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RESUMO – (Influência do tamanho do corpo na alocação de biomassa em estruturas de suporte e flores da bromélia epífita Tillandsia

stricta Soland. (Bromeliaceae)). A quantidade de recursos investidos na reprodução sexuada em geral é positivamente correlacionada à
quantidade dos mesmos recursos investidos no corpo vegetativo da planta; porém nem sempre de forma proporcional. A proporção dos
recursos da planta alocados na reprodução sexuada pode aumentar, diminuir ou se manter constante ao longo do aumento do tamanho do
corpo vegetativo. Embora compreendendo milhares de espécies, as epífitas são pouco conhecidas quanto ao padrão de alocação de
recursos na reprodução sexuada. Neste estudo é descrita a variação da alocação de recursos na reprodução sexuada da bromélia epífita
Tillandsia stricta Soland conforme diferentes tamanhos de corpo vegetativo. O objetivo é avaliar como tal alocação se dá para a
inflorescência total à medida que seu corpo vegetativo cresce, bem como quantificar a participação das estruturas de suporte da
inflorescência nesta alocação. Com o aumento do corpo vegetativo, a alocação de biomassa na inflorescência como um todo reduziu de
37% para 12%. Entretanto, especificamente para as estruturas de suporte e flores que constituem tal inflorescência, a redução na alocação
de biomassa foi de 30% para 9%, nas estruturas de suporte, e de 10% para 3% nas flores. Tanto a área foliar total quanto a área por folha,
usadas aqui como indicadoras de forrageamento, também aumentaram com o aumento do tamanho do corpo vegetativo. Tais resultados
são discutidos quanto à capacidade de T. stricta de se reproduzir sexuadamente sob as condições heterogêneas da copa das árvores.
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ABSTRACT – (Size-dependent allocation of biomass to ancillary versus flowers of the inflorescences of the epiphyte Tillandsia stricta

Soland (Bromeliaceae)). The amount of resources invested in reproduction is closely correlated to plant size. However, the increase in
reproductive investment is not always proportional to the increase in vegetative growth, as the proportion of plant resources allocated
to reproduction can increase, decrease or be maintained along different plant sizes. Although comprising thousand of species, epiphytes
are poorly studied in relation to reproductive allocation (RA). We describe the variation in the RA of the epiphytic bromeliad Tillandsia

stricta Soland with increasing plant sizes. Our goal is not only to evaluate the RA of the whole inflorescence but also quantify the
contribution of ancillary structures in the final RA of this plant species. With increasing sizes of T. stricta the reproductive allocation of
biomass to the whole inflorescence decreased significantly along plant sizes from 37% to 12%. Reproductive allocation to ancillary and
to flowers decreased respectively from 30% to 9% and 10% to 3%. As leaves are the main source of water and nutrients absorption in
atmospheric Tillandsia, the total leaf area and area per leaf were used as indicators of foraging capacity, that also increased with plant
size. We discuss these results with respect to the capacity of T. stricta to reproduce in the heterogeneous environment of the canopies.

Key words: allocation, allometry, ancillary structures, Bromeliaceae, Tillandsia

Introduction

Reproductive allocation (RA) is defined as the
proportion of resources (energy, biomass and nutrients)
invested in reproductive organs such as inflorescence,
fruits or seeds (Abrahamson & Caswell 1982; Bazzaz
et al. 1987). At the intraspecific level, the amount of
resource invested in reproduction is closely correlated
to plant size and biomass, i.e. bigger/heavier plants invest
more to flowering than smaller plants (Aarseen & Taylor
1992). However, the increase in reproductive investment

is not always proportional to the increase in vegetative
growth. The proportion of plant resources allocated to
reproduction can increase, decrease or be maintained
along increasing plant sizes (Bazzaz et al. 1987).

The variation in reproductive allocation (RA) with
plant sizes is of great ecological importance (Soule &
Werner 1981). As the functions of defense, growth and
storage compete with reproduction for resources
(Bazzaz et al. 1987), RA is influenced by stronger
functional demands for defense and/or vegetative growth
according to the environment. This variation in RA helps
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to explain resource allocation patterns not only in an
ecological but also in an evolutionary basis (Cody 1966;
Harper 1967; Bazzaz 1996).

Following Bazzaz & Reekie (1985), one of the major
problems in quantifying RA is the definition of which
structures should be considered part of the RA. In
relation to reproductive structures, they can be divided
in obvious and ancillary structures. Flowers, fruits and
seeds are obvious reproductive structures. Ancillary
structures for support such as bracts and scape are not,
but should be considered as part of RA because
participation in reproduction and the allocation to these
functions could be essential in reproduction, and should
therefore be considered (Bazzaz et al. 1987).

Although comprising thousand of species (Benzing
1990), epiphytes are poorly studied in relation to RA.
The available information on epiphytes deals with
infruitescences of one bromeliad and two orchids
(Benzing 1990; Zotz 1999). In relation to size dependence,
only Zotz (2000) evaluated the variation of RA of an
epiphytic plant, Dimerandra emarginata (G. Meyer)
Hoehne according to distinct sizes.

In this paper, we describe the variation in the RA of
Tillandsia stricta among several ramet sizes. Our goal is
not only to evaluate a possible size dependence of the
RA but also to quantify the contribution of ancillary
structures in the final RA of this plant species.

Material and methods

Tillandsia stricta Soland is a clonal bromeliad,
presenting interconected ramets (Benzing 1990). Each
ramet flowers just one time, producing monoecious
flowers. In June of 2001, thirty different flowering
genets of T. stricta, presenting just one ramet with a
mature inflorescence, were collected in the private
property Reserva Botânica das Águas Claras (22º30’S,
42º30’W), located in Silva Jardim county, Rio de Janeiro
State. The reserve is in the Atlantic rainforest domain,
and belongs to the low-montane type of vegetation.
Annual rainfall is around 2200 mm, with a mid-year
reduction of 80%. Average monthly temperature varies
from 19 ºC to 25 ºC (Mantovani 1999a; b). In order to
detect size dependence on reproductive allocation, ramets
were collected according to visually distinct sizes. As
differences in the environmental conditions of distinct
host species and sites (Freiberg 1997) can influence size
effect on reproductive allocation (Zotz 2000), all plants
were collected between 2 to 5 m of the main trunks of
individuals of Clittoria fairchildiana Howard
(Leguminosae) located 4 to 8 m apart. The plants were
removed from the host and brought to the laboratory in
plastic bags. In the laboratory, each ramet was separated

from its respective genet and analyzed as follows. Each
ramet was gently defoliated, leaf by leaf; all leaves were
counted and their maximum width and length measured
with a precision ruler (1 mm). This was done in order
to calculate each leaf area, considered here as an
isosceles triangle (Reinert & Meirelles 1983). The sum
of leaf areas (adaxial plus abaxial) for each ramet was
denominated total leaf area per ramet, and calculated as:

Total leaf area = ((base × length) / 2) × 2 ................. 1)

For atmospheric bromeliads from the genus
Tillandsia, the main organ for photosynthesis and
nutrient capture is the leaf (Benzing 1973). Roots are
very short and have minor contributions to these
functions, with importance apparently limited to fixation
on hosts. In this sense, the total leaf area per ramet was
considered here as an index of foraging capacity (Ray
1992).

The rhyzome and inflorescence scape, which remain
contiguous after defoliation, were separated with a razor
blade. Both structures were easily morphologically
distinguished by the longer internodes of the
inflorescence. Each inflorescence was then separated
from the rhyzome, cutting it below the first long internode
of the scape.

The parts of the inflorescence, i.e., scape, bracts
and flowers were then separated by hand and stored in
glass containers. Leaves and inflorescence parts were
dried until constant weight at 50 ºC, and then weighed
on a 0.001 g precision balance. The ramet dry mass
(RDM) was quantified by the sum of rhyzome plus total
leaf dry mass. The weight of RDM was considered here
as an indicator of ramet size (Zotz 2000). The investment
in reproduction was divided into two morphological
components, “ancillary” and “flowers”. The ancillary
component was determined as the dry mass of scape
and bracts. Floral structures were considered here as
the collection of sepals, petals, male and female parts.
Reproductive allocation (RA) of dry mass was
determined for the whole inflorescence (RAI), and
separately for “ancilary” (RAA) and “flowers” (RAF).
There are several mathematical formulas to calculate RA
(Bazzaz & Reekie 1985). In order to standardize results
for epiphytes (Zotz 2000), the RE1 model (sensu Bazzaz
1996) was followed:

RAI (%) = (inflorescence dry mass * 100)/ ramet dry mass ........ 2)

RAA (%) = (scape + bracts dry mass * 100)/ ramet dry mass .... (3)

RAF (%) = ( flower dry mass *100)/ ramet dry mass ................. (4)

The influence of plant size in the RA of T. stricta

was evaluated by regression analysis considering the plant
size as the independent variable. Previous tests confirmed
normal distribution and homogeneity of variance of the
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data. The significance of regression indices were
calculated by ANOVA (Zar 1996). The regression curves
were compared with linear and polynomial models in
order to detect stabilization of investments in
reproductive structures at greater plant sizes. The
stabilization was confirmed by the occurrence of
significant bx2 constants in polynomial models (Aarseen
& Taylor 1992). In order to compare angular coefficients
from linear regression lines, a t-test was applied,
following Zar (1996). Softwares SYSTAT and Sigmastat
were used for the statistical analyses.

Results

Reproductive investment increased with increase
in plant size (Fig. 1-6). Ramet and inflorescence dry
masses were highly correlated (R2=0.81; F=122.4;
p<0.0001) (Fig. 1), however, reproductive investment
was different when inflorescences were analyzed in
the isolated components, “ancillary” and “flowers”.
Although “ancillary” significantly increased with ramet
size (R2=0.81; F=120.6; p<0.0001), as “flowers”
(R2=0.75; F=85.8; p<0.0001), the rates of increase
were distinct, indicated by the angular coefficients
(Fig. 2). The angular coefficient for “ancillary”
(b=0.098) was significantly higher (t=12,07; df=56;
P<0.001) from the coefficient of “flowers” (b=0.038).
There was greater investment in “ancillary” than on
“flowers” along the increase in ramet dry mass. For all
ramet sizes and weights, the mean investments of dry
mass in ancillary, flowers and in the whole inflorescence
were respectively 0.048±0.02 g; 0.128±0.06 g and
0.17±0.09 g.

Although the amount of dry mass invested in
reproduction increased with ramet dry mass, the
individual investments were not proportional. Along the
ramet sizes of studied plants, the inflorescence dry mass
varied by a factor of 11 (0.037 to 0.423 g) while ramet
dry mass varied by a factor of 25 (0.108 to 2.721 g). As
a consequence the Reproductive Allocation (RA),
calculated on a ramet dry mass basis, decreased
significantly with plant sizes (p<0.0005) from 37 to 12%
(Fig. 3). Dividing the allocation in the components
Reproductive Allocation into Ancillary (RAA) structures
and Flowers (RAF) revealed the same decreasing pattern
with plant size (p<0.0004) (Fig. 4). While ancillary dry
mass varied by a factor of 13 (0.023 to 0.306 g) and
flowers varied by a factor of 10 (0.011 to 0.119 g), both
rates were much smaller than the increase of 25 times
in the ramet dry mass. RAA and RAF decreased
respectively from 30% to 9% and 10% to 3%.

The foraging capacity also increased with plant size
(Fig. 5-6). The total leaf area was significantly correlated

with ramet dry mass (R2=0.91; F=292.8; P<0.0001).
This result was expected as the number of leaves was
also correlated with ramet dry mass (P<0.0001) (Fig. 6).
However, not only the number of leaves but also the
area per leaf increased. If the area per leaf had been
constant, the increase in total leaf area per ramet would
depend only on the increase of leaf number. In this sense,
the ratio leaf area/leaf number would be constant and
equal 1. However, this ratio increased with total ramet
dry mass (Fig. 6) (R2 = 0.70; F = 67.15; P<0.0001).
The polynomial regression between leaf number versus

ramet dry mass was significant (R2 = 0.77; F=45.883;
P<0.0001; leaf number = 15.4 + 37.5 RDM - 6.9 RDM2)
and confirmed by a significant and negative value for
bx2 (t =-2.52; P = 0.018), indicating a stabilization of
the leaf number with larger plant size. However this did
not occur for the regression between the ratio leaf area/
leaf number versus ramet dry mass (P = 0.231), indicating
that among all plant sizes leaf area and therefore, the
foraging capacity, increased.

The regression analyses between plant size and
investment and allocation of biomass to whole
inflorescence, ancillary and flowers were significant for
linear regressions. However besides the regressions
between leaf number and area versus ramet dry mass
cited above, few of the polynomial relations presented
stabilization at larger ramet sizes, as confirmed by a
significant bx2. The regressions between ramet dry mass
(RDM) versus RAI (b = 5.13; t = 2.834; P = 0.009; RAI =
34.0 + 20.2 RDM + 5.1 RDM2); RAA (b = 3.25; t = 2.490;
P=0.019; RAA = 23.9 + 13.2 RDM + 3.2 RDM2) and
RAF (b = 1.88; t = 2.653; P = 0.013; RAF = 10.9 + 6.9
RDM + 1.8 RDM2) presented stabilization at ramet dry
masses higher than 1 g.

Discussion

Terrestrial plants have been intensively studied in
relation to the variation of reproductive allocation (RA).
In general, the RA varies from 12-15% of the vegetative
dry mass, in perennials, to 20-30% in annuals (Evenson
1983; Hancock & Pritts 1987). However, few studies
analyzed the patterns of RA for plants occurring in tree
canopies (Benzing 1990). The available data reveal that
4-25% of biomass, 7-33% of nitrogen and 12-58% of
phosphorous is invested in maturing fruits of three
epiphytic orchids and one epiphytic bromeliad (Benzing
& Ott 1981; Zotz 1999; 2000). These values can exceed
the RA of terrestrial perennial plants and approximate the
RA of annual ones. The smallest ramet of T. stricta

allocated more than 30% of biomass to the inflorescence
indicating that a high allocation pattern can occur for
this epiphyte.
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Most studies on plant resource allocation to
reproduction use only obvious reproductive
structures, regardless of ancillary structures, in order
to calculate RA (Bazzaz 1996; Zotz 2000). However,
Thompson & Stewart (1981) suggested that all
structures not present on vegetative plants should be
considered reproductive since these structures are part

of the effort involved in reproduction. Bazzaz & Reekie
(1985) state that the proportion of resources invested
to ancillary structures can be substantial. Results
reported here show that the amount of biomass
allocated to ancillary structures is three times higher
than biomass allocated to flowers in T. stricta

inflorescences. Also, the proportion of allocations to

1 2

3 4

5 6

Figures 1-6. Size dependency in investment (1; 2) and allocation (3; 4) of dry mass to reproduction, and on foraging capacity (5; 6) of
Tillandsia stricta Soland (Bromeliaceae). The weight of ramet dry mass was considered here as an indicator of ramet size. 1. Note significant
positive regression (p < 0.0001) between ramet size and investment of dry mass in inflorescence. 2. Dividing inflorescence in “ancillary”
(�) and “flowering” (£). The investment of dry mass in each component increases with ramet size (p < 0.0001), but the rate of increase is
higher for “ancillary” in comparison to “flowers” component (see text for details). 3. Regression between ramet size and reproductive
allocation of dry mass to inflorescence (RAI) of T. stricta. Note the decrease of RAI from around 37% to 12% in bigger ramets. Note
stabilization of RAI beginning around 1g of ramet dry mass. 4. Regression between ramet size and reproductive allocation of dry mass to
“ancillary” (RAA) (�) and “flowers” (RAF) (£) from inflorescences of T. stricta. Note stabilization of RAA and RAF beginning around 1g of
ramet dry mass. 5. Foraging capacity. Note the significant positive regression (P<0.0001) between ramet dry mass and total leaf area per
ramet. 6. Foraging capacity. Note the significant positive between ramet dry mass, number of leaves (¿) and area per leaf (¯) (p < 0.0001).
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ancillary structures and flowers was not constant over
distinct plant sizes. In this sense biomass allocation
to flowers was not a good indicator of total biomass
allocation to reproduction in T. stricta.

Bazzaz et al. (1987) state that resource (water
and/or nutrient) availability influences RA. On an
intraspecific basis, plants at richer sites usually grow
and invest more biomass to flowering than plants at
oligotrophic sites. Humid/ rich or dry/oligotrophic
sites are found along the heterogenous epiphytic
environments (Longino 1986; Putz & Holbrook 1989;
Benzing 1990; Mantovani 2001) and could help explain
the RA variation found here for T. stricta. However,
as partitioning of resources in plants should lead to a
trade-off between reproduction and vegetative growth
(Bazzaz 1997), this result should also be related to
the vegetative dry mass of T. stricta. The majority of
the vegetative dry mass of T. stricta is represented by
the leaves.

In atmospheric bromeliads, leaves comprise the
main organ for water and nutrient absorption, while
roots are reduced and mainly used for fixation on the
host (Benzing 1990; Benzing & Ott 1981). The capacity
for nutrient capture realized by bromeliad leaves is only
possible due to the presence of specialized trichomes
(Benzing 1976), which in T. stricta covers almost 100%
of the leaf area. Making photosynthesis and capturing
resource,  the leaves of T. stricta could be considered
the main foraging site in this species. Results reported
here indicate that with increasing ramet sizes of
T. stricta, not only more leaves, but also larger ones,
were produced.

Benzing & Ott (1981) studied the phenomenon of
vegetative reduction in orchids and bromeliads. While
in orchids body reduction occurred in the leaves, in
bromeliads it occurred in the root system. In some
orchids photosynthesis and resource absorption are
realized by the roots (Cockburn et al. 1985), while for
atmospheric bromeliads it is mainly realized by the
leaves. Zotz (2000) reports that the absolute root mass
of the orchid D. emarginata increased 10-fold from
the smallest flowering plant (4 cm tall plants) to tallest
ones (33 cm tall plants). This increase in mass
represented a total root length from 200 to > 1200 cm.
The author proposed that this increase in total root
length of D. emarginata, widening the area covered by
the root system, increased the probability of accessing
more nutrient-rich patches in the epiphytic habitat. The
same pattern was detected here for T. stricta, but for
the leaf organ. The total leaf area per plant varied from
43 cm2 in the smallest ramet (0,1 g) to 893 cm2 in the
biggest ramet (2,7 g), increasing the foraging capacity

as plant sizes increases.
We propose that T. stricta can be highly efficient

to deal with the heterogeneous nutritional conditions
of forest canopies. First, the availability of resources
do not only induce the vegetative growth per se. The
new and larger leaves produced can acquire more
resources, making the plant grows further (see
“compound interest analogy” in Reekie & Bazzaz 1987).
This is highly important as atmospheric bromeliads rely
only on leaves for foraging. Secondly, there is size
dependency of reproductive allocation in the
atmospheric bromeliad T. stricta. Size dependency for
reproductive traits could reveal functional responses
to resource availability (Bonser & Aarseen 2003). This
size modulation could improve plant fecundity and
fitness even at population level, considering the
patchiness of resource availability of the epiphytic
environment (Zotz 2000).

In conclusion, besides the novel anatomical and
photosynthetical adaptations to survive in the epiphytic
environment, T. stricta can also be efficient in the
allocation of biomass, allowing the subject plants to
survive and reproduce throughout the heterogeneous
environment of the canopies.
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