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Mistletoes in a changing world: a premonition of a
non-analog future?1
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Abstract: Mistletoes are a group of ﬂowering plants that have developed a parasitic lifeform through complex
eco-evolutionary processes. Despite being considered a pest, mistletoes represent a keystone forest resource and
are involved in complex plant–plant and plant–animal interactions. Their parasitic lifeform and specialized
ecological interactions make mistletoes an ideal model with which to understand the effects of anthropogenic
disturbances in a changing world. The accelerated growth of the human population has altered all ecosystems on
Earth, leading to biodiversity loss. Land-use changes (involving habitat loss, fragmentation, degradation, and
transformation processes) can alter the ecological scenario for mistletoe by altering hosts, mutualists, and nutrient cycling. Those changes may have large consequences at the community level, changing the spatial structure of
mistletoes, as well as interaction effectiveness, facilitation process, interaction disruption, and novel interactions
with invasive species, leading to non-analog communities in the long run. Furthermore, climate change effects
operate on a global scale, enhancing the effects of land-use changes. As temperatures increase, many species
would alter their distribution and phenology, potentially causing spatial and temporal mismatches. But more
critical is the fact that water stress is likely to disrupt key ecological interactions. Thus, mistletoes can provide
valuable insights for what we can expect in the future, as a result of human disturbances.
Key words: climate change, eco-evolutionary dynamics, facilitation, land-use change, spatial mismatch, temporal
mismatch.
Résumé : Le gui comprend un groupe de plantes à ﬂeurs qui ont développé une forme de vie parasitaire grâce à des
processus écoévolutifs complexes. Bien qu’il soit considéré comme un parasite, le gui constitue une ressource
forestière fondamentale et il est impliqué dans des interactions plantes-plantes et plantes-animaux complexes. Sa
forme de vie parasitaire et ses interactions écologiques spécialisées font du gui un modèle idéal pour comprendre
les effets des perturbations anthropiques dans un monde en changement. La croissance accélérée de la population
humaine a modiﬁé tous les écosystèmes de la Terre, entrainant une perte de diversité. Les changements
d’utilisation des terres (impliquant la perte, la fragmentation, la dégradation et la transformation des habitats)
peuvent modiﬁer le scénario écologique du gui en affectant ses hôtes, ses mutualistes et le cycle de ses nutriments.
Ces changements peuvent avoir des conséquences importantes à l’échelle de la communauté, en modiﬁant la
structure spatiale du gui, l’efﬁcacité des interactions, le processus de facilitation, l’interruption des interactions et
l’établissement de nouvelles interactions avec des espèces envahissantes, donnant lieu à long terme à des communautés non analogues. De plus, les effets des changements climatiques se répercutent à l’échelle mondiale,
accroissant les effets des changements d’utilisation des terres. Avec l’augmentation des températures, de nombreuses espèces pourraient modiﬁer leur distribution et leur phénologie, ce qui pourrait provoquer des déséquilibres spatiaux et temporels. Mais le fait que le stress hydrique puisse perturber des interactions écologiques clés est
encore plus critique. Ainsi, le gui peut donner un aperçu précieux de ce que nous pouvons attendre de l’avenir, en
conséquence des perturbations humaines. [Traduit par la Rédaction]
Mots-clés : changements climatiques, dynamique écoévolutive, facilitation, changement d’utilisation des terres,
déséquilibre spatial, déséquilibre temporel.

Introduction
Among the ﬂowering plants, mistletoes are a particularly fascinating group not only because of their parasitic
lifeform, but also because of their importance in the

ecosystem (Watson 2001; Mellado and Zamora 2017).
There are about 1400 mistletoe species worldwide, all
belonging to ﬁve families within the Order Santalales
(Watson 2004). Mistletoes are often considered a pest
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because they can compromise host plant growth, reproduction, and survival (Arruda et al. 2012; HenríquezVelásquez et al. 2012; Teixeira-Costa and Ceccantini 2015;
Koenig et al. 2018). However, the ecological particularities of parasitic plants make them more complex than
any other plant (Watson 2009). Mistletoes are entirely
dependent on their host plants to survive. Despite the
fact that many of them are hemiparasites and capable
of photosynthesizing, mistletoes are rootless and take
water and minerals from the host. However, in this
case, these plant–plant interactions have more complex co-evolutionary processes (Aukema 2003; Genini
et al. 2012; Guerra et al. 2018). Also, mistletoes are a
keystone resource in forest ecosystems because they
provide food resources during seasonal periods of scarcity (Watson 2001; Watson and Herring 2012) and are
involved in many mutualistic interactions (Aizen
2003; Rodríguez-Mendieta et al. 2018).
Mistletoe–host relationships are far more complex
than any other parasite–host system. The tight coevolutionary processes between mistletoes and their
hosts determine: (i) host range, (ii) chemical interactions,
and (iii) facilitation events. Host range is determined by
host competence and mistletoe transmission (Roxburgh
and Nicolson 2005; Okubamichael et al. 2016), which results in a large variability of host range values among
mistletoe species (Mathiasen et al. 2008). Even within the
same genus we may ﬁnd substantial host range differences. For example, the hemiparasitic mistletoe Tristerix
corymbosus (Fig. 1a) parasitizes about 30 native host plants
and at least another 10 exotic trees. In contrast, the holoparasitic mistletoe Tristerix aphyllus (Fig. 1b) can only
parasitize a few species of cactus. Both species are sympatric and depend on the same pollination and seed disperser species (Medel 2000; Amico et al. 2007). Chemical
interactions between host plants and mistletoes involve
secondary metabolite uptake along with water and nutrients from the host’s xylem (Anselmo-Moreira et al.
2019; Lázaro-González et al. 2019) and may be a determinant to attract mutualists (Troncoso et al. 2010; Lemaitre
et al. 2012). Further, mistletoes can play a major role in
the ecosystem via indirect facilitation interactions. Parasitized host plants are indirectly beneﬁted by mistletoes,
because they attract more diverse pollinators and seed
dispersers, which results in large recruitment outputs
(van Ommeren and Whitham 2002; Candia et al. 2014;
Mellado and Zamora 2016). Also, mistletoes provide nesting sites for a wide range of animal species (Room 1972;
Hedwall et al. 2006; Watson et al. 2011; Smith et al. 2013),
and mistletoe litter is rich in nutrients, playing an important role in facilitating the establishment and growth
of understory plants (Soler et al. 2015; Mellado et al.
2019).
Mistletoes depend on biotic pollination and seed dispersal interactions (Watson 2004), as a result of complex
co-evolutionary processes. Most mistletoes are mainly
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Fig. 1. (a) The hemi-parasitic mistletoe Tristerix corymbosus
has a wide host range, parasitizing at least 30 tree species.
(b) The holo-parasitic mistletoe Tristerix aphyllus has a
narrow host range, only parasitizing a few species of
cactus (photos: Francisco E. Fontúrbel). [Colour online.]

pollinated by birds and insects (Mathiasen et al. 2008),
but some species can be pollinated by bats or the wind
(Restrepo et al. 2002; Robertson et al. 2005; Arruda et al.
2012; Fadini et al. 2018, 2020). Among the Loranthaceae
family, mistletoes have showy ﬂowers with bright colors
(yellow to red), and tubular corollas with sugar-rich nectar rewards, which are highly attractive to both hummingbirds and bumblebees (Arruda et al. 2012). However,
many other mistletoes present small ﬂowers that are
typically pollinated by insects alone. However, the seed
dispersal process is more critical than pollination for
mistletoes, because seeds must arrive at suitable sites
within the host plants (Reid 1991). While birds are the
primary mistletoe dispersers (Mathiasen et al. 2008),
some mammals can play this role as well (Amico and
Aizen 2000; Arruda et al. 2012).
A changing world ahead

The hyper-exponential growth of the human population during the last century has largely modiﬁed all ecoPublished by NRC Research Press
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systems on Earth (Armesto et al. 2010), resulting in a
dramatic biodiversity loss. There are four major biodiversity loss drivers: land-use change, resource overexploitation, invasive species, and climate change (Sala et al.
2000). The interaction of those drivers is causing a rapid
decline in species diversity and their ecological interactions (Valiente-Banuet et al. 2015). Ecological interactions
usually cease before the species involved become extinct, thereby altering ecosystem functioning and community structure (Bascompte and Jordano 2007). Owing
to their life-history traits and high dependence on mutualistic interactions, mistletoes are an excellent study
model for understanding and forecasting the effects of
anthropogenic disturbances.
Human activities in natural areas may result in habitat
loss, fragmentation, degradation, and transformation.
Habitat loss and fragmentation are usually intertwined
and highly correlated (Fahrig 2003). When a continuous
habitat is fragmented, area and edge effects largely explain biodiversity changes, as habitat remnants become
smaller, and edges increase, exposing those remnants
to a heterogeneous matrix (Ewers and Didham 2006;
Didham et al. 2012). Habitat degradation implies changes
in habitat quality rather than area or spatial conﬁguration. Therefore, habitat quality becomes reduced by the
loss of key elements, such as nesting cavities or microclimatic conditions (González et al. 2019). Last but not least,
habitat transformation (i.e., the partial or total replacement of native species by one or a few exotic species)
leads to signiﬁcant changes in habitat structure and
species composition, altering the ecological scenario
(Fontúrbel et al. 2017a; Fontúrbel and Medel 2017). Surprisingly, mistletoes are capable of persisting in all those
disturbance scenarios. However, the underlying ecological and evolutionary consequences remain largely
unknown, as well as the cascade effects that habitat disturbances may have at a community level.
Disturbance, mistletoes, and cascading effects on the
community

Humans have created a heterogeneous mosaic of natural, semi-natural, and transformed habitats, in which
native species may persist depending on their tolerance,
adaptativeness, and the possibility of maintaining their
ecological interactions or ﬁnding new partners to interact with (Kiers et al. 2010). Despite their ecological specialization and their dependence on speciﬁc host plants
as well as pollinators and seed dispersers, mistletoes are
often found in disturbed habitats. Understanding how
mistletoes thrive in different types of disturbed habitats
may shed some light on the ecological processes behind
their success. In hierarchical order, these processes involve: (i) host plants, (ii) pollinators and seed dispersers,
(iii) nutrient cycling, and (iv) novel interactions (including exotic species).
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Host plants

Mistletoe–host relationships imply complex plant–
plant interactions that determine host competence
(whether a plant species can be used as a host or not),
host preference (mistletoes are present in one or more
plant species more frequently than we expect, owing to
their relative abundance), chemical interactions (secondary compounds from the host infected by the mistletoe),
and indirect interactions (facilitation as a result of overlapping ﬂowering or fruiting seasons between the mistletoe and the host). The host range gives us the ﬁrst
hint of the mistletoe’s ability to persist in disturbed habitats. Highly-specialized mistletoes (e.g., Tristerix aphyllus,
which only parasitizes a few species of cactus; Medel
et al. 2004) have limited chances to persist in disturbed
habitats, but mistletoes with a wide range of hosts (e.g.,
Viscum album, which can parasitize over 400 species;
Barney et al. 1998) are usually common and abundant in
disturbed areas (Bowen et al. 2009; Zuria et al. 2014). Also,
many mistletoe species can ﬁnd new hosts (including
exotic tree species) in novel habitats (Mellado and
Zamora 2020). Nevertheless, mistletoe performance on
different host species is expected to vary, either positively or negatively (Roxburgh and Nicolson 2005), along
with mistletoe metapopulation dynamics (Teodoro et al.
2013).
Pollinators and seed dispersers

A mistletoe may ﬁnd a competent host in a disturbed habitat, but this does not guarantee its longterm persistence, because most mistletoe species
depend on mutualist interactions for reproduction.
While Misodendraceae mistletoes can be pollinated and
dispersed by wind (Vidal-Russell and Nickrent 2007;
Tercero-Bucardo and Rovere 2010), many other mistletoe
species have adapted to pollination by birds and insects
(which favors cross-pollination; Tadey and Aizen 2001),
and some neotropical mistletoes are pollinated by bats
(Arruda et al. 2012; Fadini et al. 2020). Furthermore, perhaps more critical, is their dependence on seed dispersers to reach suitable sites (i.e., branches or stems) on the
host plants (Watson and Rawsthorne 2013). As with the
host range, mistletoe species around the world present a
variable degree of specialization regarding their mutualist counterparts. While specialist frugivores are usually
more effective seed dispersers, they tend to produce
dense aggregations (concentrating their food resources),
resulting in short seed dispersal distances. By comparison, generalist frugivores, despite being less effective,
are usually involved in long-distance dispersal events
(Watson and Rawsthorne 2013). Further, mistletoes interacting with specialist species are usually pollen- and
seed-limited (Kelly et al. 2004, 2007), but those interacting with generalist species are not (Yule and Bronstein
2018a, 2018b). Disturbed habitats are usually dominated
by a subset of generalist species (Barlow et al. 2007),
Published by NRC Research Press
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which is likely to change the reproductive output of mistletoes.
Mistletoes are mainly pollinated by birds; however,
insects also act as legitimate pollinators in some cases.
Owing to their morphology, mistletoe ﬂowers are usually pollinated by hummingbirds and sunbirds (Aizen
2003; Vidal-Russell and Nickrent 2008; Weston et al.
2012). As for most plant species, no bird species are
known to be a specialists with regard to mistletoe pollination (Watson 2004). Thus, mistletoe–bird interactions
are highly asymmetric, because the plant depends more
on the bird than the bird on the plant (Guerra and Pizo
2014). Consequently, most mistletoe pollinators are generalists and thus persist in disturbed habitats (Maruyama
et al. 2019). In some mistletoe species, the fruit ripening
process depends on the amount of sunlight received,
leading to changes in shape, color, and shape (Bach and
Kelly 2007; Amico et al. 2011; Fontúrbel and Candia 2018).
Such changes in fruit phenotype due to habitat disturbance are expected to inﬂuence seed dispersal and
frugivore-mediated selection (Fontúrbel and Medel
2017), potentially altering the mistletoe genotype as a
consequence. On the other hand, an important fraction
of mistletoe seed dispersers are specialists, showing
more symmetric interactions. Therefore, mistletoes
are likely to lose their pollinators (Robertson et al.
1999) or their seed dispersers in disturbed habitats
(Rodriguez-Cabal et al. 2007, 2013), thereby collapsing
recruitment. Looking at the whole plant recruitment
process, mistletoes thriving in disturbed habitats may
be maintaining their pollination interactions, forming
viable fruits after cross-pollination, but experiencing a
recruitment collapse as a result of losing their seed
dispersers, threatening their long-term persistence.
Nutrient cycling

Mistletoes acquire water and nutrients from the host’s
xylem. To ensure their water supply, mistletoes have
higher hydric potentials than the hosts, which results in
higher nutrient concentrations in their tissues (Scalon
and Wright 2015). For this reason, mistletoe litter is rich
in nutrients (Muvengwi et al. 2015; Ndagurwa et al. 2015;
Fadini et al. 2020) and indirectly facilitates the establishment of many other plant species via soil enrichment
(March and Watson 2007; Thomsen et al. 2018). Therefore, changes in mistletoe abundance and spatial distribution will also alter soil quality (March and Watson
2010). Furthermore, if mistletoes shift hosts as a result of
habitat disturbance, we can expect changes in the nutrient content of mistletoe litter, potentially altering facilitation interactions with other plant species as well.
Novel interactions

Along with land-use changes, invasive species thrive in
disturbed habitats, integrating themselves in the existing ecological interactions networks (Memmott and
Waser 2002). Impoverished communities (as in disturbed
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habitats) are more prone to be invaded (Montero-Castaño
and Vilà 2012), and invasive species can rapidly dominate
(González-Varo et al. 2013). Mistletoes can interact with
invasive species at four levels: (i) hosts, for example, exotic Acacia spp. or Populus spp. trees are usually heavily
parasitized by mistletoes in disturbed habitats (Bowen
et al. 2009); (ii) pollinators, for example, the European
bumblebee Bombus terrestris has invaded southern South
America, becoming the most common pollinator (Medel
et al. 2018); (iii) plant neighborhood, where showy invasive species near mistletoes produce large ﬂower/fruit
displays, competing with mistletoes for pollinators and
frugivores (Fontúrbel et al. 2017b); and (iv) facilitation of
annual, weedy herbaceous species in the understory, located beneath infected trees (March and Watson 2010).
We expect mistletoes to present idiosyncratic responses
to invasive species depending on their relative abundance and time elapsed since the invasion.
Community cascading effects

Frequently, there is a positive numeric response to
habitat disturbance (i.e., mistletoes are more abundant
in disturbed habitats compared with non-disturbed habitats), but it also implies deep changes in their spatial
arrangement (dense aggregations; Fontúrbel et al. 2015,
2017b). Also, many shade-intolerant plants are beneﬁted
by habitat disturbances and thrive, offering large ﬂower/
fruit displays, creating a strong community-wide effect
on pollinators and frugivores, and reducing pollen/seed
dispersal distance as a consequence (Maruyama et al.
2012; Morales et al. 2012; Amico et al. 2017; Fontúrbel
et al. 2017b). However, such apparent positive effect may
have negative consequences in terms of genetic diversity
loss and increased rates of inbreeding, as those dense
mistletoe clumps hamper gene ﬂow and mating patterns
at the landscape scale by altering pollination and seed
dispersal processes (Fontúrbel et al. 2019). A summary of
the possible outcomes of habitat disturbance on mistletoes is presented in Fig. 2.
Climate change: expected and unexpected outcomes

Whereas land-use change, resource overexploitation,
and invasive species operate at local and landscape
scales, climate operates at a global scale. There is enough
scientiﬁc evidence demonstrating that temperatures on
Earth are rapidly increasing, signiﬁcantly exceeding natural temperature changes (Walther et al. 2002; Parmesan
2006). In this warming scenario, species are expected to
migrate towards cooler places (Memmott et al. 2007;
Walck et al. 2011). However, this could be a challenging
task for mistletoes, as they depend on other species (i.e.,
hosts, pollinators, and seed dispersers), which may differ in their ability to disperse and shift their distribution ranges (Rai et al. 2018; Sangüesa-Barreda et al.
2018). Therefore, mistletoes may experience spatial
mismatches that preclude their persistence (Ornelas
et al. 2018; Fig. 3). On the other hand, phenology is an
Published by NRC Research Press
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Fig. 2. Possible outcomes of land use changes on mistletoes and their cascading effects on the community via plant–plant and
plant–animal interactions, and indirect facilitation interactions to other species.

important aspect of plant–plant and plant–animal interactions for mistletoe (Teixeira-Costa et al. 2017).
When mistletoes co-ﬂower/co-fruit with their host
plants, they may be indirectly beneﬁting them by attracting pollinators/frugivores (Candia et al. 2014). Climate change is likely to alter ﬂowering/fruiting
patterns as well as the seasonal migratory/activity patterns of animals, potentially disrupting mistletoe facilitation on host plants as ﬂowering/fruiting overlap
become reduced (Fig. 4). Also, these distribution range
shifts may lead to new mistletoe–host combinations,
which might have adverse effects on reproductive success, as recently reported by Mellado and Zamora
(2020).
As temperatures increase, drought events are becoming more frequent and severe (Allen et al. 2010; Garreaud
et al. 2017). Therefore, water shortages will worsen the
effects of temperature increase on plant communities
(Bell et al. 2019). Mistletoes are particularly sensitive to
prolonged drought events because they may drain out

the host (Mortenson et al. 2015; Bell et al. 2019), thereby
committing a “delayed suicide”, as host death inevitably
leads to mistletoe death a few months later. This phenomenon was reported in the Mojave Desert in California, (Spurrier and Smith 2007) and in the Valdivian
rainforest ecosystem in southern Chile (Fontúrbel et al.
2017c, 2018). Unfortunately, drought effects are not only
a matter of mistletoe mortality, but they also can disrupt
pollination and seed dispersal interactions. During the
most severe drought in 50 years in south-central Chile,
the reduction in the amount of summer precipitation
reduced soil water content, thereby causing a signiﬁcant
reduction in terms of ﬂower and fruit production
(Fontúrbel et al. 2018). Such reduction affected not only
mistletoe ﬂower and fruit production, but also those
from other plants, further reducing food resource availability for pollinators and seed dispersers. Thus, this may
be collapsing overall plant recruitment, resulting in cascade effects at the community level (Fontúrbel et al.
2018). This phenomenon does not seem to be restricted
Published by NRC Research Press
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Fig. 3. Spatial mismatch scenarios among a mistletoe, its
mutualists (a pollinator and a seed disperser), and its host
plants under a climate change scenario. Owing to their
life-history traits, mistletoes are expected to have lower
dispersal capabilities than their mutualists and their host,
and consequently lower capacity to change their
distribution ranges in response to mutualist and host
distribution changes. [Colour online.]

Fig. 4. Temporal mismatch between a mistletoe and (a) its
pollinator and (b) its seed disperser, owing to changes in
phenology (changing the ﬂowering and fruiting patterns
of the plant, and the migratory or activity patterns of
animals) as a consequence of increasing temperatures in a
climate change scenario. [Colour online.]

(a) Pollination

Time

(b) Seed dispersal

Host range changes

Host and mutualist
ranges change

to the Valdivian rainforest, as a similar outcome was
reported for insect pollinators in the United Kingdom
(Phillips et al. 2018). Moreover, mistletoe-infected trees
may experience negative consequences in terms of
growth and mortality under water stress conditions (Bell
et al. 2019), worsening the scenario. Although more research is needed to fully understand this phenomenon,
mistletoes can be used as “climate change monitors”,
because of their dependence on plant–plant and plant–
animal interactions and their sensitivity to water stress.

Conclusions and future perspectives
Humans have altered Earth’s ecosystems in every possible way, posing a major threat to all biodiversity and
their ecosystem services, ultimately threatening their
very own existence in the long run. In general terms, we
acknowledge land-use changes, natural resource overexploitation, biological invasions, and climate change as
the major biodiversity loss drivers (Sala et al. 2000). However, there is more to this than meets the eye, as those
drivers are not independent of each other but can interact and boost their individual effects. The extent of anthropogenic alterations to natural habitats in this area of
the Anthropocene has produced massive changes in a
short time (Armesto et al. 2010), leading to dramatic in-

Time

creases in the rates of species extinction (Humphreys
et al. 2019). Those alterations act as strong selective
forces changing the eco-evolutionary scenario (Kinnison
and Hairston 2007) and inducing rapid evolutionary responses at unprecedented rates (Stockwell et al. 2003).
The diversity of responses to anthropogenic disturbances is complex and intertwined, and our understanding is limited by our current analytical abilities (and
maybe our understanding); however, mistletoes may
give us an idea as to what could we expect in the future.
This “changing world” merges novel ecosystems
(Hobbs et al. 2006; new species combinations impossible
to occur naturally; Hobbs et al. 2009; Morse et al. 2014),
and novel climates, giving place to a massive reshufﬂing
Published by NRC Research Press
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of nature that may produce non-analog ecosystems in
the near future (Fox 2007). Human beings are currently
negatively affecting millions of years of evolutionary history and causing a massive extinctions, but as some species go extinct others arrive, favored by new climates and
facilitated by the ability to become invasive species
(Simberloff and Von Holle 1999; Simberloff 2006; Fox
2007). Let us think like a mistletoe… thriving in a degraded habitat remnant, parasitizing exotic trees in high
abundances but experiencing water stress due to prolonged droughts, lacking an effective seed disperser and
losing genetic diversity because of a hampered pollination process, facilitating and competing with invasive
species, and dealing with a new plant community and a
major turnover in animal visitor species. If a single species has to face that many changes, what can we expect
in the actual ecological and evolutionary scenario of an
entire ecosystem is beyond our comprehension. Earth
has undergone many big changes during the past
4.5 billion years, and there is no reason to believe that
life will cease to exist in the Anthropocene. Biodiversity will ﬁnd its own way, and the recombination of
novel ecosystems and climates will lead to a nonanalog future, from which humans will probably be
absent.
“There is grandeur in this view of life, with its several powers,
having been originally breathed into a few forms or into one; and
that, whilst this planet has gone cycling on according to the ﬁxed
law of gravity, from so simple a beginning endless forms most
beautiful and most wonderful have been, and are being, evolved”
Charles Darwin, The Origin of Species by Means of Natural
Selection (1859)
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