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Abstract. The relationship between mistletoes and birds has been studied from the
perspectives of mutualism and seed dispersal. Here, we emphasize the role that avian
dispersers play as agents of mistletoe seed transmission to plant hosts. We describe the
patterns of transmission of the seeds of Tristerix aphyllus, an endophytic Chilean mistletoe,
on two of its columnar cacti hosts (Eulychnia acida and Echinopsis skottsbergii) by the
Chilean Mockingbird Mimus thenca. In north-central Chile, these cacti grow in relatively
discrete subpopulations on north-facing slopes. We measured variation in seed transmission
within 10 subpopulations varying in species composition, host density, parasite density,
parasite prevalence (defined as the percentage of hosts infested in a given population), and
disperser abundance. Seed transmission was independent of species, but was strongly de-
pendent on prior parasitism. Parasitized individuals received seeds much more frequently
than expected from their relative abundance. We found no correlation between the density
of hosts and seed transmission. We found strong positive correlations, however, between
parasite prevalence and seed transmission to both parasitized and nonparasitized hosts. Seed
transmission of T. aphyllus seeds by M. thenca appeared to be frequency- rather than density-
dependent. Seed transmission was also tightly and positively correlated with the abundance
of seed-dispersing birds at each site. Because bird abundance and parasite prevalence were
correlated, we conducted path analysis to disentangle their relative effect on seed trans-
mission. A model including only the direct effect of bird abundance and the indirect effect
of parasite prevalence through bird abundance explained roughly the same variance as a
full model including both the direct and indirect effects of bird abundance and prevalence
on seed transmission. Apparently, variation in bird abundance was the main determinant
of variation in transmission. We suggest that mistletoes, host plants, and the birds that
disperse mistletoe seeds are systems well suited for studies of the ecological and evolu-
tionary dynamics of disease transmission.
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thenca; mistletoes; parasitism; seed dispersal; Tristerix aphyllus.

INTRODUCTION

The ecological and evolutionary dynamics of dis-
eases are molded by the processes by which parasites
and pathogens are transmitted (Ewald 1993). Disease
transmission can be passive, as in water- and air-borne
diseases, it can be direct when one host infects another
by contact, or it can be mediated by vectors (South-
wood 1987). When disease transmission is the result
of random encounters between diseased and healthy
individuals, the probability of healthy individuals be-
coming infected depends on the absolute density of
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infected individuals (Anderson and May 1979). Den-
sity dependence of disease transmission has been well
studied, and is the form most commonly assumed in
mathematical models of parasite—host populations (An-
derson and May 1991).

When transmission occurs through active search of
host individuals by vectors, or as a result of sexual
encounters between a diseased and a healthy individual,
the probability of healthy individuals becoming in-
fected can depend on the fraction of diseased individ-
uals in the population rather than on their absolute
density (Anderson 1988, Antonovics 1993). This mode
of parasite transmission has been called ‘‘frequency-
dependent.”” Although frequency-dependent transmis-
sion is probably ubiquitous and its occurrence can have
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strong consequences on the outcome of host—parasite
interactions, it has been relatively unstudied (Thrall et
al. 1993). Getz and Pickering (1983) argued that fre-
quency-dependent transmission can lead to very un-
stable population dynamics. Ewald (1993) linked fre-
quency-dependent transmission with the evolution of
increased parasite virulence. Antonovics et al. (1993)
suggested that frequency-dependent transmission will
occur when disease vectors are capable of adjusting the
distance moved among hosts as spacing varies with
host population densities. Thus, frequency-dependent
transmission seems to be prevalent in sexually trans-
mitted plant diseases in which spore deposition is me-
diated by the host plant’s pollinators (Antonovics and
Alexander 1992). Here, we report a possible case of
bird-mediated frequency-dependent transmission of
mistletoe seeds.

Unlike many pathogenic fungi that use the pollina-
tors of their hosts as vehicles for spore transmission
(Roy 1994), mistletoes maintain a mutualistic relation-
ship with their vectors. The reliance of mistletoes on
bird mutualists for seed transmission makes the epi-
demiology of mistletoe infestations distinctive. For ex-
ample, it is likely that mistletoe seed dispersers respond
behaviorally by varying visitation rates to individual
plants and habitats when the abundance of fruit-pro-
ducing parasites changes, rather than when the abun-
dance of hosts per se changes. In contrast, many blood-
sucking arthropod vectors aggregate in response to the
abundance of vertebrate hosts, but show no behavioral
response to the frequency of parasites in these hosts
(Rogers and Randolph 1985). The effect of mistletoe
infection intensity and prevalence (the percentage of
hosts infested in a given population) on bird behavior
and numbers, and hence on seed transmission, is largely
unknown.

Overton (1994) used a metapopulation approach to
study seed dispersal and distribution of mistletoes to
host plants. He assumed that the mistletoes inhabiting
a host plant constituted a subpopulation in the subdi-
vided habitat constituted by habitable patches (host
trees) and uninhabitable patches (non-host trees). Here,
we adopted a different perspective. We viewed local
cactus groves as subpopulations of hosts (Jennersten
et al. 1983), and investigated the influence of local
factors such as host density, mistletoe prevalence (the
percent of hosts infested in a given population), and
abundance of disease vectors (birds) on mistletoe seed
transmission among hosts. We could do this because,
in north-central Chile, columnar cacti grow in discrete,
isolated subpopulations on north-facing slopes (see No-
bel 1988).

Many mistletoe species are bird-transmitted para-
sites that can have severe effects on their plant hosts
(Hawksworth 1983). Although the relationship be-
tween birds and mistletoes has been relatively well
studied from the point of view of bird—plant coevo-
lution (Reid 1991), the role of birds as vectors of mis-
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tletoe transmission has received little attention (Rah-
man et al. 1993). The main objective of this study was
to describe the patterns of disease transmission pro-
duced by the behavior of fruit-eating birds, a group of
disease vectors that has been largely ignored by par-
asitologists.

MATERIALS AND METHODS

Tristerix aphyllus: natural history and
seed dispersal

We studied seed dispersal of Tristerix aphyllus (Lor-
anthaceae), a leafless, endophytic mistletoe that infects
several species of cacti in Chile (Follman and Maht
1964, Kuijt 1988). The fruits of T. aphyllus are pseu-
doberries containing a single seed, and are presented
on reddish branches protruding from the spine areoles
of parasitized cacti. Seeds are dispersed exclusively by
Chilean Mockingbirds (Mimus thenca, Mimidae),
which swallow fruits whole and defecate the seeds in-
tact (Martinez del Rio et al. 1995). The naked seeds
are coated with a sticky viscin layer that adheres to the
cuticle and spines of cacti hosts. Seeds germinate with-
in a day of being defecated and grow for up to 8 wk
or until their radicle encounters the epidermis of a cac-
tus (Martinez del Rio et al. 1995). Once the tip of the
radicle makes contact with the epidermis of a host, it
swells and forms a haustorium producing several one-
cell-wide filaments that penetrate into cactus tissues
through stomatal openings. After successful infection,
the seed and radicle dry out and fall (Mauseth et al.
1984, 1985). In its endophytic phase, T. aphyllus is one
of the most highly reduced seed plants known (Mauseth
1990); the inflorescence is the only plant part to emerge
from the host; the rest of the plant exists as an endo-
phytic haustorial system without roots, leaves, or veg-
etative stems. Mauseth et al. (1984, 1985) described in
detail the morphology of the vegetative body of T.
aphyllus, its mechanisms of host infection, and how
the endophyte produces inflorescences.

Study sites and methods

All work was conducted at Parque Nacional Fray
Jorge (30°38’ S, 71°40’ W), which is located at the
northern limit of the Mediterranean ecosystem of Chile.
Fray Jorge has a semiarid Mediterranean climate with
variable winter precipitation (mean annual rainfall =
84 mm; Gutiérrez et al. 1993) and warm, dry summers
(di Castri and Hajek 1976). At Fray Jorge, T. aphyllus
parasitizes the arborescent cacti Echinopsis skottsbergii
and Eulychnia acida. These cacti grow together in iso-
lated subpopulations located on the north-facing slopes
of hills and ravines. The sudy sites all had sandy soils
and similar vegetation, characterized by sparse shrubby
cover (Adesmia bedwelli, Flourensia thurifera, and
Haplopappus sp.) and a scant lower herbaceous layer
that included the annuals Erodium cicutarium, E. ma-
lacoides, and Plantago hispidula (Mufioz and Pisano
1947).



