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ABSTRACT

This is the first published revision of Anthurium sect. Pachyneurium since that of Engler in 1905. Section
Pachyneurium is one of 19 sections (all but one of which were treated by Engler, 1905, in his revision of Anthurium).
The section consists of 114 species representing 126 taxa in two series, series Pachyneurium Schott, and the new
series Multinervia Croat, with 110 and 16 taxa respectively. Forty-eight taxa (including nine subspecies or varieties)

are described as new.

Section Pachyneurium is one of 19 recognized
for Anthurium and is perhaps the most easily rec-
ognizable and well-defined group in the genus. It
was for this reason, despite its size and taxonomic
difficulty, that this section was chosen as a starting
point for a revision of the genus. Section Pachy-
neurium is generally defined by its frequently rosu-
late or “bird’s-nest’’ habit, its short, densely rooted
caudex, the commonly short-petiolate, oblanceolate
to obovate, mostly coriaceous leaf blades with usu-
ally free-ending primary lateral veins and, most
importantly, the involute vernation (rolled inward
from both margins) of the developing leaves (Fig.
1). All other sections of Anthurium, and indeed all
other genera of Araceae (except Lagenandra),
have convolute vernation (Fig. 2), with one margin
rolled inward toward the midrib and the other mar-

~ gin rolled around the midrib and the rolled up

opposite margin (like a continuous coil in cross
section).

The section consists of two series with most
species in series Pachyneurium. The other series,
Multinervia, is restricted to the Andes of South
America, especially in Ecuador. Series Pachyneu-
rium contains all the species originally included in
grex Pachyneurium by Schott (1860), and most
of those included by Engler (1905) in sect. Pachy-
neurium. Series Multinervia contains species un-
known to Schott and mostly unknown to Engler.
The few species of series Multinervia treated by
Engler were incorrectly placed in sect. Polyneu-
rium or in sect. Urospadix, the latter having been
employed by Engler as a rather broad “‘dumping
ground.” See Appendixes 1 and 2, respectively,
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for the ultimate disposition of species treated in
sect. Pachyneurium by Schott and by Engler. See
Appendix 3 for the disposition of all currently rec-
ognized Pachyneurium species and their sectional
placement in the revisions of both Schott and En-
gler.

METHODS AND MATERIALS

This revision was based on field studies in Central
America between 1967 and 1979 and in South
America in 1969 (Colombia), 1972 (Peru), 1976
(Colombia and Ecuador), 1980, 1983, 1984 (west-
ern South America), 1984 (Venezuela), and 1986
(western South America and Brazil). All but 28 of
the 125 taxa were studied live or are under cul-
tivation at the Missouri Botanical Garden. Except
for those so indicated, all descriptions can be as-
sumed to have been prepared from both living and
dried material. Morphological characters were cod-
ed directly into a computerized database to ensure
parallel and sortable descriptions. The aroid de-
scriptions database contains 228 characters that
are used to describe the morphological diversity
expressed by Anthurium. The database also pro-
vides a means of sorting species by characters for
writing keys, as well as for compiling lists of various
character states. In addition, the database can be
put to future use for identifications and for additions
of new species for other treatments. The description
file is directly tied to a nomenclatural database
containing all species names and publication data

for all Araceae species stored in Tropicos (Crosby, .

1986; Crosby & Magill, 1986). Each species is
represented by a unique number, which ties it to
data in other files associated with the species. Dis-
cussions and exsiccatae are also stored in separate
files, as are synonyms, but all parts are automat-
ically reassembled for the final treatment. Herbar-
ium specimens can be added to the exsiccatae
database at any time and sorted in a standardized
manner before being printed out. Thus, exsiccatae
records can be added up to the last moment, even
when the manuscript has been completed. Species
descriptions are decoded into narrative text auto-
matically from the descriptor base and require only
minor editing to put them in a publishable form.
Final treatments may be saved on hard disk or
stored on tape, but the coded description data (which
use very little core storage space) are a part of the
permanent Tropicos database and can be used for
other projects such as floras or ecological studies.

The terminology and usage in the descriptions
in this paper are defined by Croat & Bunting (1979).
The color of the spadix, unless otherwise indicated,

refers to the color at anthesis, i.e., when the spadix
is producing stigmatic droplets or when fresh sta-
mens are emerging. Colors referenced in the de-
scriptions that follow are taken from the color chart
by Berlin & Kay (1969). This is hereafter cited
as B & K. This color chart, available from the
University of California Press, is a reproduction of
the Munsell Color Array of 40 hues, at maximum
saturation, with nine degrees of brightness. The B
& K color chart represents 40 hues in the vertical
columns and nine degrees of brightness in the hor-
izontal rows. Colors are arranged in 10 basic clus-
ters with four different hues per cluster, ranging
from red through yellow, green, blue, purple, and
finally red-purple. The four columns for each color
cluster are numbered 2.5, 5, 7.5, and 10. These
numbers are repeated for each 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 color in the
fifth row in the red area would be called Red 5/7.5.
The second color in the eighth row would be called
Red 8/5.

All estimates of ecological zones given in this
paper are based on either Holdridge Life Zone maps
for most Central American countries and for Pan-
ama or on the “Mapa de tipos de vegetacion de
la Republica Mexicana” (Flores et al., 1971). As
yet no study has been made to correlate the veg-
etation types represented on the Mexican map with
those of the Holdridge Life Zone system. For an
understanding of the latter system, see Holdridge
et al. (1971). For South America, maps based on
the Holdridge System were used for Bolivia, Co-
lombia, Ecuador, Peru, and Venezuela.

Mention should be made of the distribution of
herbarium material of Araceae under cultivation.
Herbarium material may consist of one of three
kinds: (1) fertile original (wild) collections; (2) sterile
woriginal collections with an inflorescence added from
the cultivated plant of the same number (generally
the same individual from which the field specimens
were made); and (3) material collected entirely
from the cultivated plant. Specimens based entirely
or in part on cultivated material are clearly indi-
cated as such in herbaria.
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HISTORY OF SECTION PACHYNEURIUM

The first species of sect. Pachyneurium as it is
recognized here was described by Linnaeus (1763)
~ in Species Plantarum as Pothos crenata, and was
transferred to Anthurium by Kunth in 1841. Three
other species clearly belonging to sect. Pachyneu-

rium were described in the genus Pothos: Pothos
crassinervia was described by Jacquin in 1793
and transferred to Anthurium by Schott in 1832.
The other two were Pothos solitarius Vell. Conc.
described in 1829, and P. maxima Desf., described
in 1832. The former was transferred to Anthurium
by Schott in his Prodromus (1860), while the latter
was transferred to Anthurium by Engler in 1905
and is here treated as a nomen dubium owing to
the inability to place it with certainty in any cur-
rently recognized species. The genus Pothos as
now circumscribed is restricted to Africa and Asia,
especially Southeast Asia. Modern suprageneric
classifications do not place Pothos close to An-
thurium. Grayum (1984) places it in a separate
tribe, Potheae in the subfamily Pothoideae. Gray-
um considers Anthurium isolated but closer to Po-
thos than to any other genus. He places Anthurium
in a separate tribe Anthurieae in the same subfam-
ily. Bogner & Nicolson (in press) remove Anthur-
ium from the Pothoideae altogether and place it
in the subfamily Lasiodeae, leaving Pothos in the
Pothoideae with only two other closely related gen-
era, Pedicellarum and Pothoidium.

The epithet Pachyneurium was first used in
1860 by H. W. Schott in his first revision of the
Araceae in Prodromus Systematis Aroidearum.
Although no Anthurium species were treated in
his earlier Synopsis Aroidearum in 1856, 20 spe-
cies were treated in the Prodromus. Half of these
were described by Schott himself in that work or
in earlier works during the previous decade. Others
were described by Karl Koch or Frederick Lieb-
mann during the same decade. In addition to the
four species described as Pothos mentioned above,
only one species of sect. Pachyneurium, A. cras-
sinervium (Jacq.) Schott (described as Pothos cras-
sinervia in 1793), was described before the early
1850s. Three of the 20 names included in Schott’s
1860 revision, namely 4. acaule (Jacq.) Schott,
A. hookeri Kunth and 4. aduncum (Vell. Conc.)
Schott, were published before 1850 but these have
been excluded from Pachyneurium and placed in
other sections (see Appendix 1).

Of the remaining Pachyneurium mnames in
Schott’s 1860 revision, only nine species remain.
These include A. wagenerianum K. Koch &
Bouché, A. fendleri Schott, A. spectabile Schott,
A. crassinervium (Jacq.) Schott, 4. affine Schott,
A. schlechtendalii Kunth, 4. crenatum (L.) Kunth
(erroneously treated by both Schott and Engler as
A. acaule (Jacq.) Schott (Mayo, 1982)), A. dom-
beyanum Brongn. ex Schott, and 4. solitarium
(Vell. Conc.) Schott. Still other species of sect.
Pachyneurium were described in Schott’s revision,
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but these he included in other groups (termed
“greges” by Schott). These included 4. protensum
Schott (included in grex Erythropodium), A. oxy-
pum Poeppig and A. consobrinum Schott (grex
Oxycarpium), and A. oerstedianum Schott (in-
cluding its synonym, A. cuspidifolium Schott) in
grex Xialophyllium. Thus, a total of 13 species
of Pachyneurium were included in Schott’s revi-
sion, even though some were not recognized as
such.

In Engler’s 1905 revision, 62 names were in-
cluded in sect. Pachyneurium (Appendix 2). Of
this total, only 18 species were actual Pachyneu-
rium species not already included in Schott’s re-
vision. Fourteen of the names included by Engler
(in reality only 12 species,-since two were syn-
onyms), including A. hookeri Kunth, 4. hacu-
mense Engl., A. weberbaueri Engl., and all species
numbered 52 through 62, have subsequently been
proven to be non-Pachyneurium (see Appendix 2).
Ten names included by Engler were synonyms of
earlier names in Schott’s revision, three names
were synonyms of older names in Engler’s own
revision and four names have been excluded be-
cause of confusion in the nomenclature (see Species
Excluded section). These are A. maximum (Desf.)
Engl., A. cymatophyllum K. Koch & Sellow, 4.
agnatum Schott, and A. tricarinatum Sodiro.

In addition to the 18 species that Engler added
to those Schott had included in his grex Pachy-
neurium, Engler included the following elsewhere:
A. oxycarpum (sect. Oxycarpium), A. pallatan-
gense Engl. (sect. Polyneurium), A. oerstedianum
Schott (including A. cuspidifolium Schott, in sect.
Urospadix, series Obscureviridia), A. linguifolium
Engl. (sect. Urospadix, series Flavescentiviridia),
and 4. spathiphyllum N. E. Br. (sect. Episeio-
stenium). Of these, only A. pallatangense and A.
linguifolium had not been treated by Schott.

Thus, in the 45 years between the publication
of Schott’s revision in 1860 and Engler’s treatment
for Das Pflanzenreich in 1905, an additional 22
valid species were described, bringing the total
number of Pachyneurium species to 33. The spe-
cies included by Engler, but not by Schott, in the
present concept of-sect.' Pachyneurium were as
follows (in the order presented in the revision):

. pendulifolium N. E. Br.

. paraguayense Engl.

. joseanum Engl. (= A. protensum Schott)
. jenmanii Eng].

. uleanum Engl.

. tarapotense Engl.

. cubense Engl.

AR R R AR

. leonianum Sodiro

. acutifolium Engl.

. latissimum Engl.

. barclayanum Engl.
. ernestii Engl.

. salviniae Hemsley
lindmanianum Eng].
martianum K. Koch & Kolb
. selloum K. Koch

. pallatangense Engl.
. linguifolium Engl.

Until recent times, relatively few taxa of Pachy-
neurium had been described subsequent to Engler’s
revision. A list of the names published subsequent
to Engler’s time and prior to the beginning of this
work is presented here:

AN NG N N N NN N N NN

A. agoyanense Sodiro = A. dombeyanum Brongn.
ex Schott
var. agoyanense (1905) = A. dombeyanum
Brongn.
var. eleutheroneuron Sodiro (1905) = A. dom-
beyanum Brongn.
A. angustilaminatum Engl.
var. albidum Sodiro (1906) = A. angustilam-
inatum Engl.
var. brevipes Sodiro (1906) = A. angustilam-
inatum Engl.
var. crassum Sodiro (1906) = A. angustilam-
inatum Engl.
var. gladiatum Sodiro (1906) = A. angusti-
laminatum Engl.
A. atropurpureum R. Schultes & Maguire
var. atropurpureum (1953)
var. apertum R. Schultes (1954) = A. bon-
plandii R. Schultes & Maguire subsp. bon-
plandii
A. bonplandii Bunting (1975)
A. concolor K. Krause (1932)

_ A. fasciale Sodiro (1905)

. giganteum Matuda (1950) = A. salviniae
Hemsley

. guayanum Bunting (1975) = A. bonplandii
Bunting subsp. guayanum (Bunting) Croat

. lanjouwii Jonker & Jonker (1966)

. maguirei A. Hawkes (1948)

. ottonis K. Krause (1932)

. rodrigoi A. Hawkes (1948) = 4. paraguayense
Engl.

. superbum Madison (1978)

. tessmannii K. Krause (1932) = A. uleanum
Engl.

. wurdackii Bunting (1975)

N N N O U N

A N N

Of the 21 names listed above, 10 still represent
valid taxa, while the remainder have here been
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synonymized. This raises to 46 the number of taxa
of sect. Pachyneurium at the time this researcher
began working with the Araceae (in approximately
1976). Subsequent to 1976, an additional 16 spe-
cies of sect. Pachyneurium have been described.
In “The Genus Anthurium (Araceae) in Costa
Rica,” Croat & R. A. Baker (1979) described six
additional species: A. brenesii, A. prolatum, A.
schottianum, A. seibertii, A. standleyi, and A.
upalaense. Two more species were described in
preparation for a revision of Anthurium for Pan-
ama, namely A. luteynii and A. purpureospathum
(Croat, 1981); two species, A. halmoorei and A.
salvadorense, were described in “A Revision of
the genus Anthurium for Mexico and Middle Amer-
ica” (Croat, 1983) and two more, A. nervatum
and A. pseudospectabile, were described in “A
Revision of the Anthurium of Panama” (Croat,
1986). In addition, a number of Venezuelan species
have been described by Bunting (1986, 1988,
1989) since this project began. These include A4.
xanthoneurum and A. quanchezii (1986), A. vi-
nillense (1988, along with three others introduced
into synonymy), and A. iramirezae (1989). Fi-
nally, one species, 4. plowmanii, was described
during the preparation of the treatment of the
Araceae for the “Flora de Paraguay” (Croat, 1987).
The current work includes a total of 114 species,
representing 126 taxa, 48 of those being described
for the first time. This is 147% more species than
were recognized at the outset of the work.

SECTIONAL RELATIONSHIPS WITHIN ANTHURIUM

Section Pachyneurium is one of 18 sections
recognized by Engler (1905). While Schott (1860)
recognized 28 groups (and this probably will prove
to be closer than Engler to the actual number of
needed sections in Anthurium), he was dealing with
only a small percentage of the species known to
Engler. Engler no doubt found it necessary to
broaden the concepts of the subgeneric groups in
order to include all the new species. In doing so,
some groups lost definition. This is particularly true
in the case of the species he placed in sections
Belolonchium, Urospadix; Polyphyllium, and
Xialophyllium, all of which (and especially the
first) contain what appears to be a wide variety of
seemingly unrelated species. A discussion of these
groups, their typification, and proposals for some
realignment will be the topic of a future paper.

Section Pachyneurium is distinct in its ecolog-
ical requirements and is the most edaphically adapt-
ed of all the sections to xeric growing conditions.
Because of this, the taxa in the section are most

prevalent in areas where there is a pronounced dry
season, especially in areas of tropical moist forest.
While species in sect. Pachyneurium occur in most
life zones, most occur in tropical dry, premontane
dry, and tropical moist forest. Relatively few spe-
cies occur in tropical wet, premontane wet, or
montane wet forest life zones. No Pachyneurium
species is known from pluvial tropical forest.

In habit, especially in terms of their short stems,
short, densely rooted internodes and mostly erect
leaves held in a tight rosette, Pachyneurium spe-
cies resemble most closely species of sect. Por-
phyrochitonium. Indeed, some members of that
section, for example Anthurium hacumense Engl.
(placed in sect. Pachyneurium by Engler), are
often confused with Pachyneurium (Fig. 5). Still,
species of Porphyrochitonium differ by having
dark glandular punctations on one or both leaf
surfaces, and in having convolute, not involute,
vernation and berries which are often depressed
apically with two or more seeds per locule. In
addition, sect. Porphyrochitonium is ecologically
very different, inhabiting some of the wettest life
zones such as pluvial rainforest. The Chocé region
of Colombia, for example, which is one of the
wettest places on earth with more than 500 inches
(2,272 mm) of rainfall per year, is the center of
diversity for sect. Porphyrochitonium. Possibly
also a member of sect. Porphyrochitonium is An-
thurium hookeri Kunth, which resembles sect.
Pachyneurium more than any other non-Pachy-
neurium (Fig. 6). It differs from typical Porphy-
rochitonium in being much larger and in having
scalariform secondary lateral veins and perhaps
belongs in a section of its own.

Much more easily confused with sect. Pachy-
neurium than sect. Porphyrochitonium is a rel-
atively small group of species which also has the
“bird’s-nest” habit and shares similar oblong to
oblanceolate or obovate leaf blades, but without
involute vernation (a feature considered an absolute
requirement regardless of habit or blade shape).
Typical of this group is 4. michelii Guill. (Fig. 3),
once considered to be a member of Pachyneurium
(Croat, 1983). These species, with epunctate, ob-
lanceolate to oblong-elliptic blades and generally
short stems with short internodes are mostly small
plants not easily confused with typical Pachyneu-
rium species, but some of the larger ones, such as
A. michelii, are in fact easily confused with Pachy-
neurium. This group of plants has not been placed
with certainty in any group, though it is tentatively
placed in a new section including A. decurrens
Poeppig, placed by Schott (1860) in his grex Ox-
ycarpium. Since only three species, A. decurrens
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Poeppig, A. oxycarpum Poeppig, and A. conso-
brinum Schott were included in Schott’s grex Ox-
ycarpium, and since the two latter species are now
placed in sect. Pachyneurium (along with the ep-
ithet sect. Oxycarpium, which is now synonymous
with sect. Pachyneurium) only A. decurrens re-
mains. The name for this new section will be pro-
posed in a future paper. This new section is the
only section (other than sect. Urospadix) with short
internodes and elongate, epunctate leaf blades with
convolute vernation. Section Urospadix is, I be-
lieve, distinct from the latter section based on gen-
erally closer, more uniform primary lateral veins
and its more restricted geographical distribution,
mostly in southeastern Brazil.

Section Urospadix (Fig. 4) is the next most
likely group to be confused with Pachyneurium.
These two are probably not closely related owing
to their lack of involute vernation (although one
probable species of sect. Urospadix has hybridized
with a Pachyneurium—see section on breeding
behavior). Given that this character state, a con-
servative ontogenetic feature, is present only in
sect. Pachyneurium and in only one other genus
in the family, Lagenandra, it seems apparent that
sect. Pachyneurium has no close relatives. Nev-
ertheless, sect. Urospadix has many features in
common with Pachyneurium, especially the short
stems, close internodes, frequently rosulate habit
and the presence of elongate, often short-petiolate
leaf blades. In gross morphology they differ from
members of series Pachyneurium in their generally

closely spaced and moderately obscure primary-

lateral veins. Some members of sect. Urospadix
are very similar to members of series Multinervia,
a group mostly restricted to the Ecuadorian Andes.
From species of series Multinervia they differ prin-
cipally in having supervolute vernation, and in be-
ing geographically isolated in the geologically more
ancient parts of eastern South America, namely
Brazil. Section Urospadix ranges principally from
the state of Bahia to Sdo Paulo with at least two
outlying species (tentatively placed in this section),
one in the Venezuelan highlands (4. yutajense
Bunting) and one from the Cordillera de la Costa
(4. Lilacinum Bunting).

Some other groups of Anthurium, especially
species currently placed in sect. Belolonchium in
Central America and in the West Indies, have
species that are similar to those few species of
Pachyneurium with cordate or subcordate blades,
e.g., A. venosum, A. ranchoanum, A. schottian-
um, A. standleyi, A. colonicum, and A. cotobrusii.
It is believed that this latter group of Pachyneu-

rium has independently evolved the cordate con-
dition rather than having independently acquired
involute vernation. The reasoning here is that leaf
vernation is a conservative ontogenetic character
whereas leaf blade shape in the genus is a highly
plastic one. Indeed, leaf shape may be highly vari-
able even on individual plants (see section on leaf
blades under Morphology).

The Central American species of Anthurium are
now well known, and all suspected species have
been screened for the presence or absence of in-
volute vernation. Despite the fact that the endemic
South American Pachyneurium species are less
well known, many cordate South American species
have been studied in cultivation, and no Pachy-
neurium species have been found among them.
Thus the phenomenon of subcordate- or cordate-
leaved Pachyneurium seems to be largely a Central
American and West Indian one. It is in these regions
where some cordate Anthurium species with short
stems, short internodes and blades with free-ending
veins (a relatively common feature in many cor-
date-leaved Anthurium) might be confused with
sect. Pachyneurium. Engler placed a number of
these species in his sect. Pachyneurium (Appendix
2). These included A. longispathum Carriére (=
A. grandifolium), A. grandifolium (Jacq.) Kunth,
A. boucheanum K. Koch (= 4. cartilagineum
(Desf.) Kunth), A. liebmannii Schott (= A. um-
brosum Liebm.), 4. umbrosum Liebm., A4. cor-
datum (Willd.) G. Don, 4. andicola Liebm., A.
cartilagineum (Desf.) Kunth, A. brownii Masters,
A. appunianum Schott (= A. cartilagineum), and
A. seleri Engl. Except for A. seleri, most have
many of the general features of sect. Pachyneu-
rium and are in many ways similar to Central
American and West Indies cordate-leaved species
of Pachyneurium, except that they lack involute
vernation. Thus, it is not surprising that Engler,
apparently unaware of the important character of
involute vs. supervolute vernation, placed these
species in sect. Pachyneurium. On the other hand,
using general characters such as leaf shape, short
stems, and short internodes alone, many additional
species from the West Indies, Central and South
America might well have been placed by him in
sect. Pachyneurium.

In general, South American species are either
not subcordate-leaved, or their blades are decidedly
elongate with merely the bases being subcordate
(e.g., A. fendleri).

The remaining sections of Anthurium are not
at all similar to members of Pachyneurium and
need not be discussed.
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MORPHOLOGY OF VEGETATIVE STRUCTURES
GROWTH PATTERNS

The shoot organization of Anthurium sect.
Pachyneurium has been characterized by Ray
(1986, 1987, 1988). Though appearing un-
branched, the stems of most anthuriums are in fact
highly branched with a growth pattern described
as triphyllous sympodial (Ray, 1988). Each article
(or segment) of the shoot includes a sylleptic pro-
phyll (P) and mesophyll (E) (both of which are
cataphylls) as well as a sympodial leaf (S) (a foliage
leaf) and a solitary, terminal inflorescence (I). Veg-
etative buds are formed only on the sympodial
segment and on the peduncle base (which is axillary
to the mesophyll and the foliage leaf). This growth
pattern can be summarized as follows (after Ray,
loc. cit.).

Studies by Tom Ray (pers. comm.) have defined
the shoot organizations and growth patterns. In this
regard sect. Pachyneurium is identical to that of

all species of Anthurium with the exception of sect.

Polyphyllium. It is the sylleptic prophyll which is
termed the cataphyll throughout this work and
previous works by this author on Anthurium (Croat,
1983, 1986). The stem thus consists of a series
of units (articles), each of which comprises a branch
with a single foliage leaf subtending (eventually) a
continuation shoot and a terminal inflorescence.

STEMS

The stems of Anthurium sect. Pachyneurium
are characterized primarily by being generally short
and densely rooted. While most members of other
sections of Anthurium (excluding Xialophyllium
and Tetraspermium) have short to moderately short
internodes as well, few sections ever have species
with such extremely short internodes. Typically,
those of sect. Pachyneurium are several times
broader than long. Moreover, the caudex differs in
being much more densely rooted than in other
sections. Depending on the size of the stem and

especially the size of the petiole bases, the stem
diameter is highly irregular from node to node with
the petiole bases conspicuously swollen while the
very narrow intervening areas between them are
devoted entirely to cataphylls and roots. The ab-
scission scar of the petiole is generally broader than
high (i.e., broadest laterally, perpendicular to the
axis), though the shapes of the scars are usually
not as variable throughout the section as is the
range of variation of petiole cross sections. Petiole
abscission scars are generally rounded abaxially
and broadly rounded adaxially. The abscission scar
is typically inclined inward to the axis at an angle
of 110-140° from the axis of the stem. Unlike
many Anthurium species with longer internodes,
Pachyneurium has leaf scars that are usually not
easily visible but remain obscured by the persistent
cataphyll fibers and roots (Fig. 7).

The stems of Pachyneurium are generally short,
usually less than 20 cm long, and rarely more than
30 cm long except in very large old plants. Stem
diameter varies from as little as 1.5 c¢m in some
of the smaller species to about 7 cm diam. in the
larger species, generally averaging 3—4 cm diam.
Stem diameter is in part also a matter of age, but
mostly increases only slightly during the life of the
plant.

Usually the oldest part of the stem rots away
except for that portion contained in the living root
mass. Older parts of the stem are frequently at-
tacked by root borers, which enter through the
softer central portion of the stem and bore up into
the younger portions. However, perhaps because
of the seasonally dry habitats and the generally
massive root ball, which provides protection to the
stem, sect. Pachyneurium exhibits fewer cases of
infestation by root borers than perhaps any other
section of Anthurium.

Only rarely do Pachyneurium species have no-

.ticeably elongate internodes. Some species, such

as A. consobrinum, tend to grow rapidly when
young, producing internodes to several centimeters
long, before reverting to a slower growth with short,
broad internodes. Some species may revert to a
growth pattern with slightly longer internodes when
disturbed or dislodged from their positions in trees,
especially when they land on their sides or land
upside down. This reversion to longer internodes,
so common in other genera and even in other
sections of Anthurium, is not common in Pachy-
neurium, and even when reversion to production
of longer internodes does occur, the duration of
long internode production is always very brief.
Of the two series of Pachyneurium, series Mul-
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tinervia has a stronger tendency to produce longer
internodes. This no doubt owes to their generally
more mesic habitats at higher elevations, where
the closer, more compact stems have less advan-
tage (and perhaps some disadvantage since the
more typical plants in series Pachyneurium would
probably become waterlogged and rot in such cool-
er, wetter environments).

Pachyneurium stems are tough and moderately
inflexible, perhaps owing to the presence of nu-
merous coarse fibers. Only the central or older
parts of the stem are soft, offering one of the few
avenues for predation (the other being through the
soft area of the abscission scar where the old pe-
duncles have rotted away).

Pachyneurium stems are typically erect, wheth-
er habit is terrestrial or epiphytic. In a few rare
cases stems may be repent, e.g., in 4. lindman-
tanum. This is presumably an ecological adapta-
tion, providing the plant with a better means of
survival. Anthurium lindmanianum usually occurs
in seasonally dry areas as a terrestrial plant along
the edges of watercourses. In cultivation, the spe-
cies will grow well in a standing pool of water on
rocks or bricks above the water level. Its roots
extend into the water and the typical rosulate habit
is still maintained because the petioles are turned
sharply at right angles to the stem and are held
erect.

Despite the obvious ecological advantage of re-
pent stems in drier areas, this habit has not evolved
frequently in Pachyneurium. More commonly, even

in extremely dry habitats, the stem and leaves are-

stiffly erect.

Stems may be horizontal to almost pendent in
A. pseudospectabile, which grows suspended from
a few roots. Potted plants of this species may grow
in a curve until the apex is again directed more or
less downward.

ROOTS

Perhaps more than any other section, Pachy-
neurium shows considerable variability in root dis-
position. Depending on the habitat and the species,
some species, especially short-petiolate ones, may
produce most of their roots so that they are directed
upward or downward or spreading. Typically, in
epiphytic species in mesic habitats that experience
a pronounced dry season, at least the uppermost
roots are directed upward and are frequently nar-
rowed and pointed at the ends as well (Fig. 8). This
provides a clear advantage for collecting falling
debris and precipitation around the roots (Figs. 7,
13). These uppermost roots frequently even grow

into the basket often formed by the rosulate habit
and the short-petiolate leaves (Figs. 7, 8, 14). The
uppermost roots are the most active in terms of
growth, and generally act as feeder roots.

Even in such situations, still other roots, usually
those further down on the stem, act more for an-
chorage and support. These are also generally lon-
ger, stouter, and less well ordered, being instead
more frequently intertwined. They are nevertheless
equally capable of entrapping debris and are, at
least near the periphery of the living root mass,
debris-infested. Because long-petiolate species are
less likely to be efficient at catching debris, they
are more likely to have their roots directed down-
ward rather than upward (Fig. 9).

The root masses of most species are extremely
compact, the roots generally being completely con-
tiguous with one another near the surface of the
stem in most species of series Pachyneurium (Fig.
10). Some species, especially many members of
series Multinervia, have less densely aggregated
roots. This compact nature of the root system not
only enables the plant to adapt well to dry condi-
tions, allowing it to absorb quickly virtually all of
the rainwater that passes through in brief rain
showers, but also is effective in keeping phytoph-
agous insects, especially root borers, away from
the stem.

Other Pachyneurium species, especially the ter-
restrial ones, frequently have their roots directed
downward along the stem and into the ground.
These species, despite the fact that they too often
have the typical rosulate habit with short stems,
are frequently growing under conditions where they
are less likely to accumulate debris from falling
leaves, etc., and often grow out in the open or
under low forest, which does not yield such high
quantities of debris. Some terrestrial species, such
as A. atropurpureum var. atropurpureum, A.

* pachylaminum, or A. bonplandii, often occur on

white sand soils, which are notoriously poor in
nutrients, and are either found growing in open
areas or growing beneath typically evergreen trees
on white sand soils. In such situations, roots di-
rected into the soil appear to be an adaptation to
take better advantage of nutrients present in the
soil, which might not be available from accumulated
debris. On some species, e.g., A. linguifolium,
from a very arid area, the uppermost feeder roots
are much reduced and directed upward rather than
downard.

The roots themselves, usually 3-8 mm diam.,
are initially covered with a dense layer of root
hairs, so dense as to appear as a smooth and con-
tinuous layer. Artificial drying of the stems, which
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causes a shrinkage of the roots and root hairs,
reveals their true nature, wherein the roots gen-
erally appear woolly-pubescent. At least one ex-
ception to the typically smooth roots on fresh plants
is seen in A. johnsoniae, which has fresh roots
with a somewhat irregular warty surface.

In addition to obvious functional differences, the
roots have taxonomic importance, especially the
color, thickness, degree of spreading, and length
of the uppermost feeding roots.

CATAPHYLLS

The cataphyll is a modified leaf that protects
the newly emerging leaf. It is termed the sylleptic
prophyll by Ray (1986, 1987, 1988). Once the
leaf emerges, the cataphyll has no functional sig-
nificance in remaining photosynthetic (for ecolog-
ical significance see below) and promptly dries up.
Though the cataphylls of Anthurium do not con-
tribute as many useful characters as do those of
Philodendron, the cataphyll in sect. Pachyneu-
rium is more diverse than in any other section of
Anthurium. There are two basic types of cata-
phylls, with one type subdivided:

(1) cucullate (hood-shaped) (Figs. 15, 46)
(2) narrowly triangular or lanceolate

(a) straight (Fig. 11)

(b) hook-shaped (Fig. 16).

The former type is rare, known for certain only
in A. salviniae and A. barclayanum. It is inter-

esting to note that the cucullate cataphylls (and -

sometimes also hook-shaped cataphylls, e.g., A.
loretense) also have leaves which are circinate in
bud in addition to having involute vernation (Fig.
17). Upon unrolling, the young leaf first unrolls
lengthwise, then unrolls toward both margins in the
usual manner of sect. Pachyneurium.

The second cataphyll type, narrowly triangular
or lanceolate, is overwhelmingly more common,
and most of these are straight and erect. In South
America some species have narrowly triangular
cataphylls that are hooked (the phenomenon is
absent among Central American species). Plants
with typically hook-shaped cataphylls also have
sharply D-shaped petioles in cross section (Fig. 16).
Blades emerge in the same fashion in both types
of narrowly triangular cataphylls, but the hook-
shaped type are usually smaller than the straight
ones and thus the emerging leaf is usually smaller
before expansion. Nevertheless, the overall size of
the fully expanded leaf blade does not seem to
correlate with the size of the newly emergent but
unfolded leaf blade, since some species with hook-

shaped cataphylls- have among the largest leaves
in the section, e.g., 4. loretense.

Fresh cataphylls of Anthurium are uniformly
green (unlike Philodendron, where they may be
colorful), and except for length and shape they are
monotonously similar. Moreover, the cataphylls dry
promptly after the emergence of each new leaf and
thus usually no more than one fresh cataphyll is
visible. The old, dried cataphylls are more signif-
icant taxonomically, perhaps more characteristic
than those of other sections of the genus. Although
some species, e.g., 4. eximium, A. luteynii, A.
upalaense, and A. willifordii have cataphylls that
dry persistent and intact, most persist in a weath-
ered state (Fig. 12). The degree to which weath-
ering takes place varies substantially. While some
weather to disorganized and inconspicuous fibers
that are mostly obscured by the roots and petiole
bases (Fig. 14), other species, especially those with
longer cataphylls, dry with their fibers in an or-
ganized or semiorganized intact fashion, e.g., 4.
luteynii (Fig. 18) and A. pendulifolium (Fig. 9);
others dry intact, and then quickly weather to fibers
(Fig. 19). In addition to the length of the cataphyll,
which may vary from 3 to 40 cm, there are dif-
ferences of color and thickness, which are taxonom-
ically significant. Unfortunately, like many other
characters in Pachyneurium, these differences are
difficult to quantify as key characters.

Though of minor importance taxonomically,
cataphylls have an important function ecologically.
They generally weather into fibers which, in con-
junction with the roots, aid in entrapping debris.

LEAVES

Petioles. The petioles of sect. Pachyneurium are
typically much shorter than the blades and this,
coupled with the short internodes, provides the
basic ingredient for the rosulate habit and “‘bird’s-
nest” appearance. Some species of Pachyneurium,
even the more typical members of series Pachy-
neurium, may have long petioles, but they are less
effective as debris catchers and even tend to have
leaves spreading laterally, e.g., 4. llewelynii, or
pendent, e.g., 4. pendulifolium, A. pseudospec-
tabile, and A. spectabile.

Petiole cross-sectional shapes of sect. Pachy-
neurium are diverse, perhaps more so than in any
other section of Anthurium. Pachyneurium spe-
cies have at least some of the cross-sectional shapes
in each category from A through E (Fig. 21). Cross-
sectional shapes in Pachyneurium are mostly “D-
shaped” (category B), “‘markedly angular” (D) and
“markedly ribbed adaxially”’ (E) with fewer species
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having petiole cross sections in category A, “‘te-
rete.”” The U-shaped cross-sectional shape is rare
in sect. Pachyneurium. Many species of Pachy-
neurium have C-shaped petioles (A 6-8), and pet-
iole shapes that are more or less trapezoidal to
D-shaped with prominent abaxial ribs are especially
common (E 1-3).

The petiole base is usually briefly sheathed (Figs.
14, 16) and encircles the inflorescence (the latter
may abort). The sheath is usually inconspicuous
and short, only rarely extending up to as much as
8 cm long. In most cases the sheath is restricted
to a very small percentage of the total length of
the petiole but may, for example in 4. consobri-
num, A. fatoense, and A. harlingianum, have
sheaths that extend almost to the base of the blade.
The petiole in all Pachyneurium species terminates
in a conspicuously swollen geniculum, which fa-
cilitates leaf blade orientation.

Blades. Vernation—The nature of the devel-
oping blade is highly significant taxonomically, es-
pecially at the sectional level in the case of sect.
Pachyneurium. Anthurium sect. Pachyneurium
is the only section of Anthurium known to have
involute vernation of the developing leaf blades.
Indeed, only one other genus in the Araceae, Lag-
enandra from the Old World Tropics, has involute
vernation. With involute vernation the developing
leaf (in bud) has both margins of the blade rolled
inward toward the midrib (Fig. 1), whereas super-
volute vernation, the common type of vernation

for Anthurium, has one margin rolled inwardly to

the midrib and the other rolled around the coiled
up inner blade margin, as well as the midrib (Fig.
2).

Although the presence of involute vernation is
consistent on adult plants, juvenile plants of Pachy-
neurium species may have supervolute vernation
or a transitional stage of development where only
a part of a leaf blade (usually the widest part) has
imvolute vernation. Richard Sheffer (pers. comm.)
reports observing a series of leaves from a single
plant where the vernation of successive blades pro-
gresses gradually from wholly supervolute blades
when juvenile, to partially involute blades to wholly
involute blades in adult plants. In series Multiner-
via, which has in general more slender blades, the
tip of the blade is frequently supervolute while the
remainder of the blade has typical involute ver-
nation. This failure of the apical portion to be
involute is probably due to the difficulty in rolling
up an increasingly narrower section of leaf tissue.

General features—Although species in sect.
Pachyneurium typically have thick, oblanceolate
to obovate leaf blades with short petioles, the group

is actually quite variable in blade shape with blades
ranging from linear-oblong to ovate-triangular to
ovate, with bases acute to subcordate or cordate.
The less typical species, such as 4. schottianum,
A. standleyi, and A. watermaliense, have mod-
erately thin blades with distinct posterior lobes.
Typically, blades are more or less elongate, broad-
est at or above the middle of the blade and gradually
tapered to the base, but frequently the blade ends
abruptly and is often rounded at the base or even
subcordate (e.g., A. fendleri) despite its generally
oblanceolate or obovate overall shape. Leaf blades
may be quite variable at the base, even on the
same plant varying from shallowly cordate to acute
(Fig. 20).

While the blade of most Pachneurium species
extends to the base of the midrib and ends im-
mediately above the geniculum of the petiole, some
species have a large section of the midrib com-
pletely naked, so that it appears to be a part of
the petiole proper. This is perhaps most extreme
in A. oerstedianum, but other species, such as 4.
guanchezii, A. pranceanum, and A. remotigenic-
ulatum, also display this feature. While this feature
exhibits some taxonomic value, it does not always
represent a character warranting specific recog-
nition. This is true, for example, in 4. bonplandii
subsp. bonplandii, which sometimes has the geni-
culum appearing remote for a few centimeters, but
does not otherwise appear to be different from other
plants of the taxon (see Schultes & Cabrera
14083). Venation is relatively uniform considering
the wide range of blade shapes. Usually the major
veins are prominently raised on both surfaces, with
the midrib varying from slightly convex to angular
above and typically more prominently convex be-
low. Frequently, if the midrib is angular above, this
is owing to a continuation of a medial rib on the
adaxial surface of the petiole, but more commonly

“the midrib is flat at the very base on the adaxial

surface. From this point the midrib may become
progressively more raised and more acute toward
the apex, the most acute portion being in the distal
2/3 of the blade. From this point the midrib com-
monly becomes diminished and is usually even
weakly sunken at the very tip. This is generally
true also when the midrib on the adaxial surface
is merely rounded or obtuse rather than acutely
raised.

On the lower surface, the midrib may be convex
or angular, but when it is angular it is usually due
to an extention of the ribs onto the petiole. In this
case, the ribbing on the abaxial surface of the
petiole is often present on the geniculum as well,
e.g., in A. luteynii.

For typical members of sect. Pachyneurium



Volume 78, Number 3
1991

Croat 549

Anthurium sect. Pachyneurium

(always true for series Pachyneurium), the pri-
mary lateral veins are prominently raised on both
surfaces (hence the sectional name), most com-
monly departing from the midrib at 30-55° in the
middle of the blade and sometimes at broader an-
gles, approaching 90° near the base of the blade.
Rarely, as in A. reflexinervium, A. paraguayense
var. coroicoanum and A. latissimum, the veins
may arise at an angle of 90° or more near the base
of the blade and the primary lateral veins may
actually be retrorse in such cases.

Blades with rounded, cordate or subcordate bas-
es tend to have an aggregation of veins at or very
near the base of the blade. For those species with
rounded or subcordate bases, all but the lowermost
are considered primary lateral veins, whereas those
species with cordate bases generally have a series
of basal veins (as defined in Croat & Bunting,
1979). These basal veins in all species with well
developed posterior lobes are generally directed
downward into the lobes and may be in part united
into a collective vein (Croat & Bunting, 1979).

Pachyneurium species rarely have interprimary
veins or secondary veins (i.e., major branches off
of the primary lateral veins), both of which are
often well developed in other sections of Anthu-
rium. Tertiary veins on the other hand are usually
well developed, and reticulate veins are often well
developed and conspicuous at least after drying.
In some species, most notably 4. crenatum, the
reticulate veins are quite conspicuous even on fresh
leaves. The largest tertiary veins are generally very
conspicuous in most species and are generally
weakly raised on the lower surface and moderately
obscure on the upper surface. However, some spe-
cies, such as A. jenmanii, A. bonplandii, and A.
atropurpureum, have many of the tertiary veins
sunken or etched into the upper surface on fresh
leaves.

Blade margins of most Pachyneurium are entire
(though somewhat sinuate in 4. barclayanum and
A. paraguayense) and may be flat to markedly
undulate, such as in A. affine. Typically, blades
are cuneate (gradually and evenly narrowed toward
the base so that the margin in the lower part of
the blade is straight)- However, in some cases, e.g.,
A. latissimum, A. palenquense, A. remotigenic-
ulatum, the blades are attenuate with concave bas-
al margins.

Features on blade surfaces are noticeably absent
in most species, though many of the species in the
Amazon basin, especially those occurring in areas
where white sand soils predominate, frequently ex-
hibit raised pustules. Some species, notably 4. bon-
plandii, have weakly raised plate-shaped, glandlike
structures which may be darker than the surface

and visible to the naked eye. These are especially
conspicuous on 4. bonplandii subsp. guayanum
and 4. xanthoneurum. Rarely, blades may be glau-
cous on the lower surface as is sometimes the case
in A. caucavallense and A. glaucospadix, but

even in these species not all plants possess glaucous
blades.

MORPHOLOGY OF REPRODUCTIVE STRUCTURES
INFLORESCENCES

As in other Anthurium sections, members of
sect. Pachyneurium have a single inflorescence
per leaf axil arising from the sheath. Commonly,
the inflorescence emerges fairly promptly from the
leaf axil, requiring one to six weeks to fully emerge.
Although every leaf axil has the potential to pro-
duce an inflorescence, the inflorescence may abort,
and usually does so before the plant reaches a
certain age. Usually, the inflorescences emerge one
at a time from the axils of the uppermost leaves
(but rarely from the youngest, i.e., most recently
emerged leaf). In this manner a plant may have
several inflorescences present, but rarely as many
as four per plant. Usually a plant has one or two
inflorescences, each in a different stage of devel-
opment. The rate of the emergence of the inflo-
rescences usually precludes the possibility of self-
pollination because they do not reach anthesis at
the same time (see section on Flowering Behavior).
In unusual cases, the inflorescences may emerge
from several leaf axils within a short span of time,
e.g., in A. schottianum. In this case the inflores-
cences are still not of the same age, but they are
more nearly alike in age than is normally the case.
This also has an important bearing on the phe-
nology, since this species tends to flower in short,
brief bursts rather than periodically throughout the

- year (see section on Phenology).

Peduncles. Peduncle length in Pachyneurium is
highly variable even within the same species and
at different phases of an individual plant’s life.
Nevertheless, the petiole-peduncle length ratios
are often highly significant taxonomically, at least
at anthesis. The peduncle is generally terete and
green, or occasionally with an acute angle on one
side of the peduncle which extends along much of
its length, or rarely with several ribs around the
circumference of the peduncle. Most species have
peduncles that vary from somewhat longer to sev-
eral times longer than the petioles, and only rarely
is the peduncle shorter than the petioles (e.g., 4.
curtispadix, A. plowmanii, and sometimes 4. er-
nestii and A. purpureospathum). Typically, the
peduncle is moderately stiff and is held erect or
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semierect at least during anthesis. After anthesis,
the peduncle either begins to turn yellow and shriv-
el, in the event that pollination has not occurred,
or it becomes heavier with the development of fruits
and the weight of the resulting infructescence caus-
es the peduncle to bend outward or even downward.

A few species, such as A. cataniapoense, A.
salviniae, A. pendulifolium, and often A. solitar-
ium, have long, slender peduncles with the inflo-
rescences pendent at anthesis. Regardless of wheth-
er the peduncle is thick, stiff, and erect or slender
and pendent, it becomes thicker in the fruiting
stage to compensate for the added weight of the
berries. The net weight of the inflorescences may
increase during maturation by a factor of 20 or
more. Because of the heavy weight of the infruc-
tescence, very few species, even those with erect
inflorescences, bear their fruits in an erect position.
Among those that do are: 4. cubense, A. plow-
manii, A. purpureospathum, and A. superbum,
all of which have very short peduncles.

Spathes. Although sect. Pachyneurium has spathes
that are not so typically colorful or as taxonomically
useful as in other sections of Anthurium, especially
sect. Calomystrium, the spathe still carries con-
siderable taxonomic weight in the recognition of
species. The typical spathe of Anthurium sect.
Pachyneurium is oblong-lanceolate, acuminate at
the apex and with the distal margins often slightly
inrolled. Typically, the spathe is inserted at about
a 45° angle on the peduncle. The base is generally
acute to attenuate and is often decurrent onto the
peduncle for a short distance. Usually somewhat
coriaceous or subcoriaceous, the spathe completely
envelops the spadix only when the latter is very
young. The spathe is generally loosened and free
from the spadix before the pistils of the flowers are
visible. Ordinarily, the spathe is initially erect for
a time after it opens, the natural result of its erect
position while in bud, but in most cases the spathe
soon spreads and may ultimately be erect-spreading
or spreading, or it may become spreading-reflexed
to reflexed and even caducous (e.g., 4. fendleri).
These spathe positions are not always taxonomi-
cally significant, and-a single spathe may go through
a series of positions throughout the course of its
development. Still, many species have spathes that
are characteristically positioned in a particular
manner, usually comprising no more than two of
the above positions for one taxon. The spathes of
A. bradeanum, A. sarukhanianum, and A. sal-
vadorense remain erect and may enshroud the
spadix in the two latter species.

The spathe is usually curved along most of its

length after spreading so that, strictly speaking,
no directly measureable angle is formed with re-
spect to the peduncle. In addition, the spathe may
be variously undulate, inrolled, or twisted. In some
cases this feature may be extreme, e.g., in A.
colonicum, A. pseudospectabile, and A. specta-
bile, where the spathe becomes very much con-
torted.

While the spathes of Pachyneurium are typi-
cally thick and persistent, some species, mentioned
above, have thin spathes which begin withering
almost from the moment they open, and generally
wither off and fall free in time. Even in some species
with typically thicker spathes, such as 4. jenmanii,
the spathe withers, or at least yellows, shortly after
anthesis. In these cases the spathe, though with-
ered, usually does not fall free, but remains on the
spadix in its withered state.

Spathes are generally about as long as the spadix
but may be substantially shorter at anthesis or even
longer than the spadix as in the case of A. eximium,
A. galactospadix, and A. spathiphyllum. While
the absolute lengths of the spathe and spadix are
variable throughout the course of a plant’s devel-
opment and are thus usually not so valuable as key
characters, the relative length of the spathe in
relation to the length of the spadix may provide a
useful character, especially when studied at an-
thesis. The proportional differences in the size of
both the spathe and spadix during their develop-
ment need not remain constant. For example, the
spathe does not greatly elongate after anthesis for
some species, such as A. fendleri, whereas the
spathe of A. salviniae increases in length after
anthesis.

Spadices. The spadix shape of Anthurium can
vary from long-tapered to oblong (Fig. 59) or spin-
dle-shaped or even obovoid or subglobose. The

" spadix of most Pachyneurium species is typically

short-tapered (Fig. 232) or long-tapered (Fig. 44).
A few species, such as A. cubense, A. superbum,
A. bradeanum, A. affine, and A. spathiphyllum,
have spadices that are oblong-cylindric or clavate,
while 4. sarukhanianum has a narrowly obovoid
spadix (Fig. 277). Spadix color, though variable,
is not very useful for Pachyneurium because so
many species have spadices that are green or pur-
plish, with only a relative few being red (sometimes
in A. ernestii), white (4. superbum), yellow, or
other colors. In addition, spadices of some species
(e.g., A. barclayanum) may vary from green to
purplish. Anthurium ernestii is markedly variable
according to herbarium labels, with spadices at least
varying from pinkish to magenta to purple, dark
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red, or green. Overall spadix size in Pachyneurium
is variable and depends on the size and age of the
plant and its condition. As indicated above under
“Peduncle,” the relative length of the spadix com-
pared to the peduncle may be important taxonom-
ically. However, even this character is sometimes
highly variable and may vary depending on the
age and health of the plant.

Flowers are arranged in close spirals (Croat,
1980) with mostly more than five flowers visible
per spiral from any angle. The number of flowers
visible per spiral, though somewhat variable from
spadix to spadix for any species, may also be tax-
onomically significant, with the number ranging
from as few as 3 or 4 flowers visible per spiral for
A. vaupesianum and A. uleanum var. nanayense
to as high as 28 flowers visible per spiral for A.
galactospadix, and 24 for A. superbum. Descrip-
tions of the number of flowers per spiral refer
always to the number of flowers visible from any
angle rather than the number actually needed to
make a complete spiral (the reason being that the
reader could not easily interpret the number of
flowers on a herbarium sheet).

As is true of all Anthurium species (Croat, loc.
cit.), Pachyneurium flowers have four tepals, which
are mostly hidden from view without dissection.
They are arranged symmetrically on four sides of
the pistil. Tepals are narrow, thin, and generally
colorless except at the apex. Tepals are markedly
cucullate at the apex and mostly cover the apex
of the pistil. The apical portion of each tepal is

more or less 3-sided, with the inner margin (that-

portion directed inward toward the stigma) thin and
sometimes turned up against the pistil, especially
when the pistil is exserted, as in A. consobrinum.
“Tepal shape” when referred to throughout this
work refers only to the apical, visible portion of
the tepals. In the same way “flower shape’ refers
only to the apical portion of the flower. Flower
“length” refers to the width of the apical portion
of the flower in the longitudinal dimension of the
spadix, while flower ““width’’ refers to the width of
the apical portion of the flower in the lateral di-
mension (i.e., perpendicular to the axis of the spa-
dix). The actual length of the tepals, including the
hidden portion which extends into the axis of the
spadix, is never measured.

Tepal shape may be important taxonomically.
Most are basically triangular, with the inner margin
almost straight to rounded to broadly rounded. The
outer margin, though commonly two-sided, is more
variable. Some species, e.g., A. barclayanum, A.
curtispadix, and A. glaucospadix, may have tep-
als which have the outer margin 3- or 4-sided. In

the latter case the tepal may be referred to as
““shield-shaped.”

Androecium. Like all Anthurium, sect. Pachy-
neurium has four stamens, each of which is affixed
at the base of a tepal. Stamens are tightly com-
pressed between the tepals and the pistil and are
not visible without dissection prior to anthesis. The
filament is slender (typically much narrower than
the hidden portion of the tepal), conspicously flat-
tened, and generally colorless and translucent or
sometimes whitish. Fresh filaments are usually
somewhat succulent with a thin epidermis. Shortly
before maturity of an individual stamen, the anther
is pushed out from between the tepal and the pistil
by elongation of the filament. Once exposed, both
thecae of the anthers promptly open by longitudinal
slits. Dehiscence is extrorse. Thecae are generally
more or less oblong or ovoid, and unlike some
sections e.g., Porphyrochitonium, are generally
only slightly divaricate (e.g., with the two thecae
diverging away from one another toward the base).
For further details of stamens see section on Flow-
ering Behavior.

Gynoecium. Typical of other sections of Anthu-
rium, the pistils of sect. Pachyneurium are biloc-
ular, more or less oblong-ovoid, and are tightly
compressed in between the four tepals. A well-
defined style is always lacking. The pistils are visible
only at the apex and sometimes are almost com-
pletely covered by the tepals. Generally, only the
stigma is visible. Each locule contains a single ovule
with axil placentation. For additional details of the
gynoecium see section on Seeds.

Stigmas consist of an elongate slit (Croat, loc.
cit.). Generally those of sect. Pachyneurium have
the stigmatic hairs contained within the slit, densely
covering both sides of the inner surface. Occa-
sionally, e.g., A. palenquense, the stigmatic hairs

‘may be long-exserted, forming a brushlike stigma.

Stigmatic fluid is produced by the stigmas and
generally accumulates to form conspicuous drop-
lets. For additional details, see section on Flowering
Behavior.

FLOWERING BEHAVIOR

Long-tapered spadices generally have flowers
developing from the base of the inflorescence and
progressing toward the apex. Those with oblong or
narrowly obovoid spadices generally have the first
flowers to reach anthesis at the middle or lower
one-third of the inflorescence with development
progressing toward both ends. For a review of
flowering behavior of Anthurium see Croat (1980).
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All other features of flowering behavior are iden-
tical to those described in that paper. Typically,
Pachyneurium species have spadices at anthesis
for long periods. While most species have spadices
in anthesis for about a week, some, such as A.
luteynii, may have spadices in anthesis for several
weeks. As in other species of Anthurium, flowers
are usually markedly protogynous, with the pistil-
late phase clearly separated from the staminate
phase. During the pistillate phase most species in
sect. Pachyneurium produce nectar droplets on
the stigmas. Some species, such as 4. concolor,
may also produce droplets of nectar on the tepals
as well. In natural situations these droplets are
rarely allowed to accumulate, apparently being re-
moved by pollinators, but in cultivation the droplets
may accumulate to such an extent in some species,
e.g., A. upalaense, A. validifolium, and especially
A. lutyenii, that the nectar drips off the spadix
(Fig. 332).

As in other species of Anthurium, the staminal
development of Pachyneurium generally begins
with the lateral stamens (Croat, 1980) followed by
the alternate pair of stamens with the anterior
stamen (referred to throughout this paper as the
third stamen) developing before the posterior sta-
men (referred to throughout this paper as the fourth
stamen). In most species of Pachyneurium, lateral
stamens emerge well ahead of the first alternate
stamen, varying from about 3 to 20 spirals ahead
of the third stamen (usually the anterior stamen),
and the first alternate stamen usually also emerges
several spirals ahead of the fourth stamen. Thus,
the available fresh pollen is commonly scattered
over %5 or more of the spadix. When the stamens
first emerge, the anther is frequently slightly ex-
serted on a fleshy, thickened filament and is fre-
quently colored. Anthers usually open promptly
after emerging from beneath the tepals. Most fre-
quently the pollen color is yellow, orange, or pur-
plish, but is often white. The exserted anther lasts
generally less than one day, and the anther is then
generally retracted so that it is positioned at or
near the level of the tepal (Croat, 1980). The
retraction is caused by the loss of water in the thin
filaments and the resulting shrinkage. Usually by
the end of the first day of emergence of the stamens
and always by the next day, the color of the pollen
and generally that of the anther has faded (probably
due to oxidation) and usually turns white. Some
species, especially certain members of series Mul-
tinervia (e.g., A. acutissimum, A. obscuriner-
vium, and A. oxyphyllum) have stamens that are
prominently long-exserted and remain exserted af-
ter anthesis.

The fact that pollen has faded in color does not
necessarily mean that it is not viable, but fresh
pollen is most effective in pollination.

Generally, individual flowers of Pachyneurium
species are so markedly protogynous that stigmatic
droplets have dried up on all flowers by the time
the stamens emerge on the lowermost flowers; how-
ever, in some cases the stigmatic droplets are pres-
ent on the uppermost flowers of the spadix, and at
the same time the stamens are beginning to emerge
on the lowermost flowers of the spadix, thus gei-
tongamy is possible. In fact, it is common practice
for plant breeders to manipulate the spadix of a
single inflorescence to attempt self-pollination when
no other pollen is available. While not always suc-
cessful, this method will sometimes work on some
species.

MORPHOLOGY OF FRUITING STRUCTURES
INFRUCTESCENCES

The fruiting spadix of most species of sect.
Pachyneurium is much expanded in size, the extra
girth coming from both an expansion of the pithy
axis of the spadix and a general increase in the
length of the tepals. The expansion accommodates
the greatly expanded size of the developing berry.

Berries. In most Pachyneurium species the berry
begins to emerge above the tepals and becomes
colored well in advance of its actual maturation,
i.e., before the seeds are matured sufficiently to
germinate. Alternatively, the enclosed seeds usu-
ally are capable of germination somewhat before
the berry becomes fleshy, loose, and obviously ma-
ture. Berries are also capable of maturing to some
extent even on severed inflorescences. This is im-
portant when collecting seeds before the berries
are fully mature. The berries of the mature in-
fructescence generally emerge in sect. Pachyneu-
rium in a scattered fashion over a relatively long
period of time, but some species, such as 4. spa-
thiphyllum and A. consobrinum, have fruits that
emerge more nearly simultaneously. Typically, the
berries are weakly exserted and do not fall free for
display.

Berry shape is typically obovoid to obovoid-el-
lipsoid and generally rounded but sometimes acute
to narrowly acute at the apex. Berry shape may
be variable even within a single population, e.g.,
in A. schlechtendalii, where berries may be acute
to rounded at the apex.

Berry color. Berries of sect. Pachyneurium are
typically concolorous and are summarized in Tables
1-3. Exceptions, with bicolored berries, include:
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(1) Anthurium consobrinum, with white fruits and
red to purple apiculate tips; (2) 4. superbum, with
fruits colored lavender at the base and white at the
tip; and (3) 4. pendulifolium with fruits colored
purplish lavender to reddish purple at base and
white at the tip.

In general, fruit color (yellow, orange, red, or
purple) remains distinct and permanent throughout
their maturation. The purple-fruited species, how-
ever, are an exception and are much more variable
in color during development. An example is A.
pendulifolium, where pure lavender to reddish vi-
olet berries may become almost completely white
at maturity. Included in the “purple” family, men-
tioned in detail in Table 1 are lavender, violet-
purple, violet, purple, purplish violet, reddish vi-
olet, and maroon.

Berry color is not only of great taxonomic sig-
nificance in terms of species recognition, but it is
also important in defining relationships between
different groups of species. Fruit colors by per-
centage are summarized in Table 3. In Central
America and the West Indies, red, orange, or yel-
low fruits predominate, while in South America,
purple to purplish fruits predominate (Tables 2, 3).
For example, for species with known fruit color in
Mexico and Central America (excluding Costa Rica),
84% have red, orange, or yellow fruits (fruit color
is not yet known for 4. sarukhanianum, but its
apparent relatives have fruits in this color range).
In Costa Rica and Panama, this percentage is even
higher (88%). Of these colors, orange predominates

in Panama and Costa Rica, with 60% of the total. -

The orange-fruited species are in many ways atyp-
ical, often having leaves with long petioles and
cordate to truncate or rounded bases. The red-
fruited species, on the other hand, are more typical,
with tight rosulate habits, short petioles, and gen-
erally acute leaf bases. Fruit color is still unknown
in two Costa Rican or Panamanian species, i.e., 4.
spathiphyllum and A. oerstedianum. While the
former is probably white-fruited, it is difficult to
predict the fruit color of A. oerstedianum as it is
seemingly unrelated to anything else. Central
America has only one species with purple fruits,
A. fendleri, which is.a northern South American
species barely reaching Central America (rare, in
Panama only).

In contrast to Central America, South America,
especially the lowland Amazonian basin, is rich in
purple-fruited species (or fruits with at least some
purple present), with 94% of the total in this cat-
egory. The eastern slopes of the Andes are almost
as rich in purplish fruited species, with 90% of the
total being purple or with some form of purple.

The western slopes of the Andes have a significantly
lower percentage of purplish fruits (60%). This is
largely due to the presence in the central Andes
of series Multinervia, which has a large percentage
of its species having orange fruits. The western
slope of the Andes is more diverse in fruit color
than the eastern slope, with fruits in the orange,
red, and purple color groups. In contrast, the east-
ern or Amazonian slope has only the red and pur-
ple-fruited color groups. Of these color groups,
purple still remains the most predominant, with the
red to orange group having only 10%.

With the exception of the western Andean slopes
and the far northern region of South America,
purple fruits predominate in all other South Amer-
ican geographical areas. A total of 75% of the
species of the Amazon Highlands and eastern Brazil
are purplish fruited, while the comparable figures
for the Guiana Highlands and the Andean High-
lands are 100%. On the other hand, for species
restricted to far northern South America (defined
here as species with a range that includes lowlands
with a Caribbean drainage), only 33% are purplish
fruited. Indeed, of all species occurring in far north-
ern South America (including those red-fruited spe-
cies entering from Central America, 4. concolor
and A. salviniae) and in the West Indies (4. cu-
bense), only 27% are purplish fruited. The only
orange-fruited species not occurring in the central
Andes or Costa Rica—Panama, 4. johnsoniae, oc-
curs in this region.

If all species with known fruit color occurring
anywhere in South America are considered (in-
cluding A. affine, which is also reported as some-
times red-fruited), a total of 46 out of 62 (74%)
have purplish colored fruits, 12% have red fruits,
and only 8% have orange fruits. Comparable fig-
ures for all species with known fruit color for Cen-
tral America are 3% purple fruits, 29% red fruits,
and 48% orange fruits. While the separation be-
tween purple-fruited species and those with red or
orange fruits seems very clear, it is less obvious
that there is a strong separation between red- and
orange-fruited species. Though red and orange
would intrinsically appear to be closely related col-
ors, fruits of species in these color groups are
typically conspicuously orange or conspicuously
red. However, there are exceptions with A. cubense
and A. carchiense, both of which have berries
orange-red, and 4. purpureospathum, with berries
reported orange to red-orange or red. Both A.
cubense and A. purpurpeospathum otherwise ap-
pear to be close relatives of red-fruited species of
series Pachyneurium, while A. carchiense is oth-
erwise closely related to other orange-fruited mem-
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TaBLE 1.  Fruits, sorted by color
LoC Species Primary color* Second color
CRP consobrinum white greenish white
SBR coriaceum grayish white lavender
MCA nizandense greenish white
CRP acutifolium greenish yellow
CRP bradeanum greenish yellow white
CRP fatoense greenish yellow orange, pale
MCA halmoorei yellow
WA acutissimum yellow-orange orange
WA angustilaminatum orange?
CRP brenesii orange
CRP colonicum orange
CRP cotobrusii orange
WA holmnielsenii orange
NSA johnsoniae orange
CRP luteynii orange
CRP nervatum orange
WA oxyphyllum orange
CRP prolatum orange?
CRP protensum orange
CRP pseudospectabile orange
CRP purpureospathum orange red-orange
CRP ranchoanum orange
CRP setbertii orange
CRP spectabile orange?
CRP standleyi orange
CRP validifolium orange
WA carchiense orange-red
WCS cubense orange-red
MCA salvadorense orange-red
CRP schottianum pinkish?
CAR venosum red-orange
PSA concolor red
NSA crassinervium red
CRP eximium red
EA fasciale red
LA plowmanii red
CSA salviniae red
MCA schlechtendalii red
WA sparreorum red
CRP upalaense red
NSA anorianum red, dark
CAR crenatum red, bright
BH affine red purple maroon
WA lennartii red purple, dark
CSA wagenerianum red purple
EA latissimum maroon red-violet, deep
EA paraguayense var. paraguayense maroon reddish
GH wurdackii maroon
LA ernestii var. ernestii red-violet violet
LA uleanum var. uleanum reddish violet
AH glaucospadix reddish purple
WSA Jenmanii reddish purple, pale
EA reflexinervium reddish violet
WA napeaum burgundy purplish violet
LA willifordii magenta
LA superbum lavender
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TaBLE 1.  Continued.

LOC Species Primary color* Second color

LA pendulifolium lavender to white

LA bonplandii subsp. bonplandii purple

EA llewelynii purple

WA obscurinervium purple

LA oxycarpum purple red

WA pallatangense purple

EA paraguayense var. coroicoanum purple

WA simpsonii purple

BH solitarium purple

LA loretense purple violet

LA atropurpureum var. atropurpureum purple, dark red, deep

AH ‘ leonianum purple, dark

BH lindmanianum purple, dark red, dark

WA palenquense purple, dark

EA tarapotense purple, dark

WA campii purple, light

EA solomonii purple, pinkish

GH bonplandii subsp. guayanum purple, reddish purplish violet

LA remotigeniculatum purple, reddish

WA barclayanum purplish reddish brown

LA bonplandii subsp. cuatrecasii purplish?

EA pachylaminum purplish?

LA pranceanum violet

LA uleanum var. nanayense violet

LA vaupesianum violet

LA atropurpureum var. arenicola violet-purple

AH caucavallense violet-purple

AH dombeyanum violet-purple

LA ernestii var. oellgaardii violet-purple

PSA fendleri violet-purple reddish violet

EA harlingianum violet-red purple, white

WA basirotundum wine red, deep

* Primary = most frequently reported color.

Key to location codes: AH = Andean Highlands; BH = Brazilian Highlands; CAR = Caribbean; CRP = Costa Rica
& Panama; CSA = Central & South America; EA = Eastern Andes; GH = Guiana Highlands; LA = Lowland
Amazonas; MCA = Mexico & Central America; NSA = Northern South America; PSA = Panama & South America;
SBR = S. Brazil; WA = Western Andes; WCS = West Indies, Central America, South America; WSA = West

Indies & South America.

bers of series Multinervia. Thus, based on fruit
color, there appears to be a clear separation be-
tween Central American and South American spe-
cies of sect. Pachyneurium. This will be further
discussed under breeding behavior (see Cytology
section). White or yellow fruits are rare in sect.
Pachyneurium. Yellow berries are known only for
A. halmoorei, an isolated species from western
Mexico. Whitish berries are known only for A.
nizandense from Mexico, A. bradeanum from
Costa Rica and Panama, and A. coriaceum from
southern Brazil. None of the above species are
closely related.

Seeds. Like those of most species of Anthurium,
the seeds of sect. Pachyneurium are one per locule,
though one frequently aborts, leaving a one-seeded
fruit. Seeds are commonly oblong or oblong-elliptic
and are weakly flattened with the basal end rounded
and the apical end obtusely notched where the
funicle is attached. Typically, seeds are attached
to the inner surface of the carpel wall by means
of a slender mucilaginous strand, and one or both
ends may bear a sticky, usually amber-colored
appendage, which aids in dispersal. Sometimes the
entire seed is enveloped in a mucilaginous envelope,
which may protrude at both ends. A more uncom-
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TaBLE 2. Continued.

Pachyneurium fruit colors

Yellowish,
greenish
yellow

Greenish,
greenish white,
white, cream

Orange, red-orange

Red, reddish, orange-red

Purple, red-purple,
maroon, violet

Lowland Amazon Basin

Eastern slopes of Andes Mountains

plowmannii

fasciale

atropurpureum

var. atropurpureum

var. arenicola
bonplandii

subsp. bonplandii

subsp. cuatrecasii
ernestii

var. ernestii

var. oellgaardii
loretense
oxycarpum
uleanum

var. uleanum

var. nanayense
willifordii
pendulifolium
pranceanum
remotigeniculum
superbum
vaupesianum

harlingianum
latissimum
llewelynii
pachylaminum
paraguayense
var. coroicoanum
var. paraguayense
reflexinervium
solomonii
tarapotense
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TaBLE 3. Fruit color percentages by region.

Fruit colors % by location
Greenish,
greenish Purple,
Yellowish, white, Red, red-purple, Total
greenish white, Orange, reddish, maroon, number
yellow cream  red-orange orange-red violet of species

Mexico & Central America

excluding Costa Rica & Panama 17% 17% 67% 6
Costa Rica & Panama 8% 8% 60% 20% 4% 25
Central & northern South America 100% 1
Northern South America 17% 50% 33% 6
West Indies. & Caribbean 25% 50% 25% 4
Caribbean South America 50% 50% 2
Lowland Amazonas 6% 94% 17
Eastern Andes 10% 90% 10
Western Andes 27% 13% 60% 15
Brazilian Highlands 25% 75% 4
Lowland southern Brazil 100% 1
Andean Highlands 25% 5% 4
Guiana Highlands 100% 2
Total number of species 3 4 22 21 47 97

mon type of seed attachment is found in 4. bon-
plandii and A. wagenerianum, where the seeds
are attached by their apical end to the inner carpel
wall by a thick strand of fibers running down the
carpel wall toward the base of the fruit.

FRUITING BEHAVIOR

The production of fruits in Anthurium is gen-

erally similar for all sections, with the pistil and-

the tepals gradually enlarging in unison after pol-
lination. Some species, e.g., A. consobrinum and
A. colonicum, have fruits that develop from an
early-emergent pistil. In these cases, the pistil re-
mains green until shortly before fruit maturation.
In most species the developing fruit remains below
the level of the tepals until very near the time of
fruit maturation, or they emerge somewhat above
the level of the tepals but remain uncolored. Shortly
after anthesis the tepals generally begin to lose
their coloration, often turning brownish, or they
may become green and presumably photosynthetic.
Coloration of fruits usually begins in the last one-
third of their development, but may proceed slowly
or promptly. Generally the berries remain firm even
after full coloration, and for weeks before they
begin to soften and loosen. In most species the
softening of individual fruits is only partial and is
widely scattered on the infructescence. The soft-
ened and generally plumper berries begin to emerge
and may even be extruded and supported by
threadlike tepalar fibers (narrow strips of epidermis

from the inner surface of the tepals). This form of
display broadens the visual target of the infruc-
tescence for bird dispersers and makes picking off
the fruits much easier. In other cases, the mature
berries are not extruded but merely become loos-
ened and, if not removed, simply fall to the ground.
Many examples have been seen where animals have
fed on the infructescence only to leave the seeds
scattered beneath the plant. Because the seeds are
sticky, many even stick to the leaves of the same
plant or other plants in the immediate vicinity.
By the time fruits are mature the tepals may
have expanded to more than twice their original
length, and the outer surface of the tepal (the only
part regularly visible) may be expanded to a lesser
extent, but they remain in appearance very much
"like they were originally. An exception to this oc-
curs in A. sparreorum, which develops fruits in an
almost unique manner for Anthurium (seen else-
where only in an unidentified Ecuadorian member
of sect. Belolonchium). In this species, the apical
part of the tepal greatly expands and becomes white
and fleshy, in reality taking on a role in fruit dis-
persal ecology since the fruits, though red at ma-
turity, barely emerge above the tepals. Despite the
fact that the fruits are not prominently exserted
in the manner of other sect. Pachyneurium spe-
cies, the red mature fruits are highly visible since
they are displayed between the fleshy white tepals.
In most Pachyneurium species the infructes-
cence is straight at maturity, but some taxa, such
as A. atropurpureum and A. pendulifolium, may
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have a coiled infructescence when fully developed.
This may serve to provide a more compact visual
display to better attract dispersers, or perhaps it
serves to spread out the time over which mature
fruits are available for distribution by providing
fewer fruits that are readily accessible at any time.

The amount of time required for fruits to develop
varies greatly from species to species and may
apparently vary considerably within each species
as well (at least under greenhouse conditions). For
species of sect. Pachyneurium, fruit development
time under greenhouse conditions vary from as
little as 3 months (for A. llewelynii) to as much
as 13 months (for 4. salvadorense). Fruit devel-
opment time may vary greatly on successive pol-
linations. For example, fruit development time on
A. schlechtendalii (see below) varied from 4.5 to
11 months, and on 4. upalaense from 6 to 13
months, while A. halmoorei varied from 8.5 to 12
months.

Fruit development time

Months to maturity

(number of inflores-
cences observed)

4(2); 4.5 (4); 5 (1); 5.5 (2)

Species

A. atropurpureum are-

nicola
A. atropurpureum atro- 9.5 (1)
purpureum
A. barclayanum 12.5 (1); 13 (1)
A. colonicum 11 (2)
A. consobrinum 6 (1)
A. crassinervium 4.5 (1); 10.5 (1)
A. cubense 4.5 (1); 5 (1)
A. fendleri 10.5 (1); 11 (1); 11.5 (1)
A. halmoorei 8.5 (1); 9 (1); 10 (1); 11.5
(1) 12 (1)
A. lewelynii 3(1)
A. luteynii 10 (1); 10.5 (1); 11 (1)
A. paraguayense 4.(1)
A. salvadorense 13 (1); 13.5; 15 (1)
A. schlechtendalii 4.5 (1); 11 (1)
A. standleyi 11 (1)
A. upalaense 6 (1); 7(1); 13 (1)
PHENOLOGY

A phenological survey of greenhouse collections
was undertaken by volunteer researcher Edwina
Medlock. The study was carried out over a two-
year period beginning November 1979 and ending
in October 1981. Plants were observed on a weekly
basis, and the initiation of new leaves and inflo-
rescences was recorded. A total of 38 taxa of
Pachyneurium was studied. The taxa involved in
the study and the number of individuals of each

species were as follows:

Anthurium affine 4 A nervatum 1
A. angustilaminatum A. oerstedianum 2
subsp. angustilami- A. oxycarpum 1
natum 2 A. plowmanii 1
A. barclayanum 1 A protensum
A. bradeanum 1 subsp. arcuatum 2
A. brenesii 2 subsp. protensum 2
A. colonicum 2 A. pseudospectabile 1
A. concolor 1 A purpureospathum 2
A. consobrinum 2 A. salvadorense 3
A. coriaceum 1 A salviniae 3
A. cotobrusii 2 A. schlechtendalii
A. crassinervium 2 subsp. jimenezii 1
A. crenatum 2 subsp. schlechtendalii 2
A. cubense 2 A schottianum 2
A. eximium 1 A seibertii 2
A. fatoense 2 A spathiphyllum 2
A. fendleri 2 A standleyi 2
A. halmoorei 2 A upalaense 2
A. jenmanii 3 A validifolium 1
A. luteynii 2 A watermaliense 1

The following is a summary of the results of the
survey.

Leaf production. Though many factors are in-
volved in the production of both vegetative and
fertile plant parts, including growing conditions (es-
pecially the amount of available light, nutrients,
and humidity, as well as the general health of the
plant), the collections were in general growing un-
der moderately uniform conditions and were housed
in the same room. Obviously some plants, owing
to their larger size, received more light. The study
showed that substantially more leaf production
occurred during long daylength time periods (March
to September) than during short daylength time
periods. Though the greenhouse was heated, the
nighttime temperature was allowed to drop to 65°F
during the winter months, whereas in the warmer
summer months the nighttime temperature often
did not drop so low. Equally important, the daytime
temperatures in the summer months were often
very high, occasionally reaching 80°F, whereas in
the cooler months such temperatures would have
been rare.

During long days (March—September), a group
of 71 individual study plants of sect. Pachyneu-
rium produced an average of 120 leaves for the
group per year, whereas during short days (Sep-
tember—February) the study plants produced only
94 leaves. Each of the study plants produced on
the average four leaves per year during the two
year study, but the range of new leaves produced
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was one new leaf per year produced on A. pen-
dulifolium to 10 new leaves per year for 4. stand-
leyi. Plants performed better the first year of the
study, producing an average of 4.5 leaves per year
vs. 3.4 leaves per year during the second year.
This was no doubt due to the increasing size of the
plants and the fact that the larger the plants got
the more they shaded one another, causing the
poorer growers to obtain increasingly less light.
The interval between leaf production was highly
variable, with the minimum time between the pro-
duction of new leaves ranging from 1 to 16 weeks
(averaging 3 weeks), and the maximum interval
between the production of new leaves ranging from
8 to 46 weeks (averaging 25.4). Production of new
leaves was highly variable throughout the year for
most species, with major leaf production activity
between March and September. The maximum
number of leaves produced during the two-year
study was during March (a total of 56 over 2 years),
and the minimum were produced during February
and October (a total of 18 for each month). Fre-
quently, most of the leaves produced by an indi-
vidual were produced during the 4- or 5-month
period following the initial burst in March. Another
period that was important for some species was
January, with one or more leaves being produced
at that time (Fig. 22). The initiation of leaf pro-
duction during the early months of the year is
probably best explained by the fact that these
months have increasingly longer days following a
period of decreasing daylight in the late fall. Plants

generally go through a period of low leaf production -

in the late fall when days are getting shorter, es-
pecially between September and December. The
burst of activity in January is unusual since leaf
production dropped off again in February only to
increase once more in March (Fig. 22). During the
period of maximum leaf production it is not un-
common for leaves on a single plant to be produced
at the rate of one per week, though a period of
two to three weeks between leaves is more common.
Leaf production is greatest on younger plants and
tends to slow after the plant has reached a more
mature size. Leaf production can be markedly spo-
radic. For example, one plant of 4. brenesii pro-
duced seven leaves in a 5-month period one year
(March to July), then after producing one leaf in
November, it did not produce another leaf until
the following September. Leaf production on some
species can be very slow. For example, an indi-
vidual of A. pendulifolium (not included in the
study) failed to produce a single leaf in more than
a year, despite the fact that the plant appeared to
be in good health and even flowered during this

period. In general, healthy, robust plants produced
more leaves than smaller or unhealthy plants, and
there was a high correlation between leaf produc-
tion and the amount of fertilizer applied, with most
plants responding to increased fertilizer by growing
faster and producing more leaves.

Flower production. Because each leaf axil ulti-
mately produces an inflorescence on adult plants
of Anthurium, the production of inflorescences on
Pachyneurium closely follows the activity de-
scribed for leaf production (Fig. 22), with the peak
flowering activity also being in March, followed by
a marked diminution until about June. During the
warmer months flowering reaches an almost steady
state, with 13-17 inflorescences produced each
month between June and November for the 2-year
period. As with leaf production, December and
January show a spurt of flowering activity, with a
trough in February, followed by a major spurt of
activity in March. As with leaf production, the
interval between inflorescence production is highly
variable but does not necessarily follow the same
pattern. Some species produce their inflorescences
from the axil of the newly formed leaves shortly
after the leaf emerges, whereas other species delay
the production of new inflorescences for several
weeks or even months after the new leaf emerges.
The minimum average interval between the pro-
duction of new inflorescences for all species in the
2-year study was 1.7 weeks (ranging from 1 to 14
weeks). The average maximum interval between
the production of successive inflorescences was 29
weeks (ranging from 7 to 46 weeks). The duration
of flowering for any single inflorescence is also
highly variable, with some species flowering for a
period of less than one week and others (such as
A. luteynii and A. salviniae) flowering for a month
or more. For a discussion of the phenology of fruit
production, see the section on Fruiting Behavior.

CyroLocy By R. D. Sheffer

Species of sect. Pachyneurium are predomi-
nantly diploids with chromosome counts of 2n =
30 and with fewer numbers of species being tet-
raploids with 2n = 60 chromosomes. This corre-
sponds to the most common number in the genus
as a whole (Sheffer & Croat, 1983). While not all
species have been counted, R. D. Sheffer has made
chromosome counts on many of the species not
previously covered in earlier publications. He re-
ports (pers. comm.) that a few species do not fit
the usual pattern. Anthurium ranchoanum, with
two collections counted (Croat 49846 and Stevens
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13980), has a chromosome count. of 2n = 44.
Anthurium atropurpureum var. arenicola exhibits
aneuploidy at the tetraploid level.

An analysis done by Sheffer on a country by
country basis indicates that there is a statistically
significant difference between the number of poly-
ploids in Central and South America. South Amer-
ica has more polyploids (41.3%) than Central
America (10.7%). This suggests that the South
American species are older and thus South America
probably represents the center of origin of the
section. This is borne out by the fact that the South
American continent (especially the western edge
of the Amazon basin and the foothills of the Andes
in Ecuador and Peru) is also the area of greatest
speciation in the group (see section on Geographical
Distribution).

BREEDING BEHAVIOR (with R. D. Sheffer)

Breeding studies carried out by Sheffer at the
Indiana University Northwest and by Croat at the
Missouri Botanical Garden indicate that sect.
Pachyneurium is probably reproductively isolated.
Crossability between sect. Pachyneurium and oth-
er sections of the genus is very limited. Thus far
there are only two examples of successful out-
crossing with another section of Anthurium that
resulted in the production of viable seedlings. These
crosses were between the Pachyneurium species
A. standleyi and A. lilacinum, a member of sect.
Urospadix as well as A. hacumense (sect. Por-
phyrochitonium) and A. glaucospadix (sect.
Pachyneurium). Though these were the only ex-
amples of crossability which produced viable seeds,
studies show that there is potential crossability with
other sections, if only fruit-set or seed production
is considered as a significant measure of species
relationship. Of the 433 cross-pollinations, 33
(7.4%) resulted in fruit-set and 28 (6.3%) resulted
in seed production. These crosses were between
sect. Pachyneurium and five other sections, Be-
lolonchium, Cardiolonchium, Dactylophyllium,
Porphyrochitonium and Urospadix. All, except
the cases mentioned above (sects. Urospadix and
Porphyrochitonium), resulted in abortive seeds that
failed to germinate. This is further evidence that
sect. Pachyneurium is reproductively isolated from
other sections.

Besides being reproductively isolated from other
sections of the genus, Central and South American
species of sect. Pachyneurium are mostly repro-
ductively isolated from one another. A total of 747
cross-pollinations within the section resulted in 116
(15.5%) with fruit-set and 88 (12%) with viable
seedlings, which are probably hybrids (e.g., not

merely cases of self-inducement to set fruits). Most
of the pollinations that resulted in viable seedlings
were among either Central American species or
among South American species, but not between
the respective groups. Thus, the Central American
and South American species appear virtually iso-
lated reproductively. Exceptions to the failure of
crossability between Central and South American
taxa are between A. barclayanum (Ecuador) and
A. cotobrusii (Costa Rica and Panama), 4. cras-
sinervium (Venezuela) and A. bradeanum (Nica-
ragua—Panama). Also worthy of mention are two
viable crosses between A. halmoorei (Mexico) and
A. fendleri, which is largely from northern South
America but also ranges into central Panama.

However, if production of fruits without viable
seed is also considered, then two additional Central
American vs. South American crosses become im-
portant. These were crosses between 4. halmoorei
and A. uleanum and between A. halmoorei and
A. latissimum.

Other crosses that might prove viable (producing
infructescences but as yet without mature fruits)
are two South American species, A. atropurpu-
reum var. arenicola and A. harlingianum, both
of which seem to have crossed successfully with
A. nervatum from Panama. Similarly, 4. bon-
plandii subsp. cuatrecasii (South America) seems
to have successfully crossed with both 4. halmooret
(Mexico) and A. purpureospathum (Panama).

Anthurium crenatum, a West Indian species,
shows apparent relationship with Central and South
America, having been used in partially successful
crosses (fruit matured but seeds inviable) with A.
halmoorei (Mexico) and A. fendleri (northern South
America and Panama), and also 4. glaucospadix
and A. paraguayense of South America.

Sheffer’s study also indicates there may be lim-
ited interspecific gene flow throughout Central and

- South America, since 36% (27) of the 74 species

tested by him have been involved in interspecific
crosses that resulted in viable seed (seedlings viable
or not).

While we have not attempted all possible crosses
between different species of sect. Pachyneurium,
the lists below summarize the successful crosses of
the 226 cross-pollination attempts (including re-
peats of the same cross). The crosses involve 58
different taxa, of which 27 were successfully in-
volved in crosses (produced viable plants).

Successful crosses of Central American
species of Pachyneurium

A. consobrinum X A. upalaense
A. luteynii X A. colonicum
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. luteynii X A. purpureospathum

. schlechtendalii X A. salviniae

. schlechtendalii X A. luteynii

. schlechtendalii X A. upalaense

. standleyi X A. halmoorei

. upalaense X A. halmoorei

. upalaense X A. purpureospathum

AN N G N N

Successful crosses of South American
species of Pachyneurium

. atropurpureum arenicola X A. ernestii

atropurpureum atropurpureum X A. atro-
purpureum arenicola

. barclayanum X A. atropurpureum arenicola

barclayanum x A. glaucospadix

crassinervium X A. barclayanum

cubense X A. atropurpureum arenicola

. fendleri X A. atropurpureum arenicola

fendleri X A. remotigeniculatum

. harlingianum X A. oxycarpum

. llewelynii x A. ernestii

. paraguayense X A. llewelynii

. tarapotense X A. plowmanii

Bohohohho AR A AR AN

GEOGRAPHICAL DISTRIBUTION

The geographical distribution of Anthurium sect.
Pachyneurium is summarized in the geographical
checklist in Appendix 4. Although sect. Pachy-
neurium is widely dispersed throughout the Neo-
tropics, ranging from Mexico to the West Indies
and south to Argentina (from ca. 22° north to ca.

27° south), there are major centers of speciation. -

Species diversity is greatest from Costa Rica to
Peru, with a major center in Ecuador (36 spp.)
and to a lesser extent in Peru (28 spp.), and with
minor centers in Costa Rica and Panama (both with
23 spp.), and the Guiana region (14 spp.), mostly
in Venezuela.

A detailed analysis of the geographical distri-
bution of Anthurium sect. Pachyneurium by area
follows:

Mexico. This area is important as an area of local
endemism (see section on Centers of Endemism
below), with five of its seven taxa endemic. One
wide-ranging species, A. schlechtendalii, consists
of two subspecies ranging down either coast with
an extension of the typical subspecies into Nica-
ragua. Another species, 4. salviniae, extends from
the moist forests on the Pacific slope of Chiapas
to Colombia, while the remaining five species are
endemic. One, A. halmoorei, is restricted to Mi-
choacan, Nayarit, and Jalisco on the Pacific coast,
while A. nizandense is found in Oaxaca and Guer-
rero. Along with A. sarukhanianum, endemic to

Michoacan, these species occur in dry habitats as
does A. schlechtendalii subsp. jimenezii, which is
widespread on the Pacific coast. The fifth endemic
species, A. machetioides, occurs in the humid
Chinantla region of northeastern Oaxaca.

Central America (excluding Costa Rica and the
wet southeastern corner of Nicaragua). This region
is remarkably low in species, with only 4. cubense
(a species better known from the West Indies and
northern Venezuela and inhabiting only the drier
areas), A. salvadorense (from dry areas in northern
El Salvador and adjacent Guatemala), 4. salviniae,
and A. schlechtendalii (present throughout most
of this range). The latter two are the only wide-
spread species. Four additional species occur in
Nicaragua, A. consobrinum, A. bradeanum, A.
spathiphyllum, and A. upalaense, but only the
last extends much beyond the wet southeastern
corner of the country.

Costa Rica. This country is a minor center of
endemism and is rich in species diversity. While
most species occur in the wet Atlantic lowlands or
at higher elevations in the Cordillera de Talamanca
(including A. brenesii, A. bradeanum, A. conso-
brinum, A. fatoense, A. protensum, A. ranchoan-
um, A. schottianum, A. spectabile, and A. upa-
laense), several taxa are restricted to the Pacific
coast. Anthurium cubense occupies only dry areas
of Guanacaste and Puntarenas provinces. Several
species are restricted to the Pacific slope in the
southeastern part of the country, mostly in the
vicinity of the Osa Peninsula. These include A.
acutifolium var. acutifolium, A. acutifolium var.
herrerae, A. eximium, A. oerstedianum, and A.
standleyi. Only A. salviniae is relatively wide-
spread on both the Atlantic and Pacific watersheds.
In addition to being high in species diversity of
sect. Pachyneurium, Costa Rica is also rich in
endemism, with 7 of 23 species endemic. The en-
demics are A. acutifolium var. herrerae, A. bre-
nesit, A. eximium, A. oerstedianum, A. schot-
tianum, A. spectabile, and A. standleyi.

Panama. While Panama is similar to Costa Rica
in having most of its species of Pachyneurium
restricted to the Atlantic slopes, more species strad-
dle the Continental Divide than in Costa Rica. Few
species are restricted to lower elevations along the
Atlantic coast (4. concolor and A. spathiphyllum),
but among those primarily restricted to the Atlantic
slope and to the ridges near the Continental Divide
on the Pacific slope are A. bradeanum, A. colon-
icum, A. consobrinum, A. hammelii, A. pseudo-
spectabile, A. purpureospathum, A. ranchoan-
um, A. seibertii, and A. validifolium. Three species
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are restricted to the Pacific slope, 4. acutifolium
(Burica Peninsula), 4. cubense (lowland Chiriqui),
and A. fendleri (Coclé). As in Costa Rica, 4. sal-
viniae is distributed widely on both the Atlantic
and Pacific slopes. Four species are found on both
slopes near the Continental Divide. These are A.
luteynii, A. nervatum, A. protensum subsp. ar-
cuatum, and A. pseudospectabile.

Panama is one of the major centers of endemism
in Central America, being about as rich in endemics
as Costa Rica, with 5 of 22 species endemic. En-
demic species are A. colonicum, A. hammelii, A.
luteynii, A. nervatum, A. pseudospectabile, and
A. purpureospathum.

Colombia. The Pachyneurium species of Colombia
are widely dispersed with no particular areas of
species diversity. A few species are widespread and
range into the country from Central America, the
West Indies, or Venezuela. These include 4. sal-
viniae, which ranges from southern Mexico to the
upper Magdalena River Valley in south-central Co-
lombia; A. fendleri and A. crassinervium, which
enter from northern and western Venezuela; and
A. cubense, which ranges throughout the western
periphery of the Caribbean. An additional species,
A. concolor, enters the north from Panama. There
are two endemic species inhabiting the northern
part of the country, A. johnsoniae, from the Sierra
de Santa Marta, and A. anorianum from northern
Antioquia. Two additional and more widespread
endemics occur in the central highlands of the
country, A. caucavallense and A. glaucospadizx.

The majority of Pachyneurium taxa from Co-
lombia occur in the Amazon basin in the southern
part of the country. These include A. atropur-
pureum var. atropurpureum, A. atropurpureum
var. arenicola, A. bonplandii subsp. bonplandii,
A. bonplandii subsp. cuatrescasii, A. galacto-

spadix, A. harlingianum, A. loretense, A. oxy-

carpum, A. pendulifolium, and A. vaupesianum.
Of these only A. vaupesianum is restricted to
Colombia, the remainder being relatively wide-
spread in the Amazon basin.

It is interesting that while Colombia has the
greatest species diversity for the genus as a whole,
possibly with as many species of Anthurium as all
the rest of Latin America put together, it is not
particularly rich in sect. Pachyneurium. This owes
to the fact that most of the species diversity for
the genus is in the wettest part of the country along
the Pacific coast, while the more mesic parts of
the country have been long deforested and are
isolated from the apparent center of species di-
versity for sect. Pachyneurium, namely Amazo-

nian Ecuador and Peru. Only four species of
Pachyneurium occur on the otherwise aroid-rich
Pacific slope of Colombia. One of these, 4. cau-
cavallense, laps over the Divide of the Eastern
Cordillera in Valle, occurring only on dry upland
slopes, and is a member of series Pachyneurium.
Three other species, A. carchiense, A. napaeum,
and A. narinoense, all members of series Multi-
nervia, occur in wetter areas in Narifio. Though
it is not unusual that there are no representatives
of series Pachyneurium from the wet Pacific slope
(since they prefer drier habitats), it is unusual that
so few members of series Multinervia (a group
preferring mesic habitats) occur there. It is par-
ticularly curious that only three of the species in
series Multinervia occur in this part of Colombia,
since there would appear to be numerous suitable
habitats for these mesic taxa in southwestern Co-
lombia in Narino, Cauca, and Valle. Perhaps fur-
ther collecting in these poorly known areas of Co-
lombia will turn up additional species or records
for this group. The area is still largely unexplored.
Colombia has relatively few endemic species, with
only 6 of 24 endemic. These are 4. anorianum,
A. caucavallense, A. glaucospadix, A. johnson-
iae, A. narinoense, and A. vaupesianum.

Ecuador. Along with Peru, this area represents the
major center of diversity for taxa of sect. Pachy-
neurium, with species concentrated primarily in
the Amazon lowlands of both countries and on both
slopes of the Andes in Ecuador. Considering its
relatively small size compared to the surrounding
countries, Ecuador is clearly the richest country
in species diversity. The country is broken up into
several different phytogeographical regions, but
each contributes a considerable share of the total
number of species. Those taxa that occur princi-
pally in the Amazonian lowlands are A. atropur-
pureum var. arenicola, A. ernestii, A. penduli-
folium, A. superbum, A. tenaense, and A. uleanum.
Several other species occur only on the eastern
slopes of the Andes but at higher elevations, usually
above 500 m. These include A. bushii, A. harlin-
gianum, A. penningtonii, and A. santiagoense.
Anthurium bushii and A. santiagoense are re-
stricted to the Rio Santiago drainage system. An-
thurium oxycarpum is wide-ranging, extending
from the lowlands up to 850 m.

Only two species, A. dombeyanum and A. leon-
ianum, occur in the drier highland regions of Ec-
uador. Most of the remaining species of sect.
Pachyneurtum in Ecuador are restricted to the
Pacific slope. In this respect Ecuador is radically
different from Colombia, since only three species
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of Pachyneurium occur on the wet Pacific slope
in Colombia. Species that occur at lower elevations
on the Pacific slope include 4. asplundii, A. bar-
clayanum, A. linguifolium, A. manabianum, A.
napaeum, and A. sparreorum. No species is known
to occur on both slopes of the Andes. This is not
unusual considering the age of the Andes and the
broad stretch of cold, arid, and generally inhos-
pitable land lying between the mesic slopes to the
east and west.

Ecuador has the largest number (36), as well as
the highest concentration of endemic Pachyneu-
rium species of any country, the endemics con-
stituting more than half of the total species. Many
of the endemics are members of series Multinervia
and include 4. acutissimum, A. angustilamina-
tum, A. fasciale, A. holmnielsenii, A. lennartii,
A. napaeum, A. oxyphyllum, A. palenquense, A.
pallatangense, A. penningtonii, and A. santia-
goense. Series Multinervia is almost endemic to
Ecuador, with only three species, 4. carchiense,
A. napaeum, and A. narinoense, occurring in
southwestern Colombia, and two species, 4. sou-
kupii and A. ottonis, occurring to the south in
Peru and Bolivia.

Peru. Peru is the second richest country for species
of sect. Pachyneurium. If only the members of
series Pachyneurium are considered, Peru is ac-
tually richer than Ecuador because about one-third
of the Ecuadorian members of the section are mem-
bers of series Multinervia. Most species of series

Multinervia occur in Ecuador, while relatively few

occur in adjacent countries. Nearly all of the Pe-
ruvian species of sect. Pachyneurium are members
of series Pachyneurium. The vast majority of Pe-
ruvian Pachyneurium species occur on the eastern
slope of the Andes and in the Amazon lowlands.
Taxa occurring in the lowlands of the Amazon basin
include A4. atropurpureum var. atropurpureum,
A. atropurpureum var. arenicola, A. galacto-
spadix, A. loretense, A. manuanum, A. pendu-
lifolium, A. superbum subsp. brentberlinii, A.
uleanum var. nanayense, and A. willifordii.
Almost an equal number of species occurs in
the foothills of the Andes at medium elevations
(300-1,000 m). These include A. basirotundum,
A. harlingianum, A. knappiae, A. latissimum,
A. llewelynii, A. manuanum, A. pachylaminum,
A. reflexinervium, A. remotigeniculatum, and A.
tarapotense. The majority of these species are
from the northern half of Peru, especially in the
departments of Amazonas, San Martin, and Hua-
nuco. Areas of particularly high concentration of
Pachyneurium are the areas around Tingo Maria

in Huanuco Department, and around Tocache
Nuevo and Tarapoto in San Martin Department.
The Tarapoto vicinity, for example, has no fewer
than five Pachyneurium species.

Several other species are restricted to the east-
ern slopes of the Andes and in the Amazon lowlands
but are more wide-ranging in elevation, occurring
in the lowlands and in the foothills of the Andes.
These include A. ernestii, A. oxycarpum, and A.
plowmanii.

Two species, A. dombeyanum and A. soukupii,
are restricted to higher elevations in Peru and
range from Cusco Department in the south to Ama-
zonas Department in the north. While the former
occupies mostly dry life zones, the latter inhabits
generally wetter sites in various montane forest life
zones. One species, A. ottonis, occurs at higher
elevations in the far south of Peru in Puyo De-
partment, as well as in adjacent Bolivia. Two spe-
cies, A. barclayanum and A. simpsonii, are re-
stricted to the moist forests of the Pacific slope of
northwestern Peru in Tumbes Department.

After Ecuador, Peru has the greatest concen-
tration of series Pachyneurium taxa. It also has
the second highest concentration of endemic spe-
cies, with 13 of 28 endemic taxa. These are: A.
basirotundum, A. knappiae, A. latissimum, A.
llewelynii, A. manuanum, A. pachylaminum, A.
reflexinervium, A. remotigeniculatum, A. simp-
sonii, A. superbum subsp. brentberlinii, A. tar-
apotense, A. uleanum var. nanayense, and A.
willifordii.

Bolivia, Paraguay, and Argentina. A total of nine
taxa inhabit this southern, subtropical and tem-
perate region of South America. The only species
common to all three countries is A. paraguayense
(also in southern Mato Grosso in Brazil), and only
Bolivia has endemic taxa, A. atropurpureum var.
thomasii and A. solomonii. Anthurium para-
guayense ranges the furthest south of all members
of sect. Pachyneurium and is the only member of
the section in Argentina. One species, A. plow-
manii, is common to both Paraguay and Bolivia,
occurring in the Amazon lowlands with its southern
extension in central Paraguay. Bolivia, the most
tropical of the three countries, is the richest in
species, with nine taxa. These are