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                               IntroductioR

                                                    '                                        '    Colonies of most ant species are founded by a single queen previously insemi-

nated in a nuptial fiight. The monogynous state is maintained even after the

colony reaches maturity, Nevertheless, some ant species are often oligo- or poly-

gynous. Most of these colonies are founded by pleometrosis, i.e. multiple queens

found a colony together (primary po}ygyny, Wilson 1971), though ln most cases all

queens except one are gradually expeiled (H611dobler and Wilson 1977) or their

ovaries become atrophic (Buschinger 1967). Since many normally monogynous
species are facu]tatively pleometrotic, temporary polygyny via pleometrosis is Rot

raye in ants (Baroni-Urbani 1968, H611dobler and Wilson 1977).

    In a minority of species secondary polygyny frequently occurs, where many

alate queens abandon their nuptial flight and stay in the mother colony. Until now

secondary polygyny has been observed in four subfamilies of ants that are phylo-

genetically distant from each other (Wilson 1971, Banks et al. 1973, Janzen 1973,

Higashi 1976, H5]ldobler and Wilson 1977, Kutter 1977) (Fig. 1). Polygynous

colonies sometimes become supercoionies containing countless queens and nests. Up

to date, supercolonies have been discovered in fridimyrmex humilis (Markin 1968),

1?seudomyr7nex wenofca (Janzen 1973), Formica lugubris (Grls and Chexix 1977),

,llormica yessensis (Higashi and Yamauchi 1979). Another important issue is the

frequent existence of pairs of close]y related sib]ing species, of which one is mostly

monogynous but the other frequently polygynous (Wilson 1971, H611dobler and

Wllson 1977): for instance, MNrmica rugi"odis macrogyna and Ml r. microgyna
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1. Phylogenetic relationship of subfamilies (underlined) which produced the

    secondarily polygynous speeies. Dendregram, cited from Taylor (1978).

Table 1. Geographic distribution and main gyny of Fbrnzica s. str. in

         Europe (Betrem 1960, Otto 1962, )vlarikovsky 1963, G6sswald

         et al1965, Dlussky 1967, Rosengren 1969, Pisarski 1973, Bolton

         and Collingwood 1975, Breen 1977, Kutter 1977, etc.).

. Species Distribution Main gyny

F. rufo

E p7utensis

E t7unco7um

E lugubris

E polyctena

E aquilonia

E utulensis

Euro-Siberian

Palearctic

Euro-Siberian

Boreal and the

Euro-Siberian

Boreal and the

Boreal

Alps

Alps

Monogyny

Monogyny

Mono- or

Polygyny

Polygyny

Polygyny

Polygyny

oligogyny

(Brian and Brian 1955), Pseudompurmex -fZavidula and P. venofca (Janzen 1973),

Lasius niger and L. sakagamii (Yamauchi, pers. com.). The Formica rufo group

is a}so characterized by such sibling species (see Table 1). This phenomenon
implies that the evolution of secondary polygyny is possible without long evolutionary

time.

    Secondary polygyny is one of the most lmportant traits in the evolution of ants

(H51!dobler and Wilson 1977). However, certain aspects of its ecology and probable

evolution are not well explained yet:
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    1. How do queens of polygynous species abandon their nuptial flight (proximate

factor) ?

    2. What are the selective factors that may result in the inhibition of the
flight of many queens (ultimate factor)?

    3. Why ltas it arisen independently in different phyletic lines?

    One of the excellent means to solve these probl.ems is the ecological comparison

between mono- and polygynous sibling species. Particular}y, it should be important

to compare the production of sexuals and the mating behavior of aiates in nuptial

season. The author made the comparative studies of Formica s. str. in Switzerland

in the mating season in 1978.

                            ,                               Study Area

    Switzerland is divided into three natural regions: the Swiss Plateau, the Alps

and the Jura. The present study was made mainly at the South Jura, with addi-

tional survey near Anzere in the Alps (Fig. 2). The highest point of the South

Jura is about 1,500 m above the sea, i. e. slightly lower £han the average timberline
(1,800 to 2,OOO m).

    According to the records of Weather Agency of Switzerland, the mean tem-

perature during the ant active season is about 15eC at 500 m, 12eC at 1,OOO m and

80C near the top. The precipitation during the same period is 650mm, 900mm
and 1,100 mm respectively.

                                 SWITZERLAND

Sou£h
 Jurca

7

      J

<"' f

  e
Anzere

"
ss b

 d

tNilitilv

  Kg&v "='

mp

a

'

?g

Fig. 2. Sites surveyed in Switzerland.
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                                   Meth"d

  '    Colonies were surveyed along the' way from Gland (400 m above the sea) to

Chalet a Roch (1,450 m), by recording the habitat of each colony as follows: I,

the forest with'dense trees; II, the forest with sparse trees; III, margiR of the

lnOr?ate;glr¥gsiahnedff.ravtlSlaonpdennegaiastshleanfdO.reSt margin; V, the roots of a tree standing

    Some colonies discovered were inspected every five days whether the colonies

contained alates or not, by excavating the mound surfaces. In fiight season the

mating behavior was also observed in several colonies.

                                          '
                                   Results

Distribution of colonies

    In the South Jura 84 co}onies were found: 14/F. pratensis, 20!F, rofa, 81F.

polyctena, 421F. Iugztbris. The altitudinal distribution and habitat of these co}onies
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                      Habitat
Vertical distribution and habitat preference of'each colony. Habitat

I, the forest with dense trees; II, the forest with sparse trees; III,

margin of the forest; IV, the grassland near the forest margin; V,
the roots of a tree standing in the grassland; VI, open grassland.
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are given in Fig. 3, Jl7. pratensis iBhabited the foot of mountain, preferring banks

of farms ancl roadsides (habitats IV to VI). E rzofa was distributed up to 1,200 m.

This species preferred forest margin (III, IV) at low a}titude but the grassland (V)

in the highland. Unlike these monogynous species, the polygynous specles inhabited

more closed habitats. F. polyctena was distributed from the foot to ca. 1,OOO m,

preferring the inside and the margin of forese (I to IV). F. Iagubris was also

found in such habitats at low to middle altitude and even in the grassland around

the top. This speeies often made oligo- aRd polydomous colonies.

Mating season

    Out of 84 colonies discovered, 59 were frequently iRspected whether they con-

tained sexuals or not: 25 coloniesfF. Iugubris, 161F. rLofa, 10!E Pratensis, 81F.

polyctena. Table 2 is a check list of the sexuals in each colony. Except for ,l7.

       Table 2. Check list of sexuals at each colony. MO, which produced only
                males; ML both sexes but mostly males; OF, only fernales; mF,
                mostly females; MF, both sexes envenly; OO, no sexuals. M and
                m, many and few adults of male respectively. F and f, those of
                alate females. - no alate. ? unl<nown.
                           el
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2 (Continued).
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polyctena, the flight of which was slightly earlier than that of other species, the

mating season at given altitude was nearly the same among the species. Thus,
the alates were observed in early to Iate June around the foot of mountain, from

mid June to mid July at 1,OOOm and from Iate June to late July near the top of

the Jura (Flg. 4). Near the timberline of the Alps they were found even in August.

P7'oduction of sexuals

   In 16 colonies no alate was discovered. Other 43 fertile colonies which pro-

duced sexual individuals could be divided into five types: MO, which produced
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   ']'able 3. Number of five type fertile colonies in each species.

            Explanation of symbols, in Table 2.

.sx-.
    .-..x

 SR. ecies

       Type
.x....･･.

      x-x.-         x
MO Mf OF mF MF Total

E p?utensis

E iwfd

E lugubrtls

2

4

4

3

2

o

1

2

2

3

3

1

o

2

11

9

13

18

only males; Mf, both sexes but mostly males; OE only females; mE rnostly
females; MF, both sexes even}y. The number of five type colonies in each specles

is given in Table 3. The colonies of monogyRous species F. pratensis and E rzofa

significantly inclined to either sex (MO, Mf, OF, mF), while in the polygynous

species E lugubris 11 out of 18 fertile colonies produced both sexes evenly. EveR

in the colonies which produced both sexes the duration of coexistence of males and

females was short, because the males tended to emerge and fiy up earlier than

the females (e.g. R9, L10, Ll4, L20 in Table 2). The fertile colony of J?'. Pol-

yctena was too few to analyse.

Daily .f7ight activity (Fig. 5)

    Alates flew on sunny or, occasionally, cloudy days. The flight in the coloRy

lnhabiting forest rnargin or grassland was observed in the morning in all species.

Therefore, the fiights of the monogynous species F. pratensis and F. rufZz which

preferred open habitats were mostly concentrated in the merning. In the closed

habitat often preferred by the polygynous species the flights were observed whenever
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the sun beams struck the nest through the trees. For instance, the alates of forest

colony L8 always stayed on the mound throughout the daytime and excitedly
fiew whenever the nest was exposed to the suRshine. These observations mean

that the fiight activity is more synchronized in the monogynous species than in

the polygynous ones.

Behavior of alates

    In OF type colonies: The behavior of queens was not different between mono-

and polygynous species. Typically a queen would first stay at a nest entrance.

Several minutes Iatex she would begin wandering on or around the mound alterRately

resting and antennating with other queens and workers. She would then climb

up a grass blade or a tree twig and rest several minutes there. If weather con-

ditions were not proper for the flight, she returned to the nest to wait for Rext

chance.' If they were acceptable, the queen would flutter her wings and fiy up.

However, some queens failed to fiy and fell on the ground, probably due to their

heavy bodies. After several trials they also flew away finally. The fiight ability
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of the queens was not different between mono- and polygynous species. This

means that some queens of the polygynous species abandon their flight in spite of

sufficlent ability to fly.

    In MO type colonies: After staying at a nest entrance, males would run to

and climb up the grass blades and trees. WheR meeting with other maies, they

antennated but shortly became indifferent. If the weather conditions were optimal

for the flight, they fluttered and fiew up with rare failures. In the colonies having

developed mounds, some males flew up from the top of the mound directly. The

behavior mentioned was nearly the same among four specles, unless they were

excited. But a significant difference was observed when they were excited by
sunbeams. In F. pratensis and F. rzof1z even the excited males rarely leapt at other

iRdividuals but only flutteyed to fiy. However, the exited males of F. polyctena

and F. Iugubris frequently ran and fiuttered on the nest surface or the grass

blades and leapt to other males. They undoubtedly showed mating behavior.

    In the colonies where two sexes coexisted (types MF, Mf, mF): The females

and males of F. pratensis and ruyCh behaved like those in previous two type

colonies, beiRg indi£fereRt each other. OR the other hand, may copu}atioRs between
brother and sister, i.e. intracolonial copulation, occurred on and around the nest

of the polygynous species. The intracolonial copulation was caused by the excited

and fluttering males. For iRstance, in a colony L20 of F. Iugztbris at least 53

intracolonial copulations occurred during three hours (Fig. 5).

    In total 145 queens captured shortly before they were about to fiy were dls-

sected to see whether they contained sperms ln seminal receptacles or not: 60

queens of E Prate"sis, 501E nijCti, 51F. Polyctena, 301F. Izrgubris. Except for four

queens of F. Iugztbris, they were not iRseminated. Moreover, in tota} 20 queens

of F. Iugubris copulating on the grasses or trees were followed. Only 4 fema}es

fiew up, but 13 returned into the nest and 3 began to wander on the ground.

This suggests £hat virgin queens tend to fly but insemiRated ones were apt to

return to £he mother co}ony.

                                DiscussieR

    The mechanism underlying the appearance of secondary polygyny has Rot been

explained up to the pxesent. But the facts that it occurs ln distant phyletic lines

independently and that polygyRous species often have monogynous sib}ing relatives

suggest that the mechanism is not so compllcated. The present study on Formica

s. str. clarified that the virgin queens teRd to fiy with the same ability as those

of monogynous species, but many queens that experience intracolonial copulation

stay at mother co!ony. The fiight of virgin queens and the remaining of the
inseminated ones at their nest of origin is also observed in F. blessensis (Hlgashi,

unpub.). G6sswald (1962) also reported that the inseminated females of F. polyctena

run to dark sites and removed their wings while the virglns preferred lightness aRd

copulated with males. According to Schmidt and Cherix (pers. com.), some of

dealated queeRs within a nest are vlrgin in F. polyctena and F. Iagubris. This
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suggests that a part of virgins aiso abandon their flight and can live for some

years like the inseminated queens. But such a long survival of virgin queens is

impossible in monogynous species, because they cannot produce workers which are

generated only from fertilized eggs. Therefore, the fiight abandonment of virgin

queens may have evolved secondarily after the evolution of polygyny.

    The fiight of queens has two functions, dispersal and mating (Kannowski 1963).

Since in the life of a queen of any ant species mortality is highest in nuptial fiight,

the Batural selection should always favor the queen to accompiish the first function

during virgin stage and, shortly after being inseminated, to remove own wings and

hide somewhere. Consequently, wheit the intracolonial mating occurred, it is natural

for the inseminated queens of any phyietic line to abandon their fiight and, unless

beipg expelled by the mother or workers, stay at the mother coleny.

    The important problem is why the intracolonial copulation occurs frequently

in poiygynous species. From Table 4 giving the ecological difference among four

species, two causes are supposed: First, the chance of the coexistence of brother

and sister is higher in polygynous species, since the colonies producing both sexes

evenly are more than those of monogynous species (cf. also Talbot and Kenedy

1940, Talbot 1945, 1948). However, this is not a malR cause, because even in the

menogynous species the coexistence of two sexes oceurs frequently in Mf and mF

type colonies. Second, the continence inhibiting the intracolonial copulation is

broken in males of polygynous species. This should be the most definitive and

direct cause inducing intracolonial copuiation.

    Then, what is the natural selection favoring the intracolonial mating? Uniike

the proxlmate factor mentioned above, the ultlmate factor inhibiting the flight of

many queens seems quite different among the phyletic lines, because the distribution

area of the polygynous species is diverse from the subtropics (e.g. fridbmyrmex

 humilis, Rseuclom.yrmex z]enoj7ca) to the subarctic zone (e.g. iFlormica ztralensis,

 F. aquilonia). For Formica s. str. it can be supposed as follows:

            Table 4. Ecological comparison among iour species. Habitats I

                     to VI, c£ text.

 Monogynous species

Pfutensts i"etlfd

 Polygynous species

lttgubi'ds polyctena

Vertical distribution

Habitat

Flight time

   Open habitat

   Closed habltat

Intracolonial copulation

Coexistence of both sexes evefily

Emergence of alates

Behaviour of virgin queens

   and males

400-700m 400-1,200

 IV-VI III-V

   Synchronized

       Rare
       Rare
   Male is earlier

 No significant difference

 Continent to the
 concolonial alates

  4oo-1,4eo 4oo-gso

    I-V I-IV

        Ditto
  Whenever the sunbeams
  pour upon the mound

        Frequent
        Frequent?
         Ditto ?

among four species

      Not continent
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    After the nuptial flight, queens of subgenus Formica make incipient colonies

by discovering the nests of Slervijbrmica and usurping the position of host queens.

Under the temporary social parasitism, the success of their colony founding always

depends on the deRsity and social structure of Slervijbrmica. Under lower density

of the host colonies the discovery of the host nest would be more dithcult. Even

when a queen finds' a host colony, the soeial structure of the colony affects her

success. Small incipient colonies would be taken over more easily. Even some

developed monogynous colonies may also be taken over. But the conquest of oligo-

and polygynous ones would be nearly impossible. Consequently, subgenus Formica

would adopt the secondary po}ygyny under the condition where the colonies of

S27rwijbrmica are sparse or some oligo- and polygynous host species are dominant.

The foilowing two facts seem to support this idea: 1. The boreal and alpine

species of subgenus Formica, i.e. F. Iugubris, F. aguilonia, F. ecralensis, are all

polygynous, often making polydomous colonies. This is probably due to the scarcity

of ,Slervij(brmica at alpine areas or due to the prevalence of the most!y oligo- and

polygynotts species Formica (S22rvij(brmica) lemani in the boreal and alpine areas.

Thus, although Pianka (1974) mentioned the frequent occurrence of r selections in

the unstable and nondlrected envlronment, in Formica s. str. the K selection can

also occur in the unstable region through the biotic steps such as social parasitism.

2. thptoformica which also adopts the temporary social parasitism is also frequently

polygynous.
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                                      Sllmmary

   The comparative studies between rnonogynous (E Piutensis, lll7Z rtofa) and po}ygynous Fbi7nica

(Iil polyctena, ,Fl lugttbrrisi were made in mating season in Switzerland. The main results are:

    1. The mating season was altitudinally different: early to late June in the lowland (400 to

500m above the sea), mid June to mid July at ca, 1,OOO m, even in August near the timberline
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(1,800 to 2,OOO m).

   2. Compared witli menogynous species, the polygynous ones had following characteristics:

i) Many colonies preferred more closed habitats. ii> In the colonies inhabiting the dense forest,

the fiight time was not so synchronized as in the open habitats. iii) The colony produclng both

sexes evenly was abundant. iv) Intracoloniai cepulation frequently occurred,

    3. Most of the queens who fiew up were virgin. On the other hand, the queens inseminated

by males before fiying up were apt to return to the motl]er colony.

   4. The intracolonial copulation was caused by the males who lost the sexual continence to

the concolonial queens.

   The natural selection inhibiting the flight of queens of polygynous i;brnti.ca was considered

in connection with their temporary social parasiti$m.


