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INTRODUCTION

Charles Darwin（1859）puzzled himself about the

existence of sterileindividuals（workers）in social

insect・S（termites，ant，S，and some wasps and bees：

Recently，SOme aphids were found to be eusocial（Aoki

1984））・Why sterile workers could evolve withoutleaving

their own offspring？　His theory of natural select，ion

based on the adaptation and differential reproduction of

individuals could not，give clear answer about this

question．　He noted，however，that those sterile castes

helped their own mother（queen）and did not help

unrelated individuals．

Later，Darwin’s concept of　－tclassical’t fitness was

extended by the concept ofinclusive fitness and kin

Selection（Hamilton1964）．It predicts thatif an

individualleavesits genes more efficiently by helping

reproduction of otherindividuals which are often related

and share some portion of genes with him，then sterile

and altruisticindividuals，SuCh as workers of social

insects，COuld evoIve．

Recently，it has been point，ed out by many authors

that the occurrence of polygyny，i．e．，COeXistence of

multiple fertile queensin the colony，is an additional

COnfusing problem for the ecology and sociobiology of

SOCialinsects（Hoelldobler and Wilson1977，etC．）．　From
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the view point ofinclusive fitness and kin select，ion，

queens areintolerant of other egg－1ayers，and workers

accept their mother queen only．　Thus，COIonies of social

insectS Shouldincline to monogyny．　When polygynyis

Observed，itis・：SuSPeCted that there are particular

ecological circumstances favoringit（Hoelldobler and

Wilson1977；Pamilo and Rosengren1984；Herbers1986）．

In ants，Pairs of sibling species where oneis

monogynous and the otheris polygynous，are knownin

SeVerallineages（Hoelldobler and Wilson1977；Brian

1983）．　comparative studies on such species pairs．should

COntribute tO the better understanding of ecological

factorsleading to t，he coexistence of multiple fertile

femalesin the colony．

Camponotus nawai complexis the most common arboreal

antsinJapan and had been considered as single species

for along time．　Recently，It was suggest，ed that there

Were tWO POPulation typesin C．nawai：Oneis obligately

monogynous and t，he other，facultatively polygynous

（Yamaoka1977，1978；Satoh1989）．　Subsequent ecological

and morphological studies which were made during the

COurSe Of this research revealed that those were two

distinct species・　The obligat，ely monogynous speciesis

C・naWaiitself which has been described byIto（1914），

and the facultatively polygynous oneis a new species，

and described as C．YamaOkai（Terayama and Satoh1990）．
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They are considered as sibling species，Very COmmOnin

the arboreal community ofJapan，and seem to share very

SilTlilar ecological niches・Thus，C．nawai complexis

desirable material toinvestigate vhat kind of ecological

factors favors polygynyin ants．

This study primarily aimed to clarify the ecology

and sociobiology of C・n帥ai complex through field

SurVeySI ObservationsI and experimentsin thelaboratory．

Finally，eCOlogical factors which affect the occurrence

Of polygynyin this species complex are discussed．
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MATERIALS AND METHODS

1．Study materials

Camponotus nawaiIto complexis medium－Sized，about

4－6　mmlongin minor and major workers and about　8　mmin

queens，blackin color wit，h two pairs of yellow spotsin

the first and second gastric tergites．　This species

COmPlex distributes commonly from Honshu to Tokara

Islands ofJapan，and nestsin hollow dead branches or

bamboo grassesin evergreen broad－leaved forests．

This complex comprises from tWO Sibling species：C．

nawaiis obligately monogynous and C．YamaOkaiis

facultatively polygynous（Satoh1989；Terayama and Satoh

1990）．　Those two species were morphologically very

Similar，but workers of C．nawai haslarger body size，

1ess prominent eyes，thicker and smaller petiole than

WOrkers of C．YamaOkai，and male，s paramea of C．nawai

PrOject more straightly than those of C．yamaokai

（Terayama and Satoh1990；See Fig．1）．Their

distributions also separate parapatorically：：Monogynous

C・naWai ranges more southern or coastal regions than

polygynous c．ァa皿aO互aj（Fig．2）．

2．Study siteS

Colonies of C．nawai complex were collected and
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SurVeyed at variouslocalitiesinJapan，from1984　t，0

1990・　Among them，following two sites were selected to

Study the colony seasonal cycles of C．nawai and C．

YamaOkai，and monthly collections were performed from

1985　to1986：（1）C．nawai population　－　COaStal forests

at Shimoda，Shizuoka Pref．，Where Quercus phillyraeoides

dominates and only monogynous or queenless nests are

found；（2）C．yamaokai population　－　eVergreen broad－

1eaved forest，S at Mt．Tsukuba，Ibaraki Pref．，Where Shiia

Sieboldii dominates and polygynous nestS are frequently

found．　Those were main study sites throughout this

Study．

3．Sa皿Pling procedures

In t，he forests，dead branches and stems of dead

bamboo grasses encountered during a random search were

broken by hands to examine for nesting of C．nawai

COmPlex．　When the ants were discovered，the branch or

bamboo grass was carriedin a vinyl bag to the

laboratory，Whereit was dissected and all of the ants

inside were collected byinsect aspiratorinto t，he vials．

Although field collection was madein daytime，C．nawai

COmPlexis nocturnal（Satoh，unPubl．obs．），SO that the

entire nest population could be collected．　Most of them

Were killed by ethyl acetate，the number of each caste

WaS COunted，and then they were fixedin a Kahle’s or a
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Carnoy solution followed by　70％　alcohol．　Others were

maintained in the artificial nests for observations and

experimentsin thelaboratory（see below）．

4・Colony rearing

Colonies were maintainedin t，he cylindrical plastic

box（diameter，12　cm；depth，6　cm）or the plastic case

（29　Ⅹ　22　Ⅹ　6　cm）in which glasS tdbes（inner diameter，

6．5　mm；1ength，15　cm）were set on the floor as nest

Sites．　The former was usedin　もhe aggression test

between different nests，and thelatter，in the

behavioral observat，ion．Inner sides of rearing boxes or

CaSeS Were COated with fluon（Ⅰ．C．Ⅰ．United States，Inc．）

tO PreVent antS from escaping．　Those artificial nests

Were maintained at the room temperature（18－30Bc），but

Observed nests were keptin the chambers of constant，

temperature（20－24nc）during observational period．

Colonies were fed honey water and fresh carcasses of

かrogOpムjja，adlib．

5．Aggression tests

Interne＄t familiarity was tested by either of the

following two methods．　The first method was more

SenSitive but time－COnSuming than the second one and used

Only for polygynous C．YamaOkai whoseinternest hostility

WaS Often very subtle．
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Aggreggj0乃　teStざJ

In glass dishes（3．3　cmin diameter），WOrkers of

monogynous C．naWai attacked members of different

COlonies severely，but workers of C．yamaokai always

avoided each other and aggressive behavior was never

Observed．　Thus，for C．YamaOkai，internest aggression

WaS teSted by the following method．

A worker from nest A was calmlyintroducedinto the

glass vial（4mmininner－diameter，3cmlong）and confined

init．　Another worker from nest B was also confinedin

another vialin the same way．　Then，those two vials were

COnneCted at，the opening，and t，he encounter between two

WOrkers was observed．　Except when severe fighting began，

at least five encounters were observed in each trial．

Thelevel of aggression was scored on an arbitrary scale

（Tablel）vhich was slightly modified from Carlin and

Hoelldobler（1983）．　such trial was repeat，ed ten times

With differentindividuals and glass vials for each

COmbination of the nest．　This test was also performed

Within the same nest as control，and workers always

accepted each other（aggression scoreis zero）．　All

tests were performed within a few weeks after collection．

Observed distributions of scores were compared by Mann－

Whitney U－teSt tO det，eCt the stat，istical difference of

aggressiveness．
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Aggresgjo月　毛eStg JJ

During the study of population structure，all nests

foundin a quadrat or a blockin the forests were mapped

and collected thoroughly（details of sampling sites and

nests collected are describedlater）．　Those nests were

maintainedin the plastic box（see above），and tested

internest familiarity by following method．

A worker selected randomly from one nest was picked

uplightly on thelegs by forceps and transferredinto

another nest box，and the encounters between workers of

different nests were observed at the room temperature

（23－270C，during observat，ion）．If severe fights

OCCurred，antS COnCerned wereimmediatelyisolat，ed from

the nest box．If noticeable aggression did not happen，

observations were cont，inued until intruders encountered

residentslO times or more．　TestS Were rePeated　3　to　5

times for each combination of the nest．　When only

aggressive encounters happened，those nests were judged

to belong t，O different colonies．　When only familiar

（allogrooming or trophallaxis）orindifferent encounters

happened，those nestS Were judged to belong to the same

COlony．

6．Queen and vorker dissection

To evaluate the reproductive conditions of queens，

they were dissected and examined with respect to：（1）
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Spermathecal contents；（2）presence or absence of corpora

lutea；（3）number andlength of ovarioles；（4）number of

mature oocytes；（5）degree of wear of the mandibular

teeth and the wing vestigeS；（6）decomposition of wing

muscles．　Presence of corporaluteaindicates that the

queenlaid eggs actually．　Degree of wear of wing

VeStiges and decompositionlevel of wing muscles give us

SOmeinformat，ion on age of queens．　Dissection of workers

WaS also performed to examine their ovarian development

under queenright or queenless condit，ions．　Length of

OVarioles was measured with an ocular micrometer accurate

to O・1mm．　Head width of queens and workers was also

measured wit，h an ocular micrometer accurate to O．025　mm．

7．Allo皿etric growth of colonies

Toinvestigate colony development based on the

allomet，ric growth of workers，head and pronotum widths of

WOrkers were measured accurate to O．025　mm by occular

micrometer．　Those measurement were performed for the

COlonies of various sizes vhich seemed to represent

Various developmental StageS．

8．Behavioral observation

0bseryed cojo乃jeS

Two colonies of C．nawai and three colonies of C．

yamaokai were collected from Tokai－Kanto districts，
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CentralJapan，during October1985　andJune1986．

Details of those colonies are summarized in Table　2．

Queens of polygynous nests were markedindividually with

Mitsubishi Paint Marker．　Colony SM contained three

queens at the start of rearing，but one monthlater，

1arge numbers of workers died from unknown causes and all

but one queen were attacked and killed by workers，One

each in two successive weeks．

βeムavjoraj observatjo乃

Behavioral observations were made during September

and Oct，Ober1986，and additionary，during May to

September1987．　0bservation of queens and workers housed

in the artificial observation nest（see above）was made

under the tungstenlight of adequateintensity with t，he

aid of stereoscopic microscope．　Observed colonies vere

habituated tO thelight and the room temperature（23－

280C）for one hour befoTe Observat，ion．　Thelight had no

noticeable effects on the ants behavior．　Time of

Observationsi fell betweenlO and　24　hr．，but behavior of

ants did not change markedly with time．Instead，

COlonies・Seemed to be active periodically with much or

less regularinterval．　Observations were made for a

total of twenty hours for each colony．　Positions of

queensin the nest tube were recorded every five minutes

by fitting the pet，iole of queens to the scale which was
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Put along the nest tube to the nearestlmm．

gj戯jjarjtァa乃ajySjS

Behavioral similarities among all queens observed

Were analyzed by cluster analysis based on the group

average method，and were shown as a dendrogram．

Behavioral similarities between queens were calculated by

the following formula（Odum1950）：

1一∑伊ai一Nbil／（Na＋Nb）・

In above formula，Nai and Nbi are the frequencies ofi－th

behavioral category observedin queens a and b，

respectively：Nais Nai and Nbis Nbi・If the

behavioral repertOire and the frequencies of each

behavioral act of queens a and b are t，he same，the value

becomes one．If the behavioral repertoire of queensis

COmpletely different，the value becomes．zero．　Details of

Observed behavioral categories are discribedlater．

9・I）evelop皿ent Of eggs，larvae and pupae

To determine and compare developmental rate under

Various temperature conditions，immature stageS Of C．

nawai and C．yamaokai，and of C．tokioensis and C．itoi

Which are monogynous and closely related to the C．nawai

COmPlex，Were reared with workersin small glass vials（8

ml volume）at the constant temperature of16，19，22　and

25qC．　Those materials were collected from Shimoda（C．
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nawai），Mt．Tsukuba（C．YamaOkai）and Tokorozawa，Saitama

Pref．（C．tokioensis and C．itoi）．　Eggslaid by queens

in the stock colony wereimmediately transferredinto

Vials．　At the start of rearing，brood：WOrker ratio was

COntrOlled aboutl：1which was ordinary ratioin

natural colonies．　Typically，five or more workers and

eggs were reared in the vial．　More than t，en Vials were

Set at eaCh temperature．　Those small colonies were fed

With honey water and fresh carcasses of Drosophila，ad

lib．　Those were observed once a day under dissecting

microscope，and development Ofimmature stages were

recorded．

10．Interspecific aggression

To assess the competitive ability of C．nawai and C．

YamaOkai，interspecific aggression was tested as follows．

A worker of each species was randomly selected from

COlonies of each species，and those two workers were

introducedin small glass dishes（3　cmin diameter）．

Encounters of the workers were observed，and which

SPeCies won the battle was recorded．In this tests，

interaction between minor workers and between major

WOrkers was observed．　Aggression between minor and major

WOrkers always resultedin the death or severe damage of

minor workersirrespective of species．
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11・Effects of queens on the production of reproductives

To examine effects of queens on alates production，a

total of16　colonies of C．YamaOkai were collected from

Mt・Tsukuba duringI）ecember1988　to February1989．　Then，

queenless and heavily polygynous subcolonies were made by

Subdividing coloniesinto halves（two subcolonies）and

adding all queens to one of the two subcolonies．　Those

Subcolonies were rearedin plastic cases（see above），and

the production of reproductives was observed during

Subsequent reproductive seasonS．
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RESULTS

1．Colonies collected

From1984　to1990，a t，Otal of　427　and　570　nests of

C・naWai and C．yamaokai，reSPeCtively were collected

from var－iouslocalities ofJapan．In C．nawai，274　nests

（64．2％）were queenless，151（35．4％）were monogynous and　2

nests（0．4％）contained two queens which were both

inseminated and had developed ovaries．In C．YamaOkai，

66　nests（11．6％）were queenless，105（18．4％）were

monogynous and　399（70％）nests contained more than one

queens．　Frequency distribut，ion of queen numbers per nest

is shownin Fig．3．　As describedlater，queenless nests

Were mOStly a part of single polydomous（multi－neSt）

COloniesin both species，and Tlqueens’一　of polygynous

nests of C．YamaOkai were almost alwaysinseminated．In

many cases，POPulation data will be analyzed after

Subdividinginto egg－laying and non－egg－laying seasons

（see below）．

2．Seasonallife cycle

Of the170　nests of C．nawai population collected at

Shimoda between Oct，Ober1985　and October1986，71（42％）

Were mOnOgynOuS and　99（58％）were queenless．　On the

Other hand，amOng a tOtal of136　nests of C．yamaokai
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POPulation collected at Mt．Tsukuba between December1985

and November1986，88　nests（65％）were polygynous，31

nest，S（23％）monogynous，and17　nests（12％）queenless．

Except for the period when alate castes remainedin

the nests，the seasona11ife cycles of both populations

Were Similar（Fig．4）：Colonies hibernate with adults and

larvae，eggS arelaid fromlate spring to summer，neW

adults emergein summer，and all eggs hatch by the end of

autumn．　However，alates were found onlyin summer at

Shimoda whereasi they appearedinlate summer and remained

in the nests through winter until the next spring at Mt．

Tsukuba．In fact，nuPtial flight of C．nawai population

WaS Observedin mid August from1987　to1989　at Shimoda．

On the other hand，nuPtial flights have never been

Observedin C．yamaOkai．　Alate females generally shed

their wings within the nests and were found to be

inseminated duringlate March to mid May at Mt．Tsukuba

（Fig．5）．　populat，ion data from otherlocalities were

also consistent with above results．　Thus it can be

COnCluded that the mating seasonis summerin the

Obligately monogynous C．nawai，and springin the

facultatively polygynous C．YamaOkai．

3・Mode of colony reproduction

Data for nest populations were treated by

Subdividing samplesinto those collectedin the egg一
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1aying－SeaSOn and those collectedin the non－egg－1aying

SeaSOn．　For C．nawai，SamPles from May－August were used

as the egg－laying－SeaSOn，and for C．YamaOkai，those from

June－August．　Samples from other months of the year for

each species were used as the non－egg－1aying season．

Figs．6　and　7　Show frequency distributions of the

COlony size（number of workersin a nest）in the egg－

laying and the non－egg－1aying seasons．In C．nawai，neSt

With single founding queen andincipient nests which

COntained a queen and a few minor but no major workers

Were COllected throughout the year（Fig．6）．In C．

yamaokai，however，there were noincipient nests，and

Only two founding queens were collectedin spring（Fig．

7）．In addition，the frequency of small nestsincreased

in the egg－1aying seasonin C．yamaokai，SuggeSting that

COlony splitting occursin the active seasonin this

SPeCies．

For C．YamaOkai，the frequency distributions of the

number of queensin a nest are shownin Fig．3．Ⅰn both

egg－1aying and non－egg－1aying seasons except for mating

SeaSOn（May），frequency distributions were skewed

Similarly．In t，he mating season，however，neStS tended

to contain more queens thanin the other SeaSOnS．　This

and the former results suggest that the colonies of C．

yamaokai adopt newly mated queensinlate spring and the

number of queensin the nest decreases by colony fission
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ln Summer．　By contrast，neW COIonies of C．nawai seem to

be always founded by single queen（haplometrosis）．

Ajjo戯efrjc groWtム　of cojo乃jeg

Representative examples of worker size（head width）

distributions along with colony development of C．nawai

Were Shownin Fig．8．Incipient colonies contained a few

minor workers whose size was very small（head width，0．8

－　0・9　mm：Fig．8．a）．　When colonies grew up to contain

more than severalindividuals，major workers whose head

Width were aroundl．5　mm emerged（Fig．8．b－C）．　Further，

intermediate－Sized workers（media worker）whose head

Width were aroundl．2　－1．3　mm emerged when colonies

became to contain more than several tens of individuals

（Fig．8．d－e）．　Colonies which contained a few hundreds of

WOrkers showed a complet，e Set Of polymorphism and a

COntinuous worker size distribution（Fig．8．f－g）．

Especially small workers disappeared during the colony

development（Fig．8．d－e）．

Representative examples of worker size distributions

Of various sized colonies（nest，S）of C．yamaokai were

Shownin Fig．9．In contrast to C．naWai，eVen the

Smallest colonies（nests）contained major workers（Fig．

9．a），and there were noincipient nests．　Further，1arger

COlonies（nests）of C．yamaokai showed more discretely

dimorphic size distribution compared to C．nawai，and
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medium sized workers were few（Fig．9．b－e）．

An alate female of C．YamaOkai was caught bylight

trap at Mt．Tsukuba，in May1989．　She was・rearedin the

laboratory and produced four minor workers．　The

distribution of worker head width of thatincipient

COlony was　＄hownin Fig．9．f．　Those workers were very

Small（head width，0．75　－　0．85　m）compaTed to minor

WOrkers of natural colonies（Fig．9．a－e）．It was

SuggeSted thatincipient coIonies of C．YamaOkai，if

OCCurred，PrOduced very small workers onlylike those of

C．刀aWaj．

4．Population structure

Population structure of C．nawai and C．Ya血aokai was

Studied by entire sampling within areas．

In Shimoda，for C．nawai population，tWO quadrates

（10　Ⅹ10　m）were set，，neStS Were COllected entirely and

internest familiarity was tested during May，1988．　Both

in sites Sl and S2，it was revealed that colonies of C．

naW■ai often possessed more than one nest site（Fig．10）．

In August1988，mOre eXtenSive research was performed at

Site S3（Fig．11），and such a multi－COlonial population

StruCture WaS COnfirmed．In site S3，SeVeral founding

queens and monodomousincipient colonies（No．5，16　and

21）were also found．

In Mt．Tsukuba，for C．YamaOkai population，
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POPulation research within sites was made at five sites

in December1987（site Tl）andJuly1988（sites T2　to

T5）・Population structure of C．yamaokai was found

Variable・　At one extreme，Site T2　contained two

monodomous and three polydomous colonies，and showed

multicolonial population struct，ure SuCh as C．nawai（Fig．

12）・At another extreme，Site TI cont，ained only one

POlydomous colony，and showed unicolonial population

StruCture，i．e．，all nestsin the site were familiar wit，h

each other（Fig．13）．　population structure of three

Other siteS fell bet，Ween t，hose two extremes（Fig．14）．

In C・YamaOkai，founding queens andincipient nests were

never collected in those sites．

5・Productivity of colonies，queenS and vorker＄

In this section，PrOductive ability of C．naWai and

C・YamaOkai was examined from the view point Of entire

COlonies，queenS and workers．　To compare productivity

during egg－laying season，July and August samples were

used，because the egg production of nests was at the peak

in that period（see Fig．4）．

5・1　Product，ivity of colonies

Both species・reVealed positive correlation between

the number of workers and brood（eggs，larvae，prePuPae

and pupae）in the nestin all seasons（Figs．15　and16）．
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In Figs．15　and16，number of workers and broodin the

nest waslog－tranSformed to normalize the distribution of

the data．

Table　3　shows numbers of brood per workerin t，he

一InestM of C・naWai and C．YamaOkai．As mentioned above，

polydomous nesting habits of both species madeit very

difficult to collect entire．一colonies一一in every cases．

The brood／Worker ratio was not significantly（p＞0．05）

differentin t，－teStS between queenless nests of C．nawai

and C・yamaOkaiI and between queenright nests of themin

both seasons．　Queenless nests of C．nawai always had

Significantly smaller brood／Worker ratio compared with

queenright nests of both species．　Queenless nests of C．

YamaOkai also had significantly smaller brood／worker

ratio compared with queenright nests of both speciesin

both seasons except for egg－laying season．　As mentioned

above，queenright nests of C．nawai often possess

queenless satellite nests（64．2％　of nests were

queenless），SO the brood／worker ratio of ent，ire

－tcoloniesn of C・naWai may be smaller than those of C・

ya皿aOとaj，

5・2　Productivit，y Of queens

5・2．1Number of brood and workers per queen

The brood／queen ratio of C．nawai was markedly

higher than that of C．yamaokai（Table　4）：All
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COmparisons were significantin t－teStSin both seasons．

The brood／queen ratio of C．nawai may be underestimates

OWing to the presence of queenless satellit，e neStS（see

above section），SO the productivity of queens seems much

greaterin C．nawai thanin C．YamaOkai．In fact，the

totallength of queensI ovarioles was strikinglylonger

in C・naW■ai（seelat，er SeCt，ion）．

5・2・2　Reproductivity effect，Sin C．yamaOkai．

For the polygynous C．YamaOkai，the relationships

among the numbers of queens and workers and the quantity

Of broodin a nest were examined in further detail．Ⅰn

Statistical analysis，numbers ofindividuals are

normalized bylog－tranSformation．

The number of queens was positively correlated with

the number of workers（Fig．17）．　Queen number was also

COrrelated with the number ofimmature stages（Fig．18）．

However，a Slgnificant negative correlation was

found between queen number and worLker number per queen

（Fig・19）．The number ofimmature stages per queen was

also negatively correlated with the number of queens，

although not significantly soin the egg－laying season

（Fig．20）．

Therefore，the brood product，ion at，the colonylevel

increases with the number of queens，but the per capita

PrOductivity of queens decreases with their numberin the
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eolony．

5・3　0varian development of queens

In this section，reprOductive condition of queens

WaS eXamined based on dissection data concerning

SPermathecal contents，OVarian development and

degeneration of wing muscles．　Those data were presented

in Appendix．

Queens whose spermathecal contents could be observed

Clearly were always（n＝59）and almost always（97．3％；

n＝1120）inseminatedin C．naWai and C．YamaOkai，

respectively．　Ovarian size of queens was muchlargerin

C・naWai（Table　5）．　Body size（represent，ed by head

Width）of queens was alsolargerin C．nawai（Fig．21），

but t，he differencein ovarian size was disproportionately

greater than the differencein body size．　Of special

interestis that the polygynous C．YamaOkai shows

bimodalityin queen size distribution（Fig．21）．　The

Small－Sized queens whose head widths wereless than

l・275mm made up about14％　of all queen＄　COllected at Mt．

Tsukuba and　20％　at Mt．Kiyosumi．In addition，OVariole

number of queens was alsolargerin C．nawai except for

foundresses：in C．nawai，mean土SD＝26．0＋4．2，n＝41，but for

foundressesIll・7土1．5，n＝3；1arge queens of C．YamaOkai，

12・1土2・8I n＝953；Small queens of C．yamaokai，11．5土2．6，

n＝174．
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Toillustrate reproduct，ive conditions of each queen

in polygynous nests，the results of　9　nests which are

COnSidered as representative cases are shownin Table　6．

In nests　85－270　to　86－263，90－040　and　90－079，

reproductive stat，uS Of queens was not equal，and some

queens had muchlonger ovaries and visible amount of

COrPOralutea whichindicated active ovipositional

activity．It，SeemS that，however，SuCh reproductive

inequalityis related to t，he age of queens：01der queens

in which wing vestiges were more severely worn and wing

muscles were more severely decomposed or replaced by fats

tended to have more developed ovaries．　For example，in

nest　90－079，queenS　＃4，＃5　and　＃7　had corporalutea and

developed ovaries，but they seem far older than other

queens of the nest，because their wing vestiges were

COmPletely worn and wing muscles were replaced by fats．

Other queens of nest　90－079　had undeveloped ovaries，but

their fresh wing vestiges and wing musclesindicate th島t

they were recently dealat，ed，Very yOung queenS．In nests

90－002　to　90－036，mOSt queenS PrObably participatedin

the ovipositional activity more orless equally，and

their worn wing vestiges and replaced wing muscles

SuggeSt that t，hey were old ones．Itis to be noted that

Small－Sized queens did not necessarily haveless

developed ovaries than thelarger one（see　85－270　＃2，

86－263　＃2　and　90－002　＃4）．In general，0Varian
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development of queensin polygynous nests：：SeemS tO

COrrelate with age of queens，and thereis no tendency

that particular queens dominate over other queensin

OVIPOSitional activity throughout theirlives．

5・4・　Productivity of workers

5・4・l Worker body size

There is no noticeable difference in worker

morphology between C．nawai and C．YamaOkai，but workers

Of C・naWai have significantlylarger body size than

WOrkers of C．yamaokai（Table　7：Table　8，tWO－Way ANOVA）．

In particular，major workers of C．naWai are markedly

larger than those of C．yamaokai．　Two－Way ANOVA also

revealed thatintercolonial variation within species was

Significantin minor workers，but were not significantin

major workers．In addition，WOrker size was not

Significant，1y different between single and multiple queen

nests of C．ya戯aO点・aj．

5・4・2．0varian development of workers

In C・naWai，WOrkers of queenless nests had more

developed ovaries than workers of queenright nests（Table

9（a）‥In minor workers，t＝11．021，df＝370，pく0．001；in

major workers，t＝4．879，df＝210，P＜0．001：Data of workerS

Whose ovaries were completely atrophied were excluded）．

Some workers even had mature oocytes or corpolalutea．

In C・yamaOkai，WOrkers of queenless nests didn，t have
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more developed ovaries than workers of queenright nests．

Rather，WOrkers of queenright nests tended to have more

developed ovaries（Table　9（b）：In minor workers，t＝1．954，

df＝143，NS；in major workers，t＝1．87，df＝84，NS．In C．

YamaOkai，however，WOrkers which had mature oocytes or

COrPOlalutea Were rarely observed．In queenless nests，

minor workers of C．nawai had more developed ovaries than

minor workers of C．YamaOkai（t＝4．459，df＝292，Pく0．001），

butin queenright nests，the former hadless developed

OVaries than thelatter（t＝5．619，df＝200，Pく0．001）．In

queenless nests，major workers of C．nawai had equally

developed ovaries compared to major workers of C．

YamaOkai（t＝1．415，df＝156，NS），butin queenright nests，

the former hadless developed ovaries than thelatter

（t＝5・316，df＝113，pく0．001）．

Above resultsindicate that queens of C．nawai

SuPpTeSS OVarian development．of workers moreintensely

than queens of C．yamaokai．

5・5・Production of reproductives and effectS Of queens

Production of reproductive castes（alate females and

males）was muchlowerin C．YamaOkai（TablelO）．

Queenless nests of C．nawai produced alates most

frequently and most abandantly（especially males）．In C．

nawai，numerical sex ratio was biased for males，butin

C．YamaOkai，it was about，1：1．
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In experimental colonies of C．YamaOkai，heavily

POlygynous colonies never produced alat，e CaSteS，but

OrPhaned colonies produced alates as frequently as

natural queenless nests（Tablell；also see TablelO）．

6・Behavioral obSerVation of queens and vorkerB

6．1　Description of behavior

Observed behavior of queensis shownin Tables12　to

12・　Queens of C．nawai complex did not show any unique

behaviors compared with queens of ot，her polygynous ants

（Wilson1974a；Evesham1984），but behavioral patterns

Which need more explanation are described below．

Solicit food from worker（or queen）－　queen taPPed

On mandibles of worker（or queen）With antennae and

forelegs persistently，butit was rarely followed by

regurgitation．

肋nipulatelarva－　queen manipulatedlarva with her

mandiblesI but didnIt take any noticeable care・

Be carried bY WOrker－　WOrker pulled on mandibles or

legs of queen with her mandibles．

Be attacked bY WOrker－　VOrker struck the body of

queen continuously with her closed mandibles．　Aggression

by worker was observed oncein queen Pld（Table12）．

Queen Pld was found dead at thelast observational bout，

SO WaS eXCludedin t，he following behavioral comparison．

Attack queen　－　When a queen（Table13，queen P2C）
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encountered other queens face to face，She trembled and

tried to hit their bodies with her mandibles，but did not

actually do so．　The queens which received such

aggression alwaysignoredit．

6・2　Comparison of behavior among queens

Queens of polygynous colony Pl（except for Pld）were

not significant，ly differentin the frequency of each

behavioral act which was observed frequently enough

（expected frequency was more than five）to perform X2－

teStS（Table12）．　For the queens of polygynous colony

P2I there were significant differences among queensin

the frequencies of self－grOOming and a110－grOOming by

WOrkers（Table13）：Queens of nestl more frequently

groomed themselves than queens of nest　2，and queen P2b

WaS mOre frequently groomed by workers than were other

queens・In addition，Only queen P2c showed hostility

toward other queens，but actual fighting was not

Observed．

The queen of the secondarily monogynous coIony，SM，

WaS allo一grOOmedless frequently by workers but walked

more frequent・1y than queens of monogynous colonies，Ml

and M2（Table14）．Frequencies of self－grOOming and

regurgitation with workers，however，Were nOt

Significantly different among those three queens．

Behavioral similaTity among all queens observedis
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Shown as a dendrogramin Fig．22．1nlight of the

Observations・：Stated above，it can be generally concluded

that queens from the monogynous population（clusterl）

Were grOOmed and given food by workers more frequently，

but walkedinside the nestless frequently，than queens

from t，he polygynous population（cluster　2）．　The queen of

the secondarily monogynous colony，SM（cluster　2－ii），WaS

donated food by workers as often as queens of the

monogynous population，but was groomed by workersless

frequently and walked more frequently，aS WaS the case of

queens from the polygynous population．　Queens P2a，b and

C（clu＄ter　2－i），eSPeCially P2C（microgyne），Self－grOOmed

more frequently than other queens of the polygynous nest

（clust，er　2－iii）．

6・3　Position of queensin the nest

Queen locations in the nest tube are shown as

frequency distributionsin Fig．23．　All distributions

Were Significant，ly different each other by Kolmogorov－

Smirnov tests（p＜0．05）．　Except for Pld，the shape of

frequency distributions was flatter and the value of

COefficient of variation（CV）Was higherin queens of

monogynous nests thanin those of polygynous nests．

Queens of polygynous nests tended to aggregate around the

Center Of nests，While queens of monogynousi neStS Settled

down more freelyin the nests t，han those of polygynous
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nests．

7・Development Of egg8，1arvae and pupae

Reared atless than　25Bc，eggS Of C．nawai complex

andits allied species did not developinto pupae，and no

adults emerged・In Table15，developmental periods

（days）of eggs，larvae，prePupae and pupae at　250c are

presented．In this experiment，all emerged adults were

minor workers．　Total developmental periods were based on

the data ofindividuals whose development from eggs to

adultS Were COmPletely checked．

Developmental period of eggs was・Statistically

longerin the following order（p＞0．05）：C．YamaOkai　＞　C．

itoi　＞　C．nawai　＝　C．tokioensis．　Larval period of C．

yamaokai was slgnificantly shorter than those of other

SPeCies・　Prepupal period was not significantly different

between spcies except for C．tokioensis and C．nawai：

Prepupal period of the former species w・aS Significantly

Shorter than that of thelatter．　Pupal and total

developmental periods were not significantly different

among species．　For C．nawai complex andits allied

SPeCies，it took about two months for eggs to emerge as

adult minor workers at　25Bc．
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8．Aggression betveen different colonieS

8・1・Intraspecific aggression

At Mt．Tsukuba，neStS Were COllected at four sites

during May，1986：Site A was a small bush of bamboo

grasses（about2．4m2）which was near to sites C and D

but separated from them by a mountain path；Site B was

aboutl km apart from those three sites；Sites C and D

Were adjacent but separated by a small stream．In this

SamPling，locations of the nests were not recorded，but

the distance between nests was not beyond　5　min each

Site．

Four polygynous nest，S（Al t，O A4）and one polygynous

nest（Bl）were collectedin site A and B，reSPeCtively

（Table16）．　All but nest AI were constructedin the dead

bamboo grass・Internest aggression was significant

between all nest combinations compared to the control

（pく0・001；Fig．24．a）．Further，Pairwaise comparisons of

thelevel of aggressions revealed that thelevels of Al x

A3，AI x A4，A2　ⅩA3　and A3　Ⅹ　A4（aggression score，18　to

24），and of Al x A2　and A2　ⅩA4（score　32　to　33）were not

Significantly different with each other（p＞0．2），

respectively，but，the aggressionlevel between those two

groups was significantly different（pく0．05）except for Al

X A3・　Aggressionlevel of Al x A3（score　24）was not

Significantly different from that of all other
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COmbinations（p＞0．05），SOintermediate among them．It

WaS nOteWOrthy that aggressionlevels of Al x A2　and A2　X

A4　were not significantly different from thelevel of A4

ⅩBl（score　38；Fig．24．b），i．e．，aggreSSionlevel

between nestS Of distant forest．

In the adjacent sites C andI），One mOnOgynOuS（C2）

and two polygynous nests（Cl and C3），and three

POlygynous nests（Dl to D3）were collected，reSPeCtively

（Table16）．　All nests were constructedin dead bamboo

grass・　Significant aggression（p＜0．001）compared to the

COntrOI was found between nests except for C2　Ⅹ　C3，Dl x

D2　and Cl x D3（Fig．24．C．d．e）．　Aggressionlevels of Cl

X C2，Cl x C3，Dl x D3，D2　Ⅹ　D3，Cl x Dl and CI x D2

（score15　to　23）were not significantly different（p＞0．2）

from each other，but were significantly（pく0．05）lower

than that of distant forest nests（A4　Ⅹ　Bl）．

At Mt．Tsukuba（site E），and Tokorozawa（site F），

nests within a defined area were mapped and collected

ent，irely during October，1986（Fig．25）．

In site E，tWelve nests were collected：E2　and E4

Were queenless，El，E9，ElO and Ell were monogynous，and

Other six nests were polygynous（Table16；Fig．25．a）．

All nest，S Ot，her than E12　were madein stems of dead

bamboo grass．　Three nests（E2，E3　and E12）which had

enough number of workers to be tested with all other

nests were chosen and the aggression tests were performed
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（Table17）．El and E2　showed no significant aggression

（p＞0・2）wit，h other nests except for E12．Nest E12　was

Significantly hostile toward all other nests tested

（pく0．05）．

In site F，eight nests were collected：FI was

queenless and others（F2　to F8）were polygynous（Table

16；Fig・25．b）．　Except for Fl，F2　and F7，neStS Were

madein dead bamboo grass．　Fl had too small population

to test theinternest familiarity by the method of

aggression testI，SO aggreSSion tests were performed for

all possible pairs of other nests（F2　t，O F8）．　None of

the tests showed significant hostility compared to t，he

COntrOl（p＞0．2）．on the other hand，Significant

internest aggression at the samelevel asin A4　x BI was

always observed between sites E and F．

8・2・Interspecific aggression

InterSpeCific aggression tests revealed that

individual workers of C．nawai were superior to those of

C・yamaOkaiin aggressive encounters（Table18）．　Major

WOrkers were very aggressive compared to minor workers．

When fights beganI WOrkers bit on thelegs，antennae Or

mandibles of the opponents and often sprayed formic acids

from the t，ip of abdomen．
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9．Geographical distribution

9・1・Overall distributionsinJapan

C．YamaOkai distributed to more northern areas than

C・naWaiinJapan（Figs．2　and　26）．

In the Pacific coast ofJapan，eSpeCiallyin the

Bousou Peninsula，the boundaryline of both species

Closely correBPOnded wit，h theisot，hermalline of the

average of annuallowest temperat，ure Of　－3．50C．　This

lineis known to correspond with the nort，hernlimit of

SeVeralinsects and plants which have subtropical

OrlglnS．

9・2・Distributionin the contact，ing area

Moreover，in the Amatsu－Mt．Kiyosumi areain Chiba

Pref．where both species were found，C．nawai was

COllected between the coastal forest and the mountain

forest up to　200　m above sealevel（Fig．27，Sites A－E），

Whereas only C．yamaokai was foundin the forest above

250　m（sites F－H）．　Except for site C，tWO SPeCies were

not collected at the samelocation．In Shimoda，

Matsuzaki and Kawazu areainIzu Peninsula，TangeS Of C．

nawai and C．YamaOkai also did hardly overlap with each

Other，and thelatter occupiedinner or higher areas than

the former（Fig．28）．
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DISCUSSION

Obligately monogynous camponotus nawai and

facultatively polygynous C．YamaOkai showed unique

COntraStin various ecological characteristics

（summarizedin Table19）．The differences foundin the

reproductive mode and productivity，and the parapatoric

geographical distributions are common with other

monogynous and polygynous sibling species such as

PseudomYmeX Venefica group（Janzen1973），一Imacrogynatt

and’Tmicrogyna”of Mirmica ruginodis（Brian1983），and

monogynous and polygynous forms of Solenopsisinvicta

（Fletcher et al．1980；Ross and Fletcher1985）．In the

following sections，eCOlogical and sociobiological

features of C．nawai and C．yamaokai，and finally，

ecological factors which favor polygynyin this species

COmPlex will be discussed．

1・Relatedne8S Of queensin polygynouS COlony

Colonies of the facultatively polygynous C．yamaokai

are functionary polygynous，and queensin the same nest

are generally not hostile with each other（Tables12　and

13）．　collection，dissection and observation data suggest

that the mating of C．YamaOkaiis performed within the

nest and almost all alate females remain in their natal

nest（Figs．3，5　and　7）．In fact，the alate females
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Which had been marked with paint were found dealatedin

the same nest，after the mating season（Satoh，unPubl．

Obs・）・Although direct evidence has not yet been

Obtained for the degree of genetic relatedness among

COeXisting queens，the above results and observations

SuggeSt that they are genetically related with each

Other．

2・Queen polymOrPhism

Queen polymorphism as observedin C．yamaokai（Fig．

21）is also knownin other polygynous ant species，SuCh

as Pseudomyrmex‘renefica（Janzen1973）and hbTmica

ruginodis（Brian1983），andin the polygynous termite，

Nasutjtemes princeps（Roisin and Pasteels1985）．

Smaller sized queens may beless advantageous thanlarger

OneSin theindependent mode of coIony founding，Since

they should haveless energy reserves to rear the first

brood by themselves・In colony reproduction by budding，

howeverI Smaller queens may not be necessarilyless

advantageous thanlarger ones，Since they are attended by

WOrkers which supply food resources for rearing brood．

ThusIitis suspected that mycrogynes of those polygynous

SPeCiesincluding C．YamaOkai emerged with or after the

evolution of polygyny and reproduction through nest

budding．
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3・Productivity of queens and colonies

The number of brood（including eggs，1arvae，

PrePuPae and pupae）per worker during egg－laying season

tends to belargerin the polygynous C．yamaokai thanin

the monogynous c．naWai（Table　3）．　Thisis probably due

to the participation of all or most queensin colony egg

PrOduction，eVen though productivity ofindividual queens

islowerin C．yamaokai thanin C．nawai（Tables　4　and

5）・A high brood／worker ratio couldincrease coIony

growth rate together with nest multiplication by budding

but decrease food resources allocated to eachimmature

and adult caste．　Smaller adult，body size（Fig．21and

Table　7）andless developed ovaries of queens（Table　5）

in C・yamaOkai might be partly explained by per capita

decrease of food resources．

The Mreproductivity effectM，thatis，decreasein

Per CaPita productivit，y Of females withincreasein the

number of femalesis a general rulein socialinsects

（Michener1964；Wilson1974b；Yamauchi et al．1982；

Greenberg et al．1985）．　C．yamaokai also showed this

Phenomenon（Fig．20）．　The reproductivity effect might be

Viewed as aload of polygyny，Which might be offset by

Particular ecological circumstances favoring polygyny．

Nevertheless，if so，Why polygynyis burdened with such a

high costis not evident．　Queens of polygynous colonies，
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however，may be genetically relat，ed with each other，SO

decreaseininclusive fitness could be relaxed by

indirect effects of kin reproduction．

4．Production of reproductives

In C．nawai，queenless nests produced more

reproductives（alate females and workers）than queenright

nests（TablelO）．　Frequency of the nests which produced

reproductives was also higherin queenless nests thanin

queenright nests（TablelO）．Itis generally said that

queens of socialinsectsinhibit the production of female

reproductives（new queens）phelomonaly，and reproductives

emerge when colonies become sufficientlylarge and

queens’inhibitionis weakened under the thresholdlevel

Of caste differentiation（Wilson1971）．

In C．YamaOkai，SuCh a phenomenon was not found

between queenless and queenright nests．　Both kind of

nests producedlow number of TePrOductives atlow

frequencies（queenright nests，39．4％；queenless nests，

33．3％）compared to C．nawai（TablelO）．

The experimental nests of C．YamaOkai which were

added extra queens produced no reproductives during t，he

two reproductive seasons，but queen－remOVed nests

produced female and male reproductivesin which females

Should be derived from eggs of previously existed queens

（Tablell）．　This suggests that queeninhibition on the

37



alates product，ionis also effectivein C．YamaOkai，and

lower production of alates compared to C．nawai might be

due to the higherlevel ofinhibitory pheromon derived

fr－Om mult，iple queens．　The ecological significance of

lower alates productionin C．YamaOkai will be discussed

in the section of reproductive strategies．

5・Behavioral observation of queens and workers

Observations of t，he behavioral interactions between

queens of polygynous societies are Telatively scarcein

ants・　Someinvestigators found dominance hierarchies

among queensin the same nest（Evesham1984，in　柑mica

rubra；Hoelldobler and Carlin1985，in Zridomymex

PurPureUS），but others found no evidence of such

relationships（Wilson1974a，in LeptothoL・aX

eLLryjSpj乃0gひざ）．

The polygynous C．yamaOkai showed no evidence of

dominance hierarchies among queens（Tables12　and13）．

Queens，eXCePt for alTlicrogyne（P2C），did not show

aggressive behavior towards other queens，and tended to

aggregate around the cent，er Of the nest（Fig．23）．In

the additiona120　hour observation which were made during

the next summer，P2C showed no hostile behavior towards

Other queens・　ThusI queenS Of polygynous nest seem to

COeXiSt Without any antagonist，icinteraction．

Queens of C．nawai were groomed and fed by workers
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more frequently but walkedinside the nestless

frequently than those of C．YamaOkai（Table14）．In

general，queenS Of polygynous neStS Were grOOmed and fed

by workers equally．　Queens of polygynous nests were also

ChaTaCterized by their frequent soliciting behavior，

Which was rarely observedin queens of monogynous nests．

A queen of the secondarily monogynous nests，SM，is

noteworthyin the following respect：She was fed by

WOrkers as frequently as queens of the monogynous form

and rarely showed soliciting behavior．　Thus，it seems

that queens of polygynous nests share food reSOurCeS

equally and are short of food compared to queens of

mOnOgynOuS neStS．

Some evidenceindicates that queens of the

POlygynous form mate within their natal nest，and remain

init（Fig．5）．Thus，a relatively high degree of

relatednessis expected between coexisting queens．　Such

an ontogeny of queens makes them familiar with each

OtherI andit becomeslikely that peaceful　草・elationships

are realized between them．

6・Internest aggreSSionin C．YaZZ，aOkai

Polygynous ants generally show the reducedlevel of

intercolonial hostility compared to monogynous and

Oligogynous siPeCies（Hoelldobler and Wilson1977；Brian

1983）・In the extreme case，intercolonial aggressionis
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COmPletelylost，and even the fusion of different

COlonies could occur（PseudomYm7eX Venefica，Janzen1973；

PoIYrhachis dives，Yamauchi et al．1987）．It was

revealed that queen discriminators were

disproportionatelyimport，ant，in nestmate recognition

COmPared to worker discriminators and environmental odors

（Carlin and Hoelldobler1983，1986，1987）．　Presence of

more than one queen，therefore，Should complicate

nestmate reCOgnition cues or colony specific odor and

reduce the efficiency of nestmate recognition．

In the polygynous C．YamaOkai，COnSiderable

Variations were observedin theinternest aggression

（Fig．24）．Ⅰndividuals of adjacent，neStS Often accepted

each other completely，but sometimes mutual avoidance，

alarm behavior，Or Weak to severe attack was observed

between them．　Nests from the distant sites always showed

hostility toward each other．

Within site variation of aggressivenessis

apparently confusing，but considering that C．YamaOkai，

as well a＄　Other polygynous ants，mainly reproduces by

nest－budding，it can be explained．　For example，if

nest，－budding was occurredin site A as shownin Fig．29．a

（the simplest，CaSe），mild aggression of Al x A4，A4　X A3

and A3　X A2I and severe aggression of Al x A3，A2　ⅩA4

and Al x A2　were plausible（See also Fig．24．a）．

Similarly，in sites C and D，if nest－budding had occurred
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as Fig・29．b－d．observed variations are explained without

COntradiction．

Variationin aggressive responses was also observed

Within nests・　For example，alllevels of aggression were

Observedin A2　ⅩA3（Fig．24．a）．　Why thoseintranest

Variation occursis uncertain，butitis possible that

non－aggreSSive workers had some direct orindirect

experience of　－10dor”of non－neStmateS，e．g．，they had

beenin the same nest before budding，andit was also

POSSible that aggressive workers had no experience of

COmmOn Odor，e．g．，they emerged at different nests after

budding，and there was no contact between those nests．

In site E，Only nest E12　was significantly hostile

toward other nests（Table17），but the hostility was

relatively weak against surrounding nests，E2，E8，E9　and

Ell（Fig．25．a）．Itis pos＄ible that E12　had previously

been connected with those nests but the connection was

lost・In site F，Slgnificantinternest aggression was

never observed（Fig　25．b）．　Such cases also suggest that

C・YamaOkaiis able to form a super colony or to at，tain

unicolonial population structure asis the case of other

POlygynous ants（see above section：Hoelldobler and

Wilson1977；Higashi1978；Yamauchi et al．1981）．In

fact，migration of workers and queensinto different

nests was observed by marking and recapture at Mt．

Tsukuba，and was also ascertainedin the artificially
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intr－Oduced population at University of Tsukuba（Satoh，

unpubl．）．

Multiple queens and worker matrilines，and exchange

Of nest membersI Seem tO enhance the variability of

nestmate recognition cues，Whether they are genetic or

environmental，and polygynous colonies should becomeless

discriminating against other coIonies than monogynous one

（Hoelldobler and Wilson1977；Keller and Passera1989；

Morel et al．1990）．　C．YamaOkai workers do not exhibit

Clear aggression toward conspecificsin glass dishes，but

do so tOWard the monogynous counterpart C．naⅣai．　This

SuPpOrtS the above prediction，and coincides with the

Pattern Of monogyne and polygyne Solenopsisinyicta

（Morel et al．1990）．There was，however，nO remarkable

differenceininterneSt aggreSSiveness between queenless，

monogynous and polygynous nests of C．YamaOkai．　As

Stated above，those queenless or monogynous nests may

mostly be a part of a polydomous colony and connected

With other queenright nests，SO they may not purely

queenless or monogynous．　Thus，theinfluence of queen

numbers on nestmate recognit，ion could not be veTifiedin

this case．

It was suggested that environmental odors，SuCh as

food and nest materials，COuld also affect nestmate

recognition cues（Hoelldobler and Michener1980；Carlin

and Hoelldobler1986）．　Nests of C．yamaokai were
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COllectedin the forests of same vegetation，SO food

COmPOSition（insects carcasses and Homopteran secretions）

WaS POSSibly similar within the samplinglocation．

Further，neStS Of C．YamaOkai were madein dead bamboo

grasses orin dead branches of evergreen trees（mainly

Quer・CuS SPP．），but kinds of nest materials did not affect

nestmate recognition markedly．　Such environmental odors

POSSibly have only a minor rolein nestmate recognition

（Carlin and Hoelldobler1986）．

Finally，adjacent nests which might be derived from

the same colony sometimes showed severe aggression each

Other，and thelevel of aggression was not significantly

different from that of distant nests．　Thisi Phenomenon

indicates that，in C．yamaokai，neStmate reCOgnition cues

are transient asin Leptothorax curvispinosus（Stuart

1987），and could become distinct enough to reject

unfamiliar conspecifics notlike as PseudomYrmeX Venefica

（Janzen1973）and PoIYrhachis dives（Yamauchi et al．

1987）．Ⅰt SeemS thatinternest exchange of membersis

most important for the maintenance of unicolonial

POPulation structure compared tO genetic resemblance，

environmental odors（food composition and nest material），

etc．Ifinternest connections have beenlost foT along

enough time，Whetherit wasintended or not，neStmate

recognition cues may be altered to be distinguishable，

and the nest may be segregated from the mother colony and
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becomes an autonomous new colony．

7・Reproductive strategy of C．na打ai and C．yamaokai

Obligately monogynous C．nawai performs nuptial

flightsin summer，andinseminated females found new

COloniesindependent，ly（haplometrosis）．Itis the

typical mode of reproductionin ants（Wilson1971；

Hoelldobler and Bartz1985）．　When coIonies growlarger，

they happen to occupy more than one nest sites，but

COlonies have alimitation on theiT Size because they

have only one propagator（queen）．　On the other hand，

facultatively polygynous C．YamaOkai never performs

nuptial flights on alarge scale，and colony reproduction

is mostly attained through nest budding（colony fission）．

In the extreme case，a highly polydomous colony occupies

Single habit，at entirely（Fig．13）and the population

becomes unicolonial in the sense of Hoelldobler and

Wilson（1977）．

Omitting nuptial flightS andindependent colony

founding by single queen which seem most dangerous during

the colonylife hist，Ory，COIonies of C．YamaOkai should

have much higher colony founding success and colony

growth rat，eS than C．nawai．　Production of reproductives

WaS muChlowerin C．YamaOkai t，hanin C．nawai（Table

lO）．　Because of theintranidal（within nest）mating and

reproduction through nest budding，COlonies of C．
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yamaokai have no need to produce so many reproductives，

and too many reproductives may rather burden the colony，

because newlyinseminated queens remainin the natal

COlonyin mosit CaSeS（Figs．3，5　and　7）．In C．YamaOkai，

it seems more advantageous that colonies allocate more

resource for production of workers instead of

reproductives andinclease foraging and resource

utilizing ability．

Life span of coloniesis restricted by that of

queensin monogynous C．nawai．　On the other hand，

COlonies of C．YamaOkai could cont，inue to exist

Permanently by the renewal of functional reproductives．

Without performing nuptial flightS eXtenSively，however，

dispersal and colonization ability seem to belimitedin

C・yamaOkai compared to C．nawai．

8・Ecological factors affecting evolution of polygyny

Reproductive strategy adopted by C．YamaOkai and

Other polygynous ant species may be advantageousin the

following two cases which are not mutually exclusive．In

the first case，COlony founding by single queenis

extremely difficult because of the severe environment

（for example，dried or fluctuating habitat or nest sites）

Orlimitation of available nest sites，SO remainingin

her natal nest after mating andincidentally budding off

With some workersis favored by newlyinseminated queens
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and also colonies・In the second case，COlony founding

by single queenis not necessarily difficult，but the

tfoptimalt－　habitatis patchily distributed or restricted

around the natal colonies．　Therefore，dispersal for

Other placesisless advantageous for newlyinseminated

queens than remainingin or near the natal colonies，eVen

if availability of nest sitesis not restricted．

Hoelldobler and Wilson（1977）point to two

COntraSting pat，ternS Of adaptation for polygynyin ants．

The firstis specialization on exceptionally short－1ived，

unstable nest，Sites，and the secondis・：SPeCialization on

Stable but patchily－distributed habitats．　Pamilo and

Rosengren（1984）consider the hypothesis of Koenig and

Pitelka（1981）for cooperative breeding of birds as an

extenSion of thelatter category；the hypothesis

indicates that resourcelocalization，eSPeCially habitat

localizationI PrOVides the selective background for c0－

0Perative breeding of birds（Corresponding to polygynyin

ants），and does not always require habitat specialists．

They suggest t，hat thelocalization of”optimal”habitats

SurrOunded by marginal poorer habitatsis the selective

agent of polygynyin Fomica exectain which polygynous

nests are foundin productive meadow habitats and

monogynous nests are mainly foundinless productive

rocky forests．　Recently，Herbers（1986）suggested that

limitation of available nest sites was the mostimportant

46



Selective factor favoring polygynyin Leptothorax

joJ】gjspjJ】OSuS．

In the case of the C．nawai complex，however，On the

authorIs generalinspection，thereis no remarkable

differences in the habitats and nest sites between C．

nawai and C．yamaokai except for geographical

distributions（Figs．2，26，27　and　28）．　Both forms

inhabit evergreen broad－1eaved forests，Where hollow dead

branches or bamboo grasses provide ample nest sites．

Therefore，eCOlogical factor（S）Other than those

indicated above might be responsible for the occurrence

Of polygynyin t，he C．nawai complex．　One most

responsible factorimplied by their geographical

distributionsis the difficulty ofindependent colony

foundingin colder climates．If single foundress which

matedinlast summer orincipient colonies which

COntained a few minor workers can hardly endure the

SeVere Winter，adoption of newlyinseminated femalesin

the same nest and coIony reproduction through nest

budding might be favored rather thanindependent colony

founding．　The polygynous C．yamaokai occursin the most

northern range among the related species（Subgenus

柑rmamblYS），andis t，he most dominant speciesin the

arboreal ant COmmunities withinits range．　The

monogynous C．nawai did not distribute northward beyond

theisothermalline of　－3．50C（the average of annual
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lowest temperature）which corresponded with the northern

limit of severalinsects and plants of subtropical

Origins（Fig．26）．

Why C．yamaokai cannot expandits range more

SOuthern areas？　C．YamaOkaiis foundin MiyajiTnaIsland，

Hiroshima Pref．where has warm climate as other habitat

Of C・naWiiiI SO C・yamaOkai seems not physiologically

inhabitablein more southern areas．Ⅰtis suspected that

C・naWaiis superior to C．YamaOkaiin competitive

ability for nesting sites owing toits aggressive

dominance（Table18），SO C．YamaOkai might，be excluded

from the distributional range of C．nawai．It seems that

northernlimit of C．nawaiis determined by winter

COldnessin a physiological manner，While southernlimit

Of C・YamaOkaiis settled as the result of competitive

exclusion by C．nawai，SO geOgraPhical distributions of

those species should be separate parapat，Orically（Figs．

27　and　28）．
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SUMMARY

1・　Life history，geOgraPhical distribution，POPulation

StruCture，and reproductive st，rategy Of obligately

monogynous Camponotus nawai and facultatively polygynous

C・YamaOkai were st，udied by field collection of colonies，

dissection of queens and workers，aggreSSion tests

between nestsI rearing experiments，and observation of

laboratory colonies．

2・　The seasonal changes of colony composition were

Similarin the two species except for the seasonin which

alates（winged females and males）were foundin nests．

Colonies consisted of adults and larvae in winter．　The

Winteredlarvae developed to pupae and adults during

Summer・　Eggs werelaid duringlate spring and summer．

All eggs hatched tolarvae beforelate summer．　C．nawai

Performed nuptial flightin August and never had alates

in winter．In C．yamaokai，however，alates emergedin

late summer and winteredin natal nests，mating probably

OCCurred witlhin the nestin spring and nuptial flight was

not performed on alarge scale．

3・　Rearing at constant temperat，ureS Of16，19，22　and

250C revealed thatlarvae could not develop to pupae at

less than　25DcI but could develop to adult workersin

about two months at　25Qcin both species．

4・　In C・naWai，COlonies were always founded by single
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inseminated femaleindependently，butin C．ァamaokai，

COlonies were founded mainly by nest budding（colony

fission）and a complete set of queen and worker cast，eS

WaSinvoIvedin colony founding．

5・　C．YamaOkai showed vaTious degrees ofinternest，

hostility．Individuals from adjacent nests often

accepted each other，but weak to severe aggression

SOmetimes occurred between them．　Individuals from nests

far apart always fought severely．　Observed variations of

aggressiveness seem to be caused by colony reproduction

through nest budding．

6．　Aggression tests between workers of C．nawai and of

C．YamaOkai revealed that the former dominat，ed over the

latterin aggressive encounters．

7・　Colonies of both species were often polydomous，

i．e．，OCCuPied more than one nest sites．In C．nawai

populations，there were many monodomous or polydomous

COlonies，t，hus population struct，ureis considered as

multicolonial．　On the other hand，POPulation struct，ure

Of C．yamaokai was so variable thatit ranged from

multicolonial to unicolonialin which single colony had a

huge number of nests and occupied single habitat

entirely．

8・　In both species，number of brood（eggs，1arvae，

PrePuPae and pupae）was positively correlated with number

Of workersin the nest．　Number of brood per worker was
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higherin C．yamaokai thanin C．nawai，SO PrOductivity

Of colonies seems higherin C．YamaOkai．　However，number

Of brood per queen was significantly higherin C．nawai，

SO PrOductivity ofindividual queen seems higherin C．

nawal・In C．YamaOkai，number of queens was positively

COrrelated with number of workers and of brood，but

negatively correlated with number of workers per queen

and of brood per queen．

9・　The body size and ovarian volume of queens were

largerin C．naW■ai．　Queens of C．YamaOkai showed bimodal

Size distribution，though small queens wereless

frequent．　Ovarian development oflarge and small queens

WaS nOt Significantly different，．　All or most queensin

POlygynous nests of C．YamaOkai were fertile，thus

POlygynyis functional．Ⅰn polygynous nests，0Varian

development of queens seemed to correlate with age of

queens and t，here was no tendency that particular queens

dominated over other queensin oviposit，ion act，ivity

throughout theirlives．

10・　In C．nawai，WOrkers of queenless nests tended to

have more developed ovaries than those of queenright

nests，butin C．YamaOkai，SuCh a tendency was not

Observed．

11・　Production of reproductive castes（winged females

and males）was significantly higherin C．nawai thanin

C・yamaOkai．　エn C．YamaOkai，queen－remOVed nests
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PrOduced winged females and males，but queen－added nests

did not produce them．

12・　Queens of C．nawai were groomed by and received

food from workers more frequently but walked aboutinside

nestsless frequently than queens of C．YamaOkai．

Hierarchical relationships were not observed among queens

Of polygynous nests・In general，those queens were

equally cared for by workers，aggregated around the

Center Of nests，and showed no hostility toward each

Other．

13．　　C．nawai distributed coastal and southern areas and

not beyond theisothermal line of　＋3．5Bc which was

average of the annuallowest temperature．　C．yamaokai

distributed more northern　and higher areas and the

rangesof the two species contact parapatrically．

14・　Reproductive strategy of C．YamaOkai showed unique

divergence from traditional one adopted by most ant

SPeCiesincluding C．nawai．　C．YamaOkai omits nuptial

flights andindependent colony founding by single queen，

and reproduces by colony fission．　Such reproductive

Strategy may be advantageousin northern areas which has

SeVere Winter climates for this arboreal ant group

（subgenus取mamblYS）．It seems t，hat polygyny of C．

YamaOkai evoIved as adaptation to the colder winter

Climate and C．YamaOkai became exceptionally dominant

among arboreal ant communities in northern areas．　The
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reason why C・YamaOkai cannot expandits Tangeinto

SOuthern areas might be that C．nawai dominates over C．

YamaOkaiin aggressive encounters and excludes t，helatter

fromits・range．
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APPENDIX．　DISSECTION DATA OF QUEENS

HW：Head width．WV：Degree of wearin wing vestige；（0）

not worn，（1）partly worヮ，（2）completely worn・Ⅷ：
Degree of decompositionln Wing muscle；（0）int，aCt；（1）

mildly，（2）hardly，and（3）completely decomposed；（4）
replaced by fats．Ⅰ：Ⅰnsemination；1nseminated（＋）or

not（－）．　CL：Corporalut，ea；Visible（＋）or not（十）．　NO：

Number of ovarioles．　LO：Totallength of ovarioles．

NMO：Number of mature oocytes．

l C創叩0月Otu古　刀aWaj

1－1　Shimoda（Nabeta），Shizuoka Pref．

No．　I）ate HW（mm）WV WM I CL NO LO（mm）

85－378　11／1 9

85－405　12／23

l

 

l

85－407　12／23　1

86－001　1／19　1

86－002　　1／19　1

86－022　　1／20　1

86－032　　1／20　1

86－036　1／20　1

86－046　　1／20　1

86－060　　1／211

86－070　　2／23　1

86－077　　2／23　1

86－079　　2／23　1

86－090　　2／23　1

86－093　　2／23　1

86－102　　3／18　1

86－103　　3／18　1

86－106　　3／18　1

86－111　3／18　1

86－112　　3／18　1

86－115　　3／18

86－116　　3／18　1

86－122　　4／20　1

86－127　　4／20　1

86－131　　4／20　1

86－137　　4／20　1

86－136　　4／20　1

86－186　　5／18　1

86－196　　5／19　1

86－198　　5／19　1

86－199　　5／19
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Date HW（mm）WV WM I CL NO LO（mm）
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1　　4　　　十　　十　　20　120．0

2　　4　　＋　　＋　　21　147．0

2　　4　　＋　　＋　　32　　288．0

2　　　4　　　＋　　　＋　　　29　　261．0

2　　　4　　＋　　　ワ　　　24　192．0

2　　　4　　　十　　十　　　？　　　？

2　　　4　　＋　　＋　　28　　　？
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2　　4　　十　　十　　29　　319．0

2　　4　　＋　　＋　　30　　210．0

2　　0　　＋　　　　　10　　28．0

2　　4　　十　　十　　24　192．0

2　　4　　十　　十　　27　　270．0

2　　4　　十　　十　　24　174．0

1　　0　　＋　　　　　　12　　　27．6

2　　4　　十　　十　　18　　90．0

1　　0　　＋　　　　　　13　　　29．9

2　　4　　十　　十　　27　　216．0
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1－2　Amatsukominato，Chiba Pref．

No．　　Date HW（mm）WV WM I CL NO LO（mm）

85－158

85－160

85－166

85－169

85－175
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2　　4　　＋　　＋　　28　　246．8

0　　　0　　？　　？　　　ウ　　　？

2　　4　　十　　十　　27　　205．5

2　　　4　　＋　　＋　　　32　　280．0

2　　　4　　＋　　＋　　29　　239．3

2　　　4　　十　　十　　32　　312．0
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1－3　Hayama，Miura Peninsura．，Kanagawa Pref．

No・　　Date HW（mm）WV WM I CL NO LO（mm）　NMO

88－048　　3／20　1．50　　　2　　4　　＋　　＋　　27　108．0　　　0

1－4　Matsuyama，Ehime Pref．

No．　　Date HW（mm）WV WM I CL NO LO（mm）　NMO

88－193　　8／28　1．58　　　2　　3　　？　　　　12　　24．0　　　0

88－194　　8／28　1．55　　　2　　3　？　（　decomposed　）

1－5　Chyoushi，Chiba Pref．

No．　　Dat，e HW（mm）WV WM I CL NO LO（mm）　NMO

90－013　　1／14　1．65　　　2　　4　　＋　　＋　　28　154．0　　　0
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1－6　Tateyama，Chiba Pref．

No．　　Date HW（mm）WV WM I CL NO LO（mm）　NMO

90－028　　1／15　1．70　　　0　　4　　十　　十　　30　105．0　　　0

1－7　Itou，Shizuoka Pref．

No．　　Date HW（mm）WV WM I CL NO LO（mm）　NMO

90－041　1／211．60　　　2　　4　　＋　　＋　　28　182．0　　　0

90－043　1／211．65　　　2　　4　　十　　十　　31139．5　　　0

90－046　1／211．55　　　2　　4　　＋　　＋　　33　264．0　　　0

1－8　Mt．Takago，Chiba Pref．

No．　　Date HW（mm）WV WM I CL NO LO（mm）　NMO

90－075　　4／17　1．55　　　2　　4　　1　1　　20　150．0　　　0

2　CaJ岬OJlOtUS yamaOkaj

＃Q：Individual number of queens．”A一’and’’D－Tindicate

alate and recently dealated females，reSPeCt，ively．’’S”

indicates microgyne whose head widt，hisless t，hanl．28mm．

2－1　Tsukuba，Ibaraki Pref．

No．　I）at，e　＃Q HW（mm）WV WM I CL NO LO（mm）
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1　1　　＋　　　　　　8　　16．0

1　1　　＋　　　　　　　8　　16．0

10　　25．0

8　　16．0

12　　60．0

10　　20．0

10　　20．0

9　　22．5

12　　36．0

8　　12．0

？　　　　？

？　　　　？

ワ　　　　　　？

？
・
ワ
・
？
・

8　　12．0

10　　16．0

16　　　64．0

12　　18．0

12　　　36．0

8　　12．0

12　　18．0

？　　　　？

8　　12．0

12　　16．8

12　　18．0

8　　16，0

8　　16．0
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86－179
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86－228

69
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86－201　5／26　1　1．33

86－202　　5／26　1　1．38

86－205　　5／26　1　1．35

86－203　　5／26　81　1．18

S2　　1．25

83　　1．20

86－204　　5／26　　1　1．35

2　　1．38

86－207　　5／26　81　1．20

2　　1．38

3　　1．40

2　　2　　＋　　　　　　　8　　32．0

2　　2　　＋　　　　　14　　70．0

1　　2　　＋　　　　　　？　　　？

1
　
2
　
2
　
　
　
1
　
2

86－208　　5／26　1　1．38　　1

86－209　　5／26　　1　1．35

2　　1．35

3　　1．35

86－210　　5／26　　1　1．35
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1．23

1．38

1．20

1．35

1．40

1．35

1．25

86－214　　6／2　sl l．18　　　2

2　　1．30　　　2

3　　1．33　　　2
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86－217　　6／2　　6　1．35　　1　1
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86－272　　6／25　sl l．23

2　　1．33

3　　1．35

4　　1．38

5　　1．35

6　　1．35

7　　1．35

86－273　　6／25　　1　1．38

2　　1．38

3　　1．40

4　　1．33

5　　1．35

6　　1．40

7　　1．38

8　　1．38

9　　1．38

10　　1．38

11　　1．40

12　　1．38

13　　1．38

14　　1．38

15　　1．38

16　　1．40

17　　1．38

18　　1．38

19　　1．38

20　　1．38

21　　1．33

22　　1．35

23　　1．35

24　　1．40

25　　1．38

86－275 52／6 1
　
2
3
4

1．28

1．40

1．30

1．38

86－292　　7／23　1　1．35

1

1

1

1

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2　　＋　　　　　10　　30．0

2　　＋　　　　　12　　48．0

2　　＋　　　　　12　　54．0

2　（　　　decompo∈Od
4　　＋　　十　　12　　48．0

2　　＋　　　　　12　　60．0

4　　＋　　　　　14　　58．8

1　　＋　　　　　12　　36．0

4　　＋　　＋　　12　　48．0

1　　＋　　　　　12　　30．0

4　　十　　十　　14　　70．0

1　　＋　　　　　12　　30．0

1　　＋　　　　　12　　30．0

1　　＋　　　　　12　　24．0

1　　＋　　　　　12　　30．0

1　　＋　　　　　12　　24．0

1　　＋　　　　　12　　24．0

2　　＋　　　　　12　　36．0

1　　＋　　　　　　12　　　30．0

1　　＋　　　　　　12　　30．0

4　　＋　　＋　　14　　84．0

4　　＋　　＋　　14　　70．0

1　　＋　　　　　12　　24．0

1　　＋　　　　　　12　　24．0

1　　＋　　　　　12　　24．0

1　　＋　　　　　12　　24．0

1　　十　　　　　14　　28．0

1　　＋　　　　　　　8　　20．0

1　　＋　　　　　12　　24．0

1　　＋　　　　　12　　24．0

4　　十　　十　　12　　36．0

4　　＋　／　　／　　　／

1　　4　　＋　　　　　10　　52．0

1　2　（　　　decomposed
1　　4　　＋　　＋　　12　　72．0

1　　4　　＋　　＋　　12　　60．0

4

2

0

）

0

0
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2

1

1

3

1

0
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2

1
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0

3
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0

1

2

0

2

0

1

2

1

0

1

　

　

0

、

ノ

0

0

2　　4　　＋　　＋　　14　　98．O many

86－293　　7／23　1　1．30　　1

2　　1．38　　　1
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No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO
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89－115　1／14　1　1．28　　　3
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89－121　1／17　1　1．40

2　　1．35

S3　　1．15
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No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）
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2－3　Tokorozawa，Saitama Pref．

No・　　Date　＃Q HW（mm）WV I CL NO LO（mm）
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2－4　Komikado，Chiba Pref．

No．　　Date　＃Q HW（mm）WV I CL NO LO（mm）

88－021　3／7 1
2
3
　
4
5

S

 

S

 

S

 

S

0
3
　
8
5
8

2
　
2
1
3
1

●

　

　

　

　

■

　

　

　

　

●

　

　

　

●

　

　

　

■

l
 
l
 
l
 
l
 
l

2
2
　
1
　
1
　
1

l
 
l
 
l
 
l
 
l

十
　
十
　
＋
　
十
　
十

10　　　　？

14　　　56．0

10　　　　？

12　　　48．0

12　　　36．0

0
0
　
0
0
0

2q5　Totsuka，Kanagawa Pref．

No．　　Date　＃Q HW（mm）WV I CL NO LO（mm）　NMO

88－038　　3／15　1　1．40

2　　1．40

3　　1．38

88－039

88－040

D
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
A
 
A
 
A
 
A
 
A
 
A
 
A
 
A
 
A
 
l
 
l
 
l
 
l
 
l
 
l
 
l

A
 
A
 
A
 
A
 
A
 
A
 
A

51／3

51／3

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

　

　

1

2

3

4

1．40

1．35

1．43

1．40

1．40

1．40

1．38

1．38

1．43

1．45

1．43

1．40

1．38

1．38

1．38

1．38

1．38

1．35

1．38

1．40

1．38

1．40

1．35

1．43

1．35

1．33

1．38

1．40

1．40

1．43

1．43

1．38

1．35

1．35

1．38

1．35

1．38

1．35

4

4

4

　

　

1

0

1

1

1

4

1

1

1

1

1

1

1

1

4

1

1

1

0

0

0

0

0

0

0

2

0

0

0

0

0

0

0

0

　

　

4

3

3

4

2

1

2

　

　

1

1

1

1

1

1

1

1

1

1

1

1

0

1

1

1

1

1

／

／

／

／

／

／

／

／

／

／

／

／

／

／

／

／

　

　

1

2

2

2

＋　　15　　64．0

＋　　16　　80．0

＋　　12　　48．0

12　　12．0

12　　18．0

12　　18．0

16　　40．0

16　　24．0

12　　18．0

14　　28．0

14　　28．0

12　　18．0

12　　　24．0

12　　19．2

14　　28．0

12　　24．0

16　　28．8

16　　　32．0

12　　18．0

12　　21．6

16　　12．0

／　　　／

10　　15．0

10　　20．0

／，　　／

12　　　27．0

8　　10．4

16　　　／

16　　24．0

8　　12．0

16　　32．0

／　　　／

12　　12．0

12　　19．2

／　　　／

12　　18．0

12　　　24．0

＋　　＋　　12　　60．0

＋　　＋　　13　　45．5

（　　　decomposed
＋　　＋　　15　　45．0

0
0
0
　
　
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
／
0
0
′
0
0
／
0
0
0
／
0
0
／
0
0
　
　
0
0
）
0

81



No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

88－041

88－042

S51／3

S

1
　
2
　
3
　
4

3
　
5
　
3
　
3

2
　
3
　
3
　
2

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l

3／15 83
●

l

0　　4　　十　　十　　16　　　32．0

2　　4　　十　　十　　16　　48．0

2　　　4　　＋　　＋　　14　　42．0

2　　4　　十　　＋　　14　　42．0

2　　4　　＋　　＋　　12　　30．0

0

0

0

0

2－Y6　Busann，Miura Peninsura，Kanagawa Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

88－057　　3／20　　1　1．35

52　　1．23

88－059　　3／20　1　1．35

88－064

88－066

1
　
2
　
3
　
4

S
 
S
 
S
 
S

O2／3

D

 

D

 

D

O2／3

A
 
A
 
A
 
A
 
A
 
A
 
A
 
A
 
S
 
I

A
 
A

1
　
2
3
　
4
5
　
6
　
1
2
　
3
　
4
5
　
6
　
7
　
8
　
9
0

1．25

1．20

1．23

1．20

1．38

1．40

1．43

1．40

1．35

1．35

1．40

1．40

1．35

1．43

1．38

1．38

1．43

1．35

1．23

1．38

1　　4　　十　　十　　20　　50．0　　　0

0　　3　（　　decomposed　　）

2　　4　　十　　十　　17　　85．0

4
4
4
4
　
　
0
0
1
0
1
1
0
0
　
0
0
0
　
0
　
0
0
0
0

2

2

2

1

　

　

1

1

1

0

0

0

／

／

／

／

／

／

／

／

／

／

＋
　
＋
　
＋
　
十

＋　　14　　28．0

14　　　21．0

17　　　34．0

＋　　16　　　32．0

10　　15．0

／　　　／

12　　　24．0

12　　　24．0

／　　　／

12　　　24．0

12　　　20．4

13　　22．1

16　　　24．0

6　　　　9．0

6　　　　6．0

／　　　／

11　　19．8

12　　18．0

12　　18．0

6　　　　9．0

0

0

0

0

0

　

　

0

／

0

0

／

0

0

0

0

0

0

／

0

0

0

0

2－7　Mt．Kano，Bousou Peninsura，Chiba Pref．

No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

88－070　　3／21　sl l．20

2　　1．33

88－073　　3／21　1　1．43

2　　1．43

3　　1．35

4　　1．38

′　5　　1．33

88－075　　3／21　1　1．33

2　　1．38

2　　4　　＋　　＋　　12　　48．0

2　　4　　＋　　＋　　12　　60．0

1　　4　　＋　　＋　　14　　49．0

2　　　4　　十　　十　　12　　　36．0

2　　4　　＋　　＋　　15　　67．5

2　　4　　十　　十　　14　　70．0

1　　4　　＋　　＋　　14　　35．0

2　　4　　十　　十　　12　　30．0

2　　4　　＋　　＋　　16　　64．0

0
　
0
　
　
0
　
0
　
0
　
0
　
0
　
　
0
　
0

82



No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

88－076 1
2
3
4
　
5
6
7
　
8
9
　
0
　
1
　
2
3
4
5
　
6
　
7
　
8

S
 
S
 
S
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

S

 

S

 

S

 

S

12／3 8

8

8

8

0

8

3

8

8

　

8

5

5

8

8

5

5

5

0

0

3

■

3

　

3

3

2

3

2

1

3

　

3

　

3

3

3

1

1

3

1

1

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

■

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

■

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

■

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

2　　4　　＋　　＋　　11　　33．0

2　　4　　＋　　＋　　12　　36．0

2　　4　　＋　　＋　　14　　56．0

2　　　4　　　十　　　十　　14　　　56．0

2　　3　　？　　　　　　8　　　　？

1　　4　　＋　　＋　　14　　42．0

1　　4　　十　　十　　14　　56．0

1　　4　　　十　　十　　12　　　36．0

1　　4　　十　　十　　12　　36．0

1　　4　　＋　　＋　　12　　54．0

2　　4　　＋　　＋　　12　　36．0

1　　4　　＋　　＋　　14　　49．0

2　　4　　＋　　＋　　12　　42．0

2　　4　　十　　十　　14　　35．0

1　　4　　＋　　＋　　12　　36．0

1　　4　　十　　十　　13　　32．5

2　　3　（　　　decomposed
2　　4　　十　　十　　12　　30．0

0
　
0
　
0
　
0
　
0
0
0
0
　
0
　
0
　
0
　
0
0
　
0
　
0
0
）
0

2－8　Kisarazu，Chiba Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

88－077

88－078

88－079

1
　
2
　
3
　
4
　
5

S

12／3

l

＼

　

2
／3

12／3

1
　
2

S

′

　

　

S

 

S

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
　
1
　
2
　
2
　
2
　
2

1

2

3

4

5

6

　

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

1．38

1．35

1．20

1．33

1．38

1．40

1．40

1．40

1．38

1．35

1．15

1．40

1．40

1．38

1．35

1．38

1．43

1．38

1．38

1，35

1．43

1．40

1．15

1．33

1．35

1．40

1．18

1．38

1．18

2　　4　　十　　十　　12　　24．0

2　　4　　＋　　＋　　13　　45．5

1　　4　　＋　　＋　　12　　42．0

1　　4　　十　　十　　12　　30．0

1　　4　　十　　十　　12　　36．0

1
　
2

1
　
2
1
2
1
2
2
2
　
2
2
2
2
2
2
1
1
2
1
　
2
　
2
　
1
2
1

4
　
4

＋
　
＋

＋
　
？
・

＋
　
＋
　
十
　
＋
　
＋
　
＋
　
十
　
十
　
十
（
十
　
十
　
十
　
＋
　
十
　
十
　
十
　
十
　
十
　
＋
　
＋
　
十
　
十

＋
　
＋
　
十
　
十
　
十
　
十
　
十
　
＋
　
＋
　
＋
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
＋
　
＋
　
＋
　
＋

4

4

4

4

4

4

4

4

4

3

4

4

4

4

4

4

4

4

4

4

4

4

4

16　　　72．0

？　　　　？

16　　56．0

13　　　45．5

16　　48．0

17　　　59．5

16　　48．0

13　　　39．0

14　　　56．0

13　　　52．0

12　　　36．O

decomposed
l6　　72．0

14　　35．0

16　　48．0

12　　42．0

15　　　52．5

13　　　39．0

14　　63．0

12　　　30．0

14　　42．0

12　　42．0

12　　36．0

15　　45．0

15　　37．5

0

0

0

0

0

　

　

0

0

　

　

0

0

0

0

0

0

0

0

0

ヽ

ノ

0

0

0

0

0

0

0

0

0

0

0

0

0



No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

88－079

88－081

4
　
5
6
7
8
9
　
0
1
2

2
　
2
　
2
2
2
2
　
3
　
3
3

S
 
S
 
S
 
S

12／3

3／21

1．35

1．35

1．38

1．38

1．38

1．18

1．18

1．23

1．15

1　1．40

2　　1．40

3　　1．35

4　　1．35

5　　1．35

S6　　1．18

7　　1．33

S8　　1．15

S9　　1．23

10　　1．40

Sll l．20

812　　1．15

S13　　1．18

S14　　1．25

S15　　1．13

S16　　1．18

17　　1．38

＋
　
十
　
十
　
十
　
十
　
　
＋
　
＋
　
＋
　
　
十
　
十
　
＋
　
＋
　
＋
　
＋
　
＋
　
十
　
十
　
＋
　
　
＋
　
＋
　
＋
　
＋
　
十
　
十

十
　
＋
　
十
　
＋
　
＋
（
＋
　
＋
　
＋
　
　
＋
　
＋
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
（
十
　
十
　
＋
　
＋
　
＋
　
＋

4

4

4

4

4

／

4

4

4

　

　

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

2

2

2

2

2

0

1

1

1

　

　

1

1

1

1

1

0

2

1

2

1

2

2

2

0

2

2

2

16　　48．0

15　　60．0

14　　49．0

16　　　56．0

15　　52．5

decompoSed
14　　35．0

13　　　39．0

13　　45．5

14　　56．0

16　　56．0

15　　　52．5

12　　36．0

12　　　36．0

12　　42．0

14　　42．0

14　　35．0

15　　52．5

12　　　30．0

decomposed
l6　　　32．0

12　　　30．0

13　　39．0

12　　　36．0

13　　　39．0

15　　　52．5

0

0

0

0

0

ヽ

ノ

0

0

0

　

　

0

0

0

0

0

0

0

0

0

0

1

ノ

0

0

0

0

0

0

2－9　Aobayaha，Sendai，Miyagi Pref．

No．　　Date　＃Q HW（mm）WV VM I CL NO LO（mm）

88－121　4／4 1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

1

2

D
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
1
2
2
A
 
A

D

0

0

5

0

0

0

5

8

3

0

5

3

5

3

3

0

3

3

8

0

0

3

5

3

3

3

3

3

3

3

2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

●

　

　

■

　

　

●

　

　

●

　

　

●

　

　

●

　

　

●

　

　

■

　

　

●

　

　

●

　

　

●

　

　

●

　

　

　

●

　

　

●

　

　

●

　

　

●

　

　

●

　

　

　

■

　

　

■

　

　

　

●

　

　

●

　

　

●

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

＋

（

十

一

＋

　

＋

　

十

　

十

　

＋

　

十

　

十

　

十

一

一

十

一

（

＋

　

？

　

十

　

十

一

－

4

4

4

4

4

4

0

4

4

4

4

4

0

4

4

4

4

4

4

4

4

0

0

2

2

2

2

1

2

0

1

2

1

2

2

0

0

1

2

2

1

2

2

1

／

／

＋　　13　　　52．0

decomposed
＋　　12　　24．0

12　　18．0

12　　18．0

16　　28．8

一

　

l

16　　32．0

14　　　23．8

14　　35．0

14　　28．0

11　　22．0

12　　18．0

16　　24．0

16　　27．2

14　　25．2

12　　20．4

decomposed
14　　28．0

？　　10　　　30．0

12　　24．0

12　　　／
12　　18．0

14　　21．0

0

）

0

0

0

0

0

0

0

0

0

0

0

0

0

0

、

ノ

0

0

0

0

0

0

84



No・　　Date　＃Q HW（mm）WV I CL NO LO（mm）

88－121

88－123

3
　
4
5
6
7
　
8
9
　
0
　
1
　
2
3
　
4
5
　
6

A
 
A
 
A
 
A
 
A
 
A
 
A
 
l
 
l
 
l
 
l
 
l
 
l
 
l

A
 
A
 
A
 
A
 
A
 
A
 
A

4／4

lS4／4 l

5
　
3
5
5
8
5
5
3
　
5
　
5
　
5
3
　
3
　
5
　
　
3

3
　
3
3
3
3
　
3
3
3
3
　
3
　
3
3
　
3
3
　
　
2

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

　

　

　

　

●

0
　
0
0
0
0
　
0
0
0
0
　
0
0
0
0
0
　
　
4

／

／

／

／

／

／

／

／

／

／

／

／

／

／

　

　

2
＋

11　　16．5

12　　　24．0

12　　14．4

／　　　／

12　　　／
11　　16．5

／　　　／

12　　18．0

11　　16．5

12　　18．0

16　　35．2

12　　18．0

12　　18．0

12　　16．8

16　　24．0

0

0

0

／

0

0

0

0

0

0

0

0

0

　

0

　

　

0

2－10　Miyajima，Hiroshima Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

88－182　　8／27　1　1．35

2　　1．40

3　　1．38

2　　4　　＋　　十

2　　4　　＋　　＋

2　　　4　　　＋　　　＋

14　　42．0

14　　　35．0

17　　42．5

2－11　Matsuyama，Ehime Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

88－198　　8／29　51　1．23

2　　1．35

3　　1．30

88－199　　8／29　1　1．30

88－200　　8／29　1　1．38

88－201　8／29　　1　1．38

2　　1．40

88－202　　8／29　sl l．18

88－203　　8／29　1　1．38

2　　1．33

1　　4　　＋　　＋

2　　4　　＋　　＋

2　　4　　＋

1　　4　　＋

1　　3　（

2　　3　（

2　　　3　　　＋

2　　　4　　　十

1　　4　　　＋

1　　4　　＋

10　　　30．0

12　　30．0

12　　18．0

14　　42．0

decomposed

decomposed

（　decomposed

＋　　14　　　35．0

14　　28．0

＋　　17　　51．0

0

0

0

0

）

）

）

0

4

0

2－12　Kouchi Pェ・ef．

No．　　Date　＃Q HW（mm）WV I CL NO LO（mm）

88－204 1
　
2
　
3
　
1

S

 

A

O3／8 8
　
0
5
　
8

3
　
2
　
3
　
3

●

　

　

　

　

●

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l

l
 
l
 
l
／

2
3
2
　
0

（

（

（

一

decomposed

decomposed

decomposed

12　　18．0

ヽ

ノ

）

ヽ

ノ

0

85



No．　　Dat，e　＃Q HW（mm）WV I CL NO LO（mm）　NMO

88－204 2
3
　
4
5
　
6
　
7
　
8
　
9

A
 
A
 
A
 
A
 
A
 
A
 
A
 
A

O3／8 1．38

1．38

1．38

1．43

1．38

1．38

1．38

1．40

0
0
　
0
0
　
0
0
　
0
　
0

／

／

／

／

／

／

／

／

／　　　／　　　／

2－13　Kamiohsawa，Shimoda，Shizuoka Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

89－158

90－035

90－036

90－037

90－038

90－039

90－040

1
　
2
　
3
　
4
　
5

A
 
A
 
A
 
A
 
A

61／21

02／l

0

＼

　

2／l

0

　

　

0

2
　
　
　
2

／
　
　
／

l

 

l

1
　
2
　
3
4
　
5
　
6
　
7
　
8
9

1
　
2
　
3

l

l

1
　
2
　
3S

O2／l

02／l

D
 
S

A
．

A
 
A
 
A
 
S
 
A
 
A
 
A
 
S

1
　
2
　
3
　
4
　
5
　
6
　
1
　
2
　
3
　
4
　
5
　
6
　
7
　
8

8
　
5
　
8
　
0
　
8

3
　
3
　
3
　
4
　
3

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l
 
l

8
　
8
　
8
　
8
　
5
　
8
　
5
　
8
　
Q
U

3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3

●

　

　

　

　

●

　

　

　

　

●

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

◆

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

0
　
3
　
0

4
　
4
　
4

●

　

　

　

●

　

　

　

　

●

l
 
l
 
l

04
●

l

53
●

l

0
　
5
　
5

4
　
3
　
1

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l

5
　
5
　
3
　
0
　
3
　
3
　
3
　
3
　
5
　
0
　
5
　
3
　
5
　
0
0

3
　
3
　
3
　
2
　
3
　
3
　
3
　
3
　
3
　
2
　
3
　
3
　
3
　
1

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

■

　

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

／　0　　　　　　　15　　27．0

／　　0　　　　　　　14　　28．0

／　　0　　　　　　　16　　40．0

／　　0　　　　　　　16　　40．0

／　　0　　　　　　　12　　24．0

2　　4　　十　　十　　14　　44．8

1　　4　　＋　　＋　　14　　42．0

2　　4　　十　　十　　15　　45．0

2　　4　　＋　　＋　　15　　60．0

2　　4　　十　　十　　13　　49．4

2　　4　　＋　　＋　　14　　49．0

1　　4　　十　　十　　12　　50．4

2　　4　　十　　十　　14　　44．8

1　　4　　十　　十　　13　　47．2

2　　4　　＋　　＋　　16　　72．0

2　　4　　十　　＋　　16　　72．0

2　　4　　＋　　＋　　14　　67．2

0
　
0
　
0
　
0
　
0
　
　
0
　
0
　
0
　
0
0
　
0
　
0
　
0
0
　
　
0
　
0
　
0

1　　4　　＋　　＋　　15　　90．0　　　0

0　　　2

2　　4

2　　　4

2　　4

2

0

0

1

2

2

／

／

／

／

／

／

／

／

l
1
　
0
　
4
1
4
　
0
　
0
　
0
　
0
　
0
　
0
0
　
0

＋

＋　　　十

十　　　＋

＋　　　　＋

12　　39．6　　　0

16　　　76．8

16　　83．2

13　　49．4

14　　42．0

15　　42．0

14　　　37．8

14　　44．8

15　　　45．0

16　　　80．0

13　　　39．0

12　　　24．0

16　　38．4

13　　　39．0

14　　36．4

15　　　39．0

14　　　35．0

16　　32．0

0
　
0
　
0
　
　
0
　
0
　
0
　
0
　
0
　
0
　
0
0
　
0
　
0
0
　
0
　
0
0
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N。．　Date　＃Q HW（mm）WV WM I CL NO LO（mm）NMO

90‾0401／20孟‡日……　23　　…………‡…　§

2－14　0hnabegoe，MatSuZakiI Shizuoka Pref・

N。．　Date　＃Q HW（mm）WV WH I CL NO LO（mm）

89－169

90－087

1
　
2
　
3
　
4
　
5

A
 
A
 
A
 
A
 
S
A

61／21

02／5 1
　
2
　
3
　
4

1．40

1．38

1．40

1．40

1．20

1．40

1．40

1．40

1．33

／

／

／

／

／

　

　

l

 

l

1

1

0

0

0

0

0

＋
　
＋
　
＋
／

十
　
十
　
十
／

4

4

4

／

13　　27．3

12　　26．4

12　　26．4

12　　27．6

12　　21．6

2

5

4

／

l
 
l
 
l

36．0

45．0

35．0

／

2－15　Hokota，Ⅰbaraki Pref．

0

0

0

0

0

　

　

0

0

0

／

No．　　Date　＃Q HW（mm）WV

90－001　1／7　1　1．35

2　　1．38

S3　　1．25

90－002　1／7　1　1．38
2　　1．35

3　　1．38

54　　1．23

Asl l．18

90－003 1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1

7／l l
 
l
 
l
 
l
 
l

35

35

35

38

38

1．35

1．35

1．35

1．33

1．35

1．35

1．33

1．38

1．35

1．40

1．35

1．35

1．40

1．33

4

4

4

　

4

4

4

4

0

　

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

1

2

2

　

2

2

1

2

／

　

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

87

I CL NO LO（mm）　NMO

＋
　
＋
　
＋

＋　　11　44．0

＋　　12　48．0

＋　　13　58．5

＋
　
＋
　
l
　
＋
一

0
5
　
0
　
4
　
6

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

3
　
5
　
0
0
　
4
　
1

6
　
5
　
4
　
6
　
2

4
5
　
2
4
　
2

1
　
1
　
1
　
1
　
1

＋　　15　49．5

＋　　16　　64．0

＋　　15　　57．0

＋　　15　64．5

＋　　15　　48．0

＋　　15　　60．0

＋　　14　56．0

＋　　15　75．0

＋　　15　67．5

＋　　15　52．5

＋　　13　58．5

＋　　18　81．0

＋　　15　70．5

＋　　16　64．0

＋　　15　　60．0

＋　　16　48．0

＋　　15　55．7

＋　　16　　56．0

＋　　14　49．0

0

0

0

　

0

0

0

0

0

　

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



2－16　Taiyoh－mura，Ibaraki Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－004　1／7　1　1．38

2　　1．35

3　　1．38

4　　1．38

5　　1．35

6　　1．38

7　　1．38

90－005 1
2
3
．
4
5
6
　
7
　
8
　
9
0
1
2
3
4
5
　
6

1
　
1
　
1
　
1
　
1
　
1
　
1

7′l 1．35

1．35

1．38

1．38

1．38

1．38

1．38

1．33

1．35

1．40

1．38

1．35

1．35

1．35

1．38

1．38

2
2
1
　
1
2
1
2
　
　
2
2
2
　
2
　
2
　
2
2
　
2
2
　
2
2
2
2
1
2
　
1

＋
　
十
　
十
　
＋
　
＋
　
十
　
十
　
　
十
　
十
　
＋
　
十
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋
　
十
一
　
l
　
一
一

十
　
＋
　
十
　
十
　
十
　
十
　
＋
　
　
十
　
十
　
＋
　
十
　
十
　
十
　
十
　
十
　
十
　
＋
　
＋
　
＋
　
l
　
十
　
十
－

4

4

4

4

4

4

4

　

　

4

4

4

4

4

4

4

4

4

4

4

1

4

4

4

4

13　　58．5

12　　　72．0

11　　38．5

10　　62．0

12　　48．0

13　　52．0

13　　　65．0

15　　　33．0

13　　　39．0

16　　　48．0

14　　37．8

15　　55．7

16　　48．0

14　　　39．2

16　　36．8

15　　　45．0

16　　48．0

17　　45．9

14　　37．8

17　　39．1

17　　　51．0

14　　　37．8

15　　45．0

0

0

0

0

0

0

0

　

　

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2－17　Kashima，Ibaraki Pref．

No．　　Dat，e　＃Q HW（mm）WV I CL NO LO（mm）

90－006　1／7 1
　
2
　
3
　
4

0
0
　
0
　
0
　
3

3
　
4
4
4

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l

1
　
2
　
2
　
2

4
　
4
　
4
　
4

十
　
十
　
十
　
十

15　　84．0

8　　　24．0

12　　　36．0

12　　36．0

0
　
0
　
0
　
0

2－18　Asahi－mura，Ⅰbaraki Pref．

No．　　Dat，e　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

90－009　1／7　sl l．23　　　2　　4　　＋　　＋　13　　42．9　　　0

2－19　Azuma－mura，Ibaraki Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－010 1
2
3
4
　
5
　
6
　
7

S

41／l 5
　
3
　
5
3
　
0
　
3
3

3
3
　
3
3
　
2
　
3
3

●

　

　

　

■

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l
 
l

2　　4　　＋　　＋　　12　　72．0

2　　4　　＋　　＋　　16　　72．0

2　　4　　十　　十　　12　　55．2

2　　4　　十　　十　　16　　80．0

1　　4　　十　　十　　12　　54．0

2　　4　　＋　　＋　　14　　70．0

2　　4　　十　　十　　15　　75．0

0
0
0
0
　
0
　
0
0



No．　I）ate　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

90－010　1／14　88　1．23　　　2　　4　　＋　　＋　15　　67．5　　　0

S9　　1．15　　　1　　4　　＋　　＋　　15　　52．5　　　0

2－20　Chyohshi，Chlba Pref．

No・　　Date　＃Q IIW（mm）WV I CL NO LO（mm）

90－012　1／14　1　1．38

2　　1．33

3　　1．38

4　　1．38

5　　1．35

90－014　1／14　1　1．38

2　　1．38

3　　1．38

4　　1．43

5　　1．40

6　　1．38

7　　1．40

8　　1．35

9　　1．43

10　　1．35

11　1．35

12　　1．38

13　　1．40

14　　1．35

15　　1．35

16　　1．38

17　　1．40

18　　1．40

19　　1．40

20　　1．43

2

1

1

1

1

　

　

2

2

2

2

2

2

2

2

0

2

2

2

2

2

2

2

2

2

2

2

十
　
十
　
＋
　
＋
　
＋
　
　
＋
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
＋
　
十
　
十
　
十
　
＋
　
＋
　
＋
　
十
　
十
　
十
　
十

十
　
十
　
＋
　
＋
　
＋
　
　
＋
　
十
　
十
　
十
　
十
　
＋
　
十
　
十
　
＋
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十
　
十

4

4

4

4

4

　

　

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

13　　65．0

15　　60．0

15　　82．5

15　　72．0

14　　65．8

4

6

3

3

4

3

5

3

7

3

5

6

7

2

5

6

5

4

5

3

1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1

70．0

80．0

78．0

52．0

70．0

65．0

60．0

52．0

85．0

52．0

67．5

80．0

102．0

54．0

75．0

59．2

82．5

70．0

82．5

84．5

0

0

0

0

0

　

　

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2－21　Misakトchou，Chiba Pref．

No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－021 1
　
2
3
4
5

S
 
S
 
S
 
S
 
S

51／l

1．15

1．20

1．18

1．15

90－022　　1／15　　1　1．38

2　　1．38

2　　　4　　＋　　＋　　11　　27．5

1　　4　　十　　十　　12　　32．4

2　　　4　　　十　　　十　　10　　　30．0

1　　4　　＋　　＋　　　6　　15．0

1　　4　　十　　十　　　8　　21．6

2　　　4　　　十　　十　　14　　　70．0

2　　4　　十　　十　　12　　48．0

0
0
0
0
0
　
　
0
0

2－22　0hhara，Chiba Pref．

No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

90－023　1／15　　1　1．40　　　2　　4　　＋　　＋　13　　58．5　　　0

2　1．38　　　2　　4　　＋　（　　decomposed　　）

3　　1．38　　　2　　4　　＋　　＋　　15　　79．5　　　0
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2－23　Tat，eyama，Chiba Pref．

No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－029　1／15 1
2
3
4
　
5
　
6

8
5
5
　
3
　
0
　
8

3
3
　
3
　
3
　
4
　
3

●

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l

2　　4　　＋　　＋　　14　　63．0

2　　4　　＋　　＋　　12　　48．0

2　　4　　＋　　＋　　15　　45．0

2　　4　　＋　　＋　　14　　65．8

2　　4　　＋　　＋　　12　　36．0

2　　　4　　　十　　十　　15　　　52．5

0
0
0
　
0
0
　
0

2－24　Amagiyugashima，Shizuoka Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－069　　3／22　　1　1．38　　　2　　4　　十　　十　　15　　52．5

2　　1．38　　　2　　4　　＋　　＋　　17　　51．0

3　　1．40　　　2　　4　　十　　十　　17　　85．0

4　　1．40　　　1　　4　　十　　十　　13　　58．5

5　　1．38　　　1　　4　　十　　十　　16　　48．0

0
　
0
　
0
　
0
　
0

2－25　Hit，aChioht，a，Ⅰbaraki Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

7009 1
2
3
4
　
5
　
6
　
7
　
8
9
　
0
　
1
　
2
3
4
5
　
6
7
8
9
0

1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
2

6
2

　

　

　

　

　

　

　

　

　

＼

／3 1．38

1．38

1．40

1．43

1．43

1．38

1．35

1．38

1．40

1．38

1．35

1．38

1．38

1．38

1．35

1．40

1．25

1．40

1．38

1．33

0　　4　　＋　　＋　　15　　56．0

2　　4　　＋　　＋　　14　　70．0

1　　4　　＋　　＋　　14　　42．0

2　　4　　＋　　＋　　14　　63．0

2　　4　　十　　十　　14　　49．0

2　　4　　十　　十　　16　　72．0

1　　4　　＋　　＋　　17　　42．5

1　　4　　十　　十　　15　　60．0

2　　4　　十　　十　　14　　56．0

1　　4　　十　　十　　15　　52．5

2　　4　　十　　十　　14　　63．0

2　　4　　＋　　＋　　15　　52．5

2　　4　　＋　　＋　　14　　70．0

1　　4　　＋　　＋　　14　　77．0

2　　4　　＋　　＋　　14　　35．0

2　　4　　＋　　＋　　15　　52．5

2　　4　　＋　　＋　　17　　68．0

1　　4　　＋　　＋　　13　　32．5

1　　4　　＋　　十　　15　　60．0

2　　4　　十　　十　　14　　70．0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2－26　Maruyama，Chlba Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

90－072　　4／17　　1　1．40　　1　4　　＋　　＋　　14　　56．0　　　0

′　2　　1．35　　　1　1　　十　　十　　14　　35．0　　　0

90



2－27　Tone，Ⅰbarakl Pref．

No・　　Date　＃Q HW（mm）ⅤV WM I CL NO LO（mm）

90－079　　5／9　Dl l．33

D2　　1．38

D3　　1．35

4　　1．40

5　　1．38

D6　　1．33

7　　1．43

D8　　1．33

D9　　1．35

DlO l．38

Dll l．33

Al l．33

A2　　1．38

A亭　1．33

A4　　1．38

A5　　1．33

十
　
十
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋
　
十
　
十
　
十
一
一
一
一
一

〇

〇

〇

4

4

0

4

0

0

0

0

0

0

0

0

0

0

0

0

2

2

0

2

0

0

0

0

／

／

／

／

／

12　　24．0

12　　　32．4

10　　20．0

＋　　12　　72．0

＋　　12　　　60．0

11　　25．3

＋　　16　　88．0

12　　24．0

11　　22．0

12　　24．0

12　　26．4

12　　24．0

12　　24．0

11　　22．0

12　　24．0

12　　　21．6

1

0

2

0

0

1

3

0

1

1

1

0

0

0

0

0

2－28　Syounan，Chlba Pref．

No・　　Dat・e　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

90－082　　5／9　1

2

D3

5
　
8
　
8

3
　
3
　
q
U

●

　

　

　

●

　

　

　

　

●

l
 
l
 
l

1　　1　　＋　　＋　　12　　36．0　　　1

2　　1　　十　　十　　12　　　36．0　　　0

1　　0　　十　　＋　　12　　24．0　　　1

2－29　Teganqma，Chiba Pref．

No・　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－083 1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
1
2
2
2
2

D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
D
 
D

9／5 1．38

1．38

1．38

1．28

1．35

1．35

1．40

1．30

1．40

1．35

1．35

1．38

1．35

1．35

1．35

1．40

1．40

1．28

1．33

1．38

1．38

1．38

1．38

l

一

l

 

t

一

一

l

一

一

一

t

 

l

一

一

－

／

一

一

一

一

I

 

I

一

＋
　
＋
　
十
　
十
　
十
　
十
　
＋
　
十
　
＋
　
十
　
十
　
十
　
＋
　
＋
　
＋
／
十
　
十
　
＋
　
十
　
十
　
＋
　
＋

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

／

0

0

0

0

0

0

0

0

0

0

1

2

2

2

0

1

1

0

1

0

1

0

0

1

0

0

0

0

0

0

91

12　　24．0

12　　30．0

12　　30．0

13　　26．0

12　　24．0

11　　22．0

12　　　30．0

14　　28．0

12　　　24．0

14　　　42．0

12　　30．0

12　　24．0

12　　18．0

12　　24．0

13　　26．0

／　　　／

14　　28．0

12　　24．0

12　　24．0

12　　　30．0

12　　42．0

12　　30．0

12　　　30．0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

1

／

0

0

0

0

0

0

0



Date　＃Q HW（mm）W I CL NO LO（mm）

90－083 4
5
　
6
　
7
　
8
　
9
　
0
　
1
　
2

2
　
2
　
2
　
2
　
2
　
2
　
3
　
3
　
3

D
 
D
 
D
 
D
 
D
 
D
 
D
 
D

9／5 5
8
　
8
　
8
　
3
　
3
　
8
　
5
　
5

3
　
3
　
3
　
2
　
（
J
　
2
　
3
　
2
　
3

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

0
1
　
0
　
0
　
1
　
0
　
0
　
1
　
1

0
　
0
　
0
　
0
　
0
　
0
　
0
　
2
　
0

＋
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋
一
＋

12　　27．6

12　　　30．0

14　　32．2

12　　　30．0

12　　　24．0

12　　24．0

12　　26．4

／　　　／

12　　　24．0

0

0

　

0

0

0

0

1

／

0

2－30　Ushihori，Ibaraki Pref．

No．　　Date　＃Q HW（mm）WV WM I CL NO LO（mm）　NMO

90－084　　5／12　1　1．40　　　2　　4　　十　　十　15　　75．0

90－085　　5／12　1　1．40

2　　1．38

3　　1．38

4　　1．40

5　　1．35

6　　1．40

7　　1．43

90－086 1
　
2
　
3
　
4
5
　
6
　
7
　
8
　
9
　
01

2
1

　

　

　

　

　

　

　

＼

／5 1．40

1．40

1．38

1．38

1．43

1．38

1．35

1．35

1．35

1．40

1　　4　　十　　十　　12　　54．0

1　　4　　十　　十　　14　　42．0

1　　4　　＋　　＋　　14　　42．0

1　　4　　十　　十　　14　　63．0

1　　4　　＋　　＋　　16　　64．0

1　　4　　＋　　＋　　16　　64．0

2　　4　　＋　　＋　　13　　52．0

1　　4　　＋　　　　　12　　30．0

2　　4　　＋　　＋　　16　　40．0

2　　4　　十　　十　　16　　40．0

2　　4　　＋　　＋　　14　　30．8

2　　4　　十　　十　　11　　60．5

1　　4　　＋　　＋　　14　　77．0

2　　4　　十　　十　　12　　36．0

2　　4　　＋　　＋　　14　　77．0

2　　4　　＋　　＋　　18　　63．0

2　　4　　＋　　　　　12　　27．6

0
　
　
0
　
0
　
0
　
0
　
0
1
0
　
　
1
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0

92



Tablel．　Aggression scale usedin scoring the responses of

WOrkers from different nestsin glass vials．

0）Acceptance：Mut，ual t，01erance，grOOming，t，rOphallaxis

l）AvoidaTICe：Retreat back，eSCaPe from the oponent

2）Alarm：Open一mandible t，hreat，，POSture Of spraying formic acid

3）Weak at，t，aCk：Nipping，1eg pulling，body jerking

4）Full attack：Locking t，Ogether，biting，SPraying formic acid



Table　2．　0bserved colonies of C．nawai and C．YamaOkai．

Colony Sp．　　No．of queens N0．0f workers No・Of brood

MI C．乃aWaj

H2　　　C．naWaj

PI C．ァa乃aO互aj

P2　　C．ya用aO互aj

SH C．ya皿aO鬼■aj
＊

l
　
1
　
7
　
5
　
1

C．220

C．220

C．110

C．220

C．60

many

many

many

many

many

＊　Workers kllled two other queens．



Table　3．　Brood／worker ratioin nest，S Of C．naWai and C・

yamaokai．　Percent，age Of broodin the populationsinstead of

the ratio was used after angular transformationin the

St，at，istical analysiS．

Season Sp．　No．of queens Mean　95％　confidence No・Of
in the nest，　　　　　　　　　limits nests

Non－egg C．nawai　　　　0

－1aying l

ビ．ァa皿aO互aj O
l

＞1

Egg－　　　　C．naWaj O

laylng l

（Jul－Aug）

C．ァaJかaO互aj O
l

＞1

0．61　　0．54　－　0．67

0．91　　0．77　－1．07

0．56　　0．40　－　0．77

0．80　　0．68　－　0．93

0．87　　0．81－　0．92

1．21　　0．98　－1．49

1．96　　1．57　－　2．45

1．19　　0．08　－25．61

2．05　　1．40　－　3．07

2．22　　1．65　－　3．04



Table　4．　Brood／Queen ratioin nests of C．nawai and C．

YamaOkai．　Number of brood per queen was used afterlog－

transformat，ionin t，he statistical analysis．

Season Sp． No・Of queens▼　Mean　95％confidence No・Of

in the nest limits nest，S

Non－egg C．maVaj　　　　　　1

－1aying

C．ya皿aO互aj l
＞1

Egg－　　　　　C．naWaj

164．6　　121．8　－222．5　　　　58

53．5　　　42．2　－　67．7　　　　49

24．3　　　21．6　－　27．3　　　230

1．　　　　262．2　　184．8　－371．8　　　　33

1aying

（Jul－Aug）C．yamaokai l
＞1

67．5　　　53．3　－　85．4　　　18

34．0　　　25．7　－　50．4　　　　38



Table　5．Queen ovarian sizein C．nawai（a）and C．YamaOkai（b）・

Time of Totallengt，h of No．of queens
collection ovarioles＊　　　　　　　examined

Mean（mm）　SD

（a）C．naWaj Wlnter　　　　　160．6

Summer　　　　　202．7

（b）C．ya爪aO互aj

Macrogyne Winter　　　　　35．2

Summer　　　　　　43．2

Microgyne Winter　　　　　23．6

Summer　　　　　　40．6

50．6　　　　　16

68．7　　　　　　22

19．7　　　　　767

20．4　　　　164

16．0　　　　　　25

15．8　　　　　　25

＊1ength of ovarioles x number of ovarioles



Table　6．Reproductive condltions of queensin polygynous

nests of C．YamaOkai．　＃Q：Individual number of queens；

一一sHindicates smalトsized queens．HW：Head width・WV：

Degree of wearin wing vest，ige；（0）not worn，（1）partly

worn，（2）completely worn．WM：I）egree of decompositionin

wing muscle；（0）intact；（1）mildly，（2）hardly，and（3）

completely decomposed；（4）replaced▼by fats・Ⅰ：

Insemination；inseminated（＋）or not，（－）．　CL：Corpora

lutea；Visible（＋）or not（－）．NO：Number of ovarioles・

LO：Tot，allengt，h of ovarioles．　NMO：Number of mature

OOCyteS．

No．　Date　＃Q HW（mm）WV WM I CL NO LO（mm）NMO

85－270　　9／21　1

S2

85－279

86－261

86－263

1
　
2
　
3
　
4
　
5
　
6
　
7
　
8

S

 

S

 

S

 

S

 

S

 

S

 

S

22／9

52／6 1
　
2
　
3
　
4

1
　
2
　
3

S
 
S

52／6

90－002　1／7　1

2

1．35　　　　2

1．25　　　　2

1．20

1．34

1．15

1．15

1．17

1．18

1．15

1．16

1．35

1．38

1．33

1．38

1．20

1．15

1．35

O
 
l
　
1
　
2
　
2
　
0
　
0
　
0

2
　
2
　
2
　
2

0
　
2
　
2

3
　
4
　
　
　
1
　
4
　
3
　
4
　
2
　
1
　
3
　
1

4
　
4
　
2
　
1

2
　
4
　
4

＋
　
＋
　
　
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋
　
＋

＋
　
＋
　
＋
　
＋

＋
　
＋
　
＋

一

十

　

　

一

十

一

＋

　

l

　

一

一

　

t

一

一

一

一

一

＋

　

一

1．38　　　2　　4　　＋　　＋

1．35　　　2　　4　　＋　　＋

3　　1．38　　　1　　4　　＋

S4　　1．23　　　2　　4　　＋　　＋

12　　27．6

11　　83．6

12　　18．0

16　　56．0

15　　30．0

14　　51．8

14　　23．8

8　　12．8

12　　19．2

12　　21．6

14　　70．0

14　　　91．0

14　　　77．0

10　　13．0

12　　　30．0

12　　54．0

12　　　66．0

14　　63．0

15　　55．5

12　　48．0

14　　64．4

0
　
0
　
　
　
0
　
0
　
0
　
0
　
1
　
0
　
0
　
0

4
　
0
　
7
　
1

2
　
2
　
1

0
　
0
　
0
　
0



Table　6．　Continued．

No．　Date　＃Q HW（mm）WV WM I CL NO LO（mm）

90－003

90－036

90－040

90－079

1
2
3
4
　
5
　
6
　
7
8
　
9
　
0
　
1
　
2
　
3
4
　
5
　
6
　
7
　
8
9

1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1
　
1

7／l

02／l 1
　
2
　
3

1
　
2
　
3
　
4
　
5
　
6

S

O2／l

1

2

3

4

5

6

7

8

9

0

1

1
　
1

9／5

5
　
5
　
5
　
8
　
8
　
5
　
1
〇
　
5
　
3
　
5
　
5
　
3
　
0
0
　
5
　
0
　
5
　
5
　
0
　
3

3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
4
　
3
　
3
　
4
　
3

●

　

　

　

　

●

　

　

　

●

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

●

　

　

　

　

●

　

　

　

　

■

　

　

　

●

　

　

　

　

■

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

0
　
3
　
0

4
4
　
4

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l

5
　
5
　
3
　
0
　
3
　
3

3
　
3
　
3
　
2
　
3
　
3

●

　

　

　

　

■

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l

3
　
8
　
5
　
0
　
8
　
3
　
3
　
3
5
　
8
　
3

3
　
3
　
3
　
4
　
3
　
3
4
　
3
3
　
3
　
3

●

　

　

　

　

●

　

　

　

　

■

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

　

　

　

　

●

l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l
 
l

2　　4　　＋　　＋　　15　　49．5

2　　4　　＋　　＋　　16　　64．0

2　　4　　＋　　＋　　15　　57．0

2　　4　　＋　　＋　　15　　64．5

2　　4　　十　　十　　15　　48．0

2　　4　　＋　　＋　　15　　60．0

2　　4　　＋　　＋　　14　　56．0

2　　4　　＋　　＋　　15　　75．0

2　　4　　十　　十　　15　　67．5

2　　4　　＋　　＋　　15　　52．5

2　　4　　＋　　＋　　13　　58．5

2　　4　　十　　十　　18　　81．0

2　　4　　＋　　＋　　15　　70．5

2　　4　　＋　　＋　　16　　64．0

2　　4　　十　　十　　15　　60．0

2　　4　　十　　十　　16　　48．0

2　　4　　十　　十　　15　　55．7

2　　4　　＋　　＋　　16　　56．0

2　　4　　＋　　＋　　14　　49．0

2　　4　　十　　十　　16　　72．0

2　　4　　十　　十　　16　　72．0

2　　4　　十　　十　　14　　67．2

2　　1　　＋　　　　　14　　42．0

0　　1　　十　　　　　15　　42．0

0　　0　　＋　　　　　14　　37．8

1　　4　　十　　十　　14　　44．8

2　　1　　＋　　　　　15　　45．0

2　　4　　＋　　＋　　16　　80．0

0
　
0
　
0
　
2
　
2
　
0
　
2
0
　
0
　
0
　
0

0
　
0
　
0
4
4
　
0
4
　
0
　
0
　
0
　
0

十
　
十
　
十
　
＋
　
十
　
十
　
十
　
十
　
十
　
＋
　
＋

l

　

一

一

十

　

十

一

＋

一

一

一

　

t

12　　24．0

12　　32，4

10　　20．0

12　　72．0

12　　　60．0

11　　25．3

16　　88．0

12　　24．0

11　　22．0

12　　24．0

12　　26．4

0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0

0
0
　
0

0
　
0
　
0
　
0
　
0
　
0

1
　
0
　
2
　
0
　
0
　
1
　
3
　
0
　
1
　
1
　
1



Table　7．　Head widt，hs of workers collected from C．nawaiand

C．yamaokai populations．Means（mm）and SD（in parentheses）

are based onlOO workers fromlO nests from eachlocation．

C．月aWaj C．ya皿aO鬼■aj

Localit，y Shimoda Amatsu Kiyosumi Tsukuba

Minor worker

Major worker

0．99　　　　0．99

（0．06）　（0．07）

1．51　　　1．51

（0．08）　（0．08）

0．94　　　　　0．94

（0．04）　（0．04）

1．34　　　　　1．32

（0．05）　（0．05）



Table　8．　Two way ANOVA for head widt，h of workers

COllected from C．nawai populat，ion（Shimoda）and C・

yamaokai population（Mt，．Tsukuba）．

ns，p＞0．05；＊＊，pく0．01．

（a）Minor worker

Source of

Variation df SS MS F

Species

Colony

Species x colony

Within error

Total

1　　　204．02

9　　　　98．48

9　　　　　64．28

180　　　726．40

199　　1093．18

204．02　28．57＊＊

10．94　　2．71＊＊

7．14　　　1．77　ns

4．04

（b）Major worker

Source of

variat，ion df SS MS F

Species

Colony

Species x coIony

Within error

Total

1　3088．98　3088．98168．88＊＊

9　　　119．20

9　　　164．62

180　　1295．20

199　　　4668．00

13．24　　　1．84　ns

18．29　　2．54＊＊

7．20



Table　9．　Tot，al ovariolelength（mm）of workersin the

queenless and queenright nests of C・naWai complex・Mean

土SD and number of workers examined（in parentheses）are

Shown．

Queenless Queenright・

（a）C．11aWaj

Minor worker　　2．13　土　0．87（205）

Major worker　　3．52　土1．49（132）

（b）C．ァaJ打aOとaj

Minor worker l．69　土　0．54（89）

Major worker　　3．10　土　0．75（26）

1．30土0．48（167）

2．62　土0．89（80）

1．87　土　0．54（56）

3．79　tl．81（60）



TablelO．　Number of females and males per nestin nat，ural

nests of C．nawai（a）and C．yamaokai（b）in the pre－mating

period．　Means and standard deviat，ions are present，ed（number

Of nestsisindicatedin parent，heses）．　Frequency of the

nest which produced reproductivesis also shown．

Female Male Total Frequency

（a）C．月aWaj

Queenless
nest

Monogynous
nest

Total

（b）C．ァa∬は0互aj

Queenless
nest

Monogynous

nest

Polygynous
nest

Total

16．5＋18．1

（2i）

15．0十13．5

（言）

16．3＋17．4

（2わ

4．3土3．4
（4）

2．6＋2．0

（首）

6．8＋8．8

（4盲）

6．0＋8．0

（5盲）

35．0土38．7
（32）

26．4＋39．2

（1百）

32．9十38．5

（4百）

2．6＋1．8

（1言）

3．2＋2．7

（1言）

6．7土7．4
（90）

5．9＋6．8

（11盲）

41．9十44．9

（3盲）

30．9土45．2
（10）

39．4＋44．7

（4盲）

4．0＋3．1

（1盲）

3．4＋2．8

（1盲）

10．0十10．4

（9i■）

8．4＋9．5

（12吉）

35／56

（62．5％）

10／27

（37．0％）

45／83

（54．2％）

12／35

（34．3％）

19／49

（38．8％）

91／230

（39．6％）

122／314

（38．9％）



Tablell．　Product，ion of reproductivesin experiment，al

nests of C．YamaOkai．　Mean numbers of females and males per

nest are present，ed with standard deviations（number of

nestsisindicat，edin parent，heses）．　Frequency of the nest

Which produced reproductivesis also shown．

Female Male Total Frequency

Queen－added

nest

Queen－remOVed

nest

1．5＋0．7

（言）
4．0＋4．7

（首）

0　　　　　0／26　（0％）

3．9＋4．4

（盲）
9／26（34．6％）



Table12．0bserved numbers of each behavior performed by or

directed towards the queens of polygynous colony Plin a

total of　20hr．observat，ion．

Behavior Queen

a b c d＊　e f g

Ⅹ2－

test

Self一grOOm

Be groomed

by worker

Regurgitate

Wit，h worker

With queen

Solicit food

from worker

from queen

Be solicited for

food by queen
Defecate

Be carried

by worker
Be attacked

by worker
Walk

5

6

11

2

10

0

1

0

5　　　4　　　0　　　6　　　5　　10　　　　NS

6　　13　　25　　　4　　10　　　5　　　　NS

3　　　3　　　3　　　4　　　6　　　3　　　　NS

O O O O l l

2　　　4　　20　　　6　　13　　　7

0　　　0　　1　　0　　1　　1

1　　0　　　0　　　1　　0　　　0

0　　　0　　　0　　　0　　　0　　1

0　　　0　　　0　　　1　　0　　　0　　　0

0　　　0　　　0　　　1　　　0　　　0　　　0

29　　27　　30　　24　　24　　36　　53

NS

＊　died at t，he last，Observation



Table13．　0bserved numbers of each behavior performed by or

dlrected tOWards the queens of polygynous colony P2in a total

Of　20hr．observat，ion．　Queens a，b and c，and queens d and e

inhabit，ed different nest t，ubes，reSpeCt，ively．

Behavior

nest l nest　2

a b c＊　　d e

Ⅹ2－teSt

Self一grOOm

Be groomed

by worker

Regurgit，at，e＼

With workef＊
With larva

Solicit food

from worker

from queen

Be solicited for

13　　11　　32　　　6　　　3　　　pく0．001

2　　13　　　3　　　6　　　3　　　pく0．005

0　　　　0　　　　3　　　　1　　　　4

1　　　　0　　　　0　　　　0　　　　0

3　　　　1　　　　3　　　　5　　　　8

0　　　　0　　　　1　　　　0　　　　0

food by queen l O O O O

Att，aCk queen
Be at，taCked

by queen
Walk

0　　　　0　　　　9　　　　0　　　　0

6　　　　3　　　　0　　　　0　　　　0

28　　　25　　　41　　　25　　　44

NS

＊　microgyrle

＊＊　Direction of food exchange was unknown．



Table14．　0bserved numbers of each behavior performed by or

directed towards the queens of monogynous coloniesin a

total of　20hr．observat，ion per colony．

Behavior Queen

HI M2　　　　　SM

Ⅹ2－teSt

Self一grOOm

Be groomed

by worker

Regurgitate
With worker

Sollcit＼food

from worker

Manipulatelarva
Be carried

by worker
Walk

8　　　　　　7

46　　　　　43

29　　　　　21

1　　　　　　0

0　　　　　　0

2　　　　　　0

13

6

21

1

1

0

20　　　　　18　　　　　30

NS

pく0．001

NS

pく0．005



Table15．　Developmental periods（days）ofimmature stageS

Of fourJapanease species of subgenus hb，rmamblys at the

COnSt，ant t，emPerat，ure Of　25Dc．　Means and standard deviations

are presented．　Sample size areindicatedin parentheses・

C．月aⅣaj C．yaJかaO互aj C．to互‾joeJ】gjs C・jtoj

Egg 19．4＋1．0

（2石）

Larva　　　　　23．8＋6．8

Prepupa　6芯・O

Pupa　15昔・1

24．9＋2．9

（2才）

13．4＋2．0

（1盲）

5．9＋1．0

（4盲）

16．0＋1．3

（4号）

19．0＋1．8

（1盲）

20．6＋7．5

（盲）

5．2＋0．7

（1盲）

15．7＋1．1

（1わ

20．7＋1．3

（1盲）

19．3＋4．0

（弟

5．6＋0．9

（2才）

15．6＋1．1

（2古）

Tota1　57・詣ヲ・8　61詣・4　　60・詫言・9　　59・詣冒●1



Table16．　Composition of members and materials of the nests

usedin aggression tests．　Q：Queen．　Mi and Ma：Minor and major

WOrkers．　F：Alate female．　M：Male．　L：Larva．　E：Egg．

Composition

Ha F

Nest

material

1
　
2
　
3
　
4

A
 
A
 
A
 
A

1
　
2
　
3

c
 
c
 
C

1
　
2
　
3

D
 
D
 
D

0
　
1
　
2

1
　
2
　
3
　
4
　
5
　
6
　
7
　
8
　
9
　
1
　
1
　
1

E
 
E
 
E
 
E
 
E
 
E
 
E
 
E
 
E
 
E
 
E
 
E

1
　
2
　
3
　
4
　
5
　
6
　
7
　
8

甘
⊥
　
F
 
F
 
F
 
F
 
F
 
F
 
F

2
　
2
　
6
　
6

1

2

2
　
1
　
3

2
　
3
　
2
　
　
　
1
　
0
　
2
　
0
　
3
　
2
　
5
　
9
　
1
　
1
　
1
　
5

1

6
1
　
6
8
　
　
9

0
　
3
　
6
8
　
　
6

1
　
　
　
　
　
2

7
　
1
　
0
0

2
　
6
　
3

1
　
　
　
1

0
　
0
　
7

2
　
7
　
3

1
　
3
　
3

3
　
5
　
8
　
0
　
7
　
3
　
3
　
9
　
7
　
4
　
8
　
4

4
　
5
　
8
　
4
　
5
　
8
　
2
　
3
　
8
　
7
　
5
　
6

1
　
1
　
1
　
　
　
3
　
1
　
2
　
3
　
　
　
　
　
2

0　　　　　8

7　　189

15　　　388

19　　751

2　　188

6　　　204

5　　126

19　　　983

9
　
7
　
3
　
4
　
　
3

1
　
　
　
1
　
6
　
　
　
1

8
　
6
　
8

3
　
　
　
1

6
　
5
　
4

3
　
7
　
5

8
　
6
　
8
　
4
4
　
0
　
8
1
　
5
　
0
　
7
　
0

1
　
1
　
3
　
　
4
　
2
　
1
　
4
　
　
1
　
2
　
1

5
　
0
　
0
　
0
　
　
　
0

0
　
0
　
0

0
　
0
　
0

0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0

2
　
9
　
4
　
8
　
　
　
9

3
　
5
　
0
　
4
　
　
　
6

1
　
2

0
　
0
　
0
　
0
　
　
0

8
　
7
　
6

7
　
0
　
9

1

0
　
0
　
0

3
　
5
　
1

5
　
2
　
0

1
　
2
　
3

0
　
7
　
1

1
　
6
　
1
　
3
　
4
　
0
　
5
8
8
1
　
0
　
9

9
　
4
　
4
　
　
0
　
0
　
1
1
　
0
　
3
　
8
　
7

1
　
3
　
　
　
3
　
2
　
1
　
4
　
1
　
　
　
1

2
　
3
　
7
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
5
　
0

2　　　0　　　0　　　8

35　　　0　　　0　　273

72　　　1　　　7　　436

124　　　0　　　8　　585

24　　10　　　　5　130

21　　　0　　　0　188

26　　　0　　　1　225

173　　　2　　14　　487

0
　
0
　
1
　
0
　
　
　
0

0
　
9
　
5

1
　
3

0
　
2
　
1
　
0
　
0
　
0
　
0
　
6
　
0
　
0
　
3
　
2

1
　
　
　
　
　
　
1

0
　
0
　
2
　
5
　
0
　
2
　
1
　
4

twig

bamboo grass

bamboo grass

bamboo graSS

bamboo grass

bamboo

bamboo

bamboo

bamboo

bamboo

bamboo

graSS

graSS

graSS

graSS

graSS

graSS

bamboo grass

bamboo grass

bamboo grass

bamboo grass

bamboo grass

bamboo grass

bamboo grasS

bamboo grass

bamboo grass

bamboo grass

bamboo grass

twig

twig・

twig

bamboo grass

bamboo grass

bamboo grass

bamboo grass

twlg

bamboo grass
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Table18．Int，erSPeCific aggression tests betWeen minor

WOrkers and between major workers of C．naW・ai（M）and C．

YamaOkai（P）．　Observed number of each categoryis shown．

Minor workerS Major workers

（a）Draw

Both avoided

injured
died

（b）P wins

Pintact，

Pinjured，

（C）H wlns

Mintact，

Minjured，

Total
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Table19．　Comparison of ecologicalr charact，erist，ics bet，Ween

C．naWaj and C．ァa澗aO五・aj．

C．乃aWaj C．ya劇aO互aj

1）Mat，ing season

2）Mode of colony

reproduction

3）Productivity
Of the nest，

（brood／むorker rat，io）

4）Product，ivit，y Of

queenS

5）Production of

alates

6）Population

StruCture

7）Geographical

dist，ribution

August

Independent

founding by

Single queens

Low

High

High

Spring

Mainly

nest budding

High

Low

Low

Multicolonial Multi－　Or uni－

Colonial

More southern More northern



Figurel．　Morphological differences of Camponotus

YamaOkai（a，C，e．and g）and C．nawai（b，d，f and h）・

Compound eyes of minor workers（a and b），major workers

（c and d）and queens（e and f）．Male genit，alia，1ateral

view（g and h）．（From Terayama and Satoh1990）



a

g



Figure　2．Distributions of C．nawai（closed circle）and

C．yamaokai（Open circle）1nJapan．



●
200km



Figure　3．　Frequency distributions of the number of

queens per nest，in polygynous C．YamaOkai．（a）egg－

1aying，（b）non－egg－1aying，and（C）mat，ing seasons・
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Figure　9．Worker size（head width）dist，ributionsin

various sized colonies of C．YamaOkai．Open and stippled

areasindicate minor and major workers，reSpeCt，ively・
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Figure　14．　Horizontal distributions of nests at，Mt．

Tsukuba，C．yamaokai population（sites T3　to T5）．

SymboIs of the same shapeindicate t，he nest＄　belonged to

the Same COlony．　Open，dotted and closed symboIs

represent queenless，mOnOgynOuS and polygynous nests，

respectively．
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Figure16．　Correlat，ion between the number of workers and

number of broodin t，he nestin C．YamaOkai．

（a）Summer（r＝0．643，df＝58，Pく0．01）．

（b）Winter（r＝0．849，df＝309，pく0．01）．
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Figure17．Correlation between the number of queens and

number of workersin the nest of C．yamaokai．

（a）Summer（r＝0．591，df＝54，Pく0・01）・

（b）Winter（r＝0．567，df＝277，pく0・01）・
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Figure18．Correlation between the number of queens and

number of broodin the nest of C．yamaokai．

（a）Summer（r＝0．602，df＝54，Pく0・01）・

（b）Winter（r＝0．530，df＝277，P＜0・01）・
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Figure19．Correlation between t・he number of queens and

number of workers per queenin the nest of C・yamaOkai・

（a）Summer（r＝－0．523，df＝54，P＜0．01）・

（b）Winter（r＝－0．605，df＝277，Pく0．01）・
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Figure　20．Correlation between the number of queens and

nu7tLber of brood per queenin tlhe nest of C・YamaOkai・

（a）Summer（r＝－0．256，df＝54，P＞0．05）・

（b）Winter（r＝－0．499，df＝277，pく0．01）・
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Figure　21．　Size（head widt，h）distributions of queens・

（a）C．nawai（means土SD（mm）：1．559土0．045，n＝70）・

（b）C．YamaOkai（macrogyne，1．365土0．03，n＝1094；

microgyne，1．204土0．039，n＝220）．Queens whose head widt・h

areless thanl．275mm are defined as microgynesin C・

ya澗aOとaj．
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Figure　24．　Frequency distributions of aggressive

responses between the nests collected from siteS A to D・

Abscissais score of aggression（see Tablel），and

ordinateis observed number of responses・　Tot，al scores

are shownin parentheses・　Those distributions are

significantly different，（pく0．001for each，Mann－Whitney

U－teSt）from control（no aggression：tOtal scoreis：ZerO）

except for C2　X C3，Dl x D2　and Cl x D3・
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Flgure27．Vertical distribution of tlhe C・naT，ai（Solid

bar）and C．YamaOkai（open bar）in the Amatsu　－Mt・

Kiyosumi area（Chiba Pref．）．Each circle representS the

sample from more orlessisolated forest・・
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Figure　28．Dist，ribution of C．nawai（solid bar）and C・

YamaOkai（open bar）inIzu Peninsula，CentralJapan・（a）

Ohsawa，Shimoda－Shi，Shizuoka Prbf．（b）Ikeshiro，

Matsuzaki－maChi，Shizuoka Pref．
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