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    Introductien

    The red wood ants subgenus Formica which make huge conical mounds are

the most familiar ants in Europe. Since the 18th century the pupae of these ants

have been used to feed fishes and caged blrds, and the col}ection of pupae was

a common part-time occupation among farmers and woodcutters (Wuorenrinne
1978). For instance, in the area of Poprowsk in the 1800s, the inhabitants of

seven villages earned 25,OOO Rbl. by collecting the pupae during one summer (G6s-

swald 1951). Since 1kg of dry pupae cost about 17RbL at that time, this means

about 1,500kg of dry pupae (Wuerenrinne 1978). Therefore, the nest denslty of

these ants has gradually decreased.

   .In this eentury, however, the importance of the protectlon of red wood ants

has been claimed because of their utility for the biotic control of harmful insects

in the forests. According to G5sswald (1958), for instance, the oaks near the ant

nests grow better and put forth more leaves than those apart from the nests.

This is also the case in coniferous forests (G6sswald 1978). It is due to the

euryphagous ants preying upon the insects harmful for the trees. They hunt
mostly the caterpillars of Lepidoptera and occassionally the sawfiies and beeties

(G6sswald, pers. com.). In recent years, the mounds of red wood ants are legally

protected from the 'human impacts in many European countries. Since the Swiss

governmeRt also gives strict protection to them, the ant coloRies are plentiful in

this mountainous country. Accordingly, the author surveyed red wood ants in
Switzerland in 1978 to make an interspecific comparison of thelr distribution, size

and shape of rnounds, mating, and so on.

    Moreover, the red wood ants have sociobiologically interestiRg traits, polygyRy
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and polycalisrn, which are important in ant evolution (I-I61idob}er and WilsoR 1977).

For iRstance, in the South Jura of Switzerland Formica lztgztbris Zett. makes a

huge polydomous colony consisting of 1,200 nests (Gris and Cherix 1977>. Another

purpose of this study is to disclose the ecological differences between tke polydomous

colonies of F. Iugz(bris in the South Jura and of F. yesse"sis Forel in Ishikari

Coast, Japan (Higashi and Yamauchi 1979).

    TaxoRomy of subgenus Formiea in Europe

    Since Linn6 described Formica ruyii as early as 1758, the complex of red wood

           Table !. Taxonomic history of Fbrntica, s. str. in Europe (based on
                    Yarrow 1955, Betrem 1960, Dlussky 1967, Kutter 1977).
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ants has been split into several sibling species (Table 1). At present the following

species are identified in Europe (Kutter 1977>: rufo, pratensis, trztncorum, ltegubris,

polyctena, ztralensis, aquilonia and a doubtful species nigricans. Out of them E

pratensis and F. nigricans are distinguished from each other by queens but not

by worker caste, though the calssification of other species is possible even by

workers. To be more precise, the queens of F. nigricans are more hairy than

those of E pratensis. But Kutter (1964, 1977) suggegts that these two forms are

probably conspecific because intermediate forms are often discovered. Adopting his

opinion, F. nigricans is not dlstinguished from F. pratensis in the present study.

    Geegraphy of Switzeriand

    Switzerland occupies about 41,300 km2 (slightly smaller than the Kyushu Island

in Japan) between latltudes of 47"48'36"N and 45049'09"N in central Europe. It
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is divided into thyee natura} regions, the Swiss Plateau, the Alps and the Jura

(Fig. 1). The Swlss Plateau which involves crop fields, pastures and many big

cities ls a basin between the Jura and the Alps, filled with glacial deposits in the

Ice Age and now eroded by many rivers. Since the climate of this region is mild

(mean annual temperature 8 to 90C, annual precipitation about 1,100 mm), the tem-

perate-zonal Formica such as F. rorfb, F. pratensis and F. polyctena are abundant.

The Alps consisting of granites and gneisses comprises roughly the southern half

of Switzerland. High snow-covered mountains are separated by deeply eroded
valleys. The climate is quite different between the val}ey and the top of mountains

or between the north and south slopes. Around the timberline the subarctic

Formica such as E lugor.bris and F. aguilonia are distributed. The Jura is a

boundary zone between Switzerland and France. It coRsists of regular }imestone

folds which form longitudinal valleys, long stretched ranges and narrow gaps giving

outlet for the rivers. Since the climate is more severe than in the Swiss plateau

but milder than in the Alps, F. rorf}z, E pratensis and F. polyctena deminate the

foot and F. Ingubris nearly monopolizes the top of mountains.

    The census of Formica nests was carried out mainly at the South Jura, with

additional surveys at SioR (A}ps), Montreux (AIps) and Neuchatel (Jura). The highest

point of the South Jura is about 1,500 m above the sea, i. e. Iower than the average

timberline in Switzerland (1,800 to 2,OOOm above the sea). Consequently, the area

is covered with various trees from the foot to the top. The dominant trees are

Fagzts sylwatica below 800m; Fagus sylwatica at 800 to 1,100m; Abies alba,
Fagns sylvatica and Picea abies at 1,100 to 1,300 m; Acer pseudoplatanus, Fagus

sylvatica and Picea abies around the top. According to the records of Weather

Agency of Switzerland, the mean temperature of the ant active season, April to

October, is about 150C at 500rn, 120C at 1,OOOm and 80C near the top. The
precipitation durlng the same period is 650 mm, 800 mm and 1,100 mm respectively.

    Results

1. Distribution, si2e and shape of nests

    In the South Jura 84 colonies were found (Fig. 2), along the ways from Gland

(400 m above the sea) to Chalet a Roch (1,450 m) and from Arzier (900 m) to Cerque

(1,100 m>. F. pratensis which inhabited the lowland preferred banl<s of farms and

roadsides. F. polyctena was scarce in this region compared with other axeas of the

Swiss Jura (Kutter 1977). This species was distributed up to ca. 1,OOO m, preferring

the forest and its margin. The nests of F. ruju which were distributed from the

foot to ca. 1,200m were more abundant than those of the previous two species.

It preferred the foyest margin in the lowland but the grassland at 1,OOO m or more.

The most dominant species E lugubris was found at any altitude, near}y monop-

olizing the highland.

    A trip was made from Neuchatel (450m) to Mont Racine (l,439m), through

Valangin (650m) and Les Geneveys (850m) (Fig. 3). According to Kutter (1977),

in this region of the Swiss Jura F. polyctena is more abundant than in the South
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                  sparse･ treesi; III, margin of the forest; IV, the･ grassland near

                  the forest margin; V, the roots of a tree growing.i.n 't.b',e' gras-

                  sland; VI, open grassland. ,
                                                            '                                     '' 't'near the forest margin ;--V, the reots of a -tree growing in the'Z grass}and; VI, open

grasslaRd. Fig. 6 gives the habltat and altitudinal distribution of the nests found

in all censuses. F. pratensis which preferred the habitats IV to VI was distributed

from 460 te 1,360m, mostly lower than 800m. E rerfa was distributed from
490 to 1,200 m, inhabiting II to V. This species was apt to occupy closed habitats

in the lowland but open habitats in the highland. F. polyctena which preferred

I to IV, mainly II and III, was distributed from 489 to 1,250 m. The most dominant
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species F. Izrgubris was discovered at any altitude below the timberline, prefering

I to VI, mostly II to V. In the highlands this species frequently made oligo-

or polydomous colonies up to 2,180 m. t
    Fig. 7 gives the frequency distribution of the mound size. The mean diameter and

height oE mounds were respectively 103±S.D. 41cm and 45±20cm in E lugubris;

119±56cm and 35±16cm in F. rztju; 55±27cm and' 18±8cm in F. pratensis;

115±69cm and 40±19cm in F. polyctena. The relation between the diameter
and the height of nests is shown in Fig. 8. Many mounds of E liLgubris, rzidfZz

and polyctena were elevated, but those of F. pratensis preferring open habi,tats wey.e

small and flat, probably because ef less materials of nests or dlle to exposure to

windintheopenhabltats. . .                                                  '                                                          t .t                                                ttt tt    Most mounds were asymmetrlc. Fig. 9 gives the frequency of Rests which
                                                                . .tthave the longest s}ope to each'directien. In F. Iugzebris, for in'stance, the' percentage

of the rnounds facing each dir'ection was as follows: O%!N, 1.91NE, i4.6!E, 19.41SE,
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34.0!S, 12.61SW, 5.81W, elNW, 11.71symmetry. Thus, 80.6% mounds were
developed to east to southwest, that is, the direction of sun. This tendency

also observed in other species.

2. Examples of three coloay 4ypes, mono-, oligo- a7id polydomotts colonies

2.1. Monodomous coloay (Flg. 10): F. pratensis, rofa, polyctena, lztgubris

we}1

was
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  Pr-12 <650m above the sea): The nest of this colony was surrounded with
  dense weeds at the roots of an oak tree (habitat V). The size of mound was 40cm

  (maximum dlameter)-30cm (minimum diameter)-20 cm (height). Four ant trails were

  developed along the road or into the grassland. The longest trail (23 m) reached

  another oak tree on which the workers were mill<ing aphids. The maximum
  hunting distance, i. e. the distance of the remotest hunting point, was 33 m from

  the nest.

      In late June when the weeds grew well and thickly covered the mound, this

  colony moved to an 8m apart new nest which was nearly moundless with the
  size of 35-30-3cm. On June 25 to 29 many adult workers, alates, pupae and
  larvae were carried by transporters from the old to the new nest. The daily

  count of the transportees is given in Table 2. From these figures the number of

  transportees during four days weie estlmatecl at ca. 15,OOO workers, 160 males,

  1,100 larvae, 2,OOO worker pupae and 100 sexual pupae. Since no queen was
  observed, this colony shou}d be mono- or oligogyRous. After this movemeRt the

  ORiCnoeSt(sW3aoSmge:Ser8eid,is coio.y occupied the edge of abotit isih high precipice

  (habitat III). Unlil<e typical nests of F. rtofLt, the mound was fiat with the size

  of 300-250-25cm. Five ant trails expanded from the nest, all ramifying near
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Table 2. Number of transportees carriecl from an old to a new
         nest of a ceiony f'r-12 in late June. L, iarvae; WP and

         SP, pupae of workers and sexuals respectively; W, wor-

         kers; M, maies.

Time
9:OO-9:15 ...... i ?..: gO.:i-?umi.19.

       10

       29

        6

      185

        3
       tttttttttttttttttttttttttttttttttttttttttttt

       13

        7

        1

      K7
        5

15:OO-15:l5 !8:eO-18:15

Jun. 25 ''

  L

 WP
  sp
 "J

 M
Jun. 26

  L

 WP
  sp

 W
 M
Jun. 28

  L

 WP
  sp

 W
 M
Jun. 29

  L

 WP
  sp

 W
 M

 6
 8
 e
104

 3

 8
 8
 9
162

 2

 13

 5
 o
173

 o

11

31

o

44

o

o

11

e

13

e

14

33

2

54

o

o

7

1

22

G

 7
 ll

 o
123

 o

9

7

o

46

o

12

3

e

20

o

e

10

o

57

o

? ?

o

e

o

9

o

pine trees oy at roadside. The longest trail reached 50 rn long, and tke maximum

hunting distance was 70 m.

Po-5 (610m): Nest size, 100-80-35cm; habitat, roadside in the forest (III).

Four ant trails expanded from the nest, each ramifying near the trees on which

the workers were milking aphlds. The longest trall was 50 m long, and the rAaxi-

mum hunting distance was 60m from the nest.
L-9 (840m): Nest size, 240-230-80cm; habitat, a loose slope in a shady forest

(I). Four ant trails expanded from the mound, each ramifying near the trees or

along the forest margin. Most trees near the nest were visited by many hunters

and aphid milkers. The longest ant trail reached 50 m and the most distant hunters

were foraging 70rn apart from the nest. On fine days in July to August, may

                    t.
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bivouacs where a lot of pupae were stored were

made under stones along the roadside.

2.2. 01igiodo7nozts colonies (Fig. il): F. rofa,

     lugzLbris, polyctena

R-Z4 (940m abeve the sea): Three nests
in a forest (habitat II). The sizes of three

mounds located within 6m from each other
were 220-160-35cm, 180-160-35cm and 150-
120-40cm. Ant trails which reached 40m
long in the maximurn combined these nests to

each other or to neighboring trees. The maxi-

mum hunting distance was 90m from the
colony.

    About 50m apart from the colony, there
was a huge abandoned mound with the size of

360-330-30cm. The oligodomous colony might

be made by the fission of the nest which
should have been depertgd for tog shady
habitat (habitat I).

L-33 (1,180 m): Six .nests in habitats III and

IV. The sizes of six mounds were 150-130-30

cm, 230-200-35,cm, 150-115-35cm, 120-110-

30cm,100-90-35cm,80-60-20cm. The '
was 71m long. These nests were combined

lng at many trees.

82904 (a colony of ,l7. Polyctena discovered at

Racine, c£ Fig. 3): Four nests in the
mounds were 200-200-50 cm, 200-180-40 crn,

internest distance was 130m in the maximum.

2.3. Polydomous colonies of F. Iugubris

L-42 (1,400m above the sea): This colony
O.7 km2 range was found by Gris and Cherix

with thick snow unti} mid May. It thawed

late June. Even in early June when some

ant trails were observed. Eggs altd many

June when most mounds were covered with
were also observed and fiyst new adults,

lateJune. However,thefullscaleextranidal '
July, becavtse it was rainy and cold iR June.

July to late August, the extrtmidal functions

early Octol)er.

    The author set following three quadrats,

maxlmum
  with each

      the
habitats

   160-130-50 cm,

      Ant
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 Fig. 11. 01igodomous colonies.

        Patterns are the same
        as in Fig. 10. A, a
         huge abandoned nest.

 distance among these mounds
    other by ant traiis ramify-

  altitude of 1,OOOm in MoRt

II and III. The sizes of four

         210-200-45cm. The
  trails were well deve}oped.

   consistlng of about 1,200 nests within

  (1977). This area was wholly covered

 from late May and disappeared before

exposed spots of ground appeared some

 larvae were already ebserved in early

  snow yet. On June 11 some pupae
mostly sexuals, emerged shortly before

 activities of workers begaR from early

   After the most active season, early

    declined and nearly ceased before

   each 50×100m, within this polydo-
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mous colony: {2I on southwestem rnargin of the colony, 9II in the center, {2III

on northern margin (Fig. 12). In total 24 iRhabited and 17 abandoned nests were

contained in mid June <Table 3): 6 and 5 respectively in QI, 13 and 11 in 9II, 5

and 1 in QIII. The mean size of the inhabited mounds in 9I was 112±S.D. 31cm in

diameter and 46±25cm in height; 117±43cm and 77±26cm respectively in
QII;159±13cm and 58±4cm in QIIL Thus, the meunds were rnore abundant
and bigger in the center of the colony than those on the margin. DuriRg the

budding season, from late June to late July, l4 abancloned nests were xeused: 31QI,

10f9II, 11{2III, that is, budding was more frequen£ in the ceRter. However, these
nests were abandoned in autttmn and only the nests having been adopted for pre-

vious hibernatlon were used for the next winter again.

    In order to clarify the infiuence of this colony on the distribution of other

ant species, the ant fauna was surveyed at four habitats (forest, its margln, grasslaBd,

bare land) in two areas, outside (A) and inside (B) the range of the polydomous

colony (Fig. 12). Each habitat was surveyed for 30 minutes, therefore, in total

120 minutes in each area. As Table 4 gives, the polydomous colony is not the

main cause of the faunal poorness iR the forest of B, because the forest in A was

also nearly defaunated. However, in the grassland and on the forest margin the

polydomous colony seemed to expel some species such as F. Iemani, My. ruginodis

and Ma. rubida.

L-40 (1,300m): This polydomous colony inhablted the forest of P. abies near

Bols de Peney. The mean size of 25 mouRds chosen voluntarily was 153±S.D.

53cm in diameter and 58±28cm in height. In thls colony a quadrat of 100×100
m area was set to study the iRternest drifting of workers. This quadrat contained

33 inhabited nests which were combined with each other by maRy ant tralls (Fig.

13). Through these trails the workers drifted among nests and the transporters

frequently carried broocls and seemiRgly young workers. Foreign workers £ransfer-
red artificially from other colonies which were not combined with this colony by

the ant trails were aggxesslvely bitten by the resident workers of thls colony. To

examine the frequency of intemest drifting 1,OOO workers were mayked in mass on

each of two nests (Nest No. 1 with red dye and 2 with blue dye, cf. Fig. 13) on

June 24 to 27, i.e. in totai 2,OOO marked workers. After tke marking finished,

all nests were patted to lure out the intranidal workers. Although the discovery

ratio of marked workers decreased day by day, the percentage of drifters increaspe

as follows (Fig. 14): <14%/2 days after marking, <15%!4 days, <20%f6 days,

<21%/9 days, 26%112 days, 28%!16 days, 30%/20 days, 28%f26 days. Twenty
days after marking the maximttm distance of drifting was 49m from the origlnal

nest where they were marked. To see how many workers on a given nest were
visitors, the baiting test was carried out for 50 workers on the nest 1. Consequently,

forty-elght workers brought the baits into the nest 1 but two workers to a neigh-

boying nest 2. This means that only 4% workers were visitors aRd other 96%
ones were resident to the nest,
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Table 3. Nest$ in three quadrats. MA]), maximum diameter of the

mound; MID, minimum diameter; H, height. -, inhabited
by many workers; +, inhabited by a few workers; -, de-
serted. Grades of habitat, cf, Fig. 6.
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Table 4. Comparison of ant fauna between outside and inside

the supercolony L-42. B, bare land; G, grassland;

M, forest margin; F, forest; w, only worl<ers without

nests.
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    Number of
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nests by 30 min.

F B

survey
      rnside

   G M F

   Species

E lugzetlb7'is

E le2nanil

Adl>,. scabi'inodis

All}i. 7'uginodis

Le. inttscorit･nt-

Le. nigriccips

Mtt. i'ubida

71 caespitu2n

o

W
o

W
o

o

o

o

o

3

1

1

2

1

7

1

16

o

1

o

2

o

o

1

G

o

o

o

o

e

o

o

o

W
W
o

o

o

o

o

o

W
o

o

o

1

3

2

2

2

o

o

o

o

o

o

o

Total o 4 o o 8 2

4

o

o

o

o

o

o

o

4

26i":"
)llS'22,,tt'"" .,.,,..":llY{5 l3.,.ti// 2711}

  -t,･,¥,.,...,,,/L//}-fgi.it"it4..,.. -4"e:.::"tk'/,... ...,,,,,,,./r{.S,l;

   L-. '--'.. ""'.   si'M'"t..,.,... "' s! " .liifsiI7

.･:

k ,ci/gllI( k,. v･.

       ttt =- 'e;tt,: "":..vle.11i'ti: strITt",...,..,t,.,,,s."v"'ti't.:tt,l:,.. I,;

 -f" ef,1';)'e,6. 2'., 1.4./"'"`lj･ltzij

{su/i-v･g,-Xi8 .,,,""'t:il9g". 13sk

                         eNest ;nv･Anttrail
              Fig. 13. Quadrat in a polydomous colony L-40, where the
                       internest drifting of marked worl<ers was studied.

3. M,iptial fiight and alate production

    The season of nuptial fllght was altltudiRally different: early to

Vich and the vicinity (500m above the sea), late June to mid July

Dessous (1,400 m), early August at Tsalan d'Ayent (2,OOO m). The

of flight was synchronized in the morning in open habitats (III to VI).

late June at

 at Chalet a

daily actlvity

For instance,
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at P)--4 which was in a grassland near forest (habitat VI), the alates flied up at

10:35 to 11:50a.m., June 13, mostly 11:OO to ll:30 when the mound was
exposed to sunbeams. The alates which did not fly up before 11:50 went back

into the nest to wait for next chance. Such a well synchronized flight was also

observed at Pi"-11 (habitat VI), R-6 (IV), .Po-5 (III), L-33 (IV). However, in

the coloRles inhablting the closed habitats I and II (e.g. R-14, Po-8, L-9), the

alates stay on the mound throughottt the daytime and flied up whenever the mound

was exposed to sunbeams shining through foliage.

    In a polydomous colony L-40 100 nests were examined to disclose the ratio

among following six types of aiate productlon: MO, producing only males; Mf,

both sexes but predominantly males; OF, only females; mF, predominantly females;

MF, both sexes evenly; OO, no sexuai. The number of Rests for eack type was

as follows: 18/MO, 4/Mf, 9!OE 5!mE 12/MF, 52100. Thus, about a half of
examined nests were fertile and the nests biasing to males (types MO, Mf) were

1.6 tlmes more than those biasing to females (OF, mF). The mounds of fertile

nests were apt to be more elevated than those of sterile nests (Fig. 15).

                                Discussien

    The importance of mounds for thermoregulation has been stxessecl by many

authors (Kato 1939, Steiner 1947, Scheyba 1959, 1962, Kneitz 1969, Ceusters 1977).

According to Raignier (1947), the temperature in the mound of F. Polyctena is

different frorn part to payt of the mound but fairly stable (23-300C in the daytime)

at about 30cm below the mound surface through ant active seasoR. The tern-
perature falls 3 to 4eC at night but more slowly than air temperature. The optimum

temperature recovers in the next morning within only one hour after being beaten

by sun beams. As the sottrce of heat, the direct lnsolation and physio}ogical heat

generation are supposed, but the former factor may be prevailing in ants unlike

winged social Aculeata in which the latter is more important (Steiner 1947). The

mound shape facing the direction of sun should be adaptive to catch sufficient
solar radiation.

    Mcctusky (1958, 1965) suggests an endogenous circadian rhythm in the fiight

activities of labo-cultured fridb7n,yrmex and Vleromessor males. But in Formica

the climatic factors such as light intensity and temperature profoundly affect their

flight activities (Wellenstein 1928, Scherba 1958, 1961, Kannowski 1959, 1963, Talbot

2959, 1964, Anderson and KanRowskl 1960). Thevefore, the flight time of the day

is not always rigid if the species prefers different habitats. As the present study

dlsclosed, the synchronism of the flight activity should be more advanced in F.

pratensis and F. rofa preferring open habitats than in F. polyctena and F. Iugubris

frequently inhabiting even the closed forests.

    The polydomous colony of F. Iztgztbris in the South Jura has the following

characteristics clifferent from that of F. yessensis in Ishikari Coast: 1. F. Iagubris

rnore prefers the forests of rocl<y mountains, while F. yesse7?sis occupies the coastal

sandy grassland (Higashi and Yamauchi 1979). 2. The ant fauna is pooy in both
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co}onies. However, in the South Jura it should not be due to the elimination by

F. Ingubris but due to the cold temperature which inhibits the colonizatioR of

other ant species, though in Ishikari Coast many ant species are expelled by the

aggressive workers of F. Nessensis (Higashi and Yamauchi 1979). 3. Each nest of

F. Iugubris is big and solid, attaining the popu}ation size of ca. 50,OOO adult indi-

viduals (Breen 1977). In F. yessensis the nest is nearly moundless and the popula-

tion size per nest is 6,800 on the average <Ito 1973). Consequently, many nests of

F. ovessensis are frequently built by budding in spring but abandoned in autumn

every year (Higashi 1976). 4. Aithough the snow remains until later season in

the South Jura, the life cyc}e elapses so earlier that the first callows emerge in

late Jttne. In Ishikari Coast the snow disappears before early May but the new

adults emerge after mid July. The early emergence of F. Iugubris should be due

to the developed mounds which well regulate nest temperature. 5. The ratio of

fertile nests among well established nests is about O.48 in F. Iugubris, which is

fairly higher than O.14 in F. yessensis (Ito and Imamura 1974). 6. Ant trails are

well developed in the colony of F. Iz(gz(bris. In Ishikari Coast the trai}s are indis-

tinct (Higashi 1978). 7. In F. Iztgubris the workers of a glven co}ony are aggres-

sively hostile against the foreign indivlduals artificially transferred from other colo-

nies. The colony in Ishikari Coast also refuses foreign queens but sometimes friendly

accepts foreign workers (Higashi, unpub.).
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                                     Summary

   In 1978, the census of red wood ants Fbrinica s. str. was made in Switzerland. The main

results are:

   1. Four species were discovered. E p7utensis which preferred open habitats such as gras-

slands and roadsides was distributed from 460 to 1,360m above the sea, mostly at 80em or less.

F. rufa was distributed from 490 to 1,20e ma, inhabiting forest margin in the }owland but grassland

in the highland. E Polyctena preferring forest and its margin was distributed from 480 to 1,250 m.

,Fl lugttbris which was the most dominant in any area occupied any altitude below the timber}ine

(ca. 2,OOO m), rnostly inhabiting forest and its margin.

   2. The daily flight activity in nuptia} season was well synchronized in open habitats. There-

fore, the synchronism developed well in E p7utensis and 1;1 rtofla..

   3. Each nest of E rtijFin, "F: Polvyctena and E lugubris had a huge mound, mean size of which

was ca. 110cm in diameter and ca. 50cm in height. However, the mounds of 171 pratensis were

small (mean diameter 55cm) and flat (mean height 18cm>, probab}y due to Iess materials of nests

or due to being exposed to wind in the open liabitats.

   4. The mounds of any species faced east to southwest, i.e. the direction of sun.

   5. The colony of iFl pratensis was always monodomous, but E lu.crubris frequent}y made

oligo- and polydomous colonies. E riijh and iFl polyctena were mostly mono- but occasionally

oligodomous.

   6. The polydomous colony of E lugubris had characteristics quite different from that ef 171

yessensis in Ishikari Coast,
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Appendix I. Nests dlscovered in the South Jura. D, direction of
the longest s!ope of mound. H, habitats divided into

six grades (cf. Fig. 6). Mx, Mn and H are maximum

and minimum diameters and height of each mound
respectively.
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Appendix I. (Continued)

Nest Cede Altitude (in)
Size of mound (cm)
  <Mx-Mn-H> D H
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Appendix '･I; (Continued)

Nest Code Altitude (m)
Size of mound (cm)
(Mx-Mn-H)
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Appendix II. Colonies in the Alps, Sion (A) and Montreux <B) areas.
Pr, jFl pratensis; R, i'tofla,; Po, polyctena; L, lug'ttbi'is. M,

O and P mean mono-, oligo- and polydomous colonies

respectively.
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Symbols, cf. Appendices
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Appendix III. (Continued)

Nest Code
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鑛

Photo　1．　Nest　of　1％η〃～cαカ1一α砂磁∫（arrowed）．

詑霧繊猛・鎚一蹴’

Photo　2．　M・und　of　1砺，111【1αノψz．
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Photo 3. Mound of R)iVjtt('cl lugttbi'is.

Photo 4･ Mound of 17brinicct polyc'teita, netted to protect from the

disturbance by birds (in WUrzburg, WestGermany).
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Forest of Picea cLbies
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polydomous colony of
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ca. 2,OOO m above the
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Photo 7. Alate queen of Iibt'inica i+tijix shortly before flying up.
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