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Resumen. — Riesgos y costos de las interacciones entre plantas y colibries. — Los colibties pueden
actuar como mutualistas transportando polen entre las flores que visitan, pero ademas pueden actuar
como vectores de diversos organismos que pueden afectar la interaccién con sus plantas. El transporte de
estos antagonistas puede resultar en la transmisién de enfermedades, consumo de polen y disminucién del
néctar floral. De esta manera, la armonia aparente del mutualismo entre plantas y colibries puede ser alte-
rada por los organismos antagonistas. El presente trabajo pretende contribuir a esta inexplorada linea de
investigacion, la cual se enfoca en las implicaciones de especies de un tercer nivel sobre la interaccién
planta-colibri.

Abstract. — Hummingbirds can act as mutualists by transporting pollen grains among flowers, but they
may also act as vectors of several organisms which could affect the interaction with their plants. The trans-
mission of such antagonists by hummingbirds searching for nectar rewards may end up in sexually trans-
mitted diseases, pollen consumption and depletion of nectar rewards. Therefore, the supposedly
harmonious, mutualistic interaction between plants and hummingbirds can be defeated by the transmis-
sion of antagonistic organisms along with pollen grains. The present paper is an attempt to contribute to
this recent line of inquiry which focuses on the implications of third level species on the plant-humming-
bird interaction. Accepted 5 Jannary 2004.
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INTRODUCTION

The use and abuse of plant-pollinator interac-
tions by antagonistic organisms has been
shown in an increasing number of studies
(Roy 1993, Shykoff et al 1996, Maloof &
Inouye 2000, Irwin ef 2/ 2001; Lara & Ornelas
2001a, 2003; Irwin & Maloof 2002, Leege &
Wolfe 2002, Gémez 2003). Hummingbird-
plant interaction is also at risk because nectar
rewards and pollination services are usually
“exploited” by species that do not provide a
return benefit to either mutualist partner
(Lara & Ornelas 2002b). The present papet is

an attempt to contribute to this recent line of
inquiry, which focuses on the implications of
third level species on the plant-hummingbird
interaction. I will show some field and experi-
mental evidence on the importance of antag-
onistic organisms on hummingbirds and their
plants

THE RISKS AND COSTS

Hummingbirds can act as mutualists by trans-
porting pollen grains among flowers (Feins-
inger 1987, Stiles 1981), but they may also act
as vectors by carrying several antagonistic
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organisms (Colwell 1995, Lara & Ornelas
2001b). In this way, the role of hummingbirds
is analogous to that they have as pollinators
of plants (Colwell et al 1974, McDade &
Kinsman 1980, Navarro 1999, Ornelas 1994,
Lara & Otrnelas 2001a). The transmission of
such antagonists by birds visiting flowers for
nectar rewards may end up in sexually trans-
mitted diseases (Jennersten 1983; Roy 1993,
1994), pollen consumption (Paciorek ef al.
1995), and depletion of nectar rewards (Col-
well 1995; Lara & Otrnelas 2001b, 2002b).
Therefore, the supposedly
mutualistic interaction between plants and

harmonious,

hummingbirds can be defeated by the trans-
mission of antagonistic organisms along with
pollen grains.

Although nectar of hummingbird-polli-
nated flowers is regulatly robbed by a variety
of non-pollinating, “illegitimate” visitors such
as bees, ants, passerine species, and humming-
birds (Colwell ez a/. 1974, McDade & Kins-
man 1980, Roubick 1982, Ornelas 1994,
Arizmendi et al 1996, Traveset et al. 1998,
Irwin & Brody 1999, Navarro 1999, Lara &
Ornelas 2001a), the most common nectar
robbers in many of these hummingbird flow-
ers are the hummingbird flower mites (Lara &
Ornelas 2001b, 2002b).

Hummingbird  flower (Acari:
Ascidae) feed on pollen

and nectar from flowers of a great variety of

mites
Mesostigmata,

plant species exclusively pollinated by hum-
mingbirds (Colwell 1985, Dobkin 1987,
Heyneman ef al. 1991, Naskrecki & Colwell
1998). Although reported for 20 plant
families including Heliconiaceae, Rubiaceae,
Lobeliaceae, Gesneriaceae, and Ericaceae
(Colwell 1985), flowers mites are absent in
other plant families rich in hummingbird-pol-
linated species such as Labiateae, Convolvu-
laceae, Malvaceae, Onagraceae, and Acan-
thaceae.

Mites have a commensalistic relationship
with hummingbirds by hitching rides from
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flower to flower in the nostrils of the hum-
mingbirds, without any harm or benefit for
the latter (phoresy; Proctor & Owens 2000).
This statement is based on the collection of
flower mites from the nasal turbinates of
mainly long-billed hummingbirds (Threnetes,
Glancis, Phaethornis, Campylopterus, Chlorestes,
Amazilia, Engenes, Lampornis; Baken & Yunken
1963, Fain et al 1977, Hyland et al. 1978).
Most of these hummingbirds have nostrils
completely exposed (Ridgway 1911), so the
mites can easily hide in.

that
nectar consumption by mites reduces the

Some surveys have documented
availability of nectar to hummingbirds up
to 50% (Colwell 1995; Lara & Ornelas
2001b, 2002b). This affects the hummingbird
foraging patterns and might indirectly
affect the pollen transmission (Lara
& Ornelas 2002a). The role of these mites
doubtless
represents a far more costly negative interac-
tion, from the point of view hummingbird
energetics, than the mites’ exploitation
of the birds for transport (Colwell 2000). It
has been shown that this energetic effect can
have substantial ecological consequences
(Miller & Travis 1996). Maloof & Inouye
(2000) have summarized the possible behav-

as  competitors for nectar

ioral changes in pollinators that would be
caused by nectar reduction by floral antago-
nists such as nectar robbers. In short, these
behavioral changes in pollinators include
flight distance, number of flowers visited, and
time spent on each flower. Yet, the generality
of these results has not been explored thor-
oughly.

Animal-pollinated plants in natural popu-
lations ate often subject to a multitude of her-
bivores and pathogens, facing the dilemma
that the more pollinators they attract, the
more likely they are to be attacked or infected
(Ornelas e al. in prep.). Antagonistic organ-
isms can interfere with plant reproduction by
interfering with pollination through (1) flower
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destruction that can lead pollinators to change
of plant moreover without any previous
flower visited and (2) the damage to impor-
tant floral structures such as anthers, stigmas
and ovatries, that can reduce the amount of
pollen received by flowers and can lead to
improper development of seeds.

It has been shown that some fungal
pathogens can use and abuse of pollinators to
ferry gametes between plants as a way to
promote fungal sexual reproduction, and/otr
use their host’s pollinators to transfer infec-
tious spores to a new host (Jennersten 1983,
Batra & Batra 1985, Alexander & Maltby
1990, Batra 1991, Roy 1996). Also, fungal
pathogens that infect the reproductive struc-
tures of plants can reduce their seed produc-
tion (Alexander 1987; Roy 1994, 1996; Marr
1997, Carlsson-Granér ef al. 1998, Pfunder &
Roy 2000, Collin ez al. 2002). This phenome-
non has been widely studied on fungal dis-
eases transmitted by insects (Jennersten 1988,
Bultman & White 1988, Batra 1991). How-
ever vertebrate-pollinated plants are also at
risk.

Hummingbird-flowers ate attractive to a
variety of pollinating and non-pollinating visi-
tors which have the capacity to transport a
variety of fungal spores, and therefore to
increase the probability of infection. The
anther tungus  Fusarium  moniliforme
(Scheld.) Snyder & Ansen (Deuteromycota:
Section Liseola) infects the flowers of Mousso-
nia deppeana (Schlecht. & Cham.) Hanst.
(Gesneriaceae), a protandrous, hummingbird-
pollinated perennial shrub (Lara & Ornelas
2003). Fusarium appears to modify the Mousso-
nia flowering phenology and to increase the

smut

allocation of resources to pollinator attraction
and reward. Increased floral displays enhance
visitation by its pollinator, the Amethyst-
throated Hummingbird (Lampornis amethysti-
nus), which is an effective vector of Fusarium
spores, thus increasing the dissemination of
this fungal disease (Lara & Ornelas 2003).

Although this is the first record about hum-
mingbirds acting as disease vectors, it appears
that anther smuts are commonly present on
natural plant populations and use humming-
birds for their dissemination.

The exploitation of plant-hummingbird
still unexplored.
However it offers interesting parallels and

mutualism by fungi is

contrasts with other pollinator-disease trans-
mission systems such as the production of
healthy and diseased flowers on systemically
infected plants. Likewise, hummingbird-trans-
mitted diseases can be a good model for
examining potential relationships such as
energy allocation to pollinator attraction, the
nectar production schedules after infection by
fungi (Lara & Ornelas 2003), and the nectar
thievery by flower mites (Lara & Ornelas
2001, 2002a).

These results suggests that hummingbird
preference might affect the dynamics of dis-
ease transmission and the outcomes of plant-
hummingbird mutualistic interactions.

GENERAL CONCLUSION

Little attention has been paid as to whether an
antagonistic organism relates to selection
pressures on the hummingbird-plant interac-
tion. Although antagonists can affect in sev-
eral ways the interaction, important aspects
such as the reduction in attractiveness can
reduce hummingbird visitation and influence
disease transmission. Nectar rob and flower
infection in hummingbird-plants may entail
an enetrgy cost, and could lead to a reduction
in seed production by plants under natural
conditions.

Hummingbirds and their plants seem to
respond to antagonistic organisms in a subtle
and complex way. When antagonists affect
traits relevant to the pollination system, the
potential selection imposed by pollinators
might be altered by direct or indirect influence
of antagonists (Ornelas ef 4/. in prep.). Future
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studies are needed to explore the implications
of third level species on plant-hummingbird
interactions.
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