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Abstract: "Harvest Flight Synapse (HFS)" refers to the way in which a pollinator communicates and
interconnects the organization of a flower system through a sequence of flight performed through
the space of the vegetative architecture of a plant. It was identified HES of Apis mellifera performed
in a territory of the desert of Sonora, Mexico by visual monitoring of Stenocereus thurberi cacti indi-
viduals, located around the periphery of a cultivation area of Medicago sativa during flowering’s
season. The importance of the HFS is that the pollinators establish a pre-designed flight transit order
on the vegetative architecture so that subsequent visitors perform a flight sequence in which they
include more floral structures, ensure pollination - harvest and at the same time stimulate the flow-
ering. HFS prevailed initially from the east and the differences in time of stay in each column were
not governed by their height or distance between them but by the number of columns with the
presence of floral appendixes determined by their respective floral range and flowering scale. Com-
munication and interconnection coexist in the bee-cactus relationship and allow sequencing the eco-
logical processes in both organisms from the HFS.

Keywords: flight sequence; pollinating function; permanence in floral appendixes; vegetative archi-
tecture of cacti

1. Introduction

Pollinators present a severe challenge in the face of deforestation and the limited
availability of flowering plants to make their environmental functions and survival [1-3].
This situation is no different for pollinating hymenopterans in geographic areas where
their harvesting resources are limited for some cacti, the climatic emergency, atypical
droughts and desert conditions [4-11].

The environmental service offered by honeybees (Apis mellifera) in the Sonoran desert
represents an opportunity for the cacti that inhabit it to successfully maintain their species
[7, 9, 12,13]. The pitaya cactus, Stenocereus thurberi, determines part of its life cycle with
flowering with an increase in the months of April and June, thus completing the annual
fructification from the fertilization provided by the bee at the time it makes its harvest
flight [6, 8, 14].

The understanding of this continuous process is not limited to a fortuitous path for
the bee to perform such a valuable environmental service, it represents an interconnection
and communication produced by the Apis mellifera harvest flight sequence in Stenecereus
thurberi in which non-tangible latent values are integrated [15-21].

The purpose of this work is to establish the concept of Harvest Flight Synapse (HFS),
which makes prevail possible latent and indirectly tangible aspects to understand that the
harvest flight is not only determined by the stimulus that favors the presence of floral
structures or by a random flight sequence but in order to establish an interconnection and
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possible communication among each column of the plant and its respective floral
structures from the sequential and orderly visit of the bees to ensure a flowering in time
[1,8,19,22]. These two aspects could be fundamental to design and formulate, for this
cactacea, a synaptic flight map and the schematization of a sequence model from the
observation of the flight sequence of a bee in the space of the vegetative architecture of
Stenocereus thurberi [22-26].

This flight of the visiting bee, in the space of vegetative architecture, represents more
than a visible environmental service of harvesting and pollination, it establishes a link
between the plants that the bees visit to stimulate their development and ensure their
reciprocal survival through a tacit communication between both organisms [7,12,27].
This meaning explains a cognitive - neuroanatomical association where predictability as
well as information storage coexist, one more operation within the bee functions
[16,19,22,24,28-30].

2. Materials and Methods
2.1. Study region and site

The study was managed in the province of Moctezuma, Sonora, México, 658 above
sea level (29°42" 01°" N; 109° 39" 05"'W). The study area corresponds to a landscape of the
Sonoran desert located in an intermontane valley in which an area of alfalfa meadow,
Medicago sativa, is embedded; surrounded by legume trees and xerophytic vegetation.

A buffer area is distinguishable between the alfalfa meadow and the perimeter of
native vegetation that ranges between 10 and 20 meters away. From there and up to 600
meters inland, the individuals of pitaya cactus, Stenocereus thurberi; were located and sam-
pled. The sampling and observations were conducted on different dates from March 15 to
June 6, 2021; between 6:00 am and 14:00 pm, the weather conditions during the sampling
period were with an interval of temperature between 23°C to 43°C, and none rainfalls
during period and a wind speed oscillating it was about 24 to 32 km/h

2.2. Graphic reference and vegetative plant architecture

Each of one of the pitayas was geographically referenced, the time of observation and
the environmental temperature were determined. A photograph was taken for each indi-
vidual and the position per quadrant of its columns in a Cartesian plane was identified
with respect to its individual center from its observation from the geographic south and
from an aerial perspective. (Figure 1) [24, 29, 31].

(b)

Figure 1. The vegetative architecture by the pitaya cactus in a Cartesian plane. a) With a perspective from the south, shows
a specimen. b) This, same is visualized for the identification of the honeybee HFS from an aerial view
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The vegetative architecture of the plant consisted of identifying the height and am-
plitude of plant coverage, average height of the columns, average distance between col-
umns, distance from the individual center, as well as the floral range and flowering scale
of the floral appendages present in the coronary hood (Figure 2).

(@) (b)

Figure 2. Vegetative architecture manifests in pitaya measurements, a) The total amplitude of the organism and perimeter
limit, the distance between columns, the height, and the distance with reference to the center of the individual. b) The
floral coronary hood (FCH), with flower bulb (FB), flower (Fl), and fruit (Fr)

2.3. Observation of flight behavior

The observation to identify the Harvest Flight Synapse (HFS) consisted of the visual
monitoring of the flight sequence together with the recording of the time spent by a single
bee, Apis mellifera, visitor at a time on the vegetative architecture per individual of pitaya.
The flight sequence was observed in the vegetative architecture of n=21 individuals of
pitaya cactus in which the flight path of three and up to five bees was analyzed, obtaining
an average of time per plant, for the total of events measured per date.

The time was measured in seconds from when the bee arrived in the airspace of the
cactus until the moment where it left the plant. This measurement included the time in
the sequence performed on each pitaya for each floral range and component of the plant's
airspace.

2.4. Descriptive analysis and interpretation of Harvest Flight Synapse model.

The magnitudes for each of the variables involved in the HFS were processed and
analyzed by descriptive analysis, dispersion measures were obtained and inferential tests
were performed. The interpretation of a flight sequence model and the synaptic map of
HEFS is shown [15, 20, 32]. A hypothesis test is added to evaluate the time spent per visit
in floral ranges (P<0.05). The software used was SPSS, version 25.

3. Results
3.1. Vegetative architecture of Stenocereus thurberi

The amplitude of cover and height of pitaya manifest the limits for understanding
the vegetative architecture and airspace of the HFS. Height values ranged from a maxi-
mum of 5.4 meters to no less than 1.8; and amplitude of cover ranged from 0.8 to 2.4 meters
(Figure 3). The average number of columns was 16 per pitaya, with maximum and mini-
mum values of 38 and 3, respectively. From these magnitudes, the bees arrived in the
airspace from the East 64% and from the Northeast 36% at an average pitaya height of 2.40
meters and then ascended to the crown cap of the highest pitaya column. On the way
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down, the bees had already visited 80% of the columns regardless of the existing floral
range in these columns.

Height of pitaya Breadth of covering

Height - Distance (meters)

123 45 6 7 8 9 10111213 14151617 18 19 20 21

Individual number

Figure 3. Vegetative architecture manifests in pitaya measurements, the total amplitude and
height.

3.2. Synaptic condition for flower structures

Other elements that conditioned the HFS were, Average Column Height (ACH), Av-
erage Distance between Columns (ADC) and Average Distance between Columns and the
Individual Center (ADCIC) (maximums and minimums respectively: 3.9 - 1.4; 1.1 - 0.35
and 1.8 - 0.25 meters). The extreme values in column height defined part of the flight se-
quence in the direction of initial boarding to the airspace of the cactus. The intercolumnar
separation determines part of the synaptic track that is formed among the columns; hence,
a higher frequency of flights is identified in pitayas with columns with flower bulbs (Fig-
ure 4).
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Figure 4. Intrinsic vegetative architecture consisting of Average Column Height (ACH), Average
Distance between Columns (ADC) and Average Distance between Columns and the Individual
Center (ADCIC).

3.2.1. Flower range and percentages

Regarding the range and scale of the floral appendages present in the crown cap ac-
cording to the total number of plants observed, most of them corresponded to flower
bulbs. The percentages of floral range found in the total number of pitayas observed are
represented according to Figure 5.
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Figure 5. Percentage of floral appendixes present by the total of observed columns observed.

The visit sequence was defined in priority to columns with blooms. and flower bulbs,
not ruling out those with growing fruits from the moment of arrival until the end of the
visit to the cacti visited. The residence time in columns with floral appendixes was 47 +
3.2 s; between columns with bulbs and fruits in formation for 5.2 +1.6 s

The time spent by the bee in each of the flight points or stay in the floral appendages
as well as the recurrent actions performed on the pitaya are defined in the following HFS
Sequence Model scheme (Table 1).

Table 1. HFS Sequence Model. Shows the floral range with residence time and priority action de-
veloped in the HFS sequence

Stay point Time (%) Priority action developed
Vegetati hitect limit
egetative arc. rrectre it 1.45 Enter pitaya airspace
of pitaya

Flower range
Close flight of flower stimu-

Floral bulb 9.88 .
lation
Flower 72.96 Harvest and pollination !
Fruit 9.88 close flight to.stlmulate ma-
turity 2
Intercolumn airspace 4.37 Intercolumn flights

Vegetative architecture limit 145 Exit pitaya airspace and
of pitaya ] departure flight

! Primarily in flowers with a floral scale of 100%

20nly in early stages of maturity

3.2.2. Hypothesis test between floral structures and flight time.

A difference was identified between the time the bee spent visiting flower bulbs and
the time spent visiting flowers (P < 0.05). In the case of fruits, there was no significant
difference.Table 52

3.3. Harvest Flight Synaptic Map

The flight sequence in the harvesting flight synapse is represented by describing a
Harvesting Flight Synaptic Map. The synapse is modeled with its elements. The original
flight is highlighted in the foreground and the "flight track" formed by previous visiting
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bees in the background. Entry and exit are modeled as a possibility of arrival and when
the bee leaves the pitaya's airspace (Figure 6).

This scheme denotes a sequence toward columns with coronary hoods with a diver-
sity in number of floral ranges and scales. The model expresses the original flight path
(OF) for the development of the harvest service as well as a relationship with the columns
with flower bulbs. A sequence is evident in the model that involves columns with hoods
with only flower bulbs or no open flowers. This suggests a subsequent "preparation” of
the flower bulbs for subsequent tours and a tacit bee-flower bulb communication for the

next flight sequence to be performed by another visitor.
o
FCH
o
-
' PB

OF: bee 1

|
|
9/:
N

Figure 6. Synaptic Harvest Flight Map representing pitaya in the Cartesian plane with 6 theoretical
internal contacts by the visiting bee in an equal number of columns. Vegetative architecture limit of
pitaya (LVAP) represents the aerial space where the HFS elements are identified. In different colors
the pitayas are observed, interconnected by the original flight (OF) (red dots) sequenced from the
Arrival (ARR) to the take-off flight (DF), going to the different floral structures in the floral crown
hood (FCH) with the possibility of varying in sequence (lateral dots to the original route). At the
base of the pitaya (PB), a synapse is articulated in the background that identifies a "flight track"
elaborated by previous visitors and the relationship of the bees with the pitaya to stimulate subse-
quent flowering of flower bulbs or fruit ripening.

4. Discussion
4.1. The flight sequence and vegetative architecture of Stenocereus thurberi

In visiting bees, the HFS is important because it defines a pre-established flight se-
quence over the architecture of Stenocereus thurberi by the previous visiting bees and for
subsequent visiting bees to perform a better designed flight sequence [17 - 19, 21, 22, 30].
With this prearranged flight sequence, columns with more bulbs or those bulbs close to
flowering are integrated and an interfloral connection is established which may be due to
the flight synapse [8, 28,30]. This also suggests that HES acts as a stimulus for bulb opening
in the coronary hoods of plant columns where flowering moments are alternate in time
[23,33].

Regarding the flower range, an underestimation of the flower bulb count is possible.
These bulbs fall due to natural conditions of the plant but the coronary hood generates
sufficient flower bulbs that maintain the flight sequence [33,34]. A similar case occurred
with immature fruits. The presence of mature fruits injured by other insects or by birds
modified the time in the flight sequence per bee with stays of 7+ 1.18 minutes.

In flowers, as the main visiting floral structure, the flight sequence was evident in
flowers with a flower opening scale of 100%. The HFS included flowers with flower open-
ing scales between 5 - 25% in which the bee made a connecting flight "circling" the struc-
ture but without stopping.
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4.2. Interconnection and communication from HFS

The synaptic map expresses an intrinsic, non-tangible relationship that interconnects
the plant with each bee through a tangible stimulus [28]. This stimulus occurs when the
bee travels through the growing floral structures, thus configuring an initial synapse [25].
Some authors mention Brownian or diffuse movements that seem to coincide with the
movements observed in this study, but we consider that there is more than a Lévy move-
ment, it is an intangible relationship that promotes this synaptic pathway in the cactus
[30, 32, 33, 35-50]. It is from this synapse that it is possible to explain the cognition of the
pathway but at the same time it could partly explain latent stimuli related to the increase
in flowering, development of floral structures, pollen production or fruit ripening [17, 18,
22,24, 34].

5. Conclusions

The Apis mellifera Harvest Flight Synapse, as a behavior and as an essential element
in the ecological function, is determinant to maintain a level of resilience, order and vital
maintenance of Stenocereus thurberi. HFS maintains the ecological harmony, the reduction
of risks and the level of vulnerability in the ecosystem of the Sonoran desert produced by
the climatic emergency and the existence of other and varied severe conditions.

The importance of the HFS is that the pollinators establish a pre-designed flight
transit order on the vegetative architecture so that subsequent visitors perform a flight
sequence in which they include more floral structures, ensure pollination - harvest and at
the same time stimulate the flowering.

The flowering of Stenocereus, being annual and prevalent in spring, ensures its
fruiting through sequenced visits by bees. In this ordered sequencing, a connection
between floral structures at different stages of development alternately predominates [14].
The bee reproduces an organized sequence of visits between each of the columns that
make up the plant to produce flowering in sequence.

The flower bulbs that are visited tangentially, while the adjacent flowers are visited
for harvesting, stimulate their growth and development while generating a series of in-
terconnections that suggest a "communication” and a link defined by the harvesting flight
performed in an orderly sequence. This communication and interconnection coexist in the
bee-cactus relationship and allow sequencing the ecological processes in both organisms
from the HFS.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1:
Variables for determination of Harvest Flight Synapse, Table S2: Hypothesis testing for time and
flower ranges in Harvest Flight Synapse
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