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The article presents a scientific and applied analysis of the technological significance of an
innovative multifunctional cage for rearing, introducing, and transporting queen bees protected
by Ukrainian utility model patent No. UA 160776. The study evaluates the suitability of this
design for commercial queen breeding and industrial beekeeping in the United States, where
production cycles are characterized by high seasonal intensity, interstate logistics, and elevated
sensitivity of queen quality to temperature fluctuations during shipment and introduction. The
paper synthesizes professional and research publications concerning the effects of temperature
spikes, shipment parameters, cage types (mailing cage, introduction cage, and push-in cage),
and delayed-release procedures on queen acceptance, onset of oviposition, survival, and
reproductive performance. It is shown that the engineering characteristics of the Olshanskyi
cage correspond to major operational requirements of U.S. beekeeping, including ventilation,
functional compartmentalization, transport stability, compatibility with introduction procedures,
and applicability in work with instrumentally inseminated queens. The article additionally
incorporates documentary confirmation of the legal status of the development through a properly
captioned figure of the patent certificate. The practical value of the study lies in substantiating
the scalable use of the design in industrial queen supply chains in the United States and in other
countries with intensive beekeeping models.

Key words: queen breeding, queen introduction cage, queen transportation, industrial
beekeeping, patent, United States.

Onvwancoekuii  O.1. Innosauiitna 6azamogynkuyionanvna Kiimka 0131 6UBCOCHHA,
niocaoicyeanns ma mMpancnopmyanus 00xyconunHux mamox (namenm Yxpainu Ne UA
160776, aemop: Onexcandp OnvbuwaHCbKUIL): MEXHONO0ZIYHUIL RPOPUE Y KOMEPUITHHOMY
MAMKOBUBEOEHHI MA NPOMUCIO0B0MY OOMCITbHUYMEI 3 npaKMUYHUM enposadycenuamy CIIIA

Y ecmammi 30iiicneno HayKk080-npUKIAOHUL AHANI3 MEXHOLOLTUHO20 3HAUEHHS IHHOBAYIUHOL
bacamodyHKyioHanbHol KAIMKU 0I5t BUBEOEHHS, NIOCAONCYBAHHS MA MPAHCHOPMYBAHHS DOXHCO-
JUHUX MAMOK, wo saxuugena namermom Ykpainu Ne UA 160776. Jdocriocenus cnpsamo8ano
Ha OYIHIOBANHS NPUOAMHOCHT KOHCMPYKYIT 00 YMO8 KOMEPYIHO20 MAMKOBUBCOCHHS MA Npo-
Mmucnosoeo boxcinbnuymea Cnonyuenux LlImamie Amepuku, de upoOHuu npoyecu xapaxkme-
PUBYIOMBCA BUCOKOI CE30HHOI0 THIMEHCUBHICINIO, MIJICUIMAMHOIO 102ICIMUKOI0 MA NIOGULYEHOTO
YYMAUBICIO AKOCMI MAMOK 00 MeMNnepamypHux KOIUBaHb Ni0 4ac nepege3eHmsi i niocaoxcy-
6anHs. Yzacanvheno oami ¢haxosux nyoOnikayi wooo enauey memnepamypHux nikie, napame-
mpie docmasku, munie Kiimox (mailing cage, introduction cage, push-in cage) ma npoyeoyp
KOHMPONbOBAHO20 SUNYCKY MAMKU HA NPULHAMMA MAMKU, NOYAMOK AUYEKIAOKU, SUIHCUBA-
Hicmb i penpodykmueri nokasnuku. Iloxazauo, wo mexuiuni xapaxmepucmuxu kaimku Onvuian-
CbK020 KOPeomy i3 8UPOOHUYUMU NOMPEOAMU AMEPUKAHCHKO20 DONCITbHUYMEA: 8EHMUNA-
Yist, pOMEdNCYB8AHHS (DYHKYIOHATLHUX BIOCIKIB, MOJNCIUBICMb OE3NEUHO20 MPAHCHOPMYEAHHS,
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npudamHicmes 00 npoyeoyp ni0cad’Cy8aHHs ma onepayiti 3 IHCMPYMEHMANbHO OCIMEHeHUMU
mamramu. OKpemo 66e0eH0 OOKYMeHmanbHe NiOMEEPONCEHH NPABOBO20 CMAmMycy po3poOKU
uepes GizyanvbHe NPeocmagieHts ceiooymea (NameHmuo2o OOKYMeHma) AK iI0CmpamueHo2o
mamepiany. Ilpaxmuyuna yinHicms cmammi nonseae 8 o0IPyHMY8aHHi MOXCIUBOCMEN MACUMA-
006a1020 BUKOPUCMAHHS KOHCMPYKYTT 8 npomMuciosux aanyiozax nocmauanns mamox y CLIA
Ma @ iHWuX Kpainax 3 iHmencugHUMU MOOeIAMU OOJCITbHUYMEA.

Knwwuogi cnosa: 060sxconune MamkosuseoeHHsl, 6OHNCOMUHA MAMKA, KAIMKa OJis NiOCA0NCY-
BAHH, MPAHCROPTYBAHHA MAMOK, npomMuciose 60xicinonuymeo, namenm, CLIA.

Problem statement. American queen-rearing practice in the segment of rearing,
introduction, and transportation of queens is characterised by a set of controllable tech-
nological risks. These risks directly determine queen acceptance by the recipient colony.
A substantial impact is observed at the stage of initiation of oviposition. Additional
effects are recorded as shifts in reproductive indicators and colony stability in early-sea-
son production cycles. Cage design functions as a critical variable in U.S. industrial
supply chains. Domestic operating conditions transform the queen into a standardised
object of professional circulation. This object exhibits high sensitivity to the parameters
of transportation and introduction.

Analysis of recent research and publications. The U.S. queen market operates
under seasonally compressed timelines and a high concentration of demand, directly
associated with migratory pollination and early-spring agricultural cycles. Materials
prepared to describe the technological solution outline a spatial concentration of the
sector by states (for example, California — 930,000 colonies; Texas — 295,000; Flor-
ida — 285,000, etc.), which converts interstate movement of queens and package bees
into a routine industrial practice rather than a situational episode. Field and production
practice in California evidences seasonal intensification of work in the almond sector:
“more than 2 million colonies every February” and the requirement to provide “vigor-
ous laying queens in late winter”, meaning productive queens at the end of winter, when
even minor deviations in shipping conditions (delay, overheating, or chilling) rapidly
translate into quality losses and financial damage.

Identification of previously unresolved parts of the general problem. American
professional discourse consolidates three basic cage types—mailing cage, introduction
cage, and push-in cage—and the selection of cage type, the method of delayed release (a
candy plug or manual release), the presence and number of attendant bees, and the ther-
mal profile of shipment constitute operationalised determinants used to explain variation
in queen acceptance, onset of oviposition, survival, and sperm-quality indicators [1-3].
Institutional codification of these practices in the United States is supported by exten-
sion documents: Purdue Extension (E-277) systematises common models and formats
(including Benton, California mini, JZ-BZ, and push-in), as well as recommendations
on placement, screen type, and the organisation of preliminary contact through a bar-
rier [7]. A historical retrospective of the institutionalisation of material means of intro-
duction is reflected in USDA Agriculture Handbook 335, “Beekeeping in the United
States”, where the mailing of queens in cages and the use of a candy plug are recorded as
a standard for delayed release, indicating the long-term reproduction of these practices
within U.S. production culture [10].

Formulation of the objectives of the article. A key problem area for the United States
lies in the fact that logistics-related risks have not only a behavioural but also a reproduc-
tive dimension. In PLOS ONE, J. S. Pettis, N. Rice, C. Joselow, D. vanEngelsdorp, and
W. Chaimanee note that “during shipment queens are exposed to temperature spikes (<8
and > 40°C)”, emphasising the consequence that such spikes “can kill 50% or more of
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the sperm” in the queen’s spermatheca [1]. A field-experimental study by J. M. Withrow,
J. S. Pettis, and D. R. Tarpy (Journal of Economic Entomology) links the temperature con-
ditions of package-bee transportation to subsequent problems of queen establishment and
premature queen loss, stressing that part of colony management problems is associated
with reduced reproductive quality of queens [2]. Decomposition of shipping into com-
ponents in Apidologie (A. Rousseau, E. Houle, P. Giovenazzo, et al.) specifies the role of
abiotic factors and attendant bees; the authors state that “both low and high temperatures
significantly decrease sperm viability”, thereby translating requirements for cage ventila-
tion, attendant-bee capacity, and packaging thermal insulation into a unified production
configuration rather than “secondary accessories” [3]. Consequently, within U.S. condi-
tions the cage performs the function of an instrument of biosecurity, managed social con-
tact, and logistics stabilisation: it mediates thermoregulation, care by attendant bees, and
the pace and method by which the queen is permitted access to the recipient colony [1-3].

Presentation of the main research material with full substantiation of the
obtained scientific results. The normative-organisational dimension of the problem is
expressed in a gap between codified recommendations and field variability of introduc-
tion procedures. K. Given’s document (Purdue Extension, E-277) warns: “Queens may
be rejected, injured, or killed by the colony during the introduction process”, thereby
legitimising the cage as a means to reduce queen losses and colony destabilisation [7].
At the same time, the corpus of controlled comparative studies in which “cage type”
is the central variable remains limited; the classic work of T. I. Szabo (Journal of
Apicultural Research, 1978) is illustrative, comparing push-in and mailing cages [4].
The regional factor of Africanized populations in the United States increases the risk
of queen rejection; in field data from Arizona, E. Guzman-Novoa, R. E. Page Jr, and
A. Correa-Benitez (American Bee Journal, 1997) describe the Benton mailing cage as
a standard introduction tool with high acceptance rates for European queens in colonies
of different types [5]. Contrasting material by E. M. Holmes et al. (Journal of Insect
Science, 2023) on introducing queen cells into queenright colonies (in honey supers)
demonstrates a low probability of successful requeening in the presence of an existing
queen, reinforcing the conclusion that controlled introduction of queen material is nec-
essary in situations where colony tolerance constitutes a high-risk variable [6].

Documentary confirmation of the state registration of the utility model is presented
in Fig. 1. The certificate confirms the registration in the State Register of Utility Mod-
els of Ukraine of patent No. 160776 for the utility model "Multifunctional cage for
the introduction, transportation, and rearing of honey bee queens" (registration date:
08.10.2025), which is relevant for the legal substantiation of the use of this design as an
object of technological implementation in international beekeeping practice.

Practices of introducing instrumentally inseminated queens in the United States
are treated as procedures of heightened technological responsibility. The standard by
S. W. Cobey et al. (“Standard methods for instrumental insemination of Apis mellifera
queens”) defines the push-in cage as a recommended means for introducing a newly
inseminated queen with attachment to a comb area and specified holding periods [8].
The applied guide by K. Anton (SARE) reproduces this logic in the format of produc-
tion training [9]. An additional set of parameters that materially affects the outcome
accumulates in professional communication on BeeSource (candy density and mois-
ture, cage orientation, duration of queenlessness, compatibility with JZ-BZ systems and
queen-cell protectors), indicating the high significance of micro-conditions of user prac-
tice and strengthening demand for designs that reduce the sensitivity of the introduction
operation to variation in beekeeper actions [11][12].
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Fig. 1. Certificate (Ukrainian utility model patent
No. 160776) for a multifunctional cage for introducing,
transporting, and rearing queen bees

Practical use of the Olshansky cage in U.S. conditions may be interpreted as an
attempt to align the engineering characteristics of the introduction carrier with risks that
are typological for the United States: temperature extremes during delivery, controllabil-
ity of social contact, and reproducibility of procedures across different operations [1-3]
[7]. The claims of utility model No. 160776 describe the design as a multifunctional cage
for the introduction, transportation, and rearing of honey bee queens, with a rectangular
cross-section body; a queen compartment connected through openings to a feed compart-
ment; a bee entrance opening; lateral ventilation openings; and a removable, horizontal
top lid [13]. Manufacture of the body and lid from durable transparent food-grade plastic
is specified, as is the geometry of an elongated inverted trapezoidal prism, along with the
presence of an additional compartment for placing queen cells in the instrumental insemi-
nation procedure [13]. The second claim introduces external lateral support projections for
connecting cages to one another when stacked vertically, which is constructively relevant
for batch circulation of queens in production supply chains [13]. In this interpretation, the
cage serves as a material instrument for reducing losses at the stages of introduction and
transportation, and for procedures with elevated technological sensitivity, including the
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introduction of newly inseminated queens [8][13]. The analytical synthesis of the correla-
tion between the principal production risks of the U.S. queen market and the correspond-
ing functional characteristics of the multifunctional cage for introducing, transporting, and
rearing queen bees is presented in Table 1.

Table 1

Correlation between U.S. production risks and the functional characteristics
of the multifunctional cage for introducing, transporting, and rearing queen bees

Production . . Structural feature of
risk/operational Indicator Functional the multifunctional | Expected applied
problem in aftfleiztgds ll() y requlrelcn:rzt for the cage described in the effect
the USA 8 article
Temperature Queen Provision of air Side ventilation Greater transport
ﬂuct{)lations survival, sperm | exchange and openings; suitability stability and P
durin viability, and | reduced sensitivity for safe transportation; e duce?i, risk of
inters%ate subsequent to overheating or body made of durable loss of queen
transportation reproductive overcooling during transparent food-grade alit q
p quality shipment plastic q Y
Provision of Separation Reduced
. of functional : .
Risk of queen | Level of queen | controlled contact . tension during
focti compartments; : :
rejection or acceptance by | between the queen, introduction
injury durin the recipient | accompanying bees, | U¢en compartment and increased
imjury curing p panying > | connected to the o
introduction | colony and the recipient . . | probability of
feeding compartment;
colony : queen acceptance
opening for bee entry
L Easier
X? t:l(?rl:g:)tl}{e d Removable horizontal |standardization
ueen release Adaptation Compatibility top cover; functional | of working
qroce dures time, onset of | with different subdivision operations
gcross egg laying, queen introduction of the internal and lower
different and procedural | procedures and ease | space; suitability dependence on
beekeepin reproducibility | of handling for introduction the beekeeper’s
racticgs g procedures individual
P technique
Additional
Increased Preservation of compartment for
technological reproductive | Presence of a placing queen cells
com. lexigt of quality and specialized space for |in instrumental Expansion of the
worlgin vglith successful delicate operations insemination cage’s application
instrumgé ntally | dueen and compatibility procedures; in specialized
inseminated Y| introduction with procedures in suitability for queen rearing
ueens after this category operations involving
q insemination instrumentally
inseminated queens
High seasonal
intensity and | Operational Suitability for batch | External lateral Improved
batch-based stability of movement and support projections logistical
circulation circulation and | compact placement | for connecting cages | convenience and
of queens convenience of | within the production | during vertical suitability for
in industrial serial use process stacking serial use
supply chains
Need to Reduction in
:r(e)lrt?sblg?tation Continuity of | Multifunctionality of | The cage is defined g,lgrﬁu{ﬁggggg
ten I(’) ra > | operations and | the design without as multifunctional with {)he Leen
holfin Ty reduction in changing the carrier | for queen rearing, and lowe%
and u%en the number of | at different stages of | transportation, and technological
ancqueen | queen transfers | work queen introduction gic
introduction in losses within the
a single device production cycle

Source: compiled by the author.
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Conclusions and prospects for further research. The described cage design
demonstrates features of technological adaptability to the conditions of commercial
queen breeding and industrial logistics in the United States, as well as to introduc-
tion procedures with increased requirements for preserving the reproductive quality of
queens. A promising direction for further research is the conduct of controlled compar-
ative trials with the recording of queen acceptance rates, time to onset of oviposition,
survival, and colony stability under different temperature and transportation regimes.
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