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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-
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Fig. 1-2. Individuals of Tillandsia deppeana at the study site in San Luis Potosi, Mexico in late December 1983. 
1. Juvenile form (approximately 5 cm high). 2. Adult form with T. bartramii in background. 

sition is initiated) arranged in non-impounding 
rosettes (Fig. 1, 3, 7). There can be 70 or more 
leaves in the juvenile rosette before transition 
leaves begin to develop. The juvenile tri
chomes have large, overlapping shields which 
cover 100% of the leaf surface (Fig. 11). The 
t r ichome shield consists of four central cells 
surrounded by two concentric sets of ring cells 
(eight cells in the first ring and 16 in the second) 
which are in turn surrounded by a ring of 64 
elongated wing cells, although this latter num
ber is variable (as many as 75 cells have been 
observed in the wings of some shields). 

The transit ion from atmospheric juvenile to 
young tank-forming adult is illustrated in Fig. 
3-10. New leaves in the center of the rosette 
broaden to initiate the development of an im
pounding rosette. The transition is gradual, with 
the first transitional leaves broadening only 
slightly and successive leaves broadening to a 
greater extent. Transitional leaves are similar 
to adult leaves in overall form (broad and flat) 
but are still covered with trichomes having the 
4 + 8 + 16 + 64 cell pattern characteristic of 
juvenile leaves (Fig. 12). These trichomes, 
however, do not cover 100% of the leaf surface 
as they do in the juvenile plants. A complete 
impounding rosette of these transitional leaves 
forms before true adult leaves begin to develop. 
Juvenile leaves are also maintained for some 
t ime after the transition has been initiated (Fig. 
3-10). 

The adult leaves may attain lengths of 0.5 
m and are broad and flat with sheathing bases 
(Fig. 2). Each of the overlapping leaf bases forms 

a separate, watertight tank within which water 
and debris are held. The trichome shield on 
the adult leaf (Fig. 13-14) is dissimilar to that 
found in the juvenile and transitional leaves. 
Instead of two sets of concentric ring cells sur
rounding the four central cells there is but a 
single ring of eight cells. This is in turn sur
rounded by a reduced ring of wing cells which 
consists of a variable number of cells from 20 
to 32. The number of wing cells toward the 
distal portion of the leaf more commonly ap
proaches 32. 

Trichome density is uniform throughout the 
juvenile leaf while in the adult leaf it is higher 
in the basal portion and decreases progres
sively toward the apex (Table 1). There is also 
a significantly greater number of trichomes on 
the adaxial surface than on the abaxial surface 
of the adult leaf bases. The trichomes totally 
obscure the stomata in the juvenile leaves 
whereas the stomata are never covered by tri
chomes in the adult leaves (compare Fig. 11, 
14). The stomata are abaxial and at a higher 
density on the distal portion of both the ju
venile and adult leaves (Table 1). This differ
ence is accentuated in the adults, in which sto
mata are nearly absent from the sheathing leaf 
bases where no chlorophyllous mesophyll tis
sue is present (Fig. 13). Only veins and uni
form, colorless parenchyma cells are present 
in the leaf base, although purple anthocyanins 
may develop in cells of older leaves. 

The stomata in the adult leaf are oriented 
with the long axis of the guard cells parallel to 
the long axis of the leaf (Fig. 14). They are 
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Fig. 3-10. Early stages in the transition of Tillandsia deppeana from an atmospheric juvenile to a tank-forming 
adult. 3 -6 . View from above. 7-10 . Side view. Plant height is approximately 5, 7, 8, and 9 cm, respectively. 

arranged in series that are parallel with the long leaves between the chlorenchyma. These veins 
axis of the leaf and are located directly below are located about midway between the adaxial 
rows of chlorophyllous mesophyll tissue (Fig. and abaxial surfaces and are surrounded by 
14, 16). Vascular strands run the length of the ensheathing fiber cells (Fig. 16). The vascular 
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Fig. 11-14. Scanning electron micrographs of Tillandsia deppeana leaf surfaces. 11. Abaxial surface of juvenile 
leaf, x 160 .12 . Abaxial surface of transitional leaf, x 160. Note stomatal complex revealed by uplifted trichome shield. 
13. Abaxial surface of sheathing, basal portion of adult leaf, x 160. 14. Abaxial surface of distal portion of adult leaf, 
x l 60. 

bundles differ in size, larger ones alternating 
with smaller ones from one side of the leaf to 
the other. A distinct adaxial hypodermis com
posed of large, colorless cells is present above 
the veins and chlorenchyma. There is also an 

abaxial hypodermis which is more irregular 
and less distinct in depth. The epidermis is a 
single cell layer and the cuticle is too thin to 
be discerned at these magnifications. 

The juvenile leaves are round to oblong in 
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TABLE 1. Mean densities of trichomes and stomata in 
different portions of juvenile and adult leaves of Til
landsia deppeana. Standard deviations are given in 
parentheses. Each pair of means is not significantly 
different (ns) or significantly different at P < 0.05(*) 
or? < 0.001(***) 

Life form, leaf portion, Trichome density Stomatal density 
and surface trichomes m m - 2 stomata m r r r 2 

Juvenile (N = 25) 
Abaxial surface 

Basal portion 27.4 (5.5) 16.6 (6.7) 
Distal portion 29.8 (4.4) n s 24.1 (6.0)*** 

Adult (N - 50) 
Basal portion 

Adaxial surface 63.4(12.5) 0.0 
Abaxial surface 46.2 (9.1)*** 0.1 (0.4) 

Mid portion 
Adaxial surface 17.6(6.0) 0.0 
Abaxial surface 15.1 (5.3)* 8.8 (3.5) 

Distal portion 
Adaxial surface 8.8 (2.5) 0.0 
Abaxial surface 9.4 (2.0) n s 40.7(11.3) 

transverse section with a slight invagination in 
the center of the adaxial surface (Fig. 15). These 
leaves have a greater proportion of adaxial hy
podermis relative to chlorenchyma than do the 
adult leaves. 

Reproduction in T. deppeana can occur either 
sexually or vegetatively. An inflorescence is 
initiated in the center of an adult rosette and 
may grow as high as 0.5 m. After the seeds 
have matured the adult rosette dies. Vegetative 
reproduction occurs when offshoots develop 
from the stem of the mother plant. These off
shoots are initiated during sexual reproduction 
or when the meristematic region of an adult 
plant is damaged. The offshoots develop be
tween the overlapping leaf bases and exhibit 
adult leaves only. Their rate of growth, how
ever, is much more rapid than that of an adult 
developing from a juvenile. 

DISCUSSION—The presence of heterophylly 
in the tank-forming Tillandsia heterophylla was 
noted briefly by Morren (1873) and Mez (1904), 
but the only study to document the phenom
enon was that by Lieske (1914). He indicated 
that atmospheric juveniles are present in tank-
forming species of the tillandsioid genera 777-
landsia, Vriesia, and Guzmania and described 
different stages of development in two un
identified species of Tillandsia and Vriesia. His 
results are similar to those found in this study, 
with a few exceptions. Whereas the juvenile 
leaves in T. deppeana usually reach lengths of 
5 to 6 cm, the juvenile leaves of the Tillandsia 

Fig. 15-16. Light micrographs of cross sections of Til
landsia deppeana leaves. Arrows indicate stomata, stars 
indicate trichomes. 15. Distal portion ofjuvenile leaf, x 125. 
16. Distal portion of adult leaf, x 125. 

examined by Lieske attain a length of 20 cm 
before broader leaves appear. He also reported 
that the density of tr ichomes in the juvenile 
leaves decreases toward the distal portion, while 
our study shows that the density of trichomes 
in the juvenile leaves of T. deppeana is uni
form. The transition in overall leaf form ap
pears to be as gradual as that found in T. dep
peana, but he did not indicate whether there 
is also a persistence of juvenile tr ichomes in 
transitional leaves or whether there is any dif
ference between juvenile and adult trichome 
structure. 

Of the atmospheric tillandsias examined thus 
far, the most common pattern of cells in the 
trichome shield appears to be 4 + 8 + 16 + 
64 (Tomlinson, 1969; Gardner , 1982). On the 
other hand, 4 + 8 + 32 appears to be the most 
common cell sequence in the t r ichome shields 
of tank-forming tillandsioids. This has been 
observed in two species, T. complanata and 
T.fendleri (Tomlinson, 1969), which are sim
ilar to the adult individuals of T. deppeana. 
Tillandsia fendleri also undergoes a transition 
from an atmospheric juvenile to a tank-form
ing adult (Medina, 1974), but whether tri
chomes of the juvenile leaves possess the 4 + 
8 + 16 + 64 cell pattern is not indicated. 
Gardner (1982) observed a cell pattern of 4 + 
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8 + 32 in the tr ichome shields of the adults of 
three tank-forming tillandsias— T. multicaulis, 
T. imperialis, and T. deppeana. In addition, 
the tr ichomes on juvenile T. multicaulis\t&vt% 
which are linear and non-impounding as in T. 
deppeana, have the 4 + 8 + 16 + 64 cell 
pattern characteristic of atmospheric epiphytes 
(Gardner, 1982). 

The j uven i l e - t o - adu l t shift in t r ichome 
structure found in T. deppeana and T. multi
caulis is correlated with changes in leaf mor
phology and considerably alters the mode of 
water and nutrient acquisition. In the juveniles 
the overlapping, elaborate trichome wings en
hance the dispersion of water (and nutrients) 
over the entire foliar surface (Benzing, 1976) 
whereupon it is absorbed by the trichome stalks. 
Tr ichomes with such elaborate wings are ab
sent in the adult plants. Water and debris are 
impounded in the leaf bases where water and 
nutrient absorption occurs (Benzing, 1970, 
1980; Benzing et al., 1976). If atmospheric tri
chomes were present in the adult plants, not 
only would they tend to interfere with the fun-
neling of water into the plants during periods 
of precipitation, but they would also undoubt
edly promote the vertical movement and evap
oration of water out of the leaf bases. 

The uniform distribution of trichomes in the 
atmospheric juveniles ensures that foliar ab
sorption occurs over all parts of the plant dur
ing precipitation (and possibly high humidity). 
The asymmetrical distribution of trichomes 
found in the tank-forming adults reflects the 
restriction of water and nutrient absorption to 
the sheathing leaf bases where water and debris 
are impounded. This distribution of trichomes 
has also been observed in other tank-forming 
tillandsioid species (Rauh, 1979; Benzing, 1980; 
but see Benzing and Renfrow, 1971). The great
er density of trichomes found on the adaxial 
surface of the basal leaf portions of T. deppeana 
adults relative to the abaxial surface is also 
c o m m o n in other tank-forming tillandsioid 
species (Benzing and Renfrow, 1971; Benzing, 
Seemann and Renfrow, 1978; Rauh, 1979). 

Differences in trichome shield structure have 
been used as characters to aid in the delimi
tation of various tillandsioid taxa (Tomlinson, 
1969; Gardner , 1982). Given the structural dif
ferences between juvenile and adult trichome 
shields of T. deppeana and T. multicaulis, as 
well as the variability found on the same leaf, 
caution should be exercised in the use of such 
characters in taxonomic studies. 

The restriction of stomata to the abaxial leaf 
surface in T. deppeana is the common con
dition in most tillandsioids. Stomatal densities 
observed in both forms of T. deppeana are low 

compared to most terrestrial species and are 
comparable to those reported for succulents 
(Larcher, 1980; Bierhuizen, Bierhuizen and 
Martakis, 1984). As in T. deppeana, stomata 
in members of the Bromeliaceae are normally 
restricted to longitudinal series underlying lon
gitudinal rows of mesophyll -tissue. Such an 
arrangement should minimize the path of C 0 2 

diffusion from the atmosphere to the chloro-
plasts. The lack of chlorenchyma, lack of sto
mata, and high trichome density found in the 
adult leaf bases contrasting with the presence 
of chlorenchyma, high stomatal density, and 
low trichome density toward the adult leaf apex 
are indicative of a shift in primary function 
from water and nutrient absorption at the base 
of the leaf to C 0 2 assimilation at the tip. Thus, 
whereas these functions are spatially separat
ed in the adult leaf, all portions of the juvenile 
leaf are involved in water absorption and min
eral procurement as well as carbon fixation. 

Mez (1904) suggested that the atmospheric 
habit of the juveniles of tank-forming tilland
sioids is a consequence of their inability to hold 
a sufficient reservoir of water. The develop
ment of impounding transitional leaves with 
atmospheric trichomes prior to the initiation 
of true adult leaves in T. deppeana would seem 
to lend support to this suggestion. Once having 
achieved a size sufficient to hold water the plants 
can more efficiently utilize carbon by reducing 
the investment in trichomes and hypodermis. 
This is supported further by the fact that off
shoots developing from T. deppeana adults 
possess only adult leaves and can obtain water 
from the adult plant until an impounding ro
sette of sufficient size develops. Lieske (1914), 
however, states that offshoots in the tank-
forming tillandsioid which he studied are at
mospheric. It is possible that he examined im
mature adults since offshoots which develop 
prior to the maturation of the adult rosette in 
some tank-forming tillandsias are atmospher
ic, whereas tank-forming offshoots arise after 
maturation (Rauh, 1979). Further investiga
tion is necessary to determine the conse
quences of such different forms of offshoot de
velopment in these tank-forming tillandsioids. 

Juvenile individuals of T. deppeana are found 
throughout the canopy, yet only a few indi
viduals in the upper canopy are able to survive 
to become large tank-forming adults. This is 
probably not due to any physiological differ
ences between the two, as such differences do 
not seem to indicate that the adult form would 
be unable to survive in the lower canopy 
(Adams and Martin, 1986a, b). The difference 
in juvenile and adult distribution may be ac
counted for, in large part, by the difference in 
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their morphologies as well as the structure of 
the tree canopy. The a tmospher ic juveniles are 
able to acquire water and nutr ients from rain 
and stemflow anywhere in the canopy. The 
tank-forming adults are dependent on the di
rect interception and i m p o u n d m e n t of rain (or 
throughfall) and debris, since water and nu
trients from rain and stemflow are less avail
able. Deeper in the canopy there is less 
throughfall because of the screening vegetation 
above (Ford and Deans, 1978; Hutchinson and 
Roberts, 1981). In addition, the only sites which 
remain stable long enough for these epiphytes 
to mature (Benzing, 1981), or which are strong 
enough to support an adult tank and its im
pounded water, are the uppermost large oak 
limbs. 

Juvenile and adult individuals of T. dep
peana are clearly distinct morphologically, no t 
only with regard to leaf form and rosette struc
ture, but also in terms of t r ichome structure 
and density of t r ichomes and s tomata. T o what 
extent this heterophyllous condit ion is present 
in other tank-forming tillandsioids deserves 
further attention. Differences in the physio
logical response of each form of T. deppeana 
to changes in several environmental pa rame
ters emphasize the importance of the a t m o 
spheric juvenile in the establishment of this 
species in the epiphytic habitat (Adams and 
Mart in, 1986a, b). 
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