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Abstract

The mutualistic relationship between plants and their pollinators may influence species’ spatial distribution, richness, and
abundance. We assessed the nectar availability and interaction with pollinators in Grevillea banksii (Proteaceae), an alien
plant in Brazil. Our objectives were to study the floral biology and the pollination system and identify the pollinators in a
G. banksii population in a Restinga ecosystem (sand-coastal-plain) in southeastern Brazil. We described the behavioral
parameters of the pollinator-plant interaction and determined how the pollinators contribute to reproduction. Floral biology
was analyzed by taking morphometric measurements of the flowers and determining the distribution of their structures.
The reproductive system was assessed via different pollination treatments (open pollination, self-pollination, manual self-
pollination, manual cross-pollination). The pollinators were identified and their behaviors were assessed by focal observation.
Flower morphometrics showed compatibility between the mean calyx length and the beak length of the flower-visiting
hummingbirds. All the pollination types tested were efficient, and we identified eight bird species (Chionomesa fimbriata,
Eupetomena macroura, Chlorestes notata, Polytmus guainumbi, Florisuga fusca, Coereba flaveola, Cyanerpes cyaneus and Dacnis
cayana) that visit G. banksii in the study area. The results show a positive interaction between pollinators and plants, with

offers of resources, pollination, and pollen dispersal.
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Introduction adaptive issues, such as the floral structures having favorable
characteristics that facilitate access to flower resources and
The knowledge of plant floral biology and the pollination pollen transport [3].
system is important to understand the interactions between
flowers and their pollinators [1,2] This relation between Plant-pol]inator relationship is based on offering a
the flower visitor and the plant may be associated with resource to the animal, which, in turn, fertilizes the plant by
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pollination. In addition to food resources such as nectar and
pollen [4], plants also offer volatile oils, resins, shelter, and
nest sites to the flower visitors [5-7]. This mutualistic relation
may affect the spatial distribution, richness, and abundance
of the different species [8]. Several studies have emphasized
the importance of pollination in maintaining species as well
as ecosystem characteristics [9]. Therefore, knowledge of
the plant-pollinator interaction is important for ecological
restoration actions and plant species conservation, as well
as for conservation of all the organisms that take part in this
process [10].

Some characteristics, in addition to an animal visiting
a plant, characterize an animal as the pollinator of a given
plant species. The study of visitation frequency and pattern,
transport capacity, and quantity of pollen transported may
classify an animal as an effective pollinator [11]. Animal
preference for native or alien species depends on the quality
and quantity of the offered resource. The preference for
plant species by nectarivorous birds is determined by the
floral attractants retained by each species, such as flower
scent, shape, and color [12,13]. With these characteristics,
plant species that are not native to an environment and do
not have many predators may reproduce rapidly, thereby
attracting more dispersers and suppressing native species
[14].

The plant Grevillea banksii belongs to the Proteaceae
family and is native from Australia. Its popular names
include dwarf silky oak and red silky oak, and it produces a
large amount of nectar, attracting many nectarivorous bird
species. It has small red flowers placed in pairs and having
no petals. Grevillea banksii grows as a shrub and may reach
approximately 4 to 6 meters in height [15]. Because of these
characteristics, this species was introduced in different
countries, including Brazil, as an ornamental plant for
landscaping projects [16].

The resources offered by the plants are important for the
attraction and maintenance of pollinators, which, in turn, play
an essential role in plant reproductive success [13]. Nectar
composition and concentration vary among plant species
and thus determine the visitation rate and the visitors’
preferences [17,18]. We thus consider the hypothesis that
G. banksii's reproductive success is affected by the actions
of the floral visitors, contributing to the occurrence of cross-
pollination in G. banksii, with no self-pollinating individuals
in this species.

We assessed the floral biology and pollination system
of G. banksii. Our objectives were i) to quantify nectar
availability for pollinators; ii) to determine which species
pollinate the studied G. banksii population and what type of
resource they search for in the flowers; iii) to determine the
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behavioral parameters and the pollinator-plant interactions
and; iv) to determine how the pollinators contribute to the
plants’ reproduction.

Material and Methods

Study Site

The study was conducted in the Setiba Environmental
Protection Area (Area de Protecio Ambiental de Setiba,
hereafter APA-Setiba), which includes the Paulo César
Vinha State Park (Figure 1). The APA-Setiba is located in the
Guarapari municipality, state of Espirito Santo, southeastern
Brazil, and encompasses 5,460 hectares of marine area and
7,500 ha of terrestrial land between the coordinates 20°33’ -
20°38'Sand 40°23’ - 40°26’ W [19]. According to the Kdppen
classification, the regional climate is monsoon (Am) [20]
with hot and rainy summers and dry winters, a mean annual
temperature of 23.3°C, a mean annual rainfall of 1,307 mm,
and a mean annual relative humidity of 80% [21].

Figure 1: Location of sampling site in Setiba Environmental
Protection Area, relative to municipality of Guarapari in
state of Espirito Santo, southeastern Brazil.

The APA-Setiba is located in the Atlantic Forest biome,
specifically in the esting ecosystem (sand-coastal-plain). The
APA-Setiba is crossed by the highway ES-060 (Rodovia do
Sol) and is surrounded by residences, farms, and pastures.
A large number of people access the area, contributing to
its habitat degradation. In the past, sand extraction was one

Copyright© Paixao BH and Duca C.

R. Br. (Proteaceae) in a Restinga Ecosystem in Southeastern Brazil. ] Ecol & Nat Resour 2024, 8(2):

000375.



https://medwinpublishers.com/JENR/

of the activities that most contributed to environmental
degradation, resulting in fragments with landscape changes.
The studied G. banksii population is located mostly in the
degraded portions of the APA-Setiba at 3.3 m asl. The field
sampling was done between December 2014 and August
2015, starting in the spring and finishing in the winter.

Flower Biology and Morphometry

The floral biology aspects of G. banksii were studied by
determining the flower structures and their distribution.
We collected 30 flowers from different individuals and
used a digital caliper to measure the calyx diameter and
length, stigma and style diameter, and length from stigma
to androecium (Figure 2). The flower structures were
then placed on millimeter paper and photographed. These
observations provided data on flower morphology, which are
important to understand the interaction between the animal
and the flower parts.

Figure 2: Grevillea banksii flower. A: showing how the
structures were measured (Legend: 1-Calyx diameter;
2-Calyx length; 3-Stigma diameter; 4-Style diameter;
5-Length from stigma to androecium); B: flower without
the calyx, showing its structures and exposing the position

of the ovary.

The average calyx length of G. banksii flowers was
compared to the average beak length of the flower-visiting
birds (see flower visitors). To estimate the average number
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of flowers on G. banksii inflorescences, 30 shrubs were
selected, and the flowers of one inflorescence were counted
on each of these shrubs.

Reproductive System

To determine and understand the pollination system
of G. banksii, 12 plants were tagged, and the following
controlled pollination treatments were applied: i) open
pollination, where the marked inflorescence remained
open and susceptible to pollinator visits; ii) autonomous
self-pollination, where the inflorescences were bagged
with voile and remained bagged until fruiting; iii) manual
self-pollination, where the bagged inflorescences were
manually pollinated with pollen from other flowers from the
same individual; and iv) manual cross-pollination, where
the bagged inflorescences were manually pollinated with
pollen from other individuals. After fruiting, the bagged
inflorescences were opened to count the fruits formed.
This enabled a determination of the plant’s reproductive
success according to the number of seeds produced and the
acquisition of information on the plant’s pollination system.

Nectar Flow

Nectar flow was assessed in an experiment with five
nearby individuals. Two inflorescences from each of these
individuals were subjected to two different treatments: open
and closed systems. In the closed system, the inflorescences
were bagged with voile, precluding the access to the flowers.
In the open system, the inflorescences were only tagged for
posterior identification and pollinator access to the flowers
was not restricted. We thus had five inflorescences for each
treatment (closed and open system). Nectar was collected
from the flowers three times per day (at 06h30min am,
11h30min am, and 4h30min pm) with microcapillary tubes
that were introduced to the flower’s calyx. In each collecting
period, one flower from each of the five inflorescences in
the two treatments was used for nectar collection, as the
flowers fell from the inflorescence during this process. The
space occupied by the nectar in the microcapillary tube was
measured with a digital caliper for volume calculation. Solute
concentration was measured with a pocket refractometer
(Model BTX-1, Vee Gee Brix, range of 0-32%). Nectar volume
was calculated by multiplying the total volume of the
microcapillary tube (70 pL) by the length occupied by the
nectar (mm) in the tube and dividing it by the total length of
the microcapillary tube (75 mm). During nectar collection,
the air temperature and moisture were also recorded with
a digital thermo-hygrometer (Minipa MT-240). The data
obtained in this experiment showed the differences in nectar
volume between the closed and open systems, and the
variation in the quantity of this resource at different periods
of the day.
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Flower Visitors

The flower-visiting birds and their behavior during
the visits were recorded via mist net captures and focal
individual observation. For focal individual observation, 10
areas were delimited; and three to six plants were observed
simultaneously in each of these areas. These observations
amounted to 50 observation hours taken over the course
of 5 days and performed from 6h30min am to 4h30min pm
each day. The following information was recorded during the
observations: i) bird species and behavior during the visit; ii)
the resource searched for by the animal in the flower (nectar
and/or pollen); iii) number of visited inflorescences and
flowers and; iv) observation time and duration.

For sampling of the flower visitors by capture, 10 mist
nets were placed in two different areas close to G. banksii
individuals to capture the birds that would probably be
visiting the plants. The birds were identified based on the
literature, and the presence of any sort of pollen on the
bodies of the captured individuals was also noted. The beak
length of each captured individual was obtained according
to Sick [22].

Data Analysis

One-way ANOVA was used to assess the possible
difference in reproductive success among the pollination
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treatments and nectar volume and nectar concentration of
inflorescences of the closed and open systems. Spearman
correlation was used to assess whether there was a
correlation between nectar volume and concentration for
inflorescences of the closed and open system inflorescences.
The same analysis was used to assess the relation between
nectar volume and temperature and moisture. A one-way
ANOVA followed by the Tukey post-hoc test was used to
assess whether nectar volume and concentration varied
throughout the day. All these analyses were performed in the
BioEstat 5.0 software [23], with a 5% significance level.

Results

Flower Biology

Grevillea banksii flowers are stacked and presented in
pairs forming terminal inflorescence clusters (Figure 3).
The flowers are of an intense red color, and the anthers and
stigmas are yellowish. The nectaries are located within the
calyx, which serves as a reservoir when the nectar is secreted.
The calyx also contains the flower’s ovary and, attached to
it, the style, which is a long extension that branches towards
the outside of the calyx (Figure 2). This forms a concave
projection, originating a chamber that contains the anthers
(Figure 2).

inflorescence; B: showing the size of the inflorescence.

Figure 3: Photos of Grevillea banksii inflorescences at the Setiba Environmental Protection Area. A: showing the terminal

The style remains curved, with the stigma being located
close to the chamber with the anthers (Figure 4A). When
shedding, the stigma becomes filled with pollen grains and
functions as a deposit (Figure 4B). The style loses its curve
and becomes more distant from the anther, resulting in an
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angle between the stigma and the calyx’s cavity (Figure 4A)
and permitting the flower visitor to access the nectar. When
collecting this resource, a part of the animal’s body touches
the pollen-impregnated stigma and transports it to other
flowers.
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Figure 4: Grevillea banksii flowers in different maturation stages (A) and G. banksii stigma impregnated with pollen (B).

J

Grevillea banksii fruits are grayish-green and hairy the fruit cavity. The seeds are flat and covered by a coat that
(Figure 5A). Mature fruits are brown and dry by opening in is less thin at the extremities (Figure 5C).
the middle (Figure 5B). Up to two seeds are formed within

-

Figure 5: Immature fruits of Grevillea banksii (A) and dry fruits showing the opening (B) through which the seeds are expelled

©.

The results of the morphometric data for G. banksii
inflorescences (Table 1) show the compatibility between

N Species (n) Beak Length (mm)
the average calyx length and the beak of some hummingbird - - :

species that visited the flowers (Table 2). Chionomesa fimbriata (n = 30) 193£21
Eupetomena macroura (n = 30) 19.6 +1.3
Floral Attributes (mm) Average * SD Polytmus guainumbi (n = 30) 21.2+1.4

Calyx diameter 3.32+0.24 Chlorestes notata (n = 19) 16.0 £ 1.6

Calyx length 18.37 £0.70 Florisuga fusca (n = 1) 19.6

Stigma diameter 1954014 Coereba flaveola (n = 30) 95+1.6

Style diameter 0.73£0.07 Dacnis cayana (n = 16) 9.2+0.7

Length from stigma to androecium 14.8 +3.51 Cyanerpes cyaneus (n = 20) 13.0 + 1.0

Table 1: Measurements of the floral attributes of Grevillea
banksii (mm) with their respective averages and standard
deviations (SD) (n=30) for flowers sampled at the Setiba
Environmental Protection Area.

Table 2: Bird species recorded as flower visitors of Grevillea
banksii and average beak length (mm) * standard deviation
of each species in the Setiba Environmental Protection Area.
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The beak lengths of the hummingbirds Chionomesa
fimbriata, Eupetomena macroura, Polytmus guainumbi,
Chlorestes notata, and Florisuga fusca (Table 2) are compatible
with the average calyx length of the G. banksii flowers (18.37
+0.70).

Pollination System

Journal of Ecology and Natural Resources

The results obtained in the pollination-system
experiment show that all pollination types tested were
efficient. Even though the fruit quantity varied, the number of
seeds per fruit was the same among all treatments (Table 3).
The average number of flowers per G. banksii inflorescence
was 39 + 8.6.

Treatment Flowers (n) Fruits (n) Seeds (n) Reproductive Success (%)

39 0 0

Open pollination 39 16 32 26.90%
39 5 10
39 15 30

Self-pollination 39 16 24.80%
39 12
39 16 32

Manual self-pollination 39 5 10 33.30%
39 18 36
39 14 28

Cross-pollination 39 1 2 17.10%
39 5 10

Table 3: Results of the pollination treatment and average reproductive success (%) of Grevillea banksii at the Setiba Environmental

Protection Area.

Reproductive success was determined as the difference
between the number of fruits and of flowers, with no
significant differences being observed for the reproductive
success values between the pollination treatments (F =
0.566; d.f. = 3; P=0.655).

Nectar Flow

Total nectar volumes during the sampling day were

significantly different between the closed and open systems
(F=13.632; df =1; P=0.001). During the collection hours,
the inflorescences of the closed system had a greater total
volume (26.96 pL) than those of the open system (13.94 pL)
(Table 4). No significant differences were observed in the
nectar solute concentration between the inflorescences of
the closed and open systems (F = 0.064; d.f = 1; P = 0.797)
(Table 4).

[ Temperature Open System Closed System
(°C) / Humidity |  Volume (uL) Concentration (% Brix) | Volume (uL) | Concentration (% Brix)
06h30min 21.1°C / 74% 20.95 + 14.04 14.04 £ 2.40 24.62 +14.51 17.40 £4.75
11h30min 33.7°C/ 36% 9.58 +4.23 18.14 + 3.85 27.83 +£8.24 16.24 + 4.20
16h30min 25.2°C / 53% 11.29 £ 5.47 20.84 £ 3.60 28.43 £ 5.00 18.28 +2.13

Table 4: Average and standard deviation of nectar volume and concentration obtained for Grevillea banksii inflorescences in
closed and open systems at three times during the day at the Setiba Environmental Protection Area.

Nectar volume and concentration were not positively
correlated in either the open-system (r = -0.268; df. = 14; P
= 0.332) or the closed-system inflorescences (r,=-0.055; d.f.
= 14; P = 0.844). No significant correlations were observed
between the nectar volume and the moisture (rs= -0.170; d.f
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=14; P=0.544) and temperature (rs= 0.170;d.f =14; P=0.544)
for the closed-system inflorescences. Similarly, no significant
correlations were observed between the nectar volume and
moisture (r,= 0.492; d.f. = 14; P=0.062) and temperature (r_=
-0.492; d.f = 14; P = 0.062) for the open-system inflorescences.
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No significant variation was observed in the nectar
volume throughout the day for either the open-system (F =
2.297; d.f. =2; P = 0.141) or the closed-system inflorescences
(F=0.207;df =2; P=0.816).

No significant variation was observed in the nectar
concentration throughout the day for the closed-system
inflorescences (F = 0.351; d.f = 2; P = 0.714). However, in
the open-system inflorescences, nectar concentration varied
between the sampling hours (F = 5.243; d.f. = 2; P = 0.022),
with significant differences only between the first and the
last nectar sampling times (Tukey post-hoc P < 0.05).

Flower Visitors

G. banksii flowers were visited by birds and insects
(mostly bees) that searched for nectar as a resource. In
each visit, the birds visited three to five inflorescences per
shrub and an average of three flowers per inflorescence.
The birds hovered in the air and inserted their beaks into
the flower’s calyx. This process lasted between 2 and 6

Journal of Ecology and Natural Resources

seconds, after which the bird visited another flower on the
same inflorescence. The birds usually visited more than one
nearby shrub per flight, landed for several seconds, and then
either moved to another area or continued the visitations in
the same area.

A total of 84 individuals belonging to eight bird species
were captured as they visited the G. banksii shrubs. The
species C. fimbriata (n = 34) was the most captured species
in the area, followed by E. macroura (n = 16), (Figures 6A),
Coereba flaveola (n = 12), Cyanerpes cyaneus (n = 8), P
guainumbi (n = 6), C. notata (n = 4), (Figure 6B), Dacnis cayana
(n=3), and E fusca (n = 1). Fifty seven percent (n = 48) of the
captured birds showed no signs of pollen deposition on any
part of their bodies. However, 16 individuals of C. fimbriata
and, eight of E. macroura and three of C. flaveola had pollen
vestiges on the upper maxilla, and signs of pollen depositions
were observed on the crown of nine individuals belonging
to different species (C. fimbriata, C. flaveola, F. fusca, and E.
macroura).

Figure 6: Hummingbird species, Eupetomena macrouna (A) and Chlorestes notata (B), visiting the Grevillea banksii flower in
the study site. (Photo A: Miguel Andrade; Photo B: Barbara H. Paixao).

Discussion

Flower Biology and Morphometry

The set of flower measurements (calyx length and length
from stigma to androecium) provides important information
on plant-pollinator interactions. Importantly, the G. banksii
flower characteristics may contribute to the success of
pollinator visits for pollination and pollen dispersal.
According to the obtained measurements, the beak lengths
of the species C. fimbriata, P. guainumbi, C. notata, and E.
macroura are equivalent to the G. banksii calyx length. This
morphological similarity favors the pollinator that inserts
its beak into the flower’s calyx to collect the nectar and
benefits the plant by facilitating pollen deposition on the
animal’s body and enabling its dispersal. Pollen dispersal
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and pollination are favored by the style’s curvature and the
location of the pollen-impregnated stigma.

Pollinator visits and the variety of pollinators visiting
a flower are defined by the pollinators’ characteristics.
Plants may vary in their calyx lengths, number of flowers
per inflorescence, population density, and nectar quantity
[24]. G. banksii has many flowers per individuals, and
the individuals are numerous and found in patches. This
clustered pattern may be related to a larger number of
visitors, as the number of visits and the variety of visitors
are related to the establishment of a plant species in the area
and to its survival rate. These characteristics are also related
to the flowers’ adaptation to different types of pollinators.
This is especially true for alien species, which may not have
effective pollinators in their establishment area [25].
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Pollination System

Some plants have different distances and directions
between the anther and the stigma, precluding self-
pollination [26]. Notwithstanding the physical difference
between the mature anther and stigma, the stigma had been
in physical contact with the androecium, enabling pollen
deposition on the style’s extremity where the stigma is
located. This pollen deposition may be related to the positive
result of the self-pollination treatment.

Thelack of significantdifferences between the pollination
treatments showed that G. banksii is benefited by both cross-
pollination and self-pollination. Similar results were obtained
for Momordica charantia (Cucurbitaceae) [27] and Cucurbita
moschata flowers (Cucurbitaceae) [28] and Psittacanthus
robustus (Loranthaceae) [13]. Even though self-pollination is
efficient in G. banksii, a large amount of resources is offered
to the visitors, and the flower characteristics are attractive to
the pollinators. These characteristics favor cross-pollination
by attracting pollinators and thus ensure the genetic
variability in the population [24].

No significant differences were observed in the species’
reproductive success among the pollination treatments,
showing that all pollination types are efficient. This result
shows that G. banksii pollinators in the study area have the
same contribution to offspring production as self-pollination.
This may be explained by a lack of coevolution between
pollinators and G. banksii in the study area, as G. banksii is
not native to Brazil, and all the flower visitors belong to the
Brazilian bird fauna. Notwithstanding, pollinator activity is
important for the species because it ensures the population’s
genetic variability.

Nectar Flow

The nectar concentration in G. banksii did not vary
throughout the day for the closed inflorescences. A constant
nectar concentration has also been observed for Geoffroea
decorticans (Fabaceae) [29] during daytime. On the other
hand, the inflorescences that remained susceptible to
visitors showed a difference in nectar concentration between
the first and last hour of pollinator visits (6h30min am:
14,4%, 16h30min pm 20.8%). Daily variation in the nectar
concentration was also observed for Plumbago auriculata
(Plumbaginaceae) with smaller concentrations in the morning
[30], and for P. robustus the amount of nectar per flower was
highest at beginning of anthesis [13]. Sugar concentration can
also be decreased throughout the day by flower mites action,
reducing the amount of sugar available to pollinators [31].

Variation in nectar concentration during the day may be
related to hummingbird visits to G. banksii inflorescences,
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as visitor activity peaked mostly between 6h30min am
and 11h00min am. Nectar concentration was thus smaller
during the first hours of the day and increased after the
birds collected this resource from the flowers. Some
ornithophilous species present nectar replenishment after
visit of nectarivorous birds [18].

The lower nectar volume in the open-system
inflorescences was probably due to the birds’ and insects’
visiting the flowers and collecting the available resource.
Differences in nectar volume between closed-system and
open-system flowers have also been observed in Palicourea
crocea [32] and Rubus sp. [33]. These authors also ascribed
the discrepancy in nectar volume to the high visitation rate
of nectar-seeking pollinators. The smaller nectar volume
in open-system flowers was also associated with the visits
of pollinators searching for resources, especially in the
morning [27]. These results may indicate strong interactions
between the visitors’ behavior and the patterns of nectar
secretion by the visited plants, showing that, even though the
study species is an alien one, it established a tight mutualistic
relation with the native pollinator species.

Flower Visitors

The birds made fast visits to the inflorescences and
then moved to farther patches or remained in the same
patch continuing to forage on nearby individuals, but always
switching among inflorescences and shrubs. This type of
brief visit alternates among plants, favoring cross-pollination
[34,35], and is thus considered to be the most efficient for the
plants when compared to visitation by animals that spend
more time on the same shrub [36]. It is also favorable to the
animal that needs nectar to supply its energy needs and thus
visits numerous inflorescences that provide the sought-after
resource.

Visits to G. banksii inflorescences occurred during
the entire observation time, but higher bird activity was
observed between 6h30min am and 11h00min am. A larger
volume of nectar produced by the plants was also recorded
during this period. Thus, a relation between visitation and
nectar production is possible, with pollinators being able
to adapt their foraging behavior to the time period with
the greatest nectar availability. The synchrony between the
time with the greater visit frequency and the period with the
greatest volume of produced nectar has also been observed
for other species [37,38].

All recorded bird species may be pollinators of G.
banksii, as all were observed visiting the flowers of this
species and were captured next to G. banksii individuals.
Evidence also existed of pollen accumulation on bird
bodies and of nectarivorous feeding habits in these species.
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Coereba flaveola is known by its habit of piercing the
flowers’ calyx in search for nectar, and it acts as a pollinator
of bird-pollinated species [39,40]. Chionomesa fimbriata
has also been described as nectarivorous and with morning
foraging habits [24], and E. macroura was considered as
main pollinators of P. robustus [13]. Chionomesa fimbriata,
C. notata, F. fusca, E. macroura, and P. guainumbi belong to
the Trochilidae family and have nectarivorous feeding as a
basic characteristic [22]. Cyanerpes cyaneus and D. cayana
are Passeriformes that eat plants (fruits, leaves, buds, and
nectar) as part of their diet [22,41].

Little variation was observed in the position of the mature
stigma among the G. banksii flowers, and consequently,
pollen accumulation was observed on only two areas of the
birds’ bodies (crown and dorsal maxilla). Pollen is therefore
markedly deposited on the same body parts, favoring the
transport of large quantities of pollen. In addition, this
occurrence of pollen on these parts of the body may also
increase the probability of the transported pollen contacting
the stigma of the other flowers when the bird visits other
inflorescences. The combination of these processes results
in greater pollen deposition on these areas, suggesting that
pollination is efficient and that the pollinators contribute
to plant reproduction. In addition, plant deposition on the
crown or the maxilla appears to be more advantageous, as
these areas hamper the loss of pollen grains during flight
[42].
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