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Abstract

Over the past decades, empirical evidence has been accumulated indicating that olfactory information plays a
fundamental role in bird life history. Nonetheless, many aspects of avian olfaction remain poorly understood. Our
purpose was to broaden the knowledge about the importance of the sense of smell in some neglected bird groups:
psittaciformes and ramphastids, and to compare how the response varied between the species. Because of the lack
of information about the use of chemical cues for locating food in fruit-eating species, we also aimed to delve into
this question. We conducted a 3-choice (water/vinegar/papaya and banana juice) scent test in 5 Costa Rican native
species: scarlet macaw (Ara macao), red-lored amazon (Amazona autumnalis), yellow-naped amazon (Amazona
auropalliata), keel-billed toucan (Ramphastos sulfuratus), and yellow-throated toucan (Ramphastos ambiguus).
Results revealed that macaws and toucans allocated significantly more time to interacting with the fruit scent
container, indicating that these species can perceive the volatile chemicals emitted by ripe fruits and that they can
use this information to make foraging decisions. However, amazons did not dedicate more time to interact with the
fruit treatment. Our research provides the first evidence of the ability to exploit chemical volatile cues in macaws
and toucans.

Key words: avian olfaction, bird senses, frugivorous birds, psittaciformes, ramphastids, scent test

INTRODUCTION

For many decades, the sense of smell was considered
of low relevance in bird biology, and many authors
suggested that birds were microsmatic except for some
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particular species (e.g. kiwi, pigeons, vultures, and
tubenoses) (Owre & Northington 1961; Wenzel 1971;
Roper 1999). As a consequence, avian olfaction remains
poorly understood nowadays. Not only birds possess the
anatomical parts and neurological structures responsible
for olfaction (Roper 1999; Clark et al. 2015) but we
also know now that the sense of smell is critical for
the sensory dimension in bird species (Nevitt 2000, 2008;
Caro et al. 2015; Moreno-Rueda 2017; Potier 2020).
For instance, olfactory signals are fundamental for hom-
ing behavior in pigeons, catbirds, swifts, starlings, and
Procellariiformes among others, and they are possibly in-
volved in seasonal migrations (Bingman & Mackie 1992;
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Wallraff et al. 1995; Roper 1999; Wallraff 2004; Holland
et al. 2009; Gagliardo 2013; Gagliardo et al. 2013;
Wikelski et al. 2015; Bonadonna & Gagliardo 2021).
Starlings and blue tits use volatile cues to select certain
plants to build their nests and those chemical cues seem
to be associated with biocidal properties (Clark & Mason
1987; Petit et al. 2002). Blue tits use selected plants
and olfaction to maintain an aromatic environment for
nestlings (Petit et al. 2002). White storks search for
mown fields where preys are easier to spot using green
leaf volatile cues to find this freshly cut patches (Wikelski
et al. 2021) and magpies use chemical cues to pinpoint
buried nuts (Molina-Morales et al. 2020). Blue tits and
great tits not only take advantage of the pheromones
emitted by insect prey to detect them (Saavedra & Amo
2018), but they can also detect infested trees through
the volatiles emitted by plants in response to herbivory
(Amo et al. 2013a; Mäntylä et al. 2020). Volatile com-
pounds have proven to be also vital for the detection
and avoidance of predators in different bird species
(Blue tits: Amo et al. 2008; House finches: Roth et al.
2008; Great tits: Amo et al. 2011; Rollers Parejo et al.
2012). Moreover, recent studies have reported that preen
oil scent constituents provide critical information for
individual recognition and mate choice (Hagelin et al.
2003; Bonadonna & Nevitt 2004; Bonadonna et al.
2007; Balthazart & Taziaux 2009; Whittaker et al. 2010,
2011; Amo et al. 2012; Caro et al. 2015; Potier et al.
2018) even reflecting heterozygosity in male lance-tailed
manakins (Whittaker et al. 2019) and predicting repro-
ductive success in the dark-eyed junco (Whittaker et al.
2013).

In the past, psittaciformes have been assumed to ex-
hibit one of the poorest olfactory abilities among birds
due to the relatively small size of their olfactory bulbs.
However, bulb size does not seem to be a good indicator
of olfactory capabilities (Roper 1999; Hagelin 2007; Caro
et al. 2015) as other groups with relatively small olfac-
tory bulbs (e.g. Passeriformes) have been shown to have a
well-developed sense of smell (Bang & Cobb 1968; Caro
et al. 2015). Probably because of this assumption, there is
scarce evidence of the use of the sense of smell in Psittaci-
formes. Roper (2003) reported the ability to discrimi-
nate odor cues in 2 yellow-backed chattering lorries and
Zhang et al. (2010) described some chemical constituents
found in preen gland secretions which may be involved
in mate attraction for budgerigars, albeit some concerns
have been raised about the methodological and analyti-
cal standards of this study (Mardon et al. 2011). Contrary

to other Psittaciformes, the olfactory bulb size appears
to be particularly larger in the kakapo compared to most
non-passerines (Hagelin 2004), and foraging decisions
appear to be driven by the sense of smell in this species
(Hagelin 2004). It has been described that in general noc-
turnal and crepuscular birds have larger olfactory bulbs
(Healy & Guilford 1990), which may indicate that they
rely more on olfactory cues, and this could explain why
the kakapo seems to have a particularly well-developed
sense of smell (Hagelin 2004), but what happens with
other diurnal Psittaciformes such as macaws and ama-
zons? No information is available about these subgroups
even though macaws exhibit a characteristic strong sweet
smell (Hernández M.C., personal observation), which
could be involved in intraspecific communication, simi-
larly as is supposed to happen in kakapos (Hagelin 2004;
Hagelin & Jones 2007). In the case of ramphastids, the
lack of research is even greater than in psittaciformes:
No information at all is available about the toucan sense
of smell apart from some nonscientific websites which
claim that toucans cannot smell (https://www.birdnote.
org/listen/shows/toucan-tropical-icon). Toucan anatomy
could have misled the scientific community to overlook
the importance of the olfaction in this group. The fact
that the nostrils are not patent because they are hidden be-
hind a particularly big and broad beak (Hernández M.C.
& Villada A.M., personal observation) could have biased
the assumptions of ornithologist in the past or deter them
to unravel the relevance of olfaction in this group.

For all of this, the purpose of this study was to ana-
lyze the ability to detect food and to make foraging de-
cisions based on the sense of smell in several species
of central American psittaciformes and ramphastids:
scarlet macaws (Ara macao), red-lored amazons (Ama-
zona autumnalis), yellow-naped amazons (Amazona au-
ropalliata), keel-billed toucans (Ramphastos sulfuratus),
and yellow-throated toucans (Ramphastos ambiguus). All
these species consume fruits on a regular basis (Remsen
et al. 1993; Vaughan et al. 2006; Benavidez et al. 2018),
so we expected that they should be able to detect the
volatile compounds found in ripe fruits such as papaya
and banana (Rodríguez et al. 2013; Pino 2014; Bugaud
& Alter 2016). We also wanted to corroborate if diur-
nal psittaciformes could effectively exploit olfactory cues
even though they are supposed to have smaller olfactory
bulbs than their nocturnal and crepuscular counterparts.
Finally, we also wanted to compare how the response of
the birds changed depending on the species and the scent
treatment.

2 © 2022 The Authors. Integrative Zoology published by International Society of Zoological Sciences,
Institute of Zoology/Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.
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MATERIALS AND METHODS

Study species and facilities

We performed the experiments in different aviaries
where in total they held 246 individuals of 5 different
species: 52 scarlet macaw (A. macao), 73 red-lored ama-
zon (A. autumnalis), 101 yellow-naped amazon (A. au-
ropalliata), 10 keel-billed toucan (R. sulfuratus), and 10
yellow-throated toucans (R. ambiguus) (Table S1, Sup-
porting Information). The subjects belonged to 5 wildlife
rescue and rehabilitation institutions of Costa Rica: The
Toucan Rescue Ranch, Centro de Rescate Las Pumas,
Rescate Wildlife Rescue Center, Parque Zoológico y
Jardín Botánico Nacional Simón Bolívar, and Rescue
Center Costa Rica. Most of the animals tested were per-
manent residents, individuals with critical injuries, or that
were kept as pets so they could not survive in the wild.
Individuals undergoing rehabilitation for release were not
tested to minimize stress and human interaction to not im-
pair the rehabilitation process.

All facilities were equipped with varied natural na-
tive vegetation, a wide variety of perches, and different
forms of environmental enrichment such as toys to play
and chew. These captive animals were provided a diverse
diet adjusted to their nutritional needs, mainly consist-
ing of fruits (papaya, banana, watermelon, pineapple, and
cantaloupe), vegetables (zucchini, broccoli, and carrot),
beans, corn, sunflower seeds, and also boiled egg white,
pellets and worms for the toucans. Water trays were al-
ways available for them. Tested macaws and amazons
were kept in mixed community aviaries ranging from
5 to 20 individuals. Toucans were held individually be-
cause they are very territorial except for one enclosure
with 2 keel-billed toucans and another with 3 keel-billed
toucans.

Experimental design and behavioral data

collection

For the smell test, we used3 closed round plastic con-
tainers (12 cm diameter x 7 cm height). We drilled 20
holes (2.5 mm diameter) in the lid and 12 (2.5 mm diam-
eter) on the sides to allow the volatile compounds to come
out. Inside these containers, we put 8 cotton balls soaked
in: (a) 60 mL of distilled water, (b) 60 mL of apple vine-
gar (5%), and (c) 60 mL of papaya and banana juice. To
prepare the fruit juice, we mixed 100 g of ripe papaya,
50 g of ripe banana, and 100 mL of distilled water. The

juice was always prepared right before the start of the ex-
periments. We decided to select papaya and banana for
the experiments because they are the most common fruits
used to feed these birds in captivity (Hernandez M.C. &
Villada A.M., personal observation).

The 3 containers were properly closed and put inside
the enclosures attached to the walls, branches, or tables
with metal wire, always separated by 50 cm and in a ran-
dom order of presentation (Fig. 1). Immediately after, the
researcher left the enclosure and started to video record
the behaviors exhibited by the subjects for 10 min. Since
the video footage covered each entire enclosure, we could
track all individuals from the start to the end of the experi-
ment. However, most of the animals were held in commu-
nity aviaries, so we could not discriminate individuals be-
tween tests; thus, each enclosure was tested only one time
to avoid pseudoreplication. Experiments were always car-
ried out between 6 and 8 am, before the animals were fed
in order to set comparable conditions.

After field sampling, video records were analyzed in
order to determine how much time each individual dedi-
cated to interacting with each container. We considered as
interaction, direct contact of the bird with the beak or feet
with the plastic containers at least during 1 s.

Statistical analysis

For the statistical analysis, we grouped the species
taxonomically: A. macao/Amazona spp./Ramphastos spp.
We used 3 (one for each taxonomic group) generalized
linear models with Gamma distribution and Log as the
link function to analyze the interactions of the birds with
the scent treatments. The response variable was the to-
tal time (s) dedicated by each individual to interact with
each plastic container. The data were square root trans-
formed for a better fit of the model and to stabilize the
variance. The scent treatment (water/vinegar/papaya and
banana juice) was the explanatory variable considered for
the model. Individual variables such as sex and age were
not considered in the statistical model because this in-
formation was unknown. We did not include the individ-
ual as a random factor in the statistical models because
we conducted a preliminary ANOVA test which showed
that the effect was not statistically significant (F = 0.872;
df = 43; P = 0.686).

Results were considered significant at α < 0.05.
Data are represented as mean (s) ± standard error.
The software used to perform the statistical analysis

© 2022 The Authors. Integrative Zoology published by International Society of Zoological Sciences,
Institute of Zoology/Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.

3

 17494877, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1749-4877.12694 by U

niversidad A
utonom

a D
e M

adrid, W
iley O

nline L
ibrary on [28/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



M. C. Hernández et al.

Figure 1 Representation of the 3-choice (water/vinegar/papaya and banana juice) smelling test performed by a keel-billed toucan
(“Honey”) at Toucan Rescue Ranch (Author: Pilar Hernández González).

was SPSS 23.0 for Windows (SPSS Inc., Chicago, IL,
USA).

RESULTS

Of the 246 individuals, only 44 participated in the
experiments: 6 scarlet macaws (A. macao), 13 red-
lored amazons (A. autumnalis), 15 yellow-naped amazons
(A. auropalliata), 6 keel-billed toucans (R. sulfuratus),
and 4 yellow-throated toucans (R. ambiguus). Mean time
dedicated to interacting with the plastic containers was
modulated by the smell treatment in A. macao and Ram-
phastos spp. (Table 1). These groups dedicated more time
to the banana and papaya treatment than to the control
and vinegar treatments (Fig. 2) (Scarlet macaws: control
0.67 ± 0.42, vinegar treatment 17.33 ± 10.11 s, papaya
and banana treatment 66.00 ± 42.00 s) (Ramphastos spp.:
control 6.78 ± 4.86 s, vinegar treatment 11.80 ± 6.58 s,
papaya and banana treatment 73.45 ± 31.35 s. R. sulfu-
ratus: control 2.40 ± 1.47 s, vinegar treatment 3.17 ±
2.46 s, papaya and banana treatment 91.71 ± 47.84 s.
R. ambiguus: control 12.25 ± 10.96 s, vinegar treatment
24.75 ± 14.72 s, papaya and banana treatment 41.50 ±
21.55 s).

Table 1 Results of the generalized linear models (GLMs)
analyzing the variation in the mean total time (s) dedicated to
interacting with the scent containers depending on the type of
the treatment (water/vinegar/papaya and banana juice) in the 3
taxonomic groups (A. macao/Amazona spp./Ramphastos spp.)

Effect F df P

Ara macao

Intercept 67.340 1 0.000

Scent treatment 17.793 2 0.000∗

Amazona spp.

Intercept 432.305 1 0.000

Scent treatment 2.624 2 0.269

Ramphastos spp.

Intercept 151.222 1 0.000

Scent treatment 10.500 2 0.005∗

The omnibus test for the amazon’s model was not
statistically significant (P = 0.291), and they did
not exhibit any preferences for the scent treatment
(Table 1) (Amazona spp.: control 24.73 ± 8.44 s, vinegar

4 © 2022 The Authors. Integrative Zoology published by International Society of Zoological Sciences,
Institute of Zoology/Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.
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Figure 2 Mean total time (s) spent with each plastic container depending on the scent treatment (water/vinegar/papaya and banana
juice) for each taxonomic group (scarlet macaw Ara macao/Amazona spp. [red-lored amazon Amazona autumnalis/yellow-naped
amazon Amazona auropalliata)/Ramphastos spp. (keel-billed toucan Ramphastos sulfuratus/yellow-throated toucan Ramphastos
ambiguus]).

treatment 15.59 ± 4.80 s, papaya and banana treatment
34.30 ± 7.65 s. A. auropalliata: control 24.73 ± 8.44 s,
vinegar treatment 14.47 ± 7.55 s, papaya and banana
treatment 33.33 ± 21.00 s. A. autumnalis: control
43.87 ± 12.58 s, vinegar treatment 17.00 ± 5.65 s,
papaya and banana 41.08 ± 19.20 s).

DISCUSSION

In this study, we found that red macaws, keel-billed
toucans, and yellow-throated toucans dedicated more time
to interact with the fruit scent treatment in comparison
with the water and vinegar ones. These findings indicate
that these 3 species can use olfactory cues to make for-
aging decisions, and that at least some diurnal psittaci-
formes such as red macaws can rely on volatile cues to
locate food, even though they are not supposed to have
large olfactory bulbs such as the kakapo. In this regard,
our study supports the claim that bulb size is not an accu-
rate indicator of olfactory capacities in birds (Caro et al.
2015). Furthermore, our results provide the first evidence
that macaws (Arinae) and toucans (Ramphastidae) can
exploit any kind of olfactory cues, contributing to the
demystification of the traditional beliefs, which claimed

that the use of olfaction in birds was anecdotal (Kats &
Dill 1998; Roper 1999).

In the past few decades, undeniable evidence has been
consistently published indicating that olfactory signals
are essential for avian daily basis (Hagelin 2004; Amo
et al. 2011; Moreno-Rueda 2017; Potier 2020). There is
plenty of evidence of the importance of the sense of smell
to locate food in other taxa (e.g. Mammals: Luft et al.
2003; Vander Wall 2003; Plotnik et al. 2014; insects:
Buehlmann et al. 2014; Riffell et al. 2014; Kishida 2021;
fish: Hansen & Reutter 2004; Lisney 2010; reptiles:
Graham 2018; Pfaller et al. 2020; Kishida 2021), and an
increasing number of studies have focused on the ability
of birds to locate food through volatile cues, but those
studies mostly target specific groups such as Procellari-
iformes, kiwis, and carrion birds (Owre & Northington
1961; Wenzel 1971; Smith & Paselk 1986; Lequette et al.
1989; Nevitt 2008; Cunningham et al. 2009; Potier et al.
2019). Recently, olfaction studies in birds have broadened
the scope of the target species when it comes to finding
food (e.g. kakapo: Hagelin 2004; chickens: Bertin et al.
2010; penguins: Cunningham et al. 2008, 2017; Wright
et al. 2011; Amo et al. 2013b; blue tits and great tits:
Mennerat et al. 2005; Amo et al. 2013a; Saavedra & Amo

© 2022 The Authors. Integrative Zoology published by International Society of Zoological Sciences,
Institute of Zoology/Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd.
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2018; Graham et al. 2021; magpies: Molina-Morales
et al. 2020; white storks: Wikelski et al. 2021). Despite
the increasing efforts of the scientific community to con-
tribute to the better understanding of the importance of
the sense of smell in birds, there is a lack of information
regarding the role of olfaction in fruit-eating birds. It is
well-established that frugivorous mammal species use the
volatile compounds found in fruits to locate them (Laska
1990; Corlett 2011; Nevo & Heymann 2015; Sridhara
et al. 2016; Nevo et al. 2018; Cunningham et al. 2021), as
plants use these chemicals to attract seed dispersal organ-
isms (Lomáscolo et al. 2010; Rodríguez et al. 2013). Be-
ing birds also effective seed dispersers (Holbrook 2011;
Tella et al. 2015; Baños-Villalba et al. 2017), it may be
possible that the evolution of the attractiveness of odor-
iferous components of fruits are not only targeting mam-
mals. Although other studies targeting fruit-eating species
such as starlings did not find any evidence that they can
discriminate fruit odorous cues (Zungu et al. 2014),
our results show that at least macaws and toucans can
exploit the volatile constituents of fruits to make foraging
decisions.

Despite previous studies with Psittaciformes pointing
out that they successfully use olfactory signals (Roper
2003; Hagelin 2004; Zhang et al. 2010), we did not find
statistically significant evidence to support the use of the
sense of smell to locate food in the case of red-lored and
yellow-naped amazons. A possible explanation for this
negative result could be that we did not test the animals
individually because we did not want to manipulate them,
as this could affect their proclivity to participate besides
the ethics implications of being stress-sensitive species.
Since amazons are usually held in communal aviaries, this
could have affected the way they have interacted with the
plastic containers, not allowing them to properly choose
between the treatments because there were more individ-
uals participating and they must compete for the access to
the containers. Future studies would benefit from includ-
ing the hierarchy of the individuals, although rank order
may not play a major role in neophobic reactions in par-
rots, as dominant birds seem to be risk averse (Mettke-
Hofmann et al. 2002). It is also worth mentioning that
participation in our study was particularly low, as neopho-
bia can be of importance in parrots (Fox & Millam 2007).
This explains our limited sample size, despite the high
number of individuals presented with the scent test. Due
to novelty aversion, probably only the boldest individu-
als were interacting with the containers. Further studies
could improve the participation in the experiments by ex-
posing the individuals to empty containers in a pre-trial
phase, as a form of desensitization to the novel objects

(Greenberg 2003; Fox & Millam 2007); this would be
critical to include a wider range of individuals and to
not overrepresent bolder ones. On the other hand, we
observed that amazons exhibited a non-statistically sig-
nificant tendency to spend less time with the vinegar
than with the water container, contrary to the response of
macaws and toucans. This could mean that vinegar scent
could have acted as an aversive stimulus for amazons
and that they can detect and avoid certain strong smells
(Nelms & Avery 1997; Day 2003; Clapperton et al. 2012),
albeit they do not seem to use volatile compounds of fruits
to make foraging choices. More research would be neces-
sary to clarify this result and to find out if it could be
related to the avoidance of fermented fruits. Nonetheless,
our results could simply indicate that olfaction may not
be of relevance for foraging behavior in amazons. Even
though amazons and scarlet macaws are sympatric frugiv-
orous and granivorous species, their trophic niche seems
to not really overlap (Riba-Hernández 2007). While ol-
faction appears to be of importance for food detection
in scarlet macaws, perhaps amazons rely more on sight.
Prospect studies would be critical to further investigate
this question.

In summary, this is the first report of the olfactory
ability of macaws and toucans, and one of the only few
in fruit-eating birds. Our findings point out that the im-
portance of chemical signals may have been neglected
in these species as it has been overlooked in many bird
groups until recently. We have showed that for macaws
and toucans, volatile constituents of fruits can be of im-
portance when making foraging choices and that they can
use scent cues to locate fruit. Finally, we could not probe
that amazons can also rely on volatile compounds to lo-
cate food, but our results suggest that perhaps they can de-
tect aversive odors. We encourage future studies to keep
contributing to this line of research. It would be an impor-
tant contribution to design experiments that compare the
importance of sight versus scent cues, not only to locate
food but also to assess ripeness.
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