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ZUS;l mlllc nrassuns 

Die !' hä n olrpc n des FormicCl rll/ll- Kompl exes in Ostdculsch land . 

432 Nester des FormiclI-ru!Il-Komplexcs (die Ptl1inotypcn nahe ril/ll L. und polyclcna Förster) 
wurden Huf dem Terr i torium v on Os \dcutSCh\3tHl (DDIl) in Ihren ßchnurungsmcrkmnlcn. d e r 
Populntlonsgl'öUc. der Monogynlcfrcquenz und nndcren Merkmalen unter sucht. Auf der Basis 
von Ncs\.probcn. (lie 7-20 Arbeiter pro Nest ulllfnfl ten. wurden B ßCIHlul'llllgsmer knw]c und die 
Kopfbl'cilc mit einer st:1 ndardislerlen MClllOdc erfußt. wns 55000 rnorpllOloglsclle Primiirdaten 
ergab, Drei e indeutige Belwlll'tlllgsphiinotypcn ph t p , pht I und phi H Itonnten nachgewiesen 
we l'den, Auf der Basis von P l'obcnmitle lwe l' ten war es mögli ch, 427 Nester (_ 98,8 %) einem diesel' 
d r ei H auptpllünotypen zuzuweisen, Ocr Einflull der l{ö,'peq~l'öfle auf die ßehaarungsdaten lwnn 
bei Unterscheid ungen zwisdlen ph t P und I)h l I vernachliisslgt werdcn, ist jedoch wichtig bel 
Entscheidungen zwischen ph i I und ph i H, Der intermedi!ire ph i I wird als fel'liler H yb r id 
zwischen den sympatr i sehen Subspezies Form/ca rula po/yctelln (p hi P) und F'ormicn rufn ru/n 
{phi HJ gedeulet, Das wurde geschlossen 'HlS den genall inter medHiren Positionen der Mittelwe,'te 
jedes der 8 Belwarungsme,'kmule, aus dei' Tatsache, dall der Hybl'ld nn den Orten häufiger Wlll', 
wo belde Ellernsubspezies gemeinsam vorlwmen, aus d er IntermedHi r en GröUe der P opulationen 
polygyner Nestcr lind nus der Inlcrmed iii r en Monogyniefrequenz, Ocr Hybrid ist weiter]lin 
gekennzeichnet durch einen gravierenden Zusammenbl'lu.:h der l< on e lntlonen zwlschcn den Be­
IHHll'llllgsmerl<llwlen (0,18 Im Verglcich zu O,4!J bel pht P uncl 0,5 1 bel I)ht R), Zwei Belsiele f{jl' 
Neste" mit ganz o frensl clnHChcn PlliinO l ypgemlsehen (J> h L 1 + pl1l. H) und zwci Beispielc fili' voll­
zogene Ubergänge von einem Ph!.inotyp zu m ander en (ph t P vcr wandelt s i ch In ph I I ) werden 
besch r ieben, Für einc sichere Bestimmlillg von Königin nen der drei Piliinotypen s ind Nestp roben 
erfonlel'lieh, Die Methode von OTTO (I!mO) w ird als seil!' niitzllch fül' dic Unterscheidung vo n 
Illonogynen und pOlygynen Nestern b es ti itlgl und mögliche 1''I' tulll s fnIH oren werd en el'öl'ter t, Die 
ökologischen Strategien, d ic mit Monogynie und Polygynie verbunden sind, wcrden diskutiert. 
D ie Monogyniefrequenzen e!'llöhen sich von I)hl P (2,4 %) iibe!' ph i 1 (14,3 % ) zu phI n, (15,9 %), 
E:s wird der Nachweis el'bl'Uellt. daU sich die mittlet'e K örpcr gröUe der Arbeiter mit wachsendei' 
Populatlonsgröfle in monogynen Nestern erhöht, dagegen abcl' in polygynen Nes!el'!l ge l'lnger 
wird, Die UnterSChiede dei' Phänotypen in clc,' Hliufigkeit d CI' Infcl.t ion mit eplzoollschen Pilzen 
(J>hl. P 23,1 "", phi I 15,1 %, phI n 1,6 %) werden <lurch untcrschiedliche KOlonlest ntkturen lind 
D ispersionsweiscn d er Ameiscn und nl chl durCh untcrschledlichc bioeilemische Eigenschaften d er 
CUlicullloberfliichc crkliin, Der H ybrid phi I Ist auUcronlentlicil 11Iillfig (27A% von 112 Nestet'n) 
in einem G ebiet der Oberlaus i tz mit eilleI' zcrrlssenen, "grobl.örnlgen" Wnld lundstruktlu', Dn­
gegen Ist Cl' selten (G,G "" von 1111 Nestcrn) In Gebicten mit kompaloen Waldlandsyslemen, die 
eine nled,'lge He lm ion zwischen Bandl inicnlHnge lind Fliiche aufwe isen, Ein Modell li bel' die 
Bildung sympall'ische l' Subspezies, d;'ls (]je ger in ge HHufigkelt von H y bridnester n in Reg ionen 
mit kompnlHen WlIldlundsystelllcn und deren grolle H iiuflgkeit i n zelTissenen Wa ld landsyslernen 
erkUi l'en Iwnn, wird vor gestellt. I\ls tlIxonomische Benennungen wer cten vorgeschl' lgen Formica 
rll/ll rll/a L .. 111il (j)h L H), f.', ruin /Jolyc/elil/ FörstCr, 1U50 (phi P ) und,.., ,., ,.u/o x polyc/clI(l (p lH I ), 
D ie gerlnsc Hiill flgkelt von Proben zw(!ire llu lftcr PlüinotYPzllgellül'lg la~il legt es nalle, dall eine 
Selcktlon auf Stabili t iit dei' 1 [yb l'id populationen existi c r en sollte, 
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1. Int roduetion 

The Forl1lica rula group, thc mound-building wood ants of the Pa laearctic, undoubtcdly 
have always attracted thc strongest interest of scient ists, foresters and nature conser­
vationists. The number of scientific publications dcal ing with thcse ants has reached a 
thousand 01' morc. Therc has becll much eonfusion in the taxonomy of t his group bcfore thc 
taxonomie statcments of YARROW (1955) and ßETREM (1960) p l'oduccd an ordcr which 
was quick ly adopted by a majority of mynlleeologists and was orten used in the scnse of 
a dogma. Howcver. thc rea l situation in nature was not as simple as the cstablished con­
cepls of taxono mis ts demandcd. Today, cri tica l anl taxo llom ists a re not su re whether we 
have 6 01' 15 spccies of wood ants in Europe (COLLINGWOOD & AGOSTI 1986). 

To throw light onto th is mattcl', it secms adcquate to makc in the first instance a detai lcd 
s tudy for a restricted geographiea l area giving a combincd pietlll'c of Illorphology, mutual 
space partitioning and b iologiea! trait s of the taxa in qucst ion. lt is more easy to make 
a biologica l interpretation of the mo rphological enti ti es by such a first step compared 
with a synopsis over large zoogeographieal arcas, whieh must be a more 01' less typological 
study because of the scattcrcd anel aec idcntal supply wilh anl materia l and insufficient 
knowlcdgc of local conditions. 

This paper aims to elucidate the situa tion in the so-ca li ed F.rufa complex (as it was sub­
dividcel by COLLINGWOOD & AGOSTI 1986) for the restricted geogmphical area of NE 
Gcnnany (the countries Sachsen. Sachsen-Anhalt. Thüringen, Brandenburg, Bcrlin and 
Meek lcnburg-Vorpommern). Accord ing to the es tabli shed concept, the oilly species from 
thi s complex prcsent in NE Germany are Formic(I I'llfll Linnaeus, 1761 <lnd Formica polyctena 
Förster, 1850. The wood ant taxa pratensis, lIi[Jricalls, trtlllCOI'lIl1/ and Ilra1ellsis are pl'esent 
hut do no t belong to the F.l'llfa comp]ex. 

2 



55.000 p rimary dala on Illo rpho logy were incorporated in this study . The prcscnted 
manuscript was bas icly finished in autumn 1989 and thus produced under the bad tcchnical 
conditions of the old econom ic system. This Illei:lnt no access to and no cxper ience in use 
of computing facilities. Ancient ca1culation sys tems had to be used wh ich meant extreme 
expense of time and Cl constrain t to ommi t .. na lyscs not essent i .. 1 for the basic purpose of 
this treati se. However, thc main pattern dClllo ll stratcd below should hold when more 
complicaled mathemati ca l methods we re app lied and this paper prov ides a good evidenee 
for the ex istence o f th rec morpho-eeolog ical cn titi es wit hin the German Formica mla 
comple x. 

To preven t any taxono mie prcjudiec, I havc rcstricted in the fo llowing tex t the use of lhe 
terminus ~species~ and the more neu tral exp ress ion ~ phenolype ~ is ap plied. Phellotype 
P (pht P) is Illore 01' less that what is comlllon ly u nd crs lood as ~ Forlllica polyclella N

, pheno · 
Iype R (pht R) can be rcferrcd to ~For l1li c(/ ml(/ ~ alld phenolype I (pht I) is an illtermediate 
w hieh attrectcd my special attention becausc it suggcs led a ce l'ta in g ene flow between the 
so ca lled good spec ies polyclcllll and /"/(10. 

2. Muteri .. l und llle thods of morphologieul investigations 

The mate ri a l for the s ludy was collectcd in i\ tel'l'ito ry dcli1l1iled by 10 40'E Lo 15 E and 
50 115'N 1054 35'N, A lotal of 432 wood ant nests were s ludied fo r worker morphology in4 
c1uding 42 sampIes wi th quee ns. Males are nOI cons idered in th is paper. The sampie size of 
workers investigated for pilos ity depcnd ed upon intranida l morpho log ical va ria bility; in 
cases o f low var iance. a sample of 7 workers pe r nes t was regarded as sufficient but this 
was increased up to a maximum of 20 as va riabilit y increased and phenolype identy became 
unelear. Fo]" computa ti o n of OTTO's func ti o n 01' the demonstration o f mi xed nes ts, 30 to 
170 workers were inves tigated . 

In pi los it y coun ts and measurements, o nl y seta projecting more than 11 11 In fro m cuticula I' 
surface we re considered. SOlne times wc ha ve ve ry few sta nd ing pubec;ce nce hairs whieh 
were not inco rpo raled into the counts and are easily di stingui shed from seta 01" pilosity by 
thei)" llluch smallcr diameter of on ly 2- 3 IIlll, The des ignal io n and localion of body parts for 
pilosity count s follow s DOUWE3 (1979) and I Imve res tri cted a ll pilos ity numbers to Olle 
half of thc body. However, there are o(ten stro ng bilatera l asymmetr ies in pi losity l1umbers 
and in the ca se of charactc rs uh, bh .. nd pe, both halvcs were counted allel the number 
divided by 2. The vast majority of material was ethanol-s tored which provides much adval1 4 
tage in se ta cO llnting but I"educes the acclIracy of melric mcasuremcnls. 

TI\c followlng lllorp llUlog ic,ll clwr,lClers \\"crc In vcSl igiHC:I: 

!-In' _ maxim um Il cad \\' idttl in I.m. mcasurcd s lig tH ly bcllln<! cyes In metllum-sizcd 0 1' largc 
worl,es li nd across cyes in \'cry small workcrs . 

ull = numbcr ur sw nding Iwirs on \\'hole undcrsldc ur I,cnd divided by IWO. 

bh Il Il Jllbcr or sta nding ha il'S on wllOlc occipiWI ma l'l:; in of head divtded by l\\' 0 and seen 
In slralght dorsal vicw. 

pli lIumbcr of swnding Iw irs Oll onc hal f of pronolum: tllC eonspieous but finc proprio­
rcccpllvc scnsillac at thc mHcrionnost li p of pl'onolUm : H'C not coun lCd whilc sCla a 
Iit ll c bcllind arc inclll(l cd. 

11111 thC 1l1lmbcI" of slilnding I,ai rs on unc half 01 mesonotU Ill . 
pp ... thc numbc!' or stancling Iwini on one Iw lf of propocl ellm. 
pc = thc numbcr of swnding Ilairs on WllOlc maq;in or pCllo le SCHlc div ided by I WO. 

ulll Icnglll o r longest I\air on undcrsidc or Ilcad in ,Im. 
pn l lengtll Or longcst hail" on one half or pronotum in 11111 . 

astl lcngtll of longcst IHl ir on antcriOl" Ilal f of undcrs lclc of 1st gaste!' s ternite, 
pstl Icngth or lungcst tUlir on postcrlor half of undc!'s ldc of Ist gastc!' stcrnit c. 
SI !lumbc!' of Iwil's p['ojecling mor'C thHn 50 11m (1'0111 undc rs l<l c of Ist gastcr stc rnilC 115 

seen In l: rtcrul vic\\'. 

All chaetotaxy was perforl1\ed in specirnells with HW ~ 1400 IIIll bcca ll sc lhe sit:c4depen4 
d en t drop pilosily values is cons iderabl e in very s Ill a ll worke rs. The p ilos ity counts and 
head w idth mea sure ll1c nts were pe rfonned at Cl mag nifi cat io n of 62x and ha ir !ength 
mcasurClll e nt s at 125x lInder lIse o f a TECHNIVAL 2 stc reomicroscope (j ena). 
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3. Rcsult s of 1l10rpholog ica l invcs liga lions Oll workers 

3.1.The initial hypolhe s i s on phenotype s P land R wilh 
a s impl e pi l osity index 

\Ve have a deal' demonstration of at least three phenotypes comput ing a simple index 
of hairiness H from nest tneans as geometr ic J1lean of the five mos t disc ri m inat ive charac­
ters . How these churilcters were sOi·ted out is expla ined be low. T his c rude index H is gi ven 
by 

H = (uh x pn x pp x uhl x pnl ) 1 S 

pht P 
phlR N .. l 64 

'-195 

20-

phI I 
0-)0 

J 
\1 I rffii I~ 

14 ' 5'0 

H-luhl"pnl ><uh "pn "PP 

Fig . I Demonst ratio n of pil ush y phenulypes of the Formi c(/ rU/li comp l e:.: w orkCI"l; by a simp l e 
pilosity inc!cx 11 computerl as g eo metrie mcan of tlle liv e most d iser lminative cllarnclcrs uhl. 
pn l , uh, pu , find pp Wllh;h WCIlt into calclI la tlon as arit!lrllctle nes t Illcans 

Fig. 1 shows three wc ll ·separated peaks from wh ich <In initial hypothes is on phenatypes 
is derivcd with same confidence. 164 sampies (= 38.2 1111) be la ng La Lhe first peak wiLh H 
values of ~ 14.5. These are des ignated as phenatype P (phi P). 16.3 n 11 of all sa mpies be· 
lang to the sccond peak w ith in the intcl'va l H = (14.5. 25.0) alld a re des igna ted as pheno· 
ty pe I (pht 1) . The remaining 45.5 11

11 o f sam pies with H > 25.0 form tage ther a broad 
third peak and are named phellotype R (pht R) . 

TIlis Itlinl pcah: could possibly conslst o f IIlrce sllbcntitic!i but t.hesc nre nOl elCHr enough 
to cxcludc posslblc 1ll"tcfnelS. l 'l owcvcr, ttlC putatlvc c:.:istcnce of 5 inslcad o f :1 entltics ls suggcsted 
<lmt. !'emcmbc rln g thc blocllCmiCllt invcstlgallons of GöSS\Vi\LD & SC H M I DT (I!15!)) wtlO deIl1011-
sU·1.Ilecl in Gcrnwn lll:lI c rlnl 5 d lfrerClll biochcmieal [ltl cnot.y pcs 1'01" UIC \\'ood allt group considel"c(! 
tl cre. I <Im convinecd 111Ut a separat e analysis ur t!IC !llil'd cntity woulel l'c\'eal a tlctcrogcneous 
structure. 

Let us consider now the chm3ctcrs olle by onc. T hc figurcs 2- 9 show distributions of 
salllpie means fol' the charactc rs uh, bh, pn, In n, pp, pe, uhl ami pnl both in a non-discrimi­
native poolcd hi s togram of all sampies as weil as in a discriminat ing presentation of rc ­
lative frequcncies p (~ Pi = 1.0) for each phenotype. These rc lativc phenotypc frequencies 
wore derived from th e initial hypo thcsi s. We observe a very d iffercnt d isc riminato ry power 
of characters. Thc di scr iminatory power d mcans the nOlloverlap o f fl'eq uellcy distributions 
between the thrce stated phenotypcs with 

L 
1 ", 

d = 2 .L.,; 11'.\1\ - PI:I, I 
K = 1 

where L is the number of intcrvall s a charade!" was subd ivi cl ed in ilnd P.\I\ alld PHI, are 



the relative frequeneics (01' probabilitics with L Pi = 1) for phcnotypes A and B. Tablc 1 
givcs a synops is of a ll charactcrs with arithmetie mean, borders of 95 11

0 probability rangc, 
extremc valucs and discriminatory power on thc basis of nesl sampie means. Arrangcd in 
fa lling ol·dcr of discriminalory powcr thc best charactcrs are pn, uhl, pp, pnl and uh , 
having a non-overlap of 88- 94 11

11 , while pe, mn and bh arc le.ss usefu l with d ran9ing 
47-78 H in. 

ptlenotype !P pllenotype ] plwnotype R dis. powcr 
ull O~ O . 15- 1.7UG-3.5-4.! :1 .3- 2.4- -1.587- G.G- G.7 3.7- -1.9- 7.]-18- 9.9 - 10.-15 0.11771; 
bll 0- 0- :1 .080- 0.3-1 - 0.7 O- 0- 0.35-1 - 0.!H- I.:W 0- 0- 0.7 14- 2.3- 3.u3 0.-I72!1 
pn 0.25- 0.-1 - :1.5:19 - 6.25- 11.0 5.0 5.9- IO.24 - ]V; 16.7 IU 15.:1- 26. 16- 39.9- -I1i.9 0.9-12:1 
rnn 0.70- 1.0- 3.650- 6.30- 6.25 2.3 2.6- 6.275- 9.!H- IO.B :1.9 - 5.3- ]I.!IO- 19.-1 - 22 .9 0.72311 
pp 0- 0.2- 3. 161- 6.90 11.3] -1 .6- -1 .7- 7.622- 10.65 - 11.5 B.0- 9.5- ] 6.0] - 23.5 - 211.G (UJ095 
pe 0.:I~O.II-2.840-5.20-G.30 2.:12- :L9 - 5 .286 - 7.4;- U.O :1.2 1- 5.3- 8 .059- 11.5 - 12.!1 O.77li-\ 
ulll 1-1 - 19- 57.6- 10:1- 1]] 8] - 113- 125.5 - 197 - 205 ];U - H Ij - ]92 .7 - 239- 257 0.9110 
pnl 5- 8- 40.8- 62 - 66 52- 5:1- 72.5- 97- 103 71; - 79- 99.6 - 123- 135 0.119:1-1 
!'IWII1:1X \G·t:l - l{iU{i- ]831 - ]99U 2UU9 lIi5B- lf;!l7- ]88il- 2075- 2220 ! (j4:1- 1770 - 200 1- 2193- 2249 

Tablc 1 Distribu1ion oe nest samplc mcans of morptlomelric dnla in wOI·I,ers. Sequenee of clata 
for ead, dHlrncter: lowel' extreme - lower liln it of !15 % inlerval - al"ithmcth: mean - upper limit 
of 95 % intervnl ~ lIpper extreme. TllC di scl'iminatory powel' (= non-over lap of frequeney distribu­
tions) was computed as arillllllctie mcan Of lhc tllrcc betwcen-pllcnolype values . I!WI!I:I\ is the 
largest hene! wicllh in a nest samp!c. 

3.2. T h e i n f I u e n c e 0 f b 0 d Y s i z c 0 n p i l os i t Y d a ta a n dca In m e 11 t' s 
on eonfidencc o f phcnotype determinations 

Becausc of thc limited eompu ting capacity, I have eonfined all eva luations in thi s and 
thc foJlowing sections on sampIe means. Such a reduction to 430 sampie means is not 
expected ta produce prineipally differcnt results than a computation from 5500 individual 
workers. However, in detaiL we may prcdict systematic dev iat ions since the nest mcans 
werc eompu led as arithmetic Illeans in each characler whcreas tenta tive regressions with 
individuul valucs, along a large body s ize range, frequellt ly resttlted in non li near functions, 
particu larly in pht R. 

Table 2 shows tbc dependeney of pilosity duta in the fivc mos t diseriminating charaelers 
as funclion of HW. In general we can statc thc pi losity lo bc almost independcnt frolll body 
s ize in pht P and to have a weakly pos itive corrclatiOIl in pht I. Thc ra ther low l1umber 
of 164 01' 70 rcgressed pairs in pht (? 01' pht I does not allo\\' to prove a significancy where 
a wcak corrc lation really ex isls: In a tentative camputation with 800 individual workers 
the rcduction of uhl with growing HW in pht P was found to be highly sign ificant 
(p < 0.001) . 

In pht R we have always a highly s ignificant, positive corre lat ion of pilos ity lcngtb and 
Ilumber wilh body s ize. Ta have described the size-dependency of the pilosity index H 
and lo rcach a bettcr phellotype scparat ion, I have defined a s ize·corrected pi losity index 
H, ... !,. Since s lopes of regress ion lincs incrcase the more hairy a pbcnotype is, it is appro­
priate to tlse different correclioll functions for ei thcr pht l' pht I 01' pht I pht R. For 
H < 20.0 the correct ion was 

H""r = H - 0.00253 HW + 4.23 

imd for H ~ 20.0 the corrcction was perforrned as 

H(."I' = H - 0.0101 HW + 17.0 

where HW is givell in 11111 . Thc s lopcs of these func lions wcre estima ted by regress ion of 
H against HW within the inlervilil s 1-1 = [11.0, 19.0J anel H = (20 .0.30.0]. Thc cons tallt s 
4.23 and 17.0 werc added to givc H""r sim ilaI' values as 1-1 , 

Fig. 11 shows the frequency distribution of H,·"r. Comparcd to Fig. 1, wc havc a bcller 
separation of pht l and pht R but no advantage to sepa rate ph t l and pht P indicating 
that on ly thc correction function for H ~ 20.0 g ives asense. The largest Ht.:Hf for pht I is 
23.8 and the smalles t for pht R is 25.3 making one be lieve wc have aperfeet separa tion. 
Howcvcr. wc have to expect nes t sam pies where in rcality 110 e ithcr '01' decision is poss ible. 
This refers particularly lo the rare nests with phcnotype mixtures or to those rarc nests 
where i.l shi rt fro m one phenotype lo another is just in progress (see see tion 3.5). The 
samc qUillifi catiol1 must be madc far d is tinction betwccll pht [' and pht I. Fo]' thesc ]·C<tSOIl S. 
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pllenotype P (I' ~ lG-I) pllenOlype I In = 70) phenotype " (I' ~ !fIS) 

I' G P Y l. r. Y l . ~ F G P Y 1. r. " 1." F G P \' 1. r. V 1. ~ ' 

ull - 0.(;86 2.91) n. ,. 1.9 1.7 2.-11-1 OA2 .05 -1.3 ä.O 4A53 - 1.\ (; .001 G.O 7.:J 
pI' 0.217 -1. 27 n. s. 3 .9 :1.9 3.ä97 Ui.:m n. S. 10.li 9.5 :W.-III - 22.0 .001 20A :!!l.:l 
pp 2.2H ü.92 n. S. :J.3 2.; 1.599 -1.9-1 n. s . 7.5 H.f) 15.5!) - 12.57 .UDI 12.-1 17.0 
ulll - 30.90 lon.2 n. ,. 59 ;0 10(; .3 - Ül.O .001 109 "I !l9 .G9 10.;j:j .001 170 :WO 
pnl - 0.6-1:1 -11.7 n. s . ;( ;0 !"i.9U 42.5 n. s . 7J 77 :lum :15. 15 .001 !II 102 
H - 0.H09 9.71; n.S. 8.5 a.2 5.91 9. 110 .05 19 .3 21.0 25.02 - 10.57 .001 2!J.5 37.0 

Table 2 Depcndcncy o f p ilosi!y data (rom !lead w idlll HW o f \\'ol-ker ani s describcd HS Ilnc ar 
funcli o ll of thC type V = F x + G: x. is head widlh in mm. p is ttlC s ig nificancy Icv el of rcg rcssion 
Unc. V,_" and V , ., are prec!icled pHosity data fOl' Ilcad wl(!t lu , o f 1.1, ami 1.9 mm. TI1C reg rcssion s 
werc c o mpu ted O ll Ih e basis ol sam pIe means. 

t he percentage of possible misidentifications with the initial phenotype detcrmination 
(pht P: H ::; 14.5, pht I: H = r14 .5, 25.0]. pht R: H > 25.0) 01' the size-corrected index 
(pht I: H""r ::; 24.5, pht R: H,.o\r > 24.5) is difficult to asscss. However, we can approximate 
the problem by a description of the histograms in Fig. 1 and Fig. 11 with three super­
imposed normal curves and a calcu lation of the eorresponding eonfidenee limits. For Fig. 1. 
the 95 11

11 eonfidenee limits arc H = [2 .9,14.2). H = [14.8, 24.5J and H = [25.3,45.71 for 
the first, second and third peak. The normal eurves predict only 2.0 11

11 of the first entity 
to havc valucs > 14.5 and only 1.9 11 " of thc seeond entity shou ld have valucs ::; 14.5. 
Only 1.5 11

11 of thc sccond normal curve is found abo vc 25.0 and 2.2" '1) of the third norma l 
cu rvc below 25.0. These data mcan an ovcrall frequcncy of probable misidentifieations of 
1.9 " 'tl 01' 8 nests sampies in a total of 430 (in this calculation arc not induded 1'wo nest 
sampIes with extreme phenotype mixtures, sec sec tion 3.4). 

FOl' the size-eorrcctcd index H,.",. we get 110 good fit with lhrcc 110l'lnal CUl'VCS and 
conf idcnce intervals ean not be caJcu lated but this does not weakell the bettel' separation 
thi s index gene rates between pht l and pht R. In distinetion betwccn pht P and pht I we 
have to expect misidentificd sam pies for H = [13.5, 15.5) ; these are 5 sampies in OUI' 

mater ia l: 

sampie No. 289 351 41 428 100 
index H 13.5 14.0 14.5 14.7 14.9 
designation pht P phI P pht p pht I phtl 
designation real? o.k. o.k. unelcar undear like ly 

Sampie No. 289 and 351 wen~ co llectcd in two large, compaer woodlands with dellsc poly­
eal ie populations of pht P at the eolleet ing sitc , no pht I ncsts werc obscl'ved in the 
neighbourhood 01' in the whoJe fO l'est and it is very un likely that these sampies eould be 
another phenotype. Nest No. 100 was found in a forest with syntopie oeeurrenee of all 
three phcnotypes but an cxtl'emely high abundaneec of pht I. It is most likcly a lower 
pilosity extremc of pht I. In sampies No. 41 and 428 eolony strueture, habitat 01' choro log ieal 
situation do no t providc suggest ions on phenotype identity. To sllmmarize, a good know­
ledge of the situation in al1d around thc ncst site should cnable thc interpretat ion of a 
eer ta in portion of the 1.9 CI 11 of possibly misidenlified sampies and to rcducc the number 
of uudcar sampies to 0.7 n'tI (01' 1.2 11

1) induding thc mixed sampIes). 

3.3. T heb r e a k cl 0 w n 0 f e 0 r r e I a t i on s b e t w c e 11 p i los i t y e h ara e -
ters alld a morphologieal argument f or hybrid identity 
of phCllOtypC I 

Exeept of bh which has a large relative elTor alld is of rcstri cted llse for phellotype 
separation, thc eorrc lations between the pilosity eharaeters are show n in the matrices bc~ 

low. 

Jllll I' (fr'om Hj4 Sil mp le mcans) 

PI} Illll pp pe 11111 pn! 

ull (U!)2!! U.·1()1l2 1l.391i~ 0.39112 U.IItl:W 0.2:iOU 

pn n.fi l:1l (Ui:136 0.;;21;; O.2'1.'i.'i (1.{'47:1 
!l1n O.IH'U (I .;i~1I4 O.:H65 O.5 1lU 
pp 1l.1i"i37 0.:111111 1I.5I1fi:! 
pe (URS:! IIA ·U;:\ 
IIlll 11..12·1/: 

Il1Call {1.~B7!) ± 0.1·!75 (n = 11) 
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ph t I (from 70 s.nnle meillls) 

pn 11111 pp pe Ull ! pnl 

uh O.:W:U; 0.~;t5!t 0.10% O . o~a:t ()A 2~J!j -O .I~ t;j1 

pn 0.;19S0 0.:170. 0.01140 0.105:1 o.:w:n 
mn tU'98 O.2041i - 0.2317 - 0 .1 04:1 
pp tUSOS O.~:W:l 0.17:17 
pe 0.0995 O.IG!il 
U11\ O. ·I :;U! 

mC<ln 0. 1825 ± U. l!HH (n = ~ l) 

ph t H (frum l!);j sinnpl e means) 

pn mn pp pe Ulll pn! 

Ull II.GOIW 0.52:;1) n .:\7tj.\ 1J.:I21iO 0.525 1 n.5·11 2 
pn 11 .• :;55 11 .• 1122 1).5597 0,4 •• 6 0 .(; 12 1 
mn 1I.(;G60 0.532 1 O.:I!t9' 1l .'l :II R 
pp O.GS·\I 0 .3424 41.4:122 
pe 11.271;2 11.:1. 11:1 
utl! 1l.51!' lJ 

Ill CHn 0.5114 ± tJ.t:Hl (n = 21) 

The corrclations printed in heavy ty pe are s ig ni fi cant at the p < 0.01 level. \Ve o bserve 
a highly s ign ificant breakdowll of co rre lations in pht I eompared Lo pht P ami pht R. 
This is an exe it ing phcno mcnon wh ich can not bc explaincd as an arlcfacl of erroncous 
phenotype de tennination: a fa lse a llocation o f pht p 01' pht R sampies to pht 1 would in 
both ca ses raise the correlations in thc p hL I matrix and. on the o ther hand, a false alloca­
tion of pht I sa mpies to pht POl' pht R would not reduce the co rrelations in the pht P and 
pht R matl'iccs. 

A biological explanation of th is phenomenon cou ld be that phI R and phi P have livcd 
in d e f (I C l 0 reproductive isolat ion ror longer per iods in the pas t whcn there was a 
naturaL compact woodland strllc tllrc in Centrrd Europe which redllced the chance of en­
counters of the two pheno types (see sec tions 5.2, 6 alld 10). Thi s lead to genet ica l diver­
gence. With the drast ic change of woodland di str ibut ion and stl'll clure after the large d eal'­
fe llings in thc beg inn ing of th is mil len ium, the I'ep rodllctive iso lation was broken and 
hybrids still ferti lc and with suffic ient fitness occul'rcd. Howevel'. Cl I'cduced fitting -togc ther 
betwcen ccrtain gene pl'oduets seems poss ible. Sti ch an affection of harmonizzing with in 
multip le gene systems should be tolerated Cl S far as only peripheral phenes which do 
not have Cl notable influence on fi tness and no fun damental functional systems arc affected, 
Thus a poss ib lc hybrid origin cou ld explain the bl'cakdown of corrcJations betwccn p ilosity 
chal'Clctcrs in pht L 

In tranidal variability of pilos ily data cou ld indicate gene ti c he tcrogen ity wh ich should 
bc largcr in Cl hybrid population. In ana lys ing inll'anidal variability we encounter several 
problems which make com parisons between the phenotypes vcry di ff icu lt: 

(i) the frcque ncy of polygyncous nes ts differs (97.6 t) U in pht P, 85.5 11 u in pht I. 24.1 11 u in 
phI R) , 

(ii) conduded frOlll nest sil':e d ifferences, thc avcrage queen numbcrs in po lygyneolls nests 
d iffel' (pht pI' > pht 11' > pht RP), 

(iii) the pi los ity data arc not normal dislributed bu t positivcly skewed in ease of very 
low nest mcans, 

(iv) within a phenotype. thc s tandard deviat ion of pilos ity da ta incrcases more s lowly 
than the nest mcan (sec Fig, 12) - i. c. the ratio SO. mean dccl'cases wilh increas ing 
Il1 cans. 

These proble ms could be avo ided 01' dimin ishcd if the comparisons are I'estr icled Lo mo­
nogyncous sampies which have s imilar nest means of pilosity , For a test be lwee n pht I 
and pht R and thc charactel's pn and pp I have considered only sampies in the interval 
pn [9.7, 17.4) and pp (7 .2, 12.3) wherc problem (iii) is absent anel proble m (iv) has no im­
portance. Seven monogyneous sampies of pht 1 with pn [9.7, 14.6) had standard dcviations 
of pn (SOllII) of 3.5,3.7, 4.1. 6.2, 6.4, 6.8, 11.6 and eight monogyncolls sampIes of pht R with 
pn {11.3, 17.4J had SD pli o( 1.9, 2.0, 2.3, 2.7, 2.7, 3.9, 3.9,6.3. Seven sampIes of pht I with 
pp [7.2, 11.9] had SDJItI of 2.8, 3.0, 3.0, 3.85, 5.5, 5.64, 6.0 ami 17 sampies of pht R had 
SD I,t' of 1.1. 1.4, 1.8, 2.2, 2.23, 2.3, 2.3, 2.4, 2.5, 2.5, 2.83, 3.55, 3.6. 3.6, 3 .95, 4.1. Accol'd ing 
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Lo a unid irect ional MANN· \vHITNEY lest (U test). the SOI.1I of phl l' are sign ificantly 
smaller than in p ht I for l\ = 0.025 while the SOl'!' are s ign ifican ll y smaller for u = 0.005. 
This is cvidence tha t monogyneous pht I nests have a h ig her intranidal variability than 
r: ht R nests of equal colony sta tus. A s imilar test for pht P pht t is impossib le because 
of the lack of comparable monogyneous ph t P samplcs. 

Thc above intcrpretat ion of cbaractcr c01'1'c la tions anel intran ielal va riability i5 surely 
somcwhat speculativc but a much bettel' argument for poss ible hybrid o l"igin o f pht I 
prov ide the positions of mean va lucs o f a ll pilos ity charac ters studied (see Table 1). In 
hail" length da ta as weil as in square·rooH ransfo rmed p ilos ily numbers. the mean of 
cach cha racter of pht 1 is a lmost cxact ly cqua l to the med ian pos ition betwecn the means of 
the putative parent e ntiti es ph t P and pht R. The corre lation be tween the 8 pht t means 
and these median posit ions is !" = 0.9999 whieh is intriqu ing. 

3.4. I n t r Cl n i d Cl I p h e n o t y p c mix t ure s, p h e not y pes h i f t s Cl n eI 
c v e ntual linka ge of th e phenotypc5 

It is diffi cult to es timaLe the rat io o f ncsts containing a phcnolype mixturc bccause thc 
within -pbenotype va riab ili ty is conside riJble even in nests wilh regu lar pilos ity di s tri bu tions 
which are not suspec led to conln in mixtures. Oata fro m such no rmal nests are summar ized 
in the fo llowing table. 

11 ;11tervn\ 10.0. lVii 114 .5. :::5.01 1:!5.0. ti5.0] 

pht .. (614 wOI·i,ers nO.7 % \H.O % 1. :1 "11 
from 62 nests) 

p ill I (1141 worl,crs :fi.O ufo 55.ti % l!J ..! "11 
from 1i1 nests) 

i1ht 11 (:ltiO wOI"I,ers U.II % 1:1.1 % Hti.l "' 11 
from -1 2 nests) 

Cons ide ring lhe summed in lran ida l s tandard dev iat ion o f pi los it y numbers SD6 = SOul! + 
SOhh + SOllil + SOmli + 50 1'1' + 501" .' we ha ve 430 sampies wit h 50 6 ~ 26.6. From the se 
sampies it is d ifficu lt 10 sort out undou bted ly mixed nes ts. I-I owever, two another nest 
sampies which dala were not incerporaled inle Figs. 1- 12. Tables 1- 2 and other compara­
live stati s ti cs showeel a very clear phenotype mixture : nest No 43 with 506 = 32.9 and a 
mean hair sum 56 = 44 .9 anel samplc ami nest No 454 with 506 = 45.3 anel 56 = 65.3. Nest 
No 43 was a sma ll o ligogyneous co lony at the site Liebs te in er Berg ncar Görlitz alld con­
ta ined in 1984 workers from nea rly ba re phi P (hair sum = 8) to ex tl"emely hai l"Y pht R 
workers (llair sum up to 116). In the same year I removed two fU l1 ctiona l queens from 
th is nest; o ll e of these showed characte rs suggest ing a ph t R or ph t I q ueen and the second 
had cha ractcrs of a phi R queen . Two years la te!" the nest was still in a good conditio n or 
even a linie Illo re populous bu t the ex treme ly hairy worker frac tion (o ffspring of t he Olle 
removed hairy pht R queen ?) had disappearcd and 506 had fa ll en to anor mal value of 
19. 8. 

The s ite Liebs teiner Be rg is a sn1<:111 woodland of 8 ha in wh ich I found as l11uch as 
24 ph t I nes ts (20 IP (= polyneous) + 4 IIll (= monogyneOllS) nes ts) and 10 phi R nests 
(4 RP + 6 RIll nests). Th is very dose spa lial neighbourhood means a high frequen cy of 
possib le be tween-phenotype encounlers. In case of nest No 43. a plausib le interpretation 
sccms to me thai is was or igina lly a 'pure' 111 nest wh ich had accepted a ph t R queen. I had 
the impress ion that. at thi s s ite. the 111 nests contained Illore frequen tl y a small frac tion of 
ph t R workers thall obse rved for 111 nests in other sit es with less dose con tacts of both 
phenotypes. The acceptance behav iour of W nests to fresh ly dealate queens was observed 
he re scveral limes. As a ru le. queens of own phenoty pe (frol11 a li en 0 1" own nest) as we H 
a s pht R queens werc attacked alld the majoril"y was obv iously k ilied but these altacks 
\V ere sometimcs less vehement 01" lackin g. Nests producing bo th ma les and queens were 
not very rare in pht III and intran idClI mat ing is probably no exceptio n in such nest s. Even 
in nests no t producing queens, the males showed intens ive nwti ng behaviour already on 
mound sm·face, mounting worke rs 0 1" individuals of own sex. If IIJ ma les per for med a 
nu p tial fl ig ht , it seemed , fo r mos t individua ls, shor t-I"anged and not eli rec ted to very di stant 
targets. in so far as track ing of fli g ht movemen ts was possib le in thi s wood land. 

Few observations of RIlI nes ts confirm the cOllven tio na l thesis that any dea late queen 
i5 ki lled by fie rcc attack. I-I owever. such a schedule cannot be an invariab le lra it of a ll 
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Rm nes ts - otherw ise a s hift from Illonogyny 10 polygyny would be imposs ib le. The 
adop tion behaviour of pht Im is unknown to me. 

As tor acceptance behav iour in polygyneous nests. it seems reasonable to concJude from 
different average populat ion numbers (sec section 8.) on a decJ ining I'ead iness to adopt 
queens [rom phI pp ac ross pht IP to ph1 RJl. 

At this point, 1 want to present a hypothesis on a poss ib le cO lTe lat ion between external 
morpho logy o f queens and queen Ico lony behavioul" which cou ld be mo re 01' less va lid for 
a 11 phenotypes cons idered here. The most critica l point of this hypothes is is that the di ­
stinct ion of the two queen morphs is not free of subjectiv ity a nd I havc no statistieal 
ev idcllce Cor a bimodality. These morphs are defined as oppos ite ex tremes to express more 
cJearly what I want Lo say which does not mean in termediates are lacking: 

ll1orphology: 
head width 
center of scutellull1 
dorsa l gaster sUl'face 
gastel' s ize 

found rat io of queens 
in pht P 
in pht I 
in pht R 

ascribcd functional characters 
d ispersa l fligbt: 
ab ili ty for socia lparasilic co lony 
founda tion in Serv ifo l'ln ica : 
cgg laying capaci ty : 
queen effect on workers: 

quecn morph P 

< 2050 Jl m 
long itudi nall y slria le 
)css sh illi ng 
less vo lull1i nous 

96 11 
.. 

76 u u 

46 u v 

(11 = 49) 
(11 = 37) 
(11 = 21) 

absent 0 1' short -ranged 

low 
low 
low 

queen morph M 

> 2150 pm 
sh ining 
brilliantly shilling 
voluminous 

4 " " 24 u 11 

54 11
11 

(11 = 2) 
(11 = 12) 
(11 = 25) 

leng-ranged 

high 
high 
h igh 

The queen effect Illcans here the probable influcllce of queen secrctions en worl<er 
aggrcss ivity tewards a li en queens. The ralios o f queen morph P cOl'l'elate wi th the observed 
polygyny frequencies. This is an argument to put forward the hypothesis that the sta ti stic 
differences of the phenotypes in dispersal capacity. co lony fou ndatio n and structure (sce 
sec tions 5.2 and 6) cou ld be thc rcsult of statist ic diffe rences in morpho-ethologieal queen 
types. 

Of pa rt ieular inte rcst is the mixed nest No 454 from Dcutsch-Pau lsdo rf Ilcar Görl itz. On 
19 March 1989 it contained wOI-ke l" phenotypes with such extre me p ilosity differences that 
each ind ividua l was easy to a llocate c ither to pht [ 01' pht R. Thc sampie con t"ained 

83 ",orkers with H "IOr = 19.7 ± 6.48 ( 5.2.32.0) and 
109 workcrs with H "IOr = 42.6 ± 2.99 {35.5.50.5). 

The head width d is tribution indicated for each phenotype a highly signif ican t monogyny; 
the OTTO discriminant was L = 194.8 for the pht I fract ion and L = 207.8 for the pht R 
fract ion. A sam pie taken in March 1990 con tain cd 9" phI I ami 107 pht R workers which is 
an almost unchanged rat io. This unexpected result contrad icts thc interpretation that an 
adoption of a pht R quccn by an orphallcd pht 1 colony (01' v ica versal has taken pi ace 
and sugges ts both fractiolls to be the offspring of the same queell_ A long-term observation 
of thi s co lo ny will possibly bring more darity. 

A representativc sta tc ment o n thc rea l freq uencies of pheno type shifts is no t possiblc 
fro m my data since on ly 38 nests out of 432 were re investigated a few years after the fi rst 
study . In these 38 nests. r have o nly one deal' example for a phenotype shift from the site 
Spitzberg near Deutsch-Paulsdorf: This mound. a good-sizcd polygyncous co lony. contai ­
ned pht P workers with H"ur = 10.4 (samplc No 64) in thc year 1984 but it had definitely 
shifted to pht I w ith H,w = 21.4 (sa mpie No 441) in thc yeilr 1988. J found 5 pht P, 
6 pht l and 3 pht R nests in th is site in 1988 and most Ii kely the shift was performcd 
th rough repeated acccptance of pht I (01' pht R) queens from neighboured co lon ics and 
gradual di splacemcnt of residen t pht P quecns. In this con tex t a sentencc of GÖSSWALD 
(1981) is interesting. He wrotc t ha t quecns of h is intermed iate -Form U- w ill displace 
quecns of _Formial po lyclelw - because -Form 11 - queens were -duftIich dominant - and 
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wel'e prefcrred by polyclc1/(1 workers. What GÖSSWALD utldcrslood as Torm lJ" is not 
surc bccausc he gavc only diffusc verbal descriptions on morphology which WCI'C as vaguc 
as his morphological descriptions of his "Mittlere Rote Waldameise" FOflll;ca rula rulopra­
tel/sis major GÖSSW ALD, 1941 of which we have no types. Howevcl', from the complex life 
picture out lined by GOSSWALD it is vel'Y probable that "Form n .... the ~ Mittlere Rote 
Waldameise" and the intermediate pht I in my designation rcfer to the same morpho­
ecological entity. 

My invesli9ations on mater ial from the Sov iet Union are not considerd here but olle 
st l'iking example fol' Cl phenotype shift should be mentioned. Near Svenigol'od. 50 km W 
of Moscow. Dr. G. DLUSSKY showed Ille two proximate, good-s ized wood ant mounds. 
The one nest (salllp ie No 167) was a deal' pht IP nes t (H ... ,r = 22.6) and the other nest 
(sampie No 168) a deal' pht pp nest (H ... ,r = 6.2) . According to DLUSSKY's long-tenn ob­
servations, the pht IJ' nes t was a daughter nest of the pht pP nest. As in the Spitzberg co­
lony, a possible explanation could be that the daughter nest had repeatedly accepled qucens 
of hairi er phenotypes which displaced the pht P queens. I reco rded 5 pht P, 8 pht l and 
2 pht R nests at the s ite Svenigol'od which makes such an interpretation plausible. The 
Spitzberg and the Svenigorod ca se suggest that we pl'obably have something like a "multiple 
social parasitism~ of dominant hairier queens in less hairier host nests. 

4. MOl'phological investigations on q ueens 

A sufficiently safe phenotype determination of queens is not possible in single, isoJ.,lted 
specimens but !'equires a nest samplc because within-phcnotype and with in-nes t variability 
is lenge. This refers particularly to mic roscu lpture of scute llum and first gaste!' tergite 
which are unfortunate ly oflen quoled as key characters to separate F. polyclella alld F . TI/la 
(KUTTER 1977, COLLINGWOOD 1979). I found in phI R nests, among 56 stud ied queens, 
7 (= 12 U'IJ) specimens which wou ld have been determined as ~c1ear ~ polyctella duc to 
microscu lpturc and sUl'face characters and, on thc other hand, two queens among 23 pht P 
queens with "deal' '' ntl(l surface chal'acters. The situation in pht [ is sti ll more heteroge­
neous and produces a lot of confusion. Furthcl', such charactel's a re difficult to quantify 
and it is often a matter of individual taste whethcr a surfacc is regal'ded a5 shill ing 01' dull. 
finely striate 01' slllooth. 

In pilosity charac ters we have sigllificant diffcrenccs of thc mcans bu t again considerable 
ovcrlap. The following table shows hcad width and pilosity da ta of first gastel' stenlite and 
is based on 34 nest samplcs with 145 queens. Only queens laken dircctly from the nests 
were incol'porated to have a sufficiently safe phenotype detcrmination; 

ph t I' (n = 56) phI I (11 = 57) !lIH R (n = 71) 

mean SO range m ean S D runge mea n SD range 

I-lW 2013 ± G7 [!B79.2Hi61 2 11 11 ± !jG [19H. 1:117 1 2140 ± 1i:1 [2027. 2271 [ 
pst l ]89 ± 107 [H :l7!J[ :107 ± 111 [2;. -1071 :175 ± :m [I UO. ~2:l 1 

a s tl :l-l ± \0 [0. 611 !j{j ± 4!) [19. 27-1 [ IBS ± ;6 [27. ;102[ 

" 2.61 ± 2.00 [0. 6[ 7.7:1 ± U )-I [0. 25[ 22.2-1 ± 7.7U [3. 41 ] 

The large overlap rangcs in the tablc above show queens arc not easier to separate than 
wOl'kel's. Comparably to the situation in workers, we may ha ve nests with phcllotype mix­
tures as for example in pht R nest No 26: 

queen No HW pstl astl st 
2229 388 209 24 

2 2128 372 216 21 
3 211 3 180(!) 27(!) 3( !) 
4 2182 316 268 19 
5 2109 407 206 19 
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5. Monogyny alld po lygyny 

5.1. The methods to distinguish betwcen tnonogyny and 
polygyny 

It was poss ib lc to assess thc co lony type immediately a1 the nest site in the majority of 
investiga ted wood ant nests. Such a fjeld determination is faci li tated by thc fact tha t worker 
body size increases with grow ing s izc of ncs t populations in monogyneous co lon ies but 
dec rcases the largcr thc population number is in po lygyneous co lon ics (sec section 5.2. 
Fig. 14) . Po lydomous colonics are neady a lways polygyncous although monogyncous co­
lonics Illay cons ist of two 01" three separated mounds for shorter pcriods of time when the 
nCst sitc is shifted. 

lf the site can not be observed fo r a rcasonab ly lang period and populat ion 01" worker 
s ize are not sufficiently large to ind icatc thc quedn number, a test with OTTO's function is 
ncccssal"Y. OTTO (1960) devclopcd a method to discriminate between monogyneous and 
polygyneous colonics by a discriminant function the variables of whieh wCrC obtained fl'om 
head width mcasurcmcnts in 50 to 100 workcrs.'nest. He notcd that mo nogyneous co lonies 
charactc ri stieally showcd a dcarly skcwed distr ibu tion with a stcep, high peak at large 
hcad wid ths. In contrast, polygyncous colon ics have symmetr ie, fla ller frcquency dist ri bu­
tions with thc highest frcqucncics ncar the mcan 01" sometimcs thcy have a broad bimoda l 
symllle try. In thc OTTO function wc have thl"ce variables. Thc first is mcan hcad width X 
of lhe sampie g ivcn in units of 10 [1111. The second is the skewncss Illeasurc 5 wi th 

2.' P i (X i - X3) 
S = 

n s' 

1l1\ P 
uh 

o 2 4 5 1 8 9 10 

Figs. 2- 9 (eonlinued overlenf) Frequeney d istribution of 42!1 Sllm ple mean s o f difl"erent pilo.<lity 
dwractcrs of w o rl, crs bOUl in n non~cliscriminHlCd pooled Ilistog r'lllH HS WC 11 as in 11 diser'imin11tcd 
prescntn tion Of r Clative frequen eies P (:::Pj = t) for euch phenotypc . Th ese rClative frequencies 
wert! dcrived from Ihe inilial h.ypolllesis. O,n <l of 1\\"0 nes ls witll elen!" phcnotype mixtures ar'c 
nOI lncorporllt ed. 
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where Pi is the probability for a cer tain hcad width Xi, n the sampIe s ize and s thc s tan ­
dard deviation. Thc third va ri able is thc kurtosis (in Ccrrnan Ex7.ess) llleaStll'e E with 

E = 
X Pi (X i - X) 4 

n s4~~ - 3. 

Thc discrim inant valuc L is then computed as 

L = X - 16.66 S - 1.92 E. 

OTTO fOllnd nests with L < 180 as safe ly rnonogyneolls and those with L > 186 wcre 
safely monogyneous. 

In prindple I ean confirm OTTO's funetion a s very llseful method and. dcspitc it bas 
some sources of error. it does not deserve to be fm·gotten. My results are as folIows: 

About 80 fI.'u of investigated nests were determinable as mono- 01' po lygyneous already 
in the ficld eithel' from tbei!' VCI'Y longe workers and skewcd body sizc distribution. from 
their numerous worker popu lation 01' from direet obsc rvatio n of qucens on mound slll'faee 
in early sp ring. For reasons of the threatcned status of wood ants, digging out was done 
in foul' ncsts only. In 103 nests. including apartion of nests with elear queen status. the 
OTTO function was calclliated. I goI L va lues belween 128 anel 184.6 for 67 polygyneous 
ncsts and such bctwcen 184.9 and 217 for 34 monogyneous nests. OTTO's results were 
s imilaI' but. wcakly dcviating from OTTO. I bave el1lpirically sh ifted the uneertain interval 
about two units to larger values with L = (182, 187.6}. The reason for this weak deviation is 
not known. Apart from possible adjustrnent errors of measuring devices, I can not exclude 
to have made a small subjective error in sampling; many of the sampies were laken with 
a pincers at thc outer nest margin which could have meant Ihat larger workers were a 
little overrepresellted beeause tbe)' attracted more attention of the collector's eye 01' bc­
eiluse thcir reerllitmellt rate for enemy defense towards the sampl ing spot was highcr than 
in small workers . Thll s behaviour of ants and eo llector as well could have produced a 
weakly biascd sampl ing. Nevertheless. the reslilts are satisfying. I got only 7 sampies within 
unce!'tainty range of L rneaning 2.1 li /li of undetcl'mincd sam pies. Fig. 13 shows the distribu­
tion of L values within the interval L = {160, 205}. 

However, this pr ima fade splendid determinalion rate of 98 41
0 does not mean that eertain 

sources of error need not be considered calltiollsly. At first, unc\car l'esults 01' even mis­
identifications with the OTTO function are 10 be expected one year 01' latcr after a sh ift 
from monogyny to polygyny. Nest No 46, a pht I nest, was a srna ll co lony with large wor­
kers and a c\early monogyneolls body s ize distribution in thc year 1984. At the second 
control of this nest in spring 1986, I notcd an inerease in population sizc (A = 10, see 
sec tion 8.) and cnlarged ratio of sma ller workers and performed the OTTO analys is that 
l'esulted in an uneel'tain L = 186.9. In 1987, population size had enlarged furthe r (A = 28) 
and 1 detected 5 01' 6 queens on nest surface in carly spr ing but L was still unclcar 
(L = 184.6) . The first save mathematie indkation for polygyny with L = 169.7 I got in 
1988 and population s izc was estimated cqual to the previous year. This eolony had 
obviously performed a sh ift from monogyny to polygyny in 1985 and poss ibly r would 
havc got an ~L > 188 in case of caJculation in late sum mcr of this year and thus a 
misident i fkation. 

Nest No 309, fonnerly a very populous pht p colony with a mound of 360 em diameter 
and 120 cm height, is another example for a possible misidentifieation. No 309 was dying 
out in 1988. Therc werc on ly a few hundred. rnostly large surv iving workers on the mound 
for which I ca1cu lated L = 197.9 which would definitely Illean monogyny. A queen was 
not found anel I be lieve lhe skewed distribution towards large workers more likely to be 
thc result of the lligher li fe expectancy of largcr worke!'s rathcr than 10 be an cxpression 
of a longcr period of monogyny. 

In vcry small co lonies with small workers the OTTO fUllction is suspected to provide, 
in case of bad nutritional conditions, an ClToncous indication for po lygyny but I have still 
no cvidence for such a type of misidentification. 
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5.2. T h e f r c q u e n c y 0 f mon 0 9 Y n Y Cl n d po l Y 9 Y n y i n t h c P h e n 0 • 

types an d the assoc iat e d ecologica l s trate g ies 

We observe highly significant differences betwcen thc phenotypcs in the frequency of 
monogyny 'polygyny. In pht P, 4 nes ts (= 2.4 n 0) were monogyneolls and 160 polygYlleous. 
OTTO (1960) reported ror Formica po/yeteu{/ from a sampie of 59 investigated nes ts 5.1 U n 
as monogyncous. It is Ii kely that OTTO's ~Formica po /yetella ~ induded a certain fraction 
o f pht I nests whieh could explain the hig her monogyny frequen cy. In pht I, I fo und 10 
pht IM nes ts (= 14.3 °ll) and 60 pht JP nests ",hieh is, if tested in a 1.2 test, a hig hl y sig ­
nificant differcncc (p < 0.005) to pht P. Sti ll much larger is the diffe rence to pht R where 
we have 148 pht Rin nests (= 75.9 1)/11) und 47 pht RI' nests. Such a decrease of monogyny 
frequency hom pht R across pht I to pht P (75.9 (1 '(1 - 14.3 11

11 - 2.4 11 '11) has many fun ctional 
implication s regarding the ecolog ical s trategy. 

In general. it is an advan tage fo r the fitness of a species to maintain in its gelle poo l 
a morpho log ical and behav ioural polymorphism. A reduction o f po lymorphism, i. e. the 
deal' prefe rence of a s ing le eco logica l s trategy is allowed ",hen the habitat provides 
requircd recolll'CC states in high alld stab le quantities ro r many gene rations. However, the 
condition s ma y change in such environments and the fitne ss o f a spcc ies will be higher 
o n the long-term sca lc if thc gelle pool has maintained at least in a small portion an 
alternative st rategy. Such an ecotype is very probably pl'esented by pht P for which I 
estimate to found at least 9S (f 0 of new nests by co lony sp litting and S tl n 01' less by 
soc ia lparasitic co lony int ialion afte r di spcl'sa l flight. Such a socialparasitie co lony foun ­
dation is very evident in nest No 106. This pht pM nest was d iscovcl'ed in a sma ll wood 
is le within a large area of arable land Il ea r Luckau . In thc site werc present no other nests 
of any phenotype, no traces o f abandoned older mounds could be found, and thc potent ia l 
host species F. fusca and F. cUlIicuJar;a wc re abundant. 

In coherent, large wood land areas, the favoured stratcgy for pht P is to exlend its 
range through Hs lep-by ·s tepH dispersa l by co lo ny fiss ion and to make a ~ l age.scale-conquesl H 

(ROSENGREN & PAM ILO 1983) getting a superior place in the do minance hierarchy of 
insec t soc ieti cs. However, for eventual di spersal acl'oss la rge areas of land with no su ited 
habitats, it mus t be ve ry advantageous to maintain at least in a small portion thc 
behavioural repertoire o f s ingle queen di spersa l f1ight. Oll ce Iwving founded t'the first 
co lony in such a way o n a di s tant habitat patch, there is the chance to shift to po lygyny 
and then 10 bu ild up a polycali c co lony. Such a sequence of events I assume ror the s it e 
Petsehkc nbel'g - a small wood is lc1 of 5000 m2 in a vast area o f bare arable land alld 
1.S km away from the ncarcst small fo res t - whe re a polyca li c co lony of fi"e large 
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ph l P nests was established which dominiJted thi s small habitat patch com pletc ly. Howevc r 
such obse rvations wcrc rare in pht P for wh ieh we may ilSSUllle a low dispe rsal flight 
tcndcncy. 

A very different eeo logica l strategy wc may cxpec t for pht R concludcd alone from 
the inverse monogyny polygyny ratio. To prove thi s hypothesis, a specia l inves tigation 
of 22 \'load is lcts, each not largcr than 1.5 ha ami cOll1plcte ly iso lated (rom othel' woodland 
by bare 0.3- 1.5 km broad areas of ploughcd land, was per(ormcd in the eastern Ober­
lausitz. A eoloniza lion of these small wood patchcs by colony fiss ion and well-d irected 
wa lking of thc split -o ff population ae ross a largc ~ descrt arca H Lo hit finally a vcry 
small ta rge t sccms impossible and we ll1ay cxpect a new eo loniza lion by single quee n 
di spe rsal on ly. Howcvc r, wood ant nests exis ting in these small areas may have su rvivcd 
from ancicnt timcs whcn wc had intcrconneeted habitat systcms and lhcreforc thc histori· 
eal development needs consideration . Concluded (rom tree agc, i1 seCI11S that many of 
thcse sma ]] patches, which WC I'C peasant propcrty, wcre cu t during or aftcl' the 5cconcl 
Wodel War in thc yC<l rs 1943- 47 to have urgently lleeded fi rewood . These cUllings meant 
probably an impact o n previously existing wood ant populat ion s. 50 I belicve that t hc 
majority of wood anl nests present now are new foulldatiolls by d ispe rsa l fl ight and 
telllporary socia l parasitism during the last 40 ycars. 

A comparsoll of thcse small iso lated s ites. having an average area of 4000 m2, with s it es 
in large compact forests or in connected systems of smaller woodlands is givcn in Table 3. 
As Hs itcsH werc deflncd in lattcr casc arbitrarily chosen areas of 500-1500 m diamcter. 
then a large compac1 fO l"cst could be subdi v ided into many silcs a lthough na tu ral 
or mall-madc borders were no t visib le. This subjective component will probably affcct 
the results but not disguisc princi pal chorological facts. 

The data confirm thc hypothcs is of reduced flight dispe rsa l capacity Lo isolaLcd patchcs 
in pht P. Whilc we huvc no s ignif icant differencc of sitc frequellcy bc twce n pht P alld 
phl R in connccted 01' large, cOl11 pact systems, pht P has a sign ificantly lower sile frequency 
fo r sma ll iso latcd patches (p < 0.05, 1.2 test). The site frequency of pht P in isolatcd 
pa tches is only 23 \1 u of its sitc frcquen cy in connected systems whercas the frcquency 
drop in pht R goes 10 6S H U on ly suggest ing a t hree limes h ighel" capacity to reach isola1cd 
patchcs. 

A little surprising is thc rarily of ph t I in iso latcd patchcs. Thc fl'cquency drop goes 
down to 23 ",0 indicating a simi larly reduccd flight elispcrsal capacity as in pht P although 
thc 1110nogyny ratio is s ign ificun tl y llighcr in pht I. A possible exp lanation eould be that 
lhc iso la ted pateh s ile frcqucncy is not governed a lone by the co loniz ing potency but 
add ilionally by thc potency to hold a paleh 01", which is vcry imporlant in thi s conlcxt, 
by thc chancc to generate ph1 I de IIO/JO through hybridisa lion of pht P with pht R. 
Accord ing to the SCHOENER fonnula. thc sitc ovcrlap of pht P and pht R was o nly 0.08 for 
isoJated patches but 0.367 for conllccted systcms indicating a vcry differcnt probability for 
possible crossbrecding. 

T abJe;l Occurrencc ur /-"ormiCII 1"11111 complex pllenotypes in snwll isolUlCd wood pat ches or 0.·1 ha 
uverage arca und l!l lm·gc. co herellt wOOclJan cl systems or the cilstern ObCrlalt sitz. 

tllllllbcr or sites 
in\'es tiga ted 

llumber or sites 
w i th pht I' 

number or s ites 
wi th out plH I' 

!lumbe!' or l:iltCS 
Wltll ph I. I 

!lumber or sitCl> 
wl ti lOttl phI. I 

Ilumber or sites 
wlth pht H 

!lumber o r s itcs 
WltllOlit pht n 

mcan densily o r 
all pllcno lypes 

small isolated patches 

3 ( 13.ü li/li ) 

1 ( -1.:> % ) 

21 (= !15.5 O{o) 

10 ( --= -15.5 Ofo) 

12 5-1.:> %> 

3.211 Il(!s ts ha 

connected 01' eompact sys tems 

117 

ü!l ( = 59.U 11/0) 

". ( = -I \.0 % ) 

;1:1 ( = 19.7 % ) 

!H (= 111) . :1 % ) 

7n ( = öti.7 Ofo) 

:I!l (= ;I:I.:I % ) 

0.05 nests Ila 
(ro ugh estimatC) 
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6. Chorolog ica l a rguments Cor hybr id na ture of phcllotype I 

I havc pel'fol'med a realistic lal'ge -a rea census of wood ant nest dcns ities for very Cew 
sites only wh ich makes impossible a l'eliable statist ical test of the hypothesis on a elose 
corre lation between the occurrence of pht l and the syntopic occurrence of bolh putative 
parent phenotypes pht P and pht R. However. a rathel' s imple consideration Illay show lIS 

that there scems to be in fact such a elear chorologica l correlation . For the same geogra­
ph ic reg ion considcred hcrc. OTTO (1968) reported a mean densily of 5.8 wood ant nests ' 
100 ha woodland area ca lcu lated from 15.500 test squares of 2500 1112• This test-square 
tn€thod is sure ly a representativc census t hough underrecording of very sma ll nests by the 
foresters seems possible . Subtract ing the F. pratellsis complex members. I calculated from 
OTTO's da ta an approximate spacious density of 4.7 nestsl '100 ha fol' the F. ru/li complex 
phenotypes. Since we havc ind ical ions for a deelinc of wood ant popu lations in East 
Cermany during the last 20 yeurs, it is surely no underestimalion 10 speak fo r the prescnt 
time of a spac ious dens ity of 5.0 nests 100 ha wood land area. If we assullled a mean 
abundance of 2.5 ph t P nests and 2.0 pht R nests 100 ha ami an ideally homogeneous 
dislribut ion. an area of 50 ha were necessury to hold both putative pa rent phenotypes 
with at least one nest each. 15 sites wilh pht I nests were searched for pht P and pht R ncsts 
within a radius of 200 m (01' an area of 12.6 ha). In 11 of these pht I s ites both putative 
parent phenotypes werc present within the sea rch area of 12.6 ha and in 4 s ites they cou ld 
not be found together. For conditions of a hOlllogcnous dis tribution, we would predict 3.78 
of these sem'ch p lots 10 hold both pht P and pht R. The observed and predicted frequencies 
11 : 3.78 and 4 11.22 are significantly different with p < 0.001 in a 12 test after FISHER &: 
YATES which is in my opinion a deal' indication for a dependency of occurrence of pht I 
from enlarged densities and syntopie oecurrenec of parent phenotypes as it must bc 
demanded Lo facilitate crossbreeding. 

Another argument for putative hybrid identity provides the interesting gcographical 
d is tr ibution of pht J in East Germany. In the Oberlausitz. south of the line Bischofswerda­
Bautzen - Niesky. as lllllCh as 27.4 0, 4) from a total of 212 nests were phL I but J found 
on ly 6.6 u/u pht I within a tota l of 218 nests in the relllaining part of East Cermany. The 
latter ratio is probably typica l for most parts of Central Eu rope meaning a rather good 
rcproductive iso lation between pht P ami pht R. This is probably the main reason why 
the problem was no t recognized by wood ant taxonomists of the past; the few inter­
mediate sa mpies did not bo thcr them very Illuch and the tradi tiona l po/yctclla 'nlla tho ught 
pattern was not attacked. 

What could be the reason for the outstanding abundancc of pht I in the mentioned part 
of the Oberl ausitz? Tbe map of this region shows cha racteristiea ll y a very chaot ic. 
"coarse-gra ined" wood la nd distribution. Large and compaet woodland systems as in the 
Ilorthern Oberlausitz. in Mecklenburg. the Mark Brandenburg. the Thüringer Wald. the 
Erzgebirge 01' the Harz are rare in this intercsting area but in gene ral we have no lack 
of woodland. Therc are many forests but the majority of thcm has an area beLwcen 0.5 
and 10 km 2 and loca ll y we have dense wood ant popu lations. If we assumed pht P and 
pht R were species in thc making, thcy shou ld have dcvclopcd ce rlain iso lating Cactors 
and they should tend to a niche segregation reducing the probability of encounters. 
Exactly this iso lating rliche segregation is more likely in Jandscapes wi th a more compaet 
woodland structurc. Here. phl P will preferentially perform ils "la rge-sca le eonquest~ 

strategy and pht R wil l prcferentia ll y follow a "Iong-range-dispersa l" and "quick co lon izing" 
strategy. Thc first slralegy tends to make dispersal a llovcr the area of a forest by co lony 
splitting whi le thc latter will perform a lincar dispersal (//ollg l1Iargill lilles of the forest 
where host nests for socia lpa ras itic colony foundation are abundant. This rcfc rs to 
extcrna l and inte rnal ma rg in lines but in compact forests interna l ma rg ins arc rare. 
These differing dis tr ibut ional strategies will produce a cCl"tain degree of sympatric spat ial 
segrega tion and wi ll decrease together with other iso lating factors thc probability for 
hybridisation in landscapes with compact woodland. This sympatric spatial segregat ion 
shou ld be weakened the more a region !las a tOnl, chaotic woodland structure in which 
we have a mllch higher rat io of margin line length against a rea. Such a condition plus 
suHiciently den se populations of pht P and pht R will inCl'easc the pl'Obabi lity for hybridi­
sa tion and this was most likely the process responsible for cxtraordinary high abllndancc 
of ph t I in a special part of the Oberlaus itz (fol" a morc dctailed d iscussion sec section 10). 
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7. Allochron ic nupt ia l flig ht and separa te müting pl,lces as poss ible factors iso la ting 
phenotypes P a nd R 

Thc iso laling factors explained above are probably c nhanced by a partia l segregation 
of mating time and mating p lace in pht P and phi R. DLUSSKY (1967) reported that the 
swarm ing per iods of F. polyclell11 (= pht P) and F. rufll (= pht R) were frequently a llo­
chronic in the same laca lily. a ltough there was much o"cr lap if larger tcrritories werc 
conside red. 1 ha"e nol o bsc r"cd mnny fl ights d ireclly . I-Iowe"er. conc1udcd from timc o f 
appea ral1 CC of a la tcs on nest su rfacc. flights of phi pi' ShOltid bc on averagc ca rlicr than in 
pht Ri'li of thc sa me loca lity whieh conf irms DLUSSKY's statemcn ts. This tcmporal scgrc­
gat ion is surcly not perfeet bu t a cc rtain con tribution to rcproductivc isolat ion is expcetcd. 
The ma in reason for th is a lloehrony eould bc the mueh largcr avcrage popu lat io n s ize in 
pht pP nes ts a llowing a fas ter brood devclopmc nt by in tran ida l hca t p roducHon in ear ly 
spring. 

Anothcr faeto r enhancillg iso latio n is vcry probably a n ave rage d ifference in mi.ll ing 
plaees. Males of phi p P showcd an exc.:essivc copllJation bcha"iour a lrcady on mound sur ­
face; in nes ts without queens they lri ed 10 mou nt workcrs 01' cvell individuals of own sex. 
If pht pi ' aliltes Icft thc nest arca, I had Ihc imp ression that the fl ig ht s wcre short-rangcd . 
Copu lations we rc sccn in dose vicinity of thc nest. on g round 0 1' on bushes. In contrast. 
r could not o bscrvc copu la tion behaviour in pht R il l ili a tcs on mo und su rfaee or near thc 
ncst. They showcd an e le vating flight after leiJ"ing the mo und and qu ickly d isappcarcd 
(01' thc human cyc. Very likely thcre arc different oricntation Illcchan isJ1l s guiding aliltcs 
of pht pP and pht Rl\1 which reduce the mat ing place ovcrlap . 

In casc of dircct c neou llter of pht p and phi R a la tcs during swal"llling. thc rc is obviollsly 
no pr incipal mechan iSIl1 Lo prevent a mating illld successfll l inscmination: COSSWALD & 
SC HMIDT (1960) obsel"ved ~F. polyclelltl N and ~ F. tlIf(/ ~ to copulatc freely and go t de"c­
loping broods of F1 generation in labora tory expcriments. Unfortllnatc ly thi s F1 gencration 
was nol rcared up to imag inal state becausc Ihe laborato ry ncsts WCl" e infcstcd with paras i­
tje milcs. 

S. Thc influe ncc of s izc a nd type of nes t popula tio ns on worker bod y sizc 

Il is common usc amo ng Ccntra! Europcan wood ant obscrvers to ob tain an approximatc 
ref1eclion of nes t populalion s ize by es timat ion of the ou tc r d iame ter d o f thc nest area 
which is dcfined by the pos iti on of the most pcri phcra l nest entrances. In nests wilh il 

conspicollS surrounding bc lt of so il cjec tio ns. as typ ic;:li ro r Ill edium-s izcd to largc po ly­
gyneotls nests, thesc mos t pc r ipheral ent ra nces are nor mally loeated near thc o uter margin 
of thc ejection zo nc. In ncsts with no 01' wcak cjcct ions, as frcq l1cntly sccn in mo nogynco l1 s 
01' newly fOl1ndcd polygyncous nests, thcse cntranccs a re norma ll y loca tcd "ery ncal' 
to the mal'gin of mound base. 

I-I owevc r, an cstimation of populat ion sizc from outcr d iamcter d has scvera l somces 
of e ITor. To name o nc of the most impo rtan t elTors. Illonogyneolls co lon ies of all 
phcnotypes ha"c a c1early lower ratio of populat ion size against basal arca than po lygy­
neous nests. Oftcn we o bsc r"c in monogyneous nes ts rather lal'ge mounds made wilh 
coarse plant matc ria ls but inhabitcd by a rather smalJ population wh ich is sometimes no 
longer ab le to guarantee a cc mplete lmnovcr cf mound material. 1\s a consequcncc. the 
basc of such mounds is ortcn being in dccomposi tion and thc actual populat ion is confin cd 
to the top of mound wh ich is constrl1cted larger and la rger th roughout Ihc ycars but 
thc worker numbcr docs not grow proportiona lly. 

To avoid th is kind o f ClTOr, 1 ha"c tried to makc an asscssmcnt of ncst popu la tion 
by cstimation of the surfacc area co"cred by ants. H, fOl" instancc, the ncs t slll'face arca 
with in outcr d iamcter d was calcu latcd a s 300 dm2 anel I cstima tcd 20 u,'u of th is arca to 
bc co"cl"cd w ith ants. a "popula tion sizc figlll"c~ A of 60 dm 2 could bc dcr ivcd. The "alue 
A givcs on a"e ragc a bcttcr rcfl cc tion of the rca l population s izc but is hcavily depcndent 
frcm temperaturcs alld scasona l cffcets w hich strong ly influcncc activity and di st r ibution 
of ants. In thi s con tcxt. il should be no tcd that thc dcp"cssion of ant co"crage of thc 
nest surfacc caused by dircct so lar inso lation Oll hot su mmcr noon Illay bc much s t ronger 
than a deprcss ion by vcry low tempcratlll"cs. Ta min imizc thesc ClTo rs, estimatcs of 1\ wel'c 
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performecl on ly in the per iod from I<lle April to late September at a ir te mperatllres at thc 
nest s ite between 15 C anel 22" C, 

The regress ions of popu lation size figure A aga inst oute r nest diameter d \\I ere Sllr­
prisingly different in po lygyneous allel monogyneous nest s of all phenotypcs, For poly­
gyneous nests r go t 

A = 0 ,0024 d 1,867 

and for mOl1ogyneous nes ts 

A = 0,00888 d 1,386 

(I" = 0.8648. n = 132. p < 0.0001) 

(I" = 0.6082. n = 91. p <0.0001). 

These fune tions confirm the above statement that monogyneoLlS nests have fo r equa l cl a 
distinetly lower population size, One possiblc exp lanation for thi s clifferenee g ives tbe 
llighe r pbysiea l s trcng th of wo rkers in monogyneous nests which use sign ifi can tl y la rgc r 
parlicles fo r mound cons1ruetio n a lld show a behaviol1ra l trend 10 bl1 ild up s teeper 
mounds, 

TI1C largesl ncs~ or phi I' (n est N o 22; ) 1 fOllnd in l~aSl Gcr llwny llad a basal arcn or 2:1 ,11 m~ 

,ItHI an cstimatcd A or 55U (I tn ~ , A phi I' ncst still l'lI'gcr was sllOwn mc by G, Dluss\':y al Svcn lgo­
rod, Moseow Distriet in I!lH5 . A measuring or this g ianl nest w as not perfot"med but I eSlimated 
Ihe m o u nd al o nc to llUve (; b y H meters basal diamc ter (01' <ll Icast :I!l m~ basal 'H'ca) nnd ,\ lleight 
or 1.5 mcters, An nllcmpt Or Dlussky iHld Zaeharo v (Dlussky, pers, comm, ) 10 estimalc tlle po­
pu lation number of ~ lli s nC~l resuHcd in 15 million Individu als, 'J'l1e w aU{in g movemenlS of 1l1C 
wo rl{cr~ pl'oduccd H n o i sc weil rCI'ceptab lc by l!l e Iwman car sll ll :W mClcr~ i\way from Itl(! nest, 

~ 2 ~ 2 ~ 2 

'" 0. '" '" 
ö. -g. -g. ö. -g. -g. 

II W mcan 157G 17114 11;4(; 1 ;!l:l IG39 1ß17 

I llml S O 102 '" 7B liI Ga 77 
n 1U , 22 " 25 27 

<I mCiln 2(H 70 14() !14 Ilil !J2 
leml SD In 2H H :IG ;)() " n D3 42 211 '0' 

Ilulximum 550 !l0 300 120 250 200 

A mean 7l.5 7.B :11.0 5,711 IHA 5,65 
I dlll ~ l S D 1I!).2 H.:! 27,1 2.25 14,G :1. i7 

n '0' ,,' " 2!l "' maximum 550 1:1,5 '" IU lil.l; lll.l 

T able .j Nest mcun!> 1-1\\ ' or worl.::cr lwad widlll. oute r n es t diamelcl' d . a n d population size tig ure A 
of polygyneolls ilnd monog yneo ll s nest s or an p llcnolypes. TI1C I-I\\' w ere tal,cn f l'om U1C 103 re­
prescntative sam p Ies from w l1 icll tlle di scrimi n anl L was computed (sec 5,1) wittl a lO tal of 
70UO worl,ers, 

Regarding tbc head widtb data in Table 4, lhere was a ce r1ain b ia s in tbc se leetion of 
sampies because very populolls pht pP and pht IP nests with small workers where po lygyny 
wa s not in qllestion and pht Rl\l nest s with very large workers whcre monogyny was 
dOllbtless werc frcqucnt ly not investigated for tbeir head widtb di stribution (sec 5.1.). 
Thus the HW of pht pP (1576 I.tm) alld pht 11> (1646 11m) are probably a little large r allel 
those of pht Ri\1 (1817 11m) somewhat smaller than in case o f unbiased samplc se leetiol1 . 
Thc HW of phcnotypes pP, I" and RI' are vc ry similar but the mean of pht pp is significant­
Iy (p < 0,05) smaller than the means o f IP and RI' which is doubtless a fun eb on of the much 
larger ave rage population sizc in pht pi>, In po lygyneous nests, a growing popu lat ion s ize 
is cxpectcd to be corre lated wilh a clecrcas ing worker queen ratio and thus cO lTelated 
with decreas ing food supply of wo rkcr la rvac, particulary with a shortage of growth· 
stil11l1Jating sec retions of labia l and maxillary glands (sec OTTO 1962, LANGE 1954) , In 
monogyncous nests, a g row ing po pulation sizc l1leans se lfev idently an incrcasing worker/ 
queen ratio and conscquently the above lhcOl'y will prcdic t an increasc of ave rage worker 
s ize, The following regressions show' in fact for 1ll01l0gyneous nests positive alld for 
polygyneous nest ncgat ivc cor rcla tiolls bctwee ll population s ize A and mean head width 
HW, For ph1 pE' was ca1cu lated 

HW = 1640 c- O,000469 A (I' = - 0.8794, n = 15, p< 0,001). 
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For ph t IP and pht RP were calcu la ted s imilar trends but the regressions were not s igni­
ficant in both ca ses . A pool cd regression of phenotypes pP, P' and RP gave 

HW = 1653 e - O.OO04734 A (I' ~ - 0.6186. 11 ~ 53. P < 0.001). 

For ph t Rt'l i was calcll iated a relation 

HW = 7.471 A + 1769 (I" = 0.4535, 11 = 24 . P < 0.05). 

For pht 11\1 and pltt pM I had an insufficicnt number of data but a poo lcd regrcss ion of 
ph t PM, ph t 11\1 and pltt Rl\ l I"csllited in 

HW ~ 7.408 A + 1767 (I" = 0.4243, 11 = 30, p < 0.05). 

The data in Table 4 show that pht r is an intcrmediate a lso in populalion sizc. After a 
AO .4 transformation of A data lo approximale normal distributions, a t tcst provcd highly 
significant (p < 0.001) differences between the rneans of ph t p l~ , pht IP and ph t RI' in each 
possible compari son. 

IHW 

1900 

10 

monogyneous nl!sts 

H"W - 7.4-08 A- 1767.3 
(r- O.4-243, n- 30,p<o.OS) 

l!Q.!ygyneous nests 

RW- 16S3.1 e-O.OOO~ 734 A 

(r __ 0.6186, n- S3 , p_ 0.001) 

20 30 40 

Fig. 14 Dcpendency of menn hcncl Wi<ltll IIW of worl(cr nest snmpl cs of ;jO - IOO spec i ll1ens per 
nest from population size figu rc J\ 

9. The occu r re nce of epizo ic fung i 

There is evidence that epizoic fungi have increa sed theil" abundance in Central Europe 
during the last two decadcs (WISNIEWSKI 1976, 1977; ESPADALER & WISNIEWSK I 1987). 
In my mater ial. as much as 12.6 u 11 of 430 nests were infested which a grees we il with 
WISNIEWSKI's da ta for the adjacent a rcas of Wand SW Poland from where he reported 
10-16 11

11 of \\'ood ant nests as host of Aegerilella sllperficia l is BALAZY et. WISNIEWSKI, 
1974. What I have ca lied herc ~epizoic fllngi ~ probably rcfers in the majority of ca ses 
to this dcuteromyccte specics but others as ErYllj{/ l1lymecop}wga (TURIAN ct. WUEST) 
may be expected in lower frcquencics according lo the rcfcrences above. OTTO, who 
intensively invcs tigatcd wood ants in East Ccrmany during thc years 1955- 1967, did not 
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mentio n epizoic fungi in hi s man y publications and thus it see llls li ke ly that these fu ngi 
\IIere much less abundant in thi s time. 

Table 5 shows the freq ueney of in fes tio n with ep izoie fu ngi. A 1.2 test p roves high ly 
s ignifieant (p < 0.001) di fferences in the ratio o f infested nests in eomparison s o f p ht P 
pht R and ph t I I pht R. Significantly diffc l" the fungus frequenci es betwecn pht p p a nd 
pht RP (p < 0.01) . A pooled eomparison of po lygyneous nes ts of a11 phe no types (19. 1 11

11 in ­
fes ted nests from a total of 267 nests) wilh monogyneolls nests (1.85 (I '" from a to tal of 
162 nes ts) show a highly s ignifi ::ant differenee (p < 0.001). 

numbe!" of nests 
Invest igmed 
numbe!" o f nests 
with ep izole f ungi 
"aUo of nests 

pht p p 

lIiD 

:m 

Wlttl cplzoic fungi :!:UI % 

n u mbc!" of sltes 
numbe!" of sitcs 
w lth fu ngi 
,'atio of si tes 
Will' fung i 

pht p M 

U% 

pllt P 

2!1 

~0.3 % 

pht IP pht IM pht RP 

10 

11 

0 % 

pll\ [ phi n 

Tablc 5 Frequency of Infeslion of Formic(/ rll/n eomplex p llCnotypcs wit l, cp izoic fungi. 

pht RM 

:!.O % 

Also of interes t is thc pC l"ccnlage cf illfcstcd \IIorkers within thc sa me nes t. The infes ti on 
ratios were 0 .265 ± 0.256 (range: 0.05 - 0.96) in 29 infes ted nests of ph t P, 0. 192 ± 0.164 
(range: 0.05 - 0.70) in 11 infested nests of pht I, and 0.307 ± 0.268 (range: 0.05 - 0.6'J) 
in 4 in fested nests o f pht R. These are ins ig ni fiean t differences in each poss ib le compar ison. 

These in tran ida l infestion rates and the da ta of Table 5 s trongly sugges t the obse rved 
d iffe rences to be the result of d iff ering colony st rll cture and co lony foundation modes. The 
hypo thesis different biochemica l properties o f cuti cular surface (fungicide growth inh ibition. 
nutritional growt h limitation) were responsib le for be tween- phcncty pe diffe rences seems 
much less probable. Once a nest was in fested. the deute romycete di s tribllted among tbe 
worker popula tion with similar frequencies in cach phenotype. 

I can not remember that olle o f the 200-300 queens inves tigated with the microscope ever 
carried a fu ng us. If at all. then queens are undoubted ly much less in fes ted than workers. 
An explana tion could be the very intensive and persis ten t c1eaning and licking of whole 
surface of t he queens by the workers g iving the fungus no chance for bulbi! initi a tion. 
As a consequell ce, a s ingle-queen nest founda tio n after di spe rsa l fligh t will considerably 
reduce the infcslio ll l"i sk of the new co lo ny whereas foundatioll through nest-spl itt ing 
wi ll often make the daughter nest as infcsted as the mothe!" nest. This explain s weIl the 
s tr iking differences in paras itat ion betweell mOllogyneous and po lygyneous co lon ies. I 
ha ve seen polyca li c co lonies, three in pht P and two in pht I, whe re each nest was more 
01' less infested . The fungi seem not to alt'ack the ant's life d irectly . hy phes do not penClrate 
the cuticula nOI" damage the chit in la yel". However. a negative cffect is sUl"ely pl"ov ided by 
overg rowth of senso ry o rgans and by hinde ring move men ts in case of very heavy para­
sita tio n. 

10. The p roposed taxo nomie designation a nd the concept of sympa tric subspecies 
divergence 

Tbc exactl y in termediate position of pilos ity characte rs in pht 1 (3. 1 .. 3.3.). the cho rolo­
gical arguments (6.), and the intermed iate pos ition of pht 1 in size (8.) and structure (5.2.) 
of nest populations s trong ly sugges t we have an imperfect reproduct ivc isolation between 
F. rttfa (pht R) and F. polycte/la (ph t P) Icading 10 the e illergence o f hybrid population s 
(pht I) . However. thc demonstratio n of three deal' morpho·ecolog ica l phenotypes indica tes 
that wc should have rela ti ve ly we ll -deve loped isolating factors and a ce rtain select ion on 
stability c f these phenotypcs. Jf not, we wou ld have to expeet a higher frequellcy of 
undear sam pies. 
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Obvious ly we have 11ere a bOl'del'line ease of taxonomie interpretat ion diff icult to treat 
with bi nary nomcnc1ature. On t11e other hand, a s tri e t appl ica tion of b inary nomencJature 
wou ld p roduce confl iets for practical s ludcnts of wood ants: 

(i) Ta spcak a nly of Fo rmia l ruht wou ld ig nol'c the fact that we have enl il ies with very 
diffe rent biolog ical paramcters alld that the des ignation o f these en titi es is h igh ly des ircd 
in the context of eco logical s tudies and wood ant proteetion and 

(i i) to make up thrce good spec ies wauld ignore a ll what was reported in thi s paper· 

Thus it seelll s the most appro priate taxo nomie treatment to rega l'd ph1 R and phi P a s 
relat ive ly stable sympatric subspecics 01' eco logica l races of Fo r lll ica ru la with t hc taxo­
nomie des ignatio n Formica rtfla mla Linnaeus 1761 (ph1 R) and For1ll;ca ruin polyctc lI(/ 
Förster, 1850 (pht P) . As taxonomie designation for the hybrid phl I, I propose F. r. ruht 
x po lycl eHll. 

As a consequence, I p lead for thc moderate and caut ioll s( !) reintToductio n of sy mpiltr ic 
subspecies concep ts if there Is ellollg h ev idence to justify s li ch an inte rpretat ion as in the 
presented case, T hi s must not ll1eil n arcturn Lo l he destruct ive FOREL concept to nalll e 
arb it rilr ily hyb rids a lld to prod ucc a grca t number o f subspccif ic a lld in frasubspccific 
1l,lmCS, 

Sympatr ic ami parapa tric spcciation ha vc very likcly Cl great importancc in speciation of 
insects, a sympil tri c spec iation particu larly in the parasitie species 9!'oups (ZWÖLFER &: 
BUSH 1984, ENDLER 1977). Fo!' non -pa ras itie species a complete sympatr ic speciation 
is not probable bu t at least a trend to di vergence is expectcd unde!' cer tain condition s, 
The wood ants considcred here are in part non -parasitic (those ",hieh spread by co lony 
fiss ion) and in part temporary paras ites (those faund ing new co lon ies a s s ing le queens). 
A trc nd for seg regation in to thc sympa trie subspecies F. r , rulll a nd F, r. po lyc l e/UI 
can be p!'edietcd if wc postula te a model of two genes tbe first of whieh determines the 
mating p lace and the second Illod ifies thc action o f the first and determ ill es the mode of 
co lcny foundation. The mode l makes fo llowing bolSic assulllp tio ns: 

(i) Wc have Cl la rge com pac t wood land wilh low ratio o f margin li ne length against area. 

(1 i) ServilormiclI nests a s host nes ts for socia lparasitic co lony fo undation are abunda n t 
at the margin s but very !'me ins ide the woodland . 

(i ii ) The firs t gene with dominant a ll e l A and recessive a ll el a elirects the mating place 
orientatio n with geno types mean ing 

AA alld Aa: long·range mating flight towa rds margin structures 

aa : mat ing near the ncst, no longe· range flight to margin 

(iv) Thc second gene with dominant allel B a nel rccessive a ll el b moel ifies thc act ion of 
the fi rst gene and direets t he mode of colony foundation with genotypes meaning 

BB a nd ßb : hig h po tency for socia lpa ras it ic co lony foundat ion, no in hibit ion of 
long- range ma ti ng fligh l (nA and Aa) 

bb : ve ry lo w potency for soc ia lparasi ti c co lony foundat ion, co lony founelation by 
ncs t-spli tling, inh ibition o f long-range mating flight (AA and Aa) 

As best coadaplion for the inner wood land a !'ea is prec\i c tcd genolype aabb whieh cou ld 
be represen tcd by pht pP (01' the typica l po lyctella) and as bes t coadaptions for the margi n 
lincs geno types hABB, AaBB, AAßb and AaBb which could be rep resenled by pht Ri\I 
(0 1" monogyneous ru/a ). The geno types aaBD, aaßb, Aa bb, anel AAbb would have a I"educed 
fitn ess inside the woodland and on the marg in as weil alld should be counterse lected . 

Such a model ca n not explain a eomplete segrcgation of gCllotypes sinee a certa in gene 
flow between the inner wood land and margin popu lation is always givc n. Howcver, a 
c1ear trend to increase thc frequency of the best coadapted ho mozygous combinations aabb 
fo r t he inner woodland a ll d AAßD fOI" the mal"9 in ha bitat is p redicted in case of large 
cOl11pact woodland systems where the probabili ly fol' contacts of both genotypes is lower. 
In such areas, F, /', I' Il{a and F. r. pol,Ycle lUl appcar a s rather we il separated sympatric 
subspccics thc mo re we have he re a llig her probabil ily for allochron ic nuptial f1 ights. 
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The high local abundance of the hybrid F. ,.. 1'1"(1 x pol .YclellCl in landscapes with a torn, 
~coal'se-grained ~ woodland stl'ucture (27 11 u of a ll nests in a cc rtain part of thc abc 1'­

lallsitz) indicates thai it sho111d have a h igh fitness a nd I'aises thc qucstio n which kind 
of scJcc tion could stabi lizc thc hyb r id population. I have go t t hc imprcssion that the 
hyb rid tends to a more o ften shift of nest sitcs than F. r. po/yclel1(1 and seems to be less 
scns it ive La some d ras tic cffccts of managcment. Add itiona ll y its higher tendency for mOllo­
gyny is surely an advan tagc in regions with coarse-gra ined woodland structurc wherc the 
combination o f two principal ecological stra teg ies wi ll vcry probably make thc hybrid 
morc plastic than F. r. polyclCII(I _ 

11 · Summary 

432 wood ant nests of thc For11lica ruf(l complex (lhe phcllotypcs lIear to wla L. i"lIld 
pol.Yclel1o Förster) were invcstigatcd in thc tCl'l' itol'Y of East Ccrmatly for the il' pi los ily 
charactcrs, popu la ti on s izc, monogyny freq uell cy, and other characlers. On the basis of 
ncs t samplcs containing 7- 20 workcrs per nes t. 8 pi los ily charactc rs and hcad width wcrc 
investigated by a s tandardized method giv ing a lo lal o f 55000 primal'Y da ta on morpholo­
gy. Thl'ee elear phcllotypcs pht P, pht I. alld phi R could bc dcmonstl'atcd. Oll thc bas is 
of sampie mcans, it was possible to dctcrminc 427 nests (= 98.8 " 11 ) Lo be long to olle of 
thc three phenolypes. The in fluenee of bod y s izc on p ilosily da ta can be ncg leeted in 
di stinetion betwecn ph t P and phI I but is important for dccis ions bcLween phI 1 alld 
phi R. The intermedia te phI I is interpreted as fer ti le hybrid bc tween the sym pat r ic sub ­
species Fo rmica rulrl polyctc lla (pht P) and Fo rmiCll rufa ruhl (pht R). This was eoncluded 
fro m the exactly intermcd ia tc position of the mca n values of thc 8 p ilos ity eha raeters, from 
the fac t that thc hybrid was Illueh more abundant in sites whe re both parcnl entities we re 
in elose neighbourhood. from the intermcdiatc frequency of mOllogyny and the inter­
med iate size of polygyneous nests . The hybrid pht I is fur thel' eharacteri zed by a strik ing 
breakdown of corrc lations betwcen the pilos ity chal'ae ters (0.18 eompared La 0.19 in pht P 
and 0.51 in pht R). Two examplcs fo r ncsts with very obvious phenotypc mixtures (pht I + 
pht R) and two o ther examples for shifts from one phenotype to another (pht P to pht R) 
arc reporLed. Nest sil mp lcs are necessal'Y 10 enable a safe d is tinclio n between quecns 
of aU three phenotypes. The method o f OTTO (1960) is confirmecl ilS mos t tlscful La disLin­
guish bctwccn mOllogyneous and po lygYlleous ncsts and poss iblc SOUl'ees of elTor arc 
considcred. The cco logica l sLrategies assoeiatcd with mo nogyny and po lygyny are di s­
cussed. Thc mo nogyny rrcquene ies increasc from pht P (2.4 H u) ac ross pht I (14.3 11

11 ) to 
pht R (75.9 H II). Evidence is prcsentecl lhat the rnean wor ke r body sizc increascs with 
growing population size im monogyneous nests bu t decreases with growing ncst popu­
lat ion in polygyneous nests. The average diffe renees betwcen the phenotypes in frcquency 
of infest ion with epizoic fungi (ph t P 23.2 11

11 • pht I 15.7 H t/ . pht R 2.6 11
11) are explaincd by 

the differing co lony stl'uctl1res and Illodes of distribution and no t by differing bioehemical 
pl'o pertics of cuticu lar slll·face. The hybrid pht I is extraordinary abundant (27.4 11 .. of 
212 nests) in a reg ion of t he Obcrlausitz wit h ato rn , coarse-grained woodland st ructure 
whereas it is rare (6.6 u 11 of 218 nests) in region s wi th large. cOlllpaet woodland systems 
hi: .... ing a low ra tio of marg in li ne length aga inst area. A model of sy mpalric subspecies 
ai vergence is proposed whieh may exp la in the low frequency o f hybrid populations in 
legion~ with compact wood land systems alld their high frequency in torn coa l'se-gra ined 
!>ys tems. As taxonomie des ignat ions are proposed Formica rula rufa Linnaeus, 1761 (pht R) , 
F. rufa polyctclIa Fö rster, 1850 (pht P) and F. r. ruhl x polycl cm/ (pht I) . The low freqcn cy 
of doubtful sampies ind ica tes that there should ex ist a selec lio n on stability of the hybrid 
po pu lation. 
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