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PETAL APPENDAGES IN BROMELIACEAE!

GREGORY K. BROWN? AND RANDALL G. TERRY

Department of Botany, University of Wyoming, Laramie, Wyoming 82071

The Bromeliaceae were surveyed for petal appendage morphology using light and scanning electron microscopy. Three
general morphological types were recognized, each loosely correlating with one of the three subfamilies. Petal appendage
elaboration and variation were greatest in the Bromelioideae, while subfamilies Pitcairnioideae and Tillandsioideae exhibit
more simplified, consistent morphologies. All Pitcairnioideae examined with petal appendages possessed a single appendage
per petal, as opposed to two appendages per petal for the Bromelioideae and Tillandsioideae. Analyses of floral ontogenetic
sequences revealed that, in all cases, petal appendage initiation is a late developmental event with petal appendages being
the last formed external multicellular structures. There has been an overemphasis in the use of the presence of petal appendages
in the circumscription of generic limits in the Bromeliaceae, and especially in the Tillandsioideae (e.g., Tillandsia vs. Vriesea).

Approximately 35% of the over 2,100 species in the
Bromeliaceae (sensu Smith and Downs, 1974,1977,1979)
are known to have petal appendages. These appendages
are outgrowths from the adaxial surface of the petal, usu-
ally at its base. They consist of a single flap of tissue
between the antipetalous staminal filament and the petal
(e.g., Fig. 36), or as a pair of structures that flank each
antipetalous stamen (e.g., Figs. 7 or 45). Names applied
to bromeliad petal appendages include: petal scales, lig-
ules, nectariferous scales, lateral folds, vertical calli, and
callosities.

Petal appendages have received great emphasis in Bro-
meliaceae taxonomy. In the introduction to their mono-
graph for the family, Smith and Downs (1974) state that
petal appendages are the single most important taxonomic
character for the subfamilies Bromelioideae and Tillands-
ioideae. In fact, petal appendages have diagnostic utility
at the generic level in all three bromeliad subfamilies
(Smith and Downs, 1974, 1977, 1979; Table 1). However,
many current students of the family, for example, Beaman
(1989), Benzing (1980; personal communication), K. Burt-
Utley (University of New Orleans, personal communi-
cation), S. Gardner (Michoacan, Mexico, personal com-
munication), Gilmartin (1983; personal communication),
H. Luther (Selby Botanical Gardens, personal commu-
nication), C. Palaci (University of Wyoming, personal
communication), Rauh (1979; personal communication),
and Utley (1978; personal communication) are skeptical
of certain generic circumscriptions that rely heavily on
the presence or absence of petal appendages.

Particularly controversial is the use of petal appendages
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to circumscribe genera in Tillandsioideae. The first and
third largest genera in Bromeliaceae, Tillandsia (400+
spp.) and Vriesea (250+ spp.), are separated on the basis
of absence or presence of petal appendages, respectively.
Benzing (1980) has called this ‘... perhaps the most
arbitrary taxonomic decision standing in the Tillandsioi-
deae today.” Utley (1978) also questioned the soundness
of separating genera on the basis of presence or absence
of petal appendages, and noted the need to reexamine
generic boundaries in the Tillandsioideae. Gilmartin
(1983) considered it unlikely that the petal appendages
used to separate Vriesea from Tillandsia are uniquely
derived. Beaman (1989) stressed the need to evaluate the
single character (i.e., petal scales) used to distinguish 77i/-
landsia and Vriesea.

Baker (1889) treated Vriesea as a subgenus in Tillandsia
to accommodate those species where the ‘“‘claw of the
petals (are) furnished with a pair of scales. . . .”’ Mez (1904,
1934-1935) followed Baker (1889) in the separation of
Tillandsia and Vriesea on the basis of petal appendages
when he elevated Vriesea to generic status. After many
years of bromeliad research, Smith (1951) applied his
current concept of the Tillandsia-Vriesea distinction when
transferring all species of Tillandsia with petal appendages
into Vriesea, and he has maintained these generic cir-
cumscriptions since that time (e.g., Smith and Downs,
1977).

A review of Tillandsia and Vriesea nomenclatural his-
tory reveals cases where a species was first described in
one genus (e.g., Tillandsia rubra Ruiz Lopez & Pavon; T.
ingens Mez) and later had to be transferred to the other
(e.g., Vriesea) when more complete material revealed the
presence of petal appendages. Conversely, Smith and
Downs (1977) chose to ignore the petal appendage char-
acter when they placed Tillandsia pabstiana Pereira (which
lacks petal appendages) into synonymy under Vriesea
drepanocarpa (Baker) Mez (which has petal appendages)
because of the noted overall similarity between the two
taxa. Furthermore, there are reports where petal append-
age occurrénce in Friesea is sometimes variable (Read,
1968). The overall picture that has emerged, especially in
the Tillandsioideae, is that petal appendages by them-
selves may not be a reliable generic marker.

Petal appendages are reported for 14 of the 27 genera
in subfamily Bromelioideae (Table 1), and in three cases
they serve as the critical diagnostic feature for generic
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TaBLE 1. Frequency of occurrence of petal appendages in Bromeliaceae
genera with petal appendages; (number of species in the genus with
petal appendages/total number of species in the genus)

Bromelioideae

Acanthostachys (2/2) Hohenbergia (40/40)
Aechmea (168/172) Neoglaziovia (2/2)
Ananas (8/8) Nidularium (1/23)
Billbergia (53/53) Orthophytum (17/17)
Canistrum (7/7) Portea (7/7)
Fascicularia (5/5) Quesnelia (14/14)
Greigia (1/26) Wittrockia (7/7)
Pitcairnioideae
Abromeitiella (2/2) Pitcairnia (134/260)
Brewcaria (2/2) Puya (6/168)

Deuterocohnia (7/7) Steyerbromelia (3/3)

Tillandsioideae

Glomeropitcairnia (2/2) Mezobromelia (4/4)
Vriesea (249/249)

recognition (Table 2). As with the Tillandsioideae, Smith
and Downs (1979) placed substantial weight on petal ap-
pendages for their taxonomy of the Bromelioideae. In
contrast, however, issues surrounding the taxonomic im-
plications of petal appendages in the Bromelioideae have
been debated less perhaps because the generic delineations
in the Bromelioideae are *. . . so poorly defined that even
with complete information it is difficult to assign some
species to genus” (Smith and Downs, 1979). Clarifying
generic circumscriptions and phylogenetic relationships
within the Bromelioideae will be a formidable task. Efforts
to revise parts of Bromelioideae are currently under way.
For example, I. Ramirez (Epiphyte Symposium, Selby
Botanical Gardens, Sarasota, FL, 1991) has reported that
petal appendages are synapomorphic for Neoregelia subg.
Hylaeaicum.

The taxonomic utility and importance of petal ap-
pendages have been less in the Pitcairnioideae. Six of the
15 genera have petal appendages (Table 1), but they help
define only Abromeitiella, Deuterocohnia, Brewcaria, and
Steyerbromelia. In Pitcairnia and Puya, the two largest
genera in the subfamily, petal appendages are variable in
their occurrence, being characteristic for certain species.
Petal appendage occurrence is also variable within certain
species of Pitcairnia and Puya (e.g., Pitcairnia pulveru-
lenta Ruiz Lopez & Pavon; P. schultzei Harms; Puya
hofstenii Mez; Varadarajan, 1986; Varadarajan and Brown,
1988).

The goals of this study were to: 1) conduct a broad
survey of petal appendage morphology within the Bro-

TABLE 2. Pairs of genera in the Bromeliaceae where the presence of
petal appendages is a critical diagnostic feature

With petal appendages Without petal appendages

Bromelioideae

Canistrum Nidularium

Hohenbergia Hohenbergiopsis

Portea Neoregelia
Tillandsioideae

Mezobromelia Guzmania

Vriesea Tillandsia
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meliaceae; 2) examine petal appendage ontogeny in each
subfamily; and 3) utilize the information collected to ad-
dress issues concerning the systematic value of petal ap-
pendages within Bromeliaceae, especially in the Tillandsi-
oideae.

MATERIALS AND METHODS

All floral materials were obtained from field or green-
house collections that had been preserved in FAA (form-
aldehyde : glacial acetic acid : absolute ethanol; 1:1:18; v:v:
v) or Farmer’s fixative. Field-collected samples were ob-
tained mostly through the efforts of a network of field
collaborators (Gilmartin and Brown, 1986). Cultivated
materials were obtained from either: 1) Selby Botanical
Gardens, Sarasota, Florida; 2) Botanical Garden, Institute
for Systematic Botany, University of Heidelberg, Hei-
delberg, Germany; 3) Denver Botanical Gardens, Denver,
Colorado; or 4) the botany greenhouse, University of Wy-
oming, Laramie, Wyoming. The intergeneric hybrids em-
ployed in this study (X Cryptbergia = Cryptanthus X Bill-
bergia; x Vrieslandsia = Vriesea x Tillandsia) are of
horticultural origin, and are commercially available. The
sources for all plant materials and the locations for all
herbarium vouchers are provided in Table 3.

After a minimum of 24 hr of fixation, floral collections
were transferred into 70% ethanol and stored below 0 C.
Dissections and initial examinations of petal appendage
structure were made with a dissecting microscope.

Floral tissues destined for scanning electron microscopy
required a special postfixation treatment to avoid defor-
mation during critical-point drying (Brown and Gilmar-
tin, 1989). After critical-point drying, specimens were
mounted onto (SEM) stubs and sputter-coated with gold,
examined with a JEOL JSM-35C SEM, and photographed
with Polaroid type 665 film.

For the developmental studies, inflorescences were se-
lected that had one basal flower in full anthesis and a
complement of developing floral buds above. The entire
inflorescence, or an inflorescence branch, was liquid pre-
served as described above. Individual flowers and buds
were removed and assigned a number, and bud length
(base of calyx to tip of calyx or tip of corolla, if exserted)
was measured to the nearest mm. Bud/flower age was
assigned relative to its position on the inflorescence or
inflorescence branch. The smallest (i.e., the youngest) bud
was assigned an ‘“‘age” of 1, the bud on the next node
down was designated ““age” 2, etc., with the anthesis-stage
flower receiving the oldest (i.e., highest age value). Each
bud/flower of a developmental sequence was kept sepa-
rate, i.e., in its own vial during all steps of dissection and
tissue preparation. During bud dissections, anthers were
removed and squashed under a coverslip in acetic carmine
to determine the developmental status of the microspo-
rocytes or microspores.

The nomenclature, generic circumscriptions, and es-
timates of taxon numbers used here follow Smith and
Downs (1974, 1977, 1979).

RESULTS

There are three general morphological syndromes for
petal appendages in the Bromeliaceae, each correlating,
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