6-11.5(17) cm long, to 1.8 cm diam.
somewhat flattened adaxially, green, sometimes
tinged red, weakly lineate or unmarked; spathe
123-22 cm long (1.7-3.4 times longer than pe-
dml.y 103 cm diam. (when closed), oblong-line,
ute at apex, weakly constricted above the tube:
<palhe K vhii greenish white outside (oper-
ing 8.5 cm long, 5.5 cm wide), pale green, vmh
orange resin canals inside; spathe tube green out
side, 5-7 cm long, 2.3 cm diam., green, reddish o
maroon or maroon-streaked at base inside; spadix
stipitate to 4 mm long; white, 9-14.7 cm long:
broadest above the middle, weakly constricted
above sterile staminate portion; pistillate portion
pale green, cylindrical, 2.9-5.4 cm long, 09-13
mm diam., weakly narrowed toward & both ends; -
minate portion 6.8-12.5 cm long; fertle staminate
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portion white, cylindrical to clavate, weakly tapered
at apex, (5-7)12-15 mm diam. at base, 8-16 mm
diam. at middle, (4)6-9 mm diam. ca. 1 cm from
apex, broadest at middle or at base; sterile stami-
nate portion narrower or broader than pistillate por-
tion, white, 4-15 mm diam; pistils 1.5-2.1(3.5)
mm long, ovary (5)7-8-locular, 0.8-12(2) mm
diam., with or basal placentation (or axile
in Croat 69250); ovules 1-2(4-5) per locule, 1-sc-
rite, contained within transparent ovule sac, 0.3
1.7 mm long, longer then or equal in length to fu-
nmle, s!yle similar to style type B; style apex with

shallow depression completely covered by stig-
ma; style boss sometim broad;
discoid to button-like (brush-like), 0551 i
diam., less than 0.3 mm high, drying with the crown
button-shaped and flat to concave with moderately
lacge stylar pores around its periphery; the androe-
cium margins 5(4-6)-sided, somewhat scalloped, 2
mm long; thecae oblong, 0.5 mm wide, nearly con-
tiguous, sometimes divaricate; sterile staminate
flowers * rounded. INFRUCTESCENCE (imma-
ture), pale yellow-green outside; spadix to 3 cm
wide, pistillate spadix 8-11 cm long; berries pale
green 1o white; seeds tan, 1 mm long, 0.6 mm diam.
JUVENILE petioles sheathed nearly throughout;
blades oblong, obtuse to rounded at base, lower
surface sometimes maroon.

Flovering in Philodendron annulatum is vouch-
ered by one collection in January, with the vast
majority of post-anthesis collections made primarily
between February through May, and single collec-
tions in August and October. Mature fruits have
been seen for only June and July.

Philodendron annulatum, is endemic to Panama,
ranging from Veraguas (Santa Fe) to Panamé and
San Blas (EI Llano—Cartf Road), at 100 to 970 m
;:::lion in Tropical wet forest and Premontane rain

Philodendron annulazum is & member of P sect.
Calostigma subsect. Macrobelium ser. Macrobel-
ium. The species is distinguished by having inter-
nodes somewhat longer than broad and drying light
brown; usually sharply two-ribbed, deciduous cat-
aphylls; somewhat spongy obtusely somewhat flat-
'med petioles with a purple distal ing (hence the

‘annulatum” from annulatus, meaning “hav-
-nc & ring"); oblong to oblong-ovate, subcordate
blades; and one to two inflorescences per axl with
the spathe blade white and the tube green outside
(usually colored or tinged red to maroon within).

Philodendron annulatum is most easily confused
vith P ligulatum Schott. Philodendron correac
Croat also has narrow, usually cordulate leaf bases

and petioles with a purplish annular distal ring
Both differ from P in having narrower
blades broadest at or above the middle and narrow-
est just above the narrowly cordulate base. Alter-
natively, blades of P2 annulatum are broadest at or

confused with narrow-leaved represeatatives of P
sagitifolium. That species differs in having typi-
cally purple-spotted petioles (and often midribs)
that lack a purplish distal ring.

Additional specimens examined. PANAMA. Coclé: 46
km N from Penonomé on road to Coclesito, 100 f. Ham-
mel 1698 (MO); El Copé region, Aho Calvaro,on Conti-

A5, KL M. MEXU. MO, PWA. TEX. U US} 860 m.
Fanom 1237 (0N A1 mi N of i Copé, 680-770 m,
&30'N, 8036'W, 74831 (CAS, CM, F; MO, puu, 74855
MO PAA B of el kg ld Lgprg sd. 2600

« Homnel 676 (MO) 4.5

of Escucla B.nuc
67524 (AAU, COL, mo U:\-
Mesa, N of El

MO, PMA); 800 m, Croat & Zhu 76676 (MO). Coléa: Rio
e brdee  the Colr

ortobelo T9°39'W, Croat 75191
O 0, TEX: i 1,.....". . 3 km above the bridge
on Portobelo mad, <100 m, 927'N, 79°4'W, 49760
(O, M0). Panermi EI Lisme-Car 10 i, o P
N, W, o al.

30'W, o 4759 (MO, 30 m. Sl
zn wmy 21 km above Pan-American Highway, ca. 600
oot 35389 (HO): 46 b

6 km beond peak on roud o

de Pecora, 970
Uy Rio ’l'enlde on rasd 8 km from Pan-Ameri

. 400 m. 908N, TIW, Knapp 1825 (MO).San Bla
E Tismo—Cant R 16 merican Highwey.
B0 TN, TR, G 09287 (O, DUKE, MO,

. 69250 (CM, MO, NY); 14.5 mi. N of highway, 350
15N, 79°W, McPherson 9508 (MO, PMA); 10.1 mi.
m .n..a.-.y 200 jn Coet 8 Zhe 76540 (40 1
Nusagnc 9 mi. N o Iernecican Highen
o G & T 7015 MO 76380 (MO,
‘main highway, 300 m,
Nossgandi,

% 7m4 694 (MO 101 mi. N o ma
N, 79°W, Croat & Zhu 76540 (M
o Senders Nunagan 30350 m 15 %, TN,
Phason 10756 (MO, 1-5 mi. N o Nsapad 250500
m, 16N, T9°W, Thompson 4661 (CM). Veraguas; Santa
Fe region, Santa Fe-Rio San Luis, past Escucla Agricola
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Alto de Piedra, 8 mi. N of school, 450 m, 833N,
BI°08'W, Croat 66954 (K, MO, NY, PMA, QCA); 0.2 mi.
beyond fork in road at Escucla Agricola Alto Piedra, 750
m, 33971 (MO).

Philodendron antonioanum Croat, sp. nov.
yt as: vic. of Santa Fe,
along road between Alto Piedra and Calové-
bora, 0.5 mi. N of Alto Piedra, on slopes of
Cerro Tute, Parque Nacional Cerro Tute, 1030
m, 15 July 1994, Croat & Zhu 76909 (holo-
type, MO—4619868-9, MO-4619871-2; iso-
types, B, CAS, COL, CR, F, GH, K, MEXU,
MO, NY, PMA, SCZ, US, VEN). Figures 61—
4.

Planta hemiepiphytica; internodia brevia, 4-7 cm
diam.; cataphylla rubra, acute 2-costata, persistentia ut
fibrac tenues; petiolus 28-91 cm longus, obluse complan-
atus adaxialiter; lamina ovata, 26-86 cm longa, 18-57 cm

nervis primaris lateralibus 5-6 utroque; inflorescen-
tia 2; pedunculus 6-7 cm longus; spatha 15-16 cm longa;
lamina spathae cxtus viridalba, intus alba suffusa rubella

‘marronins pistilla 5-locularia; loculi 25-30-ovulati.

Hemiepiphytic; larger stems drying reddish
brown, , and coarsely striate at nodes, small-
er stems drying light yell A nd fine-

lateral veins 56 per side, departing midrib at a
40-50° angle, drying reddish brown below, obtusely
and deeply sunken, concolorous, drying raised and
somewhat darker above, convex, *
drying concolorous, mate below; minor veins mod-
erately distinet, drying prominulous above and be-
ing from both the midrib and primary lat-
eral veins, secretory canals appearing but not
obvious below; “cross-veins” mumerous, * trans-
verse. INFLORESCENCES 2 per axil; peduncle 6-
7 em long, 1.5 cm diam., magenta, conspicuously
white-striate toward the apex; spathe 15-16 cm
long, weakly constricted midway, weakly glossy,
drying reddish brown on
‘apex; spathe blade
greenish white outside, white, tinged reddish in
lower half inside; spathe tube inflated, dark maroon
outside, to 7 cm long, 5.8 em diam., dark maroon
inside; spadix 15 cm long; pistillate portion 3.5-5
om long in front, 3.3-3.7 cm lon in back, 2-25
em diam. at apex, 2.3-3 cm wide at base; staminate
portion 9-11.7 cm long; fertile staminate portion
gradually tapered toward apex; sterile staminate
portion 2.5-2.6 cm diam.; pistils 3.2-3.5 mm long,
creamy brown, ovary 5-locular, ca. 0.4 mm long,
with parical ovules 25-30 per locule,

ly longitudinally ribbed, finally dark brown and
transversely finely cracked; intemodes short, 4-7
cm diam., broader than long; roots to 30 cm long,
numerous per node, drying reddish brown, weakly
glossy, and somewhat ridged; cataphylls 35-39 cm
lon, sharply 2-ribbed, red, broadly sulcate abaxi-
ally, persisting as pale brown fibers densely cloth-
ing the entire apex of the stem with tiny fragments
of reddish brown cpidermis persisting among the
fibers; petioles 28-91 cm long, 1.5-2 cm diam.,
subterete, obtusely flattened adaxially, weakly
L-ribbed near apex, broadly and obtusely sulcate,
10 3.5 cm diam. near base, dark green (reddish
brown when young), drying reddish brown and
matte, surface moderately glossy, prominently stri-
ate-lineate throughout; blades broadly ovate, mod-
erately coriaccous, bicolorous, semiglossy, 26-86
cm long, 18-57 em wide (1.2-1.5 times longer than
wide), margins broadly and sparsely undulate, up-
per surface drying dark brown to gray-brown, lower
surface drying reddish brown; sinus hippocrepiform
1o obovate, 4-18 em deep; midsib flat and slightly
paler than surfuce, drying convex and darker than
surface above, convex, sometimes tinged reddish,
drying obtusely angular, grayish brown, and sparse-
ly short pale-lineate below; basal veins 7 per side,
with the first and second free to base, the third
through sixth veins coalesced to 7 cm, posterior rib
barely naked near the base, weakly curved; primary

2-3-seriate; funicle ca. 0.2 mm long, style 1 mm
diam., similar to style type B; style apex flat, with
small depressions; stigna 1.3-1.5 mm diam., 04
mm high, covering entire style apex; the androe-
cium margins sharply 4-6-sided, 0.6-1.2 mm diam.
at apex; sterile staminate flowers rounded to bluntly
4-6-sided, larger toward the base, 0.6-28 mm
wide.

Flowering in Philodendron antonioanum probe-
bly takes place in the early rainy season. Two fertile
collections have been seen, one with immature
fruits in June and one post-anthesis in July.

Philodendron antonioanum is endemic to ceatral
Panama and known only from the type locality at
Cerro Tute and at E1 Copé at 800 to 1200 m ele-
vation in Tropical Lower Montane rain forest. Philo-
dendron antonioanum is a member of P. sect. Phile-
dendron subsect. Philodendron. ser. Fibrosa. The
species is distinguished by its red, sharply two-
ribbed cataphylls, which persist as fibers; its sub-
terete petioles longer than the blades; broadly ovate
reddish brown drying blades with 56 primary lat-
eral veins; and by the stout inflorescences with
scarcely constricted spathes having the tube ma-
genta on both surfaces.

Philodendron_antonioanum is most casily com
fused with Philodendron tysonii, a species |
which it may occur. Both species occur at highe?
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elevations, and have subterete petioles longer than
blades, large, ovate, glossy blades, and red or red-
dish cataphylls persisting as fibers. Phil

tysoni differs in having mostly unribbed cataphylls
and blades with usually 6-10 primary lateral veins
and with the upper surfaces drying usually more o
less blackened and smooth, in contrast to blades

veins as in P. antonioanum. In addition, P. tysonii
has more prominently pedunculate inflorescences
with green spathes, which are merely tinged red on
the tube outside and are proportionately more slen-
der and more constricted above the tube rather than
being dark magenta on the tube and barely con-
sticted above the tube as in P. antonioanum. Fi
nally, the species differ in the nature of ovules, with
P. tysonii having ovaries (5)6-8(9)-locular with sub-
basal placentation and (4)5-7 ovules per locule
bome in an envelope, while P. antonioanum has
ovaries 5-locular with parietal placentation and
about 30 ovles per locule not borne within an en-
velope.

The species is named in honor of Thomas An-
tonio of the Chicago Botanic Garden, who was res-
ident botanist in Panama for the Missouri Botanical
Garden and who fist collected the species in June
1980.

Additional specimens examincd. PANAMA. Coclé:
e Calvariaabove I Copé, ca. 6 km N of El Cope, T10-
800 m, E39'N, 80°36'W, Croat 687664 (MO); 930 m,
mqmm M. MO); along Continental Divide, 900-1000
N, 80°36'W, 75051 (M0). Veraguas: vic. of
St along road between Alto Piedra and Calovébora.
05 mi, N of Al Piears, on slaes af Cemo Tate, 1150
m, Antonio 4945 (MO, PMA).

Philodendron aromaticum Croat & Grayum, sp.
nov. TYPE: Costa Rica. Limén: 3.5 airline km
S of Islas Buena Vista in the Rio Colorado, 16
airline km SW of Barra del Colorado, 10-120
m, 1039'N, 83°40’40°W, 15-16 Sep. 1986,
Davidse & Herrera 31212 (holotype, MO-
3582200-10; isotype, US). Figures 66-68.

modia 2-3 cm longa,

ia plerumaue cpi
e e e b

a Fﬂdunﬂll 15 4.5-9.4 em Ianp.s tha I&
Benm 0cm onga, Lamina atriviridi, ints pallide

ve alba; tabo spathae atimarromines platla &
T oo el s

Usually epiphytic, sometimes Immeplphyllc M—
ocer igh in canopy), rarely terrestrial
cidentally); stem usually .yynued—chmbmg,

creeping, brownish, sap sweet, turpentine- to bur-
seraceous-scented; internodes weakly glossy, mi-
nutely striate longitudinally, 2-3 cm long, 1.5-3.5
cm diam., usually broader than long, dark to me-
dium green, drying brown, epidermis fissured lon-
gitudinally; roots moderately few, drying reddish
brown; cataphylls sharply 2-ribbed, D-shaped,
deciduous, margins sharply raised. LEAVES

ercct-spreading to spreading; petioles 33.5-66 cm
long, * terete, somewhat spongy, dark green, ob-
tusely to weakly fattened adaxially, surface weakly
glossy, not noticeably marked, drying 8-15 mm
diam., usually greenish dark brown; blades ovate-
cordate, subcoriaceous, glossy, weakly bicolorous,
acuminate to long-acuminate at apex (the scumen
inrolled, 7-11 mm long), cordate at base, 35-55
om long, 17-26 cm wide (2.1 times longer than
wide), (0.8-1 times longer than petiole), margins
weakly undulate; upper surface dark green, semi-
elossy, drying gray-green, lower surface glossy to

(2.6-2.9 times longer than posterior lobes); poste-
sior lobes 105-158 cm long, 7-13 cm wide,

raised to convex,
veins 5-6 per side, with none or rarely 1 free to
base, two to three veins coalesced 2.7-5.5(6.3) cm;
posterior rib naked for 4 cmy primary lateral veins
57 per side, departing midsib at a 70-80° angle,
straight to the margins, weakly and narrowly sunk-
en above, convex and paler than surface below; mi-
nor veins moderately obscure to clearly visible be-
low, arising from both the midrib and primary
lateral veins. INFLORESCENCES 1 per axil; pe-
duncle 45-9.4 cm long, 0.08-0.15 cm diam.,
green, weakly striate; spathe semiglossy, 15-20 cm
long (2.1-33 times longer than peduncle), con-
stricted above the tube, dark green throughout, pale
maroon 1o white inside; spathe tube oblong-ellip-
soid, weakly wrinkled longitudinally outside, 6-9
cm long, dark maroon, suffused onto blade inside;
spadix sessile; greenish white to white throughout,
oblong, 12169 cm long; pistilate portion creamy
white to pale green, cylindrical, 5-13 cm long, 6-
12 mm diam. at apex, 12 mm diam. at middle, 5~
10 mm wide at base; staminate portion 7-11 cm
long; fertile staminate portion white, ellipsoid, 1 cm
diam. at base, 1.4 cm diam. at middle, 6 mm diam.
ca. 1 cm from apex, broadest at the middle, slightly
broader than the pistillate portion, narrower than
the sterile portion; steile staminate portion broader
than the pistillate portion, white, 1.5 cm diam.; pis-
tils 3 mm long, 1.1-1.3 mm diam., ovary 9-10(11)-
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locular, 1.8 mm long, 1.2 mm diam., with sub-basal
placentation; ovules 2-3 per locule, contained
within translucent or transparent ovule sac, 0.3 mm
long, * equal in length to funicle, style similar to
style type B; style crown about as broad as ovary;
central style dome well developed; style apex with
central domes; stigma discoid, weakly lobed, 1.1
mm diam., 02-0.3 mm high, covering entire style
apex, depressed medially; the androccium margins
mostly 5-sided, sometimes 4-6-sided; thecae ob-
long 1o ovate, 0.4 mm wide.

Flowering phenology in Philodendron aromati-
cum is unclear since too few collections exist, al-
though present collections might suggest bimodal-
. Post-anthesis collections have been made in
September, October, and in February. Immature
fruiting collections have also been made in the
same months, and mature fruiting collections have
been made in September.

Philodendron aromaticum is endemic to the At-
lantic slope of northwestem Costa Rica from sea
level to 360 m elevation in a Tropical wet forest lfe
zone.

Philodendron aromaticum is a member of P. sect.
Calostigma subsect. Macrobelium sex. Macrobel-
ium. The species is characterized by it thick, bare,
short_internodes; sharply two-ribbed, deciduous
cataphylls; moderately spongy, obtusely flatened
petioles longer than the blades; ovate-cordate
blades drying gray-green on the upper surface and
green 10 brownish green below; and by its solitary
inflorescence with a short peduncle and green
spathe, which is maroon on the tube within. Also
characteristic is the mucilaginous, aromatic sap of
the petioles (hence the name).

Philodendronaromaticum is most easily con-
fused with P. sagitifolium, but that species typi-
cally has more elongate blades, which dry usually
reddish brown; basal veins free or at least not form-
ing a posterior rib that is naked at the sinus; and
often more than a single inflorescence per axil. In
contrast, P: aromaticum has blades with a promi-
nent posterior rib naked along much of the sinus.

Additional specimens examined. COSTA RICA. Car-
tago: Turrialba, Dress 6331 (BH; cultivated), Heredia:
San José—Pro. Vicjo, vic. of Chila

jo
El Suré Trail, 100-150 m, 44315
8963 (DUKI

Grayum 2686 (DUKE); Hammel 107:
61214 (MO). Limén:
£ e R €

ista in the Rfo Colorad,
Colorado, 10-120 m, 104

rera 3113 MO, US), Cerro Coroncl, 10-80
83°39'30°W, 10°40'30°N, 31481 (CR, MO); 20-170 m,

10°81'N, B3°38'W, Stcvens 23764 (MO); 2 km W of
Toro Amarillo, on road W from Guspiles, 275 m, 10°13N,

YW, Thompson & Raslins 1197 (CM); Rio Sierpe, 5
km NE of La Aurora, Guépiles, 30 m, 10°22'N, 8331°W,
Robles 2189 (CRY: 2238 (CR, MO); Rio Frio-Limén, vic.
of Rio Blanco, W of Guspiles, 360 m, 10°12'N, 83°49"
Croat 68423 (B, CR, K, MO); Refugio Nacional de Vi
Silvestre, Rio Chirripocito-Rio Sardina, 12 m, 10°38'N,
83°45'W, Grayum 9778 (CR, MO).

Philodendron auriculatum Standl. & L. 0. Wik
liams, Ceiba 3: 108. 1952. TYPE: Costa Rica.
Puntarenas: Esquinas forest preserve, Esqui-
nas Experiment Station, region between Rfo
Esquinas and Palmar Sur de Osa, 60 m, Allon
5697 (holotype, EAP; isotypes, F, US). Figures
12, 20, 23, 65, 69-72.

Usually epiphytic, sometimes epilithic, rarely
terrestrial; stem appressed-climbing, creeping, leal
scars conspicuous, 2.5-3 cm long, 25-35 em
wide; intemodes short, scurfy, 14 cm long, 1.5~
5.5 cm diam., usually broader than long, dark
green, drying becoming light tan with age; rools
purplish maroon at base, brownish green or yellow
at apex, pubescent, tapered, slender, 1o 27 cm long,
3-4 mm diam., few per node, sometimes emerging
through the cataphylls at the nodes; cataphylls sub-
coriaceous, sometimes moderately spongy, 13-50
cm long, sharply 2-ribbed, pale green, drying
brown, several persisting intact, eventually decid-
wous, emarginate with subapical apiculum at apex.
LEAVES mostly erct or erect-spreading; petioles
24-53 cm long, 7-23 mm diam., erect o

subterete, * spongy, green, somewhat fattcned at
base adaxially, rounded abaxially, surface shorl
dark, green-lineate and with dark green ring at
apex; blades usually oblong-oblanceolate, rarely
oblong-elliptic, broadest from middle to above mid-
dle, with narrow suriculate lobes, subcoriaceous,
bicolorous, acuminate at apex (the acumen inrol-
led), usually narrowly cordulate or auriculate at
base, 37.5-75 cm long, 9-23 cm wide (3342
times longer than wide), (1.4-1.6 times longer than
petiole), broadest at the middle, upper surface dark
green, drying pale yellow-green, semiglossy, lower
surface slightly paler green, semiglossy; sinus -
14 mm deep; midrib broadly convex at base be-
coming fattened toward the middle, eventuslly
weakly sunken at apex above, green, with dark
green lineations, midrib convex at base, eventually
narrowly convex at apex below, green-striate, paler
than surface; primary lateral veins 7-10(11) per
side, departing midrib at a 80-85° angle, * mgdn
1o the margins, sunken, concolorous above, raised
10 round-raised, paler than surface below; interPr™
mary veins numerous, usually as conspicuous 5
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primary lateral veins; minor veins arising mostly
from the midrib, fewer from the primary lateral
veins; lesser veins obscure above, fine, moderately
conspicuous and darker than surface below. IN-
FLORESCENCES = erect, 1-2 per axil; peduncle
7-11.3 cm long, 9-11 mm diam., medium to pale
green, unmarked, semiglossy; spathe ercct-spre:
ing, subcoriaceous, 13-14.5 cm long (1.2-1.8 times
longer than peduncle), weakly constricted midway
(6 cm above base); spathe blade broadly flattened,
curved weakly forward, pale greenish outside, to 9
cm long (opening elliptic in face view, 5.5 cm
wide), pale green, heavily suffused with red (B &
K Red-Purple 3/10) throughout inside; spathe tube
oblong-ellipsoid, medium to dark green outside,
densely short lineate throughout outside, 6 cm
35 cm diam., red to maroon (B & K Red-Purple
3/10) at base, weakly so toward apex inside; spadix
oblong (weakly tapered or weakly clavate), 11-24
cm long, broadest usually at the middle; pistillate
portion medium to dark green, tapered toward the
apex, 23-4.2 cm long, 2.7-4.3 em long in front,
24-2.7 cm long in back, 8-12 mm diam. at apex,
9-15 mm diam. at middle, 57 mm wide at base;
staminate portion 9.5-12 cm long; fertile staminate
portion weakly tapered or weakly ellipsoid, 8-16
mm diam. at base, 10-16 mm diam. at middle, 6
10 mm diam. ca. 1 cm from apex, broadest at the
middle or * uniform, broader than or as broad as
the pistillate portion, as broad as the sterile portion;
sterile staminate portion broader than or as broad
as the pistillate portion; sterile staminate portion
0.7-15 cm diam.; pistils to 2.6 mm long, to 1.6
mm diam.; ovary 5-7(3-9)]
mm long, (0.7)1.1-1.3 mm diam.
ntation; ovules (3)4 per locule, 1-seriate (orin
2 series of 2), contained within translucent ovule
sac, if present, 0.2-0.4 mm long, usually longer
than funicle, style similar to style type B; style
crown usually as broad as ovary; stigma discoid,
0.7-1 mm diam., 0.1-0.3 mm ‘high, covering entire
style apex; the androccium margins 4-6-sided and
, 1-2.3 mm diam. at apex; thecae oblong
(eliptical, sightly obovate);sierile staminate flow-
ens irregularly munded to bluntly 5-sided, 2.3-3
ng, mm wide, white. INFRUCTES-
CENCE with bemen orange.

Flowering phenology in Philodendron auricula-
#um is unclear, but possibly flowering is initiated
in the late rainy season. Only a single flowering
collection exists (October), but there are a modest
number of collections collected post-anthesis dur-
ing the dry season and early rainy season (January
through June). A single mature fruiting collection
was made in January.

Philodendron auriculatum occurs only in south-
western Costa Rica on the Pacific slope from San
José and Puntarenas Provinces (as far west as Car-
ara), ranging from near sea level to 1200 m ele-

sect. Calostigma subsect. Glossophyllum scr. Glos-
sophyllum. This species is characterized by short
intemodes, sharply two-ribbed, deciduous cata-
phylls, moderately long, markedly spongy, some-
what flattened petioles (averaging slightly shorter
than the blades), oblong-lliptic to oblong-oblan-
ceolate, pale yellow-green-drying blades, which are
uﬂu.lly narrowly cordulate at base, and one to two
greenish inflorescences, which are red to maroon
within at base.

Philodendron auriculatum is probably most
closely related to P. pseudauriculatum Croat, which
ranges along the Atlantic slope of Central America
from Nicaragua to Panama and also on the Pacific
slope of Panama near the Continental Divide (as
well as the Semanfa de Cafiasas and Serrania de
Pirre). That species differs in its usually darker
gray-green-drying leaf blades with a dark green
ring at the apex of the petiole, and in having the
leaf base acute, rounded, or broadly subcordate at
base (lacking the narrow auriculate lobes so com-
mon for P auriculatum). In addition, P. pseudaur-
iculatum has the whitish spathe clearly demarcated
from the contrasting green peduncle. In contrast, P2
auriculatum has a yellowish green spathe that is
not at all demarcated from the peduncle.

Al sacinens eremioel COSTA RICA. Pom-
tarenas: near Inter-American Highway in vic. of Piedras
Blancan. Croat 295 (CR, MOY il N of Plmar Nortc
slong il o Jalsc, S0-T00 m, ot 35205 ¢

2 NE buse o peninul. 3 km S of Pt Quepen

4N, 8410 i & Sper 6013 (CR. K. o

A el i e g
Williams et al. 28808 (

US); El
American Highway, 600 m,

58'W, Croat 57268 (MO); 8.8
X o il Nuly 1616 m 66171 01Oy Ons P

AT, B, Bugr &
MO, PHA) 7500 (CR, ) 50-200 m.
42N, B33V, Burger & Gnury 8978 (CL P 542N,
8531'W, Aguilar 1307 (INB, MO Piedras Blancas-Rin.
con, 37 mi. W of Pan-American e, 30-108
46N, 18V, Coat 67691 (40): Qucbrad paricio-
Qubrads Apbuens Hiactn

&42'N, 83°3

de Osa, 200400 m,
( Grayum et al. 4013 (MO); u..r.n.r

Hissinda Osk a6 T W f - Actom High

at Coacacta, 100 m, G4SN, B 16'W, Coat & Grayum

59730 (CM. CR, K, MO, SAR): Parque Nacional Corco-
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vado, Sirena, 0-150 m, 8°27-30'N, 83°33-38'W, Kernan

25 (CR. MO): Eiacite Sirna; S of Rio Siens son Hio

0 m, 8°28'N, 83°35'W, Knapp 2188 (CR, L.

nca Knnge Pmlﬁc slop, forested k-
150-250

ulama
n.n. ni mountains E. o
sl 10603 O 3o Jok- Pl
75 Ln Cangio 300 me Woais e 3259 (CR, INBY
Carara-E] Sur de Tumubares, 280-370 m, 945'30°N,
8432'W, Grayum 10445 (CR, INB, MO).

Philodendron bakeri Croat & Grayum, sp. nov.
TYPE: Costa Rica. Guanacaste: W slope of
Cerro Nubes, ca. 2 km E of Silencio de Tilar-
4n, large patch of remnant primary forest, 900
m, 1028'N, 84°53'W, Grayum, Herrera &
Slecper 4992 (holotype, M isoty-

rowly convex, reddish violet below; basal veins
lacking; posterior rib lacking; primary lateral veins
34 per side, departing midrib at a 45-55°
ascending to the apex, inconspicuous or slightly
sunken above, not distinct below; tertiary veins vis-
ible, darker than surface; minor veins obsurely vis-
A ‘moderately distinct, fine, close, arising from
ib only; secretory ducts usually obscurely vis-
ible on lower surface of died blade. INFLORES-
CENCES 1 per axil; peduncle 2.6-5.2 cm long, 2-
5 mm diam., obscured by petiole sheath; spathe
moderately coriaceous, 7-11.5 cm long (22-27
times longer than peduncle), scarcely or not at all
constrited, pale green to cream, often tinged lght

pes, CR, DUKE). Figures 77, 78.

leurumaque longiora

tan, decdua; peticls subtern 413 em longu, 2.46)
lus minusve oblonga aut anguste ob-

= o

b e el s e
thae intus aut carmesino; pisilla 5
B(10)locoarielocul 102l bacee auamiscene,

Hemiepiphytic; stem scandent, slender, to 1.5 m
long; intemodes (2)7-9 cm long, (0.7)1-15 cm
diam., usually longer than broad, medium green, +
matte, becoming light brown, epidermis fissured
minutely longitudinally upon drying; roots dark
brown, thin; cataphylls subeoriaceous, 5-10 cm
long, unribbed, bluntly to sharply 1-ribbed o rarely
sharply 2-ribbed, green to reddish or maroon, de-
ciduous, narrowly rounded at apex, margins clear.
LEAVES spreading; petioles 4-12 cm long, 2-4(6)
mm diam., spreading, subterete to C-shaped, some-
times tinged reddish, sometimes maroon at base,
obtusely somewhat flattened or bluntly sulcate
adaxially, rounded abaxially, surface semiglossy,
with narrow purple ring at apex; sheathing 2.7-3.2
cm long, sheathing to ca. 2 cm but for % to % of
its petiole length when subtending inflorescences;
geniculum subterete, maroon, 2.74 cm long,
darker than petiole; blades + oblong or narrowly
oblong to oblanceolate, moderately coriaceous, acu-
‘minate to long acuminate, somelimes acute at apex
(the acumen sometimes short apiculate, 1-3 mm
long), cuneate to rounded at base, 12-25.5 cm long,
(2:7)4-10 cm wide (2.5-3 times longer than wide),
(2-3 times longer than petiole), margins thin, nar-
row, reddish, upper surface drying reddish brown,
semiglossy, lower surface weakly glossy; midrib flat
to sunken, slightly paler than surface above, nar-

ly o heavily with reddish I
id

(rarely seen in Panamanian specimens), green to
whitish, suffused with red inside; resin canals ap-
pearing medially, especially near the constriction;
spathe tube cylindrical, semiglossy outside, 4-5 cm
long, deep maroon, red, or crimson inside; spadix
sessile; cylindrical, sometimes clavate or weakly ta-
pered, 7.2-8.5(9.5) cm long, * uniform throughout;
pistillate portion pale greenish, cylindrical, 1.8-2.4
cm long, 5.8-8 mm diam. at apex, 6-9 mm diam.
at middle, 5-6 mm wide at base; staminate portion
48-89 cm long; ferile staminate portion white,
cylindrical, clavate or weakly tapered, 6-11 mm
diam. at base, 8-9 mm diam. at middle, 7 mm

narrower than the sterile portion; sterile staminate
portion broader than the pistillate portion, white, 6
mm diam.; pistils 1-2.2 mm long, 0.6-1.4 mm
diam.; ovary 5-8(10}locular, 0.4-1 mm long, 0.8-
1 mm diam., with sub-basal placentation; ovules
1(2) per locule, sometimes contained within trans-
parent, gelatinous ovule sac, 02-0.5 mm long.
equal in length to or longer than funicle; funicle
0.2 mm long, style 0.7 mm diam., similar to svk
type B; style apex with depressions s
stylar canal exits; stigma brush-like, it
0.5(1.5) mm diam., 0.2-0.6 mm high, covering en-
tire style apex; the androecium truncate,
iregularly 4-5-sided, 1.3 mm long, 0.3-14 mm
diam. at apex; thecae oblong, sometimes oblong-
elliptical; pollen spheroidal to ellipsoidal or elon-
gate, less than 0.2 mm long, 0.1 mm diam; sterile
staminate flowers 3-6-sided or irregularly 4-sided:
09-39 mm long, 0.4-1.3 mm wide. INFRUC-
TESCENCE pendent; seeds 1(2) per locule. JU-
VENILE leaves and spathes tinged red.

Flowering in Philodendron. bakeri occurs
the carly dry season, December through April. e
post-anthesis collections from January through May:
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Immature fruiting collections were made in May
and June.

Philodendron bakeri is known along the Atlantic
slope of Costa Rica from 100 1o 900 m elevation
in Premontane wet forest and Tropical wet forest lfe
zones and also ocours in Central Panama at 900 to
1420 m in Tropical wet forest and Premontane rain
Jorest life zones. I is expected to be found in in-
tervening arcas.

Philodendron bakeri is a member of P. sect. Ca-
lostigma. subsect. Glossophyllum ser. Glossophyl-
lum. The species is characterized by its scandent
habit, slender stems (frequently pendulous on flow-
ering portions), reddish, deciduous cataphylls, sub-
terete petioles (one-fourth to one-third as long as
the blades), more ot less oblong blades, and by the
solitary inflorescence with the spathe green, suf-
fused with red or maroon outside, and heavly suf-
fused with red within, especially at the base. Also
characteristic are the bright orange fruits.

Philodendron bakeri is most similar to P. immix-
tum, also a vine with more or less elongate blades.
That species differs in having thicker internodes
drying with broad fissures and an often loose, flak-
ing epidermis, and thinner blades that dry greenish
or greenish brown and are more typically subcor-
date at the base. In contrast, P. bakeri has minutely
fissured stems that lack a loose, flaking epidermis
and blades that dry typically reddish brown, mod-
exately coriaceous, and are merely rounded to ob-
tuse at the base.

Though both species have spathe tubes that are
reddish on the inner surface, P: immistum differs
in that the tube is not reddish on the outside.

Both P. bakeri and P. immixtum are members of
P sect. Calostigma subsect. Glossophyllum, with
one ovule per locule, but locules of P. immistum
diffe in being longer, with the transparent envelope
enclosing the ovules being about twice as long as
the o'vulu, whereas those of P bakeri have the

in a gelatinous
Iy ﬁ-“llu the envelope.

Philodendron bakeri may also be confused with

Precociously flowering shoots of P. sagittfolium.

species have petioles that may be tinged pur-
Plish violet on both ends. Philodendron sagittifol-
ium differs in having pistils with 7-8 locules with
24 ovules per locule in a transparent envelope (vs.
L ovule per locule in a gelatinous matrix).

Croat 44312 from La Selva, Costa Rica, differs
in drying dark gray-brown above, dark brown be-
low, and in lacking secretory ducts. It is perhaps a
Juvenile of some other specics.

The species is named in honor of Richard Baker,

an aroid specialist previously at the Field Museum,
who made the first collection in 1974.

Additional specimens examined. COSTA RICA. Al

2907 (CRY, Volein Mirwalles, W of
4N, BSOSV, Buer i a. 11628
(F, MO), OM»LNIA, 4 xm NNE uf
Teading into Rio Zapol
Upala, 2 km NE of Col
g0, 300 m, 10°50'N, 85°16'W, Herrera 1958 (MO): San
Ramén, 800 m, Bello 1973 (CR); Bello et al. 4537 (CR.
INB): Reserva Forestal de Son Ramén, m.
84°36'20°W, Herrera 6748 (CR. MO). Guan-
acaste: N side of Lake Arcnal, 1 km NW of dam, 650 m,
1030, SV, Hber t ol 4915 \cn piops e
ug

as, rayum
o 6515, MO Rio e i ol el B,
700-750 m, 10°1730°N, 840430, Grayum & Jermy
6784 (MO); La Zona Protectora, Rio Peje-Rio Guacimo,
northern slopes of Volca alo
road across ani
Gromum & Shaz 3219 (OUKES; La el Ficld Sution
100 m, Hammel 7805 (DUKE, MO): 100-150 m, Croat
Ll Ll Ll TS
Magsre. 102V, SUS-O4'Y, Scets & Crw
o 67 QOB Magaens, T00 1. Chacn 182 (MOY
Timén: Hacienda Tapeaco-Hacienda La Suete, 29 s
m W ol Totuguem 40 m, IO, S54T', Daridon
6962 (LAM); Tortuguero National Park. 0 m.
034, BIAIW, G 61310 (MOY 2 ko W of Rio

Croat 74997 (MO). Coclé:
Penonomé, Llano Grande-Coclecito, 4.3 mi. N of Llano
Grande, 410 m. 842N, BOUW, Crot 6745 (CW, L.
MO, PMA); El Copé region, Alio Calvario, 5.2 mi. above
Copt, 930 m. 49159 (HOX above Also Cavari,
10 s Andersson 4546 (O EI Valle
e e EI Vel de At 860-900 m
Croat 37419 (MO), 37508 (O). Panami: El Lano-Carti
Road, Km 191, 350 m, FION, W, de Neve

Herrera 5875 (MO, PMAY: EI et Nusagandi,
325.350 m. ot 67295 (4% K L0, 33710 (MO); 0.5
mi. E of El Llano, DArcy 5202 (MO).

Philodendron basii Matuda, Anales Inst. Biol.
Univ. Nac. Méxic. 32: 153, Fig. 8. 1961
TYPE: Mexico. México: Barranca de Malinal-
tenango, NE (published as SE) of Zacualpan,
1200 m, 18°43'N, 99°36'W, Matuda 37244
(holotype, MEXU). Figures 76, 81-84.

Almost always terrestrial, or trailing over rocks;
stem green, stout, succulent, leaf scars conspicu-
ous, 24 cm long, 4-5 em wide; internodes 14 cm
long, 257 cm diam., broader than long, drying
olive-green, epidermis peeling, light brownish,
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roots long, 5 mm diam., light reddish tan; cata-
phylls 20-28 cm long, weakly to sharply 2-ribbed,
medium green with darker ribs and dark green
speckles in lower one-half of cataphyll, drying tan-
nish, persisting intact, eventually deciduous; peti-
oles 22-70 cm long, 8-15 mm diam., terete, me-
dium green, surface striate;  blades
ovate-cordate, drying moderately thin, weakly bi-
colorous, semiglossy, acute at apex, cordate at base,
16-56 cm long, 9-38 cm wide (1.5-1.8 times lon-
ger than wide), (0.7-0.9 times the petiole length),
broadest at or above middle; upper surface medium
green, weakly glossy, drying medium yellow-brown;
lower surface slightly paler, semiglossy, drying yel-
low-green o yellow-brown; margins sinuate or
weakly undulate; anterior lobe 35-48 cm long,
37.5-46 cm wide (2.5-8.5 times longer than pos-
terior lobes); posterior lobes 4-19 cm long, 18-23
em wide, directed inward, rounded to obtuse at
apex; sinus spathulate, 10-13 em decp; midrib
weakly sunken to flat, heavily dark green striate,
aler than surface above, conves, sparsely dark-
lineate, paler than surface below; basal veins 3-6
per side, with 1 pair free to base, the third through
fifth coalesced 3-3.5(4) cm; posterior rib naked for
1-25 cm; primary lateral veins 4-7 per side, de-
parting midrib at a 40-60° angle, + straight to the
‘margins, sunken and paler than surface above, con-
vex and paler than surface below; interprimary
veins sunken and concolorous above, flat and
darker than surface below; branches of primary lat-
eral veins * ruffled-sunken and concolorous above,
raised and paler than surface below; minor veins
predominately arising from the primary lateral
veins, those arising from the midrib seem to dis-
appear soon after leaving the midrib. INFLORES-
CENCES probably 1 per axil; peduncle 7-8 em
long, 7-8 mm diam., green; spathe 12.6-13.7 cm
long (1.7-1.8 times longer than peduncle), apicu-
late at apex; spathe blade pale green or white,
tinged red near base outside, 8 cm long, white
tinged with red near base, pale-speckled inside;
spathe tube ellipsoid, dark green outside, 6 cm
Long, 3 cm diam., marcon-red (B & K Red-Purple
10/3) inside; spadix sessile; tapered, 11.8-12 cm
long, broadest at the base; pistillate portion cylin-
drical, 2.5-3.8 cm long, 1.5-1.9 cm diam. midway,
slightly narrower on both ends; staminate portion
7.6-13 cm long; fertile staminate portion clavate,
9-15 mm diam. at base, 11-15 mm diam. at mid-
dle, 5-10 mm diam. ca. 1 cm from apex, broadest
above the middle, narrower than the pistillate por-
tion, broader than the sterile portion; sterile sta-
minate portion narrower than the pistillate portion,
1-18 cm diam; pistils 2.9-3.9(5.7) mm long,

1.4-2 mm diam.; ovary 4-6-locular, 2 mm long, 1.4
mm diam., with sub-basal placentation; ovules 4-6
per locule, 2-3-seriate, contained within
ent ovule sac, 0.3 mm long, equal in length to fu-
nicle, style similar to style type D; style apex
rounded, with style boss and with depressions sur
rounding stylar canal exits; style boss narrow but
pronounced; stigma slightly discoid to hemispher-
oid, 1.6-2.2 mm diam., 0.6-1.4 mm high, covering
almost entire style apex; the androecium 4-6-sided;
thecae oblong, 0.3 mm wide; sterile staminate flow-
ers 4—6-sided, 1.7 mm long, 0.9-1.6 mm wide.
VENILE leaves * sagittate at base.
Flowering in Philodendron basii is recorded dur-
ing the carly wet season with post-anthesis collec-
tions made during September and in January, ak-
though oo few collections overall have been seen.

Philodendron basii is endemic to Mexico, rang-
ing from western Jalisco, south and east to the
states of Colima, México, and Guerrero, at 350 to
1200 m elevation in “Bosque Pino-Encino” and
“Selva Baja Caducifolia.” Matuda (1962) reported
it from as low as 200 m elevation.

Philodendron basii is a member of P. sect. Co-
lostigma. subsect. Macrobelium ser. Pachycaulia
The species is characterized by its very stout,
green, succulent stems, which usually trail over
xocks; weakly two-ribbed cataphylls, which remsin
intact and are usually soon deciduous; long-petio-
late, moderately thin, ovate cordate blades vith a
sinuate margin; and by the green spathes with the
tube reddish purple within.

Although Philodendron basi is not easily con
fused with any other species, i is ecologically very
similar to P: warszewiczii, which also has thick, suc-
culent, bare stems and occurs in very dry habitts.
The latter is distinguished by its deeply dissected
leaf blades. Matuda compared P: basii with P: smi-
thii, 10 which it bears only a superficial resem-
blance. That species differs in having more slender
internodes, which are usually longer than broad:
more narrowly ovate blades; and (usually) two in-
florescences per axil with longer peduncles.

Though no specimens have been seen from Co-
lima State in Mexico, Matuda (1962) reported bav-
ing scen this species there.

Additional specimens examined.  MEXICO. Guerrero:
km 337-338 beyond Acahuizotla on highway to Ac-w‘;:
3000 ft., Moore 5100 (BH, CM); oad to Xalpatlahuac

pagayo with Rio Omitlan, 850 m, Croat 4576¢
200, 10-13 km SE of EI Tuito, valley of
s, 250-330 m, McVaugh 25396 (MIC] Mo,
i S of Tuito, 350 m, Croat 45442 (COL, MEXU. MO
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Philodendron breedlovei Croat, i TYPE:
Mexico. Chiapas: Mun. La Tri Monte
Bello National Park, E o”-lgn'l‘nbnw 3 May
1973, Breedlove 35181 (holotype, DS; isotype,
MEXU). Figures 79, 80, 85.

Planta hemiepiphytica; internodia usque plus quam, 7
em, ca. 1.5 cm diam.; cataphylla decidus: petiolus sub-
teres, 34 cm longus, 7 mm dian.; lamina anguste ovato-
cordata, usque 37 cm longa, 20 cm lata,
brunnea; inflorescentia 1; pedunculus 6 cm longus, 6 mm
diam spaha 105 om lnga;Lmina spatha virduba el

et cxtusvires, nus s il 56
inia ol S vt

Hemiepiphytic; internodes to 7 cm or more long,
ca. 15 cm diam., usually longer than broad, drying
light brown, semiglossy, weakly and irregularly
ribbed; cataphylls deciduous; petioles 34 cm long
(slightly longer than blades), 7 mm diam., subter-
ete; blades narrowly ovate-cordate, acuminate and
slightly inequilateral at apex, sagittate at base, 37
cm long, 20 em wide (1.8 times longer than wide;
about equal in length to petiole), semiglossy, upper
surface drying dark olive-green, lower surface dry-
ing yellowish brown; anterior lobe 31.5 cm long, 21
em wide (4 times longer than posterior lobes); pos-
terior lobes 7.5 em long, 8.7 em wide, narrowly
rounded, dirceted toward base; sinus + V-shaped,
56 cm dczp. midrib drying narrowly !llud and
darker below; basal veins 3—4 per side, with 0 free
10 base, 1 pair coalesced for 2.8 cm; pnuerlnl rib
103 cm long, not naked; primary lateral veins 5-6
per side, arising initially at an acute angle then
forming a gradual arch to margin, departing midrib
at a 55° angle toward apex, 60-70° angle midway,
10 80° angle near the base, weakly arcuate 1o the
margins, drying weakly raised and paler below; mi-
nor veins arising from both the midrib and primary
lateral veins. INFLORESCENCES 1 per axil; pe-

le 6 cm long, 6 mm diam.; spathe 10.5 cm
long (175 times longer than peduncle), slightly
constricted midway, densely speckled-lineate, s-
pecially on the tube, red within, darker red on the
tube within, weakly acuminate at apex, convolute
10 half its length at base; spathe blade greenish
SIS Whiiet pela Abong 8\ e
spathe tube medium green outside, 5 cm long: spa-
dix sessile; 6.5-8 cm long, broadest above the mid-
dle; pistillate portion 2.9 cm long, 1.7-1.9 cm

iam., broadest at the middle; staminate portion 7.2
em long; fertile staminate portion to 2.2 cm diam.
midway, usually broader than the pistillate portion;
sterile staminate portion 1.7 em diams pistils
33-38 mm long, 1.7-1.8 mm diam.; ovary 5-6-
locular, with axile placentation; ovules 20 per loc-
ule, 0.3-0.4 mm long, equal in length or slightly

longer than funicle; style similar to style type B,
13-15 mm diam.; style apex truncate, minutely
warty, imregularly 3-5-sided; stigma 23-2.5 mm

. depressed with 5-6 small stylar canals; ster-
ile staminate flowers 2.7-3.1 mm long, 0.9-1.6 mm

wide.

Flowering in Philodendron breedlovei is based on
a single collection in post-anthesis condition made
i probably in the early wet sea-
son, which begins in May in Mexico.

Philodendron breedlovei
type locality in Mexico (Chiapas) in
Encino” or “Bosque Caducifolio,” at 1300 m ele-
vation. Since its type locality is very near Guate-
mala, it s expected 1o be found there as well.

Philodendron breedlovei is a member of P sect.
Philodendron subsect. Philodendron ser. Fibrosa.
The species is characterized by its long internodes;
subterete petioles about equaling the blades; nar-
rowly ovate-cordate, yellow-brown drying blades;
solitary, short-pedunculate spathes with the outer
surface white on the blade and reddish on the tube;
and especially by its ovaries, which have parictal
placentation and about 20 ovules per locule.

Philodendron breedlovei is most easily confused
with P, sousae Croat, which has similarly shaped
blades with weakly coalesced basal veins that often
dry a similar yellow-brown color. That species dif-
fors in having only 1-3 basal ovules per locule and
persistent stigmas bearing a conspicuous rim. The
old stigmas of P. breedlorei instead are truncate and
smooth with up to six more or less equally spaced
stylar canals in a ring around the center.

Philodendron brenesii Standl, Publ. Field Mus.
Nat. Hist., Bot. Ser. 18: 140. 1937. TYPE:
Costa Rica. Alajucla: La Palma de San Ra
‘mén, 1050-1100 m, Brenes 5110 (holotype, F)
Figures 36, 86-89.

Hemicpiphytic, sometimes terrestrial; stem gray-
green, 10 2 m long, glaucous; sap watery, spicy-
scented; internodes weakly glossy, becoming matte,
25 cm long, 2.5-5 cm diam., about as long as
broad, medium to dark green, weakly glossy to se-
‘miglossy, drying gray, epidermis brown, crisp; cat-
aphylls 1o 24 cm long, sharply 1-ribbed to sharply
2-ribbed, sharply and broadly sulcate, pale green
10 greenish brown to reddish or weakly tinged red
near base, densely short dark lineate, drying tan-
nish brown, promptly deciduous, obtuse at apex,
margins clear to pale; petioles 20-53 cm long,
0.6-1.7 cm diam., subtercte, somewhat spongy, yel-
lowish green, very broadly convex to weakly flat-
tened 1o obtusely fattened with obtuse medial rib
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adaxially, rounded to convex abaxially, with adaxial
‘margins rounded, surface sparsely short, dark green
or reddish lineate, sometimes with green to reddish
ring around apex; blades narrowly ovate, subcor-
iaceous, short- to long-acuminate at apex, + sag-
ittate at base, 28-79 cm long, 8-38 cm wide,
(16)1.8-2(2.4) times longer than wide, 11-14
times longer than petioles, upper surface medium
to dark green, semiglossy to glossy, lower surface
pale green to bluish green, matte to glaucous; an-
terior lobe 30-52 cm long, 20-30 cm wide (43—
55 times longer than posterior lobes); posterior
lobes 5.5-12 cm long, 8.8-13 cm wide, rounded,
directed toward base; sinus narrowly V-shaped;
midrib very broadly convex to flat, whitish to pale
green to pale reddish green, sometimes sparsely
short red-lineate, at least near base above, narrowly
convex to convex, pale green to reddish, matte,
sometimes dark red-lineate below; basal veins 5-6
per side, 2 free to base, the third and fourth some-
times coalesced to 3.5 cm; posterior rib not naked;
primary lateral veins (5-6)8-12(18) per side, de-
parting midrib at a 60-95° angle, sunken above,
convex and paler than surface below; minor veins
visible, etched-sunken and paler above, slightly
raised and slightly darker than surface below, aris-
ing from both the midrib and primary lateral veins.
INFLORESCENCES erect, 1-2 per axil; peduncle
45105 cm long, 0.5-1 cm diam., convex adaxi-
ally, rounded to angular abaxially, medium green,
semiglossy; spathe thin, 9.5-18 cm long (1.7-2.1
times longer than peduncle), constricted % at the
middle, pale yellowish green throughout, spathe
blade cream inside; spathe tube 4-6 cm long, se-
miglossy outside, deep magenta with resin canals
inside; spadix sessile, * tapered, 11.5-17.3 cm
long, broadest at the base; pistillate portion pale
yellow, cylindrical, 2.8-8 em long, 0.8-1.4 cm
diam., tapered toward base; staminate portion 8.6
108 cm long, only slightly broader than pistillate
portion; fertile staminate portion cream, generally
tapered, 9-14 mm diam. at base, 1.1-1.2 cm diam.
at middle, 4-6 mm diam. ca. 1 cm from apex,
broadest at base, usually narrower than the pistil-
late portion; sterile staminate portion 1-15 cm
diam; pistils 3.1-4.7 mm long, 1.7-2.8 mm diam.;
ovary 5-8-locular, 1.8 mm long, 1.7 mm diam., with
sub-basal placentation; ovules 6-12 per locule, ar-
ranged in 2 series of 6 ovules, contained within
gelatinous matrix (no true envelope), 0.4 mm long,
= equal in length to funicle, style 1 mm diam.,
similar to style type B; style apex flat to weakly
rounded; stigma subdiscoid, 1.5-2.1 mm diam.,
03-1.7 mm high, inserted on center of style apex,
shallowly depressed medially; the androecium trun-

cate, 4-6-sided; theeae oblong to ovate, 13 mm
wide, contiguous; pollen cream, clongate to sub-
spheroidal, 0.1-0.2 mm long, to 0.1 mm diam. IN-
FRUCTESCENCE with berrics yellow maturing to
orange; seeds 2 per locule, very pale yellow, 14—
17 mm long, 0.7 mm diam. JUVENILE plants
creeping, appressed-climbing; intemodes 8-15 mm
long, 2-2.5 cm wide; petioles 7-8 mm diam, D-sha-
ped, flattened adaxially, weakly striate; blades nar-
rowly ovate, 19-23.3 cm long, 9-12 mm wide; ba-

ins 1-2; posterior rib not naked; primary
lateral veins 5-10 per side.

Flowering in Philodendron brenesii may be asea-
sonal. Flowering collcctions have been made in
July and August, and many post-anthesis collec-
tions have been made between March and Novem-
ber. Fruiting collections have been made mostly
during what is the dry season and carly wet season
in Costa Rica, December through May. Mature
fruiting collections have been made in December,
January, February, and May.

montane rain forest and Tropical Lower Montane
rain forest lfe zones.

Philodendron brenesii is a member of P. sect. Co-
lostigma subsect. Macrobelium ser. Ecordata. The
species is distinguished by its mid-clevation habi-
tat, bright green intermodes about as long as broad,
sharply two-ribbed, promptly deciduous cataphylls,
and narrowly ovate blades with a narrow V-shaped
sinus, more or less free basal veins, and a more of
less bluish green lower surface.

Philodendron brenesii is most easily confused
with P crassispathum Croat & Grayum, which has
similar venation but more broadly ovate blades and
a nearly ellipsoid spathe with very thickened walls
(usually more than 1 cm thick) and no sign of &
constriction between the blade and tube portions.
The peduncle on the latter is sometimes so short
that it appears to be lacking. In contrast, the spathe
of P brenesii s of normal thickness and shape (€:8+
the spathe is divided into a tube and blade portion):
Philodendron straminicaule can sometimes be con-
fused with the more narrow-leaved forms of P bre-
nesii, but that species differs in having a hippocre-
piform, rather than a narrowly V-shaped, sinus-

‘The leaf blades of Philodendron brenesi closely
resemble those of P. validinervium Engl.
coastal Ecuador between Nanegal and Gualea. That
species differs in having proportionately longer srd
narrower posterior lobes, more closely spaced 04
prominently raised primary lateral veins, a loog"
pedunculate spathe (1.2 times longer than the pe-
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duncle vs. 1.6-3.1 times longer), and a 4-locular
ovary with about 4 ovules per locule (vs. a 5-7-
locular ovary with up to 12 ovules per locule).

Philodendron brenesii is one of the most com-
monly cultivated species throughout the Meseta
Central in Costa Rica. A specimen collected in Co-
clé Province of Panama (Croat 67578) is somewhat
disjunct from the nearest populations in Chiriqui
Province, but perhaps belongs here as well. The
material has juvenile blades more broadly ovate
than in other tions of the species. It also
Lacks the bluish green coloration on the lower blade
surface and has the dried midrib dark rather than
pale. The adult blades of the Coclé collections are
remarkably similar o those of the Chiriquf collec-
tions, and the other differences may be due to the
fact that these plants occur near the lower part
the elevational range. A number of differences in
the pistil argue that this collection may represent a
different species. Pistil differences in the Coclé col-
lection include, among other things, the presence
of a style funnel and a style dome (lacking in the
Chiriqus populations). The Coelé collection also has
eight locules per ovary and two seeds per locule,
perhaps another important difference.

A Costa Rican collection (Herrera et al. 8789)
from Tarraza in San José Province is unusual in
having smaller leaves with in imary lat-
el veins and petioles drying minutely wrinkled.
The dried blade color, minor venation, and dried
stem characters otherwise match P. brenesii. While
this might represent a new species, more informa-
tion is needed. Herrera et al. 8789 also is similar
in stature and blade shape with P knappiae from
Chiriquf Province in Panama. The collection differs
from P: knappiae in its pale gray-green drying (vs.
dark brown) lower blade surface, lack of secretory

ducts between the minor veins, and a deeply sunk-
en style into the apex of the pistil on drying (vs. &
style held above the apex of the pistl on drying).

10°00'30N, 84°30'W, Croat 63084 (B, CM, DUKE, F. K,
M. MEXU, MO, NY. US); 1.3 g N of s N,
00 m, Croat 468; oo NW of Zarcero,
q»m. Croat 43521 (CR, o pen Zareer, 1800
m, Hoover 1350 (CR, uox i Pootctn Barbt 7
mi. N of Carrizal, 1850 m, Croa 35491 1 MO) Cartage:

 Wilbur et al. 16086
sk E of i P 1150
(¢

5 (CR, L NEXU. WO hc.nml

-.c.mzs%
kmS of El Tejar, 1850 m, Williams et al. 24191 (F, NY):

Rio Grande de Orosi, 15 km S of Tapanti, E slope above
i 1500 m, Bungr & Liser 6713 (P R Naruno, 35
K E o Caci, 1360 w, Lot 1431 5 Tpant Hydew

i e, g W Gende e D 4.
yond small bridge. 1500-1700 m, Croat 36111 (e

1 km S of jet. of Quebrada Salto & Rio Grande de Orosi,
e T e

ia_Guachipelin, 1400 m,
e B‘wpr & Pobl 7771 (CR, . MO,
PMA); Fila del Volcn Chacdn

Chackn 2302 (MO%. 1k X ot L Noben vileg, B ko
NW of Monteverde, 1200 m, 10°22'N, 84°51'W, Haber &

Zuchowski 9519 (CR, INB, MO, MV); Rio Colorado, 820
m, 10°46'30'N, 85°20'35'W, Rivera 660 (CR, MO). He-
redia: 2 km Blanco, 1900 m, Wilbur et al. 15711

(DUKE); W slopes of Volcn Barbe, Rio San Ralael, Lent
1299 (CR, F, US); Volcdn Pods-Vara Blanca,
divide in road, 1930 m, 10°12'N, 8+°10'W, Hoover
(4O, W) La Zoon Protctors. o Pejo-Fio Gudim, 4

slopes Volcan Barba, 800 Schatz 3232
{DUNEY Rio San Rael, Alatic slope & Ve B
500 m. 103N, S405W, Groyum et o 7750 (MO)
Limén: Moravia, 1300 m, Williams 16171 (EAP) Cantén
& 1.1.....m an Amubri, Alto Lari, Kivut, between

apari Reo Lui 1350 m. 92350,

iy, o 5384 INB, MO Taamaea, R
/00 m, Fernande: 816 . INB). Pustarcaas:

jaber & Bello 4115 (MO; 1700
m, Haber 2413 (MO); 1550-1600 m, Haber & Zuchouski
%27 NB, MO Zareer g, Peleic, SO0
vie it 78306 (CR, INB,
MO). San o e B 800, Crot 33515
(MO R g Blanca, Cerrs de Zurgut, 1600-1600 m,
OIS, 01N, Buger ko 10242 F, MO SW fork
of Rio Paré Blanco, o Zurqui, Utley
& L’lley 1200 B Ta Pulma-Sen Jeronimo, Uy & Uiley
m N of Highway 12, ca. 10 km W of Inter-
e Hiwes, 7300 . Grut &
sl CA-2, Cerr de ln Mune, N
. 2000 m, Croas 32857 (MO Faart, Cor 1 .
m, °53'N, B402'W, Chacdn & Herrera
556 (C, MO Aser.Ceron de Excu
Morales 1305 (CR, INBY, Rincon de la Ler 233
(CR); Tarvazs, Herrera ct al. 8789 M) PANAMA. Cht
riqui: Callején Scco, Voledn de Chiriqut, 1700 m, Kood-
1on & Scher 510(F, GH, MO) 4k pst dvide i rad
o Alto Qui § ete, 1600 m, 8°49'N, 8228V,
y 1337 (MO): Gualaca-Chiriqui Grande, 5.9 mi. be-
ond Los Planes de Homnito, 1225 m, 845N, 82°14'W,
Yoo 7795 (WAL MICOLL CRE K. L MEXU,
MO, 0OM, QCA, S of Los
e e i e BN, BV, o
74914 (MO); Cerro Colorad, ca. 13 mi. N of Rio San
Félis brdge, 8001200 o Croat 33507 (MO); 24 mi. N
n Felix, 1430-1500 m, Croat 48437 (MO, above
Felix, 33184 (MO); Los Plancs de Homito beyond

Gualaca, 1400-1900 m, Croat 48879 (MO, SAR, US); Bo-
qute egion, W of Rio Calden ca 2 km NV of Bajo
Mono, 1700 m, 849N, 82°28'W, 6148

(MO 83 mi. W o Chame,
Croat 69090 (AAU, CR, MO, NY, PMA, VDB); ncar Con-
tinental Divide, 1500 m, Antonio 1497 (MO, NY); Cerro
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Homito, § slope approached from Los Plancs de Homito,
1640 m, 8°41'N, 82°11'W, Croat 67937 (CAS, MO), Cerry
Horqueta, 1650 m, Croat 27000 (CM, MO). Coclé: Al
Calvario along summit of Continental Divide 5.5 mi. N of
El Copé, 3.5 mi. N of Escuela Barrigon, 850 m, 839N,

36'W, Croat 67578 (CM, CR, K, MO, NY, PMA, US);
1.5 mi. N of El Copé, ca. 900 m, Croat 44577 (MO).

Philodendron brevispathum Schott, Bonplandia
7:29.1859. TYPE: Panama. Canal Zone: Cha-
gres River, Fendler 431 (holotype, MO; iso-
type, K). Figures 90, 91.

Philodendron arcuatum K. Kruuse, in Engl. & K. Krause,
Phanzcnr. 1V. 23Db (Heft 60): 72. 1913. TYPE: Bo-
livia. Pando: Rio Acre, Cobija (on Brasilian border,
SW of Rio Branca), 1102'S, 68°44'W, Ule 8819 (ho-

lotype, B).

hilodendron holmauisti G. S. Bunting, Acta Bot. Venez.
10: 297. 1975. Philodendron_brevispathum subsp.
holmauisti (G. . Bunting) G. S. Bunting, Phytologia

icjo,
forest, 100 m, 1°50'N, 6630
ting 102495 (holotype, VE!

MY).

Terrestrial or hemiepiphytic; stem scandent,
coarsely scabrous, densely covered with trichome-
like, often branched scales; internodes elongate,
7.5-14(23) cm long, 8-15 mm diam., longer than
broad, epidermis reddish brown, loosening and
flaking, without fissures; roots drying tan to dark
brown, few per node; cataphylls 6-9 cm long, soft,
unribbed, green, drying dark reddish brown, even-
tually deciduous; petioles 1043 cm long, 3-7 mm
diam., subterete to bluntly C-shaped, somewhat
spongy; blades ovate to ovate-triangular, concol-
orous, semiglossy, thin, acuminate at apex, cordate
at base, 16-36 cm long, 11-26 cm wide (1.4-2
times longer than wide), (0.8-1.6 times longer than
petiole), broadest at or above middle, upper surface
semiglossy, lower surface semiglossy; anterior lobe
12-30 cm long, 10.8-24 cm wide (1.3-2.4 times
longer than posterior lobes); posterior lobes some-
what triangular to narrowly triangular to rounded,
or rounded to with hastate or flaring lobes, 5-15
cm long, 49-11.5 cm wide, subacute; sinus narrow
o sometimes V-shaped, 9-11 cm deep; midrib
sunken above, convex to raised, drying slightly pal-
er below; basal veins 34 per side, with 1 free to
base, coalesced 4-10 mm, or with 2-3 veins co-
laesced 1o 3 or 4 cm; posterior rib not naked or
obscurely and briefly naked to 0.5 cm long; primary
lateral veins (3)4-5 per side, departing midrib at a
55-70° angle, gradually ascending to the margins,
weakly sunken above, convex and drying slightly
darker below; interprimary veins almost as con-
spicuous as primary lateral veins; minor veins aris-
ing from both the midrib and primary lateral veins;

tertiary veins visible and darker than surface below.
INFLORESCENCES erect, 1 per axil; peduncle 1-
7 cm long, 2.5-5 mm diam., subterete; spathe 6-
10.5 cm long (1.4-4.6(9) times longer than pedun-
cle); spathe blade green outside, red inside; spathe
tube green to greenish white outside, 4-4.5 em
long, 2-25 cm diam., green to white inside; spadix
sessile; 7-9.5 cm long, whitish to yellowish; pistil-
late portion 2-3 cm long, 3.5 cm diam. throughout;
staminate portion 5-7 cm long; fertle staminate
portion 5-10 mm diam.; sterile staminate portion
5-6 mm diam.; ov 6-locular, with axile pla-
centation; ovules 6-14 per locule, 03-0.4 mm
long, longer than funicle; funicle 0.2 mm lon, ad-
nate to lower part of partition, style similar to style
type B; stylar canals emerging at base of pro-
nounced apical depressions; style apex drying dark
brown with a pale undulate margin and a central
solitary stigmatic pad; the androecium truncate,
prismatic, margins distinctly scalloped, irregularly
4-5-sided, 0.9 mm long; thecae oblong, 0.4 mm
wide, nearly contiguous. INFRUCTESCENCE with
peduncle 4 cm long, spathe 5-6 cm long; spadix,
3.5-4 cm long, 2.5 cm wide; berries pale yellow, 6
mm long, 3 mm diam.; seeds 4-6 per berry, oblong
10 weakly ovoid, 1.4 mm long, 0.4-0.5 mm diam.
Flowering in Philodendron brevispathum is ap-
parently aseasonal, perhaps owing to its habitat
along and near streams. Flowering collections have
been made in February through April, July, August,
and November. Immature fruiting collections were
also made throughout most of the year, January
through April, July, September, and November.

Though long known only from the Caribbean
coast of Panama, Philodendron brevispathum is now
known to be a locally rare but more widespread
species with special ecological requirements. It
ranges from Nicaragua to Panama at 0-280 m ith
disjunct populations in South America, there rang-
ing from Venezuela to Brazil (Amazonas), Colombia
(Vichada, Meta), Ecuador (Napo), Peru (Loreto):
and Bolivia, at elevations of 60 to 230 m.

Phil brevispathum is a member of P
sect. Philodendron subsect. Solenosterigma. It
grows as a low hemiepiphyte or in drier areas &3
terrestrial herb, usually along streams, on HYer
banks, or in swamps. Maguire 36157 is unusual in
being reported as a vine growing to 13 m in trees.
The species is recognized by its scandent habit, 5
thin ovate to ovate-triangular leaf blades with
rounded to hastate posterior lobes and a generally
narrow (sometimes V-shaped) sinus, and especially
by the stems that are densely covered with r-
chome-like, often branched scales and dry with *
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flaky brown periderm. While the posterior leaf
lobes are commonly somewhat triangular (and may
even be narrowly triangular and subacute at apex),
they may be nearly round on the same collection
(Davidse & Gonzalez 12973).

Bunting (1988) distinguished the South Ameri-
can material as P. brevispathum subsp. holmauisti,
characterized by having 7-14 ovules per locule (vs.
14-18 for the typical material in Central America)
and pistils with the apex convex with 3-4 stigmatic
pads. Yet my observations indicate that Central
American material also has 6-14 ovules per locule.

This species is closest to P. muricatum Willd. ex
Schott (an older name) and may not be separable
from it. The latter species is distinguished by hav-
ing densely verrucose-warty petioles and usually
smaller blades with more rounded lobes. However,
some collections with verrucose petioles such as
Steyermark et al. 115076 and Licsner 9056 from
Delta Amacuro, Venezuela, and Krukoff 7250 from
southern Amazonas State, Brazil (the type of P2 am-

those of P brevispathum. On the other hand, not all
specimens of P. brevi have similar lobes.
Central American material commonly has more
rounded or elongate lobes that are tumed somewhat
inward, but some sheets (e.g., Buger & Antonio
11236) have blades identical to those of South
American plants. In addition, some South Ameri-
can collections (Croat 58586, Davidse 4294) have
the posterior lobes Doiealy rounded and scarcely
longer than broad. Despite this variation, the ver-
et ol caracierds ndequne to separate P
brevispathum from

Philodendron bmupathum has also been con-
fused with P jacquinii, but that species has merely
puberulent stems (with trichomes simple and un-
branched), thinner, more broadly ovate leaves (of-
ten also puberulent on the petiole and lower mid-
wb),a cnnlpmnmnly bulging spathe tube, and more
elongate styles,
imens examined. COSTA RICA. He-

68401 ); La Selva Field *-lwn‘ (mxywm 2300
(DUKE, Mo;. Cmyum 2642 (DUKE, F. MO), 100 m,
Hammel & Thainer 10810 (DUKE), Rio Frfo de Sarapiqui,
between Rio Sucio and s, SW of Fi
Orho 110 m, 10°18'
5568 (M 0) Limén: Rio B-mmlo-‘.lhull- near Punta
Vargas ca. 4 km S of Cahuita, 0-10 m, Burger et al. 10493
(F, MO, lb mrlme km SW of Barra del Colorado, Iﬂ-IZO
m 1039'N, & Herrera 31254 (MO)
“dum B dl (‘nlnndo, i Rio C! wnpvrlla
and Rio Sardina, 12 m, 745" t;mym et al.
9742 (AAU, CR, MO); Flnc- ‘Suerte, 29 ai

km W of Tortuguero, 40 m, 10°30'N, 83°47'W, Dasidson

Limn), 0-5 m, 9°36'N, 82°36'30°W, Grayum
R S el GO 10:40

Natior
Non 4 m 10052 S520W Wlazucmr uo.
near Boca de las Lagunas de Tortuguero,
ummuzao(r ¥o, 1)

heria, 11 km al NE de

10°34', 83732
NICARAGUA. n...plp.

N, 85°32'W, Mo

MOJ; Santa Marta, 5 m, 14°18"
ren 19623 (HO): SW of  Blcheldn, 10.40

83'46" 9736 (CAS, L, MO, UWL). PANAMA.
Colén: M-m-l e o B Gt 10012 (MO, SCZ). San
Blows P ot rsed y Wenka, O-10 m, 20K,
13'W, Herrera 596

Philodendron brewsterense Croat, sp. nov.
TYPE:

Brewster, 850 m, 18N, 79°16'W, de Nevers,
Herrera, Hammel & Charnley 5545 (halotype,
MO-3246994). Figure 92.

ulis scandens; intcrmodia 5-6.5 cm
ter vel acute 2-cos-

jus; petiolus S-11 cm longus, usque
e e e T o e
subcordata, D11 o Lnga, -8 cm e, 1 s B
s laersibus | absenibus; nforescenia

Planta epiphytica;
longa, -5 e i

pistilla o bt s 2ol

tem scandent; leaf scars inconspic-

diam., very few per node; cataphylls weakly to
sharply 2-ribbed, glossy, deciduous; petioles 9-11
cm long, 1o 4 mm diam., narrowly and obtusely
sulcate adaxially, surface minutely wrinkled: sheath
conspicuous, the tip free-ending (2-3 mm long),
blades ovate, acuminate at apex (acumen inrolled,
1-2 mm long), weakly subcordate at base, 9.8-11
cm long, 7-8 cm wide (1-14 times longer than
wide; about equal in length to petiole), broadest in
lower one-third, margins revolute, drying reddish
brown, upper surface medium green, drying grayish



414

Annals of the
Missouri Botanical Garden

green, semiglossy, lower surface weakly glossy,
moderately paler, drying yellowish green; anterior
lobe 9105 cm long, 7-8 cm wide (5.9-7.1 times
longer than posterior lobes), broadest in lower one-
third; posterior lobes 2-2.4 cm long, 2.8 cm wide,
rounded; sinus obtusely angular, 5 mm deep; pos-
terior rib lacking; midrib bove, modk

em diam., <11 em long), corisceous, ovate, yellow-

ish brown blades lacking primary lateral veins; and
solitary inflorescences with the outer surface sur

ed to any other species but is most similar to P
and resembles juvenile plants of that

ly raised, drying paler than surface below; basal
veins numerous on each side but none of them out-
standing, primary lateral veins lacking or indistin-
guishable from minor veins; minor veins close, aris-
ing from the midrib only, arising from both the
midrib and primary lateral veins. INFLORES-
CENCES 1 per axil; peduncle 4.7 cm long, 3.5 mm
diam., dark brown; spathe erect, subcoriaceous, -
9.3 cm long (2.1 times longer than peduncle), ma-
roon throughout on both surfaces; spathe blade 6.9
cm long; spathe tube 4.5 cm long; spadix green
throughout (probably juvenile), narrowly rounded at
apex, 7.3 em long, constricted below sterile sta-
minate. portion; pistillate portion drying grayish,
slightly tapered toward the apex, 21-25 cm long
in front, 1.2 em long in back, 4.5-5 mm diam. at
apex, 5-6.8 mm diam. at middle; staminate portion
4561 cm long; fertile staminate portion white,
gradually tapered towards apex, 6.5-6.8 mm diam.;
pistils 1.1 mm long; ovary 5-locular, 0.9 mm diam.,
ovule sac ca. 0.5 mm long, with sub-basal placen-
tation; ovules 2 per locule, contained within trans-
parent ovule sac, ca. 0.2-0.3 mm long, longer than
funicle; funicle 0.1-0.2 mm long (can be pulled
free 1o base), style 0.7-0.9 mm diam., similar to
style type D; style apex rounded; style boss broadly
and gently rounded; stigma button-like, distinctly
Iobed, 1 mm diam., 0.3 mm high, covering entire
style apex, inserted on style boss; the androecium
truncate, prismatic, margins irregularly 4-6-sided,
0.9-1.1 mm long, 3-5 mm diam. at apex; thecae
oblong to weakly ellipical, 0.4 mm wide, + parallel
10 one another; sterile staminate flowers subround-
ed, 5-9 mm wide, grayish to pale orange.

Flowering in Philodendron breusterense is based
le flowering collection made in April in
an area that is somewhat aseasonal.

Philodendron breusterense is endemic to Panama,

where it is known only from the type specimen col-
lected on Cerro Brewster in Comarca de San Blas
Province, at 850 m elevation in a Premontane rain
Jorest lfe zone.

Philodendron breusterense is a member of P. sect.
Calostigma subsect. Glossophyllum ser. Glossophyl-
lum. The species is recognized by its scandent hab-
it with intemodes much longer than broad, drying
yellowish brown and narrowly fissured; small (<8

species. The latter differs, however, in having ju-
venile leaves with an arcuate sinus and adult leaf
blades usually more than 20 cm long and with four
1o six pairs of primary lateral veins.

Philodendron brunneicaule Croat & Grayum,
sp. nov. TYPE: Panama. Coclé: Alto Calvario,
6 mi. N of El Copé, Atlantic slope along Con-
tinental Divide, along trail which heads off old
lumber trail and leads down to Las Ricas, Li-
mén, and San Juan, 710-800 m, 8°39'N,
80°36'W, 22 June 1988, Croat 68713 (holo-
type, MO-3591332). Figures 93-97.

Planta hemiepiphytica; interodia 6-20 cm longa, -
1.2 cm diam., rubrobrunnea; cataphylla 20-40 cm longa.
incostata, decidua; petiolus teres vel C-formatus, leviter
‘subcomplanatus adaialiter 2163 cm longus, 4-11
lamina ovala, cordata aut interdum saittata besi
25-62 cm longa, 16-52 cm lorescentia -
culus 4-20 cm longus, 8-9 mm diam.; spatha 11-21 cm
longa; lamina spathae extus cremea, intus viridalbe; tubo
spathac extus viridi, intus cerasino; pistilla (5)0(7)-locu-
aria; loculi (13)15-18-ovulati; baccae albae.

Hemiepiphytic; stem light reddish brown to rusty
red, leaf scars conspicuous, 8 mm long, 12 mm
wide; internodes sparsely short dark-lineate, some-
times weakly warty, semiglossy, 6-20 cm long, 1~
12 em diam., longer than broad, dark green to ol-
ive-green to brown, epidermis loosening and flak-
ing, reddish brown; cataphylls soft, 2040 cm long,
unribbed, sometimes bluntly 1-ribbed, greenish
white to white with margins pinkish, drying red-
dish, deciduous; petioles 21-63 cm long, 411
mm diam., erect-spreading to spreading, terete, 10
C-shaped, somewhat flattened adaxially, medium
green, surface matte, sometimes striate and dark
green- 1o red-lineate; geniculum 3 cm long, 2.5-3
cm diam., thinner and paler than petiole; blades
ovate, subcoriaceous, bicolorous, acuminate at
apex, cordate or sometimes sagittate at base, 25~
62 cm long, 16-52 cm wide (0.6-1.75 times longer
than wide), (0.7-1.6 times longer than petiole), up~
per surface dark green, glossy to semiglossy,

surface glossy to semiglossy, paler; anterior lobe
23-65 cm long, 19-52 cm wide (0.88-1.5 times
longer than wide); posterior lobes rounded to ob-
tuse, 8-20 em long, 9-26 cm wide; sinus spathulate
to hippocrepiform; midrib flat to sunken, paler than
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surface above, narrowly convex to round-raised,
paler than surface, sometimes tinged maroon below;
basal veins 5-9 per side, with 0-2 free to base,
(2)3-4 coalesced 1.9-4.5 cm; posterior rib naked
for 145 cm; primary lateral veins 4-6 per side,
departing midrib at a 45-55° angle, conspicuously
sunken above, narrowly convex and tinged maroon
below; interprimary veins weakly raised and darker
than surface below; minor veins arising from both
the midrib and primary lateral veins; tettiary veins
visible and sometimes darker than surface below.
INFLORESCENCES erect, 1 per axil; peduncle 4
20 cm long, 8-9 mm diam., medium green, whitish
at base, short dark green lineate; spathe glossy,
11-21 cm long (1.05-2.85 times longer than pe-
duncle), constricted midway above the tube; spathe
blade cream outside, greenish white (at anthesis)
inside: spathe tube 6.5-9 cm long, green outside,
cherry-red inside; spadix 9-17 cm long, broadest
above the middle or  uniform throughout; pistil-
late portion cylindrical to obovoid, 3.8-7 cm long,
7-13 mm diam. at apex, 8-14 mm diam. at middle,
10-14 mm wide at base; staminate portion 4.6
175 cm long; fertile staminate portion clavate, 9
16 mm diam. at base, 12-20 mm diam. at middle,
7-10 mm diam. ca. 1 cm from apex, broadest at
‘middle, broader than the pistillate portion, narrow-
er than the sterile portion; sterile staminate portion
as as or narrower than the pistillate portion,
09-16 cm diam; pistils 1.3-3.2 mm long, 1-18
mm diam.; ovary 5(6)7-locular, 0.9-2.1 mm long,
09 mm diam., with axile placentation: ovules
(13)15-18 per locule, 2-series, 0.1-1.7 mm long,

r than or equal in length to funicle, style 1.2
wm diam,, similar to style type B; style apex round-
ed; stigma subdiscoid, lobed, 1.5 mm diam., 0.3
mm high, covering not quite entire style apex; the
androecium truncate, 3-6-sided, 2.2 mm long; the-
cae oblong, 0.2-0.5 mm wide; sterile staminate
flowers blunt with one side scalloped, 1-2.2 mm
long, 0.7-1.9 mm wide. INFRUCTESCENCE with
beries white. JUVENILE plants with internodes to
10 cm long, 4-10 mm diam.; cataphylls reddish,
Persisting at upper nodes, sharply C-shaped in
cross section.

Flowering in Philodendron brunneicaule proba-
bly ocours in the early rainy season, but a single
(post-anthesis) collection was made in January.
Most post-flowering collections have been made be-
tween April and July, with immature fruits collected
in August and October.

Philodendron brunneicaule ranges from Costa
Rica to Panama, Colombia (Valle), and Ecuador

(Esmeraldas), at 50 to 1300 m elevation in Tropical
wet forest and Premontane rain forest.

Philodendron brunncicaule is a member of P.
sect. Philodendron subsect. Platypodium. The spe-
cies is characterized by its appressed-climbing
habit, long intemodes with thin, flaking reddish
lmmn epidermis (hence the name "lwmnnencm.lz.

“brunneus” “

ne-
ate petioles, ovate b]xdes with reddish-brown-dry-

ing veins, large, solitary inflorescences bome at

Philodendron brunneicaule is probably related to
P ernestii Engl. from Amazonian Ecuador and Peru.
That species shares long internodes with flaking
brown epidermis and- similar, solitary inflores-
cences. It differs, however, in having stems that are
often warty and petioles that are undulate-winged
vs. more nearly terete for P2 brunneicaule.
worthy, however, that a single collection from Ama-
zonas Department, Peru (Vasquez & Apanu 19051,
MO), appears to lack a petiolar wing. This may
prove to be P brunneicaule, but if s0 it would be
the first collection from east of the Andes.

In Central America Philodendron brunneicaule is
most easily confused with P. copense. See that spe-
cies for the differences.

Additional thﬂmtru examined. COSTA RICA. Ala-

. 16.7 km N of bridge over
m N of Rio Balsa, 700-300
. 10IO-1SN, I°0-35W, Sens 1385 (G E NO:
4.6 km N of bridge over Rio B-Iu

MOy .
8428'W, Hammel et al. 15234 (4O} Resersa Bmlépc-
Petas Blancas, 90 m, Bello 369

o Coonia Vrgen o

el Divide 1170 m, B44N.
(L, MO). Chiriqui: Gualac hx-mn- Dam, 101 mi. NW

of Los Plance de Homilo, 1300 m, 82°17'W, S45'N,
oo 49856 (COL. K, MO, N 94 kam bove Bl Cope,
750-900 m, Croat 44733 (MO). Coclé: EI Copé, Alio
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Calvario above EI Copé, 4.5 mi. N of El Copé, 580-740
m, 38N, 8036'W, Croar 67532 (AAU, MO, W), 930
m, 49183 (MO, US). Panama: El Llano-Cartf road, 10
v Iner-Amercan Highvay, s El Ltn, 390
Croat 50500 m, Folsom et ol
1483 (MO: 101 mi. above highway, 325-350 m, Croat
67365 (MO). San Blas: El Llano-Carti Road, km 19, 350
m, FI9'N, T855'W, de Nevers et al. 5599 (B, K, MO,
PM

%, Croat 66509 (IO

. SOLOMBIA. Vale: n.,o Calima region, Buenaventu-

ra-Malaga, Km 28, 50-150 m, . T703'W, Bay 240
(CUVC, MO).
Philodendron chiriquense Croat, sp. nov. TYPE:

Panama. Bocas del Toro: Cerro Colorado, 9.2
km W of Chame, along trail E of road leading
down to stream, 1450-1480 m, 8°35'N,
81°50'W, 6 July 1988, Croat 69068 (holotype,
MO-3599857; isotypes, B, CAS, CM, COL,
CR, F, GH, K, MEXU, PMA, US). Figures 98
100, 107.

Planta hemiepiphytica; intemodia 14 em longa, (1.5
23-4(6-10)

tacta;
212108 om oogu, i i O-15 o diam L i
la conda bas, 32591 cm oo, 1144
ia 3; pedunculus 9 cm longus, 8-9

o sl s ruber;spaha 142 om lone,

xtus alba, i

usque ad dimidium; tubo spathac extus pallide
o ok, s ecelaia ot e 1 ol

Hemiepiphytic; stem appressed-climbing to 4 m
high or crecping, to 30 cm long; intemodes short,
very thick, semiglossy, 14 cm long, (1.5-2)34(6-
10) cm diam., much broader than long, medium to

le green, coarse white-ribbed at upper edge, com-
pletely hidden by cataphyll fibers, drying brown;
roots several per node, o 4 mm diam., light reddish
brown to dark brown with flaky lighter brown epi-
dermis, weakly glossy; cataphylls (20)55-70 cm
long, sharply 2-ribbed, sharply sulcate with acute
marginal ribs, green, heavily tinged with red toward
base, sometimes red throughout, drying reddish
brown, with two low ribs, persisting semi-intact at
upper nodes, as pale fibers at base, eventually as
dark brown to reddish brown fibers; petioles 27
108 cm long, 9-15 mm diam., sublerete to obtusely
D-shaped, firm and flexible, obtusely to weakly flat-
tened adaxially, with adaxial margins sharp to blunt-
Ly rounded, dark green, base reddish, weakly glossy,
surface faintly and densely white striate 1o coarsely
pale striate, drying dark brown; blades triangular-
sagittate, moderately coriaceous to- subcoriaceous,
short- to long-acuminate at apex (the acumen some-

times inrolled), cordate at base, 325-91 cm long,
11-44 cm wide (1.34-3.28 times longer than wide),
(0.58-1.05 times longer than petiole), about equal
in length to petiole, broadest at or near point of pet-
iole attachment, upper surface dark green, with vel-
vety shecn, drying gray-green to yellow-brown above,
lower surface yellow-green, semiglossy, paler, drying
reddish brown below; anterior lobe 39.5-68 cm long,
22-53 cm wide (1.2-1.8 times longer than posterior
Lobes); posterior lobes 6.2-29.6 cm long, 10.3-265
em wide, directed inward, obtuse to rounded; sinus
parabolic, hippocrepiform or spathulate; midsib nar-
rowly rounded to almost fla to weakly sunken, dry-
ing gray-brown, paler than surface above, narmow-
rounded to convex, concolorous or paler than sur-
drying reddish brown below; basal veins (3
4)5-8 per side, with 0-1 free to base, (1)2-3 coa-
lesced 0.9-7.5(11.5) em, posterior rib naked 2-4
em, sometimes not naked but with the rib sometimes
running very near the margin; primary lateral veins
7-8 per side, departing midrib at a 60-70° angle,
nearly straight to the margins, obtusely sunken, con-
colorous or paler than surface above, prominently
convex to narrowly rounded, concolorus or paler than
surface below; interprimary veins many, distinct; mi-
nor veins fine, moderately distinet; “cross-veins” vis-
ible on lower surface, sometimes weakly visible
above. INFLORESCENCES * erect, 3 per axil pe-
duncle 9 cm long, 8-9 mm diam., white tinged red,
pale white striate toward apex, tumed at 100° angle
to spathe at anthesis; spathe 14.2 cm long (157
times longer than peduncle), weakly c
above the tube; spathe blade white outside, whiish,
uffused 1o about midway insi
globose, 6 cm long, pale green, tinged red on fmu
outside, densely short, pale streaked throughout out-
sid; oo e, sk il 5 mm long:
ovate, 11.6-125 em long, broadest below the mid-
dle; pistillate portion greenish white, d-nbe, 27cm
long, 1.6 cm diam. at apex, 1.5 cm diam. at middle,
1.1 cm wide at base; staminate portion 10.9 cm Jong:
fertle staminate portion weakly tapered, 1.8 cm
diam. at base, 1.6 cm diam. at middle, 1 em diam-
ca. 1 em from apex, broadest at base, broader than
the pistillate portion, narrower than the sterile por-
tion; sterile staminate portion broader than the pi*
tillate portion, 1.8 cm diam.; pistils 4.4 cm long, 18
mm diam; ovary S-locular, with axile placentation;
ovules ca. 14 per locule, 2-seriate, contained within
gelatinous matrix (no true envelope), 0.6 mm long,
longer than funicle, style 2 mm . similar
style type B; style apex rounded; stigma subdiscoid:
lobed, 1.5 mm diam., 0.3 mm high, dxy-nshM
covering center of style apex; the androecium
cate, margins 4-6-sided; thecae oblong, 02
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wide; sterle staminate flowers blunt, 4 mm long, 1.6
mm wide. JUVENILE blades with lower surface dark
maroon.

Flowering in Philodendron chiriquense is known
ouly during July. While this is, in general, the early
et season in Panama, the region around Fortuna
where the species is common is somewhat less sea-
sonal than other areas of Panama.

Philodendron chiriquense is endemic o Panama,
known from Bocas del Toro, Chiriqus, and Coclé
Provinces in Tropical Lower Montane rain forest and
Premontane rain forest lfe zones at 500 to 1630 m
elevation. It is frequent in the cloud forests near
the Cnnunznﬂ.l Divide in the Fortuna Dam areca.
on chiriquense is a member of P. sect.
Phlodonien subscet. Philodendron ser. Fibrosa.
The species is distinguished by its short, very thick
intemod shnply tworribbed, nd tinged cat
e which per tact, dark brown fi-
bers; obtusely ey n..h.,,ea‘ densely
pale-striate petioles; huge, triangular-sagittate
; and up to three inflorescences per axil with
the spathe tube pale green outside and maroon
within.

Philodendron chiriquense is similar to P. copense,
which also has persistent reddish brown cataphyll
fibers and reddish-brown-drying, more or less tri-
angular blades, but that species differs in having
petioles drying reddish brown, smooth and matte,
with peeling periderm (usually blackened, minutely
fissured and semiglossy in P. chiriquense), primary
lateral leaf veins drying reddish brown and darker

the surface (pale and lighter than the surface
in this species), and minor veins and “cross-veins”
both distinct (minor not distinct and “cross-veins”
scarcely or not at all visible in P: chiriquense).

The only collection from Coclé, Croat 44566,
may represent another species. This collection dif-
fers from Chiriqul materal in having the primary
latral veins scarcely paler than the surface and
more prominent “cross-veins.”

specimens_cxamined. PANAMA. Bocas
ae o Cerro Colorado, 8.6 mi. W of Chame, 1450—
1480 m, B35'N, 81°50'W, Croat 69133 (CM, MO  mi.
me, 1500 m, 8°35'N, 81°50'W, 69215 (MO, NY).

Felix,

e, 1630 m, 532N, 81°46'W,
Croat 75047 MO PMU 66 mi. W of Chame, 1475-
1485 m, Croat 75011 (CM, MO, PM. ‘ortun: 8,
Gualaca~Chiriqui Grande, | km S of Continentl Divide,
1075 m, 8"05 N, wlx 'W, Croat 66865 (MO); Los Planes
de Homito, oas 4571 (CAS, L MEXU. MO,
NY, PMAk an NWu[lmPh
™, 844N, 82°16'W, Croar 49905 (K, MO lﬁ)
NW of Los Planes de Homito, 1260 m, 8

Croat 49940 (O): 10 mi. NW of Los Planes de Homnito,
1260, BITW, SUSN, G SO101 (MO, Frtune-
Chiriqui Grande, 1170 m, 8°44'N, BI°17W, Croat 66666
(AAU, CAS, CM, COL, F, KYO, L, MEXU, MO, NY,
821,

e

. 82'14'W, Croat 74956 (MO). Co-
elé: E) Copé region, near Continental Divide, ca. 1.5 mi.
N of EI Copé, 900 m, Croat 445 :

76730 (MO, PMA). V:rlgnu: Sam
Piedra bave anta Fe, Rio
ed, 500 m, Syma & An
dersson 4772 (MO).

Philodendron chirripoense Croat & Grayum, sp.
nov. TYPE: Costa Rica. josé: Canan—
Chirimol, above Rio Chirrips del Pactfico,
remnant forest along river and on steep slopes
above river, 9°27'N, 8337'W, 30 Dec. 1969,
Burger & Liesner 7139 (holotype, F; isotype,
CR). Figure 101.

n.m. nm.q..pn,..u‘ uullv scandens; intemodia 20
m diam.; cataphylla decidue;

lata; nervis basalibus.

mm diam; spatha 7.4 cm longa, intus viric vel
bl pislla (31568 Joculari:Toculs B-12-ovlti

Hemicpiphytic; stem scandent; intemodes very
long and slender, 20 cm long, less than 3 mm
diam.; roots drying dark brown: cataphylls un-
known, probably <10 cm long, lanceolate, decid-
uous; petioles 7-7.4 cm long, 1 mm diam.,
obtusely flattened abaxially; blades narrowly ovate,
very long-acuminate at apex (the acumen 2.4-2.6
m long), subcordate at base, 11-11.6 cm long, 5-
5.5 cm wide (ca. 2 times longer than wide), (ca. L5
times longer than petiole), about equal in length to
petiole, drying brown; posterior lobes rounded to
obtuse, 2-3 mm long, 1.4-1.7 cm wide; sinus ar-
cuate with blade decurrent on petiole, 2-3 mm
deep; midrib drying with up to 5 ribs above; basal
veins 2-3 per side, with all free to base, obscure;
primary lateral veins 2 per side, departing midrib
at a 4045° angle, straight 1o the margins; minor
veins arising from the midrib only. INFLORES-
CENCES nearly as long as leaves, probably 1 per
axil; peduncle 6 cm long, 4 mm diam., 0.83 times
the petiole length; spathe 7.4 cm long (1.2 times
longer than peduncle), green to reddish within;
spadix pinkish throughout (6de field notes, in part
lost): pistils 22 mm long, 1.1-1.2 mm diem.; ovary
(3)5-6(@-locular, with axile placentation; ovules
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8-12 per locule, mostly 1-seriate, 0.1-0.2 mm long,
slightly longer than funicle; funicle ca. 0.1 mm
long, adnate to lower part of partition, style similar
10 style type B; style apex domed; the cium
truncate, oblong, prismatic, margins irregularly 4-
S-sided, 0.7-1 mm long; thecae oblong, 0.3 mm
wide, * parallel to one another; sterile staminate
flowers irregularly 4-5-sided, 0.8-1.2 mm wide.

Flowering in Philodendron chirripoense is based
ona suu]e fertle collection made in December,
which is the carly dry season on the western slope
o Couta Rica,

Philodendron chirripoense is known only from the
type specimen from the Pacific slope of southem
Costa Rica, in Premontane wet forest at 1000 m
elevation.

Philodendron chirripoense is tentatively placed in
P sect. Philodendron subsect. Canniphyllum. The
species is characterized by its scandent habit, very
long and slender internodes (drying <3 mm diam.),
slender petioles about as long as the small, narrow-
Iy ovate, subcordate blades, and especially by the
inflorescence being longer than the petioles.

Philodendron chirripoense is not similar to any
other species in either Central or South America,
but it might be confused with P. microstictum, the
only other species that has the inflorescence longer
than the leaves. The latter has larger blades (more
than 13 cm wide), which are ofien broader than
Long.

Philodendron clewellii Croat, sp. nov. TYPE:
Panama. Darién: middle slopes of W side of
Cerro Pirre, cloud forest, 850-1050 m, 29
June 1988, Croat 68945 (holotype, MO-
3589994; isotypes, F, K, PMA, US). Figure
102.

Planta ep internodia 1218 cm longa, 3.5 ¢
dia lerate nitida, fissurata; cataphylla mallia, acute
-costata, deci

‘petiolus subteres, obtuse complanatus
adaaliter, 24.3-53 cm longus, (27-14 mm diam. lamina
cordat m longa, 2045 em lata,

s baslit Mhesth

erately gloss)

cm long, 3

green 10 dark gray-green, epidermis fissured weakly
longitudinally; cataphylls 18-25 cm long, soft,
sharply 2-ribbed, green, caducous; petioles 24,5
53 cm long, (2)7-14 mm diam., subterete, spongy,

dark green, obtusely flattened adaxially, surface
green or white streaked-lineate; blades broadly
ovate-cordate, subcoriaceous, moderately bicolo-
rous, acuminate at apex (the acumen 1-2 cm long),
cordate at base, 30-59 cm long, 2045 cm wide
(1.25-1.83 times longer than wide), (095165
times longer than petiole), upper surface dark
green, drying brown, semiglossy, lower surface
slightly paler, drying brown, sometimes
or green-brown, semiglossy, paler; anterior lobe
26.7-42.2 em long, 2345 cm wide (236-
3.95(5.28) times longer than posterior lobes); pos-
terior lobes broadly rounded, often overlapping, 7-
18 em long, 12-21 cm wide, obtuse to rounded;
sinus narrowly closed; midrib weakly raised to al-
most flat, purple-spotted, paler than surface above,
convex, darker than surface below; basal veins 3-
5 per side, all free to base (or weakly fused); pos-
terior rib absent or to 1.5 cm long, not at all naked;
primary lateral veins 4-7 per side, departing mid-
rib at'a 45-60° angle, straight to the margins,
weakly sunken, concolorous above, raised below,
secondary veins weakly visible; minor veins visible,
sparse, discontinuous below, arising from both the
midrib_and lateral veins. INFLORES-
CENCES to 6 per axil; peduncle 3.5-16 cm long,
3-6 mm diam., drying 2-4 mm diam., gree:
ly red-striped; spathe 4.5-7 cm long ((0.62)1.28~
233 times longer than peduncle); spathe
cream outside, purplish, with margins whitish in-

vate, 6 cm long; pistillate portion green, tapered
toward the apex, 2.5 cm long, 6 mm diam. at apex,
7 mm diam. at middle, 8 mm wide at base; stami-

white, clavate,
middle, 8 mm diam. ca. 1 cm from apex, broader
than the pistillate or sterile portions; T el s
‘minat T pistils 1.6 mm long.

basal

portion 7 mm diam.
11 mm diam.; ovary 6(7) Fiocula, with subA
placentation; ovules 2 per locule, contained within
translucent ovule sac, 0.2 mm long, equal in length
to funicle, style similar to style type B; style apex
concave; stigma discoid, unlobed, 0.6 mm diam.,
0.1 mm high, covering interior faces of stylar fun-
nel; the androecium truncate, 4-6-sided; theca ob-
long to elliptical, 0.1-0.2 mm wide; sterile stami-
nate flowers irregularly d, 2.1 mm long, 9 mm
‘wide, the margins blunt. JUVENILE phl“! with in-
temodes 5-6 cm long, 8 mm diam., dark greeri
petioles terete, sheathing to midway.

Flowering phenology in Philodendron clewelii i
unclear because there are 100 few feriile collec
tions. It has been collected in flower in December




Volume 84, Number 3
1997

Croat 419
Philodendron Subgenus Philodendron

in June, giving a hint of a bi-
modal flowering. Though Cerro Pirre is not mark-
edly seasonal, these two months in general would
mark extremes, with December the general begin-
ning of the dry season and June the beginning of
the rainy scason in Panama.

Philodendron clewellii is endemic to Panama,
known only from the Serranfa de Pirre, from 850
101560 m elevation in Premontane wet forest.

Philodendron clewelli is a member of P. sect.
Calostigma subsect. Oligocarpidium. The species is
distinguished by its thick, smooth stems; usually
long intemodes; sharply two-ribbed, deciduous cat-
aphylls; sublerete petioles; ovate-cordate, dark-
brown-drying blades with free or weakly fused ba-
sal veins and narrow, closed sinus with ofien
overlapping posterior lobes; and especially by its
clusters of up to six small inflorescences per axil
with long peduncles, and spathe purple on the out-
side of the tube and cream on the blade.

In fertile condition, Philodendron clewelli does
not resemble any other described species, but the
leaf blades are similar to those of P. tysonii Croat.
That species differs in having no more than three,
much larger inflorescences at anthesis (to 12 cm or
‘more long). In addition, the leaves of P. tysonii usu-
ally dry darker. In Lh:bl.ud:ahupe and lack of a
naked posterior rib, it is
(o Thn pecion it i Bariog g
reddish brown blades with a broader sinus and
much stouter peduncles.

The species is named in honor of Andrew Clew-
ell, who made several expeditions to Panama while
working for Florida State University and who
helped collect the type specimen.

Additional specimens examined. PANAMA. Darién:
Germ P region. 0001400 Y sty & el 7038
(K, o ucha Ruido, Croat 37831
12 ko Nl Ao e Nique, 1520-1560 m, Croat
3 MO 016 N of At da Nigue 15001550

roat 37946 (MO); middle slopes on W side, 800-
1650 . 7565, 1145 W, Croat 68957 (MO).

Philodendron coloradense Croat, sp. nov.
TYPE: Panama. Chiriqu: Cerro Colorado,
along mining road 31.6 km beyond bridge over
Rfo San Felix uo.a km beyond the tumoff to
Escopeta), 1 ca. 830N, 81°45'W, 15
Ly 1%, Croat 37168 u.ol..'yp« Mo-
2395435). Figures 103-106.

Plania hemiepiphytica; internodia usque 10 cm longa,
3 cm diam., sparsim ri lla usque 20 cm lon-
£a. incostaia, v ecidua: petiolus e
em longus, 1. .; lamina ovato-cordat

nga. 17. 20 peduncalus 8

25 cm laa; inflorescen

om longus, ad e
tha usque 10 cm el n amiow e
S T . loians

ovulat

Hemicpiphytic; appressed-climbing; internodes
smooth, sparsely cracked but only weakly or not at
all ribbed, somewhat fattened on one side (at least
at the upper nodes). to 10 cm long, 3 cm diam.,
medium green, soon tumning gray, drying light
brown; cataphylls to 20 em long, unribbed, green,
deciduous; petioles 35-37 cm long, 15 em diam.,
subterete, firm, drying reddish brown, obtusely flat-
tened adaxially, surface drying finely and irregu-
larly striate; sheathing at base, 4-5 cm long;
blades ovate-cordate, subcorisceous, semiglossy,
weakly bicolorous, acuminate at apex, prominently
condate at base, 26-33 cm long, 17.5-25 cm wide,
13-16 times longer than broad, upper surfuce dry-
ing dark brown, lower surface drying dark yellow-
brown; anterior lobe 20-23.5 cm long, margins con-
vex; posterior lobes 9-12 cm long, directed
somewhat upward at an angle to the midrib, drying
directed toward the base; sinus obovate, 6.5-9 cm
deep; midrib fla, pale green above, convex, paler
than surface below; basal veins 4-6 per side, and
with the first free to base, third and fourth veins
coalesced 1.5-3.5 cm, pale green; posterior rib not
at all naked or naked up to 2 em, only weakly
curved; primary lateral veins 4-5 per side, depart-
o vidrb at a 45-55° angle, weakly curved to the
pale green, weakly sunken above, weakly
il e e am oS Astamsd
with acute margins below; interprimary veins only
occasionally present; minor veins casily visible on
both surfaces, arising from both the midrib and pri-
‘mary lateral veins, drying weak and paler than sur-
face and usually altemating with blackened secre-
tory ducts, surface minutely granular upon
‘magnification. INFLORESCENCES 2-3 per axil;
peduncle to 8 cm long, drying dark reddish brown,
minutely striate, bent at ca. 140° angle beneath the
spathe; spathe to 10 cm long, to 5 cm wide when
flattened, drying dark reddish brown throughout
within, spathe blade pale green outside, drying red-
dish brown with prominent resin canals extending
from the blade well into the tube within; spathe
tube green, finely striate outside; spadix bluntly
pointed at apex, 9 em lmu;, punllm portion 2.5—
2.7 em long in front, ong in back, 10

iam.;
S-locular, with axile placentation; ovules 4-7 per
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locule, 2-seriate, 0.2 mm long, contained within

matrix; funicle 0.1-02 mm long, ad-
nate to lower part of partition, style similar to style
type B; style apex fat; stigma discoid, covering
most of style apex except for center, drying irreg-
ularly 5-lobed, 0.9-1.3 mm diam.; the androecium
truncate, weakly oblong, probably prismatic, mar-
gins inregularly 4-5-sided, mostly 4-sided, 1.3-1.6

led, prismati
rnLc'rF.scE.Nm with seeds 5-7 per locule, 0.4
0.5 mm long.

Flowering in Philodendron is docu-
mented by a single collection made in July, but the
plant has three inflorescences, probably all of
‘which opened after the onset of the rainy season in
May. The region where the collection was made,
though at a high elevation, is on the western slope
of the Continental Divide, usually much affected by
the dry season.

Philodendron coloradense s endemic 1o Panama,
known only from near the Continental Divide at Cerro
Colorado in Chiriquf Province at 1600 m elevation.

Philodendron coloradense is a member of P. sect.
Calostigma subsect. Macrobelium ser. Macrobel-
ium. 1t is characterized by having grayish inter-
nodes longer than broad; green, unribbed, decidu
ous cataphylls; obtusely fattened petioles:
ovate-cordate reddish-brown-drying blades with a
spathulate sinus and a weakly developed posterior
b that is barely or not at all naked; and

inflorescences bent somewhat at the apex of

green
the pedunce.
The speci

is perhaps closest to P. grayumis,
which dills in baving 7.8 (v 4-5) locules per
ovary and 34 (vs. 5-7) ovules per locule. In ad-
dition, the lower leaf surface of P. grayumii dries
glossy and is epunctate with dense secretory ducts
at higher magnifications. In contrast, the blades of
P coloradense dry more or less matte on the lower
surface and are minutely speckled with only sparse
secretory ducts at higher magnification.

Additional specimen examined. PANAMA. Chiriqui:
Cerro Colorado, al |mm......, ..,.d 2«5 mi. N nfbndge
over Rfo San Félix, 8.3 mi. beyond Chame
Escopeta, 1630 m, Croat 75039 lMTXI MO, PW\ L‘;

Phil

lodendron copense Croat, sp. nov. TYPE: Pan-
ama. Coclé: Alto Calvario, 6 mi. N of El Copé,
Adantic slope, along Continental Divide, along
trail which heads off old lumber road and leads
down to Las Ricas, Limon, and San Juan, 710~
800 m, 839'N, 80°36'W, 22 June 1968, cm
68765 (holotype, MO-3584056-8; isot

AL, B, CAS, CM, COL, CR, K, PMA, U9,
Figures 109-111, 113-115.

Planta hemiepiphytica; internodia 1.5-2.5 cm longa; 2-
7 cm diam.; cataphylla 7-25 cm longa.

3, penistentia
acute D-formatus. 53109 cm lon-
mm diam.. epidermide interdum dense
et e e
triangularis, cordata, 56-84.5 cm longa, 2247 cm lta,
i siceo rubrobrunnca; inflorescentia usque 6;
7-1.5 em longus, 7-15 mm diam.; spatha 13-185 em
Jongn. amina spathee vind; o sputha vid, e

pussss oo gy 2 et
baccae alboc.

Hemicpiphytic st appressed-limbing, scan
: leaf scars inconspicuous; intemodes short,
thick, 1.5-2.5 cm long, 2-7 cm diam., broader than
long, drying yellow-brown, epidermis
glossy, finely and acutely ridged on younger stems,
lighter and more matte on older stems; roots drying
brown, 1575 cm long, 1-5 mm diam., numerous
per node, epidermis pecling; cataphylls drying

LEAVES erect to erect-spreading; petioles 53-100
cm long, 8-20 mm diam., sharply D-shaped, with
broad medial rib adaxially, surface sometimes
densely shortlincate, drying smooth and matte to

concolorous, abruptly acuminate at apex (the acu-
men (1)1.7-2.5 cm long), cordate at base, 56-84.5
cm long, 22-47 cm wide (1.8-2.7 times longer than
wide), (0.77-1.1 times longer than petiole), broad-
est below point of petiole_attachment, margins
broadly undulate, occasionally downturned, upper
surface dark green, glossy to_semiglossy, drying

3264 cm long, 2046 cm wide (2.6-3.3times lon-
ger than posterior lobes), broadest at or near base.
margins concave; posterior lobes 145215 cm
long, 2247 cm wide, broadest at or near base, di-

rected downward and inward to downward and out-
ward, obtuse to semirounded; sinus spathulate 1o
widely hippocrepiform; midrib weakly raised to fat
above, thicker than broad, paler than surface, dry-
ing concolorous or darker than surface below; basal
veins 6-10(15) per side, with 1 free to base, num-

eral veins 11-16 per side, departing
55-90° angle, straight to weakly arcuate, dryml
reddish brown, sunken and paler than surface
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above, raised, drying slightly darker than surface
below; interprimary veins as conspicuous as pri-
mary lateral veins; minor veins arising from both
the midrib and primary lateral veins; lesser veins
drying prominulous; “cross-veins” moderately con-
spicuous on both surfaces. INFLORESCENCES
erect, to 6 per axil; peduncle 7-7.5 cm long, 7-15
mm diam., green, coarsely lincate; spathe coria-
ceous, 13-18.5 cm long (1.8-2.6 times longer than
peduncle), * constricted midway on the tube, acute
at apex; spathe blade green, short pale-lineate to-
ward base, striate near apex outside, 10.5 cm long
(opening broadly oblong-ovate in face view); spathe
tube oblong-ellipsoid, green, tinged purple-violet,
paler along margin outside, 8.5-9 cm long, 3.5 cm
diam., maroon, conspicuously short-lineate inside;
spadix sessile; oblong, 12.5 cm long, constricted
at base of fertle staminate portion and tapering at
both ends; pistillate portion white, cylindsical to
ellipsoid, 6.5-7.5 cm long, 2.2-% o enntne
throughout; staminate portion creamy white, 9 cm
long, 9 mm diam. throughout, broadest in lower
one-third; fertile portion 9-11 mm diam.; sterile
portion narrower than the pistllate portion, 9-15
mm diam; pistils 1.9-2.3 mm long, 1.9-23 mm
diam.; ovary 3-5-locular, drying irregularly angled,
walls embedded with granular, crystal-like parti-
cles, with axile placentation; ovules 20-22 per loc-
ule, style similar to style type B; style apex broadly
and shallowly concave; stigma button-like, 0.5-0.7
mm long; sterile staminate flowers 2-2.4 mm long,
1-15 mum wide. INFRUCTESCENCE with berries
: seeds 0.8-0.9 mm long, 0.3-0.4 mm di

Specimens of Philodendron copense hint at bi
modal flowering. A single flowering collection in
post-anthesis condition was made in June, imma-
ture fruits were collected in January, and mature
fruits were collected in December. The mature
fruits in December could be the result of a flow-
ering in the early rainy season, but immature fruits
in January probably were the result of flowering in
the late rainy season or early dry scason. More flow-
ering specimens are needed for more conclusive
statements on phenology.

Philodendron copense is endemic to Panama (but
should be expected in castem Costa Rica) and
known from Bocas del Toro and Coclé (EI Copé) at
59 10 930 m clevation in Premontane rain forest.

Philodendron copense is a member of P. sect
Philodendson subsect. Platypodium. This species is
characterized by its appressed climbing habit;
short, thick intemodes (2-7 cm diam.); usually one-
ribbed cataphylls which persist semi-intact; D-sha.
ped petioles with flaky, yellow to yellow-brown epi

dermis upon drying; large, ovate-triangular blades
drying reddish brown with many e
“cross-veins”; and up to six inflorescenc

et pitrh e el roreierl ey
‘and maroon within on the tube.

Philodendron. copense is most casily confused
with P. brunneicaule, with which it occurs. Though
the latter species has blades that dry a similar col-
or, it is distinguished by having long intemodes;
deciduous cataphylls; petioles that lack the yellow-
brown, peeling cpidermis; ovate blades that lack
the minute “cross-veins” upon drying; and stouter
inflorescences that are solitary in each axil.

Philodendron copensc is also similar to P: chiri-
quense, another species with an ovate-triangular
leaf that dries reddish brown. ron. chiri-
quense differs by having much shorter, thicker in-
temodes, conspicuous reddish brown persistent fi-
bers (rather than semi brown to
AL SR which lack an exoliat-
ing smooth cpidermis.

Additional. ns cxamined PANAMA. Bocas
del Toro: Fortuma Dam aee. Fotura-Chiriqu Grande.
43 km N of the Continental Divide, 590 m, 8°46'N,
8214V, Coat 60159 (CW, DUKE, . MO, 00, QCAY.
Cosls mear Contimenal road, ¢

1.5 mi. N of El Copé, 900 m, c.w«wmo R34, U
1593 (COL, MOy 52 Copt, 30 m, Crot
156 LMD, SAR, 05 Swi.N ol Copé 300

Sotar T L B W,
S 75091 (MO em. 56 i, N o EI Copts 260
75091 (MO 9.8 km above EI Copé, 750-900 m, 44729
(B, CR. K, MO, PMA, TEX).

Philodendron correae Croat, sp. nov. TYPE:
Panama. Chiriqui: Gualaca—Chiriquf Grande,
vic. Lago Fortuna, along tral to meteorological
station on Rio Homito departing from N side
of highway, ca. 0.5 km S of Centro de Cientif-
cos, 845'N, 82°18'W, 24 July 1994, Croat &
Zhu 76395 (holotype, MO—4619416; isotypes,
B, CAS, COL, CR, F. K, NY, PMA, US, VEN).
Figures 116-119.

Planta hemicpiphyticaau oo tersrs intemodia o
tuse complanata uno latere, usque 7 cm long.
diam.; cataphylla (8)13-16 cm longa, incostata, e
peti atus, 7-16.5 cm longus, plus. minusve
iosus; lamina plus minusve oblonga, rotunda vel len-
iter subcordata basi, 2146 cm longa, 5-12 cm lats; ner-
vis lateralibus 1 4 utroque, leiter visibilibus. supra;
inflorescentia 1; pedunculus 10.5-12 cm longus; spatha.
15-18:4 cm longa, cxtus favialba, intus leviter palidiors;
interdum viridis basi, tubo intus suffuso obscure rubro;
pisilla 56 loculurie loculi 1-ovlat

Hemiepiphytic o rarcly terrestrial; stem ap-
pressed-climbing or spreading; sap viscous, un-
scented; internodes obtusely flattencd on one side,
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moderately glossy, to 7 cm long, to 1.5 cm diam.,
usually much longer than broad, medium green to
tannish, drying gray, cpidermis becoming grayish
brown and peeling; roots mostly 15-30 cm long,
drying 2-3 mm diam.; cataphylls (81316 cm long,
unribbed, green, deciduous, tuming mushy; peti-
oles 7-16.5 cm long, (3)6-15 om diam., D-shaped,

ng usually
+ spongy, narrowly rounded abasially, with adaxial
margins raised, surface with a conspicuous purple-
black ring around apex; sheathing usually to near
the apes, with margins erect and incurled, the w

through September, but relatively few ferile collec-
tons have been seen overall.

Philodendron correac is endemic to westem Pan-
ama in Chiriquf and Bocas del Toro Provinces at
780 to 1400 m in Premontane rain forest and Trop-
ical Lower Montane rain forest.

Philodendron correac is a member of P sect. Ca-
lostigma. subsect. Glossophyllum ser. Glossophyl-
Lum. This species is distinguished by its intemodes
generally longer than broad; more or less oblong,
dark brown- o black-drying blades with rounded
10 weakly cordulate bases; primary laeral veins

free-ending; blades = ob
el ol i S
abruptly long-acuminate or sometimes. acute at
e e e e W15
weakly subcordate at base, 2146 cm long, 5-12
cm wide (3-5 times wider than long), (ca. 24 times
longer than petiole): upper surface semiglossy, dark
green to medium green, drying dark brown to
blackish brown, lower surface glossy and slightly
to moderately paler; sinus 5-12 mm deep; midrib
fiat to broadly convex, paler than surface above,
convex or thicker than broad and bluntly acute,
darker than surface below; basal veins lacking; pri-
mary lateral veins weak, 4-6 per side when present
but sometimes not apparent, departing midrib at a
60-70° angle, arcuate to the margins, slightly sunk-
. weakly viile sbove, convex, dlighly drker
than surface, weakly visible below; minor veins
fine, moderately visible to distinct, arising from
both the midsib and primary lateral veins. INFLO-
RESCENCES 1 per axil; peduncle 10.5-12 cm
long, 5-6(14) mm diam., subterete; spathe coria-
ceous, 15-184 cm long (1.43-1.75 times longer
than peduncle), weakly or not at all constricted,
spathe blade yellow-white (B & K. yellow-red
9/7.5-10 (at anthesis)) throughout, slightly paler in-
side; spathe tube sometimes green outside, 6.5-7.5
om long, 1.6-2 cm diam., slightly paler and tinged
dull red inside; spadix 8-19 cm long; stipitate 7-
10 mm long; pistillate portion green to pale yellow,
cylindrical, 7.9 cm long, 1.3-1.4 cm diam. through-
out; staminate portion 4-8.4 cm long; fertile sta-
minate portion tapered; pistls glossy, 3.3-3.8 mm
long, 23-2.6 mm diam.; ovary 5-6-locular, with
sub-basal placentation; ovules 1 per locule, style
similar to style type C; style funnel shallow, some-
times deep subeylindric; style apex rounded, some-
what flat, with simple funncl; stigma = discoid,
covering interior faces of stylar funnel. INFRUC-
TESCENCE (post-anthesis) with seeds 1 per locule,
1.5-1.7 mm long, 7-8 mm diam.
Flowering in Philodendron correa has been re-
corded only during the early rainy season, June

cakly : and solitary
the spathe blade yellowish white on both inner and
outer surfaces.
iron correae is closest to P. ligulatum,
which differs in having rather ot primary
lateral veins and by occurring at generally lower
levatons sea level 10 900 ), Folsom & al 5471
is noteworthy in having blades that dry greener
than is usual for the species. It also has a Type B
style type; the only other specimen studied for
ovules (Croat 66748) had a Type C style. The dif-
ference may have been due to the age of the flow-
s, but this situation warrants further investigation.
on correae is named in honor of Mir-
eya D. Correa A., among the first scientists to col-
lect in the Fortuna area, and the first to collect this
species.
Additional specimens examined. PANAMA. Bocas

(MO); along
84N, BZ']TW CmalbbosleO PM. ). Chiriqui:
(‘rm Colorado, above San Félix, along mmmg road 18-
27 mi. N of Pan-American Highway: 1300-1500 m, ot
33151 NU) 13-14.6 km N of Ci hnm. 1390-1410 m.
Croat 37217 Gualaca, 118

mi. No{hn anes de

a
ca. 10.7 mi. from Planes de Horito, 4000 .
Anene 5145 (NEXU, MO along squmiecciy muc L
ter source near dam,

Gt a8 MO 14001500 m. St <5
(MO).

Philodendron out & Crayun,
op- no, TYPE: Cota Rica. hmurmu along
road about halfway between Flor del Roble

and Las Alturas de Coto Brus, 1250 m
54N, 82°51'W, 13 July 1985, Grayum &
Hammel 5689 (holotype, MO-3446320; iso~
types, CR, K, US). Figure 120.
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Planta hemiepiphytica; it
pidermide_argenteocan:
d

temodia 1-3 cm longa, 1.5-2
cataphylla

;; petiolus.
$7-38 em
s mnf(ml, nervis l-lerl.hhnl
16519 wtroque inflresceniia uspa 5, pocincalus 6.9

s 6T oculais: loculs -oviat,

Flowering in Philodendron cotobrusense has been

recorded only during the carly rainy season in July.
Philodendron.cotobrusense is known only from

eastern Costa Rica in the Cordillera de 'l'lhnuncl.

at 1000 to 1250 m elevation in a

Jforest transition to rain forest life zone.
Phdodendhm wmbmnm is .mm of P

stem appressed-climbing; inter-
nodes short, thick, 1-3 cm long, 1.5-2 cm diam.,
mostly longer than broad, epidermis silvery gray;
cataphylls to 14 cm long, sharply 2-ribbed, yel-
low-green, tinged pinkish, deciduous; petioles
32.5-35 cm long, 4-9 mm diam., subterete, firm,
obtusely flattened adaxially, surface matte; blades
deeply 3-lobed, margins incised to within 1.5-2 cm
of base, subcoriaceous, weakly bicolorous, long-
acuminate at apex (the acumen probably down-
tumed), * cordate at base, 37-39 cm long, 46-52
cm wide (0.7-0.8 times longer than wide), (1-1.2
times longer than petiole), usually about equal to
petiole, upper surface dark green, semiglossy, lower
surface weakly glossy, somewhat paler; median
lobes 30.5-32 cm long, 13-17 em wide; lateral
Iobes 24-27 cm long, 9-12.6 om wide (2.14-2.88
times longer than wide), directed % upward, broad-
ly confluent to 2.5 cm with medial lobes; midrib
bm.d.ly convex, clouly veined above, convex be-
Low; basal veins lacking; primary lateral veins 18—
19 per side, departing midrib at a 50-65° angle,
broadly curved 1o the margins, sunken above, con-
vex below; interprimary veins almost as conspicu-
ous as primary lateral veins; tertiary veins visible,
slightly darker than surface; minor veins arising
from both the midrib and primary lateral veins but
mostly from midrib in upper half of blade. INFLO-
RESCENCES to 5 per axil; peduncle 6-9 cm long,
3-4 mm diam., terete; spathe 6-14 cm long (18—
35 times longer than peduncle); spathe blade
creamy yellow outside, creamy white inside; spathe
tube green outside, red-violet to purplish inside;
spadix 9.5-12 cm long; pistllate portion ye“ml
green, 7-10 mm diam.; staminate portion 5-8 cm
long; fertile staminate portion white, 8-12 mm
diam.; ovary 6-7-locular, with sub-basal placenta-
tion; ovule sac 1 mm long; ovules 3 per locule,
digitately arranged in series of 2-3, contained with-
in transparent ovule sac, 0.2-0.3 mm long, slightly
shorter than funicle; funicle ca. 0.3 mm long (can
be pulled free to base), style similar to style type
B; style apex flat; stigma subdiscoid, 1 mm diam.
02-03 mm high, covering entire style apex; the
androecium truncate, + oblong, pnsm‘lle‘ irregu-
larly 4-6-sided, 0.7-1.1 mm long; thecac oblong,
03 mm wide, + parallel 1o one another.

by its .ppm.eddmbmg e e

ls; short, thick inter-
e S e
equaling the decply three-lobed, closcly veined
blades (with more than 16 pairs of primary lateral
veins); and especially by the inflorescences in clus-
ters of up to five per leaf axil with the spathe tube
green outside, red-violet within, and the blade
creamy yellow on the outside and creamy white
within.

Philodendron cotobrusense is most similar to P
madronense Croat. That species differs in having
the medial segment even more closely veined (to
18 or more) and not at all confluent with the lateral
lobes. In addition, it has solitary i

Philodendron. cotobrusense i also similar to P.
tripartium, but that species differs in usually hav-
ez, oblanceolate to oblanceolate-clliptic
B i
veins (usually 4-10, rarely to 12), and fewer inflo-
rescences per axil (up to three) with longer pedun-
cles. In addition, P. combrusense has 3 ovules per
locule whereas P: tripartitum has 1.

Davidse 24202, tenatively placed in P. triparti-
tum, scems to be somewhat intermediate with P
cotobrusense. See the discussion of that species.

Addiional specimen cramined.  COSTA RICA. San
José: General Valley, between Canadn

Chirrips del Pacffco, 1000 m, 9°27'N, e
& Licsner 7119 (F).

Philodendron cotonense Croat & Grayum, sp.
nov. TYPE: Panama. Chiriqu: vic. of EI Hato
del Volcgn, at Las Lagunas, 3 mi. from Nueva
California, 1.7 mi. past new airsrip, 1380 m,
846'N, 82°40'W, 17 Sep. 1987, Croat 67708
(holotype, MO-3584981; isotypes, AAU, B,

CAS, CM, COL, CR, DUKE, F. K, L, G,

OOM, PMA, QCA, RSA, SAR, TEX, U, US,

VEN). Figures 108, 121-123.

Planta plerumque hemiepiphytica: intemodia 1-3 em
longa, 2.5-3 cm diam. calaphylla 18-31 cm longa, in-
costata vel acate 1 decidua intacta; petiolus sub-
teretes, 17.5-53.5 em longus, 5-8 mm diam.; lamina an-
i olo angilari, 2345 cm longs. 115-205 cn
lata; inflorescentia 1-2; pedunculus (6510-17.5 cm
Vongus, spatha 11-17 cm longs: lamina spathae cxtus di-
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e viedi ol crmeoie v albe, e pallide viid vl
alba; twbo spathae extus atriviridi vel viridi,
i T o e
la 5-6-locularia; loculi 4-5-ovulatii;

e

Hemiepiphytic vine or sometimes terrestrial;

lclimbing but with ends ofien di-
e to at least 5 m; leaf scars conspic-
3 em long, 1.2-1.3 em wide; internodes
terete, semiglossy, sometimes matte, drying irregu-
larly ridged, 1-3 cm long, 2.5-3 cm diam., usually
broader than long, green, soon becoming gray to
silvery-gray, drying yellowish brown, cpidermis
sometimes flaking free; roots short, stubby, light-
colored at tips; cataphylls 18-31 cm long, unribbed
10 sharply 1-ribbed, yellow-green to green, prompt-
ly deciduous intact; petioles 17.5-53.5 cm long
(averaging 34.4 cm long), 5-8 mm diam., suberete,
weakly spongy, dark green, obtusely flattened,
pecially toward the apex adaxially, with abaxial
margins broadly rounded, surface pale greenish li-
neate, semiglossy; blades narrowly ovate-triangu-
lar, subcoriaceous, usually gradually acuminate at
apex (the acumen 1-3.5 cm long), prominently
lobed at base, 2345 cm long (averaging 35 cm
long), 11.5-20.5 cm wide (averaging 15 cm wide),
(0.7-1.4 times as long as petiole), broadest near
point of petiole attachment, moderately bicolorous
10 almost concolorous, upper surface drying dark
brown to dark olive-green, semiglossy, lower sur-
face weakly glossy, usually yellow-brown, some-
times yellow-green; anterior lobe 16-31 cm long,
margins weakly convesx to flat or concave; posterior
Iobes 6-16.5 cm long, 3-8 cm wide, broadest at or
near the middle, sometimes narrower at point of
petiole attachment; sinus parabolic to obovate or
almost oblong, 5-7.5 cm deep; midrib flat to weakly
sunken, concolorous to paler than surface above,
convex, paler than surface, often tinged purple
(with coloration continuing onto petiole apex) be-
Low; basal veins 3—4 per side, the first often free to
base (sometimes all free to base), the second and
third coalesced 1-2.5(4.5) cm; posterior rib usually
not naked except sometimes for up to 5 mm at the
base; primary lateral veins (3)4-5(6) per side, de-
parting midrib at a 30-65° angle (70-90° angle
near base), weakly curved to the margins, some-
times drying undulate, often prominently down-
tumed at midrib, sometimes tinged purplish,
scarcely to weakly sunken above, narrowly raised
below; minor veins obscure to clearly visible, aris-
ing from both the midrib and primary lateral veins,
close and almost indistinguishable from the secre-
tory canals, secretory canals appearing as intermit-
tent lines, usually more prominently downturned at

the midrib and appearing to cross over the minor
veins, drying blackened. INFLORESCENCES 1-2
(usually solitary, sometimes 2) per axil; peduncle
(6.5)10-17.5 cm long, subterete, pale-striate;
spathe 11-17 cm long (0.94-1.6 times longer than
peduncle), somewhat constricted above the tube;
spathe blade light green to cream-yellow to white
outside, pale green to cream-white to white inside;
spathe tube dark to medium green, sometimes pale
striate-lineate outside, 3-5.5 em long, 13-2 cm
diam., maroon to crimson pale red-violet or dark
purple inside; spadix sessile, (6.7)10.5-165 cm
long; pistillate portion green, cylindrical to ovoid,
2 cm long, 4-7 mm diam.; staminate portion 42~
7.1 em long; fertle staminate portion to 5 mm diam.
throughout; sterile staminate portion whitish 1o
cream-white, to 5 mm diam.; pistils 0.9 mm long;
ovary 5-6-locular, 0.6 mm diam., with sub-basal
placentation; ovules 4 or 5 per locule, arranged dig-
itately, <0.1 mm long, longer than funicle; funicle
<01 mm long, style 0.9 mm long, 0.5 mm diam.,
similar to style type C; style apex flat, drying with
5-6 depressions altemating with ribs from a raised
center; stigma_hemispherical, inserted on stylar
funnel; the androccium irregularly 3-6-sided; the-
cae ovate to cylindrical; sterile staminate flowers

08 mm long. INFRUCTESCENCE with berries
bright orange; sceds drying pale yellow-brown, nar-
rowly ellipsoid, 13-15 mm long, 0.6-0.7 mm
diam., with weak striations, appendages absent. JU-
VENILE plants with petioles 4.7-7.7 cm long:
blades lanceolate (acumen 6.5-10.5 cm long), 17~
2.5 em wide.

Flowering in Philodendron cotonense has been
recorded in both Costa Rica and Panama during
June, and post-anthesis or early fruiting collections
have been made from July through December (ex-
cept October). Mature fruits have been collected
only in March. However, several post-anthesis col-
lections have been made during March, indicating
perhaps a bimodal flowering period. Too few dat2
are available to be cert

Philodendron cotonense is known only from east-
em Costa Rica and western Panama in Premontanc
wet forest and Premontane rain forest, Tropical Low
er Montane wet forest, and Tropical Lower Montanc
rain forest lfe zones, as well as the transition z00°
between these zones, at 1100 to 1950 m clevation-

Philodendron cotonense is a member of P. sect
Calostigma subsect. Glossophyllum ser. Ovaa- This
species is characterized by havi odes
ally longer than broad (except distally), subteret®
petioles, and more or less triangular blades aver
aging over twice as long as broad, with posterior
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obes typically much longer than broad and ofien
directed somewhat outward. Also characteristic are
the conspicuous secretory canals visible on the
dried blade surface and the solitary long-pedun-
culate inflorescences in each leaf axil.

Philodendron cotonense is most casily confused
with P wilburi v longipedunculatum, which dif-
fers in having longer and more slender intemodes
(3-8 cm long and 8-15(20) mm diam.); sharply
2-ribbed cataphylls; and more typically hastate
leaves ranging from 1.03 to 1.4 (averaging 1.29)
times longer than wide, with proportionately nar-
rower lobes directed outward at a broader angle
(averaging 91° vs. 121° for P. cotonense). Philoden-
dron wilburii var. nculatum also differs in
having mostly two inflorescences per axil with pro-
portionately much longer 135

MO Rl Cate vie of st age conece culvet bl
Finca Las Alturas at Cot6n, ca. 1300 m, 44349
(MOY: Rl Piedrn Blancas, Coto Angucum, nh G

82°38'W, Croat 66226 (CM, MO, PMA, US}; 13.7 mi. W

of Volcan, 1200 m, 8°51'N, 82°43'W, Croat 66343 (MO);
tie o Bonet, G Pt Mache, upperNE slopes s

m, 8°46'N, 8225'W, Croat 66504
(GRS, MEXU. MO, PMA)

Philodendron crassispathum Croat & Grayum,
p. nov. TYPE: Panama. Chiriqut: Cerro Col-
orado, above San Feélix along mining road, 18-
27 mi. off Pan-American Hwy., above Chame
(turmoff to Escopeta), 1200-1500 m, 8°35'N,
81°50'W, 12 Mar. 1976, Croat 33150 (holo-

MO-2395067; isotypes, B, F, K, PMA,

times longer than the spathe (vs. rarely longer than
the spathe in P. cotonense).

Philodendron cotonense might be confused with
smaller plants of P: alticola, which also have se-
eretory canals visible on the blades. The later spe-
cies differs in typically having much larger blades
(minimum 44 cm X 21 cm) that dry greener and
thicker; persistent cataphyll fibers; and a short-pe-
dunculate inflorescence with the spathe usually not
at all constricted.

Noteworthy is Davidse et al. 28367, which has a
narrower sinus and the basal veins all free to the
base with the uppermost primary lateral veins more
or less obscure. Otherwise, it fits well into P. co-
tonense.

Additional speci mined. COSTA RICA. Pun-
tarcanas: vic. of San Vito e Jaa,ca. 1 k'S of San Vio,
onoad 0 Vills Nely, 1100 m. Croat 66169 (CR. K. MO,

Zona

m, 30°W,
(R MOy P 4 n.;bu—m Alturas de Cao B <
125 m, SAN,
IMO; Cerro P-mﬁ\ ridges .rm Rio Cotn i F R(n Vc

000-1800 m, 8755, 82°45"W, Barringer
T (ch By Lagina Zonche S Vit Co B, 1500
1, Gl Laurio 10774 (1 L Al ahng o Co-
tn, 1340 m, 8°56'30°N, Davidse 24093 (CR,
MEXU, MOJ: Cordillera T o s
Canasta,

4166 (C
inas, 1800-1850 m, OT'N, 83°04'W, Davicse @
25606 (CR, MO); Las Cruces Botanical Garden
B ca 4 km SE of San Vita, 1S0-1200 m, BTN,
Gmyumﬂd 8113 (CM, CR, L, MO, QCA); Rio
Cotén, 23 km N of La Unitn, Croat 26692

iype,
US). Figures 112, 124, 127, 128, 149.

Planta hemicpiphyica, inerdum tereti
5-8 can longa, (119125~ i

. 1-2.
haud (mls‘nrln. {65)10-14 om fonge Imina spathac ca-
rubra vel alba intus: tubo spathae extus
ik i Wk i e i
Rl sopuepinee v i pale €-Tenmia ol
7100wl ca virides, aurantiacentes vel albidae.

Hemicpiphytic, sometimes terrestrial; stem ap-
pressed-climbing or scandent, creeping, becoming
matte and gray, smooth when fresh, sap watery,
spicy-scented, leaf scars conspicuous, 9-20 mm
long, 2-3.5 cm wide; internodes drying conspicu-
ously wrinkled, cpidermis weakly glossy, 1.5-8 cm
long, (1-18)25-35 cm diam., usually broader
than long, dark green, epidermis brownish and
cracking; roots dark brown, smooth upon drying,
elongate, 3-50 cm long, 1-3 mm diam., few per
node; cataphylls fleshy, 8.5-24 cm long, sharply
2-ribbed, green to dark green, dark green short-
lineate, drying yellowish brown to pale green, per-
sisting semirintact at upper nodes then eventually
fibrous then deciduous. LEAVES erect-spreading to
spreading; petioles 20-31(48) cm long, 5-19 mm
diam., subterete, somewhat spongy, sometimes
tinged brown near apesx, obtusely flattened with ob-
tuse medial rib adaxially, convexly rounded abax-
ially; blades broadly ovate-cordate, very coria-
ceous, acuminate at apex (the acumen inrolled, 2~
5 mm long), cordate at base, 14-29 cm long, 11~
24 cm wide (1-1.56 times longer than wide), broad-
est at or near the middle, margins hyaline, whitish
or reddish, tightly curled under when dried, upper
surface dark green, glossy, drying semiglossy to
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matte, lower surface paler, drying greenish gray to
yellowish green to brownish, drying semiglossy to
‘matte; anterior lobe 10-25 cm long, 11-33 cm wide
(1.6-2.5 times longer than than posterior lobes);
posterior lobes 4.5-10 cm long, 5-16.5 cm wide,
obtuse to rounded; sinus spathulate to hippocrepi-
form; midrib flat to very broadly convex, drying yel-
lowish green, paler than surface above, weakly con-
vexly raised, paler than surface below; basal veins
3-4(6) per side, with 0-1 free to base, most of the
remainder coalesced 1-2.5(34) cm, flat above,
weakly raised below; posterior rib not naked if
present; primary lateral veins 4-6 per side, de-
parting midrib at a 40-70° angle, + straight to the
margins, flat, paler than surface, drying obscure
above, raised and paler below; interprimary veins
obscure above, weakly visible below; minor veins
etched above, visible and darker than surface be-
low, arising from midsib only. INFLORESCENCES
shorter than leaves, 1 per axil; peduncle 3.5-7 cm
long, 1-2.5 cm diam. (dried), terete, drying brown;
spathe fleshy, (6.810-14 cm long, 4.5-10 cm
diam., not at all constricted, * ellipsoid, bluntly
acute to rounded at apex, the walls to 1 cm or more
thick midway; spathe blade red outside, red to
white inside; spathe tube green, sometimes yellow-
ish to orange-red outside, violet-purple o red in-
spadix (6.5)9-14 cm long; pistillate portion
grayish to golden-yellow, cylindrical to slightly el-
lipsoid, 1.5-7 cm long, 10-25 mm diam. through-
out, with 13-15 flowers visible per spiral; staminate
portion 5-9 cm long; fertile staminate portion wh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>