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Government and nepotism in social insects:
new dimension provided by an experimental approach
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Pe3tome. OcHOBHAS UyepTa 0OIIECTBEHHBIX HACEKO-
MBIX, TAKAX KaK TEPMUTHI, MyPaBb1, MHOTHE BUJIbI ITYEIT
1 0C — 3YCOLMAITBHOCTh, OCHOBAaHHAsI HA COBMECTHOU
3a00Te 0 IOTOMCTBE, TIEPEKPHIBAHUN BO BPEMEHH Ye-
PEeAYIOMMXCS MOKOJICHUH 1, CaMoe TIaBHOE, Ha pa3ze-
JleHUH QYHKITHH MKy PEePOIyKTHBHBIMH YICHAMH
cOO00IIeCTBa U ITOMOLTHUKAMUY», TaK WIN MHAYE JIH-
IIEHHBIMH BO3MOXXHOCTH Pa3MHOXAaThCS. XOTs CIH-
COK 3YCOIMAIBHBIX JKUBOTHBIX B mociemnue 30 et
JIOTIOJTHWIICS Pa3IMYHBIMU OpTaHU3MaMH (HEKOTOpBIC
BHJBI TJICH, )KYKOB, KPEBETOK) M BKJIIOYACT JaXe II0-
3BOHOYHBIX KMBOTHBIX («TOJIBIE KPOTOBBIE KPBICHI»), Y
00IIIECTBEHHBIX HACEKOMBIX MTPECTaBIeHa camas TIy-
6okas nmuddepeHnuaIus MKy chepaMu pasMHOKE-
HUSA ¥ 00ecTIedeHNs B COOOIIECTBE, a TaKXkKe Hanboee
JKECTKOE JeNIeHNEe CEMbH Ha KacTHl M CYOKacTHI, CBS-
3aHHEIC C BBITIOJHCHHUEM OIpEIeIeHHBIX (QyHKIUH u
3amaHuil. Y OJHHMX BUAOB 3Ta AudQepeHImanus 3aK-
pemieHa MOp(HOJIOTHYECKUMHU Pa3InYUsIMH, Y IPYTUX
OHa OCHOBAaHA Ha (PMU3UOIOTUIECKUX H MOBEIEHUECKIX
XapaKTepUCTUKaX. B OOJBIIMHCTBE CITydaeB MHOTO-
YHUCIICHHAsI KacTa pab0YrX 00CTyKUBACT MMOTPEOHOCTH
OTHOW WJIM HECKOJTBKUX Pa3MHOXKAIOIIUXCS CaMOK U
UX MOTOMCTBA.

B 60— roasl 'aMWIIBTOH MPEIIOKUI 3JIETaHTHOE
00BsICHEHHE aTBTPYU3MY paboUeii KacThl y 0OIIECTBEH-
HBIX TEPEOHYATOKPBUIBIX, PACCMOTPEB ATO SBICHHE
Kak 4acCTHBIU cy4yall CBOEH TEOPUU COBOKYIHOMU MpH-
cnocobnernoctn. OpUTHHAIBHAS CUCTEMa pa3MHOXKE-
HHSL Y 3TUX HACEKOMBIX MTO3BOJISIET aHATM3UPOBATh HX
coo0IIecTBa KaKk KpaifHUi BapuaHT TaMHJIbTOHOBCKO-
T0 «aJbTpyu3Ma POJICTBEHHHUKOBY», KOI'JIa, OTKa3bIBa-
SICh TEM WJIM MHBIM ITyTeM OT Pa3MHOKEHISI, OPTaHU3M

TEM CaMbIM CITIOCOOCTBYET BBKUBAHHUIO OOJIBILIOTO YHC-
J71a OJIM3KHUX POJICTBEHHUKOB M B UTOTE €T0 CyMMAapPHBIN
BKJIaJl B TEHO(OH I MOCIEAYIOMNX TOKOJIEHUH OKa3bl-
BaeTcs OOJIBIINM, YeM €CIIU ObI OH Pa3MHOMKAJICS CaM.
Jiist 00IeCTBEHHBIX TEPEIOHYATOKPBIIBIX XapaKTep-
Ha TaIUIOIUILIONANS: CaMIIbl IMEIOT TalUIOMIHbBII Ha-
00p XpOMOCOM, a CaMKH U pabouue, KOTOPbIE SBISIOT-
Cs1 HEOIJIOZOTBOPEHHBIMH W HE PAa3MHOKAFOLIMMUCS
caMKaM¥u — JUIUIONIHBINA. PoncTBo pabounx (cectep)
Mexay coboii coctaBisieT 75%, a ¢ caMmkamu (Mareps-
MH) — b 50%, mo3TOMy cecTpaM 00Jjiee BBITOIHO
MOJIIepKUBATh BOCIIPOU3BEeHUE ceOe TTOJOOHBIX ce-
cTep, ueM caMok. [Ipu 3ToM KaxJas OIUIOJOTBOPEH-
Hasl CaMKa MOXET JIep)KaTh 110/ KOHTPOJIEM JECATKH
TBICSY CBOMX «OPAOOIIEHHBIX)» JOYEePEH ¢ TIOMOIIBI0
(m3mgecKux ui GepOMOHHBIX BO3IEHCTBHUI.

JlaHHas cTaThs MOCBSIEHA NUCKYCCHOHHOMY 00-
CYXJICHHIO JIBYX HanOoyiee BaXHBIX aCHEKTOB (YyHK-
[MOHAJILHOI OpraHU3aluyi CeMbU OOIIECTBEHHBIX IIe-
PETIOHYATOKPBIIBIX: «HETIOTU3MY», TO €CTh OOphOe 3a
MHTEPECH POJICTBEHHUKOB, KOTOPHIE YaCTO MPHUXOAST
B IIPOTHBOPEUHE C HHTEPECAMHU COOOIIECTBA, U «IIOJIH-
THKE», TO €CTh MHOT000pa3uio hopM peryinupoBaHus
OTHOIIIEHHH MPU CTOJIKHOBEHHH HHTEPECOB B PA3INUHBIX
TpyNIUpoBKax M Mexay rpynnmamu. K obcyxaeHuto
3THX BOIPOCOB ITPUBIICYEHBI SKCIIEPUMEHTAIbHBIE 1aH-
HBIE TIOCJIETHUX JIET, B TOM YHCJIE U PE3YJIbTaThI, IOy
YeHHBIE aBTOPOM. B cTaThe HameueHs! myTH GopMupo-
BaHMs KOHLEMIINHU, KOTOpas Obl MO3BOJIMIA OOBSICHUTH
(DYHKIMOHAIBHYIO CTPYKTYPY CEMbU OOIIECTBEHHBIX
HACEeKOMBIX, He TIpuleras K MOy IsIpHOHM B ITOCIIeTHUE
150 ner, HO y>Ke ycTapeBaroLlei aHaJIOTHK CO CBEPXOp-
TaHU3MOM.



4 Zh. 1. Reznikova

HenoTusm: cooTHOIIEHHME IOJIOB M HMHTepechl
poACTBeHHUKOB. Ha coBpeMeHHOM 3Tamne M3y4eHUs
OrosoruM 00IIECTBEHHBIX MEPETTOHIATOKPBUIBIX HCCIIe-
JIOBATEIH TPUXOJAT K BBIBOLY O TOM, 4TO Teopus ['a-
MIJIBTOHA 0€3 JONOJTHUTENbHBIX 00BSICHEHUH U IKCIIe-
PUMEHTOB He OOBsicHseT OanaHca MHTEPECOB B
coo0IIecTBax 3TUX HaceKOMBIX. J{axe B mpocTeiieM
cirydae, KOTJja CeMbsl OCHOBaHAa OJJHOI CaMKOM, OmIo-
JOTBOPEHHON OJHMM caMIIOM, y pabodmx munib 25%
00IMX TEHOB C OpaThsAIMH (CamIlaMu, KOTOPBIE MOTYT
OBITH IIPOU3BE/ICHBI JAHHON CaMKOM).

[ToaToMy OHM «HpPEANOYUTAIOT», YTOORl 75% mo-
TOMCTBa COCTaBIISUIM OBI CECTpBI, TOTAa KakKk caMmKa
«Tpeanoyia» Obl paBHOE COOTHOIICHHE ITOJIOB B CBO-
€M IIOTOMCTBE, Oyyun Ha 50% poACTBEHHOH 1oUepsmM
n Ha 50% — cbIHOBBIM. Takasi pa3HHUIIAa B MHTEpecax
NPUBOJNUT K THITUYHOMY KOH(JIMKTY MOKOJICHHH, MO/~
pobHo paccMoTpeHHOMY B Teopuu TpaiiBepca [Trivers,
1974] nns pa3HBIX BHJIOB KMBOTHBIX. Y TepernoHYa-
TOKPBIIBIX, B CHIIY MX TaIUIOJUITIONANH, STOT KOH()-
JUKT TPUHUMAeT BEChbMa OPUTHMHAIBHBIM XapakTep.
HccnenoBanus MOCIeTHNUX JIET OKA3aJIH, YTO y 001IIe-
CTBEHHBIX IEPETIOHYATOKPBUIBIX CaMKa SBISETCS He
CTOJIBKO «KOPOJIEBOI», XOTsI OHAa BO3ACICTBYET Ha ro-
TOBHOCTh CBOMX JO4Yepei K pa3MHOXXEHHIO C IIOMO-
b0 )EPOMOHHOTO KOHTPOJISL, CKOJIBKO KEPTBOM MH-
TepecoB pabovMX, KOTOPHIE PA3IUIHBIMHU CIIOCO0aMH
(mmma, gepoMoHBI, TUQQPepeHITNPOBAaHHOS OTHOIIE-
HHE K JINYMHKaM, (PU3MUECKoe BO3ICHCTBHE HA JINYH-
HOK) (hOpMHPYIOT COOTHOILIEHHE CBOMX OpaTheB U cec-
Tep B OyAylieM IOTOMCTBE MaTepH B COOTBETCTBHH CO
CBOMMH I€HETHUECKUMH nHTepecamu. [Ipu aTom mpo-
CThle BapHaHTHl (B ceMbe ofHa (epTuibHAs caMka,
OIUTOZIOTBOPEHHAs OJHHM CaMIIOM) BCTPEYAIOTCS HE
Tak yx yacto. CleyeT yYUThIBaTh, 4YTO HEOILIOAOTBO-
peHHBIEe pabouue IPH ONPeeNIEHHBIX YCIOBUIX MOTYT
POy POBATh raIJIONIHBIX CAMIIOB, YTO KaX/1as CaM-
Ka MOXeET OBITh OIUTOIOTBOPEHA HECKOIBKUMH caMIla-
MH, YTO OCHOBATEIbHUIIAMH MOTYT BBICTYNAaTh MHOTO-
YHCICHHBIC CAMKH, YaCTh U3 KOTOPBIX HE CBsI3aHa JPYyT
C IPYTOM POACTBEHHBIMH CBs3IMHU. CodeTaHHe ITHUX
BapHaHTOB NPHBOJUT K IPaMaTHUYECKUM CTOJKHOBE-
HUSIM T€HETHYECKHX MHTEPECOB Pa3IMYHBIX T'PYIIH-
POBOK B ceMbe. MI3BeCTHBIH HCcclle1oBaTeNb OHOIOTHH
oc Keemnep [Queller et al, 1997] nmpemnoxwn 11 aHa-
JIM3a TeHETHYECKOH CTPYKTYPBI CEMBH 00IECTBEHHBIX
NEeperOHYaTOKPBIIBIX PacCCMaTPUBATh OCHOBHOM BOII-
poc, CTOSIUUMI TIepe]] CEMbEH, C «TOUKH 3pEHU» Sila:
€CITM HACTYMAeT BpeMsi OYepeIHOMY SHIy OBITh OTIIO-
KEHHBIM, W KaxJas caMKa (BKJIOYas HEOIUIOJOTBO-
PEHHBIX pabOYMX) MOKET 3TO CAENaTh, TO BPEMsI Kax-
JI0¥ U3 HUX 3ajaThcs BonpocoM: «Ilouemy He 7.

B nanHOM pa3zene cTaTby paccMaTpUBAIOTCS KITIO-
YeBBbIe BAPHAHTHI PELICHUs 3TOT0 BOINPOCA y Pa3HBIX
BUJIOB M TPYII BUAOB. XOTsS COBPEMEHHbIE JaHHBIC B
LIEJIOM W He NPOTHBOpPEYAT TeOpuH | aMHMIbTOHA, HMC-
KITIOUEHUH ¥ BapHaHTOB HAKOIIMJIOCH TaK MHOTO, YTO
aKTYaJIbHBIMH CTaJIM TIOMCKHM WHBIX ITyTeH CHHTE3a U
(bopMHpOBaHHS MPENCTABICHUI O COOTHOLICHUU HH-
TEpPECOB B CEMbE OOIIIECTBEHHBIX IEPEOHYATOKPBUIBIX.

Ora 3amada HaIpsMyl CBs3aHa ¢ (DYHKIHOHAIbHOU
opranm3anueil cembu. Ecnu paHbpIIe camyr MHOTO-
YUCIIEHHYIO TPYIITHPOBKY B CEMbE OOIIECTBEHHBIX TTe-
PETIOHYATOKPBUTBIX — Pab0UNX — paccMaTpPUBAIN UC-
KIIIOUHTENBHO Kak «cdepy obecredueHus», B cBere
MOCJIEAHUX PE3yIbTaTOB CTAHOBUTCS SICHO, 4TO pabo-
4Ke HE MPOCTO MO ACPIKUBAIOT MPOIECC PAa3MHOKEHUS
cOoOCTBEHHOH MaTepH, HO U MOTYT aKTUBHO «J1000HpO-
BaTh» COOCTBCHHBIC TEHETHYCCKHE WHTEPECHL. DTOT
MPOIECC CTAHOBUTCS O0JIee IPaMaTHIHBIM B ITOJIATHH-
HBIX CEMbsX, I'/Ie KacTa pabounx HEOIHOPOIHA IO T'e-
HETHYECKOMY COCTaBy. JIJIs1 perieHus 3Toit 3amaun aK-
TyaJIbHBI BOTPOCHI 0 (JOpMax B3aMMOACHCTBHUSA CPEAH
TPYIIHPOBOK paboOYMX B CEMbSIX OOMICCTBEHHBIX IIe-
PETIOHYAaTOKPBLITBIX.

Moautuka: pa3nejenne TPyaa U CTOJKHOBEHHE
uHTepecoB. OnHa U3 Hambosee pPacHpOCTPaHEHHBIX
KOHIIENIINH, OOBSCHSIONUX CTPYKTYpy CEMbH 001Ie-
CTBEHHBIX HACEKOMBIX — 3TO KOHIICIIIUS CyIIepopra-
HU3Ma, JOMOHEHHAA B Tocienaue 20 1eT KOHISTIIH-
et aganrtuBHOU MemMorpaduu. OCHOBHAS Ues TaHHOTO
paszena cleAyromas: MOCKOIbKY HCCIIeTOBAHUS OC-
JICHUX JBYX MECATHICTHH NPUBOIAT K BBIBOAY O TOM,
9TO KacTa pabounx HMMEET peallbHyI0 BO3MOXKHOCTh
BO3/ICHCTBHS HA TEHETHUECKYIO CTPYKTYPY CEMbH, He-
00X0MMO HCCIeIoBaTh 0alaHC KOH(IMKTOB M KOO-
Mepanud MEXIy TPYNIHPOBKAMH padOUYUX 0COOei,
YTO JACT BO3MOXKHOCTH OOBSCHUTH MPOIECCHI CaMo-
OpraHu3alyy, He Mpuderas K aHaJOTHH C Cylepopra-
HHU3MOM.

B pasnerne 00Cy»x1ar0TCsi COOTHOIIIEHHE TaKKUX (ak-
TOPOB, BO3ICHCTBYIOIINX HA pa3feicHUE TPYIa MEKIY
pabodnMu, Kak BO3PACTHOW MOJTMITU3M, MOP(OIOTH-
geckass 000CO0IEHHOCTh CyOKacT, Mpeebl BO3MOXK-
HOCTEH IS IEPeKITIoUeHHs paboYnX Ha BBITIOJHCHUE
pa3IuuHbIX 3a1aHui. HakarmmBaroiuecs B mociegHue
TOJIbI IaHHBIE O CIIOCOOHOCTSIX OOIIECTBEHHBIX Tepe-
MMOHYATOKPBUIBIX K CIOXHBIM (popMaM HAy4CHHUS II0-
3BOJIAIOT MEPEUTH OT KOHLENINH «CJIENOW, BeLyIIni
CJICTIOTO» K KOHIICTIINHU, OOBICHSIONIEH pacIpenee-
HUE 3aJaHUH MEKIY PabOYUMH C TOYKU 3PCHHS BO3-
MOJKHOTO THOKOTO MOBEICHHUS HHIUBUIYYMOB.

HoBble TOPH30HTHI IKCIIEPHUMEHTAILHOTO MO~
X0/1a: MHANBUAYATN3HPOBAHHBIE TPYNIBI PEHIAIOT
cjoxHble 3axauyn. OCHOBHAs Waes JaHHOTO pasjela
OCHOBaHA Ha 3KCIIEPUMCHTAIBHBIX PE3yIbTaTaxX aBTO-
pa 1 MOXeT ObITh CHOPMYJIMPOBaHA CICAYIOIIMM 00-
pa3oM: i TOrO, YTOOBI BRIABUTH HAJTMUUE UHIANBHITY-
ATU3UPOBAHHBIX CITAXKEHHO PaOOTAIOIINX TPYIII B CEMbE
00IIIeCTBEHHBIX HACEKOMBIX («KOMaHI»), HEOOXOIIMMO
HAOIIOZICHNE HAJ TeM, KaK CeMbs PEIlaeT CIOXKHBIC
3aaqd. JTO, B YaCTHOCTH, TOCTHKIMO B IKCTICPUMEH-
TaX, B KOTOPBIX JJIs TOJYUYCHHS ITUIIH HACEKOMBIE J0JT-
KHBI TIepeIaBaTh APYT APYTY TOCTATOUHO CIOKHO Opra-
HU30BaHHYIO HH(pOpMaIHio. B onbiTax ¢ mnpuMeHeHHEM
HOBOTO JIa0upuHTa «OmHapHOE AepeBo» [Reznikova,
Ryabko, 1990, 1994] mypaBb1 7eMOHCTPHUPOBAIH CIIO-
cOOHOCTH TIepeaBaTh HHPOPMAIIHIO O ITOCIIEIOBATEIh-
HOCTH ITOBOPOTOB Ha IMyTH K KOPMYIIIKE, IPHU 3TOM OHU
OKa3aJIMCh CIIOCOOHBIMH yJIaBJIMBATh 3aKOHOMEPHOCTH
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U HMCIOJIB30BaTh UX JJISl «CKATHsDy WHPOPMAIMK TIPU
nepenade OT pa3Bequnka K (ypaxkupam. BrickaspiBa-
eTcs MPEIIOI0KEHHIE O TOM, YTO Hanbosree yCIemHbIe
«KOMaHIBD pabouNX MOTYT CIIOCOOCTBOBATH OOJBIIIE-
My yCIexy B pa3MHOXXEHHHU T€X CAMOK B CEMbeE, C KOTO-
pPBIMU OHH CBSI3aHBI Yepe3 MPOIECCHl yXo0/a 3a UX Io-
TOMCTBOM.

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 «hous-
es», division of labour, and other very special and
interesting features. The perfect organisation of the
honeybee hive becomes the metaphor of social stagna-
tion 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 anal-
ogy of tribal territory and so on.

Colonies of social insects could be taken as analo-
gies of the perfect welfare state, in which all contribute
selflessly to the colony’s reproductive interests by car-
ing for the queen and her offspring. For a long time
social insects have been used as extreme cases of in-
traspecific 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 special-
ised 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 differenti-
ation. Actually, the first two characteristics have been
found in somewhat less social insects and co-opera-
tively breeding birds and mammals which exhibit lev-
els of altruism comparable to that exhibited by many
eusocial species of bees and wasps. The most impor-
tant feature is that in eusocial species their colony life
is regulated by the functional division into reproduc-
tive and sterile castes. Social insects live in colonies,
with most individuals serving as non-reproductive help-
ers. 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

be differenciated, depending on species, into subcasts,
or groups of individuals that perform similar kinds of
labour. The individuals within each subcast have simi-
lar morphology and are distinct in morphology from
members of other casts [Wilson, 1953].

Honeybee (4pis melifera L.) may serve as an exam-
ple of the most intensively studied among the social
insects. A queen lays eggs, but other duties are per-
formed 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, propo-
lis, 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 col-
ony 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 terri-
torial boundary of the colony. When workers from
neighbouring nests or other invaders cross the line,
these guards are the first to attack [Holldobler, 1983].
According to Holldobler and Wilson [1990], a princi-
pal 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. Further-
more, 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%. There-
fore, 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 off-
spring of her own. To make this picture less idyllic,
the queen could hold hundreds of thousands of her
«enslaved» daughters in check against their inter-
ests, either through physical force or pheromone ma-
nipulation.

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 [Holldobler, Wil-
son, 1990].

Two myths concerning social life-style in Hymenop-
tera are becoming categorical.
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The first is that eusociality in these insects may be
considered as sharp reflection of Hamilton’s 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 nest-
ing alone, and real nepotism may be strongly expected
via the 3/4 relatedness. However, numerous recent find-
ings in social Hymenoptera run counter to straightfor-
ward expectations of kin selection theory and many
investigators show lack of detectable nepotism in hy-
menopteran colonies.

The second is that distinctive properties and a high-
er degree of social organisation in social insects are
based on rigidly programmed repertories and very sim-
ple rules of self-organisation, so political inter-rela-
tions are not to be expected here. However, recently at
least several well documented instances exist concern-
ing cognitive capacities and flexible individual behav-
iour in social Hymenoptera. Essential differences be-
tween 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 dis-
cussed basing on the discovery of individual inter-
relations and individual identity in high social ant spe-
cies. In this context, new data concerning ants capacity
to solve problems, transfer symbolic information, dis-
criminate 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 inter-
ests. Specifically, conflict is expected between the queen
and the workers over the two major aspects of repro-
duction: 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 colony’s reproductive energy be allo-
cated to males, whereas workers prefer to invest 75%
of colony’s reproductive efforts in the production of
sisters and only 25% in raising brothers. Thus, differ-
ent genetic interests can lead to parent-offspring con-
flict 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 in-
clusive fitness theory [Hamilton, 1964a,b] and parent-
offspring conflict theory [Trivers, 1974] were present-
ed. 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 posi-
tion 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 broth-
ers. Selection acting on workers should therefore fa-
vour 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 con-
centrate 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 work-
ers will lay eggs and which continue to take care of the
nest. Furthermore, to make matters even more intri-
cate, 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 addi-
tional males [Francis et al., 1995]; for example, ex-
treme 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 av-
erage 5.5-9.5 males [Ross, Carpenter, 1991]; and in
the case of ants the greatest numerical mating frequen-
cies are lower, with a maximum in the range of 5-6
[Page, 1986].

In general, colony kin structure determines the po-
tential opportunities for workers to enhance their inclu-
sive fitness by manipulating colony reproduction. Work-
ers 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, Pami-
lo, 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 mat-
rilines [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 in-
teresting 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 colony’s 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 Hymenop-
tera are characterised by different forms of sex bias
and of conflicts between colony members. Let us con-
sider 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 ana-
lysed 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 morpho-
logically 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 work-
ers 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 conse-
quence 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 in-
creased expression of caste and task polymorphism
within the colony [Crozier, Page, 1985, Dreller et al.,

1995], helps colonies buffer environmental variance
[Page et al., 1995], parasites and pathogens [Sherman
et al., 1988]. The second view arise from male haploi-
dy, 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 in-
sects. Only the fertilised queens over winter to start a
new colony in spring. As the colony growth in num-
bers, tasks such as resource collection are taken over
by the workers. At the end of colony cycle, reproduc-
tion occurs when sexual females and drones are pro-
duced. Before onset of winter, the males die, as does
the rest of the colony [Alford, 1975]. Females of sever-
al 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 homoge-
neous 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 sub-
social and solitary species in wasps and bees. In some
subfamilies many kinds of sociality occur; for exam-
ple, of the currently recognised 10-15 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 remark-
able diversity in social organisation and life history.
Various forms of sociality including communal, semi-
social, primitively eusocial, and preliminary eusocial
have arisen many times among the Halictinae. Like-
wise, reversals from social to solitary life have evolved
repeatedly [Mueller et al., 1994]. Pesenko and Rad-
chenko [1994] analysed features that are necessary
prerequisites for the appearance of eusociality, and
among them monoandry of females, the ability to con-
trol sex of offspring which define fertilised and non-
fertilised 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 mul-
tiple 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 interpreta-
tion of worker altruism as the dominant mode of ant
life. Holldobler 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 ran-
dom individuals in the population.

J.M. Herbers and R.J. Stuart [1998] tested the hy-
pothesis [Trivers, Hare, 1976] that sex ratio in slave-
making ant species should reflect the queen’s interests
whereas sex ratios in free-living host ants should re-
flect the workers interests. These authors investigated
patterns of allocations to males versus females, as well
as allocation to growth versus reproduction for slave-
making 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 allo-
cation to growth versus reproduction.

Finally, an essential difficulty for the kin selection
paradigm concerns the ability of hymenopterans to dis-
tinguish their kins. Actually, when considering the kin
structure of a hymenopteran colony, nepotistic behav-
iour 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 with-
in 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 selec-
tively 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 assem-
bled to scheme that social hymenopterans use olfactory
and other cues for nestmate discrimination and they
can easily distinguish alien individuals [Wilson, 1971;
Holldobler , Wilson, 1990]. This has also been demon-
strated for one Argentine ant, Linepithema humile [Kel-
er, Passera, 1993] in that females (and/or males) prefer
to mate with unrelated over related individuals. To
conclude, these insects undoubtedly have the neuro-
sensory 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 excep-
tions have been found presenting a challenge to look for
other ways to explain social lifestyle in hymenopterans.

DIVISION 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 «superorganismy»
rather than as a group of individuals [Wheeler, 1928;
Wilson, 1982]. Furthermore, the insect colony main-
tains a constant ratio of different worker subcaste and
age classes and thus may show an adaptive demogra-
phy [Holldobler , 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 govern-
ment could be found here.

The almost all researches of social insects are now
in accordance, non-reproductive members of the colo-
ny have the power to influence reproductive processes,
and it would be possible to look for complex behav-
ioural processes for maintaining an equilibrium be-
tween conflict and co-operation among workers them-
selves. 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 proper-
ties, 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 effi-
cient division of labour due to better matched individu-
al work profiles.

In the most species of social Hymenoptera division
of labour is based on the two main vectors: morpholog-
ical caste differentiation and temporal division of la-
bour, often called age polytheism when worker behav-
iour 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 per-
formance. 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, Wil-
son, 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 colo-
ny. 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 character-
ised as monomorphic, but variation in body size differs
among species. Primitive eusocial bees, such as bum-
ble bees and sweet bees (Halictidae) have high within-
colony size variation, whereas the highly eusocial hon-
ey bees and stingless bees (Heliponinae) have low size
variation [Michener, 1974]. Waddington [1987] re-
searched 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 clean-
ers, nest brooders, food accumulators and foragers
[Lindauer, 1952; Seeley, 1982].

In their experimental work, Calderone and Page
[1996] supported the developmental-programmed mod-
el 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 pre-
foraging experience. Foraging activities were quanti-
fied for two sets of workers from strains of bees select-
ed for high and low pollen hoarding. The results
suggested that a forager’s task selection is primarily
determined by her genotype and immediate environ-
ment. High-strain workers collected pollen more often
than low-strain workers, regardless of their pre-forag-
ing environments. Differences between deprived and
non-deprived groups of the same strain and age were rare.

Most models of social organisation in hymenopter-
ans are based on those view that these organisms are
literally the blind leading the blind [Franks et al., 1992];

namely that the theory of self-organisation is based on
stochastic processes which may be described by simple
mathematical models [Deneubourg et al., 1987]: indi-
vidual randomness and competition between different
pieces of information are the factors that generate indi-
vidual 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
tubero—interruptus. The central question of their paper
was «how do social insects collectively build complex
nests in the apparent absence of central planners, archi-
tects, blueprints or quality control overseers?». Of par-
ticular 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 ap-
parently use very simple rules both to make their nest
to an appropriate size for their colony and to co-ordi-
nate their building activities. Laboratory experimenta-
tion and a computer-stimulation model have shown
how the ants could use a simple self-organising proce-
dure. Each builder, by pushing its building block into
others, adds its work to existing structures. Building
workers do not communicate directly, but can commu-
nicate 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 mod-
els may help to explain how a single set of rules at the
level of the individual can generate a variety of behav-
iour 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 dy-
namics of colony behaviour: does the number of indi-
viduals engaged in one task influence the number en-
gaged 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 city’s office buildings? If the public
transport system is interrupted, will it affect the number
of people in restaurants? To us it is obvious that differ-
ent 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.

Sol¢ and Delgado [1996] introduced analogies be-
tween 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 col-
lective creation of a global field.

All of the reviewed models of social life-style con-
sider cognitive processes and individualised interac-
tions for social insects as redundant. To summarise, the
collective capabilities of social insects are based on
non-linear co-operative processes: robustness of be-
havioural patterns against noise, collective decision
making and emergent computation. Individuals display
a limited repertoire of activity patterns, gathering in-
formation 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 hu-
man brain.

However, another set of arguments come from data
concerning excellent learning capabilities of social in-
sects. 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. Mas-
son and M. Lehrer, was named «Learning and Memo-
ry: 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 in-
volved in some of the performances observed.

This is one of vividly discussible issue. Thus, sev-
eral authors suppose that the honey bees possess a
geometric representation of space in form of a cogni-
tive map based on latent learning [see Gould, 1986],
and others conclude that the multiple set of orientation
mechanisms is sufficient to explain goal-oriented be-
haviour in the bee without the necessity to assume
cognitive maps [Wehner, Menzel,1990; Dyer, 1991;
Geiger et al., 1994].

Mazokhin-Porshnyakov’s [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 mul-
ti-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 infor-
mation 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 depend-
ing 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 holis-
tic 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 demon-
strations 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 demon-
strated 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 compo-
nents. The bee had to grasp that the right choice is the



Government and nepotism in social insects 11

chain composed of coupled figures. Only 5 bees from
100 who were able to solve this problem. In experi-
ments on ants, nearly the same correlation has been
revealed in foragers which had to find food items in-
side mazes of different degrees of complexity [Rezniko-
na, 1975, 1983].

Until recently, existence of personalised «bands»
(«cliques», «teamsy») within insects colonies, which may
be based on individual identity and individual inter-
relations, was unknown. According to Holldobler 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
Holldobler and Wilson [1990] as exceptional, refers to
Franks [1986]: in the swarm-raiding army ants Eciton
burchelli, large prey items are transported by struc-
tured 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-recruit-
ment 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 disso-
lution of the retrieval group.

The question of constant membership and individu-
al recognition has been so far obscure. Only one paper
in which individual ranking as well as individual rec-
ognition among ants within small working groups has
been described [Zakharov, 1980]. The work of Reznik-
ova 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 «lan-
guage» 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 5-8 recruits. Ants

of the highly social species Formica polyctena, F. san-
guinea and Camponotus saxatilis (800-2000 speci-
mens each) were kept in transparent nests in laboratory
areas. Each worker was labelled with an individual
colour mark. The composition of ant’s groups were
revealed during preliminary stages of the experiments.

The main point of this approach is that the experi-
ments provide a situation in which ants have to trans-
mit 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 infor-
mation 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 mov-
ing, the scout was removed from the arena with tweez-
ers. 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 scout’s ability
to transfer them the information about the food source.

Contrary to most previous opinions, special mecha-
nisms of individual identity in ants have been dis-
played. 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. polyctena’s teams. It was possi-
ble 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 rare-
ly 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 be-
tween 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, Novgorodo-
va, 1998] have shown that in nature, small work teams
solve problems of the family, such as honeydew collec-
tion. Groups of F. polyctena ants servicing separate
aphid colonies are very permanent and consist of indi-
viduals of different professional orientation. «Shep-
herds» 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 honey-
dew 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. Howev-
er, this concerns only those «ant primates» which pos-
sess huge colonies of about one million nest-mates and
great domes. There are only several top social species
among thousands. In experiments I compared «lan-
guage» behaviour and corresponding colony structur-
ing high and low social ant species. Patterns of individ-
ual 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-Eibes-
feldt’s [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 devel-
oped governmental life peculiar to systems of a defi-
nite size-similar, for example, to certain features pecu-
liar 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 close-
ly 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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