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A B S T R A C T

Hummingbird species have closely evolved with the plants they feed on, which is confirmed by their often tight
ecological relationships in natural settings. Hummingbird-plant interactions are of interest for research areas such
as ecology, evolution, and even agriculture, as they usually inform on the conservation status of interacting
species assemblages, and its disappearance may precede the population extinction of the species involved in the
interaction. In Chile, there are nine hummingbird species, which interact with a large and diverse number of
angiosperm species in forest, desert, and mountain range environments. The motivation to perform this review is
to systematize the available information regarding the flowering plants visited by hummingbird species in Chile,
to present some basic plant-hummingbird pollination network metrics, and on this basis to identify the compo-
nents of the plant-hummingbird relationships in need of further research. A plant-hummingbird metanetwork
revealed a low connectance value, low niche overlap, and strong modularity among species. However, the fact
that most species present a strong allopatric distribution across Chile, suggests that network structure results
mostly from the history of colonization rather than from ecological organization. Nowadays, the main threats to
Chilean hummingbirds are anthropogenic disturbance and climate change, which disrupt hummingbird-plant
interactions, leading to unpredictable ecological consequences at the community level. Long periods of drought
may reduce the resource base for hummingbirds, with dramatic consequences for the maintenance of bird and
plant populations.

1. Introduction

Anthropogenic activities have modified almost every environment in
the world. Land-use change, exotic species, and climate change are the
main causes of biodiversity loss worldwide (Sala et al., 2000). Biodi-
versity loss is not only manifested at the species level but also at the level
of interactions (Valiente-Banuet et al., 2015). While the loss of ecological
interactions, which often get less noticed than species loss, in many cases
precedes the local extinction of interacting species (Valiente-Banuet
et al., 2015). Consequently, interaction loss has very relevant functional
consequences at the community level as interactions — and particularly
mutualistic ones — play a major role in maintaining and generating
biodiversity. Among the ample spectrum of ecological relationships,
plant-pollinator interactions play a key role in plant reproduction,
influencing plant regeneration processes and population persistence
(Jordano, 2000; Ollerton et al., 2011). In this regard, hummingbirds, one

of the most efficient pollinators as compared with other pollinator groups
(e.g., Betts et al., 2015; Medel et al., 2018) can be severely impacted.
Currently ca. 10% of 366 species are considered globally threatened and
60% are in current decline (Leimberger et al., 2022).

One of the major peculiarities of hummingbirds is their high depen-
dence on flower nectar, which allows them to maintain high metabolic
rates associated with stationary flight and dynamic foraging patterns.
This dependence has resulted in a remarkable trait-matching between
bill length and corolla length in most biogeographical regions, with
exception of Caribbean Islands (Dalsgaard et al., 2021). Despite some
criticisms on the idea of pollination syndrome (e.g., Waser et al., 1996;
Petanidou et al., 2008), recent quantitative reviews provide support to
the syndrome idea (e.g., Rosas-Guerrero et al., 2014; Dellinger, 2020).
Notoriously, most hummingbird-visited plants have a well-defined suit of
floral traits such as red flowers, diurnal anthesis, absence of floral
fragrance, abundant nectar, long and rigid floral tubes, and zygomorphic

* Corresponding author. Instituto de Biología, Facultad de Ciencias, Pontificia Universidad Cat�olica de Valparaíso, Valparaíso, Chile.
E-mail address: fonturbel@gmail.com (F.E. Fontúrbel).

Contents lists available at ScienceDirect

Avian Research

journal homepage: www.keaipublishing.com/en/journals/avian-research

https://doi.org/10.1016/j.avrs.2022.100051
Received 13 April 2022; Received in revised form 10 July 2022; Accepted 10 July 2022
Available online xxxx
2053-7166/© 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Avian Research 13 (2022) 100051



333page number not for citation purposes

symmetry (Faegri and van der Pijl, 1979; see review in Fenster et al.,
2004). This dependence makes hummingbirds and the plants on which
they feed upon particularly susceptible to climate change (Fontúrbel
et al., 2021). For instance, Sonne et al. (2022) analyzed the way future
climate change may cause direct extinctions (i.e., climate-driven ex-
tinctions), and coextinctions, understood as extinctions attributable to
the extinction of mutualistic partners. Their study concluded that
climate-driven extinctions are expected to have the lowest impact in
Andean plant-hummingbird communities, being North America and
lowland South America the most sensitive communities to climate
change. Regarding coextinctions, their study indicates that the impact of
climate change will depend on the structure of plant-hummingbird
interaction networks. Unfortunately, data on South America excluded
information from Chile, as few studies on plant-pollinator networks have
been performed in this country, and plant-hummingbird communities are
relatively depauperate in comparison to those from tropical and sub-
tropical environments. Therefore, a review of the hummingbirds inhab-
iting Chile and the plant resources on which they feed upon seems
necessary and timely. The motivation to perform this review is to sys-
tematize the available information regarding the flowering plants visited
by each hummingbird species, emphasizing the characteristics of the
available information, that is, noting whether it consists of casual ob-
servations (OBSC), presence-absence data of interactions in a community
context (Qualitative or Binary Matrix, MATB), rate data, or presented as
frequencies of visitation in a community context (MATC). This infor-
mation is shown in Appendix Table S1 (available online as Appendix A.
Supplementary data).

Only nine hummingbird species have been recorded in Chilean eco-
systems (about 2.5% of the number of hummingbird species in the
world). This is an extremely low figure in comparison to other South
American countries such as Colombia (165 species, 48.7%), Ecuador
(163 species, 48.1%) and Peru (118 species, 34.8%). The hummingbird
species present in Chile are Oreotrochilus leucopleurus, Oreotrochilus
estella, Sephanoides sephaniodes, Sephanoides fernandensis, Patagona gigas,
Rhodopis vesper, Thaumastura cora, Eulidia yarrellii, and Colibri coruscans
(Jaramillo et al., 2014, Fig. 1). The species Chlorostilbon lucidus (Red--
billed Hummingbird) is recorded by Barros et al. (2014) as a wanderer in

Chile, that is, as a species that is not part of the core avifauna in the
country. Two out of nine Chilean species are endemic, the Arica hum-
mingbird (E. yarrellii), and the Juan Fern�andez hummingbird
(S. fernandensis). With the exception of P. gigas and S. sephaniodes, most
Chilean hummingbirds have restricted distributions (Fig. 2). Regarding
elevation, only two species of the genus Oreotrochilus, inhabit almost
exclusively the Andes Mountains, the White-sided Hillstar
(O. leucopleurus), which inhabits lower elevation zones (1500–3300m) in
Central Chile, and the Andean Hillstar (O. estella), which inhabits be-
tween 3500 and 5000 m in the northern margin of Chile. The species
O. estella, P. gigas, and C. coruscans inhabit at elevations of 4000 m in
Que~noa forests (Polylepis spp.) in northern Chile.

One of the distinctive characteristics of the Chilean hummingbird
avifauna is its wide body size range (Vilina and Cofr�e, 2006), which
ranges from 8 to 24 cm, including in the extremes the Arica Humming-
bird (E. yarrellii), one of the smallest hummingbirds in the world, with
only 8 cm in length and 4 g in mass, and the Giant Hummingbird
(P. gigas), the second largest in the world, with 24 cm in length and 20 g
in mass. In principle, this wide variation may result from morphological
adjustments associated with flower resource partitioning. However, even
though no phylogenetic analysis for Chilean species exists at present, it is
likely that phylogenetic dispersion accounts better for body size differ-
ence as the nine Chilean species belong to four out of nine clades iden-
tified by McGuire et al. (2014). Standardized information on
morphological characteristics of the Chilean hummingbird species as
well as data on latitudinal and altitudinal distribution range, habitat type,
estimated population size, population trends across time, conservation
status and actions, and management plans can be found in Goodall et al.
(1946, 1951), Araya and Millie (1992), Jaramillo et al. (2014), and the
International Union for Conservation of Nature (IUCN) red list at
https://www.iucnredlist.org/.

Information on hummingbird-plant relationships in Chile is scarce
and mainly limited to the species O. leucopleurus, P. gigas, S. sephaniodes,
and S. fernandensis. Muschett and Fontúrbel (2022) compiled a list of
plant-pollinator relationships with interaction recordings for the nine
species in the country. Although there is a general floral syndrome
associated with hummingbird pollination, Walter (2008) mentions that

Fig. 1. Pictures of the nine hummingbird species present in Chile. As most species exhibit a strong sexual dimorphism, males (left side) and females (right side) are
displayed. Patagona gigas is considered to be monomorphic.
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Chilean hummingbirds inhabiting arid environments tend to feed
opportunistically on the nectar of plants with tubular flowers especially
in the winter season when nectar availability is scanty. Even though some
populations of S. sephaniodes may stay in some localities throughout the
year, seemingly due to winter nectar sources such as mistletoes, all the
hummingbirds present in Chile move latitudinally and altitudinally be-
tween seasons, following nectar resource availability (Jaramillo et al.,
2014).

2. Current ecological knowledge on a species basis

2.1. Colibri coruscans (Gould, 1846; Sparkling Violetear)

Information on this species is almost nonexistent in Chile. This is a
high-altitude tropical species that distributes in the margins of the Andes

Mountains from Venezuela to northern Chile and Argentina. This species
seems to be in the process of geographical expansion associated with
Eucalyptus spp. trees in high-elevation human populations
(Martínez-Pi~na and Gonz�alez-Cifuentes, 2004; Estades, 2014). Feeding
recordings for this species are limited to the northern margin of Chile,
where it has been observed visiting flowers of Dunalia spinosa (Sol-
anaceae), Malva sylvestris (Malvaceae), and Eucalyptus sp. (Myrtaceae)
(Kuzmicic, 2015).

2.2. Eulidia yarrellii (Bourcier, 1847; Chilean Woodstar)

Information on the floral resources for this species is adequate but
needs to be improved as E. yarrellii is an endemic endangered species
(Estades et al., 2007). Cha~nar (Geoffroea decorticans, Fabaceae), consti-
tutes its main food source in some localities (van Dongen et al., 2013;

Fig. 2. Distribution maps of the nine hummingbird species present in continental and insular Chile.
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Gonz�alez-G�omez et al., 2015). This species has been observed visiting
some native species, ornamentals, and crops. Cozano (2014) noted that
E. yarrellii preferentially visits plants with small flowers, commensurate
with its bill size (~1.5 cm). Among these, Pitraea cuneato-ovata (Verbe-
naceae) has characteristics that potentially could be used to supplement
the nectar base for restoration purposes, such as rapid flowering and ease
of emergence. It is interesting to note that E. yarrellii visits flowers with
entomophilous rather than ornithophilous syndrome (Estades et al.,
2007). Estades et al. (2007) also noted that Tecoma fulva (Bignoniaceae),
one of the species with ornithophilic syndrome flowers, is highly visited
by E. yarrellii once nectar robbers have damaged the flowers. The extent
to which E. yarrellii is a secondary nectar robber for this species seems to
be an interesting line of inquiry in this system. Regarding interspecific
competition, E. yarrellii males have been reported to be dominant over
T. cora and R. vesper males (van Dongen et al., 2013). This dominance
seems to be ameliorated during the spring season, when resource use
overlap tends to decrease (van Dongen et al., 2013). Additional evidence
for the low importance of competition comes from the observation that
the abundance of E. yarrelli and T. cora did not appear to be negatively
correlated across sites and years. This finding contrasts with indirect
suggestions of competition based upon spatial segregation between
E. yarrellii and T. cora in the Azapa valley (Estades et al., 2007) and the
absence of territory overlap between males of E. yarrellii and males of
T. cora (Clark et al., 2013). It is likely that the shorter wings and higher
flapping frequencies of E. yarrellii, compared to T. cora, provide E. yarrellii
higher flight maneuverability and success in antagonistic encounters
(Altshuler et al., 2004).

2.3. Oreotrochilus estella (d'Orbigny and Lafresnaye, 1838; Andean
Hillstar)

There is no information on the floral resources used by this species in
Chile at present. This hummingbird inhabits highmountain habitats zone
between Arica and Antofagasta, preferably in ravines and foothills
vegetated with species of the genus Polylepis between 3000 m and 4200
m of elevation (Cofr�e, 2007).

2.4. Oreotrochilus leucopleurus (Gould, 1847; White-sided Hillstar)

This species inhabits between 1500 and 3000 m of elevation and
between 27� and 38� S (Jaramillo et al., 2014), although occasionally, it
has been detected at lower altitudes (Walter, 2008). Althoughmost of the
information on floral resources for this species is confined to the Andes
Mountain range near Santiago, O. leucopleurus is one of the species with
the highest number of records of floral visits in the country. The species
visits flowers of Schizanthus hookeri and Schizanthus grahamii (Sol-
anaceae), species that form a single high Andean clade that, in principle,
would have evolved in relation to hummingbird pollination (P�erez et al.,
2006). Schizanthus grahamii presents a high level of self-fertilization,
which has been suggested to result from its specialization on unpre-
dictable hummingbird pollination (P�erez et al., 2009). Likewise, a series
of studies have documented that O. leucopleurus is an important polli-
nator ofMimulus luteus in Central Chile. This hummingbird, together with
bees, has been reported to represent an important selective force on
different flower traits, with the hummingbird preferring flowers with
smaller corollas and nectar guides than bees (Medel et al., 2003). Like-
wise, Pohl et al. (2006) experimentally demonstrated that O. leucopleurus
increases seed production ofM. luteus, except when flowers are damaged
at the landing petal where the nectar guide is located. An analysis of
seven M. luteus populations in Central Chile revealed that the more
dominant the hummingbird is in the pollinator assemblages, the larger
size of the M. luteus nectar guide, suggesting that the presence of bees
interferes with hummingbird preferences under natural conditions
(Medel et al., 2007). Casual information indicates that O. leucopleurus
also feeds on the nectar of Tropaeolum polyphillum and Stachys sp. (Her-
rera et al., 2004). The only quantitative data correspond to records from

three consecutive years in a plant-pollinator community in the Andes of
Central Chile (32�510 S, 70�080 W, 2284 m a.s.l.; Medel et al. in progress).
There, the White-sided Hillstar feeds on the nectar of Escallonia sp.,
Mutisia subusulata, Mimulus luteus, Ephedra chilensis, and Schizanthus
hookeri. The levels of dependence of the plant species for this hum-
mingbird as well as the hummingbird dependence for the plant species is
depicted in Fig. 3.

2.5. Patagona gigas (Vieillot, 1824; Giant Hummingbird)

This species is the largest hummingbird species in Chile at present,
measuring 21–24 cm long. It inhabits a wide geographic range in South
America that goes from the south of the western margin of Colombia to
approximately 38� S, South-Central Chile. In Chile, it is restricted to high
elevation environments in the north, with the highest elevation range
occurring from Caldera onwards. Cofr�e (2007) notes that P. gigas is
associated with Polylepis rugulosa forests in the pre-Puna habitat of the
northern margin of Chile.

One of the first descriptions of the floral resources of this humming-
bird in Chile is Johow (1921), who notes that this species frequently
visits the cactus Echinopsis (¼ Trichocereus) chiloensis ssp. litoralis at
Zapallar on the coast of Central Chile. However, recordings of floral
visitors by Ossa and Medel (2011) and Medel et al. (2004) did not reveal
the participation of this hummingbird in the pollination of this cactus
species inland, at Las Chinchillas National Reserve. Likewise, Walter
(2010) did not record visits to flowers of E. chiloensis spp. chiloensis in the
Colchagua province, except for a casual sighting of a few individuals
towards the end of the cactus flowering season. Recently Antinao et al.
(2019) described that P. gigas is the main floral visitor of the coastal
cactus Eriocyse subgibbosa, a species that depends on pollinators for

Fig. 3. Patterns of reciprocal dependence of Oreotrochilus leucopleurus, Patagona
gigas, and Sephanoides sephaniodes, with the plant species they visit. Plant
dependence (x-axis) represents the frequency with which a plant species re-
ceives visits from a hummingbird species relative to the total visits received.
Values equal to one indicate the plant is visited only by the hummingbird spe-
cies, indicating maximum specialization. Likewise, hummingbird dependence
(y-axis) represents the frequency with which a hummingbird species includes a
plant species as a food item relative to the total number of visits performed on
plants. Values equal to 1 indicate the hummingbird species includes only one
plant species in its diet, indicating maximum specialization for that plant (see
Bascompte and Jordano, 2007 for details). Each point indicates simultaneously
the dependence of plants by hummingbird species, and the dependence of
hummingbirds by plant species.
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reproduction, reaching at least 80% of visits recorded in observations
performed in 2016 and 2017. It has been suggested that the arrival of
P. gigas to the central region of Chile in the spring season coincides with
the flowering of E. subgibbosa (Walter, 2008). In this regard, it is inter-
esting to note that even though Eriosyce chilensis has, like E. subgibbosa, an
ornithophilous floral syndrome, Antinao et al. (2019) did not record
visits of P. gigas to this species, which supports the proposition of Gor-
ostiague and Ortega-Baez (2016) that at least in cacti, ornithophilous
flowers do not necessarily predict visitation by hummingbirds.

In the Andean mountains near Santiago, the Giant Hummingbird is
the main pollinator of Eccremocarpus scaber, followed by S. sephaniodes
(Belmonte et al., 1994). It is interesting to note that the nectar dynamics
and composition of E. scaber are similar to those observed in plants that
depend on nectar-eating bats for reproduction, which is probably related
to the high energy demand of P. gigas, as documented by Fern�andez et al.
(2011). It is likely that, due to its high energetic demand, P. gigas exhibits
a high sensitivity to habitat loss, as evidenced by a high index of sensi-
tivity to landscape change (V�asquez and Simonetti, 1999), and floral
damage, as described by Gonz�alez-G�omez and Valdivia (2005) for Puya
coreulea. A comparative analysis of the characteristics of Puya species
visited by hummingbirds performed by Hornung-Leoni et al. (2013) in-
dicates that P. gigas is an important pollinator for Puya venusta and
P. coreulea (Bromeliaceae), species that produce a relatively low amount
of nectar, albeit highly concentrated. In contrast, the Puya species that
depend on a greater number and diversity of pollinators, such as Puya
chilensis and Puya alpestris, produce abundant but low-concentration
nectar. Specific records of the floral resources visited by P. gigas in
Chile are provided in Ortiz-Crespo (1974), Ramírez (1940), and Barros
(1952) and summarized in Appendix Table S1. Finally, and although not
directly related to the consumption of floral resources, it is interesting to
note the observation of ash consumption by P. gigas in a locality in
Central Chile, which has been hypothesized to represent a way of calcium
supplementation (Estades et al., 2008).

2.6. Rhodopis vesper (Lesson, 1829; Northern Harrier)

This hummingbird is a sexually dimorphic species that inhabits the
coastal range from the Sechura desert in the Department of Piura in Peru
to the southern part of northern Chile, with an intrusion towards more
continental habitats around San Pedro de Atacama. In Chile, it is resident
between 18� and 26� S, inhabiting pre-mountain valleys and agricultural
areas with sufficient water irrigation (Jaramillo et al., 2014). It has two
subspecies, Rhodopis vesper, which extends from northern Peru to the
Tarapac�a and Antofagasta regions, and Rhodopis vesper atacamensis, with
a distribution from the Atacama Desert, in the vicinity of the Copiap�o
River valley. It is an intermediate-sized species (12 cm long) with a long
and curved bill in relation to the other hummingbirds present in Chile.
Although no quantitative recordings exist on its floral resources in Chile,
the fact that in some places attacks and excludes the similar-sized (12–13
cm long) Peruvian Sheartail, T. cora, while in other nearby sites they
share territory (Clark et al., 2013), suggests that R. vesper is highly sen-
sitive to the patch structure of the floral resources, being able to coexist
with other similar-sized hummingbirds depending on the nectar supply.
Walter (2008) notes that this species may be considered a pollinator of
the cactus Eriosyce taltalensis. Records of floral resources pending
corroboration indicate that R. vesper in Chile consumes nectar from
flowers of leguminous trees, agaves, Nicotiana sp. and that cacti are
probably important components of its diet as well (Fjeldså and Krabbe,
1990; cited in Walter, 2008).

2.7. Sephanoides fernandensis (King, 1831; Juan Fern�andez
Flowerpiercer)

One of the most conspicuous characteristics of this species is its
endemicity to the Juan Fern�andez Islands (Fig. 2), where it evolved in
situ. Although the species used to inhabit both Alejandro Selkirk and

Robinson Crusoe Islands, it is now considered extinct in Alejandro
Selkirk, seemingly due to the action of rats and domestic cats (Busse,
1971; Hahn and R€omer, 2002). Currently, the species is restricted to the
Robinson Crusoe Island, where it has experienced a series of threats that
have caused a significant decline in population size in recent decades
(Brooke, 1987; Stiles, 1987; Colwell, 1989; Bourne et al., 1992; Roy
et al., 1998, 1999). Among the factors involved in population decrease,
predation by introduced mammals, habitat loss, degradation of the
forest environment (Hahn et al., 2011), and the effects of exotic plants
that reduce the abundance of the local flora (Bourne et al., 1992; Hahn
and R€omer, 2002; Hahn et al., 2011; Vargas et al., 2013) have been
indicated as the most important menaces. Additionally, different sour-
ces of evidence suggest a possible interspecific competition between
S. fernandensis and the colonizer from mainland S. sephaniodes (Colwell,
1989; Roy et al., 1999; Wolf and Hagen, 2012; Vizentin-Bugoni et al.,
2017), the latter being more efficient in exploiting some floral resources
(Hagen, 2009).

Some hummingbird-pollinated plants may play a crucial role in the
persistence of S. fernandensis. For example, Sophora fernandeziana seems
to be a critical species as its flowering season coincides with the lack of
alternative floral resources available for hummingbirds (Bernardello
et al., 2004). Interestingly, S. fernandensis has one of the most sexually
dimorphic plumage chromatism and size in the Trochilidae family
(Colwell, 1989). The female has a turquoise green and whitish ventral
coloration and is 66% smaller than the brick red male (Johnson and
Goodall, 1967). This strong sexual dimorphism led to initial errors in
classification, as sexes were assigned to different species (Colwell, 1989).
Unlike most hummingbirds, both sexes actively defend different foraging
territories using similar territorial behavior (Colwell, 1989). Sephanoides
fernandensis feeds on nectar produced by Dendroseris litoralis and intro-
duced species such as Eucalyptus globulus and Paraserianthes lophantha.
Despite the strong sexual dimorphism, the bill size of males and females
is similar (~ 15 mm), suggesting that no partitioning of floral resources
between both sexes has occurred (Colwell, 1989).

In historical terms, the relationship between S. fernandensis and its
floral resources in the Archipelago is of great interest due to the distance
of Juan Fern�andez Island from the mainland (667 km) and the high de-
gree of endemism of the interacting plant species. At least 127 species of
endemic flora have been described in the Archipelago, which places the
islands as those with the highest richness of endemic species per unit area
of the world (Stuessy, 1992; Hahn, et al. 2009). Juan Fern�andez Island
has an estimated age of 3.8–4.2 million years (Stuessy et al., 1984), and
the in-situ evolution of S. fernandensis from an ancestor similar to
Sephanoides sephaniodes, suggests a long coevolutionary history between
S. fernandensis and the angiosperms of the island. Bernardello et al.
(2002) report that about 9% of the angiosperms of the island are posi-
tively pollinated by birds, with 44% of the flora having unknown polli-
nation. Although some species, such as Wahlenbergia berteroi, may show
floral traits suggestive of bird pollination, only dipterans and ants have
been recorded on this species, adding an additional layer of complexity to
a putative identification of floral visitors based on island pollination
syndromes (Anderson et al., 2000, 2001; Alarc�on et al., 2014).

The absence of native bees in the Archipelago makes it feasible that
many of the species that make up 44% of the flora with unknown polli-
nation are visited by hummingbirds. However, historical contingencies
related to changes in the composition of the island biota, local extinc-
tions, possible mainland-island replacement of pollinators, and coloni-
zation of genera with mixed pollination systems may substantially limit
the predictive power of pollination syndromes in the Juan Fern�andez
Archipelago. Indeed, Bernardello et al. (2002) state that four genera
changed from a system associated with insect pollination on the main-
land to one of pollination by hummingbirds on the island (Rhaphi-
thamnus, some Eryngium, Centaurodendron, and some Dendroseris) and
other seven genera retained their mainland characteristics of pollination
by hummingbirds (e.g., Greigia, Ochagavia, Lobelia, Sophora, Cuminia,
Nothanthera, and Escallonia).
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2.8. Sephanoides sephaniodes (Lesson, 1827; Green-backed Firecrown)

This small hummingbird species (9–11 cm) is the most common in
Chile. It has a wide distribution that extends from the Atacama Region to
Tierra del Fuego (Fig. 2), being also present in the Juan Fern�andez ar-
chipelago (Jaramillo et al., 2014; Medrano et al., 2018). This species
inhabits diverse habitats, from forests and natural environments to urban
and disturbed areas, depending on flower availability (Jaramillo et al.,
2014). Most populations are migratory during the breeding season
(spring), migrating from Central Chile southward, coinciding with the
flowering season of some species in southern Chile (Medrano et al.,
2018). During the winter, hummingbird populations inhabit mostly
central-northern Chile, which is coincident with the profuse flowering of
the mistletoe Tristerix aphyllus in May–July (Medel et al., 2002). There
are also resident populations in humid ravines between 29� and 44� S
(Medrano et al., 2018).

Regarding feeding habits, S. sephaniodes is a generalist nectar-
ivorous species that feed upon native and introduced floral resources. In
Central Chile, it visits species showing red flowers, such as T. aphyllus,
Tristerix corymbosus (Loranthaceae), Lobelia polyphylla (Campanula-
ceae), and species showing white flowers, such as Sophora macrocarpa
(Papilonaceae) and the exotic tree E. globulus (Myrtaceae) (Fern�andez
et al., 2002; Cuadra-Vald�es et al., 2021). According to Walter (2008), it
is likely that Eriosyce sociabilis and Eriosyce villosa (Cactaceae) are
visited exclusively by S. sephaniodes. In the Coastal Mountain Range,
large numbers of hummingbirds have been observed visiting flowers of
Porlieria chilensis, probably attracted by the concentrated nectar pro-
duced by this species (Medrano et al., 2018). In the Maulino Forest
(Central Chile), S. sephaniodes visits Lapageria rosea, a species endemic
to temperate forests that currently experiences a decreasing pollination
by hummingbirds due to forest fragmentation, especially in the most
fragmented areas (Valdivia et al., 2006). Other species from the Mau-
lino Forest that receive pollination service by the hummingbird include
Desfontainia spinosa (Desfontainiaceae), Lobelia tupa (Campanulaceae),
and Fuchsia magellanica (Onagraceae) (Rivera-Hutinel et al., 2012).
Sephanoides sephaniodes is also a frequent visitor of Colletia ulicina
(Rhamnaceae), a plant endemic to Central Chile (Medan and Montaldo,
2005).

In the temperate forests of the Chilo�e Island, S. sephaniodes pollinates
about 20% of the native flora, visiting mainly the flowers of
F. magellanica (Onagraceae), E. coccineum (Proteaceae) and T. corymbosus
(Loranthaceae) (Smith-Ramírez, 1993; Smith-Ramírez and Armesto,
2003; Medrano et al., 2018). It is important to note that, during the
austral winter, this hummingbird mostly visits the flowers of
T. corymbosus, being this interaction key to determine the winter
permanence of their populations in Chilo�e as flowers of T. corymbosus are
almost the only source of nectar available (Smith-Ramírez, 1993; Aizen
et al., 2002).

2.9. Thaumastura cora (Lesson and Garnot, 1827; Peruvian Sheartail)

This species exhibits a conspicuous sexual dimorphism, with males
showing a very distinctive long tail. Thaumastura cora can be observed in
the Azapa and Lluta Valleys in northern Chile (Jaramillo et al., 2014).
Estades et al. (2007) described this species as dominant over E. yarrellii,
which seemingly determines the low abundance of the Chilean Woodstar
in somemonths of the year. According to Clark et al. (2013), T. cora is in a
conservation status of least concern. Regarding floral resources, few re-
cordings exist in Chile. It is known that it feeds on the nectar of Tecoma
fulva flowers (Bignoniaceae), but the short bill of T. cora probably pre-
cludes legitime pollination service, limiting the species to secondary
robbing after corolla piercing by the passerine Conirostrum cinereum
(Clark et al., 2013). While the presence of T. fulva is included within the
territories of T. cora males, it is unclear whether hummingbirds defend
their territories in relation to the flower resource provided by this plant
(Clark et al., 2013).

3. Chilean hummingbirds in a changing world

From the nine species of hummingbirds present in Chile, only
S. sephaniodes resides year-round in a wide distribution throughout Chile.
Oreotrochilus leucopleurus and P. gigas have a relatively wide but seasonal
(summer) distribution in mountain and coastal sectors, respectively. Two
species are resident in a restricted area of continental Chile (O. estella and
R. vesper), and the remaining four species are resident in a very restricted
area of the country: in the northern margin of Chile (E. yarrellii, T. cora,
and C. coruscans), and on the Juan Fern�andez Island (S. fernandensis).
Regarding their conservation status, two species (E. yarrellii and
S. fernandensis) are classified as Critically Endangered by the IUCN, while
the rest is classified as of Least Concern (see Appendix Table S1). How-
ever, the amount of information is quite limited for the seven Least
Concern species. This lack of information is by itself a threat, as the way
species respond to human-induced environmental change is unknown. In
this regard, the species with the most restricted distribution (i.e.,
S. fernandensis, E. yarrellii, T. cora, and C. coruscans) seem to be the most
sensitive to anthropogenic habitat change, deserving more study. In the
case of P. gigas, which is present during the summer season in the Med-
iterranean region of Chile, it has been described as a species sensitive to
habitat loss and transformation, probably because of its small clutch size,
which turns this species sensitive to land-use change and landscape
structure (V�asquez and Simonetti, 1999).

Sephanoides sephaniodes is by far the most studied Chilean species,
probably due to its wide distribution range and its generalist habit that
allows individuals to be found in a wide diversity of environments (from
native forests to urban areas). In particular, S. sephaniodes is responsible
for pollinating 20% of the woody flora of the temperate forests of
southern Chile (Smith-Ramírez, 1993), which is one of the highest biotic
pollination incidence rates in the world (Aizen et al., 2002). In recent
years, however, these forests have experienced rapid deforestation,
fragmentation, and degradation as a result of the expansion of exotic
forest plantations (mostly pine and eucalyptus plantations), cattle pas-
tures, and urban areas (Echeverría et al., 2006). Although S. sephaniodes
is able to persist in deforested and degraded areas, the ecological con-
sequences of the new scenarios are often subtle, and still few understood.
For example, as S. sephaniodes nest-building basis on a non-random se-
lection of moss species, any disturbance affecting moss populations will
impact on hummingbird nesting behavior (Osorio-Zu~niga et al., 2014).
Likewise, even though forest degradation and transformation simplify
habitat structure and convey the proliferation of shade-intolerant plants
such as Aristotelia chilensis, Ugni molinae, Rhaphithamnus spinosus, Lapa-
geria rosea, among others (Fontúrbel et al., 2017a), this effect is accom-
panied by a change in the spatial structure of plants, creating large
discrete aggregations of resource in space (Fontúrbel et al., 2017b).
Interestingly, these changes in the identity, abundance, and spatial
configuration of ornithophilous flowering plants in disturbed environ-
ments create foci of attraction for S. sephaniodes that result in some cases
in reduction of pollen movement, and increased inbreeding and loss of
genetic diversity (Fontúrbel et al., 2019). In this way, despite this
apparent benefit conferred by disturbed environments in terms of di-
versity and quantity of floral resources, there are hidden population costs
with unknown consequences for population persistence. Finally, exotic
species (e.g., Eucalyptus globulus) may also play an important role in
modifying the abundance and behavior of S. sephaniodes as reported in
Cuadra-Vald�es et al. (2021). Eucalyptus plantations attract hummingbirds
from adjacent native forest patches, especially during Eucalyptus flow-
ering, with unknown consequences for the reproduction of the native
plant species in the temperate forest.

Few quantitative information on the flowering plants visited by
hummingbirds is available. Most evidence is at most qualitative, which
precludes generalization on hummingbird-plant pollination network
structure. Notwithstanding, the few information available for three out of
nine hummingbird species indicates that patterns of mutual dependence
tend to show a trend for hummingbirds to present low degrees of
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dependence on plants, and plants to spread their dependency values
along the complete range of dependence (Fig. 3). This asymmetry suggest
that hummingbirds tend to be generalists rather than specialized on a few
plant species, and plants tend to be variable regarding their dependence
upon hummingbirds, ranging from extremely low to maximum depen-
dence values (Fig. 3). On the other hand, visual inspection reveals that
data tend to concentrate at low reciprocal values of mutual dependence,
as it has been observed in large datasets of pollination and seed dispersal
networks (Bascompte and Jordano, 2007). Clearly, more information is
needed to extract more conclusive patterns of mutual dependence.

When the relationship among hummingbirds (based on eight species,
as no information currently exists for Oreotrochilus estella) and their
flowering plants (83 species) is shown as a bipartite metanetwork (i.e., a
general network made of several individual networks), the hummingbird
species show a very low overlap in the plants they visit (overlap¼ 0.095;
Fig. 4A; detailed information is available in Appendix Fig. S1), which is
consistent with the low network connectance (C ¼ 0.154, the fraction of
realized links relative to the total possible). The matrix of interactions
showed a strong and significant modularity (null model, P< 0.001), with
six well-defined modules (Fig. 4B; detailed information is available in
Appendix Fig. S2). However, this result should be interpreted with
caution as hummingbird species show strong allopatric distribution in
Chile, with five species inhabiting the northern region of Chile, one
species restricted to the Juan Fern�andez archipelago that mainly feed on
plant species endemic to the island, and three inhabiting central and
southern Chile. In consequence, the low connectance and niche overlap
shown by hummingbird species, as well as the high modularity in
resource consumption, may result from their allopatric condition and
identity of the plants visited rather than from an ecological network or-
ganization (see Olesen et al., 2007).

From the nine hummingbird species present in Chile, only
S. sephaniodes have adapted well to urban areas, which probably results
from its generalist behavior. Cities offer an ecological setting that can
provide a significant diversity of ornamental ornithophilous flowers,
providing food for several species of hummingbirds (Maruyama et al.,
2019). In addition, the use of artificial feeders in urban environments
may create local changes in hummingbird behavior and abundance with
no negative effects on the pollination of plants near the feeders (Sonne
et al., 2016). Urban environments are often dominated by highly
generalist and territorial hummingbird species that establish mutualistic
interactions regardless of the origin (native or exotic) of the ornitho-
philous plant species present (Maruyama et al., 2016). Much remains to
be known about the structure of plant-hummingbird interactions in
Chile's urban environments. Although so far, only S. sephaniodes has been
reported in this role, other Chilean hummingbirds may contribute to the
maintenance of plant species depending exclusively on them for repro-
ductive success in modified environments.

Along with climate change, habitat loss and the introduction of exotic
species emerge as the major forces for the change in ecological setting of
hummingbirds and pollination. In Central Chile, habitat loss associated to
the spread of commercial crops has reduced substantially the abundance
of plant species that provide abundant nectar for hummingbirds, such as
Puya species (Puya coerulea, Puya venusta, Puya chilensis, Puya alpestris,
and Puya berteroniana; Bromeliaceae). While these species are not
currently listed as endangered, their reduction in numbers attributable to
land use change and even to the direct removal for gastronomy purposes,
may have an indirect detrimental impact on hummingbirds as the nectar
needed to support populations of S. sephaniodes and especially the giant
and energy demanding P. gigas might be severely compromised. In
addition, recent evidence shows that the occurrence of prolonged
drought events, which are becoming more frequent and intense in Chile
(Boisier et al., 2016; Garreaud et al., 2017), tend to reduce flower and
fruit production in some species due to water stress (Fontúrbel et al.,
2018). During extremely dry years, plants experience strong nectar
depletion as hummingbirds have fewer flowers on which to feed upon
(Guerra et al., 2014) and receive less pollination service in return.

Unfortunately, this pattern is not unique to Chile but has also been
documented in other latitudes (Phillips et al., 2018) and is probably more
common than previously thought. Cacti species also represent an
important source of nectar for hummingbirds. Most species of the genus
Eriosyce subgen. Neoporteria in Chile produce abundant nectar and have
flowers relatively specialized in hummingbird pollination (trochilophi-
lous syndrome sensu Schmidt-Lebuhn et al., 2007), such as
O. leucopleurus, P. gigas, R. vesper and S. sephaniodes (Guerrero et al.,
2012). The high specialization values shown by those cacti turns them
especially susceptible to reduction in hummingbird population numbers,
which probably compromise their reproduction and outcrossing. This
effect together with the increasing temperature and decreasing precipi-
tation observed in the earth’s biota (Walther et al., 2002; Parmesan,
2006), will have the effect of intensifying the disruption of
hummingbird-plant pollination interactions (Memmott et al., 2007;
Walck et al., 2011), making them susceptible to population extinction
and probably eliciting coextinction processes beyond those directly
observed in hummingbirds and their plants (Sonne et al., 2022).

4. Conclusions

This review compiled the evidence available for the nine Chilean
hummingbird species found in this country, which are an interesting
model study given their ecological specialization patterns given Chile’s
biogeographical context (i.e., a continental island, isolated from other
ecosystems by major geographical barriers such the Andes mountains
and the Atacama Desert). With the exception of S. sephaniodes and
P. gigas, Chilean hummingbirds have restricted distributions. Such allo-
patric arrangement may explain the marked modularity observed when
examining their interaction with floral resources, which suggests a high
ecological specialization. Therefore, given the high specialization of

Fig. 4. (A) Bipartite metanetwork diagram showing the interaction between
hummingbirds (upper orange boxes) and plants (lower green boxes). The width
of boxes is proportional to the species’ total interactions. Links are depicted of
similar width as qualitative presence-absence data were used in the analysis. (B)
Modular matrix version of the set of interactions showing six non-random pat-
terns. Modularity differed significantly from a null model at P < 0.001. (For
interpretation of the references to color in this figure legend, the reader is
referred to the Web version of this article.
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hummingbird-plant interactions in Chilean ecosystems, they may be very
sensitive to anthropogenic threats (particularly land-use change and
climate change) as there is little functional redundancy.

While our knowledge on some Chilean hummingbird species and
their interactions with flowering plants remains limited, this review
provides a comprehensive synthesis that may encourage further research
on this topic, particularly on those species with restricted distributions,
which ecological knowledge is currently scarce andmainly anecdotic. We
urge to conduct quantitative studies to improve our understanding on
those ecological relationships and how global change can threaten not
only hummingbirds but also many plant species that depend on them for
pollination and reproduction.
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