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ABSTRACT 
Two distinct morphological forms characterize the ontogenetic development of the epiphytic 

bromcliad Tillandsia deppeana. Juveniles are characterized by a non-impounding rosette of 
small, linear leaves covered with elaborate trichomes possessing a 4 + 8 + 16 + 64 shield cell 
pattern. The broader transitional leaves, which form an impounding rosette prior to the initiation 
of true adult leaves, also possess trichomes with the 4 + 8 + 16 + 64 cell pattern. Adult 
individuals have large, broad leaves with overlapping, sheathing bases which impound water 
and debris. These leaves have trichomes with shields exhibiting a 4 + 8 + 32 cell pattern. 
Trichome density is fairly uniform in the juvenile leaves with trichomes covering 100% of leaf 
surfaces, whereas in the adult leaves density is high at the base and diminishes significantly 
toward the apex. Stomatal density of both juvenile and adult leaves increases from the base to 
the apex, although this is most pronounced in the adults. Stomata in the adults are also arranged 
in longitudinal series parallel and abaxial to parallel rows of mesophyll tissue. The results of 
this study indicate that juveniles of 7". deppeana are more similar morphologically to adult 
atmospheric-type tillandsioid species than to the tank-forming adults into which they eventually 
develop. 

THE EXTREMES IN adap t ive form present in epi­
phytic m e m b e r s of the Bromeliaceae are rep­
resented by a tmospher i c and tank-forming 
species of the subfamily Tillandsioideae. Al­
though these two forms represent different ap­
proaches to the acquisi t ion and retention of 
water and nutr ients , both are dependent on a 
feature c o m m o n within the subfamily—the 
stalked, peltate t r i chomes that are highly spe­
cialized for the absorpt ion of water and nu­
trients. 

Atmospher ic t i l landsioids are often char­
acterized by succulent leaves having a rela­
tively large vo lume of hypodermis tissue 
(Tomlinson, 1969; Benzing and Burt, 1970) 
and a dense i n d u m e n t u m of elaborate tri­
chomes which obscure the leaf surface. When 
dry, shoots of these species appear silvery-gray 
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by virtue of light reflection from the large shields 
of the trichomes. When wetted, these shields 
facilitate the movement of water over the leaf 
surface by capillary action, enhancing the up­
take of water and dissolved minerals (Tomlin­
son, 1969; Benzing and Burt, 1970; Benzing, 
1976; Benzing et al., 1976). 

The tank-forming tillandsioids are charac­
terized by wide, flat, trough-shaped leaves with 
expanded bases that overlap to form watertight 
chambers within which water and debris are 
impounded (Benzing, 1973, 1980). In order to 
intercept and retain water and debris, the shoots 
of these plants are negatively geotropic, unlike 
the atmospheric forms which are typically 
ageotropic. The leaves of tank formers do not 
have the silvery-gray appearance of the at­
mospherics since the trichome shields of the 
former are more reduced (or lacking) and the 
density of trichomes over the foliar surface is 
lower than in the atmospheric tillandsioids. As 
a result, the leaf surfaces of the tank formers 
are hydrophobic, funneling water into the im­
pounding leaf bases (Benzing, 1973). Water 
and minerals can subsequently be absorbed 
through the trichomes found on the sheathing 
leaf bases. The tank-forming tillandsioids are 
thus able to maintain a reservoir of water and 
nutrients for use during periods between pre­
cipitation events. 

The division of the epiphytic tillandsioids 
into two major morphological types, a tmo-
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spheric and tank-forming, is not always clear-
cut, as there are species which tend to grade 
between the two forms (Pittendrigh, 1948; 
Tomlinson, 1970; Benzing and Burt, 1970; 
Benzing, 1980). In addition, juveniles of at 
least some of the epiphytic, tank-forming til-
landsioids exhibit morphological characteris­
tics of the atmospheric forms (Morren, 1873; 
Mez, 1904; Lieske, 1914; Tomlinson, 1969, 
1970; Benzing and Burt, 1970; Benzing, 1980). 
Whether all epiphytic tank-forming tilland-
sioids initially pass through a juvenile phase 
such as this is not known. 

The seedlings of epiphytic tillandsioids have 
received very little attention, and yet it is this 
stage which is most important in the estab­
lishment of an epiphyte in a particular habitat 
(Tomlinson, 1969). Lieske (1914) examined 
the change in leaf form from the atmospheric 
seedling to the tank-forming adult in three gen­
era of the Tillandsioideae and included obser­
vations on differences in tr ichome density that 
accompany this change. Since Lieske's work, 
however, there has been no further examina­
tion of this ontogenetic change in life form. 
This dearth of information has persisted de­
spite the fact that numerous authors have re­
ferred to such transitions and speculated on 
their role in putative evolutionary trends with­
in the subfamily Tillandsioideae, if not the en­
tire family (Lieske, 1914; Schulz, 1930; T o m ­
linson, 1969, 1970; Benzing and Burt, 1970; 
McWilliams, 1974; Medina, 1974; Benzing, 
1976, 1980). 

Tillandsia deppeana is a tank-forming epi­
phyte found in pine and deciduous forests in 
Mexico, the West Indies, Central America, and 
northern and western South America (Padilla, 
1973; Smith and Downs, 1977; Rauh, 1979). 
This species has been reported to pass through 
an atmospheric stage as a seedling and juvenile 
(Benzing, 1980; Matos and Rudolph, 1984; 
Adams and Martin, 1986a). It is the purpose 
of this study to assess the extent to which ju­
venile and adult forms of this epiphyte possess 
morphological characteristics of adult a tmo­
spheric and tank-forming tillandsias. 

MATERIALS AND METHODS—Plants were col­
lected from a site in the Eastern Sierra Madre 
Mountains in the state of San Luis Potosi, Mex­
ico, in an oak woodland with a thorn shrub 
understory. The majority of the oak limbs ex­
tend laterally from the trunk and are covered 
with vascular and non-vascular epiphytes: li­
chens, mosses, Selaginella sp., several species 
of ferns, a stonecrop, orchids, and several 
species of Tillandsia including T. bartramii, T. 
deppeana, T. usneoides, and T parryi. 

Three collections were made: in December 

1982 (when it was misty and cool), March 1983 
(hot, dry, and windy), and December 1983 
(cloudy and cold). Water was always present 
in the adult tanks of T. deppeana, and was 
frozen at mid-morning in December of 1983 
(these individuals appeared undamaged and 
grew vigorously when returned to Kansas). 

The plants were removed from the trees and 
returned to the University of Kansas where 
they were maintained on screen (juveniles) and 
wood or sand (adults) in a greenhouse. Envi­
ronmental conditions in the greenhouse were: 
max imum photosynthetically active radiation 
of 1,000 / r a i o l - m " 2 ^ " 1 ; 15-16 hr photoperi-
od; max imum day/night air temperatures of 
35/20 C; maximum day/night relative humid­
ities of40/80%. Plants were watered every two 
or three days and received nutr ients (Hoagland 
and Arnon, 1938) two to three t imes monthly. 

The development of T. deppeana was doc­
umented with photographs of individuals at 
various stages of development . Foliar surface 
features were examined with a Phillips 501 
scanning electron microscope or a Perkin/El-
mer ETEC-Autoscan. Where necessary, leaf 
specimens were dehydrated in an acetone se­
ries, critical point dried, and coated with gold-
palladium. Some tissue, however, gave better 
results when examined fresh and untreated. 
The tissues used in sectioning were fixed in 
AFA (ethanol, formalin, and acetic acid), taken 
through an ethanol, xylene, and paraffin series, 
embedded in paraffin, sectioned at 15 ^ m (ju­
venile) or 20 fim (adult), and mounted on glass 
slides. After removal of the paraffin, the sec­
tions were stained for 24 hr in a mixture of 
Orange II (2 parts) and Biebrich Scarlet (1 part) 
after which they were stained for 1 min in 
Crystal Violet. Where appropriate, data were 
analyzed using a Mest for the comparison of 
two means (Sokal and Rohlf, 1981). 

RESULTS—Atmospheric juveniles of T. dep­
peana are found throughout the canopy and 
on understory shrubs, often growing together 
in clumps (Fig. 1). Juvenile-to-adult transi­
tional forms and smaller adults without at­
mospheric juvenile leaves also occur in all por­
tions of the canopy. The larger adults are found 
primarily in the upper canopy on the upper 
sides of large limbs (Fig. 2). All of the adults 
exhibit strong negative geotropism, resulting 
in the impoundment of water and debris in 
their sheathing leaf bases. 

Tillandsia deppeana juveniles exhibit mor­
phological features commonly found among 
adults of atmospheric tillandsioid species while 
the adults possess a characteristic tank habit 
and morphology. The juveniles have small, 
linear leaves (5-6 cm in length before the tran-


