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ABSTRACT

Numerous studies have been conducted on the biodiversity of organisms
that inhabit bromeliad water tanks. However, little is known about how
organisms reach these tanks (also called “phytotelmata”). Two other
aspects of bromeliad ecology, the effect of tree age and the cardinal
distribution of bromeliads in canopies are slightly better known, but
still little research has been done on these subjects for Central American
bromeliads. To improve understanding of these subjects, we studied
bromeliad ecology in Pejibaye de Jiménez, Cartago, Costa Rica. To avoid
destroying natural phytotelmata, we built 150 artificial bromeliads
with plastic cups to test Picado’s hypotheses that phytotelmata are
colonized via rain and debris. We set them in the field in February 2012
and collected macroinvertebrates from them after seven weeks. We also
measured bromeliad leaf length and trunk diameters in 100 Gliricidia
sepium trees and counted bromeliads in the four cardinal directions
of 60 trees. In agreement with Picado’s hypotheses, the bromeliads
that did not receive rainwater had 2,9 times less invertebrates than
the control, and the bromeliads that did not receive debris had 3,4
times less invertebrates than the control. Larger trees had more and
larger bromeliads growing on them, possibly because they were older
and had more structural complexity. Mean number of bromeliads was
lower in the west side of canopies, the side that receives less sunlight.
These findings not only address Picado’s hypotheses in the centenary
of their publication, but also are potentially useful for conservation of
bromeliads and the complex microecosystems that they house.
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RESUMEN

Existen numerosos estudios sobre la biodiversidad dentro de los tanques
de agua de las bromelias. Sin embargo, poco se sabe sobre cémo llegan
los organismos hasta los tanques de agua ubicados en las partes altas
del bosque. El efecto de la edad de los drboles y la distribucion cardinal
de las bromelias en el dosel son aspectos mejor conocidos, pero casi no
hay datos para las especies centroamericanas, por lo tanto, estudiamos
la ecologia de las bromelias en Pejibaye de Jiménez, Costa Rica. Para
no destruir bromelias naturales, fabricamos 150 bromelias artificiales
con vasos de plastico para poner a prueba las hipdtesis de Picado
sobre la colonizacion de los tanques bromelicolas mediante lluvia y
residuos que caen de las ramas. Colocamos las bromelias artificiales en
el bosque en febrero 2012 y siete semanas después recolectamos los
macroinvertebrados que las habitaban. También medimos bromelias
y didmetros de los arboles en 100 individuos de Gliricidia sepium y
contamos las bromelias en los cuatro puntos cardinales del dosel en
60 arboles. En concordancia con las hipotesis de Picado, las bromelias
que no recibieron lluvia tuvieron 2,9 veces menos invertebrados que
el tratamiento control, y las bromelias que no recibieron residuos
registraron 3,4 veces menos invertebrados que el control. Los arboles mas
grandes tienen mas bromelias y éstas son mas grandes, posiblemente
debido a que son arboles mas viejos, con mayor complejidad estructural.
El niumero medio de bromelias fue menor en el lado oeste de las copas,
justo la parte que recibe menos luz solar. Estos resultados no sélo
evaltan las hipétesis de Picado en el centenario de su publicacién, sino
que también son potencialmente Utiles para la conservacion de las
bromelias y de los complejos microecosistemas que hospedan.
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Bromeliaceae, colonizacién, ecologia de bromelias, Gliricidia sepium,
invertebrados, microecosistemas, fitotelmas, cerca viva, conservacion
de bromelias.
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The availability of year-round sunlight and above-
freezing temperatures in the tropics allows plants to pho-
tosynthesize more freely than in other latitudes. In addi-
tion, neither plants nor animals need to enter a period
of dormancy for lack of food or temperature. However,
because of the constant access to solar radiation, there is
also strong competition for light and in the case of Bro-
meliads (family Bromeliaceae), most species are epiphytic.
Epiphytes are plants that use roots as holdfasts, but not
to acquire nutrients. Bromeliads use this adaptation to at-
tach themselves to large trees and access light high in the
canopy (Ingram et al., 1995).

The tightly spaced leaf axils of bromeliads capture wa-
ter falling as rain. These water tanks (“phytotelmata”) are
similar to the tanks of pitcher plants (i. e. Sarracenia; Fish,
1983) and allow bromeliads to absorb nutrients through
their trichomes. A variety of invertebrates and verte-
brates live in these phytotelmata (Picado, 1913; Frank,
2009), where species richness and diversity correlate with
bromeliad size (Ardujo, 2007). There is also correlation
between insect communities and both precipitation in
the habitat and water volume in the tanks (Sodré, 2010).
For over a century, botanists and ecologists have been
studying these unique microecosystems (Gémez,1972;
Herndandez-Baz, 2011), where for example, predatory
spiders not only affect the species richness of the micro-
ecosystem itself, but also the surrounding ecosystems
(Romero, 2010).

Bromeliads are of key importance to maintaining in-
sect diversity (Gongalves-Souza, 2010) but they are under
pressure from deforestation, urbanization and destructive
agriculture practices in Mexico and Central America. A
study in Mexico found that slash and burn agriculture and
selective logging put stress on arboreal frog populations
that depend on bromeliad phytotelmata (Galindo-Leal,
2003); additionally, seedling mortality -more than germi-
nation failure- has been described as a limiting factor in
the successful establishment of bromeliad species (Win-
kler, 2005).

Research regarding the distribution of bromeliads on
a given tree is also poorly represented in the literature,
yet crucial for understanding bromeliad ecology. By pin-
pointing the conditions that favor bromeliad growth and
dispersal, conservation biologists can increase the abun-
dance of possibly endangered species (Mondragon, 2006).

Another important and neglected aspect of bromeliad
ecology is how aquatic organisms can reach phytotelmata
highin the forest canopy. The colonization of other forms of
phytotelmata, like hollows in tree bases and pitcher plant
containers, is affected, among many other factors, by the
color of the cup (Yanoviak, 2001). Bromeliad phytotelmata

vary in their color and this factor could be important in
colonization, but research in the field of colonization is
close to non-existent, despite the fact that the question
was published a century ago. Picado (1913) asked the
question and proposed several hypothetical mechanisms
by which small invertebrates and other organisms could
reach bromeliad phytotelmata; most are passive, while the
fifth is active: (a) rainwater transports organisms to the leaf
axils; (b) spores in the air fall on the water; (c) rainwater
washes along the bark of trees and other higher plants and
subsequently falls into bromeliad phytotelmata; (d) fallen
debris from higher plants transport the organisms; and (e)
organisms colonize the phytotelmata by their own means
of locomotion (Picado, 1913).

Our research objectives were to (1) experimentally test
two of Picado’s hypotheses about how macroinverte-
brates reach bromeliad phytotelmata, (2) see if there is a
relationship between the size of trees and the number and
size of bromeliads on them, and (3) compare the number
of bromeliads among cardinal directions to evaluate the
effect of physical factors such as light and wind.

METHODOLOGY
Study Area

We conducted our research in Pejibaye de Jiménez,
Cartago, Costa Rica (9°49'N - 83°42'W). The climate is trop-
ical with a mean annual precipitation of 4 572 mm and
mean temperatures between 20-30°C. Elevations range
between 750-1 950 meters above sea level. All statistical
tests were run with Statgraphics Centurion XVI.

Colonization

To test passive colonization hypotheses, we used artifi-
cial bromeliads made with plastic cups. This way we avoid-
ed destroying natural phytotelmata and their complex
communities, and we could also control for one coloniza-
tion factor ata time.We made 150 plastic bromeliads using
0,47 | and 0,35 | red plastic cups, clear plastic string, metal
wire, green plastic mesh and translucent plastic domes.
Besides the 50 control bromeliads, 50 had a plastic dome
that blocked rainwater and 50 had a mesh that blocked
debris; in all cases light and air reached the insides of the
cups (Fig. 1). We used red cups because other colors were
not available and because our experiments were for pas-
sive colonization, not for active selection of bromeliads by
the invertebrates. We used two sizes of cups to imitate real
bromeliads: they have smaller circles of leaves inside the
external leaf circle.

182 Research Journal of the Costa Rican Distance Education University (ISSN: 1659-4266) Vol. 4(2), December, 2012



We filled all of the cups with sterilized water and moni-
tored water levels throughout the entire study so that the
pools had sufficient water to allow invertebrate life. Steril-
ized water was added when needed to keep a proper lev-
el. We attached the cups to tree trunks with plastic string
in clusters (control and two treatments). Each tree had five
clusters and a total of ten trees were selected within the
forest (Fig. 1). Trees were selected because they already
had bromeliads on them. After seven weeks the organ-
isms in the cups were preserved in 96% denatured alco-
hol for counting. We did not identify taxa because we did
not have the resources for that and because this was not
required to test Picado’s hypotheses, which dealt simply
with means of arrival and colonization.

FIG. 1. How artificial bromeliads were made and mode of
attachment to trees in clusters of three, five clusters on
each tree. The order of cups (Control, Rainwater, Debris)
within each cluster was randomized.
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Relationship between trees and their bromeliads

We recorded DBH (diameter at breast height) of 100
Gliricidia sepium (Jacq.) Kunth ex Walp. (Fabaceae) trees
planted along the roadside from downtown Pejibaye to
the GUDIKAHO Farm and measured the longest whole
leaf from base to tip of each bromeliad in those trees.

Cardinal distribution

Using a compass, we photographed each of the four
cardinal parts of canopy in 60 trees of varying species near
the town of Pejibaye. In order to keep results consistent,
we stood one meter away from the trunk and set the cam-
era facing straight upward to photograph the canopy. We
counted the number of bromeliads in the photographs.

RESULTS
Colonization

Of 150 cups affixed to trees, 99 in total collected some
form of macroinvertebrate: Control 82%, Rain 64% and
Debris 56%. The mean number of invertebrates per bro-
meliad was: Control 5,49 (range 0-18), Rain 1,92 (0-18)
and Debris 1,62 (0-22). The bromeliads that did not re-
ceive rainwater had 2,9 times less invertebrates than the
control, and the bromeliads that did not receive debris
had 3,4 times less invertebrates than the control. Using
the mean number of macroinvertebrates collected in the
control cups as a basis, we found that blocking rainwater
decreased the mean number of insects by 8% and block-
ing debris decreased it by an even higher number: 26%.
There was no difference in number of invertebrates found
between trees (F=1, 36, Df=98, p=0,2121), which indicates
that the experimental design was correct and not affected
by individual trees.

We decided to remove two cups from the analysis be-
cause they were full of drowned ants. Ants do not use bro-
meliad phytotelmata during the larval stage of develop-
ment and most likely these fell into the cups and drowned.

Relationship between trees and their bromeliads

Gliricidia sepium trees had a mean diameter of 11,85cm
(range 2, 19 to 33, 94cm; N=100) and a mean of 7,83
bromeliads per tree (Min. 0; Max. 54; N=729). Trees with
thicker trunks had more bromeliads (F=34,40; Df=98; p<
0,0001; R?=25,9) (Fig. 2).

183



'I Ll Ll Ll L] l L] L] Ll L] I LJ Ly L] Ll I Ll L] L] L] I
60 — -
i Number of bromeliads i
: - on tree= (3,36-8,12/Tree diameter)?
50 - —~
4 o -
w - -
o :
=
- 40F -
o + (n] 1
v -
©
) 3
E o
S 30: o ® -
o) =] o
— F o g
(o] L 4
3 [ w =. y
g 20F o i
=1 - (=] r
b4 ) o )
‘IO - -
(0] = -
i AL I —— l -1 L l A | —— ' - - L l
0 10 20 30 40

Tree diameter (cm)

FIG. 2. Number of bromeliads per tree (transformed to squa-
re-root) versus tree diameter in Pejibaye de Jiménez, Cartago,
Costa Rica (2012).

The mean bromeliad leaf length was 6,85cm (Min. 0,60;
Max. 50,68; N=729). Trees with thicker trunks had larger
bromeliads (F=6,69; Df=727; p<0,0001; R =8,28) (Fig. 3).

Cardinal distribution

We found a mean of 12,67 bromeliads per photograph
(Min. 0; Max. 56; N=240). Mean number of bromeliads
was lower in the west side of canopies (F=2,54; Df=3, 177,
p=0,058; Fig. 4).

DISCUSSION

Research concerning the colonization of brome-
liad phytotelmata is sparse within the literature. The
research that is available focuses on the nutrient-filled
water of the phytotelmata. The availability of freshwater
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FIG. 3. Bromeliad size versus tree diameter in Pejibaye de
Jiménez, Cartago, Costa Rica (2012).

in phytotelmata pools is a limiting factor for growth and
colonization. Some reports claim that excessive organic
matter actually decreases species richness in phytotelmata
because the organic matter offsets vital water within the
tanks (Jabiol, 2009). However, a different study assessed
the effects of nutrient availability for phytelmata commu-
nities, and found a positive correlation between animal
and debris content (Richardson, 2000).

The data from our research indicate that more inverte-
brates colonized control cups than no rainwater and no
debris cups. Control cups allowed rainwater and falling
debris to enter the artificial phytotelmata unimpeded.
Though the rainwater and debris cups had some traces
of organic matter within their phytotelmata, the control
cups had more leaves, pieces of bark, and decaying in-
vertebrates within them. This input of organic matter
provided a more suitable habitat than cups that only had
clear water.
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FIG. 4. Number of bromeliads per cardinal direction in Pejibaye de Jiménez, Cartago, Costa Rica (2012).

Since there were fewer insect colonizers in both the no
debris and the no rainwater groups, our data are in agree-
ment with the two Picado’s (1913) hypotheses that we
tested: rainwater and debris are means for phytotelmata
colonization.

Our results agree with previous findings. In a study
conducted in Mexico on the tree epiphyte Tillandsia, Val-
verde (2005) concluded that small trees had less bromeli-
ads. Wider trunks usually belong to older trees that have
been exposed longer to colonization and there is a greater
probability that bromeliad seeds from nearby plants will
find a suitable substrate. Furthermore, many bromeliad
seeds are airborne and settle onto crags in bark (Wester,
2011); thus, older, coarser bark is more likely to capture
bromeliad seeds and lead to successful germination. Our
finding that trees with thicker trunks also have larger bro-
meliads also agrees with the interpretation that these
trees were older. Seed availability through time could also
affect and we suggest it for future studies.

There were fewer bromeliads on the west sides of trees.
We believe that the differences are based on a combina-
tion of local weather (including wind flow) and strong
competition for light. During the study period it rained
nearly every day, almost always in the afternoon. Rain falls
equally on each side of the tree, but rain clouds affected
the amount of sunlight accessible to the bromeliads.
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Cloud cover obscured sunlight during the afternoons and
evenings, when the sun is in the west, and this reduction
in light on the west side may explain the reduced occur-
rence of bromeliads on that side of the canopies.

We estimate that less than 3% of invertebrates escaped
from cups when they were removed for preservation and
this is not an important limitation in our study, but future
research could consider this and also the possible effect
of using artificial versus real bromeliads. More prolonged
study periods can also be tried, but from the point of view
of our goal, results show that the time we sampled was
satisfactory to test the hypotheses. Regarding the other
two studies, we believe that experimental error in the
counting and measuring of bromeliads was insignificant.
We did not have the resources needed to conduct the ex-
periment for a longer period or to study the microscopic
organisms inside the cups. Future studies could comple-
ment ours with that kind of information as well as other
factors such as effect of cup color, height above ground
and chemicals released by real bromeliads.

Bromeliad phytotelmata are at risk of desiccation
based on slash and burn agriculture and climatic changes
(Galindo-Leal, 2003), so our findings on how they are colo-
nized by invertebrates, and on how tree size and cardinal
direction affect bromeliad communities, are all poten-
tially useful to conservation efforts, for example on how
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to maintain phytotelmata and propagate bromeliads. In
conclusion, our findings not only address two of Picado’s
hypotheses (Picado, 1913) in the centenary of their publi-
cation (three hypotheses remain to be tested), but also are
potentially useful for conservation of bromeliads and the
complex microecosystems that they house.

ACKNOWLEDGMENTS

We thank Teal Hannah, Rosa Céspedes Martinez, Hora-
cio Portugués Brenes, as well as Gustavo, Miguel, Kevin
and Diego Portugués (from GUDIKAHO Farm) for assis-
tance in the field; Christopher Vaughan and Michael Mc-
Coy for help in editing drafts and the ACM staff for logis-
tics support. We are also grateful for excellent comments
from three anonymous reviewers.

REFERENCES

Araujo, V.A,, Melo, S.K., Araujo, A.P, Gomes, M.L., & Carneiro, M.A.
(2007). Relationship between invertebrate fauna and
bromeliad size. Brazilian Journal of Biology 67(4), 611-7.

Fish, D. 1983. Phytotelmata: flora and fauna. In Frank J. H. & L. P
lounibos (Eds) Phytotelmata: terrestrial plants as host for
aquatic insect communities. New Jersey: Plexus.

Frank, J.H. & Lounibos, L.P. (2009). Insects and allies associated
with bromeliads: a review. Terrestrial Arthropod Review
1(2), 125-153.

Galindo-Leal, C.,, Cedefo-Vazquez, R., Calderdn, R. & Augustine,
J. (2003). Arboreal frogs, tank bromeliads and disturbed
seasonal tropical forest. Contemporary Herpetology 1 (Re-
trieved from contemporaryherpetology.org/ch/2003/1/
index. htm)

Gomez, L.D. (1972). La biota bromelicola excepto anfibios y rep-
tiles. San José, Costa Rica: Departamento de Historia Nat-
ural, Museo Nacional.

Gongalves-Souza, T., Brescovit, A.D., Rossa-Feres, D.C. & Romero,
G.Q. (2010). Bromeliads as biodiversity amplifiers and
habitat segregation of spider communities in a Neotropi-
cal rainforest. Journal of Arachnology 38(2), 270-279.

Herndndez-Baz, F, Kromer, T. & Coates, R. (2011). First re-
cord of arthropods associated with Greigia juareziana

(Bromeliaceae). Revista Mexicana de Biodiversidad 82(3),
1034-1036.

Ingram, S.W; Ferrell-iIngram, K; Nadkarni, Nalini, M., Dalstom, S.
1995. Epiphytes of the Monteverde Cloud Forest Reserve.
Sarasota, Florida, USA: The Marie Selby Botanical Gardens.

Jabiol, J., Corbara, B, Dejean, A., & Cereghino, R. (2009). Structure
of aquatic insect communities in tank-bromeliads in an
East-Amazonian rainforest in French Guiana. Forest Ecol-
ogy and Management 257(1), 351-360.

Mondragén, D., Maria, C.L.L. & Wester, D. (2006). Seed dispersal
and germination of the epiphyte Tillandsia brachycaulos
(Bromeliaceae) in a tropical dry forest, Mexico. The South-
western Naturalist 51(4), 462-470.

Picado, C. (1913). Les broméliacées épiphytes considérées com-
me milieu biologique. Bulletin scientifique de la France et
de la Belgique 5: 215-360.

Richardson, B.A., Richardson, M.J., Scatena, F.N., & McDowell,
W.H. (2000). Effects of Nutrient Availability and Other El-
evational Changes on Bromeliad Populations and Their
Invertebrate Communities in a Humid Tropical Forest in
Puerto Rico. Journal of Tropical Ecology 16(2), 167-188.

Romero, G.Q. & Srivastava, D.S. (2010). Food-web composition
affects cross-ecosystem interactions and subsidies. The
Journal of Animal Ecology 79(5), 1122-31.

Sodré, V. M., Rocha, O., & Messias, M.C. (2010). Chironomid larvae
inhabiting bromeliad phytotelmata in a fragment of the
Atlantic Rainforest in Rio de Janeiro State. Brazilian Jour-
nal of Biology 70(3), 587-92.

Valverde, T., Hernandez-Rosas, L., & Bernal, R. (2005). Habitat
preference of the epiphyte Tillandsia recurvata (Brome-
liaceae) in a semi-desert environment in Central Mexico.
Canadian Journal of Botany 83, 1238-1247.

Wester, S., & Zotz, G. (2011). Seed comas of bromeliads promote
germination and early seedling growth by wick-like wa-
ter uptake. Journal of Tropical Ecology 27(1), 115-119.

Winkler, M., Hulber, K., & Hietz, P. (2005). Effect of Canopy Posi-
tion on Germination and Seedling Survival of Epiphytic
Bromeliads in a Mexican Humid Montane Forest. Annals
of Botany 95(6), 1039-1047.

Yanoviak, S.P. (2001). Container color and location affect macro-
invertebrate community structure in artificial tree holes
in Panama. Florida Entomology 84, 265-271.

186 Research Journal of the Costa Rican Distance Education University (ISSN: 1659-4266) Vol. 4(2), December, 2012



