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Abstract—Double mutualism describes the situation where two species interact for the benefit of both
in more than one type of interaction. For instance, if a given plant species is both pollinated and has its
seeds dispersed by the same animal species. Double mutualism is thought to be more present in ecosystems
where organisms are generalized, such as on oceanic islands. In the Caribbean islands, double mutualism
has only been reported four times, of which only one involves a bird, between the widespread Bananaquit
(Coereba flaveola) and the plant Cordia bicolor (Boraginaceae) on the continental island of Tobago. Here,
for the first time, we report an observation of double mutualistic behaviour of a bird on Caribbean oceanic
islands: The Black-crowned Tanager (Phaenicophilus palmarum), a bird endemic to Hispaniola, and the
widespread plant Beach Creeper (Ernodea littoralis, Rubiaceae). Whereas hummingbirds and insects
were more frequent visitors to the flowers of E. littoralis compared to P. palmarum, only P. palmarum was
observed as a seed-disperser of E. littoralis. Based on our observations, we conclude that P. palmarum and
E. littoralis show double mutualistic behaviour, though more detailed studies are needed to quantify the
importance of this mutualistic behaviour, both from the bird’s point of view and from the plant’s point of
view regarding the effectiveness of P. palmarum as pollinator and seed-disperser, respectively. We believe
that double mutualism has been overlooked in the Caribbean, and, thus, we hope our observations will
stimulate research into the importance of double mutualism across the Caribbean.
In order for plant populations to regenerate, most 2021) and, therefore, double mutualism is more complant species depend on their flowers being animal-pol- mon on islands (Olesen et al. 2018; Fuster et al. 2019).
linated and their fruits being dispersed by animals (Jor- According to Fuster et al. (2019), who made a review of
dano 2009; Rech et al. 2016). These two distinct mu- all known double mutualistic interactions, the number
tualistic processes are often served by different animal of double mutualistic relationships between birds and
species, but for some plant species, the same animal plants were four times higher on islands compared to
is both a pollinator and a seed-disperser. Such cases the mainland. This may be because birds on oceanic
where the same animal first pollinate the flowers and islands are forced to explore other food sources beyond
later disperse the resulting seeds is coined ‘double mu- just insects, as insects are in scarcity on oceanic islands
tualism’ (Hansen and Müller 2009; Olesen et al. 2018; (Olesen et al. 2002; Olesen and Jordano 2002; Olesen
Fuster et al. 2019).
and Valido 2003; Traveset et al. 2015). However, douDouble mutualism is thought to be more common in ble mutualistic interactions between birds and plants
the tropics than in other climatic zones, mainly because may often be overlooked, as most research has focused
there is a higher number of mutualistic relationships on either pollination or seed-dispersal, but rarely exam(Fuster et al. 2019). Double mutualism is also thought ining both mutualistic processes.
to be more common in ecosystems where organisms
In the Caribbean, the review by Fuster et al. (2019)
tend to be more generalized, as normally the most gen- only reported four animal species interacting in double
eralized species function as double mutualists (Fuster et mutualistic relationships and only one was a bird, the
al. 2019). For instance, it is known that oceanic islands widespread Bananaquit (Coereba flaveola (Linnaeus,
far from the mainland have fewer but more generalized 1758)) both pollinating the flowers and dispersing the
species (MacArthur and Wilson 1967; Dalsgaard et al. seeds of the plant Cordia bicolor A.DC. (Boraginaceae)
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on the continental island of Tobago. Biogeographically,
however, the flora and fauna on Tobago is more related to mainland South America than the oceanic islands
of the Caribbean north of Bond’s line (Carstensen et
al. 2012). Therefore, contrary to the general pattern of
birds on tropical oceanic islands showing double mutualistic behavior, to our knowledge there is no observation of a bird-plant double mutualistic relationship on
oceanic Caribbean islands.
Study Subjects and Methods
On the Caribbean island of Hispaniola, we observed the Black-crowned Tanager (Phaenicophilus palmarum (Linnaeus, 1766)) both pollinating and
acting as a seed-disperser of the Beach Creeper (Ernodea littoralis Sw.) plant in the Rubiaceae family.
Phaenicophilus palmarum is endemic to the island of
Hispaniola, where it is widespread throughout the main
island of Hispaniola as well as its satellite islands. It is
only absent from Gonâve Island and the southern peninsula of Haiti, where the closely related Grey-crowned
Tanager (Phaenicophilus poliocephalus (Bonaparte,
1851)) occurs instead (McDonald and Smith 1994).
Despite the common name, the Black-crowned Tanager, P. palmarum, is no longer placed in the Thraupidae family (tanager family), but has been moved to the
Phaenicophilidae family together with three other birds
endemic to Hispaniola (Barker et al. 2013). Although
P. palmarum is often characterized as an insectivore
(Latta and Wunderle 1996; Wunderle and Latta 1998),
it has also been reported to forage on fruits, seeds, and
occasionally drink nectar (Johnson 2011; Birds Caribbean 2020).
The plant Ernodea littoralis is a woody shrub in the
Rubiaceae family. It grows primarily on sandy, sun-exposed sites, often close to the coast. It is widespread
and native in all of the Caribbean and in Florida (Negron-Ortiz and Hickey 1996b). The white flowers are
frequently visited by both hummingbirds and insects
(Negron-Ortiz and Hickey 1996a; Dalsgaard et al.
2021; Fig. 1A). Although it flowers year around, the
flowering peaks in December to February (Negron-Ortiz and Hickey 1996b), resulting in an extended fruit
bearing period (Fig. 1B). The flowers of E. littoralis are
actinomorphic (i.e. has radial symmetry), a trait often
seen among plants involved in double mutualism (Fenster et al. 2004; Fuster et al. 2019).
Our observations were conducted in Cotubanamá
National Park, Dominican Republic (GPS:

18°19’19.3”N; 68°48’22.2”W), as part of a community
study focusing on hummingbird-pollinated flowers.
The duration of the study was approximately three
months, from the 7th of March to the 5th of June 2020.
The study area was a 200 m long, and 5 m wide transect
within which the flowering of all plants was quantified
and observed for animal visitation. The flowers of E.
littoralis were popular among hummingbirds, and
less so among various species of insects. Additionally,
we occasionally observed P. palmarum visiting the
flowers to drink nectar. The first certain observation of
P. palmarum visiting E. littoralis flowers was made on
the 28th of March, where P. palmarum was observed to
both visit the flowers for nectar and eat the fruits (Fig.
1C–D). Even though E. littoralis was abundant inside
the transect, P. palmarum was primarily observed
interacting with E. littoralis outside the study area
for our abovementioned community study, perhaps
because the density of E. littoralis was higher outside
our study area.
After the first opportunistic observations, we decided to conduct more focused observations on pollination and seed-dispersal of E. littoralis, to examine
whether it was an isolated instance of double mutualistic behaviour of P. palmarum. Because P. palmarum
preferred bushes adjacent to the transect, we decided
to conduct the observations for this study outside the
transect, focusing on the areas we knew P. palmarum
preferred. During these observations, we focused only
on P. palmarum rather than recording if hummingbirds
or insects were pollinating the flowers (as these were
recorded during our community study, see above). In
total, we made 16 hours of observations, simultaneously recording both pollination and seed dispersal of P.
palmarum of E. littoralis.
Results
During these 16 hours of observations, we estimated that Phaenicophilus palmarum visited 21 flowers
and ate 78 berries of Ernodea littoralis. When drinking nectar, P. palmarum chose the flowers that it could
reach without too much hazard and often it visited two
to five flowers within one feeding bout. As mentioned
above, E. littoralis flowering peaks in the period December to February. As we began our fieldwork on the
7th of March, flowering and, thus nectar-feeding, may
have been more intense earlier in the flowering season. A few times we checked the flowers after a visit
from P. palmarum and noted that some of these flow-
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Fig. 1. Interactions between the bird Phaenicophilus palmarum and the plant Ernodea littoralis in Cotubanamá
National Park, Dominican Republic. A. Flower from E. littoralis after a visit from P. palmarum. Note that the
floral tube is torn, probably because the bill of P. palmarum is thicker than the floral tube; B. Fruits of E. littoralis;
C. P. palmarum drinking nectar from the flowers of E. littoralis; D. P. palmarum eating fruits of E. littoralis.
Photos by F. Møller-Stranges.
ers were damaged (Fig. 1A), maybe as a result of the
bill of P. palmarum being too wide for the flower. We
have no data on how this damage is affecting the pollination of the flower, but as not all flowers were damaged, we judge that P. palmarum may still act as an
effective pollinator. Besides the hummingbirds and P.
palmarum we also observed other passerine birds, the
bananaquit (Coereba flaveola), and various species of
warblers feeding on the nectar of E. littoralis. To compare the flower visitation rate of P. palmarum with the
other pollinators, we calculated the visitation frequency of each pollinator group by dividing the number of
feeding bouts of a given pollinator group (ignoring how
many flowers it visited during each visit) by the num-

ber of flowers observed within a given time period (see
Bárrios et al. in press). By calculating visitation rate
as number of feeding bouts per floral unit, we are able
to compare the insects against the birds, even though
the observations were conducted in two different ways:
insects were caught as soon as they had been scored
as pollinators, whereas birds were allowed to continue feeding. We found that the most frequent pollinator group was the hummingbirds (Kruskal-Wallis test
with a Dunn-Bonferroni post hoc test; P < 0.001; Fig.
2), whereas there was no difference between the insect
group, P. palmarum, and other passerine birds (Kruskal-Wallis test with a Dunn-Bonferroni post hoc test;
P > 0.05; Fig. 2). Thus, we judge hummingbirds to be
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Fig. 2. Mean (± SE) visitation rate of different pollinator groups, i.e. hummingbirds, insects, Phaenicophilus
palmarum, and other passerine birds. The visitation frequency index is calculated by dividing the number of
nectar-feeding bouts with the number of flowers observed, ignoring the number of probes during each visit (see
text for details). Comparing the visitation frequencies by a Dunn-Bonferroni post hoc after a Kruskal-Wallis test,
we show that hummingbirds are the most important pollinator group (P < 0.001), whereas there is no difference
between the other pollinator groups (P > 0.05).
the most important pollinators of E. littoralis, with P.
palmarum, insects, and other passerine birds playing a
lesser role as pollinators of E. littoralis.
It was clear that the fruits of Ernodea littoralis
were the main interest for Phaenicophilus palmarum.
When P. palmarum was feeding in bushes of E. littoralis, it was slowly jumping around searching for the
ripest fruits, which it either ate whole or sometimes ate
only the fleshy part of the fruit. During three months
of fieldwork, although the visitation rate for fruits was
low (0.006 visits/fruit/hour, SE ± 0.003) due to the high
number of observed fruit-set, we did not observe P.
palmarum feeding on other food sources than the fruits
and nectar of E. littoralis, indicating that the fruits were
a major part of its diet during March to the beginning
of June.

Discussion
Taken together, the observations reported here
indicate a double mutualistic relationship between
Phaenicophilus palmarum and Ernodea littoralis, with
P. palmarum both pollinating and dispersing the seeds
of E. littoralis. Although its role as a pollinator may be
minor, the mutualistic benefits are much clearer with
regards to seed dispersal, where P. palmarum appears
to be the most important species as we observed no other seed-dispersers. This dependence seems to go both
ways, as the fruits appear to be an important part of
the diet of P. palmarum, at least during March to the
beginning of June when we conducted our fieldwork.
In the literature, P. palmarum is often described as an
insectivore, but with our observations, combined with
casual observations by various ornithologists (Johnson
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2011; Birds Caribbean 2020), it would be more precise
to categorize it as an omnivore or a highly adaptive
opportunist that is capable of using numerous types of
available food resources. As such, it may not differ from
many other Caribbean birds, which are often thought
to be generalists to cope with the frequent natural disturbances happening in the Caribbean (Caviedes 1991;
Wiley and Wunderle 1993; Rathcke 2000; Dalsgaard et
al. 2007). Therefore, as observed in other archipelagos
in the tropics (Fuster et al. 2019), we hypothesize that
numerous other species in the Caribbean may engage
in double mutualistic associations and, thus, we hope
our findings stimulate research into the importance of
double mutualism across the Caribbean.
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