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Government and nepotism in social insects:
new dimension provided by an experimental approach
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Ðåçþìå. Îñíîâíàÿ ÷åðòà îáùåñòâåííûõ íàñåêîìûõ, òàêèõ êàê òåðìèòû, ìóðàâüè, ìíîãèå âèäû ï÷åë
è îñ  ýóñîöèàëüíîñòü, îñíîâàííàÿ íà ñîâìåñòíîé
çàáîòå î ïîòîìñòâå, ïåðåêðûâàíèè âî âðåìåíè ÷åðåäóþùèõñÿ ïîêîëåíèé è, ñàìîå ãëàâíîå, íà ðàçäåëåíèè ôóíêöèé ìåæäó ðåïðîäóêòèâíûìè ÷ëåíàìè
ñîîáùåñòâà è «ïîìîùíèêàìè», òàê èëè èíà÷å ëèøåííûìè âîçìîæíîñòè ðàçìíîæàòüñÿ. Õîòÿ ñïèñîê ýóñîöèàëüíûõ æèâîòíûõ â ïîñëåäíèå 30 ëåò
äîïîëíèëñÿ ðàçëè÷íûìè îðãàíèçìàìè (íåêîòîðûå
âèäû òëåé, æóêîâ, êðåâåòîê) è âêëþ÷àåò äàæå ïîçâîíî÷íûõ æèâîòíûõ («ãîëûå êðîòîâûå êðûñû»), ó
îáùåñòâåííûõ íàñåêîìûõ ïðåäñòàâëåíà ñàìàÿ ãëóáîêàÿ äèôôåðåíöèàöèÿ ìåæäó ñôåðàìè ðàçìíîæåíèÿ è îáåñïå÷åíèÿ â ñîîáùåñòâå, à òàêæå íàèáîëåå
æåñòêîå äåëåíèå ñåìüè íà êàñòû è ñóáêàñòû, ñâÿçàííûå ñ âûïîëíåíèåì îïðåäåëåííûõ ôóíêöèé è
çàäàíèé. Ó îäíèõ âèäîâ ýòà äèôôåðåíöèàöèÿ çàêðåïëåíà ìîðôîëîãè÷åñêèìè ðàçëè÷èÿìè, ó äðóãèõ
îíà îñíîâàíà íà ôèçèîëîãè÷åñêèõ è ïîâåäåí÷åñêèõ
õàðàêòåðèñòèêàõ. Â áîëüøèíñòâå ñëó÷àåâ ìíîãî÷èñëåííàÿ êàñòà ðàáî÷èõ îáñëóæèâàåò ïîòðåáíîñòè
îäíîé èëè íåñêîëüêèõ ðàçìíîæàþùèõñÿ ñàìîê è
èõ ïîòîìñòâà.
Â 60å ãîäû Ãàìèëüòîí ïðåäëîæèë ýëåãàíòíîå
îáúÿñíåíèå àëüòðóèçìó ðàáî÷åé êàñòû ó îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ, ðàññìîòðåâ ýòî ÿâëåíèå
êàê ÷àñòíûé ñëó÷àé ñâîåé òåîðèè ñîâîêóïíîé ïðèñïîñîáëåííîñòè. Îðèãèíàëüíàÿ ñèñòåìà ðàçìíîæåíèÿ ó ýòèõ íàñåêîìûõ ïîçâîëÿåò àíàëèçèðîâàòü èõ
ñîîáùåñòâà êàê êðàéíèé âàðèàíò ãàìèëüòîíîâñêîãî «àëüòðóèçìà ðîäñòâåííèêîâ», êîãäà, îòêàçûâàÿñü òåì èëè èíûì ïóòåì îò ðàçìíîæåíèÿ, îðãàíèçì

òåì ñàìûì ñïîñîáñòâóåò âûæèâàíèþ áîëüøîãî ÷èñëà áëèçêèõ ðîäñòâåííèêîâ è â èòîãå åãî ñóììàðíûé
âêëàä â ãåíîôîíä ïîñëåäóþùèõ ïîêîëåíèé îêàçûâàåòñÿ áîëüøèì, ÷åì åñëè áû îí ðàçìíîæàëñÿ ñàì.
Äëÿ îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ õàðàêòåðíà ãàïëîäèïëîèäèÿ: ñàìöû èìåþò ãàïëîèäíûé íàáîð õðîìîñîì, à ñàìêè è ðàáî÷èå, êîòîðûå ÿâëÿþòñÿ íåîïëîäîòâîðåííûìè è íå ðàçìíîæàþùèìèñÿ
ñàìêàìè  äèïëîèäíûé. Ðîäñòâî ðàáî÷èõ (ñåñòåð)
ìåæäó ñîáîé ñîñòàâëÿåò 75%, à ñ ñàìêàìè (ìàòåðÿìè)  ëèøü 50%, ïîýòîìó ñåñòðàì áîëåå âûãîäíî
ïîääåðæèâàòü âîñïðîèçâåäåíèå ñåáå ïîäîáíûõ ñåñòåð, ÷åì ñàìîê. Ïðè ýòîì êàæäàÿ îïëîäîòâîðåííàÿ ñàìêà ìîæåò äåðæàòü ïîä êîíòðîëåì äåñÿòêè
òûñÿ÷ ñâîèõ «ïîðàáîùåííûõ» äî÷åðåé ñ ïîìîùüþ
ôèçè÷åñêèõ èëè ôåðîìîííûõ âîçäåéñòâèé.
Äàííàÿ ñòàòüÿ ïîñâÿùåíà äèñêóññèîííîìó îáñóæäåíèþ äâóõ íàèáîëåå âàæíûõ àñïåêòîâ ôóíêöèîíàëüíîé îðãàíèçàöèè ñåìüè îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ: «íåïîòèçìó», òî åñòü áîðüáå çà
èíòåðåñû ðîäñòâåííèêîâ, êîòîðûå ÷àñòî ïðèõîäÿò
â ïðîòèâîðå÷èå ñ èíòåðåñàìè ñîîáùåñòâà, è «ïîëèòèêå», òî åñòü ìíîãîîáðàçèþ ôîðì ðåãóëèðîâàíèÿ
îòíîøåíèé ïðè ñòîëêíîâåíèè èíòåðåñîâ â ðàçëè÷íûõ
ãðóïïèðîâêàõ è ìåæäó ãðóïïàìè. Ê îáñóæäåíèþ
ýòèõ âîïðîñîâ ïðèâëå÷åíû ýêñïåðèìåíòàëüíûå äàííûå ïîñëåäíèõ ëåò, â òîì ÷èñëå è ðåçóëüòàòû, ïîëó÷åííûå àâòîðîì. Â ñòàòüå íàìå÷åíû ïóòè ôîðìèðîâàíèÿ êîíöåïöèè, êîòîðàÿ áû ïîçâîëèëà îáúÿñíèòü
ôóíêöèîíàëüíóþ ñòðóêòóðó ñåìüè îáùåñòâåííûõ
íàñåêîìûõ, íå ïðèáåãàÿ ê ïîïóëÿðíîé â ïîñëåäíèå
150 ëåò, íî óæå óñòàðåâàþùåé àíàëîãèè ñî ñâåðõîðãàíèçìîì.
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Íåïîòèçì: ñîîòíîøåíèå ïîëîâ è èíòåðåñû
ðîäñòâåííèêîâ. Íà ñîâðåìåííîì ýòàïå èçó÷åíèÿ
áèîëîãèè îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ èññëåäîâàòåëè ïðèõîäÿò ê âûâîäó î òîì, ÷òî òåîðèÿ Ãàìèëüòîíà áåç äîïîëíèòåëüíûõ îáúÿñíåíèé è ýêñïåðèìåíòîâ íå îáúÿñíÿåò áàëàíñà èíòåðåñîâ â
ñîîáùåñòâàõ ýòèõ íàñåêîìûõ. Äàæå â ïðîñòåéøåì
ñëó÷àå, êîãäà ñåìüÿ îñíîâàíà îäíîé ñàìêîé, îïëîäîòâîðåííîé îäíèì ñàìöîì, ó ðàáî÷èõ ëèøü 25%
îáùèõ ãåíîâ ñ áðàòüÿìè (ñàìöàìè, êîòîðûå ìîãóò
áûòü ïðîèçâåäåíû äàííîé ñàìêîé).
Ïîýòîìó îíè «ïðåäïî÷èòàþò», ÷òîáû 75% ïîòîìñòâà ñîñòàâëÿëè áû ñåñòðû, òîãäà êàê ñàìêà
«ïðåäïî÷ëà» áû ðàâíîå ñîîòíîøåíèå ïîëîâ â ñâîåì ïîòîìñòâå, áóäó÷è íà 50% ðîäñòâåííîé äî÷åðÿì
è íà 50%  ñûíîâüÿì. Òàêàÿ ðàçíèöà â èíòåðåñàõ
ïðèâîäèò ê òèïè÷íîìó êîíôëèêòó ïîêîëåíèé, ïîäðîáíî ðàññìîòðåííîìó â òåîðèè Òðàéâåðñà [Trivers,
1974] äëÿ ðàçíûõ âèäîâ æèâîòíûõ. Ó ïåðåïîí÷àòîêðûëûõ, â ñèëó èõ ãàïëîäèïëîèäèè, ýòîò êîíôëèêò ïðèíèìàåò âåñüìà îðèãèíàëüíûé õàðàêòåð.
Èññëåäîâàíèÿ ïîñëåäíèõ ëåò ïîêàçàëè, ÷òî ó îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ ñàìêà ÿâëÿåòñÿ íå
ñòîëüêî «êîðîëåâîé», õîòÿ îíà âîçäåéñòâóåò íà ãîòîâíîñòü ñâîèõ äî÷åðåé ê ðàçìíîæåíèþ ñ ïîìîùüþ ôåðîìîííîãî êîíòðîëÿ, ñêîëüêî æåðòâîé èíòåðåñîâ ðàáî÷èõ, êîòîðûå ðàçëè÷íûìè ñïîñîáàìè
(ïèùà, ôåðîìîíû, äèôôåðåíöèðîâàííîå îòíîøåíèå ê ëè÷èíêàì, ôèçè÷åñêîå âîçäåéñòâèå íà ëè÷èíîê) ôîðìèðóþò ñîîòíîøåíèå ñâîèõ áðàòüåâ è ñåñòåð â áóäóùåì ïîòîìñòâå ìàòåðè â ñîîòâåòñòâèè ñî
ñâîèìè ãåíåòè÷åñêèìè èíòåðåñàìè. Ïðè ýòîì ïðîñòûå âàðèàíòû (â ñåìüå îäíà ôåðòèëüíàÿ ñàìêà,
îïëîäîòâîðåííàÿ îäíèì ñàìöîì) âñòðå÷àþòñÿ íå
òàê óæ ÷àñòî. Ñëåäóåò ó÷èòûâàòü, ÷òî íåîïëîäîòâîðåííûå ðàáî÷èå ïðè îïðåäåëåííûõ óñëîâèÿõ ìîãóò
ïðîäóöèðîâàòü ãàïëîèäíûõ ñàìöîâ, ÷òî êàæäàÿ ñàìêà ìîæåò áûòü îïëîäîòâîðåíà íåñêîëüêèìè ñàìöàìè, ÷òî îñíîâàòåëüíèöàìè ìîãóò âûñòóïàòü ìíîãî÷èñëåííûå ñàìêè, ÷àñòü èç êîòîðûõ íå ñâÿçàíà äðóã
ñ äðóãîì ðîäñòâåííûìè ñâÿçÿìè. Ñî÷åòàíèå ýòèõ
âàðèàíòîâ ïðèâîäèò ê äðàìàòè÷åñêèì ñòîëêíîâåíèÿì ãåíåòè÷åñêèõ èíòåðåñîâ ðàçëè÷íûõ ãðóïïèðîâîê â ñåìüå. Èçâåñòíûé èññëåäîâàòåëü áèîëîãèè
îñ Êâåëëåð [Queller et al, 1997] ïðåäëîæèë äëÿ àíàëèçà ãåíåòè÷åñêîé ñòðóêòóðû ñåìüè îáùåñòâåííûõ
ïåðåïîí÷àòîêðûëûõ ðàññìàòðèâàòü îñíîâíîé âîïðîñ, ñòîÿùèé ïåðåä ñåìüåé, ñ «òî÷êè çðåíèÿ» ÿéöà:
åñëè íàñòóïàåò âðåìÿ î÷åðåäíîìó ÿéöó áûòü îòëîæåííûì, è êàæäàÿ ñàìêà (âêëþ÷àÿ íåîïëîäîòâîðåííûõ ðàáî÷èõ) ìîæåò ýòî ñäåëàòü, òî âðåìÿ êàæäîé èç íèõ çàäàòüñÿ âîïðîñîì: «Ïî÷åìó íå ÿ?».
Â äàííîì ðàçäåëå ñòàòüè ðàññìàòðèâàþòñÿ êëþ÷åâûå âàðèàíòû ðåøåíèÿ ýòîãî âîïðîñà ó ðàçíûõ
âèäîâ è ãðóïï âèäîâ. Õîòÿ ñîâðåìåííûå äàííûå â
öåëîì è íå ïðîòèâîðå÷àò òåîðèè Ãàìèëüòîíà, èñêëþ÷åíèé è âàðèàíòîâ íàêîïèëîñü òàê ìíîãî, ÷òî
àêòóàëüíûìè ñòàëè ïîèñêè èíûõ ïóòåé ñèíòåçà è
ôîðìèðîâàíèÿ ïðåäñòàâëåíèé î ñîîòíîøåíèè èíòåðåñîâ â ñåìüå îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ.

Ýòà çàäà÷à íàïðÿìóþ ñâÿçàíà ñ ôóíêöèîíàëüíîé
îðãàíèçàöèåé ñåìüè. Åñëè ðàíüøå ñàìóþ ìíîãî÷èñëåííóþ ãðóïïèðîâêó â ñåìüå îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ  ðàáî÷èõ  ðàññìàòðèâàëè èñêëþ÷èòåëüíî êàê «ñôåðó îáåñïå÷åíèÿ», â ñâåòå
ïîñëåäíèõ ðåçóëüòàòîâ ñòàíîâèòñÿ ÿñíî, ÷òî ðàáî÷èå íå ïðîñòî ïîääåðæèâàþò ïðîöåññ ðàçìíîæåíèÿ
ñîáñòâåííîé ìàòåðè, íî è ìîãóò àêòèâíî «ëîááèðîâàòü» ñîáñòâåííûå ãåíåòè÷åñêèå èíòåðåñû. Ýòîò
ïðîöåññ ñòàíîâèòñÿ áîëåå äðàìàòè÷íûì â ïîëèãèííûõ ñåìüÿõ, ãäå êàñòà ðàáî÷èõ íåîäíîðîäíà ïî ãåíåòè÷åñêîìó ñîñòàâó. Äëÿ ðåøåíèÿ ýòîé çàäà÷è àêòóàëüíû âîïðîñû î ôîðìàõ âçàèìîäåéñòâèÿ ñðåäè
ãðóïïèðîâîê ðàáî÷èõ â ñåìüÿõ îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ.
Ïîëèòèêà: ðàçäåëåíèå òðóäà è ñòîëêíîâåíèå
èíòåðåñîâ. Îäíà èç íàèáîëåå ðàñïðîñòðàíåííûõ
êîíöåïöèé, îáúÿñíÿþùèõ ñòðóêòóðó ñåìüè îáùåñòâåííûõ íàñåêîìûõ  ýòî êîíöåïöèÿ ñóïåðîðãàíèçìà, äîïîëíåííàÿ â ïîñëåäíèå 20 ëåò êîíöåïöèåé àäàïòèâíîé äåìîãðàôèè. Îñíîâíàÿ èäåÿ äàííîãî
ðàçäåëà ñëåäóþùàÿ: ïîñêîëüêó èññëåäîâàíèÿ ïîñëåäíèõ äâóõ äåñÿòèëåòèé ïðèâîäÿò ê âûâîäó î òîì,
÷òî êàñòà ðàáî÷èõ èìååò ðåàëüíóþ âîçìîæíîñòü
âîçäåéñòâèÿ íà ãåíåòè÷åñêóþ ñòðóêòóðó ñåìüè, íåîáõîäèìî èññëåäîâàòü áàëàíñ êîíôëèêòîâ è êîîïåðàöèè ìåæäó ãðóïïèðîâêàìè ðàáî÷èõ îñîáåé,
÷òî äàñò âîçìîæíîñòü îáúÿñíèòü ïðîöåññû ñàìîîðãàíèçàöèè, íå ïðèáåãàÿ ê àíàëîãèè ñ ñóïåðîðãàíèçìîì.
Â ðàçäåëå îáñóæäàþòñÿ ñîîòíîøåíèå òàêèõ ôàêòîðîâ, âîçäåéñòâóþùèõ íà ðàçäåëåíèå òðóäà ìåæäó
ðàáî÷èìè, êàê âîçðàñòíîé ïîëèýòèçì, ìîðôîëîãè÷åñêàÿ îáîñîáëåííîñòü ñóáêàñò, ïðåäåëû âîçìîæíîñòåé äëÿ ïåðåêëþ÷åíèÿ ðàáî÷èõ íà âûïîëíåíèå
ðàçëè÷íûõ çàäàíèé. Íàêàïëèâàþùèåñÿ â ïîñëåäíèå
ãîäû äàííûå î ñïîñîáíîñòÿõ îáùåñòâåííûõ ïåðåïîí÷àòîêðûëûõ ê ñëîæíûì ôîðìàì íàó÷åíèÿ ïîçâîëÿþò ïåðåéòè îò êîíöåïöèè «ñëåïîé, âåäóùèé
ñëåïîãî» ê êîíöåïöèè, îáúÿñíÿþùåé ðàñïðåäåëåíèå çàäàíèé ìåæäó ðàáî÷èìè ñ òî÷êè çðåíèÿ âîçìîæíîãî ãèáêîãî ïîâåäåíèÿ èíäèâèäóóìîâ.
Íîâûå ãîðèçîíòû ýêñïåðèìåíòàëüíîãî ïîäõîäà: èíäèâèäóàëèçèðîâàííûå ãðóïïû ðåøàþò
ñëîæíûå çàäà÷è. Îñíîâíàÿ èäåÿ äàííîãî ðàçäåëà
îñíîâàíà íà ýêñïåðèìåíòàëüíûõ ðåçóëüòàòàõ àâòîðà è ìîæåò áûòü ñôîðìóëèðîâàíà ñëåäóþùèì îáðàçîì: äëÿ òîãî, ÷òîáû âûÿâèòü íàëè÷èå èíäèâèäóàëèçèðîâàííûõ ñëàæåííî ðàáîòàþùèõ ãðóïï â ñåìüå
îáùåñòâåííûõ íàñåêîìûõ («êîìàíä»), íåîáõîäèìî
íàáëþäåíèå íàä òåì, êàê ñåìüÿ ðåøàåò ñëîæíûå
çàäà÷è. Ýòî, â ÷àñòíîñòè, äîñòèæèìî â ýêñïåðèìåíòàõ, â êîòîðûõ äëÿ ïîëó÷åíèÿ ïèùè íàñåêîìûå äîëæíû ïåðåäàâàòü äðóã äðóãó äîñòàòî÷íî ñëîæíî îðãàíèçîâàííóþ èíôîðìàöèþ. Â îïûòàõ ñ ïðèìåíåíèåì
íîâîãî ëàáèðèíòà «áèíàðíîå äåðåâî» [Reznikova,
Ryabko, 1990, 1994] ìóðàâüè äåìîíñòðèðîâàëè ñïîñîáíîñòü ïåðåäàâàòü èíôîðìàöèþ î ïîñëåäîâàòåëüíîñòè ïîâîðîòîâ íà ïóòè ê êîðìóøêå, ïðè ýòîì îíè
îêàçàëèñü ñïîñîáíûìè óëàâëèâàòü çàêîíîìåðíîñòè

Government and nepotism in social insects
è èñïîëüçîâàòü èõ äëÿ «ñæàòèÿ» èíôîðìàöèè ïðè
ïåðåäà÷å îò ðàçâåä÷èêà ê ôóðàæèðàì. Âûñêàçûâàåòñÿ ïðåäïîëîæåíèå î òîì, ÷òî íàèáîëåå óñïåøíûå
«êîìàíäû» ðàáî÷èõ ìîãóò ñïîñîáñòâîâàòü áîëüøåìó óñïåõó â ðàçìíîæåíèè òåõ ñàìîê â ñåìüå, ñ êîòîðûìè îíè ñâÿçàíû ÷åðåç ïðîöåññû óõîäà çà èõ ïîòîìñòâîì.

Introduction
At the beginning of the XX century social insect
societies were considered as a model of human society
because of their social style of life, their great «houses», division of labour, and other very special and
interesting features. The perfect organisation of the
honeybee hive becomes the metaphor of social stagnation in human society. Plenty of analogies are reflected
in the common language such as ant slavery, army ants,
myrmidons, termite royalty, colony territory as an analogy of tribal territory and so on.
Colonies of social insects could be taken as analogies of the perfect welfare state, in which all contribute
selflessly to the colonys reproductive interests by caring for the queen and her offspring. For a long time
social insects have been used as extreme cases of intraspecific polymorphism and self-sacrificing aid, and
to test more general ideas about evolution, as when
Darwin noted the special difficulty for his theory to
explain trans-generational inheritance of the specialised traits of sterile individuals. As Wilson [1982] has
emphasised, social insects achieved full sociality a 100
million years before Homo appeared on the scene, and
each of the more than 20000 species of social insects
represent an independent evolutionary experiment by
which the general theories of socio-biology can be
tested and extended.
The main feature of social insects, such as termites,
ants and many species of bees and wasps, is eusociality
which is defined as that show co-operative brood care,
overlap of generations and reproductive cast differentiation. Actually, the first two characteristics have been
found in somewhat less social insects and co-operatively breeding birds and mammals which exhibit levels of altruism comparable to that exhibited by many
eusocial species of bees and wasps. The most important feature is that in eusocial species their colony life
is regulated by the functional division into reproductive and sterile castes. Social insects live in colonies,
with most individuals serving as non-reproductive helpers. The reproductive specialisation of social insects
have rendered them distinct from most other animals,
until Jarvis et al. [1994] discovered nearly the same
system in mammals, namely, in mole-rats. A list of
eusocial organisms also includes several species of
aphids, beetles, thrips and even one species of shrimp.
However, in social Hymenoptera and termites a highest
degree of difference between reproductive and sterile
members of the colony is achieved. The hymenopteran
colony is comprised of reproductive male and female
and a worker caste of sterile females. The workers may
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be differenciated, depending on species, into subcasts,
or groups of individuals that perform similar kinds of
labour. The individuals within each subcast have similar morphology and are distinct in morphology from
members of other casts [Wilson, 1953].
Honeybee (Apis melifera L.) may serve as an example of the most intensively studied among the social
insects. A queen lays eggs, but other duties are performed by the workers, which are sterile females. They
tend the queen, rear the young, maintain and defend the
hive; some of them fly to collect nectar, pollen, propolis, or water according to the immediate needs of the
hive. Drones are treated as sex objects, useful only in
copulation. After the queen has been fertilised, they are
quickly killed or turned adrift by the workers.
The trade-off between individual sacrifice and colony welfare in social insects can be easily estimated in
the cases of colony defence. Thus, in the green tree ant
of Australia (Oecophylla smaragdina) ageing workers
emigrate to special «barrack nests» located at the territorial boundary of the colony. When workers from
neighbouring nests or other invaders cross the line,
these guards are the first to attack [Hölldobler, 1983].
According to Hölldobler and Wilson [1990], a principal difference between human beings and ants is that
whereas we send our young men to war, they send their
old ladies.
Hamilton [1964] offered an elegant explanation of
how such a system of altruistic behaviour of workers
could have arisen in the Hymenoptera. These insects
have an unusual system of sex determination, namely
haplodiploidy. Males are produced from unfertilised
eggs and so they have half the number of chromosomes
as the females. The result is that all the sperms from
any male possess identical chromosomes since they do
notundergro meiosis. Therefore, all the daughters have
at least 50% of their genes in common as a result of one
parent producing only one type of gamete. Furthermore, on average, the daughters share another 25% of
their genes in common from their mother so that the
total genetic affinity among daughters is 75%. Therefore, each daughter has only the normal 50% affinity
with her mother, so hymenopteran sisters are more
strongly related to each other than to their mother
and that is more advantageous for each daughter in
helping to rear her sisters than for her to have offspring of her own. To make this picture less idyllic,
the queen could hold hundreds of thousands of her
«enslaved» daughters in check against their interests, either through physical force or pheromone manipulation.
Instead of the term altruism, alternative expressions
have been suggested for outwardly selfless behaviour
of social insects, such as reciprocation [Trivers, 1971]
and nepotism [Alexander, 1974]. In any case, the key
question is how natural selection can produce selfish
genes that prescribe unselfishness [Hölldobler, Wilson, 1990].
Two myths concerning social life-style in Hymenoptera are becoming categorical.
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The first is that eusociality in these insects may be
considered as sharp reflection of Hamiltons inclusive
fitness theory. Actually, in the case where the queen is
the mother of all workers, and she has only mated once,
it is easy to explain why individuals might choose to be
non-reproductive helpers in colonies rather than nesting alone, and real nepotism may be strongly expected
via the 3/4 relatedness. However, numerous recent findings in social Hymenoptera run counter to straightforward expectations of kin selection theory and many
investigators show lack of detectable nepotism in hymenopteran colonies.
The second is that distinctive properties and a higher degree of social organisation in social insects are
based on rigidly programmed repertories and very simple rules of self-organisation, so political inter-relations are not to be expected here. However, recently at
least several well documented instances exist concerning cognitive capacities and flexible individual behaviour in social Hymenoptera. Essential differences between capabilities of colony members, as well as
possible personalised inter-relations, enable us to look
for features of politics in a similar sense as in monkeys
and apes.
In this paper, against the background of the review
of investigations devoted to nepotistic and political
inter-relations in social Hymenoptera, new findings of
these forms of behavioural patterns in ants are discussed basing on the discovery of individual interrelations and individual identity in high social ant species. In this context, new data concerning ants capacity
to solve problems, transfer symbolic information, discriminate each other and compete and co-operate at the
individual level are considered.

SEX BIAS AND NEPOTISM
The kin-selection theory does not in itself solve the
problem of insect sociality, because another problems
remain. Colonies of bees, wasps and ants comprise one
to several subgroups, each with distinct genetic interests. Specifically, conflict is expected between the queen
and the workers over the two major aspects of reproduction: the relative investment in the sexes and the
source of males [Heinze et al., 1994].
Even for the simplest case of a colony headed by a
single, once-mated queen [monogyny and monoandry],
workers share 75% of their genes by descent with their
sisters but only 25% with their brothers. The queen,
being equally related to her sons and daughters, prefers
that 50% of the colonys reproductive energy be allocated to males, whereas workers prefer to invest 75%
of colonys reproductive efforts in the production of
sisters and only 25% in raising brothers. Thus, different genetic interests can lead to parent-offspring conflict over allocation to males versus females in the
sexual brood [Heinze et al., 1994]. As Boomsma [1996]
has noted, the unique opportunity for testing both inclusive fitness theory [Hamilton, 1964a,b] and parentoffspring conflict theory [Trivers, 1974] were presented. Although in a behavioural sense, the queen

«enslaves» her daughters by the power of pheromone
control, according to population-level model, in terms
of natural selection, queens are considered as victims
of the workers controlling sex ratio preferences. The
fact is, that for all social Hymenoptera, workers are the
most numerous class and might therefore be in a position to exercise collective control being able to control
sex ratios against queen interests.
In addition, workers have the option of producing
their own sons. Though they typically cannot mate and
their ovaries are more or less rudimentary, in many
species they are capable of laying unfertilised eggs,
which may develop into haploid males. In monogynous
and monoandrous colonies, the workers share 50% of
their genes with their own sons and 37.5% with their
nephews, as compared to 25% shared with their brothers. Selection acting on workers should therefore favour the substitution of sons or nephews for brothers in
the reproductive brood. The queen, on the other hand,
shares 25% of her genes with her grandson and 50%
with her own sons, hence, she should try to prevent
workers from laying eggs and rather have them concentrate on her own offspring [Heinze et al., 1994].
As each worker is more related to her own sons that
to her nephews, conflicts arise over which of the workers will lay eggs and which continue to take care of the
nest. Furthermore, to make matters even more intricate, relatedness among siblings themselves is often
not so high because of multiple mating, multiple queens
and queen replacement [Crozier, Pamilo, 1996]. The
number of males that inseminate queens is a major
factor in establishing the kin structure of hymenopteran
societies [Page, 1986]. Individual queens may be able
to enhance their inclusive fitness by mating with additional males [Francis et al., 1995]; for example, extreme multiple mating occurs in the honey bee, in which
queens are able to store a mixture of sperm from 10
20, and even 60, males [Seeley, 1985]; in the case of
yellow jacket wasps queens are inseminated by an average 5.59.5 males [Ross, Carpenter, 1991]; and in
the case of ants the greatest numerical mating frequencies are lower, with a maximum in the range of 56
[Page, 1986].
In general, colony kin structure determines the potential opportunities for workers to enhance their inclusive fitness by manipulating colony reproduction. Workers may realise this by causing female-biased sex
allocation at low mating frequencies [Pamilo,1991a],
by preventing other workers from producing males at
mating frequencies above two [Ratnieks, 1988, Pamilo, 1991b] and by nepotistically rearing full- sister
queens at mating frequencies above one [Ratnieks,
Reeve, 1991].
All this can lead to within-colony conflicts over
resource allocation or over-reproductive opportunities
among different queens and different patri- and matrilines [Crozier, 1979; Boomsma, Grafen, 1991]. The
agonistic relations and very dramatic conflicts among
the queens and egg-laying workers have been observed
by many investigators in bumblebee colonies [Doorn,
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Heringa, 1986; Duchateau, Velthius, 1988; Moskalenko,
Shalimov, 1997]. In the primitively social carpenter
bee, daughters kill their baby sibs after conflict over
dominance with mothers [Hogendoorn, 1994]. It is interesting in this context that in many ponerine ants,
workers mate and reproduce and may rear no queens at
all [Gadakgar, 1994].
Queller et al. [1997] considered the basic question
of kin structure in insect societies in terms of a single
egg: it is time for the colonys next egg to be laid, and
only one individual will lay it; each colony member
might well ask «Why not me?»
In general, different families of social Hymenoptera are characterised by different forms of sex bias
and of conflicts between colony members. Let us consider several examples.
Paper wasps of the genus Polistes possess features
of sociality, which may be more easily described in
terms of conflicts and co-operations. They were analysed in detail in the experimental work of Queller et
al. [1997]. Colonies are begun in the spring by groups
of females called foundresses which have usually
emerged from the same nest the previous autumn and
as a consequence they are close relatives [Peters et al.,
1995]. The first several broods of offspring consist
mostly of females called workers, but also may include
a small number of males. The workers normally act as
non-reproductive helpers, but they are not a morphologically distinct caste. If all foundresses die before the
end of the season, a worker will mate and become the
dominant egg layer [Queller, Strassmann, 1988]. The
relatedness estimates of Queller et al. [1997] have shown
that the best outcome for most individuals is to be the
reproductive egg-layer. Reproductive monopoly stems
from the collective preference for non-reproductive
specimens, which suppress each other in favour of the
queen. After the death of the present queen, the first
successor is a subordinate foundress even though workers should generally prefer a worker successor. If all
foundresses have died, an older worker succeeds as
queen, in spite of the collective worker preference for a
young worker. Physical domination by the strongest
individual may play some role, but finally age servers
as a conventional cue for reducing conflict over queen
succession. Older smaller workers succeed before
younger larger ones.
Bees of the genus Apis are monogynous, i.e. only
one queen in a colony may lay eggs. However, as
stated above, polyandry is extremely widespread in
Apis. In evolutionary discussion, recent interest has
focused on genetic variance (GV) hypotheses which
suggest that queen and colony fitness increased by the
greater intro-colonial genetic diversity that is a consequence of polyandry [Pamilo, 1993; Keller, Reeve,
1994]. Oldroyd et al. [1997] divide the GV hypothesis
into two categories. The first is based on the hypothesis
that genetic diversity within the worker population leads
to greater colony fitness because this allows an increased expression of caste and task polymorphism
within the colony [Crozier, Page, 1985, Dreller et al.,
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1995], helps colonies buffer environmental variance
[Page et al., 1995], parasites and pathogens [Sherman
et al., 1988]. The second view arise from male haploidy, and relate to the effects of sex determination on
brood viability and to conflict between workers and
queens over optimal sex ratios [Page, 1980; Ratnieks,
Boomsma, 1995].
Bumble bees, Bombus spp., are seasonal social insects. Only the fertilised queens over winter to start a
new colony in spring. As the colony growth in numbers, tasks such as resource collection are taken over
by the workers. At the end of colony cycle, reproduction occurs when sexual females and drones are produced. Before onset of winter, the males die, as does
the rest of the colony [Alford, 1975]. Females of several species mate multiply [Hobbs, 1967], and, at least
two species, multiple queens are present and can form
polygynous colonies [Michener, 1974]. Liersch and
Schmid-Hempel [1998] exposed genetically homogeneous and heterogeneous colonies to parasitism under
field conditions which was achieved by adding and
removing the brood from donor colonies. It turned out
that genetically variable colonies were beneficial under
parasitism.
It is worthy to note that despite of the haploidity
dominance in all Hymenoptera, there are a lot of subsocial and solitary species in wasps and bees. In some
subfamilies many kinds of sociality occur; for example, of the currently recognised 1015 independent
evolutionary events of eu-sociality among insects, at
least four occurred in lines belonging to a single group
of bees, the sweet bee Halictinae. This cosmopolitan
subfamily comprises about 4000 described species,
many of them solitary, but overall exhibiting a remarkable diversity in social organisation and life history.
Various forms of sociality including communal, semisocial, primitively eusocial, and preliminary eusocial
have arisen many times among the Halictinae. Likewise, reversals from social to solitary life have evolved
repeatedly [Mueller et al., 1994]. Pesenko and Radchenko [1994] analysed features that are necessary
prerequisites for the appearance of eusociality, and
among them monoandry of females, the ability to control sex of offspring which define fertilised and nonfertilised eggs, and distinguish related and unrelated
individuals being temporary helpful to a mother.
While the bees and wasps offer a graded series of
living species that range from completely solitary to
completely eusocial, the ants are all highly eusocial
and lack species that display a solitary lifestyle. In
many ant species, polygyny, i.e. the occurrence of multiple functional queens in the colony, is common, with
pleometrosis (foundress associations) and secondary
polygyny (the addition of queens to a colony) as the
major types. All these variants temper the interpretation of worker altruism as the dominant mode of ant
life. Hölldobler and Wilson [1990] have analysed tides
in kin selection theory applying to ants.
Recent findings in ants have added new paradoxes
for a kin selection paradigm. De Heer and Ross [1998]
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investigated the paradox for kin selection theory being
presented by multiple-queen (polygyne) colonies of
the introduced fire ant Solenopsis invicta. Egg-laying
queens within these societies are, on average, unrelated
to one another, and the numbers of queens per colony
are high, so that workers appear to raise new specimens
that are no more closely related to them that are random individuals in the population.
J.M. Herbers and R.J. Stuart [1998] tested the hypothesis [Trivers, Hare, 1976] that sex ratio in slavemaking ant species should reflect the queens interests
whereas sex ratios in free-living host ants should reflect the workers interests. These authors investigated
patterns of allocations to males versus females, as well
as allocation to growth versus reproduction for slavemaking ants in the tribe Formicoxenini. They found
little support for the hypothesis of exclusive queen
control; instead, their results implicated queen-worker
conflict, both over male-allocation ratios and over allocation to growth versus reproduction.
Finally, an essential difficulty for the kin selection
paradigm concerns the ability of hymenopterans to distinguish their kins. Actually, when considering the kin
structure of a hymenopteran colony, nepotistic behaviour should be based on the capacities of nest mates to
discriminate their colleagues belonging to the same or
to different matrilines and patrilines. Anyhow several
studies have found evidence for kin discrimination within honey bee colonies [Page et al, 1984, 1989; Vischer,
1986], but it remains unclear whether worker honey
bees discriminate between sisters in their own and in
different patrilines in a natural context [Moritz, 1991].
Recent careful studies on ants and social wasps failed
to find any evidence for nepotism [Queller et al., 1990;
Carlin et al., 1993]. Multiple-queen colonies of the
introduced fire ant may provide a more clear-cut case
of nepotism: queens in these colonies are on average
unrelated to one another and singly mated [Ross, 1993].
De Heer and Ross [1997] suggested that in such selectively important contexts as tending egg-laying queens
and feeding maturing winged queens, workers should
discriminate between related and unrelated nestmates,
but they failed to find this. Moreover, they found that
ants did not behave nepotistically when deciding which
female larvae to rear as new queens.
At the same time, much evidence has been assembled to scheme that social hymenopterans use olfactory
and other cues for nestmate discrimination and they
can easily distinguish alien individuals [Wilson, 1971;
Hölldobler , Wilson, 1990]. This has also been demonstrated for one Argentine ant, Linepithema humile [Keler, Passera, 1993] in that females (and/or males) prefer
to mate with unrelated over related individuals. To
conclude, these insects undoubtedly have the neurosensory capabilities to discriminate among nestmates
of varying degree of relatedness, but they rarely use them.
These and other results do not argue against kin
selection theory in general, but a great deal of exceptions have been found presenting a challenge to look for
other ways to explain social lifestyle in hymenopterans.

D IVISION

OF LABOUR AND EXPECTATIONS FOR

GOVERNMENT

The extraordinary complexity in eusocial colonies,
and similarities between the rules and algorithms of
morphogenesis in the development of a multicellular
organism and of sociogenesis in the onthogeny of the
insect society, enable many investigators to treat the
colony as a functional unit termed «superorganism»
rather than as a group of individuals [Wheeler, 1928;
Wilson, 1982]. Furthermore, the insect colony maintains a constant ratio of different worker subcaste and
age classes and thus may show an adaptive demography [Hölldobler , Wilson, 1990].
Other analogies come from scientists who deals
with human societies. Thus, Johnson [1995] argued
with Tiger and Fox [1971] who missed the existence of
politics in ant colonies. This author considers societies
of social Hymenoptera as a remarkable example of
those systems in nature in which conflicts of interest
exist among co-operating social colleagues, so government could be found here.
The almost all researches of social insects are now
in accordance, non-reproductive members of the colony have the power to influence reproductive processes,
and it would be possible to look for complex behavioural processes for maintaining an equilibrium between conflict and co-operation among workers themselves. However, nowadays most of the models of social
life in insects seem not to provide room for political
inter-relations among workers, as they based on tough
programmed behavioural characters. At the same time,
there are some limited, yet well documented, evidence
of the extraordinary learning capability of individuals
and flexible behaviour and inter-relations between them.
The aim of this issue is to review these data in respect
of models of social lifestyle.
As almost all models of the division of labour in
social Hymenopterans are based on inherited properties, they are closely connected with view of selective
advantages of multiple mating or of multiple queens. A
general example is that the resulting increase in genetic
variation could allow the establishment of a more efficient division of labour due to better matched individual work profiles.
In the most species of social Hymenoptera division
of labour is based on the two main vectors: morphological caste differentiation and temporal division of labour, often called age polytheism when worker behaviour changes systematically with age. It is now believed
that the organisation of social insects is more a kin to a
distributed process rather than to tough accordance
between implementing to a definite caste and task performance. An individual does not perform a single
task, but can perform any of a number of tasks. The
process by which an ant colony assesses its current
needs and «assigns» a certain number of members to
perform a task is known as task allocation [Gordon, 1995].
Of the Hymenoptera, the ants have the greatest
differentiation among the workers. Although workers
of most species of ants are monomorphic, some species
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have two or three morphological subcastes [Oster, Wilson, 1978]; for example, in a colony of green tree ants
Oecophylla smaragdina there are workers with large
or small heads called majors or minors respectively
which perform different tasks [Wilson, 1971]. In the
leaf-cutting ants of the genus Atta, workers have wide
size variation, but the variation is continuous. Although
there are no discrete size classes of workers, ants of
different sizes fall into four partially discrete physical
subcastes, are based on body size, called role clusters.
Different size classes of workers are tailored to the
special needs of harvesting, retrieving and processing
the leaves on which fungus is cultured. In sum, ants
that garden and nurse tend to be small bodied while the
foragers or excavators are the largest ants of the colony. In contrast, in most species of the genus Formica,
workers are monomorphic and are not considered to
have physical subcastes [Wilson, 1980].
In the case of bees, workers are generally characterised as monomorphic, but variation in body size differs
among species. Primitive eusocial bees, such as bumble bees and sweet bees (Halictidae) have high withincolony size variation, whereas the highly eusocial honey bees and stingless bees (Heliponinae) have low size
variation [Michener, 1974]. Waddington [1987] researched in detail the effects of body size on behaviour
of individual honey bees and on social interactions
between bees. It turned out that age of first foraging,
frequency of foraging, and distance flown from the
hive to flowers are affected by body size.
Both in the bees and the ants, workers perform a
sequence of different tasks as they age; for example, in
the red wood ant Formica polyctena, young workers
stay inside the nest and spend time tending brood,
caring for other workers and the queen, and cleaning
the nest, and older workers forage and construct the
nest [Otto, 1958]. As Zakharov [1980] demonstrated,
the oldest workers become patrollers and spend time at
the peak of a nest mound. In the bees, workers of
different ages perform different roles such as cell cleaners, nest brooders, food accumulators and foragers
[Lindauer, 1952; Seeley, 1982].
In their experimental work, Calderone and Page
[1996] supported the developmental-programmed model of temporal polyethism and behavioural canalisation
in the honey bee. They introduced to a colony four
groups of workers, emerging at 6-days intervals, with
some of them, deprived in an incubator, lacking preforaging experience. Foraging activities were quantified for two sets of workers from strains of bees selected for high and low pollen hoarding. The results
suggested that a foragers task selection is primarily
determined by her genotype and immediate environment. High-strain workers collected pollen more often
than low-strain workers, regardless of their pre-foraging environments. Differences between deprived and
non-deprived groups of the same strain and age were rare.
Most models of social organisation in hymenopterans are based on those view that these organisms are
literally the blind leading the blind [Franks et al., 1992];
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namely that the theory of self-organisation is based on
stochastic processes which may be described by simple
mathematical models [Deneubourg et al., 1987]: individual randomness and competition between different
pieces of information are the factors that generate individual behavioural patterns and society organisation.
Thus, in certain species of army ants, hundreds of
thousands of workers are able to create raid structures
with a beautiful «fractal» organisation [Deneubourg et
al., 1989].
Recently a number of studies on social insects have
shown how self-organisation is involved in collective
pattern formation; for example, Camazine [1990] has
demonstrated how honeybees use simple rules to create
patterns in their usage of the comb for rearing larvae or
storing pollen on honey.
Franks et al. [1992] described the sophisticated
building by blind bull-dozing in the ant, Leptothorax
tuberointerruptus. The central question of their paper
was «how do social insects collectively build complex
nests in the apparent absence of central planners, architects, blueprints or quality control overseers?». Of particular interest is the fact that the species investigated
naturally use flat crevices in rock, so they do not have
to construct the roof and floor of their nests. The ants
simply build a perimeter wall around their colony. Such
building is essentially two-dimensional. The ants apparently use very simple rules both to make their nest
to an appropriate size for their colony and to co-ordinate their building activities. Laboratory experimentation and a computer-stimulation model have shown
how the ants could use a simple self-organising procedure. Each builder, by pushing its building block into
others, adds its work to existing structures. Building
workers do not communicate directly, but can communicate efficiently via the products of their successful
labours.
Gordon [1989, 1995a,b] considers the ant colony
as analogous to systems that are not commonly thought
of as societies. She has found that neural network models may help to explain how a single set of rules at the
level of the individual can generate a variety of behaviour of an entire colony as the colony faces different
circumstances. Most remarkable, it seems to her that
ant colonies refine their responses as they age, in a
process perhaps similar to the way higher organisms
learn as they mature.
Studying the processes of task allocation in ants,
Gordon [1995a] asked a basic question about the dynamics of colony behaviour: does the number of individuals engaged in one task influence the number engaged in another? The author compared this with a
similar question about a human city: is the number of
people in cars on the highways a function of the number
of people in the citys office buildings? If the public
transport system is interrupted, will it affect the number
of people in restaurants? To us it is obvious that different human tasks are independent, but in ants, several
results support the notion that an individual uses both
environmental information and social interactions in
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its decision whether to be active and which task to
perform. However, no ant is keeping track of the big
picture.
Solé and Delgado [1996] introduced analogies between neural sets and insect colonies, in a new class of
models, the so called fluid neural networks. They have
shown that collective logical gates can be built in such
a way that complex computation is possible by means
of the interplay between local interactions and the collective creation of a global field.
All of the reviewed models of social life-style consider cognitive processes and individualised interactions for social insects as redundant. To summarise, the
collective capabilities of social insects are based on
non-linear co-operative processes: robustness of behavioural patterns against noise, collective decision
making and emergent computation. Individuals display
a limited repertoire of activity patterns, gathering information from the environment as well as from their
nestmates before a collective decision is adopted. It
could be said that politics within the insect colony are
much the same as political inter-relations within a human brain.
However, another set of arguments come from data
concerning excellent learning capabilities of social insects. Symbolically, that one of symposia held at the
12th Congress of the International Union for the Study
of Social Insects (Paris, 1994), organised by C. Masson and M. Lehrer, was named «Learning and Memory: Cognition in Social Insects?» Masson and Lehrer
[1994] noted that although many kinds of activities are
innate to the social insects, at the level of the individual
animal, it is mainly the foraging task that requires a
flexible behavioural repertoire, and thus an excellent
learning capacity. To optimise its foraging success, the
insect must remember the route to a foraging site, as
well as the route back to the nest, and the question
remains, whether or not cognitive processes are involved in some of the performances observed.
This is one of vividly discussible issue. Thus, several authors suppose that the honey bees possess a
geometric representation of space in form of a cognitive map based on latent learning [see Gould, 1986],
and others conclude that the multiple set of orientation
mechanisms is sufficient to explain goal-oriented behaviour in the bee without the necessity to assume
cognitive maps [Wehner, Menzel,1990; Dyer, 1991;
Geiger et al., 1994].
Mazokhin-Porshnyakovs [1969, 1989] experiments
demonstrated that the honey bees and social wasps are
capable of abstraction, extrapolation and solving rather
complicated tasks at a level of vertebrates, such as
dogs and monkeys.
From early experiments of Schneirla [1946] it was
known that some ants perform almost as well as rats in
simple maze-learning tasks. Udalova and Karas [1993]
have demonstrated, with the use of a symmetrical multi-choice maze, the ability of ants to analyse the axial
symmetry of the maze and to formulate a generalised
scheme of space. The capacity of ants for solving logi-

cal problems and for transmitting complicated information by means of a distant homing system has been
shown in experiments [Reznikova, 1979, 1982, 1983].
Dlussky [1981] has demonstrated that ants are able to
switch over different ways of communication depending on environmental conditions.
Rosengren and Fortelius [1987] provided evidence
of extremely long-lasting storage of spatial information
in red wood ant foragers, even through several months
of winter dormancy. They consider as misleading the
popular metaphor that ants live in a miniature world,
where grass stems are as big as trees, and prefer holistic pattern which is based, at least partly, on canopy
orientation.
To summarise, authors characterise red wood ants
as «replete ants» storing, not lipids in their fat-bodies,
but habitat information in their brains.
Even tool use is known (although discussible) for
several ant species which is based on not hardened, but
quite flexible behavioural patterns: ants use bits of dry
soil or grass in order to facilitate transport prey issues
[Fellers, Fellers, 1976; Paiva et al., 1995].

NEW DIMENSION FOR GOVERNMENT AND POSSIBLE

NEPOTISM IN SOCIAL INSECTS : COMPLEX TASKS AND
INDIVIDUAL IDENTITY

Another way to construct analogies of government
and nepotism in insect societies based on individual
inter-relations and individual identity is presented. The
current study is believed to be one of the first demonstrations of its kind. As it can be seen from the above
review, only a few studies have been devoted to the
capacities of social insects to solve rather complex
problems. Meanwhile, there is some evidence that in
top social species of ants and bees, «gifted» individuals
differ a great deal from others and are able to cope with
rather complex tasks. Naturally for ants it is far more
complex to find a new aphid colony within a huge
three-dimensioned tree crown and attract foragers there
than to find a bit of dry stem on a soil surface and bring
it to a mound.
In his remarkable experiments (in which this author
used to take part as a student), Mazokhin-Porshnyakov
[1974] showed that nearly all foragers from a hive
coped with a task of discriminating figures of different
sizes from their shapes; for example, the individual
bees had been trained to choose the biggest figure from
three rounds, then from three squares and so on. The
task was to choose the biggest figure of any shape. The
bees never failed to choose the right figure when, for
example, three triangles of different sizes were demonstrated to them. However, another task proved far more
difficult. Two chains were shown to the individual bee,
which were composed from 8 small figures (rounds,
rhombuses). In one chain figures was disposed by pairs
(two rounds, two squares), while in another they were
disposed randomly. The next time the same bee was
shown two chains, but composed from other components. The bee had to grasp that the right choice is the

Government and nepotism in social insects
chain composed of coupled figures. Only 5 bees from
100 who were able to solve this problem. In experiments on ants, nearly the same correlation has been
revealed in foragers which had to find food items inside mazes of different degrees of complexity [Reznikona, 1975, 1983].
Until recently, existence of personalised «bands»
(«cliques», «teams») within insects colonies, which may
be based on individual identity and individual interrelations, was unknown. According to Hölldobler and
Wilson [1990], the relation of the members of an ant
society to one another can be characterised as one of
impersonal intimacy. Ants do not appear to recognise
one another as individuals. Their classificatory ability
is limited to the recognition of nestmates, different
castes such as majors and minors, the various growth
stage among immature nestmates, and also possibly kin
groups within the colony.
There are, however, several findings in literature
that would suggest that the existence of teams within
colonies consist of members of different castes that
come together for highly co-ordinated activity in the
performance of a particular task. Thus, Waddington
[1988] has described the so-called «dance-groups» in
honey bee colonies, grouping around a scout bee when
she dances.
Another description of team organisation, cited by
Hölldobler and Wilson [1990] as exceptional, refers to
Franks [1986]: in the swarm-raiding army ants Eciton
burchelli, large prey items are transported by structured teams, which include members of different castes.
In addition, Robson and Traniello [1994] examined
the organisation of foraging in the group retrieving ant
Formica schaufussi with a protocol that emphasises
the description of both individual and group behaviour;
they found a major difference between mass-recruitment species that are characterised by the collective
action of simple individuals, and the group retrieving
ones. In the latter case, a colony design is based on
«complexity rather than simplicity». It is especially
interesting result in that the removal of the discovering
ant during the process of recruitment leads to the dissolution of the retrieval group.
The question of constant membership and individual recognition has been so far obscure. Only one paper
in which individual ranking as well as individual recognition among ants within small working groups has
been described [Zakharov, 1980]. The work of Reznikova and Ryabko has showed that personalised teams in
ants are connected with the discovery of the existence
of the complex communicative system in top social ant
species which requires the existence of individuals with
different levels of learning capacities. These long term
experiments have revealed a developed symbolic «language» in three ant species, which is probably even
more intricate than in honeybee [Reznikova, Ryabko,
1990, 1994, 1996; Ryabko, Reznikova, 1996]. This
communicative system is based on the existence of
small bands within the ant colony which are composed
of a discovering ant (a «scout») and 58 recruits. Ants
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of the highly social species Formica polyctena, F. sanguinea and Camponotus saxatilis (8002000 specimens each) were kept in transparent nests in laboratory
areas. Each worker was labelled with an individual
colour mark. The composition of ants groups were
revealed during preliminary stages of the experiments.
The main point of this approach is that the experiments provide a situation in which ants have to transmit quantitative information to the experimentalist in
order to obtain food. This information concerns the
sequence of turns towards the trough. A new laboratory
system called «binary tree», where each «leaf» of the
«tree» ends with an empty trough versus one filled with
syrup, was used. The simplest design was a tree with
two leaves and two troughs with syrup in one of them.
In this situation an ant scout transmit one bit of information to foragers: to go to the right or to the left. In
other experiments, the number of forks in one branch
increased to six. To prevent access to food in a straight
line, the set-up was placed in a water bath, and the ants
reached the initial point of the tree by going over a
bridge.
To start the experiment, an ant scout was placed at
the trough containing food. When it returned to the
foragers in the nest, it started to contact them. After the
scout made one or more trips, foragers began to follow
her towards the maze, but as soon as they started moving, the scout was removed from the arena with tweezers. So the foraging team had to reach a goal without
their guide. To avoid odour tracks, the original maze
was replaced by an identical one.
In total, more than 300 teams of three ant species
were used in these experiments with binary tree and
several other variants of mazes. It is important to note
that not all of the scouts managed to memorise the way
toward the maze; moreover, the number of such scouts
dropped with the complication of the task, e.g. in the
case of two forks, all active scouts and their groups
were working, while in the case of six forks, only one
or two were working. The second important thing is
that every scout invests its efforts only in its own small
group and its prosperity depends on the scouts ability
to transfer them the information about the food source.
Contrary to most previous opinions, special mechanisms of individual identity in ants have been displayed. Behavioural patterns of group identity have
been based on grooming, antennae contact and food
exchange, while ranking have been based on begging.
Constancy of membership were examined in two
colonies of F. sanguinea and F. polyctena, seized all
team members from 9 scouts. 3 scouts appeared to
mobilise their previous acquaintances and attract new
foragers, 4 scouts were working solely, and 2ceased to
appear on the arenas. During another experiment, scouts
were seized from 5 F. polyctenas teams. It was possible to see foragers from those groups on the arenas,
without their scouts. 15 times different foragers were
placed on the trough with the food, but after their
return to the nest, they contacted other ants rather rarely and occasionally.
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To summarise, searching and other out-nest work
in the colony are carried out by compact work groups
based on long-term individual contacts and exchange
of information. Possibilities to redistribute work between individuals are related to the complexity of the
problem. Scouting ants and foragers cannot exchange
their roles, and foragers cannot transmit information.
Individual abilities of scouting ants define the activity
of the whole ant team.
Recent field observations [Reznikova, Novgorodova, 1998] have shown that in nature, small work teams
solve problems of the family, such as honeydew collection. Groups of F. polyctena ants servicing separate
aphid colonies are very permanent and consist of individuals of different professional orientation. «Shepherds» collect honeydew droplets, and «guards» are
more aggressive, they scaring away predators and alien
ants and protecting aphids from rain. These two groups
are interchangeable, but activity of «shepherds» in the
exchange is more successful. «Carriers» carry honeydew to the nest and are unable to fulfil other functions.
Most interestingly some scout ants have been shown to
search for new aphid colonies and attract foragers to
them. These ants are most successful in the exchange
of functions as they are able to cope with many tasks.
This would suggest that laboratory experiments reflect
a real natural situation for highly social ant species.
All these results would suggest that «political life»
in ant societies is largely governed by scouts. However, this concerns only those «ant primates» which possess huge colonies of about one million nest-mates and
great domes. There are only several top social species
among thousands. In experiments I compared «language» behaviour and corresponding colony structuring high and low social ant species. Patterns of individual inter-relations are significantly different in species
with large or small colonies, such as species of the
subgenus Serviformica and of the genus Myrmica. The
most important difference is that in species with small
colonies, social life is based on anonymous contacts,
i.e. these ants do not identify each other individually.
The distinction between individualised and anonymous
inter-relations in ants is comparable with Eibl-Eibesfeldts [1989] distinction between individualised and
anonymous human societies.
For the data obtained, it would appear that, at least
in some species of social insects, features of a developed governmental life peculiar to systems of a definite size-similar, for example, to certain features peculiar to thermo-stable organisms.
Speculation about nepotism in ants is that, within
the ant colony each cluster of bands is connected with
one queen by continuing processes of grooming and
food exchange. I have been unable to measure in this
study if queens and associated workers are more closely related genetically. However, based on as yet limited
data, it can be predicted that successful scouts and their
cliques are able to promote their inclusive fitness by
more successfully rearing the queen which is more
closely related to them. Under conditions of food short-

age and in other complex situations, small bands within
the ant family compete for different resources. It was
observed that in such situations of competition those
bands succeed which are connected with more agile scouts.
In this way, nepotism could operate at the level of
individual inter-relations among workers within the ant
colony in polygynous species with the highest level of
social organisation.
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