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Abstract

Honeybees are the most known managed social insect species with tremendous contributions to humankind. It is also
a highly studied species. Despite extensive research, significant gaps remain in understanding its natural behaviour
and survival mechanisms, particularly in the face of anthropogenic stressors such as climate change and intensive
agricultural practices. In recent decades, advancements in digital monitoring technologies have facilitated real-time
surveillance of colony health and behaviour, offering critical insights for improving hive productivity and reducing
mortality. Modern sensor-based systems enable the continuous measurement of key hive parameters, with real-time
data transmission to analytical platforms for in-depth processing. These non-invasive and cost-effective monitoring
solutions have gained widespread adoption, providing beekeepers and researchers with unprecedented access to
colony dynamics. This study presents a comprehensive review of current hive-monitoring technologies, evaluating
their applications in assessing honeybee health, behaviour, and productivity. By leveraging these innovations,
researchers can refine apicultural practices and develop strategies to enhance colony resilience in a rapidly changing
environment.
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1. Introduction and drones) and non-reproductive worker bees
collectively maintaining colony function and
The honeybee (Apis mellifera L.) is a vital survival within the hive [1]. The individuals

pollinator species that plays an essential role in within a honeybee colony cannot survive
sustaining diverse ecosystems worldwide. Valued independently, collectively forming a unique
by humans since ancient times, honeybees have eusocial biological unit [2—4]. In this context, the
been integral to apiculture due to the wide array of scientific literature defines the bechive as a
products their colonies produce. A honeybee superorganism [5-7].

colony exhibits a highly organised social structure, Honeybee nests are naturally established in tree
consisting of three castes: the queen, worker bees hollow cavities, rock crevices, and open spaces,
and drones. This division of labour is distinctly while human-engineered hives have been
defined, with reproductive individuals (the queen developed using different materials to increase

colony productivity and accessibility [4]. The
internal architecture of the hive is built by worker

* Corresponding author: Alexandru Ioan GIURGIU, bees, which secrete wax from their wax glands to
Email alexandru. giurgiu@usamveluj.ro form intricate comb structures [3,8]. These
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structures, called honeycombs, are composed of
hexagonal cells that are used to store pollen and
honey, as well as protection and development of
the brood [9]. The transition from rudimentary
hive structures to systematic horizontal or vertical
became necessary for beekeepers as it was
necessary to find new methods to increase the
productivity of their colonies and facilitate access
inside the hive for the beekeeper [3,10-12].

The health and physiology of bee colonies can be
compromised by infectious diseases caused by
bacteria, viruses, fungi, or parasites [3,13]. A
notable example is Varroa destructor, an
ectoparasite that feeds primarily on the honeybees'
fat body and can devastate entire apiaries, leading
to significant economic losses [14,15]. Monitoring
devices aim to detect such threats early, enabling
timely intervention and containment. For instance,
the Purple Hive Project in Australia utilises
cameras and artificial intelligence (Al) to identify
Varroa infestations and prevent their spread.
Additionally, Colony Collapse Disorder (CCD),
first identified in 2006, remains a major concern,
characterised by the sudden disappearance of
worker bees despite the presence of a queen and
healthy brood [16]. Beehive monitoring
technologies are thus essential for diagnosing
colony health, preventing losses, and advancing
research on conditions such as CCD [17,18].
Technological advancements have enabled
beekeepers to implement real-time monitoring
systems and devices to detect and prevent pest
infestations. These systems integrate wireless
sensors within modern hives to continuously
transmit internal data. This innovation marks a
significant shift in apicultural monitoring and
research. While the potential impact of sensor-
emitted electromagnetic radiation has been
investigated, such as studies exposing hives to
varying frequencies, no consistent behavioural
disruptions were found [19]. However, Alfonso
Balmori [20] noted that frequencies between 50—
60 Hz may alter colony behaviour, causing
increased motor activity, hive weight loss, and
reduced  overwintering  success.  Notably,
emissions from cell tower antennas (50 W) pose
greater risks than the lower-power wireless routers
(1-4 W) typically used in beekeeping [21].

The development of these devices and sensor
integration in beehives is driven by the need to
optimise honey production in remote areas,
monitor nectar harvest periods, detect pathogens,
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and enable real-time monitoring. Technological
advancements have also reduced sensor costs and
enabled data collection from multiple beehives,
including those distant from the beekeeper's
residence.

2. Types of sensors and their evolution over time

Beekeeping has transitioned from the simple task
of harvesting honey from wild hives to managing
artificial hives with a focus on optimising
production. While regular inspections are essential
to monitor the development of the hive and their
health, they can cause stress and may not address
issues  requiring ~ prompt  action. The
implementation of monitoring systems facilitates
precision beekeeping by reducing inspection
frequency and enabling early detection of
potential problems [21]. For example, weight
changes detected by a scale can prompt an
inspection to identify issues or confirm foraging
activity [22,23]. Technology has advanced in this
sector due to these insects' importance and

contribution to maintaining the balance of
ecosystems. Sensor advancements aim to
minimise hive disturbances while rapidly

identifying problems such as food shortages,
pests, diseases, swarming, or queen absence [21].

The development of beekeeping equipment has
advanced over time, particularly in temperature
measurements. Initially reliant on thermometers,
the industry progressed to thermocouples and
other sensors for more precise temperature
monitoring within the hive [24]. Similarly, weight
measurement evolved from tensiometers to
mechanical scales and later to electronic scales,
with the current use of load cells [12]. The
continuous flow of information provided by new
and open-source technologies has expanded
opportunities for device innovation. Depending on
the sensor type, some devices allow the
installation of additional sensors to measure
specific parameters of interest. These sensors may
include temperature and humidity sensors, weight
sensors, gas exchange monitors, and video or
audio recording devices. The collected data is then
transmitted via technologies such as LoRa WAN
or 4G networks [25]. These systems not only
simplify the work of professional and hobbyist
beekeepers but also hold significant potential for
research. The data they collect can deepen our
understanding  of  bee  behaviour  and
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communication mechanisms within the hive. This
enhanced knowledge can inform the development
of improved methods for bee care, survival, and
overall well-being.

2.1. Temperature sensors

Honeybees are poikilothermic insects, meaning their
body temperature is dependent on the surrounding
environment; however, as a colony, they function as
homeothermic, maintaining an internal hive
temperature between 33 and 35°C [4,26]. This
temperature range is crucial for brood development,
as the brood is highly sensitive to both excessive
heat and cold fluctuations [27,28]. The temperature
inside the hive, when brood is present, is maintained
by worker bees between 33 and 35 °C by forming a
cluster; if the temperature rises above this range, the
bees will break the cluster to ventilate the hive
[11,29]. During winter, in the absence of brood, a
cluster of bees can reach a core temperature between
15 and 20°C [30].

Temperature regulation within the hive is achieved
through specific behavioural responses from the
bees. When the temperature exceeds the upper
threshold, worker bees engage in ventilation
behaviour, such as fanning their wings and
positioning themselves in various parts of the hive;
they also place water droplets on the honeycombs,
which, through evaporation, help to cool the hive
[31,32]. In contrast, when the temperature drops too
low, bees cluster together, a behaviour most
commonly observed in winter when maintaining
heat becomes a survival priority. Worker bees
generate heat through the use of their thoracic flight
muscles [28,33]. Additionally, bees may enter empty
cells and vibrate their thorax, emitting heat (ranging
from 34°C to 42.5°C) into the vacant spaces between
brood cells, which facilitates heat transfer to the
developing brood [27]. Drones can also play a role
in temperature regulation by helping to maintain
optimal temperatures on the honeycombs,
particularly in the central hive area, which is
essential for brood survival and development
[3,34,27]. External temperature also plays a vital role
in the welfare and productivity of honey bee
colonies. A study by Abou-Shaara et al. [27]
indicates that worker foraging behaviour is most
active when external temperatures range between
10°C and 40°C, with an optimal temperature of
around 20°C for efficient nectar collection.
Temperatures outside of this range result in reduced
colony activity and foraging efficiency [10].
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Temperature sensors are essential in beekeeping
as they provide critical information on the health
and resilience of a honey bee colony. The health
of the colony is reflected in the quality of the
queen, the brood, and the population within the
hive. Deviations from normal temperature ranges
can offer insights into the impact of pathogens on
the colony, as well as the status of honey and
pollen reserves [35]. Moreover, the colony's
resistance 1is indicated by the number of
individuals, particularly the workers responsible
for foraging, and the presence of both immature
and mature brood, which ensures the continuity of
the colony by replacing ageing bees [35].

The wuse of temperature measurement in
beekeeping dates back to around 1914, when
mercury thermometers were first employed, and
beekeepers manually recorded temperature data
every hour for several days [36]. Throughout the
20th century, thermocouples became more widely
used [24], and by the end of the century, electronic
sensors were adopted [36]. With advances in
technology, real-time temperature monitoring
became possible, with data now accessible either
through wired connections or wirelessly. Many
beekeepers have integrated sensors to monitor
hive parameters such as temperature and humidity,
often coupled with solar-powered panels to
enhance device autonomy [37]. The automation of
data collection has significantly reduced the need
for frequent apiary visits, thereby lowering labour
demands.

2.2. Weight sensors

Monitoring hive weight is a crucial tool that offers
valuable insights into the health and dynamics of a
honeybee colony and its interaction with the
surrounding environment. Fluctuations in hive
weight can be caused by factors such as
population changes, food and water consumption,
humidity, or external influences like pesticides,
are key indicators of the colony's overall well-
being [23,38].

Weight was one of the first parameters monitored
by beekeepers. Early methods of weight
measurement involved the use of tensiometers,
which were placed under hives tilted to one side,
assuming the weight was evenly distributed. The
reading from the tensiometer was then doubled to
estimate the total weight of the hive. However,
this method had notable limitations, particularly in
terms of accuracy under certain conditions [12]. A
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simple method for measuring hive weight
involved using mechanical or electric scales
adapted to be placed under the hive. However, this
approach was labour-intensive, particularly in
apiaries with many hives, as the scales required
frequent checking, consuming a significant
amount of time for the beekeeper. This challenge
created an opportunity for researchers and
entrepreneurs to develop new sensors and methods
for recording and storing data, enabling the
tracking of multiple factors beyond just food
abundance or population size. The first recorded
weight data, collected with an electric scale, is
believed to have been entered into a database in
1990, specifically to monitor bee abandonment of
the hive infested with the parasite Acarapis woodi
[38]. The automation of weight monitoring began
with the introduction of load cells in 2015,
replacing traditional scales for hive monitoring
[39]. Subsequent developments included precision
beekeeping systems, such as a 4-load cell system
introduced in 2017 [40] and a low-cost monitoring
system with a single load cell in 2018 [41]. Load
cells are typically mounted at the base of the hive
on a frame, preferably made of aluminium, to
ensure durability against weather conditions and
to prevent deformation that may occur with wood.
The frame is designed to fit the hive dimensions,
ensuring even weight distribution [12,39].

2.3. Sound Monitoring

The sounds produced by honeybees are crucial for
communication both within the hive and with the
outside environment. By analysing these sounds,
the state of the colony can be assessed, making
sound analysis a valuable non-invasive technique
for beekeepers [42]. Honeybees use various
methods to produce vibroacoustic signals,
including body and wing movements, high-
frequency muscle contractions independent of
wing motion, and pressing their thorax against
surfaces or other bees [43—45]. There is a
correlation between the frequency and amplitude
of these signals inside the hive, which can help
predict events such as swarming [42].

The historical significance of sound analysis in
beekeeping dates back to the time of Aristotle.
The evolution of equipment in the 20th century,
marked by milestones such as the introduction of a
standard wave analyser in 1959 [46] and the use of
microphones and spectrographs in 1964 [42],
contributed significantly to our understanding of
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bee communication. A practical method for
detecting swarming colonies involved placing
microphones along with humidity and temperature
sensors in three hives [47], demonstrating the real-
world application of this research.

The practical application of sound analysis in
detecting swarming colonies are particularly
evident in the identification of behaviours such as
the sounds of new queens, workers and the
performance of orientation dances. Swarming can
be triggered by various factors, including queen
loss, parasite infestation, pollutants, and external
threats to the hive [48,49]. The onset of the
swarming process is characterised by a sound
frequency that begins at 110 Hz and increases to
500 Hz as the process progresses [47]. In the 21st
century, advancements in digital processing and
the use of smart devices for monitoring have
further enhanced the utility of this non-invasive
sound analysis technique [42].

Given its potential, sound analysis will be
addressed in two distinct subchapters, as its
functions can vary based on the location within
the hive or apiary.

2.3.1 Sound monitoring inside the hive

Swarming is one of the most critical phenomena
within the hive because, for professional
beekeepers, it means a decrease in the yield of
honey produced [47]. It serves as a natural
mechanism for colony propagation, involving a
sequence of collective behaviours aimed at
dividing a strong colony into multiple viable units
[50]. This process typically occurs from late
spring to early summer and may repeat several
times in robust colonies. During the primary
swarm, the old queen departs with about half of
the workers, leaving behind developing queen
cells. Once mature, these new queens may also
lead to subsequent swarms [50].

Vibroacoustic signals are key early indicators of
swarming and are central to colony
communication. Worker and queen-produced
sounds such as "piping", "tooting" and "quacking"
have  been  well-documented  [48,50,51].
Understanding these signals can provide valuable
insights into colonies' behaviour.

A newly emerged queen emits "tooting" at 0.5-
second intervals, with frequencies ranging from
200 to 550 Hz, accompanied by comb vibrations
via wing muscle activity [52]. This signal
suppresses the emergence of rival queens [53]. In
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response, unhatched queens emit "quacking"
every 0.2 seconds at around 350 Hz [44], with
signals transmitted through the hive via specific
vibrational patterns [54].

Workers also use "piping" and wing muscle
vibrations for intra-colony communication and
during foraging activities [51]. One example is the
"DVAV" (Dorso-Ventral Abdominal Vibration)
signal, described by Ramsey et al. [6], which
conveys behavioural cues within the hive.
Queenless hives exhibit chaotic behaviour. Bees
may expose their Nasonov glands and fan their
wings, producing a distinctive sound indicating
the queen's absence [55].

Sound monitoring also holds the potential to
detect parasitic stress. For instance, studies
comparing healthy and Varroa-infested colonies
revealed distinct acoustic differences. Threat
responses generate pulses ranging from 300 to
3600 Hz, while infestation causes a frequency
shift from 100-300 Hz to 500-600 Hz [56,57].
These acoustic variations warrant further
investigation to clarify the relationship between
parasitism and vibroacoustic changes.

2.3.2 Sound monitoring at the entrance to the hive
In addition to detecting internal acoustic signals,
microphones placed around the hive can alert
beekeepers of external threats. Bees emit distinct
sounds to deter predators during attacks [57,58].
For example, Apis mellifera cypria responds to
Vespa orientalis with characteristic warning
signals that mobilise colony defence [59]. External
and internal microphones may also detect pest-
specific noises. If these acoustic profiles are
integrated into real-time alert systems, beekeepers
can be notified early, before the infestation
becomes severe [60,61]. Although such systems
are still under development and face several
technical challenges, expert consensus supports
their potential for effective predator detection
[61]. A notable example was recently
demonstrated by Hall et al. [62], who showcased
the capability to identify the predatory wasp Vespa
velutina in real-time.

2.4. Gas monitoring sensors

CO, monitoring in hives was first documented in
1921 using metabolic chambers with controlled
gas flow [36], later refined using "Tygon" tubing
[63] and pipettes [64]. Advances in sensor
technology have made real-time gas monitoring
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more accessible and led to their adoption in
modern apiculture [36,65,66].

Carbon dioxide and humidity are important factors
for colony health [65]. Excess CO, triggers
ventilation behaviour, particularly in strong
colonies, as part of thermoregulation
[63,65,67,68]. Meikle et al. [66] demonstrated that
increased hive ventilation raised CO: levels above
200 ppm without affecting temperature or weight.
CO: concentration was found to be higher beneath
the frames and lower above them.

Humidity, expressed as water vapour in the air, also
plays a critical role [65]. Brood development
requires relative humidity between 75-90% at 35°C
[69]. This parameter varies with colony activity and
environmental conditions, with higher internal
moisture due to bee presence and nectar evaporation
[31,32]. Historical humidity measurements used
hygro-thermographs in empty hives or in
compartments placed above the colony [70].

2.5. Video monitoring

Visual inspection of the bee colony is a necessary
tool for beekeepers to assess colony status.
However, the integration of video monitoring—
both inside the hive using infrared cameras and
outside using conventional setups—enhances
observational capabilities by enabling real-time
tracking of hive activity and foraging direction via
wireless transmission [71]. This approach allows
beekeepers to monitor colonies remotely,
regardless of weather or time, reducing the need
for on-site visits [71].

Infrared imaging offers a non-invasive method for
internal hive assessment. Radiometrically calibrated
thermal cameras provide signals  directly
proportional to the number of populated frames, with
optimal results recorded before sunrise due to the
thermal contrast between the hive and ambient
conditions. This technique minimises colony
disturbance and is especially valuable in applications
requiring frequent assessment, such as using bees for
mine detection [72].

Swarming, which negatively impacts honey
production and operational efficiency, is more
easily detected through frequent inspections.
However, manual checks can stress bees and
increase operational costs [73].

Automated systems continuously monitoring
environmental and internal hive parameters—such
as temperature and humidity—can detect
behavioural cues indicating imminent swarming.
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When integrated with video monitoring, these
systems enable precise behavioural correlation and
documentation [73]. Additionally, video systems
have been used to monitor pollen inflow. Yang et
al. [74] demonstrated a method using high-frame-

rate video (50 fps) and image processing
algorithms to identify returning foragers based on
movement and colouration. Pollen loads were
detected and differentiated, allowing for non-
invasive estimates of colony food stores.

Table 1. Overview of key parameters reviewed in this study, including their recorded values, sensor types used for
measurement, and corresponding references

Recorded

Parameter Reference Type of sensor Reference
values
:‘:(ﬁlg:;:::;; 15-20°C [30] Mercury thermometer [24]
Temperature 35-36°C [11,29] Thermocouple [24]
(active season) 33-35°C [4,26] Temperature sensors [47]
. 60-90% 26 Hygro-thermographs 70
Humidity 75-90% %69% HOBO H data%ogpgers {3 1}
Increase/decrease Tensiometer . [12]
Weight (Kg) Mechanical/electronic scale [36]
Load cell [39]
CO: Non-dispersive
concentration 200 —>11,000 ppm [12,66,68] infra-red (ND?R) detectors [65]
100-3600 Hz [57] Standard wave analyser [46]
Sound Combined with algorithms [62] Spectrograph [42]
Microphones [47]
Vi'deo' Specific algorithms Inffared camera [71]
monitoring Video camera [73]
more efficiently [75,76]. A wide range of such
, technologies is now available, tailored to diverse
Parameters To monitor: .
apicultural needs [76].
& « Health The framework of "Precision Apiculture”" has been
‘co2 T°C &/or RHY% established as a modern apiary management
« Productivity paradigm, characterised by continuous and
automated monitoring designed to optimise resource
!Sound + Mortality allocation and. maximise cqlony performance [77].
Central to this approach is the development of
robust, intelligent systems capable of recording,
* Robbing storing, and analysing key indicators of colony
‘ viability [75]. Recent research highlights the
Video surveillance + Swarming integration of such datasets into predictive models,
Weight offering significant potential to enhance decision-
making and colony management strategies [78].

Figure 1. Types of parameters analysed and their
purpose

3. Advanced Sensor-Integrated Systems for
Comprehensive Hive Monitoring

Modern monitoring devices enable real-time
tracking of key parameters for each colony within
an apiary, allowing beekeepers to make informed
management decisions and detect pest presence
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For these systems to be broadly adopted, they must
demonstrate economic sustainability, ease of
deployment, operational simplicity, and minimal
maintenance requirements [79]. Furthermore, given
that many apiaries are located in remote areas,
effective data transmission to the beekeeper in a
user-friendly format is critical. In this regard, the
Internet of Things ("loT") presents the potential to
transform traditional monitoring and decision-
making processes in agriculture and apiculture into
automated technologies. [oT brings different sensors
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with software and network connectivity, facilitating
real-time communication and data exchange
between devices, central hubs and databases [80].
Moreover, centralised data collection, storage, and
the development of specific programs and
algorithms can help beekeepers predict trends, detect
issues, and make decisions on time. Through the
integration of environmental and behavioural
metrics, these technologies facilitate early detection
and mitigation of critical stressors such as Colony
Collapse Disorder (CCD), parasitic infestations, viral
outbreaks, queen failure, and climate-induced
disruptions.  Widely used sensors include
temperature and humidity sensors, visual and
acoustic monitoring tools, gyroscopes, and GPS
modules [81]. The subsequent section presents a
selection of commercial and research-grade
monitoring systems exemplifying these capabilities.

3.1. BEEP base

The BEEP monitoring system is designed to be user-
friendly and effective, consisting of two main
components: the BEEP base, an automatic
measurement device that records key parameters
such as temperature, hive weight, and acoustic
signals, and the BEEP platform, a database where all
collected data is uploaded and made readily
accessible to beekeepers and researchers [82]. To
enable real-time data visualisation, the BEEP base
must be within the range of a LoORaWAN Gateway,
which facilitates wireless data transmission from the
hive to the cloud-based platform.

The development of the BEEP system has been
closely tied to the B-GOOD project, a four-year
European  initiative  aiming to  enable
comprehensive and standardised monitoring of
honeybee health. The project seeks to record a
broad range of parameters that reflect the
physiological condition of the colony, including
brood presence, honey production, pollination
activity, resistance to diseases and pests, hive
adaptability, and analysis of subspecies and
ecotypes. These data are systematically gathered
from multiple locations across Europe and
centralised in a platform that supports both
research and practical applications in beekeeping
[83].

3.2. Purple Hive

The Purple Hive Project is an Australian initiative
created to support the national honey production
sector by developing an intelligent hive
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monitoring system. This solar-powered device is
integrated into the beehive and designed to detect
Varroa destructor, a highly destructive parasitic
mite, directly on bees entering or exiting the hive.
Detection is achieved using two 360-degree
cameras placed at the hive entrance, paired with
artificial intelligence algorithms capable of
identifying infested bees. Upon detection, the
system immediately alerts the beekeeper so
appropriate measures can be taken to contain the
threat [84]. Teams of experts are tasked with
implementing these techniques in apiaries
throughout Australia [85]. Previously, approved
detection methods involved laborious techniques
such as sugar shake or ethanol wash, both of
which are invasive, require manual handling of
bees and result in the loss of individuals from the
colony. These approaches also depend heavily on
trained personnel and are impractical for constant
surveillance across large areas.

As part of its biosecurity framework, Australia has
implemented a Sentinel Beehive Program since
2000. This initiative deploys hives in strategic
maritime locations to act as early detection tools
for a wide range of invasive pests. In a 2005
review, Pat Boland described the placement and
monitoring of these hives, typically inspected
every six months, and highlighted the risks posed
by pests transported through international shipping
routes [86]. The Australian government has
proactively involved both professional and
hobbyist beekeepers from urban and rural areas in
a coordinated effort to mitigate the threat posed by
Varroa destructor, which represents a serious risk
to the national economy and agricultural systems
[87]. The Purple Hive, still in the development
phase, is being integrated into this sentinel
network and deployed in high-risk zones. It aims
to reduce costs, simplify monitoring efforts, save
time, and increase detection accuracy [88,89].
Despite these efforts, in June 2022, sentinel hives
in two regions of Australia confirmed Varroa
destructor infestations. This prompted a large-
scale eradication attempt. However, in September
2023, after considerable effort, the Australian
federal government officially announced the end
of eradication activities, opting instead for a new
strategy focused on the long-term management of
the parasite[90-93].
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3.3. Eyes on Hives

For beekeepers, flight behaviour is a key indicator
of a colony's health, strength, and resilience.
Typically, visual inspection of bee traffic at the
hive entrance serves as the first step in assessing
colony status. Parameters such as bee volume,
flight dynamics, and weather conditions offer
insights into colony vitality [94].

Eyes on Hives is a solar- or 120V-powered system
that employs image processing technology to
monitor and record flight activity. The system
includes a camera positioned in front of the hive, a
central data storage unit, and an internet router to
facilitate wireless data transmission [95].

The camera captures bee movements and
transmits visual data to a cloud platform, which
can then be accessed in real time via a dedicated
mobile application. By analysing flight patterns
and the number of bees entering and exiting the
hive, the system allows daily colony monitoring
through automated video analysis. Data are
captured in 30-second video segments every two
minutes, uploaded to the platform, and made
available to users through the Eyes on Hives app
[96]. The application also features automatic
alerts, notifying beekeepers of significant
behavioural anomalies such as swarming [97]. For
optimal performance, the device must be placed
directly in front of the hive and is programmed to
operate from sunrise to sunset based on
geolocation and date settings. A stable Wi-Fi
connection is essential for continuous data
transmission [97].

However, several environmental and physical
factors, such as hive colour, background contrast,
placement distance, and shadowing, can influence
data quality [97]. A notable limitation is the high
cost of the device, as reported by Souza et al. [98].
In response to this, the authors proposed a Doppler
radar-based system as a non-invasive, cost-
effective alternative. This technology detects bee
movement via electromagnetic wave reflection
and was found to outperform image-based systems
in both efficiency and affordability[98].

3.4. IoBee EU

The Internet of Bees (IoBee) project, founded by
the European Union, aims to support pollinator
health and biodiversity through advanced
monitoring solutions [99]. The initiative focuses
on both in-hive and field-based data collection,
supported by a centralised platform where
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beekeepers, data scientists, and researchers can
share insights and findings. A significant outcome
of the project is the development of a bee counter:
a sensor system installed at hive entrances to track
bee traffic, detect pests, and assess colony status
[100]. IoBee also incorporates additional sensor
modules to measure internal hive parameters such
as temperature, humidity, weight, and acoustic
signals. Despite these advancements, the precise
monitoring of forager loss and foraging activity
remains under development [101]. Another
innovative aspect of the IoBee project is its use of
satellite imagery in conjunction with in-field
sensors. This integration allows the identification
of phenological phases and land-use patterns,
offering valuable data to environmental authorities
and helping reduce manual labour while
protecting insect populations [100].

3.5. Bee Hero

Bee Hero is an American initiative driven by a
multidisciplinary team comprising experienced
beekeepers, biologists, entrepreneurs, and data
scientists. The project's objective is to support
both ecological sustainability and agricultural
productivity [102]. The core of BeeHero's system
is a hive-integrated sensor array that continuously
monitors parameters, including temperature,
humidity, acoustics, and overall hive activity
[102]. Particularly notable is its ability to track bee
traffic, a key metric influenced by foraging
resources and colony demographics. This
information can yield valuable insights into the
age structure and vitality of bee colonies [103].

3.6. Buzz Box

The BuzzBox system, developed by OSBechives,
is part of a broader initiative to build a global
network of beekeepers and address common
colony health issues. This solar-powered device is
equipped with sensors that collect data on
temperature, humidity, and hive acoustics, which
are then analysed via an integrated Al platform.
Additional features include an external weather
station and theft detection alarms [104]. Data
collected by the BuzzBox are transmitted via Wi-
Fi directly to the beekeeper's smartphone. The
system benefits from an extensive data foundation,
with over 2 million data points gathered from
thousands of hives, which enhances the accuracy
of its predictive analytics and decision support
tools [17].
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4. Discussions

Honeybee colonies function as complex, cooperative
systems, often described as superorganisms, due to
their ~ integrated  social  behaviour  and
interdependence among individuals. Investigating
such systems through advanced monitoring
technologies provides valuable insight into colony
dynamics and opens new avenues for enhancing
human-bee interactions.

In recent years, 4. mellifera populations have faced a
growing number of biotic and abiotic threats,
including habitat degradation, pesticide exposure,
climate change, and the spread of invasive species
[105]. This escalating pressure underscores the
urgent need for proactive monitoring strategies. Bees
play a critical ecological and economic role,
particularly in the pollination of entomophilous
crops, which are essential to global food security
[106]. Ensuring their protection is no longer
optional; it is a necessity.

A central aim of modern apicultural monitoring is
to reduce the disturbance caused by manual hive
inspections. Repeatedly opening hives has been
shown to stress colonies and disrupt their internal
balance. In this context, recent advancements in
remote sensing technologies, enabled by 4G and
LoRaWAN communication networks, allow for
real-time, minimally invasive monitoring [25].
These systems facilitate data transmission between
the hive and digital platforms accessible via
smartphones or computers, significantly reducing
the need for direct interference with colonies.
Concerns have been raised regarding the potential
impact of electromagnetic waves from such
devices on bee health [19]. While current evidence
suggests that the low power levels used in most
monitoring systems do not harm bees, further
investigation is warranted to establish long-term
safety standards [20,21,25].

Technological advancements and the decreasing
cost of digital components have made the
development of sophisticated monitoring tools
increasingly feasible. Current sensor technologies
have evolved to track detailed hive parameters
such as temperature, humidity, weight, acoustic
profiles, and gas exchange. Additionally, some
systems can detect the presence of pathogens and
pests, most notably Varroa destructor, a mite
linked to the widespread colony decline, or that
can contribute to the early detection of Vespa
orientalis or V. velutina [56,58—60,62].
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Integrating sensors capable of monitoring a wide
range of environmental and biological indicators
offers considerable benefits for both professional
and hobbyist beekeepers. These devices do not
replace the beekeeper's expertise but rather serve
as tools to optimise colony management. They can
provide early warnings for swarming behaviour,
detect the onset of nectar flow, or alert the user to
the presence of disease, all while minimising
physical inspections [21,48,50,51]. For hobbyist
beekeepers, who may lack time, expertise, or easy
access to their apiaries, automated monitoring
offers a valuable solution. These tools deliver
interpreted data via user-friendly platforms,
bridging knowledge gaps and supporting better
decision-making. This can be especially impactful
for non-professionals, who may not possess the
technical knowledge of veterinarians or
commercial apiarists.

Several notable devices exemplify the current
state of innovation in hive monitoring. The Eyes
on Hives system offers visual analytics to monitor
colony flight activity and detect anomalies such as
Varroa infestations [95-97]. The Purple Hive
project, developed in Australia, uses Al and visual
recognition to identify Varroa destructor in real-
time.[84,88] The BEEP base platform integrates
sensors that measure hive temperature, weight,
and sound, contributing valuable data to both
practitioners and researchers [82]. These
monitoring systems contribute not only to daily
management but also to research. The data
collected are archived in centralised databases that
allow for retrospective analysis, model
development, and cross-referencing among
diverse regions and conditions. As these databases
grow, they will enable the refinement of existing
technologies and support the emergence of more
accurate predictive tools. Looking forward, the
accumulation of large-scale, high-quality data sets
is vital for refining these technologies. Continued
research  efforts—supported by  structured
protocols for device maintenance and data
interpretation—will be essential for improving
performance and expanding functionality. The
growing number of sensors used across agriculture
and apiculture demonstrates the broader trend
toward digital optimisation in the farming sector
[107]. Ultimately, beekeepers and their managed
colonies are at the core of this technological
evolution. Their willingness to adopt and support
these tools will be crucial for their widespread



Ternar T.N. et al./Scientific Papers: Animal Science and Biotechnologies, 2025, 58 (1)

implementation. From the beekeeper's standpoint,
beyond the initial financial investment, the success
of any monitoring system will be judged by its
practical utility, reliability, and contribution to
improved colony health and productivity.

5. Conclusions

Integration of monitoring technologies in apiculture
can offer significant benefits for both professional
and hobbyist beekeepers. These devices are
generally easy to install and use. The perspective for
early detection helps optimize hive management
while reducing the number of inspections. Although
the initial investment may be high, maintenance
costs are typically low, and the systems are designed
to be minimally invasive, causing little to no
negative impact on colony health. These
technologies can improve productivity by enabling
timely interventions for issues such as mite
infestations or changes in nectar flow, and they help
reduce colony losses by facilitating early detection of
problems. Overall, monitoring devices enhance hive
management, promote colony health, and ultimately

contribute to more efficient and sustainable
beekeeping practices.
Other potential applications by integrating

monitoring devices can come to help the research
sector. The biomonitoring sector can be optimised
by placing monitoring devices on the hives that
are used as bioindicators. This can facilitate the
monitoring of specific areas to evaluate pollution
levels, pesticide presence, and climate change's
impact on the environment. Furthermore, if
focused more on the colony, the use of monitoring
devices can help researchers gain more insight
into honey bee behaviour and colony dynamics. It
could facilitate a better understanding of the
mechanisms of interactions between individuals
and their response to internal or external threats or
environmental factors. A better insight into these
areas can lead to the development of improved
beekeeping practices.

Aknowledgements

This study was partially supported for A.I.G., O.B. and
D.S.D., by the research projects: ADER 11.1.2.
“Evaluation of the influence of some bioclimatic
factors on the development of bee families in different
ecosystems in Romania”, granted by the Romanian
Ministry of Agriculture and PNDR 2014-2020

259

M16sml16.1. BeeSmart, Bee Healthy Project, granted
by AFIR Romania.

References

1. Sumner S, Bell E, Taylor D. A molecular concept of

caste in insect societies. Curr Opin Insect Sci
2018;25:42-50.
https://doi.org/10.1016/j.c0is.2017.11.010.

2. Seeley TD. The Honey Bee Colony as a

Superorganism. Am Sci 1989;77:546-53.

3. Marghitas Liviu Alexandru. Albinele Si Produsele
Lor. CERES; 2008.

4. Dezmirean D. Curs de biotehnologii in apicultura si
sericiculturd. AcademicPres; 2013.

5. Moritz R.F.A., Fuchs S. Organization of honeybee
colonies: characteristics and consequences of a
superorganism concept. Apidologie 1998;29:7-21.

6. Ramsey M, Bencsik M, Newton MI. Extensive
Vibrational =~ Characterisation  and  Long-Term
Monitoring of Honeybee Dorso-Ventral Abdominal
Vibration  signals. Sci  Rep  2018;8:14571.
https://doi.org/10.1038/s41598-018-32931-z.

7. Radcliffe RW. The Superorganism and Herd Health
for the Honey Bee. Honey Bee Med. Vet. Pract., John
Wiley &  Sons, Ltd; 2021, p. 21-31.
https://doi.org/10.1002/9781119583417.ch2.

8. Saralaya S, Jayanth BS, Thomas NS, Sunil SM. Bee
wax and honey-a primer for OMFS. Oral Maxillofac
Surg 2021;25:1-6. https://doi.org/10.1007/s10006-020-
00893-0.

9. Svecnjak L, Chesson L A, G, Albino G., ,Migue M.,
Martinello M, Mutinelli F et al. Standard methods for
Apis mellifera beeswax research. J Apic Res
2019;58:1-108.
https://doi.org/10.1080/00218839.2019.1571556.

10. Tan K, Yang S, Wang Z-W, Radloff S, Oldroyd B.
Differences in foraging and broodnest temperature in
the honey bees Apis cerana and A. mellifera.
Apidologie 2012;43:618-23.
https://doi.org/10.1007/s13592-012-0136-y.

11. Southwick E, Moritz R. Social control of air
ventilation in colonies of honey bees, Apis mellifera. J
Insect Physiol 1987;33:623-6.
https://doi.org/10.1016/0022-1910(87)90130-2.

12. Cecchi S, Spinsante S, Terenzi A, Orcioni S. A
Smart Sensor-Based Measurement System for
Advanced Bee  Hive  Monitoring. Sensors
2020;20:2726. https://doi.org/10.3390/520092726.

13. Doublet V, Poeschl Y, Gogol-Déring A, Alaux C,
Annoscia D, Aurori C, et al. Unity in defence: honeybee
workers exhibit conserved molecular responses to diverse
pathogens. BMC Genomics 2017;18:207.
https://doi.org/10.1186/s12864-017-3597-6.

14. Anderson DL, Trueman JW. Varroa jacobsoni
(Acari: Varroidae) is more than one species. Exp Appl



Ternar T.N. et al./Scientific Papers: Animal Science and Biotechnologies, 2025, 58 (1)

Acarol 2000;24:165-89.
https://doi.org/10.1023/a:1006456720416.

15. Ramsey SD, Ochoa R, Bauchan G, Gulbronson C,
Mowery JD, Cohen A, et al. Varroa destructor feeds
primarily on honey bee fat body tissue and not
hemolymph. Proc Natl Acad Sci U S A
2019;116:1792-801.
https://doi.org/10.1073/pnas.1818371116.

16. Evans JD, Chen Y (Judy). Colony Collapse
Disorder and Honey Bee Health. Honey Bee Med. Vet.
Pract., John Wiley & Sons, Ltd; 2021, p. 229-34.
https://doi.org/10.1002/9781119583417.ch19.

17. Shaout A, Schmidt N. Bee Hive Monitor. 2019 Int.
Arab Conf. Inf. Technol. ACIT, 2019, p. 52-7.
https://doi.org/10.1109/ACIT47987.2019.8990982

18. Simic M, Starcevic V, Kezi¢ N, Babic Z. Simple
and Low-Cost FElectronic System for Honey Bee
Counting. 2019.

19. Henry E, Adamchuk V, Stanhope T, Buddle C,
Rindlaub N. Precision apiculture: Development of a
wireless sensor network for honeybee hives. Comput
Electron Agric 2019;156.
https://doi.org/10.1016/j.compag.2018.11.001.
20.Balmori A. Electromagnetic radiation as an
emerging driver factor for the decline of insects. Sci
Total Environ 2021;767:144913.
https://doi.org/10.1016/j.scitotenv.2020.144913.

21. Zacepins A, Kviesis A, Ahrendt P, Richter U, Tekin
S, Durgun M. Beekeeping in the future — Smart apiary
management. 2016.
https://doi.org/10.1109/CarpathianCC.2016.7501207.
22. Zacepins A, Brusbardis V, Meitalovs J, Stalidzans
E. Challenges in the development of Precision
Beekeeping. Biosyst Eng 2015;130:60-71.
https://doi.org/10.1016/j.biosystemseng.2014.12.001.
23. Human H, Brodschneider R, Dietemann V, Dively
G, Ellis JD, Forsgren E, et al. Miscellaneous standard
methods for Apis mellifera research. J Apic Res
2013;52:1-53. https://doi.org/10.3896/IBRA.1.52.4.10.
24. Zacepins A, Karasha T. Application of temperature
measurements for bee colony monitoring: A review. 2013.
25. Zacepins A, Brusbardis V, Meitalovs J, Stalidzans
E. Challenges in the development of Precision
Beekeeping. Biosyst Eng 2015;130:60.

26. TEHNOLOGIE APICOLA - MARIAN BURA
SILVIA PATRUICA VLAD BURA ,CARTEA ESTE
NOUA Okazii.ro n.d.
https://www.okazii.ro/tehnologie-apicola-marian-bura-
silvia-patruica-vlad-bura-cartea-este-noua-
a228337973?1cid=CS46.P.VZ.OthersViewed&ibid=pp
_activ[228337973] (accessed March 27, 2025).

27. Abou-Shaara HF, Owayss AA, Ibrahim YY,
Basuny NK. A review of impacts of temperature and
relative humidity on various activities of honey bees.
Insectes Sociaux 2017;64:455-63.
https://doi.org/10.1007/s00040-017-0573-8.

260

28. Debnam S. Juvenile temperature regulation in Apis
mellifera (Honey bee) and the impacts of brood
temperature requirements on the colony n.d.

29. Southwick EE. The honey bee cluster as a
homeothermic superorganism. Comp Biochem Physiol
A Physiol 1983;75:641-5.
https://doi.org/10.1016/0300-9629(83)90434-6.

30. Simpson J. Nest Climate Regulation in Honey Bee
Colonie: Honey bees control their domestic
environment by methods based on their habit of
clustering  together. Science 1961;133:1327-33.
https://doi.org/10.1126/science.133.3461.1327.

31. Human H, Nicolson SW, Dietemann V. Do
honeybees, Apis mellifera scutellata, regulate humidity
in their nest? Naturwissenschaften 2006;93:397-401.
https://doi.org/10.1007/s00114-006-0117-y.

32. Nicolson SW. Water homeostasis in bees, with the
emphasis on sociality. J Exp Biol 2009;212:429-34.
https://doi.org/10.1242/jeb.022343.

33. Heinrich B. Thermoregulation by Individual
Honeybees. In: Menzel R, Mercer A, editors.
Neurobiol. Behav. Honeybees, Berlin, Heidelberg:
Springer; 1987, p. 102—11. https://doi.org/10.1007/978-
3-642-71496-2 9.

34. Kovac H, Stabentheiner A, Brodschneider R.
Contribution of honeybee drones of different age to
colonial thermoregulation. Apidologie 2009;40:82-95.
https://doi.org/10.1051/apido/2008069.

35. Cook D, Tarlinton B, McGree JM, Blackler A,
Hauxwell C. Temperature Sensing and Honey Bee
Colony Strength. J Econ Entomol 2022;115:715-23.
https://doi.org/10.1093/jee/toac034.

36. Meikle WG, Holst N. Application of continuous

monitoring of honeybee colonies. Apidologie
2015;46:10-22.  https://doi.org/10.1007/s13592-014-
0298-x.

37. Kviesis A, Zacepins A, Durgun M, Tekin S.
Application of wireless sensor networks in precision
apiculture. vol. 14. 2015.

38. Meikle WG, Holst N, Colin T, Weiss M, Carroll
MJ, McFrederick QS, et al. Using within-day hive
weight changes to measure environmental effects on
honey bee colonies. PLOS ONE 2018;13:e0197589.
https://doi.org/10.1371/journal.pone.0197589.

39. Fitzgerald D, Edwards-Murphy F, Wright W,
Whelan P, Popovici E. Design and development of a
smart weighing scale for beehive monitoring. 2015.
https://doi.org/10.1109/ISSC.2015.7163763.

40. Zacepins A, Pecka A, Osadcuks V, Kviesis A,
Engel S. Solution for automated bee colony weight
monitoring n.d.

41. Seritan G, Enache B-A, Florin A, Adochiei F,
Toader S. Low cost platform for monitoring honey
production and bees health. 2018.
https://doi.org/10.1109/AQTR.2018.8402704.

42. Terenzi A, Cecchi S, Spinsante S. On the
Importance of the Sound Emitted by Honey Bee Hives.



Ternar T.N. et al./Scientific Papers: Animal Science and Biotechnologies, 2025, 58 (1)

Vet Sci
https://doi.org/10.3390/vetsci7040168.
43. Reactions of Honey Bees in the Hive to Simple
Sounds | Science n.d.
https://www.science.org/doi/10.1126/science.125.3238.
122 (accessed March 28, 2025).

44. Kirchner WH. Acoustical communication in
honeybees. Apidologie 1993;24:297-307.
https://doi.org/10.1051/apido:19930309.

45. Hunt J, Richard F-J. Intracolony vibroacoustic
communication in social insects. Insectes Sociaux
2013;60. https://doi.org/10.1007/s00040-013-0311-9.
46. Woods EF. Electronic Prediction of Swarming in
Bees. Nature 1959;184:842—4.
https://doi.org/10.1038/184842a0.

47. Ferrari S, Silva M, Guarino M, Berckmans D.
Monitoring of swarming sounds in bee hives for early
detection of the swarming period. Comput Electron
Agric 2008;64:72-7.
https://doi.org/10.1016/j.compag.2008.05.010.

48. Radcliffe RM. Physiology of the Honey Bee —
Principles for the Beekeeper and Veterinarian. Honey
Bee Med. Vet. Pract., John Wiley & Sons, Ltd; 2021, p.
41-53. https://doi.org/10.1002/9781119583417.ch4.

49. Soares B, Luz J, Macédo V, Silva R, Aratjo F,
Magalhdes D. MFCC-based descriptor for bee queen
presence detection. Expert Syst Appl 2022;201:117104.
https://doi.org/10.1016/j.eswa.2022.117104.

50. Ramsey M-T, Bencsik M, Newton MI, Reyes M,
Pioz M, Crauser D, et al. The prediction of swarming in
honeybee colonies using vibrational spectra. Sci Rep
2020;10:9798. https://doi.org/10.1038/s41598-020-
66115-5.

51. Schlegel T, Visscher PK, Seeley TD. Beeping and
piping: characterization of two mechano-acoustic
signals used by honey bees in swarming.
Naturwissenschaften 2012;99:1067-71.
https://doi.org/10.1007/s00114-012-0990-5.

52. Simpson J. The mechanism of honey-bee queen
piping. Z Fir Vgl Physiol 1964;48:277-82.
https://doi.org/10.1007/BF00339456.

53. Grooters HJ. Influences of queen piping and worker
behaviour on the timing of emergence of honey bee
queens. Insectes Sociaux 1987;34:181-93.
https://doi.org/10.1007/BF02224083.

54. Michelsen A, Kirchner WH, Andersen BB,
Lindauer M. The tooting and quacking vibration signals
of honeybee queens: a quantitative analysis. J Comp
Physiol A 1986;158:605-11.
https://doi.org/10.1007/BF00603817.

55. Butler CG. The method and importance of the
recognition by a colony of honeybees (A. mellifera) of
the presence of its queen. Trans R Entomol Soc Lond
1954;105:11-29.

56. Robles-Guerrero A, Saucedo-Anaya T, gonzalez-
ramirez E, De la Rosa J. Analysis of a multiclass
classification problem by Lasso Logistic Regression

2020;7:168.

261

and Singular Value Decomposition to identify sound
patterns in queenless bee colonies. Comput Electron
Agric 2019;159:69-74.
https://doi.org/10.1016/j.compag.2019.02.024.

57. Zahid Sharif M, Jiang X, Puswal S. Pests,
parasitoids, and predators: Can they degrade the
sociality of a honeybee colony, and be assessed via
acoustically monitored systems? J Entomol Zool Stud
2020;8:1248-60.

58. Mitchell Masters W. Insect disturbance stridulation:
Its Defensive role. Behav Ecol Sociobiol 1979;5:187—
200. https://doi.org/10.1007/BF00293305.

59. Papachristoforou A, Sueur J, Rortais A,
Angelopoulos S, Thrasyvoulou A, Amold G. High
frequency sounds produced by Cyprian honeybees Apis
mellifera cypria when confronting their predator, the
Oriental hornet Vespa orientalis.  Apidologie
2008;39:468-74.
https://doi.org/10.1051/apido:2008027.

60. Mattila HR, Kernen HG, Otis GW, Nguyen LTP,
Pham HD, Knight OM, et al. Giant hornet (Vespa
soror) attacks trigger frenetic antipredator signalling in
honeybee (Apis cerana) colonies. R Soc Open Sci
2021;8:211215. https://doi.org/10.1098/rs0s.211215.
61. Sharif MZ, Di N, Yu B. Honeybee (Apis spp.)
(Hymenoptera: Apidae) Colony Monitoring Using
Acoustic Signals from the Beehive: An Assessment by
Global Experts and Our Feedback. Agriculture
2023;13:769.
https://doi.org/10.3390/agriculture13040769.

62. Hall H, Bencsik M, Capela N, Sousa JP, de Graaf
DC. Remote and automated detection of Asian hornets
(Vespa velutina nigrithorax) at an apiary, using spectral
features of their hovering flight sounds. Comput
Electron Agric 2025;235:110307.
https://doi.org/10.1016/j.compag.2025.110307.

63. Seeley TD. Atmospheric carbon dioxide regulation
in honey-bee (Apis mellifera) colonies. J Insect Physiol
1974;20:2301-5. https://doi.org/10.1016/0022-
1910(74)90052-3.

64. Van Nerum K, Buelens H. Hypoxia-Controlled
Winter Metabolism in Honeybees (Apis mellifera).
Comp Biochem Physiol A Physiol 1997;117:445-55.
https://doi.org/10.1016/S0300-9629(96)00082-5.

65. Newton MI, McVeigh A, Tsakonas C, Bencsik M.
A Monitoring System for Carbon Dioxide and
Humidity in Honeybee Hives. Eng Proc 2022;27:89.
https://doi.org/10.3390/ecsa-9-13171.

66. Meikle W, Barg A, Weiss M. Honey bee colonies
maintain CO2 and temperature regimes in spite of
change in hive ventilation characteristics. Apidologie
2022;53. https://doi.org/10.1007/s13592-022-00954-1.
67. Czekonska K. The effect of different concentrations
of carbon dioxide (CO2) in a mixture with air or
nitrogen upon the survival of the honey bee (Apis
mellifera). J Apic Res - J Apic RES 2009;48:67-71.
https://doi.org/10.3896/IBRA.1.48.1.13.



Ternar T.N. et al./Scientific Papers: Animal Science and Biotechnologies, 2025, 58 (1)

68. Southwick EE. Metabolic energy of intact honey
bee colonies. Comp Biochem Physiol A Physiol
1982;71:277-81. https://doi.org/10.1016/0300-
9629(82)90400-5.

69. Ellis MB, Nicolson SW, Crewe RM, Dietemann V.
Hygropreference and brood care in the honeybee (Apis
mellifera). J Insect Physiol 2008;54:1516-21.
https://doi.org/10.1016/j.jinsphys.2008.08.011.

70. Oertel E. Relative Humidity and Temperature
Within the Beehive. J] Econ Entomol 1949;42:528-31.
https://doi.org/10.1093/jee/42.3.528.

71. Murphy FE, Magno M, O’Leary L, Troy K, Whelan
P, Popovici EM. Big brother for bees (3B) &#x2014;
Energy neutral platform for remote monitoring of
beehive imagery and sound. 2015 6th Int Workshop
Adv  Sens Interfaces IWASI  2015:106-11.
https://doi.org/10.1109/IWASI.2015.7184943.

72. Shaw JA, Nugent PW, Johnson J, Bromenshenk JJ,

Henderson CB, Debnam S. Long-wave infrared
imaging for non-invasive beehive population
assessment. Opt Express 2011;19:399-408.

https://doi.org/10.1364/0OE.19.000399.

73. Meitalovs J, Histjajevs A, Stalidzans E. Automatic
Microclimate Controlled Beehive Observation System.
8th Int Sci Confernce ‘Enginieering Rural Dev
2009:265-71.

74. Yang C, Collins J, Beckerleg M. A Model for
Pollen Measurement Using Video Monitoring of Honey

Bees. Sens Imaging 2017;19.
https://doi.org/10.1007/s11220-017-0185-4.

75. Zacepins A, Stalidzans E, Meitalovs .
APPLICATION OF INFORMATION

TECHNOLOGIES IN PRECISION APICULTURE.
2012.

76. Kviesis A, Zacepins A. System Architectures for
Real-time Bee Colony Temperature Monitoring.
Procedia Comput Sci 2015;43:86-94.
https://doi.org/10.1016/j.procs.2014.12.012.

77. Catania P, Vallone M. Application of A Precision
Apiculture System to Monitor Honey Daily Production.
Sensors 2020;20:2012.
https://doi.org/10.3390/5s20072012.

78. Robustillo M, Pérez C, Parra M. Predicting internal
conditions of beehives using precision beekeeping.
Biosyst Eng 2022;221:19-29.
https://doi.org/10.1016/j.biosystemseng.2022.06.006.
79. Imoize AL, Odeyemi SD, Adebisi JA.
Development of a Low-Cost Wireless Bee-Hive
Temperature and Sound Monitoring System. Indones J
Electr  Eng  Inform  IJEEI = 2020;8:476-85.
https://doi.org/10.52549/ijeei.v8i3.2268.

80. Madakam S, Ramaswamy R, Tripathi S. Internet of
Things (IoT): A Literature Review. J] Comput Commun
2015;3:164-73.
https://doi.org/10.4236/jcc.2015.35021.

81. Kiromitis DI, Bellos CV, Stefanou KA, Stergios
GS, Katsantas T, Kontogiannis S. Bee Sound Detector:

262

An Easy-to-Install, Low-Power, Low-Cost Bechive
Conditions Monitoring System. Electronics
2022;11:3152.
https://doi.org/10.3390/electronics11193152.

82. BEEP - Bijenmonitoring. BEEP - Bijenmonitoring
n.d. https://beep.nl/index.php/ (accessed March 29,
2025).

83. de Graaf D, Bencsik M, De Smet L, Neumann P,
Schoonman M, Sousa J, et al. B-GOOD: Giving
Beekeeping Guidance by cOmputatiOnal-assisted
Decision making. Res Ideas Outcomes 2022;8.
https://doi.org/10.3897/ri0.8.e84129.

84. Wheeler M. Purple Hive uses artificial intelligence
to keep bees parasite-free. Create Digit 2021.
https://createdigital.org.au/purple-hive-uses-artificial-
intelligence-to-keep-bees-parasite-free/ (accessed
March 29, 2025).

85. Owen R, Stevenson M, Scheerlinck J-P. Varroa
destructor detection in non-endemic areas. Apidologie
2021;52:900-14. https://doi.org/10.1007/s13592-021-
00873-7.

86. Boland P. A Review of the National Sentinel Hive
Program n.d.

87. Phillips C. The force of Varroa: Anticipatory
experiences in beekeeping biosecurity. J Rural Stud
2020;76:58-66.
https://doi.org/10.1016/j.jrurstud.2020.04.002.

88. Purple Hive in Townsville. BHoney Aust n.d.
https://bhoneyaustralia.com.au/townsville/  (accessed
March 29, 2025).

89. Bega Foods | B-Honey | The Purple Hive Project
n.d. https://caples.org/202 1 -winners-
results/?id=109&cat=Innovation (accessed March 29,
2025).

90. Varroa mite transition to management 2022.
https://www.dpi.nsw.gov.au/emergencies/biosecurity/c
urrent-situation/varroa-mite-emergency-response
(accessed March 29, 2025).

91. Varroa mite (Varroa destructor) | Outbreak n.d.
https://www.outbreak.gov.au/current-outbreaks/varroa-
mite (accessed March 29, 2025).

92. Varroa destructor — 19 September 2023 - DAFF
n.d.  https://www.agriculture.gov.au/about/news/stay-
informed/communiques/varroa-destructor-19-sept-2023
(accessed March 29, 2025).

93. Government abandons efforts to eradicate varroa
mite 2023.
https://cosmosmagazine.com/earth/agriculture/varroa-
mite-control-abandoned/ (accessed March 29, 2025).
94. Campbell J, Mummert L, Sukthankar R. Video
Monitoring of Honey Bee Colonies at the Hive
Entrance n.d.

95. Eyesonhives Scout Bee | Eyesonhives 2015.
https://www keltronixinc.com/product/eyesonhives-
scout/ (accessed March 29, 2025).

96. Temby K. Useful Bee Monitoring Data -
Eyesonhives 2019.



Ternar T.N. et al./Scientific Papers: Animal Science and Biotechnologies, 2025, 58 (1)

https://www.eyesonhives.com/useful-bee-monitoring-
data/, https://www.eyesonhives.com/useful-bee-
monitoring-data/ (accessed March 29, 2025).

97. Eyesonhives Scout B - Beehive Monitor 2015.
https://www.eyesonhives.com/product/eyesonhives-
scout/,
https://www.eyesonhives.com/product/eyesonhives-
scout/ (accessed March 29, 2025).

98. Souza Cunha AE, Rose J, Prior J, Aumann HM,
Emanetoglu NW, Drummond FA. A novel non-
invasive radar to monitor honey bee colony health.
Comput Electron Agric 2020;170:105241.
https://doi.org/10.1016/j.compag.2020.105241.

99. ToBee | IoT application n.d. https://io-bee.eu/
(accessed March 29, 2025).

100. ToBee. The Internet of Bees Project Concludes
with Further Developments on Pollinator Monitoring |
IoBee n.d. https://io-bee.eu/the-internet-of-bees-
project-concludes-with-further-developments-on-
pollinator-monitoring/ (accessed March 29, 2025).

101. Tausch F, Schmidt K, Diehl M. Current
achievements and future developments of a novel Al
based visual monitoring of bechives in ecotoxicology
and for the monitoring of landscape structures. 2019.

263

102. Research n.d. https://www.beehero.io/research
(accessed March 29, 2025).

103. Peji¢ J, Milovanovic M, Bozilov A, Peji¢ P.
IMPACT OF THE PRECISION BEEKEEPING ON
THE LIVING ENVIRONMENT. Facta Univ Ser Work
Living Environ Prot 2022:049.
https://doi.org/10.22190/FUWLEP2201049P.

104. BuzzBox Mini Setup Guide. OSBeehives n.d.
https://docs.osbeehives.com/docs/how-it-works
(accessed March 29, 2025).

105. Lin Z, Shen S, Wang K, Ji T. Biotic and abiotic
stresses on honeybee health. Integr Zool 2024;19:442—
57. https://doi.org/10.1111/1749-4877.12752.

106. Khalifa SAM, Elshafiey EH, Shetaia AA, El-
Wahed AAA, Algethami AF, Musharraf SG, et al.
Overview of Bee Pollination and Its Economic Value
for Crop  Production. Insects  2021;12:688.
https://doi.org/10.3390/insects12080688.

107. Soussi A, Zero E, Sacile R, Trinchero D, Fossa M.
Smart Sensors and Smart Data for Precision
Agriculture: A Review. Sensors 2024;24:2647.
https://doi.org/10.3390/s24082647.



