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ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 

 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʠʯʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʫʣʴʪʫʨʥʳʭ 

ʪʨʘʜʠʮʠʡ, ʘ ʪʘʢʞʝ ʢʫʣʴʪʫʨʳ ʫ ʤʫʨʘʚʴʝʚ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʫʣʴʪʫʨʳ ʫ ʤʫʨʘʚʴʝʚ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʨʘʟʚʠʪʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʚʨʦʞʜʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ 

ʩʦʮʠʫʤʝ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʝʨʤʘʥʝʥʪʥʦʡ ʧʝʨʝʜʘʯʝ ʪʘʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦʢʦʣʝʥʠʝ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʙʦʯʠʝ ʤʫʨʘʚʴʠ ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʳʤʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʫ ʥʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ. ʆʥʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʢ 

ʩʣʦʞʥʳʤ ʬʦʨʤʘʤ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʦʦʙʱʝʩʪʚʝ. ʉʪʨʘʪʝʛʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʝʣʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʢʦʣʠʯʝʩʪʚʘ ʤʫʨʘʚʴʸʚ ʚ ʜʦʩʪʫʧʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ 

ʛʥʸʟʜ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫ ʤʫʨʘʚʴʝʚ 

ʥʝʚʨʦʞʜʝʥʥʳʤ ʧʫʪʝʤ ʥʘʚʳʢʘ ʟʘ ʧʨʝʜʝʣʳ ʦʜʥʦʡ ʩʝʤʴʠ. ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʤʫʨʘʚʴʠ ʩʧʦʩʦʙʥʳ 

ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʜʨʫʛʠʭ ʩʝʤʝʡ ʠ ʜʘʞʝ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʩʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʪʘʪʫʩ. ʍʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʠʟʚʝʩʪʥʦ ʧʨʷʤʳʭ ʦʧʳʪʦʚ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʤʫʨʘʚʴʝʚ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʩʤʝʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʧʝʨʝʜʘʚʘʪʴ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 
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ʨʘʟʚʠʪʠʝ ʧʦʚʝʜʝʥʯʝʩʢʠʭ  ʥʘʚʳʢʦʚ ʫ ʨʘʙʦʯʠʭ, ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʦʪʙʦʨʘ. ɽʩʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʜʘʯʝ ʥʘʚʳʢʦʚ ʤʝʞʜʫ ʥʝʨʦʜʩʪʚʝʥʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ 

ʤʫʨʘʚʴʝʚ ʙʫʜʝʪ ʧʦʜʪʚʝʨʞʜʝʥʘ, ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʫʣʴʪʫʨʳ ʥʝ ʦʩʪʘʥʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʡ. 

ʅʘʣʠʯʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ 

ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʫʣʴʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ ʚ ʤʥʦʛʦʣʝʪʥʠʭ ʤʫʨʘʚʝʡʥʠʢʘʭ ʠ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʭ ʥʘʣʠʯʠʝ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʢʫʣʴʪʫʨʳ, ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʥʘʜʩʝʤʝʡʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʤʫʨʘʚʴʝʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ ʫ ʤʫʨʘʚʴʝʚ, ʧʝʨʝʜʘʯʘ ʥʝʚʨʦʞʜʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, 

ʩʦʮʠʘʣʴʥʳʝ ʥʘʩʝʢʦʤʳʝ, ʚʦʩʧʨʠʷʪʠʝ, ʦʙʫʯʝʥʠʝ 

 

 Based on the existing literary data, this work analyzes the current state of scientific 

knowledge regarding the possibility of the presence and maintenance of cultural traditions, as well 

as culture among ants. The emergence of culture in ants may occur in the presence of developed 

cognitive abilities, the dissemination of non-instinctual behavior within the society, and the 

existence of conditions that facilitate the continuous transmission of such behavior from generation 

to generation. Numerous contemporary studies demonstrate that worker ants possess advanced 

cognitive abilities sufficient for the emergence of innovative forms of behavior. They are also 

capable of complex forms of social learning, which facilitates the dissemination of new behaviors 

within the community. They are also capable of complex forms of social learning, which facilitates 

the dissemination of new behaviors within the community. The strategy of population 

concentration, which involves gathering the existing number of ants in a limited number of viable 

nests, provides a fundamental opportunity for the spread of non-instinctive skills among ants 

beyond a single family unit. It has been confirmed that ants are capable of integrating into the 

functional groups of other families and even, over time, restoring their original status. Although 

there are currently no known direct experiments that confirm the ability of ants to transmit 

behavioral skills under new conditions when changing functional groups, it is known that the genes 

responsible for the formation and development of such skills are subject to pronounced positive 

selection. If this hypothesis is confirmed, there will be no obstacles left for the theory of the origin 

of cultural traditions, and possibly culture in general. The presence of the entire complex of 

available data allows us to speak with a high degree of confidence about the existence of cultural 
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traditions in perennial ant colonies and to suggest their presence, as well as the presence of culture, 

in larger supercolonial ant communities. 

 

Key words: cultural traditions in ants, transmission of non-innate behavior, social insects, 

cognition, learning 

ɺɺɽɼɽʅʀɽ 

 ʉʦʮʠʘʣʴʥʳʝ ʤʫʨʘʚʴʠ, ʧʯʸʣʳ, ʦʩʳ ʠ ʪʝʨʤʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʧʝʰʥʳʭ ʛʨʫʧʧ ʚʠʜʦʚ. ʀʭ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʟʝʤʥʳʭ ʩʨʝʜ ʦʙʠʪʘʥʠʷ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʭ ʩʦʦʙʱʝʩʪʚʘʤ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʧʦʨʘʟʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (Lucas, Ben-

Shahar, 2021).  

 ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʩʝʢʦʤʳʝ ʥʝ ʪʦʣʴʢʦ ʧʨʝʢʨʘʩʥʦ 

ʦʙʫʯʘʶʪʩʷ, ʥʦ ʠ ʩʧʦʩʦʙʥʳ ʧʦʩʪʠʛʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʪʦ ʝʩʪʴ 

ʦʙʣʘʜʘʶʪ ʟʘʯʘʪʢʘʤʠ ʠʥʪʝʣʣʝʢʪʘ (Abramson et al., 1996). ɿʘʢʦʥʦʤʝʨʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʩʪʘʣ ʘʢʪʠʚʥʦ ʧʦʜʥʠʤʘʪʴʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫ ʥʘʩʝʢʦʤʳʭ 

ʢʫʣʴʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ (ʩʠʛʥʘʣʴʥʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʧʦ ʃʦʙʘʰʝʚʫ (ʃʦʙʘʰʝʚ, 1961)), ʢʘʢ 

ʥʝʚʨʦʞʜʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʚʝʜʝʥʠʷ, ʧʝʨʝʜʘʶʱʝʛʦʩʷ ʧʫʪʝʤ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪ ʦʜʥʠʭ 

ʦʩʦʙʝʡ ʢ ʜʨʫʛʠʤ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʢʫʣʴʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʚ ʨʷʜʫ ʧʦʢʦʣʝʥʠʡ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʢʫʣʴʪʫʨʦʡ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʦʪʥʦʰʝʥʠʠ ʤʫʨʘʚʴʝʚ, ʢʘʢ 

ʛʨʫʧʧʳ ʩ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʩʦʮʠʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʞʠʟʥʠ ʢʘʢ ʩʘʤʦʢ, ʪʘʢ ʠ ʨʘʙʦʯʠʭ (Shilovsky et al., 2018).  

ʄʫʨʘʚʴʠ ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʩʝʤʝʡʩʪʚ ʥʘʩʝʢʦʤʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʪʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ. ʆʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɸʥʪʘʨʢʪʠʜʳ, 

ʦʙʨʘʟʫʷ 10ï25% ʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʥʘʟʝʤʥʳʭ ʞʠʚʦʪʥʳʭ (Schultz, 2000). ɺʩʝ ʚʠʜʳ ʞʠʚʫʪ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʝʤʴʷʤʠ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ (ʵʫʩʦʮʠʘʣʴʥʳʤ) ʫʨʦʚʥʝʤ ʩʦʮʠʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʫʨʘʚʴʝʚ ʭʘʨʘʢʪʝʨʝʥ ʥʝ ʪʦʣʴʢʦ ʩʝʤʝʡʥʳʡ, ʥʦ ʠ ʥʘʜʩʝʤʝʡʥʳʡ 

ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ, ʪ.ʝ. ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʠʪʘʝʤʳʭ ʧʦʩʪʦʷʥʥʳʭ 

ʤʫʨʘʚʝʡʥʠʢʦʚ (ɿʘʭʘʨʦʚ, 2015). ʇʨʠ ʦʛʨʦʤʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʷʭ ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ 

ʤʫʨʘʚʴʷʤʠ, ʠ ʪʝ, ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʥʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʣʴʪʨʘʩʦʮʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ (Gowdy, 

Krall, 2016). ʋ ʤʫʨʘʚʴʝʚ ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʥʘʣʠʯʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘ, 

ʛʦʨʦʜʦʚ-ʛʦʩʫʜʘʨʩʪʚ ʠ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʪ ʘʛʨʦʢʫʣʴʪʫʨʳ 

(Schultz  et al., 2005) ʠ ʩʦʜʝʨʞʘʥʠ ̫ʪʣʝʡ ʜʣʷ ʩʚʦʝʛʦ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʯʪʦ ʠʤʝʝʪ ʧʘʨʘʣʣʝʣʠ ʩ 
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ʞʠʚʦʪʥʦʚʦʜʩʪʚʦʤ (Ivens et al., 2012). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʥʚʝʨʛʝʥʪʥʘ ̫

ʵʚʦʣʶʮʠ ̫ʚ ʨʘʟʚʠʪʠʠ ʢʘʢ ʤʫʨʘʚʴʠʥʦʛʦ, ʪʘʢ ʠ ʚʳʩʦʢʦʢʫʣʴʪʫʨʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʥʘʣʠʯʠʷ ʢʫʣʴʪʫʨʳ ʫ ʤʫʨʘʚʴʝʚ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦ ʧʝʨʝʜʘʯʝ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦʢʦʣʝʥʠʝ ʦʛʨʦʤʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦï

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʘʤʢʠ ʥʠʢʘʢ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʝʛʦ 

ʨʘʟʨʘʙʦʪʢʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩ ̫ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠ̫ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ 

(ñState-of-Artò), ʢʘʩʘʶʱʠʭʩʷ ʦʙʩʫʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʠʯʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʫʣʴʪʫʨʥʳʭ 

ʪʨʘʜʠʮʠʡ, ʘ ʪʘʢʞʝ ʢʫʣʴʪʫʨʳ ʫ ʤʫʨʘʚʴʝʚ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʫʣʴʪʫʨʳ ʫ ʤʫʨʘʚʴʝʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʚʠʪʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫

ʥʝʚʨʦʞʜʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʦʮʠʫʤʝ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʝʨʤʘʥʝʥʪʥʦʡ 

ʧʝʨʝʜʘʯʝ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦʢʦʣʝʥʠʝ. 

 

ʂʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʤʫʨʘʚʴʝʚ 

ʋ ʤʫʨʘʚʴʝʚ, ʢʘʢ ʠ ʫ ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʳʭ ʥʘʩʝʢʦʤʳʭ, ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʚʘʶʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʩʭʦʞʠʝ ʬʦʨʤʳ (ʢʘʩʪʳ): 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʮʘʨʠʮʳ ʠ ʨʘʙʦʯʠʝ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʠʤʝʪʴ ʩʚʦʠ ʜʝʣʝʥʠʷ ʥʘ 

ʛʨʫʧʧʳ. ʋ ʦʜʥʠʭ ʚʠʜʦʚ ʢʘʩʪʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʥʝʰʥʠʤ ʚʣʠʷʥʠʝʤ 

(ʥʘʧʨʠʤʝʨ, ʦʥʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʠʧʘ ʧʠʱʠ ʠ ʝʝ ʢʦʣʠʯʝʩʪʚʘ), ʫ ʜʨʫʛʠʭ ʦʥʘ ʧʦʯʪʠ ʚʩʝʮʝʣʦ 

ʛʝʥʝʪʠʯʝʩʢʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ (Schwander et al., 2010; Westwick, Rittschof, 2021). ɽʜʠʥʦʞʜʳ 

ʧʦʷʚʠʚʰʠʩʴ, ʢʘʩʪʦʚʘʷ ʩʠʩʪʝʤʘ ʧʦʩʣʫʞʠʣʘ ʚ ʵʚʦʣʶʮʠʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʦʩʥʦʚʦʡ 

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʫʨʘʚʴʝʚ (Qiu et al., 2018). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʠ 

ʠʟʤʝʥʯʠʚʦʩʪʴ) ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʨʘʙʦʯʠʭ ʚʳʰʝ, ʯʝʤ ʫ ʮʘʨʠʮ (Qiu et al., 2022). ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʮʘʨʠʮʳ ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ, ʘ ʜʣʷ ʨʘʙʦʯʠʭ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʨʘʟʥʳʭ ʘʜʘʧʪʘʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʩʧʣʦʜʥʳʝ ʨʘʙʦʯʠʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʚʠʜʘ ʦʙʨʘʟʦʤ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʫʜʠʚʠʪʝʣʴʥʦ 

ʧʝʨʝʢʣʠʢʘʝʪʩʷ ʩ ʫʧʦʤʠʥʘʚʰʝʡʩʷ ʨʘʙʦʪʦʡ ʧʦ ʵʚʦʣʶʮʠʠ ʢʘʩʪ ʫ ʧʯʝʣ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ 

ʧʯʝʣ ʢʘʩʪʘ ʨʘʙʦʯʠʭ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʢʘʩʪʘ ʮʘʨʠʮ.  

ʇʦ çʪʨʘʝʢʪʦʨʠʷʤè ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ ʢʘʩʪʘʤ ʫ ʣʠʯʠʥʦʢ 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʚʦʟʨʘʩʪʘ. ɽʩʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʜʣʠʪʴ çʪʨʘʝʢʪʦʨʠʠè ʨʘʟʣʠʯʠʡ ʚ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘʭ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʪʘʜʠʠ, ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʫʞʝ ʚʳʰʝʜʰʠʝ ʠʟ ʷʠʮ ʣʠʯʠʥʢʠ (ʫ 
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ʜʦʤʦʚʦʛʦ ʤʫʨʘʚʴʷ) ʠ ʣʠʯʠʥʢʠ ʚʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘ (ʫ ʣʠʩʪʦʨʝʟʘ) ʜʝʣʷʪʩʷ ʥʘ ʦʪʯʝʪʣʠʚʳʝ ʛʨʫʧʧʳ 

ʧʦ ʥʘʙʦʨʫ ʨʘʙʦʪʘʶʱʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʛʨʫʧʧʳ ʠ ʝʩʪʴ ʙʫʜʫʱʠʝ ʢʘʩʪʳ, ʯʪʦ 

ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʧʦ ʵʢʩʧʨʝʩʩʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʛʝʥʘ vasa (ʦʥ ʢʦʜʠʨʫʝʪ ʬʝʨʤʝʥʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ 

ʟʘʧʫʩʢʝ ʤʝʡʦʟʘ ʫ ʞʠʚʦʪʥʳʭ) ʚ ʷʠʯʥʠʢʘʭ ʣʠʯʠʥʦʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʩʪʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʫʞʝ 

ʥʘ ʵʪʠʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʭʦʪʷ ʚʥʝʰʥʝ ʣʠʯʠʥʢʠ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʟʣʠʯʘʶʪʩʷ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫ ʜʦʤʦʚʦʛʦ ʤʫʨʘʚʴʷ ʨʘʙʦʯʠʝ ʦʩʦʙʠ ʚ ʙʦʣʴʰʠʭ ʛʥʝʟʜʘʭ 

ʠʟʙʘʚʣʷʶʪʩʷ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʮʘʨʠʮ ʠ ʩʘʤʮʦʚ, ʩʲʝʜʘʷ ʠʭ ʨʘʥʥʠʭ ʣʠʯʠʥʦʢ ʠ ʢʫʢʦʣʦʢ; 

ʣʠʯʠʥʦʢ ʨʘʙʦʯʠʭ ʦʥʠ ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʦʛʘʶʪ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʫʨʘʚʴʠ ʫʤʝʶʪ ʦʧʨʝʜʝʣʷʪʴ, 

ʢʪʦ ʨʘʟʦʚʴʝʪʩʷ ʠʟ ʣʠʯʠʥʢʠ (Edwards Adas,1991). 

ʋ ʮʘʨʠʮ ʤʦʱʥʦ ʨʘʙʦʪʘʶʪ ʛʝʥʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʷʠʯʥʠʢʦʚ ʠ ʨʘʟʚʠʪʠʝ ʤʳʰʮ 

ʢʨʣrʴʝʚ, ʘ ʫ ʨʘʙʦʯʠʭ - ʪʝ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʤʦʟʛʦʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʝʤʴʝ ʥʫʞʥʳ ʧʣʦʜʦʚʠʪʳʝ ʮʘʨʠʮʳ ʠ çʩʦʦʙʨʘʟʠʪʝʣʴʥʳʝè ʨʘʙʦʯʠʝ  ʩ 

ʨʘʟʚʠʪʳʤʠ ʠ ʩʧʦʩʦʙʥʳʤʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʛʥʠʪʠʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʘ 

ʚʦʚʩʝ ʥʝ ʥʘʦʙʦʨʦʪ (Qiu et al., 2022). B ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʠʛʨʘʶʱʠʡ ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ 

ʨʦʣʴ ʛʝʥ ʬʫʨʘʞʠʨʦʚʢʠ, ʢʦʜʠʨʫʶʱʡ ʮɻʄʌ-ʟʘʚʠʩʠʤʫʶ ʧʨʦʪʝʠʥʢʠʥʘʟʫ (PKG), ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʘʢ ʧʦʚʝʜʝʥʯʝʩʢʠ-ʧʦʣʠʤʦʨʬʥʳʡ ʛʝʥ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ʜʦʙʳʯʠ ʧʠʱʠ ʫ ʧʣʦʜʦʚʦʡ ʤʫʰʢʠ Drosophila melanogaster. 

ʀʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʜʦʙʳʯʠ ʧʠʱʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʠʥʘʟʳ, ʢʘʢ ʧʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʜʝʣʝʥʠʠ ʪʨʫʜʘ ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʦʮʠʘʣʴʥʳʭ ʥʘʩʝʢʦʤʳʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʝʨʝʭʦʜʳ ʨʘʙʦʯʠʭ ʤʝʞʜʫ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʢʘʩʪʘʤʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʛʥʘʣʠʟʘʮʠʷ PKG ʠʛʨʘʝʪ ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ ʨʦʣʴ ʚ ʥʝʡʨʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʩʝʥʩʦʨʥʳʭ, ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʧʦʚʝʜʝʥʠʷ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʪʨʫʜʘ, ʚʢʣʶʯʘʷ ʦʙʫʯʝʥʠʝ, ʘʛʨʝʩʩʠʶ, ʨʝʘʢʮʠʶ ʥʘ ʩʪʨʝʩʩ, 

ʬʦʪʦʪʘʢʩʠʩ ʠ ʨʝʘʢʮʠʶ ʥʘ ʬʝʨʦʤʦʥʳ (Lucas, Ben-Shahar, 2021). 

ɼʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʪʨʘʜʠʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʬʦʨʤ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫ ʨʘʙʦʯʠʭ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʥʝ 

ʛʝʥʝʪʠʯʝʩʢʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ, ʘ ʪʝʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ. 

ʀʟʫʯʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫ ʦʙʱʝʩʪʚʝʥʥʳʭ ʥʘʩʝʢʦʤʳʭ ʠʤʝʝʪ ʜʦʣʛʫʶ 

ʠʩʪʦʨʠʶ (ɼʣʫʩʩʢʠʡ, 1967; ʄʘʟʦʭʠʥ-ʇʦʨʰʥʷʢʦʚ, 1989; ʈʝʟʥʠʢʦʚʘ, 2007), ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʥʘʩʝʢʦʤʳʭ ʥʝ ʩʨʘʟʫ ʧʦʣʫʯʠʣʠ ʧʨʠʟʥʘʥʠʝ (ɿʦʨʠʥʘ ʠ ʜʨ., 2013). ʉʫʱʝʩʪʚʫʝʪ 




