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Biotic iNTERACTIONS can be classified according to the type of consequences upon the interacting organ-
isms as negative, positive or neutral (Begon ez /. 1986, Silvertown & Lovett-Doust 1993). In the case
of interspecific interactions at the same trophic level, specifically plant-plant interactions, most of the
empbhasis has been placed on interactions such as competition, among the negative ones (Tilman 1982,
Keddy 1989) and the nurse plant syndrome (Niering ez a/. 1963, Steenbergh & Lowe 1969), among the
positive ones. However, another common type of plant-plant interaction in nature is that of epiphytism.
(Here epiphytism is referred to as non-parasitic epiphytism, to distinguish it from that of haustorial hemi-
or holo-parasitic plants such as the Loranthaceae.) Epiphytism has typically been regarded as a commen-
salism (Barbour ez al. 1987, p. 133), given that the plant that supports the epiphyte (i.e. phorophyte
sensu Benzing, 1990) is assumed not to be negatively affected by the latter, which in turn benefits from
the physical support provided by the phorophyte (see Begon ez 4. 1986). Although there is suggestive
evidence of some possible negative effects on phorophytes (reviewed by Benzing 1980, 1990), the pho-
rophyte-epiphyte interaction has not been sufficiently researched to reach a conclusive view regarding the
sign of such interaction. On the other hand, occupation of plants by lianas has been investigated in
relation to their possible effect upon the supporting plant. In his pioneer experimental work, Stevens
(1987) found that lianas growing on Bursera simaruba female trees reduced fruit production. This,
coupled with the fact that lianas require physical contact with trees as a consequence of their growth
form, led him to regard them as structural parasites. In this kind of plant-plant interaction the “parasite”
has a negative effect on the host without extracting water or nutrients from its vascular system.

In deserts and semideserts epiphytism upon shrubs, treelets, and cacti is relatively common (Mc-
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Ginnies ez 4l. 1968, Shreve & Wiggins 1963), but little studied from the ecological point of view (Barbour
1981). In American hot deserts, bromeliads are the most common epiphytes (pers. obs.) and although
they are not hemiparasitic, we hypothesized that their presence on shrubs or treelets may adversely affect
the growth of colonized branches.

In this paper the effects of a bromeliad on the growth of its phorophyte’s supporting branches was
assessed using a demographic-modular approach (Harper 1977), specifically by analyzing the dynamics
of shoots borne on branches with different epiphyte loads in an intertropical semiarid ecosystem. With
this study we attempted to see if the concept of structural parasitism (sensu Stevens 1987) can be
applicable to this phorophyte-epiphyte interaction.

The study was conducted at Zapotitlan, within the Valley of Tehuacén, in the Mexican state of
Puebla, at 1500 m elevation (18°20’N and 97°28'W). Annual rainfall is 400.2 mm (94% falling between
May and October) and mean temperature is 21.4°C (Garcia 1973). Soils are rocky, and derived from
sedimentary marine rocks of Cretaceous age (Brunet 1967). The vegetation is of a thorn-scrub cactus
type as described by Smith (1965) and dominated by deciduous woody species and giant columnar cacti.
One of the most important features of the area is its floristic richness and high level of endemism
(Rzedowski 1978). Villasefior ez al. (1990) report nearly 1400 species of vascular plants (30% endemics)
and 630 genera in the region. More recently, Ddvila ez 2/ (1993) raised those figures to 2703 species
and 922 genera but do not mention a value for endemism.

Cercidium praecox (Ruiz & Pavon) Harms (Leguminosae) grows at the study site as a winter deciduous
small tree up to 4 m high. Typical of the genus, C. praecox maintains photosynthetic parenchyma in its
branches and trunk (Adams & Strain 1968, 1969; Szarek & Woodhouse 1978). Branches support variable
densities of Tillandsia recurvata L. (Bromeliaceae), a small plant made up of a rudimentary root system
and shoots bearing 58 linear leaves (forming a rosette) covered with peltate, absorptive trichomes (Benz-
ing 1980). Older plants develop multiple ramets that may completely surround smaller branches to form
a spherical tussock up to 10 cm diameter (hence its common name “ball moss”). Capsular fruits release
plumed seeds capable of long-range dispersal. Although Benzing (1980) has reported that this species
grows on a variety of phorophytes, at the study site it occurred predominantly on C. praecox.

Sampling was done towards the end of the summer (early September) of 1992, when all new shoots (i.e.,
born during the current growth season) had already been produced and remained clearly recognizable (by
color and softness). Eight individuals of C. praecox were randomly selected for study. For each tree, two
terminal branches arising from the same node (thus, of comparable size and the same age) and having
contrasting loads of 7. recurvata (i.e., high and low levels of epiphytism) were selected. The rationale behind
this selection criterion was to sample branches of contrasting epiphyte load but, simultaneously, of similar
colonizable surface and the same time of exposure to colonization by 7. recurvata. This insured that sampled
branches were comparable on all relevant accounts except their epiphyte loads (see Benzing 1990). This
procedure was replicated twice for each chosen tree. For each branch, the number of shoots produced in the
current year (new shoots), the number of older but still alive shoots (old shoots), and the number of leafless
and dried-out (dead shoots) were counted. The number of 7. recurvata tussocks was also recorded for each
branch, and an Epiphyte Load Index (ELI), Ze., the quotient of the number of T recurvata tussocks and the
branch’s total number (i.e., dead plus alive) of shoots was calculated. Thus, this index will equal 1.0 when
the number of T recurvata tussocks is the same as the number of shoots.

Data were analyzed with a2 multinomial logit model (Aitkin ez 2/ 1989). For this model the values
of ELL a continuous variable, were treated as a categorical explanatory variable (6 categories) and the
proportion of shoots as a categorical response variable with three categories (new, old, and dead shoots).
The fitted model thus predicts, for each ELI value, the proportions of new, old, and dead shoots that
can be expected in a branch having that ELI value. Data were fitted to the model using the GLIM
statistical procedure (Aitkin ez 2/. 1989).

The analysis of the multinomial model indicated that there was a highly significant relationship
between the ELI and the proportions of new, old, and dead shoots in each branch (X? = 174.6; P <
0.001) and the model explained 85 percent of the total variance. There were very few dead shoots (cz
2%) in branches free of epiphytes, while shoots produced during the current growth season amounted
to ca 20 percent and about 80 percent corresponded to shoots produced in previous years. An increase
of the ELI resulted in an increase of dead shoots and a decrease of alive (both new and old) shoots (Fig.
1). In the case of old (but live) shoots, it is notable that, according to the pattern predicted by the model,
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FIGURE 1. Proportions of old but alive (top), dead
(middle), and new (bottom) shoots in branches of Cer-
cidium praecox, as a function of their Epiphyte Load In-
dex (quotient between the number of Tillandsia recurvata
tussocks and the branch’s total number of shoots) in an
intertropical semiarid scrubland of central México. Lines
indicate the expected proportions of the three types of
shoots after fitting the data to a multinomial model.

This content downloaded from 171.66.209.4 on Sun, 11 Oct 2015 23:30:36 UTC

All use subject to JSTOR Terms and Conditions

Notes

519


http://www.jstor.org/page/info/about/policies/terms.jsp

520 Montafa, Dirzo, and Flores

their frequencies remain high and constant in values of ELI of up to 0.3. From then on, the frequency
of these shoots decreases gradually to a minimum of 15 percent for ELI values in which the tussocks
outnumber the shoots by about 50 percent (i.e., ELI = 1.5); an almost opposite pattern was observed
in the case of dead shoots and, in fact by an ELI of 1.5 the model predicts a shoot mortality of over 90
percent (Fig. 1). The proportion of shoots produced in the current growth season gradually decreases
from about 20 percent in unoccupied branches, to nil when the number of epiphyte tussocks equals the
number of shoots per branch (ELI = 1.0). In accordance with the model, no production of new shoots
is predicted for all values of ELI > 1.2 (Fig. 1).

Studies directed to assess the possible effects of epiphytic plants, sensu lato (i.e., whose growth strategy
depends on the support of other plants), upon their hosts, have been few (see reviews in Benzing 1990,
Benzing & Seemann 1978) and most biologists have traditionally regarded vascular epiphytes as “com-
mensals except on those occasions when significant shading or mechanical damage occurred to the tree
through very heavy infestation” (Benzing 1990, p. 256). Other studies have focused largely on lianas (see
Stevens 1987). The interpretation of the latter, in particular, has shown that it is difficult to separate the
effect of the lianas from that of the immediate habitat. This is because most of these studies have
compared the performance of support plants free of lianas growing on one area, with plants occupied
by lianas growing on another. To overcome this limitation, Stevens (1987) experimentally removed the
lianas present on Bursera simaruba female trees, and compared their reproductive output with that of
neighboring unmanipulated female trees. Any attempt to assess the effect of epiphytic plants upon their
hosts should take into account the limitations described above. The results of our study system are free
of this problem because we compared the dynamics of shoots in branches of contrasting epiphyte load
on the same individual trees.

Our results clearly demonstrated a negative effect of T recurvata on the shoot dynamics of C. praecox
branches. Therefore, the relationships between ELI and shoot dynamics we found can be the effects of
structural parasitism. This concept is used following Stevens’ (1987) definition of lianas that reduce the
reproductive output of phorophytes (as in B. simaruba female trees under experimental manipulations)
as structural parasites. The proximal cause of this effect in our study system has not been investigated.
A mechanical effect cannot be ruled out 4 priori, but probably more important is the inhibition of
photosynthesis of this plant’s green branches shaded by the epiphytes. The effects of “nutritional piracy”
(sensu Benzing & Seemann 1978; i.c., the capture of litter debris and stemflow leachates by the epiphyte)
can, under certain circumstances, be responsible for the decline of whole trees (e.g., Quercus virginiana
infested with Tillandsia usneoides; Benzing & Seemann 1978). This mechanism cannot be advocated in
comparisons of the dynamics of plant parts, as in our study system.

A commensalism-type biotic interaction can be considered donor-controlled (sezsu Pimm 1982), in
the sense that the species providing the “resource” controls the performance or density of the receiver
species. In contrast, the latter does not influence the density of the donor. Although epiphytism in arid
and semiarid zones has been considered a form of commensalism (Barbour 1981), our results indicate
that the interaction between T. recurvata and C. praecox may conform better to a parasitism-like rela-
tionship (if, due to the detrimental effect of the epiphyte upon the shoot dynamics of the support plant,
it can potentially affect the phorophyte’s performance or density).

To the extent that the proximal negative effects on the shoot dynamics documented in this study
may scale up to a decrease of the whole phorophyte’s fitness, we could speculate that C. praecox may be
under selective pressure to reduce/eliminate epiphyte load. In this view, we could consider the epiphytism
by T. recurvata as a force with potential to generate counter-adaptations (e.g., slippery bark, steep-angled
branches) on the part of the phorophyte. Clearly, this is an aspect that warrants further study.

We would like to thank Luis E. Eguiarte, Néstor A. Mariano, Victor Rico-Gray, and José G. Garcfa-
Franco for helpful comments on a previous draft. David H. Benzing critically reviewed the manuscript
and made suggestions which greatly improved this paper. Support for field work was provided by
UACEPyP-UNAM. One of us (CM) received additional support from CONACyT.

Apams, M. S., anp B. R. Strain. 1968. Photosynthesis in stems of Cercidium floridum: spring and summer diurnal
field response and relation to temperature. Oecologia Plantarum 3: 285-297.
, AND . 1969. Seasonal photosynthetic rates in stems of Cercidium floridum Benth. Photosynthetica 3:
55-62.

Artkin, M., D. AnpErsoN, B. Francis, anp J. Hinbe. 1989. Statistical modelling in GLIM. Clarendon Press, Oxford.

This content downloaded from 171.66.209.4 on Sun, 11 Oct 2015 23:30:36 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

Notes 521

Barsour, M. G. 1981. Plant-plant interactions. /n: D.W. Goodall and R.A. Perry (Eds.). Arid-land ecosystems:
structure, functioning and management, Vol. 2. pp. 33-50. Cambridge University Press, Cambridge.
———, J. H. Burk, anp W. D. Prrrs. 1987. Terrestrial plant ecology. The Benjamin/Cummings Publishing Com-

pany, Menlo Park, California.

Becon, M., J. L. Hareer, anp C. R. Townsenp. 1986. Ecology: Individuals, populations and communities. Blackwell
Scientific Publications, Oxford.

Benzing, D. H. 1980. The biology of the bromeliads. Mad River Press. Eurcka, California.

. 1990. Vascular epiphytes. Cambridge University Press, Cambridge.

, AND J. SEEMANN. 1978. Nutritional piracy and host decline: a new perspective on the epiphyte-host rela-

tionship. Selbyana 2: 133-148.

BruneT, J. 1967. Geologic studies. /n D. S. Byers (Ed.). The prehistory of the Tehuacan Valley. I. Environment and
subsistence, pp. 66-90. University of Texas Press, Austin and London.

Daviia, P, J. L. ViLLasenoRr, R, Mepina, A. RaMIREZ, A. SALINAS, J. SANcHEZ-KEN, AND P Tenorio. 1993. Listados
floristicos de México. X. Flora del Valle de Tehuacdn-Cuicatlan. Instituto de Biologia, Universidad Nacional
Auténoma de México, México.

GaRciA, E. 1973, Modificaciones al sistema de clasificacién climdtica de Képpen. Instituto de Geografia, Universidad
Nacional Auténoma de México, México.

Hareer, J. 1977. Population biology of plants. Academic Press, London.

Keppy, P A. 1989. Competition. Chapman & Hall, London.

McGinnies, W. G., B. J. GoLbman, anp P Paviore. 1968. Deserts of the world. University of Arizona Press, Tucson,
Arizona.

Niering, W. A., R. H. Whirraker, anp C. H. Lowe. 1963. The saguaro: a population in relation to environment.
Science 142: 15-23.

Pimm, S. L. 1982. Food webs. Chapman & Hall, London.

Rzepowski, J. 1978. Vegetacion de México. Editorial Limusa, México.

SHreve, E, anp L. L. WicGins. 1963. Vegetation and flora of the Sonoran Desert. Vols. 1 and 2. Standford University
Press, Standford, California.

Sivertown, J. W. anp J. Loverr-Doust. 1993. Introduction to plant population biology. Blackwell Scientific Pub-
lications, Oxford.

Smith Jr., C.E. 1965. Flora, Tehuacin Valley. Fieldiana: Botany 31: 103-143.

SteenserGH, W. E, anp C. H. Lowe. 1969. Critical factors during the first years of life of the saguaro (Cereus
giganteus) at Saguaro National Monument. Ecology 50: 825-834.

Stevens, G. S. 1987. Lianas as structural parasites: the Bursera simaruba example. Ecology 68: 77-81.

Szarex, S. R., anp R. M. WoobHouse. 1978. Ecophysiological studies of Sonoran Desert plants. III. The daily
course of photosynthesis for Acacia gregii and Cercidium microphyllum. Oecologia (Berl.) 35: 285-294.

Timan, D. 1982. Resource competition and community structure. Princeton University Press, Princeton, New Jersey.

VILLASEROR, J. L., P Davita, anp E Criang. 1990. Fitogeografia del Valle de Tehuacdn-Cuicatlén. Boletin de la
Sociedad Botanica de México 50: 135-149.

Carlos Montana
Instituto de Ecologia
Ap. Postal 63

91000 Xalapa Veracruz
México

Rodolfo Dirzo

Centro de Ecologia
UNAM, Ap. Postal 70-275
04510 México DF
México

and

Arturo Flores

Departmento de Botéanica

Escuela Nacional de Ciencias
Bioldgicas, |.P.N.

Prolongacién Carpio y Plan de Ayala
11340 México DF

México

This content downloaded from 171.66.209.4 on Sun, 11 Oct 2015 23:30:36 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 517
	p. 518
	p. 519
	p. 520
	p. 521

	Issue Table of Contents
	Biotropica, Vol. 29, No. 4 (Dec., 1997) pp. 381-544
	Volume Information [pp. ]
	Front Matter [pp. ]
	1997 Alwyn Gentry Award [pp. 382-383]
	Stand Characteristics and Leaf Litter Composition of a Dry Forest Hectare in Santa Rosa National Park, Costa Rica [pp. 384-395]
	Forest Regeneration in Logged and Unlogged Forests of Kibale National Park, Uganda [pp. 396-412]
	Structure de la Végétation et Production Primaire dans la Mangrove de la Baie de Fort-de-France, Martinique (F.W.I.)
[pp. 413-426]
	Rhizophora mangle L. Seedling Development Into the Sapling Stage Across Resource and Stress Gradients in Subtropical Florida [pp. 427-439]
	Primary Herbivory by Wood-Boring Insects Along an Architectural Gradient of Rhizophora mangle [pp. 440-451]
	Fruit Production and Seed Predation in Two Miombo Woodland Trees in Zambia [pp. 452-458]
	Effects of Species, Habitat, and Distance from Edge on Post-Dispersal Seed Predation in a Tropical Rainforest [pp. 459-468]
	Relaciones Mutualísticas entre el Murciélago Glossophaga longirostris y las Cactáceas Columnares en la Zona Arida de la Tatacoa, Colombia
[pp. 469-479]
	Observations at a Ficus Tree in Malagasy Humid Forest [pp. 480-488]
	Seasonal and Spatial Patterns in Ground Foraging Ants in a Rain Forest in the Western Ghats, India [pp. 489-500]
	Bird Populations in Rustic and Planted Shade Coffee Plantations of Eastern Chiapas, México
[pp. 501-514]
	Notes
	Fire in a Tropical Dry Forest of Central America: A Natural Part of the Disturbance Regime? [pp. 515-517]
	Structural Parasitism of an Epiphytic Bromeliad upon Cercidium praecox in an Intertropical Semiarid Ecosystem [pp. 517-521]
	Weevil Larvae Dispersal by Guans in Southeastern Brazil [pp. 522-525]
	The Effect of Lunar Illumination on Movement and Activity of the Red Fig-eating Bat (Stenoderma rufum) [pp. 525-529]
	Postfire Resprouting of Hypericum irazuense in the Costa Rican Páramos: Cerro Asunción Revisited
[pp. 529-531]

	Back Matter [pp. ]



