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Abstract

Pollination is a fundamental ecological process that supports plant reproduction and contributes to ecosystem stability. While
social bees have been extensively studied, solitary buzz-pollinating species remain comparatively under-researched. Amegilla
cingulata, commonly known as the blue-banded bee, is an effective sonicator of poricidal anthers and plays a significant role in
the pollination of economically important crops. However, there is limited in-depth, field-based research examining the
relationship between its behavioural ecology and quantitative pollination outcomes. This study aimed to evaluate the nesting
ecology, foraging behaviour and pollination efficiency of Amegilla cingulata, though in this specific case, to identify which of
the factors was the most significant determinant of reproductive success as indicated by fruit mass. A field-based observational
design was employed (N = 230). Ecological variables were categorized into nesting structure, foraging activity, and pollination
performance indicators. Behavioural patterns were summarized using descriptive statistics. Pearson correlation analysis was
conducted to assess the relationships between pollen transfer variables and reproductive output. Multiple linear regression
analysis was used to identify predictors of fruit mass. Additionally, independent samples t-tests were performed to examine
differences in pollen deposition across nest orientations. Nesting architecture was structurally homogenous with the major types
of nests being branched and vertical ones. Total pollen deposition and mass of the fruit were found to have good positive relations
(r=.951, p <. 001). The regression analysis also supported that total pollen was the most significant parameter (= .950, p <.001),
which was adopted to predict the fruit mass because it explained over 90 percent of the variability in fruit reproductive output.
There were insignificant predictive effects of behavioural variables such as foraging time and frequency of visitation. The
angularity of the nest did not have much effect on the deposition of pollen. The findings indicate that, within this ecological
system, pollen transfer efficiency is the primary determinant of reproductive success, rather than the intensity of foraging
behaviour. In particular, effective pollen deposition was the strongest predictor of fruit mass, underscoring its central role in fruit
development. These results highlight the ecological importance of solitary buzz-pollinators such as Amegilla cingulata in
regulating plant productivity. Overall, the study emphasizes that the quality of pollinationmeasured through efficient pollen
delivery, matters more than behavioural intensity in determining reproductive outcomes.
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1. Introduction

Pollination is a natural ecological process that promotes bi-
odiversity and food production in every country. Animals are
especially well pollinated by bees due to morphological spe-
cialization; floral constancy and pollen gathering adaptation.
Social species such as honeybees have received sufficient at-
tention, however, solitary species have become one of the
least studied creatures despite their major ecological contribu-
tions.

Solitary bees are a heterogenous species group that share
independent nesting behaviour and different foraging behav-
iour [7]. A group of buzz-pollinating bees is one of the most
significant subgroups in this assemblage, and they sonicate
poricidal anthers (high-frequency thoracic vibrations a pro-
cess called sonication or buzz pollination). The pollen collec-
tion behaviour is made more efficient and contributes to the
reproductive success of most angiosperms through specialisa-
tion of behaviour [2]. The family Solanaceae has more than a
few economically important crops that require buzz pollina-
tion to achieve optimal fruit set and yield of tomato and egg-
plant.

The Amegilla cingulata (blue-banded bee) is a solitary bee
species which has been discovered to fly in fast rate, drop pol-
len by vibration and adapt in different habitats. Its behavioural
ecology is hardly studied in detail despite its known pollinat-
ing ability. Recent research has mainly addressed the overall
process of pollination in place of research on species-specific
studies about nesting structure, foraging behaviour and quan-
titative efficiency of pollination.

Behavioural ecology provides a basic model of how organ-
isms interact with environmental factors to maximise survival
and reproduction. The nesting behaviour of solitary bees is a
significant life-history element that affects the protection of
the offspring, the microclimatic regulation and exposure to
predation [11]. The adaptive changes in response to the local
environmental pressures are evident in the structural charac-
teristics such as the nest orientation, structure of tunnels and
brood cells.

The same effect is visible on foraging behaviour, which af-
fects the rate of pollen exchange and the efficiency of the en-
ergy exchange and frequency of visitation [22]. Floral infor-
mation like morphology, colouring and kind of reward is go-
ing to play an important role in pollinator preference and plant
pollinator interaction.

The current issues of the modern world like habitat destruc-
tion, urban sprawl, and climate change have contributed to the
decline in diversity and abundance of pollinators. These pres-
sures underscore the necessity of carrying out field-based re-
search on non-domesticated pollinators [11]. Single bees con-
tribute to the ecosystem with significant services and hence,
they ought to be examined with a comprehensive ecology
study to aid conservation planning and management of the bi-
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odiversity. The behavioural ecology and pollination effective-
ness of Amegilla cingulata are presumed to be tested in the
field in the present research paper. Specifically, the authors
examine nesting behaviour, foraging behaviour, floral prefer-
ence and pollination success measures [24]. This research will
be explained through a combination of behavioural observa-
tions and a statistical analysis that will help identify the eco-
logical role and functional significance of this solitary buzz-
pollinating species.

2. Materials and Methods

2.1. Study Species

The organism of interest in this study was Amegilla cingu-
lata, which is a species of a solitary bee, able to extract pollen
with the help of sonic vibrations [4]. Due to its ecological im-
portance in pollination of flowering plants with poricidal an-
thers the species was chosen and has been reported to be found
in a wide range of habitats. The observations are carried out
in the natural field environment to establish the behavioural
patterns that remain unperturbed.

2.2. Study Design

The study design was field based observational design,
which was implemented to evaluate the ecology of the forag-
ing activity and pollination performance as well as the nesting.
Field notes were standardized in the case of systematic obser-
vations. A quantitative analysis could be conducted on each of
the independent ecological records offered on the observa-
tional units.

2.3. Data Collection and Variables

The data obtained were classified into four broad groups
that consisted of environmental variables, nesting ecology
variables, foraging behaviour variables and pollination effi-
ciency variables. The environmental parameters were the time
of observation and date, the average ambient temperature (°C),
and seasonal. The variables in nesting ecology were nest ori-
entation (vertical and horizontal), nest inclination angle (de-
grees), nest architecture (branched and unbranched), nest dis-
tribution (solitary and aggregated), tunnel length and width
(mm), the number of brood cells in a nest and the size and
thickness of the brood cell [6]. The foraging behaviour varia-
bles included the numbers of foraging trips during an obser-
vation period, the average duration of a foraging trip (minutes),
and the duration of stay at the nest after a foraging trip, the
nature of floral reward, species and colour of the floral reward.
Its variables of pollination efficiency were flower visits, pol-
len load, self-pollen load, total pollen load and fruit mass (g)
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as a measure of pollination success.

2.4. Data Processing

All these were coded and were fed into the IBM SPSS Sta-
tistics to be statistically analysed. The categorical variables
are numeric coded which was carried out to help in the quan-
titative assessment [9]. The screening of the data was done to
make sure that there was no error committed and it aided in
the elimination of inconsistencies and formatted the variables
to be analysed properly.

2.5. Statistical Analysis

Descriptive statistics provided a measure of central ten-
dency and dispersion of the nesting parameters, foraging ac-
tivity and pollination indicators. The assessments of the be-
havioural preferences in the form of the nest orientation and
the flower preferences were measured with the help of fre-
quency analyses.

Pearson correlation coefficients were computed to deter-
mine whether the key ecological variables (e.g. foraging trips,
frequency of visitation of the flowers, total pollen deposition,
and the mass of the fruit) correlate. Linear regression analysis

is applied to identify the predictors of the efficiency of polli-
nation, and the mass of fruits was provided as dependent var-
iable [15]. The t tests that were done on the independent sam-
ples were to compare the pollen deposition between the two
modes of nest orientation. The statistical significance issue
was considered in the traditional alpha levels.

2.6. Ethical Considerations

Field observation was done in a non-invasive way. Nests or
flower resources were not interfered with or destroyed, and no
disturbance was observed and thus the action was not inter-
fered with.

3. Results

The retained number of valid observations to be analysed
was 230. No variables were eliminated; therefore, all the var-
iables were investigated on the whole dataset. Descriptive pro-
file showed that ecological and behavioural process of nesting
and pollination in the population under study was relatively
balanced. The nest structure variables provided biologically
realistic values therefore indicating the consistency in the nest
building behaviour among the individuals.

Table 1. Descriptive Statistics of Nesting, Foraging and Pollination Variables (N = 230).

Variable Min Max
Tunnel Width (mm) 4 8
Mean Cell Width (mm) 2 4
Number of Flower Visits 12 45
Floral Reward (1=P, 2=N, 3=Both) 1 3
Bee Pollen Deposited 90 279
Mean Foraging Duration (min) 8 18
Total Pollen 117 354
Fruit Mass (g) 29.90 70.40
Tunnel Length (mm) 18 45
Nest Angle (°) 25 90

(Source: SPSS)

The measurements of the tunnels were discovered to be
5.90 +/-1.426mm with a minor dispersion and structural con-
sistency in the excavation behaviour indicating that nesting fe-
males are known to possess a characteristic architecture. Sim-
ilarly, the mean width of the brood cells was 3.03 + 0.784 mm
indicating that the brood chamber was uniform in design with
minor structural variance among nests.
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Mean SD Skewness Kurtosis
5.90 1.43 0.06 -1.32
3.03 0.78 —0.05 -1.37
27.90 10.59 0.11 -1.34
1.97 0.61 0.01 —0.31
180.96 54.07 0.07 -1.15
13.13 2.92 —0.02 -1.18
230.80 59.32 0.15 -0.94
49.83 9.48 0.10 —0.82
31.57 8.12 0.01 -1.17
69.80 17.22 -1.18 0.51

The mean length of the tunnel was 31.57 and standard de-
viation was 8.124 mm, which suggests a moderate range of
the nest depth and flexibility of excavation, which may be ex-
plained by the variation in substrate or variability in micro-
habitat. Mean nest inclination was 69.80 17.222 +, leaning
more towards steep nest orientation. This trend may be asso-
ciated with the stabilization of structure or the increased ca-
pacity to resist the environmental pressure.
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The behavioural measures displayed active foraging ecol-
ogy. The average number of times visited was 27.90 +/-
10.588 visits/foraging bout, which shows there were relatively
high instances of floral interactions. The average foraging
time was 13.13 + 2.920 min, and this means an average but
constant time and energy use. The mean number of deposited
pollens was 180.96 +-54.067 units indicating that there was
intense contribution towards pollination. In addition to other
pollen contribution, total pollen deposition was at 230.80 +
59.318 which shows that the severity of pollination was high
amongst the observed population. The mean weight of fruit
was 49.93 g, and standard deviation was 9.479 and this expe-
rienced moderate degree of variation with floral interactions.

The reliability of the data was also facilitated by distribu-
tional statistics. The skewness values of most of the continu-
ous variables were very near to zero that represents a rough
equilibrium distribution [3]. The values of kurtosis were gen-
erally in the negative indicating that the distributions were
somewhat flatter than the normal distribution but not exces-
sive at tails. All these trends are suggestive of ecologically sta-
ble behavioural responses and are supportive of the suitability
of parametric analyses.

3.1. Categorical Ecological Patterns

The descriptive statistics of the categorical variables
showed that there were some preferences regarding the behav-
ioural pattern of the population. This was mostly in branched
nests that bore an average of 0.760.430 meaning that 25 per-
cent of the nests were branched nests. This nesting structure is
also dominant as shown by skewness (-1.203). The average
nest position was 1.34 -474 minus, or plus which implies the
vertically oriented nest was dominant as compared to the hor-
izontally oriented nest. The average of 0.57 + 0.497 was rec-
orded by Nest distribution and it means that the birds did not
always nest separately because they formed a group to some
degree. The mean reward type was 1.97 + 0.612 which
demonstrated that, nectar-dominant flowers were used most
frequently, and mixed reward types were also very dominant
in foraging.

Each one of these categorical distributions is indicative of
stable behavioural patterns of resource preference and habitat
use. The adaptive nesting strategies are proposed by a majority
of the branched and vertically aligned nests, and the prefer-
ence of the nectar-rich floral resources indicates the prefer-
ence of the energy-efficient foraging opportunities.

Table 1. Descriptive Statistics of Categorical Nesting and Floral Variables (N = 230).

Variable Mean
Nest Type (1=Branched) 0.76
Nest Position (1=Vertical) 1.34
Nest Distribution (1=Aggregated) 0.57
Floral Reward Type 1.97

(Source: SPSS)

3.2. Relationships Among Pollen Dynamics, Behaviour, and Reproductive Output

Table 2. Pearson Correlation Matrix Among Pollination Variables (N = 230).

Variables 1 2

Total Pollen —

Fruit Mass (g) J951** —

Number of Foraging Trips .047 .041

Floral Reward 124 116

Bee Pollen Deposited .920%** .867**
Note. p <.01.

(Source: SPSS)

SD Skewness Kurtosis
0.43 -1.20 -0.56
0.47 0.68 -1.55
0.50 -0.27 -1.95
0.61 0.01 -0.31

3 4 5

.076 —

.045 .063 —
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The analysis of correlations showed that the variables of
pollen and reproductive outcomes had strong and biologically
significant correlations. Total pollen deposition (r =.951, p
<.001) is also among the strongest correlations between the
fruit mass and the total pollen deposition. It implies that the
fruit mass increases were directly associated with the pollen
transfers increases, which renders successful pollen deposi-
tion to be extremely significant to the success of plants in re-
production.

The deposits of bee pollen were also positively and signifi-
cantly related to total pollen (r =.920, p <.001) and fruit mass
(r =.867, p =.001). It is also demonstrated in these relations
that the transfer of bee pollen plays an important part in the
overall pollination intensity and ecological productivity.

On the other hand, foraging trips, which measure behav-
ioural effort, had only weak and significant relationships with
total pollen (r =.047) and fruit mass (r =.041). It means that
the quality or efficiency of the foraging events and not the fre-
quency of visitation established the efficacy of the pollination.

This research suggests that the quantity of pollen transferred
by pollinators can have a significant impact on overall repro-
ductive productivity, and the pollinator as opposed to pollinator
activity is characterizing in fruit development [17]. The corre-
lation between the type of floral reward and the pollen, and the
fruit variable were not significant, and it implies that the altera-
tion of the type of reward did not directly influence the perfor-
mance of the pollination in the system considered. It means that
the composition of rewards did not significantly affect the re-
productive outcomes in case of differences in floral resources.

The overall findings of these tendencies of correlations
proves that the ecological activity of pollen transfer was the
significant process that promoted reproductive success. Con-
versely, the actual pollen deposition effectiveness was rela-
tively low in comparison with the contribution of more gen-
eral behavioural indices, such as visit frequency.

3.3. Multiple Regression Analysis Predicting
Fruit Mass

Multivariate linear regression was done to establish the rela-
tionship between variables of pollination and fruit mass. Total
pollen, average foraging duration and number of visits to the
flower were the predictors used in this model. The overall predic-
tive value of the model was high (R =.951, R?=.905, Adjusted R?
=.904) implying that it was established that the predictors chosen
explained approximately 90.5% of the variance in fruit mass. The
model was also statistically significant (F = 718.750, p <.001)
which means that it is highly predictive. The coefficient analysis
showed that the total pollen was the most significant predictor (B
=0.152, =.950, p <.001). This means that an increase in the dep-
osition of pollen also led to an increase in fruit mass in a direct
proportion to the degree of pollen deposition, which thus lends
weight to the centrality of the role played by pollen availability in
the process of reproductive production.

Mean foraging duration, however, did not play an insignif-
icant role (B = -0.061, p >.05), suggesting the absence of the
direct relationship between longer foraging time and fruit de-
velopment. Similarly, the number of flower visit contribution
was also weak and not statistically significant (B = 0.031,
p >.05). Collectively, these results indicate that the efficiency
of pollination determined the reproductive success, but not be-
havioural strength. The adequacy of the regression model was
confirmed by the diagnostics of the residual [8]. The predic-
tive accuracy was high because the standard error of the esti-
mate would be low (2.939). The residual independence was
proved because the value of Durbin -Watson (2.048) was
nearly equal to 2. The standardized residual values of the
model ranged between -1.794 to 1.788 which means that there
were no extreme outliers and that the model was stable.

Table 3. Multiple Linear Regression Predicting Fruit Mass (g).

Model Summary
R R? Adjusted R? SE Durbin—Watson
951 .905 .904 2.94 2.048
Regression Coefficients
Predictor B SE Beta t P
Constant 14.75 1.27 — 11.64 <.001
Total Pollen 0.152 0.003 .950 46.35 <.001
Mean Foraging Duration —0.061 0.067 —-.019 -0.918 .360
Number of Flower Visits 0.031 0.018 .034 1.662 .098

(Source: SPSS)
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3.4. Comparative Analysis of Nest Orientation

Table 4. Independent Samples t-Test for Total Pollen by Nest Position.

Group Statistics

Nest Position N Mean SD
Vertical 152 230.06 57.56
Horizontal 78 232.23 62.96

t-Test Results

t df p

—0.262 228 193

Levene’s Test: F =2.079, p =.151 (equal variances assumed)
(Source: SPSS)

An independent samples t-test was conducted to compare
total pollen deposition between vertical and horizontal nests.
The mean total pollen in vertical nests (n = 152) was 230.06 +
57.562, while horizontal nests (n = 78) had a slightly higher
mean of 232.23 +62.958. However, this difference was not
statistically significant (t =—0.262, p >.05).

Confidence intervals showed substantial overlap between

Mean Difference 95% CI

-2.17 [~18.48, 14.14]

groups, indicating that nest orientation did not significantly
influence pollen deposition. Although vertical nesting was be-
haviourally more common, orientation did not translate into
measurable differences in pollination efficiency. These find-
ings suggest that nest placement may reflect structural or eco-
logical preferences rather than factors directly affecting repro-
ductive performance.

3.5. Ecological Trends from Graphical Interpretation

Histogram

Dependent Variable: Fruit Mass (g)

30

5]
o
1

Frequency

10

Mean = -5.30E-16
Stel. Dev. =0.993
N =230

-2 -1 0

|
1 2

Regression Standardized Residual

Figure 1. Fruit Mass (Histogram).
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Table 5. Residual Diagnostics for Regression Model.

Statistic Minimum Maximum
Predicted Value 33.06 68.76
Residual -5.27 5.26
Standardized Residual -1.79 1.79

(Source: SPSS)

As it is observed in the histogram, the distribution of mass
of fruits is nearly normal meaning that there is statistically
constant and environmentally consistent reproductive produc-

Mean SD

49.83 9.02
0.00 2.92
0.00 0.99

tion pattern among the target population. The lack of any ex-
treme skew or outliers show that the success in such pollina-
tion was homogeneous and proves that the parametric infer-
ence is correct.

23

20

1077

130 200

230

|
300 330 400

Total Pollen
(Source: SPSS)

Figure 2. Total Pollen.

Graphical exploration also helped to support the statistical
results. The appropriateness of the parametric analyses was
justified by the fact that the histogram of total pollen had an
approximately normal distribution. The weight of fruits was
plotted in a dot with moderate variability without high ex-
tremes thus indicating that the observations do not have either
excessively high or excessively low results of reproduction.
Based on the descriptive results, the pie chart of the nest type
determined the dominance of branched nests. Three-dimen-
sional visualisation of floral visitation frequency and depos-
ited bee pollen revealed that pollination was most prolific in
mid-range values suggesting that there was a relative similar-
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ity in pollination behaviour and not highly dispersed. Scatter-
plot and density plot of total pollen and fruit mass show that
there is a high positive linear association that is graphical ev-
idence that supports the high correlation and regression coef-
ficients in the statistical findings. Flower colour graphical
analysis even though it revealed diversification in floral inter-
actions, colour was not revealed as a significant predictor of
pollination success.

The overall pollen deposition in the form of graphs indi-
cates the distribution of the pollen as a symmetrical distribu-
tion moderately dispersed among the measurements. This
graphical trend advocates the enormous predictive capability
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of total pollen on fruit mass that was achieved in the regres-
sion model.

Count

(Source: SPSS)
Figure 3. Number of Flowers Visited and Bee Pollen Deposited.

80,0000

70.0000-

60.00007

50.0000—

Fruit Mass (g)

40.0000—

30.0000-

200000

! | !
100 250 300 350

Total Pollen

(Source: SPSS)

!
200

Figure 4. Fruit Mass and Total Pollen.

The relationship between the increased visitation and the
increased deposition of pollen is not linear as demonstrated in
the three-dimensional graph. In this graph, it is emphasized
that the qualitative nature of the transfer of pollen, and not the

frequency of the visits, dictates the performance of pollination.

The strikingly high positive linear correlation between total
pollen deposition and fruit mass is graphically supported by
the extremely large Pearson correlation coefficient (r = .951).
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The close clustering of the data points around an upward curve
proves that the greater the efficiency of the pollen transfer, the
more the fruit output directly increases, which further supports
the fact that the amount of pollen is the most important pre-
dictor of fruit growth.

Pearson Correlation Heatmap (N = 230)

Total Pollen 0.047 0.124
0.8
!
Fruit Mass (g) 0.041 0.116 o
[}
L0.6%
S
Foraging Trips { 0.047  0.041 c
L04®
I
Floral Reward 4 0.124 0.116 0.076 5
(v]
r 0.2
Bee Pollen Deposited 0.045 0.063
—- 0.0

(Source: SPSS)

Figure 5. Correlation Heat Map.

The heatmap indicates that the positive correlation between
Total Pollen and Fruit Mass (r =.951) and between Total Pol-
len and Bee Pollen Deposited (r =.920) is quite high, and it is
right to conclude that the efficiency of pollen transfer is the
most significant factor of the reproductive output. On the other
hand, the behavioural variables of Number of Foraging Trips
and Floral Reward Type show a non-significant correlation
with the fruit mass supporting the argument that qualitative
pollen deposition, rather than visitation frequency, is the suc-
cess determinant of pollination.

In general, the statistical results indicate a consistent eco-
logical trend whereby the nest structure is relatively stable,
behavioural activity variability is moderate, and pollen trans-
fer is the key factor of reproductive success. Descriptive sta-
tistics ensured the ecological ranges of the whole variables
measured were biologically realistic. The results of correlation
and regression analyses continually showed that overall pollen
had the most powerful effect on the mass of fruits.

Conversely, behavioural phenotypes, including time spent
foraging, nest orientation and visitation rate, were insignifi-
cant predictors in models [23]. All these findings point to the
conclusion that reproductive output is largely dependent on
quality and efficacy of pollen deposition and not on the degree
of behavioural activity. Ecologically speaking, effective pol-
len exchange between pollinators turns out to be the focal pro-
cess that supports the efficient forms of interaction between
plants and pollinators in the ecosystem under consideration.
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4. Discussion

The results at hand have made it extremely evident that the
ecological process through which the reproductive success of
the system in question is determined is not the intensity of be-
haviour but the efficiency of pollination. It was the fixed peri-
odicity of the nesting plan of building and the relatively fixed
behavioural action represented by descriptive regularities that
made the pollinator have a substantially regulated nesting plan
adapted to prevailing environmental conditions [19]. This
evolution mechanism that might explain the excess of the
structural stability, capability against the environmental per-
turbation and protection of brood would be the success of the
branched and vertically oriented nests. However, the statisti-
cal significance of the variations in the total pollen deposition
among the nest orientations do not show any statistical signif-
icance that means that such structural preferences are quite
adaptive nesting behaviour but not the actual agents of the per-
formance in pollination [22].

The end of the analysis, which is very significant was that
there is a very close relation between mass of the fruits and
overall pollen deposition. This huge proportion of correlation
coefficient, together with the fact that the regression model
can explain high level of variation means, confirms that the
success of plants in reproduction depends largely on the effi-
ciency of pollen transfer. Such findings are in line with the
ecological theory in which successful carrying of the pollen is
a more determinant of plant fitness than a visitation frequency
[10]. Although the pollinating insects were also busy in the
process of floral visitation, behavioural variables such as fre-
quency of foraging trips and averages of foraging time were

not seriously involved in the process of fruit development [19].

These patterns are indicative of the nature of the pollinator-
flower interaction which occurs in the reproductive response
in the number of visits.

Another indicator of the ecological importance of good pol-
len transport is that deposited bee pollen and total pollen are
nearly related. The fact that the rates of covariance of these
variables are quite high means that the effect of bee activity
on the increase of the amount of viable pollen on which ferti-
lization and later formation of fruit mass takes place is very
significant [5]. This observation coincides with the behav-
ioural ecology models that put a strong emphasis on the loca-
tion specificity of the pollen as a functional adaptive character
of efficient pollinators. Fruit mass has been moderately more,
but this can scarcely be the variations in foraging labour or the
nest construction.

Distributional statistics also make the ecological interpreta-
tions reliable. The continuous variables were roughly equal
and had no extreme outliers, which indicated that there was
security in the environment and predictability in behaviour in
the observation. The negative kurtosis is the indicator of the
ecological heterogeneity versus the statistical irregularity.

Overall, the information can be condensed to the following
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ecological background; the successful reproduction is primar-
ily goal-driven regarding the degree of the pollen being trans-
ported successfully [7]. The behavioural ones, e.g., frequency
of visitation and the length of foraging appear to be auxiliary
to the decisive one of efficiency of pollen transfer. The results
indicate that it is time to start thinking about the mechanisms
of pollen transfer in ecological research and not only about the
fact of pollinator action. This study is therefore applicable in
the broader idea of behavioural ecology where reproductive
success depends on the quality and rather than the frequency
of interaction.

5. Conclusion

The paper provides an insight into the behavioural ecology
and pollination efficiency of a solitary buzz pollinator because
it demonstrates that reproductive performance depends on the
efficiency of pollen transfer and not the frequency of behav-
ioural activity. In general, the adaptive behaviours to the en-
vironmental factors were comparable in nesting behaviour and
foraging patterns. Compared to reproductive output, which
demonstrated adaptive structural correlations, nest architec-
ture and nest orientation had a modest direct impact on repro-
ductive output, and it would be significant to mention that
structural decisions, nevertheless, are better directly con-
nected with protection and energy minimization than fruit pro-
duction.

The main finding of the analyses is that total pollen deposi-
tion turned out to be the most effective predictor of the fruit
mass justifying the prevalence of the pollination efficacy to
demonstrate reproductive success. The important role in re-
search is to investigate the effective pollinator and plant inter-
actions since it was found that the relationship between the
transfer of pollen and fruit production was close in statistics.
In comparison, the role of behavioural variables (time spent
foraging and frequency of visitations) in reproductive success
was comparatively small.

In conclusion, it was shown in the analysis that the repro-
ductive success of this system was founded on the successful
pollen delivery as the main ecological process. It is also worth
pointing out that the results help to understand the benefits of
research on pollinator functional ecology better and empha-
size the necessity to quantify ecological performance by the
level of interaction efficiency, thereby improving the interpre-
tation of plant-pollinator interactions.
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