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Abstract

Background: Chile is the second largest avocado producer in the world. However, there have been few studies on
interactions between native bees and avocado pollination in a Chilean environment. The flowering period of
avocado is very sensitive to temperature fluctuations and so environmental conditions, particularly cool
temperatures, can have a strong influence on its floral behaviour. Thus, we aimed to determine whether
temperature also influences bee visitation rates to avocado flowers or if this was due to the number of available
flowers. Moreover, we proposed to verify the attractiveness of avocado flowers to native bees and compare flower
handling time and type of floral resource collected between managed and native bees.

Methods: An avocado orchard of “Hass” cultivar located in the Mediterranean region of Chile was studied during
the flowering season of 2016. The frequency of exotic and native bee species in flowers, floral phenology, and
environmental temperature were analysed, and the foraging behaviours of exotic and native bee species in
avocado flowers compared.

Results: Five Chilean native and two exotic species were recorded visiting avocado flowers at the studied orchard.
The bees generally sought nectar rather than pollen. The European honeybee (Apis mellifera) was the most frequent
flower visitor, followed by the native species Colletes cyanescens and Cadeguala occidentalis. There was a strong
positive correlation between temperature and number of visits, but no significant correlation between number of
open flowers and number of visits.

Conclusions: Native Chilean bees visited avocado flowers and some of them were frequent floral visitors. They
generally sought for nectar rather than pollen and were as fast as honeybees handling avocado flowers. The
environmental temperature plays a key role in the frequency of bees in avocado flowers. The warmer weather is
related to the higher number of bees visits to avocado flowers.
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Background
Avocado (Persea americana Mill., Lauraceae) is a native
tree species of Central America and Mexico, and is culti-
vated in countries including Chile, Israel, Mexico and
South Africa, as well as in many other parts of the world
[1–4]. However, low avocado yields as consequence of

the poor fruit-set remain a challenge for avocado
growers in many regions [5]. Pollination is considered a
determining component for the success of fruit forma-
tion in avocado orchards [6–8]. The lack of cross-
pollination can seriously limit fruit formation and reduce
crop yields [5, 9–11].
Although avocado flowers are hermaphroditic, female

and male parts are functional at different times resulting
in temporal separation of the sexes [12]. Thus, avocado
flowers typically open twice in a day: first as female and
then as male, or vice versa [13]. Successful pollination of
avocado occurs only when flowers in the female stage
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receive pollen from flowers in the male stage [14]. This
flower-opening pattern is recognized as a mechanism
that stresses the need for pollen vectors to facilitate
cross-pollination between plants [9, 15, 16].
Although the massive blooming of avocado involving

dozens of thousands of clustered small flowers can offer
a large amount of reward to attract local visitors [17],
less than 1% of the flowers produce fruit at harvest [18–
22]. Pollinator activity in an orchard is usually not suffi-
cient to fertilize all flowers and so yields are lower than
the potential [17].
Likely pollinators of native avocado populations are

species of stingless bees (Meliponinae) and wasps [3, 23].
European honeybee hives are commercially introduced
to most avocado orchards during bloom to provide pol-
lination service, which can significantly improve fruit set
[8]. However, avocado did not coevolve with honeybees
and has floral traits that make it less attractive to them
than to its native pollinators [3, 23]. Furthermore, hon-
eybees reduce their visits to avocado flowers when there
are other flowering plants nearby [3, 15, 24, 25]. This is
particularly evident in regions with a Mediterranean cli-
mate because the flowering season of avocado and the
peak blooming season of local plants overlap, thereby
putting them in competition for pollinators. The relative
attractiveness of the avocado bloom to the honeybee
could be low relative to local flowers [26, 27]. When
hives of honeybees are placed in avocado orchards for
pollination purposes, foragers tend to abandon the or-
chards to visit a nearby flowering species [17].
Chile is the second largest avocado producer in the

world and its growth is related to regions with Mediter-
ranean climate [28]. Avocado cultivation started increas-
ing dramatically in the late 1990s due to increasing
demand from global markets and the development of
new water and irrigation technology [29]. However,
there are few studies evaluating the interactions of avo-
cado with floral visitors in Chilean environments (e.g.
[30, 31]). Besides, the role of local native bees in the pol-
lination of avocado flowers is not yet clear. Stingless bees
(Meliponini), which are the main native pollinators of
avocado in its region of origin (Mexico and Central
America [3, 23, 32];), do not occur in Chile, and only the
European honeybee (Apis mellifera) is considered for
pollination of avocado by farmers.
The flowering period of avocado is very sensitive to

temperature fluctuations and so environmental condi-
tions, particularly cool temperatures, can have a strong
influence on its floral behaviour [33–35]. Thus, we
aimed to determine whether temperature also influences
bee visitation rates to avocado flowers or if this was due
to the number of available flowers. Moreover, we com-
pared visitation rates and flower-handling times between
honeybees and native bees of the Mediterranean region

of Chile. Thus, we asked: (1) What is the main resource
(nectar or pollen) collected by the visiting bee species of
avocado flowers? (2) Are there differences in flower
handling for the different resources? (3) Are native bee
species efficient in handling avocado flowers compared
to exotic species?

Methods
Study area and studied species
The study took place in an avocado orchard of “Hass”
cultivar located in Hijuelas (32°48′12.8″S 71°08′29.1″
W), Valparaíso Region, Chile, between 16 and 29 Sep-
tember of 2016. The Hijuelas orchard encompasses 227
ha with 68 trees/ha and 10 honeybee hives/ha. The or-
chard contains two cultivars: “Hass” (A-type avocado)
and “Edranol” (B-type avocado). Hijuelas is in the Medi-
terranean bioclimatic zone, which is characterized by a
rainy winter, between May and August, and a long dry
period, between September and April [36]. The mean
annual temperature was 14.9 °C, and the mean annual
precipitation was 353 mm in 2016 [37]. The surround-
ings of the avocado orchard are composed mostly of
fragments of native vegetation. The major vegetation
formation in the area is Matorral arborescente esclerófilo
mediterráneo interior, an open forest formation domi-
nated by tall shrubs like Porlieria chilensis or Cordia
decandra and some trees species like Quillaja saponaria
and Lithraea caustica [38].

Frequency of bees in flowers, amount of flowers and
environmental temperature
Visits of bees to avocado flowers, the amount of flowers
(number of open flowers/day) and environmental
temperature were evaluated during 13 consecutive days
of fieldwork (16–29 September 2016). Thirty “Hass” cul-
tivar plants (three rows of 10 trees each) were randomly
chosen and assigned an identification number. Three
trained observers recorded all bees that contacted floral
parts during four time intervals per day (9–10 h, 12–13
h, 15–16 h, 18–19 h). The observers counted all flower-
visiting insects throughout the entire perimeter of the
treetop (360°) for a period of 120 ± 15 s per tree. Thus,
we sampled in a similarly the sunny and shaded side of
the plant. In this way, taxa of visiting bees and their
relative frequency in avocado flowers were determined.
The number of open flowers and floral buds of three
branches of each of the 10-labelled trees were counted.
Environmental temperature was recorded during four
time intervals (9–10 h, 12–13 h, 15–16 h, 18–19 h) dur-
ing the 13-days of fieldwork using a multi-thermometer.
We analysed whether the bee frequency in avocado
flowers was influenced by the number of open flowers/
day and the average daily temperature.
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Bees foraging behaviour in flowers
The foraging behaviour of visiting bees in avocado
flowers was recorded using a voice recorder in 30 “Hass”
cultivar plants (three rows of 10 trees each) randomly
chosen. The taxonomic identification of each individual
bee, the type of floral resource collected (pollen or nec-
tar) and the time spent visiting individual flowers (hand-
ling time) were recorded. We distinguish bees visits to
collect pollen and/or nectar according to the foraging
behaviour described by Is-Am & Eisikowitz [24]. We do
not take pollen or nectar samples from the bees, there-
fore the analyses are based on the foraging behaviour of
the bees. When bee identification was not possible in
the field, specimens were caught with an entomological
net and identified later in the laboratory. Average flower
handling time was compared between exotic and native
bees.

Statistical analysis
Principal Component Analysis (PCA) assessed relation-
ships among the variables of temperature, number of
open flowers and frequency of floral visits in the stats
package of R version 3.3.3 [39]. The relationship among
frequency of floral visits and the number of open flowers
and frequency of floral visits by bees was analyzed by
Spearman rank correlation (rs). A Generalized Linear
Mixed Model (GLMM, Negative Binomial distribution)
was used to determine which type of resource (fixed ef-
fect) was more collected by bees in avocado flowers; bee
species was included as random effect. A GLMM (Nega-
tive Binomial distribution) was also used to compare vis-
itation frequencies and flower handling times of bee
species (fixed effects); the sampling date was included as
random effect. The GLMMs were performed using the
function glmer.rb of the R package lme4.

Results
Seven bee species were recorded visiting avocado flowers
at the Hijuelas orchard in September 2016 (Fig. 1b): five
native Chilean species—Colletes cyanescens (Haliday),
Cadeguala occidentalis (Haliday), Callistochlora chloris
(Spinola), Caupolicana gayi Spinola and Centris nigerrima
(Ruiz); and two exotic species—Apis mellifera Linnaeus
and Bombus terrestris (Linnaeus). Apis mellifera, the
European honeybee, was the most frequent bee in the
studied avocado flowers, followed by the two native
species Colletes cyanescens and Cadeguala occidentalis.
The other bee species were rare in avocado flowers (χ2 =
502.38, d.f. = 7, p ≤ 0.001; Fig. 1b).

Flower resources and handling time
The seven species of bees were observed collecting
nectar and pollen in the avocado flowers. The native and
exotic bee species spent similar time handling the

avocado flowers (χ2 = 6.40, d.f. = 5, p = 0.27; Fig. 1a). For-
aging honeybees visited about 7.5 avocado flowers per
min, or about 450 flowers per hour, while native bees

Fig. 1 Flower handling times for bee species in avocado flowers (a)
and their respective frequencies (b), Hijuelas orchard, Valparaíso
Region, Chile. Boxplots represent means and lines the 95%
confidence interval. Statistical analyses: (a) χ2 = 6.40, d.f. = 5; p = 0.27
and (b) χ2 = 502.38, d.f. = 7; p ≤ 0.001 (GLMM, Negative
Binomial distribution)
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species visited between 8.8 and 9.6 flowers per min or
375–409 flowers per hour.
The bees collected nectar and/or pollen during visits

to single flowers or they collected nectar and pollen dur-
ing different visits to different flowers. Flower handling
time did not differ significantly between extracting nec-
tar and extracting pollen, and handling time to gather
nectar plus pollen did not different from that for collect-
ing nectar or pollen in the same flower (Fig. 2).
The type of floral resource collected varied among bee

species. The native bees Colletes cyanescens, Cadeguala
occidentalis and Caupolicana gayi mainly foraged for
nectar during visits to avocado flowers (Fig. 3). Apis
mellifera collected proportionally less nectar, and fre-
quently landed on flowers without effectively collecting
any resource. Bees of Callistochlora chloris mostly col-
lected pollen and nectar at the same visit. Bees of Centris
nigerrima generally landed on avocado flowers without
collecting a resource (Fig. 3).

Temperature and number of open flowers
The frequency of bees in avocado flowers was related
more to the temperature than to the number of open
flowers (Fig. 4). There was a strong positive correlation
between temperature and number of visits (rs = 0.82,
p ≤ 0.001), but no significant correlation between num-
ber of open flowers and number of visits (rs = 047, p =
0.11; Fig. 5). No correlation was found between environ-
mental temperature and the number of open avocado
flowers (rs = 0.32, p = 0.23). Higher bee visitation rates
were related to higher temperatures (19–22 °C).

Discussion
Our results indicate that temperature might affect the
frequency of bee visits to avocado flowers, with higher
frequencies being related to higher temperatures in the
Mediterranean region of Chile. Surprisingly, the
frequency of bees in avocado flowers is not simply af-
fected by the amount of open flowers. Accordingly,
other intrinsic characteristics of the avocado flower or
aspects related to the bees’ own sensitivity to cold wea-
ther could be more important variables affecting the
visits. In fact, the temperature has been related to many
physiological and morphological functions of the avo-
cado flower. For example, avocado flowers are sensitive
to cool temperatures, which can affect the temporal sep-
aration of male and female stages [40]. When air tem-
peratures are below 20 °C, some overlapping of receptive
stigmas and anther dehiscence occurs, which may lead
to some pollination within an individual tree [33–35,
41]. Colder temperature also affects pollen tube growth,
with 25 °C being the optimum temperature [34, 41, 42].
On the other hand, bees prefer to visit parts of the tree
warmer and more exposed to sunlight, where also there
is a greater number of flowers, and avoiding the shaded
and colder parts [31]. Therefore, we assumed that the
frequency of bees in avocado flowers is not directly af-
fected by the amount of open flowers, but due to other
morphological and physiological characteristics of the
avocado flower or of the bees sensitive to the cold
weather.
Apis mellifera is the only pollinator managed for

commercial proposes in Chile. Indeed, the European
honeybee plays a leading role in avocado pollination
[8, 21]. Nonetheless, avocado flowers were also visited
by the local bee community in Chile, some of which
were frequent flower visitors (see also [30, 31]). How-
ever, there is no evidence supporting these native
bees have specialized interactions with avocado crops.
Contrariwise, these bees are considered polylectic,
generalists visitors that collect pollen from both re-
lated and unrelated plant species, including natives
and cultivated [43–47]. Therefore, it is likely that the
floral visitors of avocado are shared with local native
and cultivated vegetation. Consequently, the richness
and abundance of bees that visit the avocado flowers
are subject to the taxonomic composition, pheno-
logical fluctuations and floral morphophysiology of
surrounding flowering plants, similarly to what occurs
with honeybee [3, 15, 24–26].
Furthermore, honeybees and native bees were found to

be equally fast at handling avocado flowers. Honeybees
and the two most frequent native bees (Colletes cyanes-
cens and Cadeguala occidentalis) fed on nectar and
pollen in avocado flowers, however, visiting bees
searched more for nectar than pollen. Many studies have

Fig. 2 Handling time and floral resource(s) collected by bees in
avocado flowers, Hijuelas orchard, Valparaíso Region, Chile. Statistical
analysis: χ2 = 192.1, d.f. = 4; p ≤ 0.001, GLMM (Negative
Binomial distribution)
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suggested that nectar-feeding bees achieve more efficient
pollination of avocado because they actively move
between both male- and female-stage flowers, while
pollen-gathering bees visit male-stage flowers more
frequently [8, 21, 24, 30, 32];). Therefore, based on for-
aging behaviour, native species and honeybees can be
equally probable pollinators of avocado plants.

However, there are few studies clarifying the role of
native bee species in relation to exotic species in
avocado pollination (e.g. [3, 30–32]). These studies
consider honeybees and some native bees (not all) po-
tentially efficient pollinators of this crop. However,
other studies argue that the honeybees are the most
frequent flower visitors (representing until 92.9% of
all visits), usually carry avocado pollen on their body,
and generally deposit intraspecific pollen in the stig-
mas [8, 48]. Because of that, honeybees are consid-
ered the most efficient pollinators. However, there are
many more studies focusing only on the pollination
effectiveness of honeybees than those that also in-
clude other local visitors. Therefore, it is still unclear
whether native bees can function as supplementary or
alternative pollinators when honeybee frequency re-
duces in flowers.
Moreover, particularities involving avocado pollin-

ation impose requirements to pollination studies.
Avocado plants are characterized as having low fruit
set, with values worldwide varying from 1 to 200 fruit
per 100,000 flowers [10, 20, 21, 49]. Fruit set for the
“Hass” cultivar in Chile can reach as low as 0.01%, or
one fruit per 10,000 flowers [49]. Besides, the tem-
poral separation of the sexes in flowers [12] requires
additional attention by researchers, including cross-
pollination treatments between plants in male and
female stages. Due to this, pollination experiments
(e.g., breeding system and fruit set, pollen flow, pol-
lination effectiveness) on avocado require employing a
huge amount of flowers to achieve a satisfactory
number of samples and replicates. Despite these

Fig. 3 Floral resources collected by bee species in avocado flowers, Hijuelas orchard, Valparaíso Region, Chile. Black bars represent the number of
visits recorded per bee species while corresponding pie charts shows the resource(s) collected during these visits (nectar, pollen, pollen and
nectar or only land). We considered “only land” to be when a bee landed on a flower and did not collect any resource

Fig. 4 Principal Component Analysis (PCA) of the relationship
between environmental temperature, number of open avocado
flowers and bee visitation frequency, Hijuelas orchard, Valparaíso
Region, Chile
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challenges, studies of pollination efficiency could re-
veal the role of Chilean native bees, in relation to ex-
otics, in pollinating avocado flowers.

Conclusions
The number of open flowers was little correlated to the
frequency of bees in avocado trees. On the other hand,
the environmental temperature plays a key role in the
frequency of bees in avocado flowers. The warmer wea-
ther is related to the higher number of bees visits to avo-
cado flowers. In addition to the honeybees, the native
Chilean bees visited avocado flowers. Some of these bees
were frequent floral visitors of the studied avocado or-
chard, and generally sought nectar rather than pollen.
The native and exotic bees were equally fast at handling
avocado flowers to collect resources (pollen and/or
nectar).
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