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INTRODUCTION

Thie subfamily Vespinae is disceibuced mainly in the northern hemisphers, particularly in the temperate
zones. This subfamily coniains only four genera, Provespe, Mespuls, Dalichawvespula and Vespa, Leaving Pro-
vespr, & small genws whieh is represented by three specles found anly in Southenst Asa, the other thres were
prospenous genern devebaped different mades of life, though with a considerible averlap, Meither Metpule
nar Dadichovespide 13 disceibuted Ln troplesl seplons, and they are completely pdapted to tempernte climates.
The penus Fespa s moscly distelboted in the Indo-Blalayan area, but some of the species are found to be
dominant In mwoperate reglons,

According 1o Evwaens (1980) the genus Megpe has 32 species and of these, seven species are distributed
a8 far north as Japan (Marsuuns and Yauase 1584) In temperate Europe, there i only one species, Fespa
crabve, which has also dispersed secondarily 1o Morth America, where no endemic species occurred, In cop-
trast o Maspule and Dafichovespals, the bionomics of Ferpa have 3o far been less well studisd both in Europe
and Morth America, probably beeawse of the small number of species and their highly agaressive disposition,
desplte of the ploneer works of Janer (1903} in France. While the greatest stridss in our understanding of
hornet biokegy have been undestaken on the eriental homet, Fespa orenislis in Ismel since Booeswmiqer (1930,
1933), lastar (1964 - ) and his colleagues have now made intensive studizs on the ethology and physiology
ol this species,

In Jzpan, which seems to have most representatives of this genus in the tempemie regions, many of the
reporis on the life of the hornets are anly general descriptions and wvery few give detailed data.

Since 1957 [ have been engaged in biosociological studies on this gronp and have obtined some informa-
tion an the bionomic and sthological characters of this genus in Japan. The present shedy intends {0 ap-
preach the comparative socio-biolagy of Japansse Fetpa hornets through sxtensive ecologicnl res=arch of
thedr habdits and 1ife history, Tt is hoped that this article will provide a basis for future comparative studies
not anly within the genus, bit also for comparison with other social wasps.

METHDDS

Sludy nres
The field work in the present paper was mainly corried gus in and near Kibi-cho, Wakayama Pref., sowthern
Japan (Fig. []). Kibi is a small town along the River Arita, situnted ca, 20km south of Wakayama City, about
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Fig. 1. The map of the fapan and the siody area.

Table 1, Maln climate condizions n Kibl (1962 - 1975

Temperature {*C)
Flanth Melzmn Menn Mean Rainfall
max num minimum {mm}

lan aj 445 aF 2.7
Feb &5 33 asg 683
Wlar 13.0 A1 k| a7
Apr 153 145 a7 157.7
My 1.5 133 133 1683
Jun 2.0 ng 174 23189
lul EJuk 43 33 14
HAuag 4 ] 7 AT
Sep e fr 4 150 i
O a4 174 123 1338
Mow 165 122 T3 arz
D 11 1.7 1% ]
blean 0.0 133 14

Extremes =) =54 eI

3~ 250m above sea bevel, Maln climatle conditions in the localty are glven In Table 1. The average clmatie
conditlons are: mesn alr temperatore 15.5°C, the hotvest month Suoguast (mean 270°C, mean maximum 31.4%C)
and the coldest month January (mean 4.8%C, mean minlmum 0.7*C), mean annoal rainfall 1825 0mm, bedng
mest abundant iy Jupe (238 8mm) and July (231.6mm). Unil recently the anrsa had been covened with secon-
dary mixed forests madnly consisting of plnes, deciduous caks, cherries, eie, with some remoants of Lhe primary
lucidophybouws forest, Shile, Cosralla, b, In recent vears the foresis are rapidly diminishing, replaced by rursal
or suburban areas,

The area ls remarkable in ivs abundance of Fespa colonbes, and five species, namely ¥ mondorinie juponics,
F anelly inswlaris, V¥ orabro favgfeselag, ¥ simiilmg xenshoprereand ¥ rropien pulche, are found throughow
thelr active season. The following deseriptions are given mainly based upon these (ive species
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Meihads of Obiervations

The data for this study were gathered mainly in the figld in and near Kibi-cho during the period from
964 b 1975, During the course of this study extensive obserwations in the field have been made, more or
less continuously, on annual life cycles, nesting habits, foed habits, and activities of adults insids and ocutside
the nest
Mesting habits : Many nests were located by extensive search in the study area, or by following queens and/or
workers [ying from bait stations or food sources 0 the nesting site, Some locations of nests were reporied
by local residenns,

All the nests were numbered according Lo the arder of finding of each species every year. A todal of 622
nests were observed in and near the sudy area over the past twelve yeam, and consisted of 288 nests of F,
stmifliena, 154 of ¥ analis, 80 of F crabra 56 of ¥ moadernio, &and M of ¥ fropica
Food habits: Observations on food habits were made nol only in the field but also &t the nest entrance,
where returning foragers with peey were collected 1o examine the species af prey, Data on phenology of hornets
capiured by traps attached 1o hives were prepared not anly from the samples @ Kibl, but frem those ofTered
by several bee keepers in Akita, Yamaguchi, Fukuoka and Magasaki Preleciures,

Thee fleld work on the bebaviour of intra- and nterspecific domlnance relationships among post-hibernation

queens at food sources was carried our at different groves of Ouercus trees during the period lram Apsil
o late July both In 1966 and 1967, In 1966 the observacions were made al & grove consisting of 7 Quercis
acutissimaand 3 & glewecg, which were 7= 10m in hight, of which 2 1rees secreted tree sap. In 1967 the abser-
vations were made &t & hilly elevaton 244m high, where the vegetation was & copde condisting of 10 Q1
acutissima, In order 1o distinguish each individual, i both yeass all the guesns of Megow that vissted the
tree aperiure were oeacked with colowr oll-paints on thelr messnetum, according to the order of finding of
each specles when she had alighted on e trunk nesr by the tree aperiune, Observations were made gl as
near A place a3 possible aad in the evening an elecirle toreh vwas used (o light the hornets,
uealitanive ond guenitanive charges of geesr activinles ! The dtudy was carried out maialy on an incipient
nest of B oerebee (CA600) atcached 1o the cedling of the awde of & siorehouse in Shimotsu-cho, Wakavama
Pref, In 1966, The nest was situsted about S0em from the window and individuals of the nes had o Lake
& route on food 1Tem along the wall and S0cm along the celllng 1o reach the nest. Observathons wire made
far 28 days (120 howes) during the perdod from June 2nd o July 28tk in 1968 a1 freegular dntervals, Al the
last pbaervation an July 2Tih, the pest consicted of two combe aind 190 cells with a quesn and 15 workers,
which were killed by Inseeticide sprayed around the nest on July 28th,
Relarions berween labour and day ege v workers: The study was careled our with gueen-right colonies of
five species, B similiime, ¥ onalls, M crabra, ¥ mandorinis and ¥ roplea. Mewly emenged workess in each
apecles were piven an indlvidual mark on thelr thoras with oll-painis on the day of emergence. In four species,
¥ iropiee, ¥ analiy, ¥ crabroend ¥ mandarinla, newly emerged workers on the combs were carefolly mark-
ed without pleking them up from the comb surface. In M siiifitme i i very diffleult (o mark the thorax
directly of newly emerged workers on the comba without any disturbanee because they quickly brritaed.
Therefore, 1 took workers within abouwt 10 hours after emergence from another colony (S6802) of the same
apecles which was kept In another nest box, and released them inco the observation nest afier marking. These
teneral workers were always accepted within one day withour any signs of hosulity, and they Immediately
jodned the indigenows workers in performing any @sks in the nest,

The total number of ndividoally marked workess was 57 in ¥ similfimg, 35 In Foanalls, 39 n ¥ mer-
daririg, 36 i F rrogicr and B0 in F crabr, respectively, and all of them were fallowsd to estimate nod only
the day of the firs Foraging but alss the longevity of workers, OF these markedl workers, all the activitles
were ghserved on some individoals duning thear adult life at irregular intervals in the daytioe and reconded
together with the dumtion spent in each activity within the érror of about =3 seconds. The nests observed
are presented in the following notes(pS)

Divizian of labour in arphan colonies: Observations on orphan colonkes were mainly mads on n nest of ¥
analis (AGT05), which was collested In Machikatsuura-cho, Wakayama Pref. on July 23nd, 1967, The colony
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T —— e
Species simiilingg aHaiiy rmidarinie frepicn crabro
Mes ohserved Se8m A7207 B{T40] THBOY Che
Mo, of workers 3 2 i 2 4
absarved
Individual Mo. Mo, 8,8,10 Mo, .4 Mg 5,6 Mos.2,] Mas 2R A5,

af 41

12:00 13:10, 520, 12200 8:30

Time of = Bt 12250 12120 — 15:00 — |00

Emargence July 121h Awgust 3rd July 28ih Jaly 25th July 21st
1955 %71 1974 1968 | 566

Tatal Eme of 13 days 24 days 17 dnvs &0 days 2B days
ohservalion { L0k} {H2k) [E1151] {E40h) {TIh}

with all nest members {1 queen and 16 workers) was introduced into an observation box which was con-
mected with the exterier by means of & bamboo tube, The queen was removed artificially on the day of col-
lecting and returmed o the orfginal nest the second day after removal, Bui she was immediniely atiacked
and killed by the workers. All the workers at time of collecting the nest were marked with colour oil-paint
on thefr mesonotum. A total of 72 lours (50 days) of abservation was made on the behaviour of the 10
marked workers durng the period from July 23rd 190 Seplamber |3ih.

Survivorship af cofony members: 1o preparing life tables survival data for brood and adulis of five Fespa
species, boe., snilfne, analls, mandarivie, ropica and crebrg, were obtained from different sources, and
combined into one due to some Lechideal diffleulties i follawing the whole life history of particular in-
dividuals from egg o adult siage.

Observations In each specles wese made princpally on the colonies list=d =arlier, Bat, in ¥, trapicg the
data from a nest (T7401), which [ observed during the entire period from nest foundation to disintegration
are used, In order to determine the benpth of each developmental stage and its survival in successive im-
mature siages they wore divided indo three stages; eggs, larvae in each instar and cocoons, Each brood cell
was daily mapped and photographed throughout the obesrvation perieds, Cell maps were made aonce a day,
and the dates of owipositlon, hatching, eocoon spinning and emergence of individuals of the brood were
estimated from them. These events were regarded 1o have oceurred on the day when first recorded. The
survival of brood durlng the socoon perbiod could not be abserved dirsctly bechuse of its technical difficalty,
and larvae or pupae within cocoon cell were regarded as alive when (he cell caps remained normal, The
death of brood was ales ascertabned by the empty ezlls in brood circles, because the brood mn & comb exist
In concentric eleeles of epgs, larvar and coconns, and blanks in broad rngs indicate where death has socir-
red (Sprapeesy 1973),

All the newly emenged workers were nol observed directly ai the time of emergence and successful emergence
wid confiemed by the exisrence of teneral workers which vsually inserted their body into the empty c2ll from
which they had just emerged. In order to estimale the longevity of workers, newly emerged workers were
given an individual mark op the mesonatum with paints on the day of emergence. The tofal number of in-
dividually marked workers in ench species has already been mentionsd, Each individual was checked from
day 1o day and the examination was made principally every evening after their flying activity had censed,
with secasional inspection in the daytime, until the disappearance of all marked workers in =ach colony.
The warker's last day alive was assumed from the date when ench individunl did not return to the nest any
more, because workers almost never died in the nest.

Searanal ciange in popurkafion struciure @ In order (0 estimals the seasonal changes in the population sroc-
ture of each species [ collected a total of 393 nests in all stages of development from 1964 o 1975, which
congisbed of 150 nests of F. smediima vanthopiera, 122 nests of P ool inswieris, 38 nests of . ormbro
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flavofasciata, 49 nests of ¥ manderinie joponice and 34 nests of ¥ ropicd prickna, All of the nests except
large colonbes of ¥ simdfmg were taken with returning workers, which were captured when the nest was
revislied about one or two howrs later in the daytime. A number of ¥ similime nests at the Later stage of
nesting were cocasionally taken in the evendng with the help of choloraform and all anesihetized workess
inside or on the envelope were collected o examine the complete contents, The number of combs, cells, pillars,
Immeture stages and adults were counted kn each nest on the day of callecting.

Drevelopment of a slngle colony was also observed on a nest of ¥ sropice (T7401) which was founded in
& wooden box it Wakayama Frult Tree Experimental Swathon b Kibi on June 9th, 1974, Changes in the col-
ony development and popalacion scructure of the nest were fodlowed a1 its naturd site during the active periad
from meest foundation to disintegration on October 15th, 1974,
Mest surwivals During the observatlon perfod | found & total af 59 nests of ¥ omalis foswiaris ai an incipient
stage These nests were censused at Irregular intervals In the Meld until the end of =ach nest. The data from
many upsuccsssful nests of each specics found In the fleld, together with my secceisive observations on the
active nests, gave same information to estimate the survival of Fespecolonbss and various Factors condributing
10 colony termination.
Anrug fluctwation af colony nembers ; The records are mainly based upon the matuee nesis of the five species,
F. simillima, ¥V, analis, ¥, crobro, ¥ mondarinig and ¥ fropice, which have been observed in and near the
survey ared during @ [2<ve=ar pericd from 1964 to 1975, Besides, a systematbe search for all eodonles af ¥
siillimein the study area was made anneally in laie awtumn, when the colonles had almost completed their
nests, during the pericd from 1964 to 1975, The anea, coverlng 300 heetares conslss of four sub-areas, Mu-
tsugang in Kanay-che (ca, 75 ha), Yoshikewa in Kanaya-cho {ca. B0 ha), Yeahbmi in Kibi-cho {ea. 50 ha),
and Yamada in Yoasa-cho (ca, 93 hal, all of which ars villages among the hllls of about 50-500 mecers in keight.

TAXONOMY AND DISTRIBUTION

The superfamily Vespoiden i divided into thres familles; Mazaridas, Eomenidae and Vespidas (Ricianos
1962, 1972), The social wasps or Vespides fall into three subfamilbe; Stenogasirinae, Polistinge and Vespinas,
According to his most recent revision of the Vespinae, Ecwagos (1980} recognlzed four geteric names: P
vietp Ashmend, Fepwle Thomson, Dolichovespuly Robwer and Mespr Linnaeus, The vesplie geners are
primarily o tropical Asian group and have penetrated into the temiperate replons of Burasla and Morth Ameries.
All vespines are esocial or socinl parasites on their eusecial reladives and ame notewarthy for the advanced
stale of sociality relative to most of the Polistinae.

The genus Fegpe is distinguished from other Yespinas primarily by its large size and the sxpanded condl-
tioh of the rear part of the head (Browsext 1950, 193], Duncan 1939, Vecur 1936, 1957). The original descrip-
tion of Fespomade by Linnasus (1738, Systema Wature) comprised all the then known specles now Included
in the subfamily, The genus Fespg has been revised by Saussune (1853 — 1838), Twomsos (186%), Buysson
(1903 — 1905), Bvguarey (1930 = | %3%) and Yecwr (1939, and as presently delingated it contain: approximace-
Iy 22 species which are mainly centered in southesstern Asig, Only two species, ¥ crabro and ¥ orfenulis
are widely distributed in the western half of the Palaearctic region.

In Japan the following forms have so far been recorded (Mamsuuma and Y aseane 1984)

Forms {Japanese name)

1. ¥ afifints qffinis Livwaeus 1764 ( Tsumaguro-surumebachi)
Distribution, Ryukvy skands.

2 ¥ analis Insularis Dalca Torke 1894 (Kogata-suzumebachl)
Dastribution, The whale counteyw

1 ¥ crabro flavafesciarn Camenorn 1503 (Maon-suzusmebachl)

Diszribatbon. The whole counteyw
4, ¥ dpbowskll Anone 1854 (Chaire-suzumebachi)
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Distribution. Hokkaido, Honshe (Cantrall,

5K mandarinie faponice Ravoszxowskn 1857 (O-suzumebachi)
Distribution. The whole country,

&, ¥ sloriifime sivtilliones Sarmre 1968 H'i'..!'hhh-l.ﬂzl.lrn:hm;‘hi:l
Dristribwtion. Hokkaido,

T K similitmg centhopiers Caprros 1903 (Kilro-suzumebachi]
Drsarlbution. Hanshue, Shikoky, Kyoshu.

B K tropleg esahli Soxaw 1935 (Eszkl-suzumebachi)
Desaribution. Tiushima island,

8 ¥ troples loochosenss Boousrer 1934 [Okinawahime-suzumebachi)
Discribution, Ryukyu islands

10, ¥ rroplea plchra Buvssoy 15903 {Hime-surwmebachi)

Disrributbon. Honsha, Shikakw, Kywshn,

Also twa forma, ¥ bicsfor Fasnicws [TBT and ¥ walkerd Buvssos 1905, are recorded from Japan, The
former species recorded by Buvssow (Woowt 1957) in all probabilicy does aot occur in Japan and the latier
recorded from Central fapan by Yecur {1959 s unknown o me &s [ have thiss far not encountensd the form
coinciding with the original description (Bursson 1905),

I. ANNUAL CYCLE

In temperaie reglons kespa calenies are annual and the new colonbes are always begun in the spring by
@ singhe fecundated queen. The annual life cvcle of Fesoe as presented subsequently in this chapier consists
of the fellowing six periods (Fig. ), though a ittle variation in detatls of the cycle oocurs among the species:
1) Pre-nesting, 2) Solitary, 3} Cooperative, 4) Polyethic, 5) Reproductive, 6) Hibernating. The sequence does
nod essemiially differ from that in other temperate susocial insscis with annual colonies: Vespule, Bombus
and, with some devimions, Pebistes and susocial holictine bees. A briel sesume is given here

reEios |Fr-rm=t=nuHiﬂllhﬂr mlﬂ-ﬂl'ﬂi-:-Hpalnmlcl—r:mtdmu--]—rﬂmmaun;l
mm (] [ 5 =

Emarganca &f
Edrme woThars

Emn rgnran
nf esxoale

'
................ | rr-..,...rr.-..l

voanatis |5

v oerabres  [Ferasessaw O

& mandariia " 00005

=
W mmitima  [eesess AT

T T T T T 7 == —
Li_ﬂF'H |MA"|"|-\JUNE|JL|L‘|"||5\.I_.-EI5EF' |C|':T |NC'-'|.I'1

Fig. 2, Lifis hisiary of ive MHeape spedies i somibwesiern panis of Horshe, Jepan,

. Pre-nesing period

This period, 1o be defined exactly, means a duration from thse time when the quesns emerge from the im-
mobilized state of dinpawse 1o the time when they decide the sites lor constructing their new nests. The dates
of the first encounter of hibernated queens in the last 10 years are presenled in Thbke 2, which shows thar
the time of appearance is different in each species. Judping from Table 2, rogether with other ohservations
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Thbde 2, Dade of the firsi encounter of hibernigted gueens of Fegpo species in ad oear Kibd,

— = ===
Year
Species
g ‘i w1 '68 B T | T2 7 ‘T4 75
¥. stmillirma Aprl? Aprd  Aprdl Apr2% AprdS Apedd AprdT Aprdd Apr.ld  Apr.lB
V. mandarinia " B L I ML M O™ 12 fTM ™3I Yl ™I
V. crabro " oa " 1y Mayl "ol Mayd  May 3 "o24 May2 25 My 2
V. anmaliz Mayl Mnays vor May?d A "5 May® "7 Mavi Al
¥. fropice Jun B "1l "X Juwid Jial wm-o2§ vo2§ Mo " Mo" 26

by me ¥ sienilflme flest came ot of their hibernacula each year in early o late April, Both ¥ mrandaninig
and ¥ crabro generally appeared from mid-April to early May, ¥ enalisin early May and F fropice st and
after the end of May. Thus, the interspecific onder of spring appeamnes is, svillime - mandeninig - ool
- aralls - tropiea (Matsuues 1971,

Among these species V. simifiimir occasionally wisits flowers of Caomelis faporics, but other species seldom
frequent flowers, The most important food source of pos-hibermating queens is the sap of Juercwy trees,
which are particularly preferred by ¥ sranderinds, with the peak of visits from late April to early May as
shown in Flg. 3. The quaens taks tree sap not only during the daytime but alse in the evening for several
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Fig. 1. Daily change of the niomber of cverwingered Fespa stangarinls guesns vishiing ires sap in the evening
ot & corpse, consisting of about 20 1rees ol Quércds gpp., in Bibi-cho

days after hiternation. A distinet linsar dominance relationship is recognized amang these queens visiting
tree sap and the intra- and interspecific relationships will be discussed in greater detail kater {chap, 111, Feeding
habits). It has never been observed that the species of Fespa catch insects for food before founding their
nests, in spite of my careful observatlons,

It is recognized that the fresh welght of post-hibernating guesns of Fespa is very much lower than that
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of the pre-hibernating ones. In ¥ mandariaie the mean fresh weight of gueens was 3,46 + s.d. .20 just before
hibernation, and that of 34 queens collected in the spring of both 1966 and 1967 was 204+ ad. .22
{slaTsuurs 1968),

It seems likedy that such a remarkable decrease of fresh weight ls closely related o thelr consumption of
fat body during, and soon afer, hibernation. The hikernatng queens reizin a good quanty of far bady
coverlng the ovary within thelr abdomen. The emount of fat body Iz already small soon after departure from
hibernacula and decreases rapidly with the commencement of thelr activides. According o Spransexy {1966),
fat content as a percontage of the dry welght In queens of Hespwlr apecies ls over 40 per cent, of which 30
per cent is utilized during hibernation, The guantity of far contained In post-hibernating Vespe guesns oo
longer increases in spive of thelr feeding activicy and Hitle fat body §s observed afier May (Marsuums 196E),

i, Solitmry period

All species of Merpa found their colondes with a single queen, being regarded as haplometrotic. Until the
emergence of the first worker, the queen engages in all duties, including nest foundation, eviposition and
the progressive provisioning o the developing larvae, as is typical in most solitary wasps

The gueens search for nesting sites after spending time in taking their own nutriment for a short period.
The first observation of searching for nesting sites in ¥ siplime was on May 4ith, 1963, and the last obasr-
vatlon on May 34ch, 1966 and bay 19th, 1967, In ¥ manderinie which builds underground nests, [ observed
first on May 22nd, 1967 and May 19th, 1968, a queen repeatedly entering some ready-made burnows excavated
by snakes or small rodents, and judging from their behaviowr, they were searching fior nesting sitee. Although
I have few records of the dates of the other Japanese species, an estimation may be glven on the basis of
the daves of (irst spring appearance of post-hibernating gueens (Table 2) and the data on nest conients at
an early stage (Table 8 ¥ crobre after carly May, ¥ anefls after mid-May, and F tropics after [nie May.
[ peneral Japanese Fespaspecies siart nest building later than the other Japansss social wasps such as Polisnes,
Parapolrbie and Fespul (Marsuuma 1975),

It may perhaps ke a queen of cach species several days, even weeks, to find p suitable nesting site, As
a0 85 she chooses & defindie nest sice she starts nesting activicy, The principal bwikding materials are generally
wood {Thres mixed with salivary secretion, The fibres used are derived from the comex of Bving trees, decayed
wood and rotien parts of Uving trees. The first step of nest construction is 1w maks o pedicel to support
& small comb. After the first comb congdsting of two to four cells is built, the queen makss an envelops o
caver (L Owlposition eecurs almosi parallel with cell construction and the first egg is laid as soon s the
flesc cell is compleved,

A gingle queen of cach species construces in averags 35 ~ 40 cells and rears 10~ 13 larvae up 1o the pupal
stage by herself. The solltary period lasts for about two months from late spring to early summer as togml
development times from egg to adult in the first brood reguires more than 50 days, The nesting habits in
this period will be discussed in greater detnil below (chap, 1T, Mesting habits),

3. Cooperative perlod

As ghown in Table 3, Grat workers of Fespe emerged from June to July In the following order: similfinmg
- crabvn - ety - manderinig - fropleg. The difference In peak dates was § to & weeks between ¥ similfinma
and ¥ fropice, though the dme of emergence varled among colonles of the same species. These workers
are alwnys smaller in size than those emerglng laver becanse cells produced by queens are the smaller than
any produced laver in the season (Table 7).

The new workers begin b engage & variewy of Intranidal activities as early as their second day and perform
foraging trips et 2 (o 4 days old, as soon as they ane properly endowed with Myving abdlicy, Afier the emergence
of workers, the queens are still concerned with extranldal and Intranidal sctivities for a while, though the
behaviour of queens varies in both guantity and quallty in the cowurse of colony development. This period
is called the cooperative period, In this sage queens [irse cease their extranddal activities, then intranddal
activities swoept for ovipostion. The process will be discussed later in detall {chap. Y1 Division of labour).

[t seemis likely that the lamger the typacal colony size the shorter the cooperative perlod lasts. In ¥ froplos
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Taule 3. Daie of ghe first appearence of Fespa woekers n and pear Kind,
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which has the smallest colony size among Japaness Fegpe species, the gquesns particlpaled in intranidal asks
throughout their life, The queens of ¥ eralis, which alse belong o a small colony wwpe (Fig. 63), continwed
b engnge in internal aciivities for aboul T o B weeks alier the emergence of workers. On the other hand,
in the case af speciss of the relatively large colomy type, the quesns gave up their “warker tasks™ after 6
1o 7 wesks in F orebro and 2 do 4 weeks in ¥ mendarials, And in some colonbes ol B similiime, which
often has maore than fen thousand cells, the quesns stopped thelr intranidal activitles 2 to 4 weeks after the
emergence af workers,

In contritst with the next polyethic periad, the colony in this cooperative period is charscterized by slow
development and & small oumber of workers as shown in Figs, 6576,

4. Polyethic period

A the number of workers increases, the queens ol all species except for those af ¥ tropica become mesizleted
o ovipasition, leaving workers all the ather duties. With the attainment of division of labour betwesn gueen
and warkers, the life of Vegpe shifis from the cooperatlve pediod to the polyethiz period, and the cobony
undergoes o rapid norease in popilation. This epansive stage lasts unl the e when mabes and new guesns
EMETEE,

Tovenrds the middle af this period, colonies of both 1 similiima and ¥ crobro often relocate thels pesig
from their original nest sites in Small spaces 1o new, more spackoud sites, This stravepy 18 restricied o the
bwo species mentioned and o detailed aceount of this memarkable feat fo ghven in the next chapter

In the course of this period Fegpe workers start 10 display obvious attraction w thelr quesn, They eluster
around the queen on the comb, orientating towards the head and thosax (Fig. 4). Some of them continwally
antennate and lick her body, which is wery similar (o the royal eourt in honeybees. The phenomenon s ex-
plained by the presence of a queen substance, which has been chembcally extracted from the gueen of ¥
prienielisby Ispay et al{1965). This bebaviowr 18 not seen [n the colonles of ¥ ropics, which has the smallest
cobany size among Japanese Mespa species. AL the end of the ssason workers of ¥ crrlie start to biie thelr
gueen frequently and even couse her death, But the sfruatbon in three other spectes, ¥ annils, ¥ similiima
and K mandarinis, is somewhat different, for these have been no observatlons of workers Heking the gqueen
violenily, Queens of Feipa (excepting ¥ tropica) are characterzed by a hairless and polished body in this
period (MaTsinses 1968), which may be brought abowt by the lleking of workers,

As the end of this pericd approaches, the workers of each species cease 1o build small cells to rear workers
and begin to build cells of a lnrger sze to produce ssxuals, though the change in the slze of cells appears
to take place somewhat gradually. As the large cells in all the Tapanese Fespa spectes (except for ¥ tropica)
are always built soon after the appearmncs of o roval cowrt of workers in the colony, the inftlation of lasge
gueen cedls appears o be controlled by the quesn pheromane as already pointed oul in ¥ erlermalis by [oas
et al{19650 In ¥ fropmica, workers are apparently unaffected when close 1o their gueen and not gather round
hier, which suggests that quesn comtrol of the workers is done in other ways. Al any rate, the brood of sexuals
in Wespw colonizs are reared during the time when the worker population is at its peak, as discussed laver
in chag. ¥. Population dynamics,

The duration of the polyethic period ssems 1o be closaly relat=d 1o the length of colony life in each species,
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Fig. 4. Roval court in Fefpo speoies: A, ¥ crebro; B, ¥ amalis,

in such a way thai the longer the period, the later the emergence of sexuals oocurs. The period lasts 1-3.9
months in the most long-lived colonies of both K manderinisand ¥ simifime, 2 - 2.5 months in the moderats
colonies of ¥ erally, and 1.5~} months in the shor-lved colonies af ¥ cmbm

5, Reproductive period
The polyethic period comes o an end with the death of the founding quesn, which usually occurs just

before or soon after the emergence of sexuals, The reproductive period lasts as long as worker homets are
still alive to feed the new sexuals.

Records of the survival of founding queens observed in feld-collscied nesis of each species are shown
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Teble 4. Latest date founding queens weme abserved in feld-coBeciod mes of Mespe specles [ and near Kihl,
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Fig. 5. Mew quesss af Ferga crabvo: &, nésting in the cells; B, resting on the envelope.
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in Table 4, The quesns of ¥ fropica, a short-cycle species, disd towards late Augast, whereas thoss of both
¥, mrandarinir and ¥ sipnilima, long-cycle species, survived even to Movember. The interspecific order of
disappesmne: of founding queens is, fropice - crobro - oralls - mandarinia - similfima, which is in accor-
dance with the order of emergences of new queens, The life span of quesns in each speciss appears 1o be
about gne year

With the death of n founding gueen the colony enzers o disorganized state. Some workers fight one anather,
and nesi development ceases, though fomging activity and bropd nursing continoe, Afer 3 ~4 days, the col-
ooy recovers the lost harmony in parallel with the appearance of laying workers. A detniled account is given
in chap, 1V, Division of abour

The males and new quesns emergs ai the same time, or the former a little earlier than the laier towands
the disorganized stage of the seasonal cycle (cf. chap, VIIL Population dynamics), 'With the appeamnce of
eexuals ihe expansion of the nest structure is stopped o7 considembly reduced. Sexeals remain 10 o 20 days
within the nest, and spend most of their time thrusting bead and abdomen into empiy or epg-containing
cells &t the centre of the comb {Fiz. 5] mcept for oceasional food intaks from worksrs (Fig. 6) and larvae,

Fig. 6 Fepa frogice new quesns saliciting a worler for salbvary secretion,

They have nothing to do with the division of labour in the colony. At the latér stage of this period foraging
activity of workers changes principally from profein food 1o carbohydmies such as tree sap, fruft jubce, eic,
to feed the aduli males and new queens. This resulis in o decreass in attention to the larvae, which fail w
be fed and remain in the same instar for several wesks before finally dying, The death of the last surviving
workers brings about the complete disintzgration of the colony, The last sexuals to emerge cannot obiain
sulficlent food. They leave the nest withoui maturing and all diz of hunger around the nest. On the acher
hand, filly marured sexuals whose body colour has intensified and body weight has increased {2g., from
2.0g 1o 3.5g In ¥ manderals Marsvuss 1968) depart from their nests, Departing sexuals do not maks an
orientation flight and pever meturn 10 thelr ness.

The disintegration of colonbes ardinarily 1akes place from early September to late November in the follow-
ing orders fropica - crabro - mnally - siprilime - eenderinde. Thos, the duration of the reproductive pericd
lasts about a month M each species.

6. Hibernating period
The males of Fespa Ny about for 8 few weeks after leaving the nest, visiting Nowers, tree sap and some
mushroms, whereas the new guesns leave stralght awsy probably searching for a hiberonculum, Mating eccurs
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around the nest entrance in K mosdarinte and elsewhens away from nests in other species, Only in ¥ wman-
darinig do males visit nests and await departing queens at the entrance to copulate with them (Fig. 7). A
this time many malss of ¥ mandarini swarm in the alr 1o sekee the quesns,

Hibermating quesns 5o far discovered were found mostly within the soil or rotten wood with a high percen-
tage of modisture as shown in Table 3. A commaon hibernating site for these species i in the soil overhanging

Fig. 7. Copulaing In Fespe mandarisi,

Tabd: 3. Hibsrmmibon shes of Kepo species

Sie in
Species g  Pouen  Strww  Toml
Wiopd Heap
V. simmdifimo i 5] 76 ol .
V. crobm @ 0 o & w .
V. amalls 15 L &} B §
V. mamdarinis 14 i i2 b TS
V. irgpicn 4 13 o &
Toial 1z 143 1 247

Flg. 8. Vespe rropics queen hibernating in decayed woos,

cliffs in the Forest, But, some queens of ¥ gmilfime, V. analis ond ¥ tropies were observed hibernating
within the rotten wood of old stumps or logs lying on the ground {Fig. &), The environments of these hiber-
nation sites are always dim and raiher moist places in the forest, mastly facing to the north where the change
of diny and night temperature mnge seems to be kast, The cell prepared for hibernation {or hibernaculum)
and the tunnzl keading to the c2ll are clearly dug by the gueen herself and are not pre-existing ones. The
inside wakl of the cell is carefully finished; the scil or wood surface 1o which shie clings is always made guile
sven, The tunnel is plugged with earth or wood chips from within to cut off the space from the outside.

The hibernating gueen is always found clinging to the upper wall or celllng of the cedl, elosely drawing
her antennac and all legs to her body surface and concealing to the thps of her folded wings under the ventral
surface of her abdomen. The queens abways hibecnate one per cell, ewept a single case al ¥ anelits, where
two queens were found in the samse cell within rosten wood (Mamsuuma 1986), though Sarmeseamn (1534) reponted
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that ten gueens of ¥ crabro hibernated together inside the rotten wood of a dead ash tree. These hibernating
habits differ from Mespuls (Sasoemasy 1936, Duscas 1535, Thomas 1960} and Padistes (Matsuvuna 1966) in
their predominantly solitary hibernation and prepamtion of hibernating chambers instead of mere wiiliza-
ton of pre-existing cavities, The queens which enter hibernation have ovaries of very immature conditian
and there Is a large amaunt of fat body covering the ovary within the abdomen (Matsuurs 1965),

The duratlon of the dormant peried is 6 to 8 menths, varying with the species of hornet; the queens of
F. rropice spend two ar threee months [onger in hibermation than any other species in southern Japan,

IL MESTING HABITS

The nests of hornels are remackable and complex structure which require a great propertion of time and
eoergy in construction and maintenance, The early part of nest building is performed by the founding quesn,
but the larger part of it is accomplished by the workers,

In this chapter, aspects of their nesting hakits which have many special featores are discussed, iogether
with some speciiie differences,

1. Mest siies
All Japanese specles of Mesper are distributed in mountain outskirts and hillsides, being relatively scarce
plains and In high mouniaing. MNests sites of Fespe are shown in Table 6, Based upon the data obtained from

Tahle 6, Mest sies of Fespa specles,

Crpen place Covered plece
Speties Beugk of Ewves ol Rock Diher Maollew  Cahar  Undergre-
Thiekst e builing  wall uitzy Anic e L und Teaal
cavity
A 1 a 1 o o ol ¥ (] 14 T3
F. simiilnng
B 2 3 05 11 14 n 2 1 2 '8
A [H] a 1] 1] 13 L 7 i 1L
¥ crabng
Bree [H o a L] 25 ] L 7 41
F. s 149 1] 12 F | o i} ] ] 0l 144
F. mamdarioie a i] 1] & o & ] a L 56
F. trogRcn o a g 4] o 13 4 7 24 45

Motes: A%, nest siles before ar without relocotion of nests; B*™ oest sites aiter relocation of nesis

Flg. % Mesas of Fegpe gnofs: A, young nest in che copperntive periods B, maiare Best (e the pebverhic period,
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& tocal of 396 nests, & B recognized that the nest site prefersnce of Fespa differs charactedstically with species,
being classified Inoe open place and covered place types. The specific differsnces are a5 follows: ¥ analls and
K simillima belong 1o the species of the open place preference. ¥ amalfs nested only in open situations abowe
ground aod 148 our of 184 nests, or $0.9%, bhung from bushes or frees near the ground (Fig. 9. ¥ steilifiea
ofien moves neits afler worker esmergence from thelr ariginal sites to new locations as discussed in detsil later.
The queens of this specles tend o inddate their nests in covered places (35/73 mests, or 30.7%) or underground
cavities (3473 nests, or 45.6%), where the microclimate is most suitable for the early stage of development. When
thee nest becomes oo large, the whole colony moves 10 & new, more spaciows site, and 132 out of 213 nests, or
61 4%, were atigched in open places such & beams or eaves af buildings (95215 nests, or 44 2% KFig. 100, though
it is obvious that this specles ls more variable I nest Sl s=l=ction than any other congeneric species in Japan
both befors and after the relocation of mesta, Om the other hand, theee species, ¥ cabr ) fropicaand ¥ man-
darinie, utilize only covered situatlons, ¥ crbro and K fropicr make their nests sither in restricted cavities or

I

Fig. 10, Mazure nasts of Feroo sieilimes made ander the eaves,
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Fig. 11, Mests of Fenoa cnabing ; A, nesl site in kollow tres; B, young mest In attle; ©, mature nsst in aisle

in ample spaces both above and underground (Figs, 11 -~ 14), though the former species often moves ils nest
slee. ¥ mpangarinir nests only underground situations {Fig. 15 among 56 nests examined, 47 were found
in subterranean cavities either formed around rotten pine roots or mades by small rodents, snakes, stc, and
9 In subterranean wwee hollows.

Helght of the nest sltes above the groand differs with species, ¥ enafls usually builds its nest af lower
leweds about 2m from the grownd {140 cut of 164 nests, or §85.4%), On the other hand, 184 out of 215 nests,
or 85.6%, of the aerial neste of F siordlimg were built 2 = Tm above ground. Mests of the species groop preferring
covered locations, ¥ rropicg and ¥ crelre, were made ot lower levels within about 4.5m from the ground,
Subterrarean nests of fowr species, ¥ simlilfime, ¥ fropica, V. oeobre and ¥ imergarina, were all locied
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within 0:6m below the ground surface.
Mo particalar directional preferences for nesis of any of the spectes could be defermined {Martsuura 197 ka).

Fig. 12 Mature nest af Fepo onrbro: A, nest in sific; B, bottom of same nest.
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sl T - i u -

Fig. 13. Nest of Herpa froples: A, mature nest; B, same nest with emvelope pordally remonved.

F .'. -
Fig. 14, Mest of bWegpe rropiea andergrosnd.
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Fig- 15 Mesas of espa mordarioir undeground: A, young nesi; B, msiane ner,
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1. Mest structure

1) Quesn mest
Concerning the nesi foundation by queens of Fegaw only & small amount of data are available on a nest
of ¥ analls (AT101) which was sbeerved from s very initation (Fig, 16, A — D0, Unforunately, this colamy

1

Fig. §6. A-D. Initial stages of nest building by o Fegpe awalis quesn.

was arphansd by the death of the queen before the emengence of warkers. Fig, 17, A-H shows some inci-
pient nests of B sifimae which indicase supcessive siages in esrly nest construction by quesns of this spaces.
The folloaving description i= based mainly wpon the observatsons given in Figs. 16 and 17 together with mamy
fragmentary observations in other species,

The first step of nest construction by & gueen is 1o make & pedicel & support a small comb, A few
loads of wood pulp are applied at one spot, from whizh a pedics] is made in the shape of a elub, pointing
sharply downward. As soon as the first cell, belng clecular in cross section, is completed an the tip of
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Fig. 17. A-H. Initial stages of nest building in different nests off Wegpa simeiflies.

the pedicel, the gueen inseris her abdomen inte the cell, and Lays the first egg. When the first comb, con-
sisting of 24 cells (usually 3 cells in ¥ anadisand ¥ fropica), has been initlated, the queen begins 10
consiruet an envelope to cover it by the end of the firs day. The gueen nests of Mespa species have wsually
3 1o 5 cells after twe days, 4 1o 7 cells afier Ffive days, and & (o 10 cells afer ten days. The queen nests
never contain mone than a singk comb and the basic features in Vespe are, In comparison with ather genem,
Fespudn and Dofichovespula, ns follows:

8] Pedicel

In Hespanesis the pedics] is mads cenimally never laterally a3 In some Polisres, and the comb always asnimes
a horizontal position as in the other vespine wasps. The pediced, which is firmly fixed ta prevent the nest
fromm being swung, is in the shape of a club, lke that of Polstes wasps, and strengthensd by painting
& lustrous substance on its surface. On the other hand, the queens of both Hespals and Dolichovespls
first comstruct a trizngular banging sheet of paper (Oanmenos 1868, Duscan 1939, Busw and Brias 1548,
Srima, 19390, From the centre of the lower edge of this suspending sheet & thin downward-pointed spindis
with & stight spital twist i3 built, and a comb of cells 3 husg from the p of the spindle. According o
Snma, {1959, “the triangular plate-like stalk™ which is used in Fespule fMeviceps usually has a 90~ 180
twist and effectively absorbs the impact glven 1o the nest when ke comb is swung,

b} Cell

In Fespa species, the cells constructed by gueens are abways smaller in size than thoss consimected
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Tablde 7. Sizes of the neszs of  Prspr speclas,

Suspensoria Worker cell
Spezies Busilder Thizkness Mo of nesis

Liangth Thickness Dinmsier Dapth Thickness af eovelope  obeered

Ll VLT 23+05* TIx02* MIx2Ee* LIHal0d® 0344087 12

V. sl

Worker TA£hT [B6£175 Slz=0% Mdzx2% 02Ma00h 048804 I
[ s (Jueen EA IR 1 P£07 EBESx03 253&lé 04200t (110 [
) Worker HE&MLS 106297 94209 2ES=12 029=004 034207 11
V. omal (hazen Thklkd 27407 73208 2SR M= 00T D4E=0% 15
; Warker T2mbG  14T4%9% PE205 25148 DDI=00% O5EL 13
e Chzzen Waell 3405 10517 36247 0008 0ES=).2 k]

K. mamcidrimio
Warker  1ER&0E 5444k J1S2I] MIzll D009 L0507 Hr
¥ Weplon {hezen Thwld 23408 TE&02 132223 028007 GEdx0d g
: Worker 170wl d  S4ad4  103&lB 336433 DIZ:005F 0TExLS L}

= Mean & sd.

laier by workers, and also bath cell walls and envelope are distinctly thinner as shown in Table 7. Since
cell size direcily affects the brood development, the lurvae reared in such small cells emerge as the smallest
individuals throughout Uhe season. Mo conspicuons difference in the forms of ezl end comb are exhibiied
either inira- or Intesgenerically among Fespe, Mespole and Dofickevespule at thiz stage of development,

The number of cells bulll by a single queen of Mespo species is shown in Table &, These resulis, slong
with other observations on many deserted nesis, indicase thad in all the Japanese species of Mespa, a sinple
quesn constructs on average 35 —d0 cells and rears [0-15 [@rvae up 1o the pupal siage by herself, Mo
marked difference I3 noticsd among the various species, On the other hand, Jaser (1903) recorded a guesn
nest of Fespe credre contining &0 cells all occupled by brood, of which 13 lnrvas hagd besn reaned 10
pupac As faras [ am awarne, this s the maximum sumber of c2lls made by 0 single queen in all the Mespa
nests 50 far studied, Two gueens of Fepe orferiell reared by Darcuns (1964) made respectively 16 and
14 cells under laboraory conditlons, D Fesgude spectes Sanoa (1959 described a nest of Fespula Mavicens
with 0 cells, and Druseas (1939} recorded & probably incemplete nest of Fespule pensyvarics with 12
and ancther of the same specles with at least 17, In Dolichovespds the same author reporied a nest,
presumabdy of £ srecwlaia, with 15 c2lls, and Briss and Baiaw {15948 and 1952} caied six nests of D sphvesiris
with 15, 1 31, 33, 37 and 42 cells, respectively. Judglng lrom these secards, though still insufTecient bath
in mumbers of nesis and species observed, Bt secms reasonable 1o canclude that the number of cells found-
ed by queens of Mespe species does not markedly deviate from that af Fespwle and Dodichowespid,
c) Envelope
The envelope is started from the substratum, or the base of the pedicel, never in the middle of the pedicel.
Specific differences in the form of envelopes are distinetly shown among quesn nesis. The form of the
completed envelope can be divided into the following three types; bowd-shaped, ball-shaped and fask-shaped.

Bowlshaped fype: This type has an loverted bowl-like envelape which never completely =ncloses the
comb. ¥ eropica (Fig. 19) and ¥ mondarieie (Fig. 18) build this type; the envelope of the former is
30=3%cm in diameter and that of the aoner 7.0 -7.5em.

Ball-shaped type: This tvpe has a roughly sphesical envelap completely =nclosing the comb sxcept for
a small hole L2t 8t the botcom. ¥ crabro (Fig, 200 and E sioniifime (Figs. 17 and 21) build nest of the
same typs, though the number of sheets conatrusted varies with the species. F orebro always buoilds an
envelope composed of a single sheed. While ¥ sieilfirg (Fig. [T) builds a secands and third sheet, even
aometimes a slxth sheet. The envelope of K cebm measines 6.8 — 5 5cm in diameter at its widesi par,
and that of K sienifime 4.4 < 4.6em Inside and 7.5em outside.
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Table B, Mest conbeiids and namber of cells in Fespw gpecies &1 the incipient stage

—— T —
Larval instar T Noof
Species Dhate Esnply — ot of adulis
el Eggd 0@ Znd  3rd  dth Sth Cocoons cells § &
May I¥69 1 1 0 1 3 o 7 o 710
May 2P0 0 w4 0 0 o o 0 4 1 0
¥ similffms  Jun, ¥ 3 & 4 3 5 1 BB 4 10
May 2673 0 9 4 0 0 o o 0 310
Jun, 473 2 12 4 3 3 2 1z 4 4 1 4
e 2 2 i L 1 T T
¥ erale :'F.y 1 3 2 & 1 % & & 3 3w 1 b
May 26 2 1 4 | 2 a o 6 20 1 0
lun. H6R 4 £ 1 2 i 2 4 6 M 1 @
Jun. 138 0 & 4 4 2 3 " 8§ 13 1 0
Jen. 68 3 & I 1 2 a o o I
Jan. 1¥68 1 " i 3 i 21 7 w10
lan. ¥ s 4 3 3 i 1 4 o 4 1 0
Jen. ¥M 2 3 o 4 0 a 2 3 B 1o
lon P 0 3 I 5 0 a 7 5 H o1
¥ anafis My T2 2 1 3 0 % a a o w10
m, #7 2 ) I 3 3 "SR! 7 7 1 32
T, W2 2 a 3 5 % SO S BT S B |
Moy W73 O 1t 1 1 2 3 i 6 1 1 0
Tul, 1873 2 10 i 2 2 3 5 ¢ 3 1 0
W, 1573 0 % 3 i 3 s 17T M 8 1 4
Jun. 75 7 1 I I I 1 9 v 4 1 4
MEA)  En o e s mm BE = o e
. Iun. 3968 _ — — _ _ — —_ e
¥ mandacitit vy w1 1 w0 0 o 0 o 0 w1 0
Tun. 375 _ — —_ — _ _ — —_ 4 1 o
Tun 1268 2 T 0 ! 0 e e 3 1 0
Nl e 7 2 o o o o 8 2 710
Tal. wes 2 & 1 I 2 2 12 B’ 4 10
¥ Iragrica Ml 2F7T3 3 5 1 2 3 5 3 9 52 1 1
Tl 1374 2 19 2 2 I i 12 n 4 10
s 1975 0 16§ 0 0 o 0 0 a 5 1 0
MWL W n a 0 o 0 4 3 1 0
* Deserted nest

Flask-skaped fype : This has & cylindrical spout at the bottom of the envelope composed of a singls
sheet (Fig 22). In the Japaness species, V) enalls and ¥ qfTnis build this type; the form of the spherical
part of the envelops is slightly vadable OF £2 incipient nests of K analis collected from 1964 1o 1975,
tse diarneter at the spherical part was T.4cm in the largest nest and &.0cm in the smallest one (on averags
fubem =ed. (ubem) The cylindrical vestibule is boilt before the first larva begins to spin its cocoon and
is not sedbadle if destroyed. In both ball-shaped and flask-shaped types (Figs, 16 and 22) the nests in the
course of construction vary gradually in the shape of the envelops from a plate-shaped envelope at the
beginning to the final fem deseribed above, becauss queens fead (0 bulld cells and envelope mors or
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Fig. 13, Inkial snges of nest building by 0 Fegpe mondarink gueen.

Fip- 1% Quesn nesis of Hegpa rropéca,
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Fig. 20, Quesn mesz of Fespo erebro,

Fig. 21. Quesn nesis of Wespa simiilims,
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Fig. 11 Mests of Fespo omefis: A, B; compleee quesn neges with & tabeler venibule: ©, nest after the workers
hawe removed the tubuler vestibale

less slmultaneously unul resching the final stage
2} Change in nest shape with the emergense of warksrs

After the fimst worken emenge, the slsape ol the emefope changes and quickly boses the characteristic nest
chape I B sbrdiimg whien the workers bagin adding new scale-liks |ayers on the outside, they also tear away
Uhee Imser layess ende by the queen 1o make cells for the enlirgement of the comb. The first few layers inside
the nest are chewed away until saly 8 dise-like remnant remains above the comb, in condrast to Dotichovespule
reests, where the eivelope remaing somposed essentially of separate layers of paper (Durcar 19390, In ¥ amalls
the workers make o sdditions 1o the oifindrical vestibule af the botiom of the envelope built by the quesns
Afhes Sour ar Ove warkers have emerged, this tubulir passagesny = completely removed by the workers and (s not
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reconstraceed (Fig. 2200 The envelope is enlanged by the addithan of new scabes on che autside by workers
and the entrance | shified from & ventral positdon o a position in the directbon which affords the easiest
Access 10 foraging workers, On the other hand, the workers of ¥ fropice and ¥ nanderivie bulld an
additional wall layer down o the flest eovelope consiructed by the gueen, and remnants of early eovelopes
remnin above the topmost comb without any disturbance by workers. M cralveo workers ke of T the orlginal
envelope excepi for & plate-shaped pare left at the base of nitachment (Fig, 23), and this form is main

Fig, 23, Young nest of Vespe erafwo

tained until the end of July., Such trentment s2ems to be & specific character of this species,
Developed nesis

SsissuRe {1833 = 1835) divided the nests of social wasps into two primary types, gymnedomons and stelood-
tarous. Vespine nests belong typically to the lntter type which is enclosed in an envelope and contains
severn] combs suspended one below the other and without connection, with the envelope, Mature nests
of Vesow exhibit certain specific differences in nest structure, Basle features are described below,

a) Pillar

In Fegpw nests except for K anelis gach comb s connected to the others by one main pillar (0.8 = 2.0cm
long} and 2= 50 auxiliary pillars. [n the nest of ¥ oaaelsthe fist comib always hangs from the support
by one pedice] and additional combs ane also hung from the earlier ens by a pedicel. As nests of all Fespa
specles are enlarged and thelr weight Increases, additions w the pedicels are made by plastering paper
pulp on them and on the adjacent surfaces of the combs. This treatment thickens the pedicels and broadens
their bases. In the case af K shmiilma the size of pedicels bulle above the first comb reaches 5= %m o
thicknesg,

B} Cells

The average size of brood oells In Fespe specles 15 glven in Table 7. The size of worker cells s ranked
as murAadarinig - frogled - crobvo - wralls - sl though the cells for workers and sexuals are different
even in each species. In all Japanese specles cells built by the queen ase wsed 2=~ 3 imes; usage only ance
o mode than three tmes s so far unknown. In combs builc by workees, <ells of the upper combs are
used 23 tlmies and of the lower ones 1~2 tmes, Bat even in the tlp comb some peripheral Incomplete
cells appear to be unused, Judging from the absence of cocoon residues.



Compamilve biokogy of the five Japaness species of the gerus Mespa (Hymenopiern, Yespidae) 29

&) Combs

In three species, ¥ mandarinia, V. eralirand ¥ tropicg, the dorsal sarface of each comb §s confeal and
higher a1 the centre, The surface & rough and the bottom of esch cell is easily recognized, contrasting
1o the horizonial combs with flat, even dossal surfaces in ¥ crobro and ¥ simitlima, In ¥ mandarieie
the synchronous building of & few primordia and their Eater fusion forming a singls comb is not rare,
but In the other faur species a new comb sares always from a single central primordium which is gradual-
ly expanded concentrically if not obstructed.

The number of combe per nest &t o late active period & £=7 in ¥ mondarintg, 7=10 in ¥ simillima,
G=Tin ¥ erebrg 3—4in ¥ gnalivand 2—=1in ¥ fropice. The top comb of ¥ merdarinigand ¥ fropice
is abandoned afier summer, after which it is attacked by moulds, whereas ¥ crobvoand especially ¥, analis
and M simillima strengthen the tip comb by filling empty brood cells with exogenows materinls and utilize
it as g strong supporl for the lower combe. The largest combs 0 far measured were §1.0 % 48.0cm with
1,180 cells In B smandariniz (SES03), 19.0% 38, 5em with LIT7 eells in B similime(56403), 40.5 = 40.0cm
with 1,468 cells in ¥ crmbro (C7307), 162 16erm with 250 c2llt in ) eralis (47522, and 14.0 % 11 5cm with
155 celle In ¥ iropioa(TTLOS), respectively.

d) Emvelope

The general shape of the envelope changes betweesn the apecies of the apen place peeference and those of
the covered place preferenos ag stated earbier, In the first group with ¥ sieilme and 1 arali the smelope
= uzually thlek, covering the nest completele In deweloped pests of thess speces the esmveloped consist of miult-
layered chell-le sheets invalving many seeial charmbers between thee In the case of ¥ abmilime the thickness
of envelope in & large nest reached 3.5 —55em a2 the middle and §2esm at the botiam, On the ather hand,
the second group with ¥ crebeg, V rrapbogand ¥ moadeniils the envelope conssts of only o few plate-like
sheets with imperfect serlal clambera, and the lowest comb ls always expessd within the nest eaviry

&) Mest gntrance

Mormally all the nests of kesgpa have only ene entrance hole, The nests of ¥ sivilfne and ¥ anelis have
a single clrcular opening shiftng In positlon from the bottom of the nest to the stde ai 8 very early stage;
uwsually the entrance [n old nests s relatively high up on the pest wall. On the other hand, the species
building In covered places, such as ¥ manderiada, ¥ omgbro (Flg. 12) and ¥ rropiee (Flg. 24), always
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omit the envelope a1 the battom of the nes and the workers utilize the opening as an entrance hold, In
subterramean fests the pre-sxisting burrow connecting the cavity and ground surface is wsed a5 the en-
trance canal with the length warying from 2 b 60em.

In F crabiro crevicss around the nest &re fully stuffed with wood pulp, which attained in a highly developed
case Jm in lengih and 20em in width, Such treatment seems to be a specific chamcter of ¥ orebirn, though
the warkers af ¥ fropice &nd ¥ mondarinio also build a few rudimeniary seals af the entrances 1o nests,

3. Modifcation of mest site

Adter the emergence of workers o nest site requires a cenizin amount of madification to adapt it 10 the
needs of a growing colony, V. mordarmis quesns which prefer rather narrow cavities under ground, do &
great denl of excavasing 1o enlarge the cavity in which the nest is built, Nest cavities are extended as 5ol
adjacent to the nest envelope is constantly removed and taken away from the nests. The workers remove sl
particlss and make a small ball with their mandibles. Keeping the ball betwesn the mandibles, they leave
the nest an fool and drop the ball ciose 1o the entrénce. At the peak of nest expansion a tongue-=like platform
of removed ol appears af the entrance, which, in & highly developed caes, attnined 2m in length, 50cm in
width and [5em in maximum depth, Sones oo lamge o be moved are dropped 1o the bottom ol the nes
cavity by the removal of the earth beneath them. On the contrary, in ¥ fropica, which builds the smallest
nest among Japanase hornets, a relatively wide space in the covered place is chosen as their nest site, 5o that
thers is always & space between the wall of the nest and that of the cavity, ¥ mraliz does very Hitle work
upan the nest site because the quesn nests only in open sitisations above ground, though the workess clear
away leaves and twigs around the nest when the nest is bailt in dénse foliage. On the other hand, both ¥
simiflirraand ¥ orebro when nesting in narmow cavities, wsually abandon the original nest sites and relocals
the coloniss without gomwing the walls of the cavities 1o snlarge them, A detailed acoount on this phenomenan
is given in the following section,

4. Relocation of nest

As stated in the previows section ¥ simillime belongs to the species of the open place preference, As 1o
the queen nest, however, it is clear that the guesn prefers a conceabsd site (Table &), though i more varkables
in nest site seleclion than any other congeneric specis; in Japan. In this species M oat of 50 nesis (50,08
buill by the queen were r=locaded to @ dilf=rent locality when the nests bad atainad large size and reguired
miwe space for comb building, Among the nesis of ¥ similfime observed after late July feom 1964 1l 1975,

Toble 9, Dare of frst observaiton of relocating colomies af bespe simifing and ¥ onobra

Species Ll
e it il -1 ‘ol il Ti 72 T3 75
¥ simifiiine - Julzd  Jel26 Awg B JuliT hb1E Awp 1 Jul22
{56700) (SARON} (5T0O3) (57006 (BTION  (SVM04y  (5750)
v Augdl Tl o Jul, 2 Apg2? Asgl? Auxg2? Aug § _
: [C6S02)  (THE0T) {CoB0 (OO0 IOl QO (CTEL

132 our of 149 ness (88.6% ) were such relocated nest, [In ¥ cmbng, whose gueen builds only in concenlad
situations, 24 out of 45 nests (33.3%) observed after July from 1964 (il 1975 were also relocated fram the
original nesting siwe. On the other hand, [ have not observed such relocation of nests in the other three spécias,
¥ araliz, ¥ fropics and P mordarinie. The relocated nests were abserved In mid-July to early August in
¥ simiffirar and in oearly July o late August in ¥ orvhrg s shown in Tables 9 and 10, The nests with many
braod suggest that relocation had begun carlier than the ohserved times. Judglng from Tables 9 and 10, and
other abservations on many nesis so far observed, it seems that the queens leave thedr original nest from

lnte June in both species
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Table 10, Colony compasiticn and relaved dma for original and relocaed sests of Fespw slaniine

—————
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OETIng Uederground cavicy 13 I 1 b Y | R 1} o 1} 0 L] L] 0o %xM D
Begndd A I Bl 1 Ml 03 WT m Lk [ | ¥ T % o 1 &M 0
51501 Wanden baa ™ JlldrTa 2 1,040 4 M3 & M & M DR MDD 0 3¥MEy D
R-5T20E Eawvzx of building Jldld 2 [ - & R | n i} i} [i} [i} ] 1] 1 2m 0
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* O Origleal pear. %9 L Bslssaial nem, ¥ : Fourdesus queen. Fipirss In paresthews: denoie eyloplead wesken,

Based upon the records of about 150 nests of bath ¥ sopifismoand F cabve observed lrom 1965 o 1975,
the process of relocation of the nest is illestrated schematbeally tn Fig, 25, Workers begin 1o seanch for new
gite whien the spaoce becomes oo narrow for thele nest. Seout warkers fly s all dirsstions ln search of a new
permanent mest she, As already polated out the workers of K slmilliss select aerlal dliuations In most cases,
whereas those af V. erebro abwayvs search for concealed slituations for their new mest slie When a sultable
glee b5 found mot far from the oslgingl nest the scouat settle on the place and spend most of thelr tlme at
pest ther (Flgs, 2604 and 27.A) They only occaslonally retum o the original nest. Ddfferent scouts setke
o different abves slmulaneowsly, and 8 concest enswes. Selectlon of & neal sbte B continued for several days
and &t e most sullable site the nember of workees Inereases durlng the period. With the commencedment

. ' FONOING QLEES
= T OLD WONKERS

O ¢ yoush wOESERS
Gi ; MIW GUIEMS

L L]
.ﬂﬂ

Flg. 28, The process of relocatlon of colondes in ¥ senilien apd K crebeo

1. Mesi foundation by quesn in nammow cavity, 2, With the growth of ibe colony, the nest requaires mome
mvailphle spoce. 3. Scow workers begin o seanch for @ new mest site near ke original nest. 4. When
n zaltakble sisz |5 found the scows seitle on different sites and a contest ensues. 5. Selecting 8 nesting
slee cantlmues for seveml dms. & The number of workers increases at the mos suiable ste 7. The
obd workers and the goeen leave independently 1o search for ibe pew nest sice, 8. Abowt o day afier
arriwnl of the queen the workers smart budlding & new comb omd the queen loys eggs. %. Most of the
workers In the mew nest frequenthy vigit the old nest 8o Feed tke remaining larvoe acd younp workers
urtdl they leswve 100 Mewly emenged workers search for their new nesi, 1. The original nest is abandan-
&d when no brood remaln w be fed,
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Fig. 26. Mest redocasion in Fespe slmillima :
tion of aey sulls

A, workers and the queens gathering At a new site; B, constrss-
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Fig. 26. Mest refocatbon In Fespo simillimn: o with & rudimencary eowelopes D, mest with a spherical
eovelape enclkosing the first comb:
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Flg- IT. Mesz relocmtlon bn Mespe crabro: A, workers gathering of & new shie; B, compleced nest,

of szarching for & new nest site, workers |n the ariginal mest cease building activities and the guesn stops
avipositing, Then she kesrees on her own 1o search for the new nest site. About o day afier arrival of the gquesn
the workers start building 8 new pest. As soon a8 e (rs comb consisting of five to twelve cells, withouwt



Compameive biology of the fve Japanese epecies of the genus Merpo (Hymenoptern, Yespidag) a5

an envelope, is constructed the queen begins 1o lay an egg in each cell (Fig. 25.8), Within severn] days workers
commencs ta build a roughly spherical envelope composed of a single sheet (Fig. 25.C) and cover the comb
completely socept far a small hole at the botbom (Fig, 25.0)0. The second comb s buill alier the first one
is completely coverad with envelope, The quesn stays at the new nest and pever engages in extranidal activities.

Mow there are twa colenies usually 10m or bess apart (although the meximum recorded was 180m). The
lraction remaining at the original nest contains young workers and brood, and the fraction &t the new nest
containg older warkers and the queen without larvae and pupas. [n additlon o thelr 12sks in the new nast,
most of the workers frequently visit the old nest to feed larves and newly emerged workers uniil they leave
independently for the new nest, Thus, the workers emerging in the old rest perform orlentation Mights when
twe or three days old {probably as soon as they are endowed with flving activity) and then start 1o seanch
for the relocated nest. Thus relocation wsually lasts for abowt a menth uncil the majority of brood mature
and move from the old nest (o the pew ope. In the case of ¥, simiflima the date of the las observaton of
relpcating workers was August b in 19710Mest 57109) and August 290k dn 1968 MNest Sa704), With the smegence
of workers In the new nest the original one i abandoned becauss there is no longer anv brood w feed.

The descrlptlons given above suggest some bionomic characters specific o ¥ similimraand ¥ crabrowhich
cause them to vacate odd sites and construct mew nests elsewhers, this behaviour may be caused by the lmited
space In the orlpinal nesting site. As already slated, the quesns of these species prefer rather narrow cavities
gt the dme of nest foundation (Table &) and the workers scarcely sxtend the cavities. In contrast, ¥ mman-
dirrtnig workers constantly remave the sodl adjacent to the nest and deposit it away from the nest. The reason
thar the queens of these two species select such narrow spaces for their primary nest sites seems to be related
to their relatively early appearance and nest foundation (Tables 2 and 3 the microclimade in the soil o in
the small cavities appears (o be close to ideal for brood development in the early nesting stags, Purthermore,
colony emigration in these species is not particularly precarious undertaking becauss the brood left in the
old nest are reared sucoessfully by workers located to the new nesi. With the relocation of the nest, the codony
can enter the expansion phase of is ocle in the new site with more space,

Omn the other hand, some social wasps and bees are alss able to vacate old, unfavoumble sites and con-
struct new nests elsewhese, which |5 called “abscanding”, The brood cannat be moved in this case, and it
is left behind to die In the meliponioe bees, absconding i & rare and aspecially precariows undertaking. When
it gcours, as reported In Trigons by Portuaas-Awauso (1963), for example, the gueeen must be lefi behind
since she 5 unable to fly, and the calony must produce 8 new queen and se= her secoessfully throwgh her
nuptial flight in order wo survive

&, Thermomgulation

The regulation of nest temperaiune §s 8 general capability of the social insects. In Fispg colonies, when
workers are absent or few during the early part of the season, the gueens and workers rarely perform ther-
moregulation and the wmperaiure of the nest approximates that of the surroundings (Tahle 11). With the
development of the coblony and the building of thicker envelopes, the presence and the nctivity of the numerous
adults and larvae [n the nesl causes & certain elevation of the nest temperature a5 compared to thai of the
surrounding environment, From early summer io autumn, colonies are abke (o regulace their temperatiurs
ag shown in Teble 11 and Fig. 28, In the colonies of Ve species the temperature within the cobeny usually
staved close bo 32°C during most of the summer deys and ca.30°C during early avtumn. The diurnel rangs
of nest emperaiure on a day in early September was 20,9 = 306°C in Fespa simillime and 28,5~ 30.2°C in
F. amalis as illusdrated in Fig, 29 Acconding to Iswav &t al(1967) 0 nest of ¥ orfeniols in the grownd with
a remperaiire of Z8.5°C fluciuated less than one degree centigrade despite an external varintion of 10= 39°C,
Hupanizn (1932) waed that the internal nest temperature of Moy vwlperisremained almost always betwesn
29.53%Cand 12°C though the outside temperature pveraged 18.5°C during the observation period. These data
indizate thal temperaturs contral in wisp colonias is less constant and aniform than the 35°C of & honeybee
colany which Muetuates less than 0,57 C during the active season (Gares 1904, Hoamer 1932, Livpauex 19540

The regulation of mest temperature &5 attained in several ways The elevation of nest emperature i
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Table 11. Mest temperature mkintained by some colonies of Fesoa spedios,
- —

Temp (" C) al
Tpecies Date Ma, al sdigs Mest alie
I et Deatside
Moy 261 212 20.1 1F Ingicde b b
Jul 271 ok 26.2 1% 52% Evies
| S 1T T Aug. 1871 3B 274 1%, 326 & E#vas
Sep. 15 o 214 1%, B7S & Llndergeouid
18, L7 §
Oel. 5770 HE 20.6 Efvesy
. { 79,199 5
May 1071 223 Z1.3 1F Linderground
Jun. 29°7§ 4.5 24.1 18,18 Linderground
. aanaasinga Jul. 17 '74 6.3 231 18, 14§ Linderground
Oel. 367 320 173 1025, 5% Lindesground
E74, 149
M. 35 6T e 16T { s Underground
283 &
. i Lind md
— Aug. 9773 3.3 24 w4 ETgroU
Sep. 17 6T 3z 25,5 120§ Upderground
May P65 22,2 i i ] ¥ Thicket
Jul. B &E 6.5 242 13,08 Thiclket
i G Alg, T a4 2.3 a0, 43 Thicket
o Sep, 2468 309 333 i %, 60%, 119 Thicke
Cicl. 14 %67 276 164 30, 365 Thickst
Mow, 4TI 1.8 10.3 EER-S Thicket
Tum, 1% %3 232 230 1t Urderground
¥ rrogécn A, BST 335 2.5 1%, 108 Urnderground
Aug. 2772 15 EJeN e, 158 Usderground
The emperatune readings were taken in i cemire of the nest and in the shadz or In che cavity in the vidnicy
af each nesL

probably attributable to the natural output of heat which is generated as a by-product of meabaliam in the
colony. According to Crauvin {1968) & honeybee generates at least 0Ll calorie per minile an 10°C under most
conditions. In Hespecolonies, too, 8 certain amount of heat would presumably be produced by all the members
of the colonbes, Isiay and Rurmes (1971 reported in ¥ erobvo colonies that the movements of larvae and
thsele metabolic sctivities could create sufficient heat to maintain reasonable thermoregulation in pests even
In the absence of adults, and in pupal cells a constant temperature of ca 30°C was maintained, afihough
dlursal fuctuations in larval cells was much greater

When the nest temperature reaches some point around 30°C the workers begin to fan with thelr wings
inside the mest. IF the wemperature continues o rise, more workers engage in such alar ventilation not only
Inside the nest but on the surface of the envelope, nind some workers begin 1o bring water wltich is then deposited
as droplets on the caps of cocoons of the pupal cells. Other workers suck the droplets of water and then
spread it nto thin films on the comb surface, extending the tongues outwand. As ather workers fan with
thelr wings to drive molst air away and out of the mest, the water svaporates and cools the air in the nest.
Similar behaviowr of both fanning and water droplets to cool overheated nests are reporied amang the col-
onies of Polistes (Stomen 1930), Polvbie (Scawsaz 1931), Fespuls (WevRauvcw 1936, Gawn, 1952, Kemroz and
Difnzmes 1967) and the boseybee (Pars 1925, Livpaves 1961),

In addition to the ways mentioned above, the regulation of the nest temperature is efficiently accomplished
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by adding numerous sy spacey in the envelope, sometimes a8 much as [0em thick in ¥ sbmifliiea, which
bielp to ingulate the comb fram the influsnee of external emperature, ln K odendalis, 1anay et al(1971) obaerved
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that the hornets wall off most of the nest entrance and construct “special envelopes™ around the populaisd
combs when the nest temperature drops below the optimal point &t the end af the season: | have nat so far
obgerved such behaviour in the Japanese Fespa The nest temperature, however, decreases along with the
drop ln alr tempersture outside because death of workers as well as departure of the sexuals brings about
4 diminution of the populatlon size In colonbes as autumn is far advanced as shown in Fig, 28 A sudden
drop In nest temperatiors of both species, ¥ simiilferand ¥ aralls, &t the end af Ociober seems to hase
been caused by cessation of activity within the nesis.

b, Mest defence and agpredsiveness

All Vespo species are generelly regarded as exiremmely aggressive and dangerous, but the quesns of all the
specles In Japan afe less apgrestive than workers, Usually she does not amnack man and snimals even if the
nest i disturbed by them, though she shows great alarm and rushes abowt on the envelops and comb or
flics around the nest. On the other hand, ut the invasion by alien queens, frequently ckserved in ¥ crobro
belone and after emergence of workers (Janer 1903), all inbabitants, bath quesn and workers, rush at the
intruder and atack with mandibles and stings to kill it (Marsuurs 19700,

The workers of various species show markedly different reactions with regard 1o disturbance of their nests.
The relative aggressiveness of variows species 1o men and animals ot or near their own nests 1s in the order:
rtandarinis - simillimg - crobrg - analis - tropica. The first theee specles are soon provoked to attack with
regard to an approach 10 thelr nest, as s ¥ vediting in Formosa. (Mamsuuga 1973), In my experlence thess
workers usually attacked and followed the men who approached the nests within about 5 —10m. As soon
as o guard at the entrance is alerted by the sight of a large ohject moving nearby, she may dart suddenly
fram the entrance to the surface envelope. This causes a general rise in activity and other workers in the
nest begin to dart and fllp thelr wings over the envelope, The nest now brissles with aggressive hocnets and
an audible vibration throughowt the entire colony is caused. On the other hand, ¥ ansfis is not a very ag-
gressive hornet as pointed out by Vecws (1957) Usually the workers of this species do not aifack unbess the
nest & disturbed and one can approach the nest to about Im without any amack, However, when the nest
is disturbed many workers hurry owt of the entrance and run in all directions over the envelope Some of
them fly around the nest to carry out an attack, ¥ sropicn is the beast agpreasive of the Japaness hornets
although I observed about 40 neses the workers of this species did not attack me sven at the time of collecting
the nest withowt any anassthetization, though they violently flew around me and threatened me by & pare
ticular kzud clicking produced by rapéd opening and closing of the mandibles, This clicking is produced in
all Fespwa species ot or near their nests and is regarded a3 characteristéc of or prevalent bn the genus, [n ¥
mrandarimiz it is produced not only at the nest but alio at the occupied hives and nests of other social wasps
and tree sap sources frequently visited, This indicates it well developed terrhosial defence. On the ather hand,
the other four species make the clicking behaviour only &t or near their nests,

During the daytime in all Japaness Vespaspecies there are no hornets on the envelape except for the warkers
engaged in making the envelope and in fanning. In ¥ similiime several 1ens of workers always stay overnight
on the envelope centering around the entrance, unlike the other four species in which the warkers are all
inside the nest at night. These guard workess on the envelope run in all directions over the envelope and
around the nest without any flight as scon as a nest is distorbed In the evenlng and night. In the cther species
there are several guards postionsd at the ness entrance at night. They hurey owt of the entrance fo ooy
out an attack when man or animals approach oo closely

"It seems that the defensive power of a colony of Mespe is dirsctly related to the size of the population,
K. anaiiy and ¥ trapice belong o the small population type never exceeding 1,000 fn el nwmber, being
equal or smaller in colony sixe in comparison with Polirtes species of the largest colony, such as P chinensis,
£ gnelleniand P roshoepd (Marsuuga 19900, On the other hand, ¥ srasdesni, ¥ smiflivraand ¥ ombeg,
regarded as agpressive species, are (o be classified in the large population tepe and exeesd 4,000 |6 maxlmm
cell number as shown in chap, ¥ Population dynamles,

Discusaion
Fezpa extend well Into the subtropics and tropics, where predation by ants on nest contents is a serfous
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chreal during the solitary nesting period, especially when the queen is on a foraging trip, as stressed by JEannEe
(1975). The gueen nests of the Mask-shaped type with a cylindrical vestibule built by only twip-nesting species
of ¥ anafisand F gffini, essentially subtropical or tropical species, could serve as a protection against predacors
as supgested by Yamawe and Maxeeo {1577} A similar structure has been reportad in the queen nests of some
Dodichovespuls species, such a8 O mieowloie (Raw 1929, Dumcap 1938, Taxapizaws, per com.) which build
esentially aerial pests suspended From tree Branches. As the ants are a serious contributor to colony failure
in gqueen nests of some tree nesting Polires in the temperafore regions, too (Yosamaws 1957, Mivano [980),
the long vestibule is regarded as an adaptation for brood defence in vespine nests of treg nesting species.

The nests of the bowl-shaped type are fownd in the species with a mther sowthern distribution, such as
¥ pmardarinirand P tropies, They build nests exclusively in concealed or underground sites, where this nesting
habil may redece the danger fram ant predation, and assist with thermeregulation during the solitary stage.
The lncomplete coverdng of the combs in these apecies could be regarded as adapiations to such nidifications.

On the other hand, the seses of the ball-shaped type are only built by \ypically tempemiz species, such
a3 ¥ crabroand ¥ swiime with & rather nosthern distribution (Veowr 1959, According 1o Damecan (1535,
K. crabve bullds an esvelope if the pest is made in the open but nol if made in hollow tress, except perhaps
a few rudiments abave the first comb, and sublerranean nests winally have envelopes except for those built
in very hard and sveny ground in which the stones prevent normal expansion of the nest. Jawner (1885) repored
an asrlal gueen nest af B cabo with e envelope sheets. These Faces show that this species has the ability
to change the type af envelope acconding o s nest sile enviranmend, though F oebre foeofasciefain Japan
always bullds 8 spherbcal envelope efther bt a sublesransan or in &n aerizl nest, The many complete envelopes
in gueen nesis s peoce advantageous as & prodection or extreme temperature Muctuntions in lemperate regions
In this respect the many-sheeted envelope of V) similina, as well o5 that of Mespule and Dodichovespals,
is considered principally an adaptive feature against cold spring weather, 11 serves (0 irap air in spaces to
preatly minimize hest loss dusing the solitary pesiod when only the guesn and a few mature larvne produce
heat {[seiav 1973, s 1977),

[n these two species anather dramatic sratepy i nesting habils is the adoption of the relocation of nests
The gueens al bath speces bulld primarily o small spaces ar narrew covities where the microclimats is most
suitable far the early stages of develapment, a5 the abiliy of the calony o regulate 1o nest temperabure is
severely limited. When the nest becomes tao large, the whole colony moves 10 3 new, more spacions site,
because the ealony |3 then able to regulalte the temperature within the nest, Thus, this habit also appeors
Lo be an adapeadon to cold weather by producing workers as mpidly as possible

Thermorepulation should be much easier for malure colanbes than for the younger ones af the vespine
wikpy bevauee the tem perarine indide the nest js effectively sontrolled, a5 the combs ane serrounded By mumeniis
seall gir pockets with the inerease in numbers of envelopes covering the cambs, This ability 1o thermoregulais
enbled the vesphie wasps in lEmperale rephond 1o make beller uoe of the longer season of Rvourabls weather
Far tse development af the colony and the hgh, relatvely constant lemperatire of matdre colonies can play
& wital part in gueen production in the coal autumn season, Compared 10 the vespine waips, polistine wasps,
which build a nest withouwl an envelope o much shorier life cvele in which b rear the sexnals during the hot
summer season (Yodswawa 1962, Wesr-Enennann 19688, Yasame 1962, Marsuprs 19800 becauss the col-
omies are unable (o insulate themselves ngains unfavaurable autumn weather. Thus, the prolongsd life cycle
of the wespine wasps in Empemie zones is compensated by not only producing more queens and males, bt
also building up more populows colonies which evolve defenses agrinst predators

I FEEDING HARITS

The food of hornets consists of two well defined classes, liquids and solids, The former is carbohydrace food
consumed mainky by adult hornets, whilks the laiter is protzin food eaten entirely by larvae, Thess substances
are obtained by the hornets from many different sources, and they have evplved various sirategies of finding them.

This chapier describes the fesding habits of Fespa and some specific differsnces in the mode of food
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collection among them.

1. Food sources

1} Carbobydraies
Carbobndrates are obtained from bree sap, honeydew of aphids and payllids, fower nectar and other sources
as listed In Table 12, The most imporant carbohydrate sournce for all the Fespa species is the tree sap
exuding from living trees, especially Qwerces spp. (Fig, M, The relative frequency of visits {0 tres sap

Fig, 3. Uninseminated quisnitopl, and workers{cenire) of Merpa mandarimis | and queens of Fespy fropica (righs
and bogtom), visiting tree sap.

sources by variows Hespa species is in the following order: mandarinia> crubnos> aralis> fropioe > similliima
The tree aperture exuding sap is wswally occupied by ¥ mandarinig, which claim the tercitorial right by
chasing all the visitors of same or different species of hornets, beetles, butterflies, Mies and other insects
from the place where the secretion is abundant, Both infre- and interspecifically a distinet Bnear dominance
order is recognized among the hornets visiting tree sap and fwo or more species cannod seiile 81 one ree
aperture al the same time as discuseed later,

Flower nectar & gathered from cight species of five families of flowering plants like Coreliie spp., Capraii
Jjaponica (Fig, 31}, Makonis forfuned ete., in which the nectaries are well exposed and the Nowers have
rather abundant nectnries, It seems likely that Fegpa do not rely extenslvely on flower nectar, because
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Thbile 12, Carbobydmie sources of Mespe species (1)

Fespa species®®
Sim Cra Ana lan Tro

Saures Species®

Fam. Sacaceas
I, Sallr praciingedr Mg, o [ o o o
Fam, Fagaceas
I, Querpus serrans Tk,
I, 0 seniirsieng Canpam.
4, @ ploucg Tuuwn,
5, Skilg cuspidenos Makisn
Tree sap Fam, Ulmnpens
&, Limus poreliodie Jacg,
T, Setkove merrmio Maxmwa o
Fami. Humcezs
B, Citrur wnshie Mamoov, =] a
Fam, Eophorbiscens
9, Malemes frponicis Mues Ao, 9

o o o o
o o oo
a o o a
o o o a
a g a a

=]
0
a
a

Fam. Berberidncene
10, Mahandr fortues! Frooe a a
Fam, Vitwcene
1. Caprniis japomiog Gack, a a a
12 Ampelopsls brevipediraoedaio Taarrr. a o a
Fam. Theaceas
Flower neciar 13. Comelife japamics L, a
14, C sasorgre Tuusn. 0 a a
Fam. Umbeltiferne
15, Foendcuhian vdgare Mie. &
18, Angeifco pailvclode Fragcu. o o a
Fam. Giemtianaceae
17, Giemilame somhre Bumce o

Fam. Moracess
1R, Flous carica L. o o S & -
Fam. Ananaceas
19, Astnima frifobe Dus - B a8
Fam. Rosacers
0, Preaps persice Barscu, -] B B
1. Prrws serating Roioee o [
Fam., Vilageas
Ripe fruil 22, WVirls vinlfers L o & &
Fumi, Ebenibiuhe
I3, Dicapyrod kaki THuks, o o o &
Fam, SalAcsceis
24, Lycopersican esculimram M, o o
Fam. Cucurhilaceas
25, Clrruffug barich Forsga, o
Fam, Bromeliaseas
26, Annas covioguy Miuez , a
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Takile 12, comtinued (2)

4 . Fespa species*®
QUFEEE e5®
b Sim Cm  Am Man T
Insesta
Fam. Coceidas
17, Crroplostes rubens Masmme a
Fam. Psyllidee
Hopsydew & Pyt iohinae Mivarace o
Fam. Aphididae
1%, Lachmuer iropicafis Goot o
30 Thaopiers ciiricidier Kaeracoe 0
31, T odlsae Goor
Giasteramycies
Mushroom Hymenognstrales
IX Kohapasio nipponicn [var et Kawar . a o o
i red
nn::f“:ruu 33, Syrup jwice o a a a o

* Scientific names of plant species from Macowso's new ilhasrated flom of Japean by Macwo, Faes and Tsoraus 196].
0 Sime K osfmiMiees, Cra: ¥V oorabro, Ana ¥ ognofls, Man: F moandoniem, Tho! F dropica

Fig. 1. Wespe sisnillimeg worker inking nectar from the Fig. 1L Feipa samdariang anrker fesding on a fig-
flowasts af Capreis fapasios,

they have a broad head and shorl tongue and probably beeause the amount of nectar collected per Nower
it g0 srmall that it does not aulfies for thely nutritonal requirements

The juices of well-ripeaied frults are alse consumed in great quantities whenever available. Figs are especial-
Iy preferred by warkers of moat Fespa species during late summer and autumn {Fig. 32). The anack usually
ooours when the Fruits are fipe on the tree and just enough for picking. The workers of ¥ mardariais
Frequently chew and suck the Usswes en mass and cause serious damags and loss to the Fruit grower, Workers
of ¥ fropice ales suck the juless from over-ripe fruits of peaches, pears and persimmons attached 1o
the tree, In case of grapes, tomatoes, pineapples and water melons, 1 have obsrved some Fespe workers
feeding on dropped or discarded ones on the ground in the orchards
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Fig, 33. Besan workers feeding on mushrooms A, ¥ anailr; B ¥ sasdesinle (ep) and B irogdics (baliom),

The mushroom 5 an unusvally source af carbohydrabe for vespine wasps, However, workers of most
Vespa species make it a regular part af their diet in autumn (Fig. 33). Furthermore, males of ¥, sian-
darinia appear o be most attracted and take it as their principal food source after leaving their nes.
I have never observed them feeding on any ather foods in the field,

Honeydew produced by aphids, scale insects and jumping plant lics, was collected from leaves by only
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¥ araiis, while other Fegpospecies scarcely visited the sweet seeretion, though it & well-krown thal Fespile
and Dolichovespuio species frequently collect il as a rich soures of carbahydrate [Duscar 19359, Epwakos
1980,

Evrup juice was collected whensver available by mest Vegpe species, which have been ohserved licklng
it at a pile of empty tins and boltles
Prodein
hast of the protein food collected by Fespr specles eonsists of hsects and spiders as lsted in Table 13,
Judging from these records, though still insulficient in aumbess observed, it seems that prey preference
al Fesper differs characleristically with specias,

¥ simiilime ends to hunt 8 wide range of insects and spiders (Flgs. 34 and 35). More than 44 species
of wingad insect from B different ordess and several species of spldess were observed as [is prey. Of thess,
flies of the fallowing families are particalasly preferred: Tabanlkdae, Syrphidae, Muscidae, Anthomyiidae

Fig. 3. Fegoo stmitfives worker hunling a long-horned grasshapper,

Flg. 35. Pray loads broughs back vo the nest by Feroo sieniilieds worken,
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Takle 13, Prey of kespa species (1)

Prev species Singe of prey® Freguency of obser
K. mimiliima
lpzecm
Omhopiera
Fam. Locuxiidae
1. Poropodizree mikagls Boorvss L.A &
L Airmclamorphs hedel] Bovivax A i2
Fam. Tettiganitdae
1. Phoneroprers fekote Poos L.A 9
4, P =p, L.A &
Mankadea
Fam, Mentidas
5. Parmfénoders ardfoliz Sroul L.A ]
. Gn. sp L& 12
Odoznain
Fam. Libellulidas
1. Oviketrien triowpulore SeLrs A z
B. Spaipetnon Jrequens Srivs A 45
9. Gm. spp. A i
Heémiplers
Fam. Cicsdidae
10, Sraprogeliein migraficeens Motsoitsoy Y ¥
1L Plarppevre keempler Fasricius A 102
12, Meimane aomifem Walker A 5
Lepidapera
Fam, MNodluilas
13; Gn. spp Lo 1E
Famn, Mymphalides
14, Maméind dndiog Hemsst A i
Cobeapera
Fam, Scarabagidae
15. Popdlin japanior Mewsiam A 25
Fam. Chrysamelbdas
16. Gn. spp. A B
Fam. Astelabidar
17. Afororkir mrrufurs Roewoes A 1
Hymenapcern
Fam. Vespidae
18, Eumremes spp. A 1
19, Fegpuln firwicepr Swarmi A 14
Fam, Apidee
20 Apily melljEn L. A =100
21, A, cereng Fannscius A 24
Diptarn
Fam. Simtlomyidas
). Peecticus arrjfer Waises A 34

21, Mermenla Mlarews L A 15
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Table B3, continwed (2)

Prey species

Singe of prey® Freguency af obser,

Fam, Tabanides
3, Cm, 5pp.

Fam. Asilidse
25, Choeeades sp,

Fam. Bombyllidee
26, Gm, 5P,

Fam. Syrphidas
27, Cheprorasman spp,
& Erigveliy cereaily Fammicius
9. Lavhyrophokelmus sp,
0. Eripradoayea emax L
3. Mepespls zoaoie Faaxicms
3%, Eumerus spp.
33, Epinrophs belregrs de Gror
M, Swphus spp

Fam. Muscidae
335, Murciea spp.
34, Gn. spp

Fam, Anchomyildae
37. Palfetes fordaria Fannicis
3B, Gn spp

Fam, Callipheridas
10, Calliphore defg CoguiLLrr
4, tfucilie corsar 1.
41, G, spp.

Fama, Sascophagldes
42, Bowimcrerica sp,

Fam, Scamophegidas
43, Scarhophage sercorariim L.

Argghinkdn

AFRNERE

44, G, 5pp

A &7

A 14

3=

26

2
18
7
BB
]
E.F)
7
43

e - - A

-

]
i

-

i 13
i L

&, 41
A 19
A 5d

& 5

A 12

¥ amaliy
Insssia
Crthaptern
Fam, Locusiidse
1. Awesigmprphe bedell BoLivor
Mantadas
Fam, Mantidas
1. Pargrenoers eridifoia StooL
3. Acrosidaris jepodicr WasTwoon
Odoeanla
Fam, Libellulidas
d. Speipeiniein freguens SRS
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Thble 13, continued (33

Prey species Siage af prey* Frequency of obser,
Hemipters
Fam. Cicadidne
1 Melmune opailfera WaLcue A k]
Fam. Coraidas
& Riprorfus clovatus Teusasssg A 2
1. Gn. =pp. A 4
Lepidoptera
Fam. Sphingidae
A Spkine fpunir Butioe L 1
Fam. Mociuidae
9. Go. spp. L 33
Coleopiera
Fam. Harpalidne
10, Cileenivs sp. A 2
1. Gn. spp. A 3
Fam. Scarnbaeidas
12, Om. spp. A 1%
Famn. Tenebricnidse
1Y, Pleriophthalmar migracpencir Motscnoossy A 5
Hymenoptern
Fam. Tiphiidae
4. Tiénakiz spp. A g
Fam. Colbetidas
5. Colletes spp. A -]
Fam. Amdrenidas
16 Ardrean spp. A 7
Fam. Halicidae
7. Aafiches spp. A B
18. Lasiogloesnm spp. A 5
Fam. hegachilidae
18, Megochile morrkoifric Y asmarsu A A
et Hinasriman
20. M pwrugensis Cocemiis A 2
Il M. spp A 5
Fam. Apidae
22 Tetraionis sp. A 5
X Apis meffifers L A 33
M. A cerane Fasmcios A 12
Fam. Sphecidae
15 Larea omplipernls Samn A 2
i, Sceffphron fgilexim Sickamann A 1
LT, Cencerls spp A X
Fam. Vespidae
2B Enmemes spp A ¥
D4, Qwrecisrroceris drewsenl Saussinn A 5
30 Polinies saelfen Saussorn A 2
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Thbsle 13, continued (4}

_— = e
Frey species Stagpe ol prey* Freqisency of ohser,
I, EB jeponicus Ssaussuas A L]
33, P omeadarines Saussurn A L]
1%, P jodwipae Daiis Toeen A =0
. P chkinernsls Fanraius A 17
15. Poropoiyhio frdiea Saussuks A fi
14 Ferpr similima Swma A ]
17, Fesprde floviceps Sumi A 3
Driptern
Fem. Simatiomyides
35, Preciicuy owrler Wik A 45
18 Hermerds Ulecews L A 5
Fam. Asilides
A0, Chowmo'er 5p. A 13
dl. On. s A 15
Fam. Syrphidas
42, Eriermlampie femay L. A 18
43, Swphws spp. A 12
4d, Om. 1pn. A 19
Fam, Muscidae
45, Musa spp A k|
46, O fpo A 10
Fam. Calliphoridaz
47, Caliphon defo CoguinLer A ]
4B, Lurifie coerar L ! 4
49, On. spp. A 1B
Fam. Sarcophagidae
50, Boericheriscn sp. A k]
L One sp A 3
Fanm. Eciiophagidae
JL Somvhophopo stercorarium L A 1
Arachnida
Aranea
1. Gn. spp. LA 28
¥ ermero
Imseca
Cnibopien
Fam. Tertigoniidae
L. Motachions sp. A 3
Odonizia
Fam. Gomphidae
1. Sleboldive afbardor SoLvs A 1
Hemipiem
Fam. Cicadida=
3. Cryproiympong joponrasy Karo A 145

4, Gremopsoiinir aigrofusoair MorscHossy A 4
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Tehle 13. contingeed (5)

= ——
Prey species Smge of prey® Frequency of ohser.
5. Plarpplewsr keermmier Fannicous A 197
6. Meimpag coallfEm Walser A EE
Hymenopiera
Fam, Yepides
T Potistes migrclarimus Sauisune A 4
Fam, Apidag
B, Apls meliffea L A 13
F. mandarinia
Insecin
Maniodes
Fam, Maniidne
1. Porerenoders arfdlfofe Sroi LA i3
I, Higrodidle pesllifenr ServiLe L.A [
3, G spp A [
Lepidoprzrn
Fam. Pagllionidag
4, Papifla swrkus L, L 13
Fam, Sphingidag
i O, s L 18
Colsapters
Fam. Scamabacides
G Anowmale ewpred Hore A L]
1. A, elfopiions Hore A 13
a. A spp A 132
B, Mimahs splencens OvLLENHAL A 44
10, Mimes spp. A LT
11, Lacknognerns spp. A 24
Hymenapsera
Fam, Apldas
1L Apis meliiiens L, LEA 140
13. A, eermang Fankicivs LEA 0
Fam, Vespldae
T4, Polisnes pramdariand Sausone L.PA X2
13, P jadwipae Duins Toake L.PA 34
16, F reshnepl CasiEnow LEPA T
17, Feggpa simiiilime Sairin LEPA L
18, K crebire L. LPaA L]
1%, K analiy Fanacius LPA 129
M. ¥ irogico L. LPaA n
Il Fepuir Maeviceps Swima LPA 174
Arastiiidna
Araniiie
Fam. Argicpidas
1T, Arpdops meoene Auooum LA 38
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Thbile 13, continued (6)

_——
Prey species Stage of peey® Frequency of obser
2Y. AL brienaichil Scorow LA L
¥ fropla
Insecin
Hymenoptern
Fami. Yespidae
I. Polistes smellenr Ssussune LF i1}
3. B japamicus Savssune LF .3
1. B maenderimur Ssussune L 12
&, P jagwigme Dweia Torme L. 338
5. F rovhneyi Camapnos LEF 1
6. B chinesny Fanaacion L.p 34
T, Ferapodpiio bndice Saussume L.F a3
E Ap L. 23

* Li lrva, F; pupa. Ag adult.

Fig. 36. Werpa analis warker hanting & clesda, Meivane opmlifem.

and Calliphoridee. This hoenet i able o cateh sweh active insecs owlng 1o s very swift and aglle movements.
A few larvae of ary [ngect bave been observed 1o be collecred by this specles, though many soft-bodled in-
seets, wihich were cotverted 1o meat pelbels, wene sometinees carried laio the pest

¥ eraliz also iends o take various insects (Fig, 38). Moge than 53 specles of insects from 8 orders were
obgerved, together wilk some immatures of nwangids and sphing motks. The moest imporiant prey were adulis
of varbous species of Hymenoplers swch as polistine wasps and bees, The workers of this horner, witls lis
agile Might activity, hunt particularly for such active ingects wisiting flowers.

Compared o other Fespa species, information on peey of ¥ erebee are nog sufficient for eonclusions.
Omnly 8 species of knsects from 4 orders were observed and the dominant peey were adulis of varlous cicadas.
As already reparcted by Davis (1925) this species |s very skillful in capturing a clcada and the workers anack



Comparazi
ve hiol
ngy
of the
fwe J;
Aphnies
& spicies of the
pEnus
Fesng
{Hyme
na
piera
o Vespad
ae}

1]

Fig. 38
8. Fespo
crabve
warkers
Bandli
ng
a pedle of a cicad
a brought
in the
{1=18



.

Makoio MaTsuoms

Fig, 40, Huming of Moo masdarinie A, worker attacking o heetle of Aromels cupees; B, warker curting
up 1he mantid, Hierodle poelifea,

4 species of cicada in and near Kibi. One of the most preferred cicadas is Crypionnmpans fecialis, which
Is the largest in body size of the lapaness cicadas (Figs, 37 and 38), [ freguently observed thal several
of thie cleadns were taken one after another when very abundant and when their capture was eagy, One
pbservation on colany CT303 with about 130 workers showed that 17 loads of only this large cicada, which
was estimated to correspond to at least I2 individuals of the adult cicadn which had been krought o
“tlve mest by 5 marked workers within thres howrs on August 10¢h, 1573, In another nest (C6802) with abaut
240 workers the loads of the cleada occupied as much s 71.6% of the 74 loads examined at the nest
entrance on Auguse b, 1968,

K tropice depends almaost exclusively on the brood of Polistinee wasps for its protein food (Fig. 350
I have never seen this hornet attacking any other species of arthropod, All B species of polistinae wasps
peeurelng In and near Kibl were attacked by both gueen and worker hornets of this species. A detailed
aceount i ghven i the following section,

¥ mandarinig b8 not very skillfull at capturing agile insects. Both queen and worker hornets of this
spectes hunt large caterpillars and beetbes (Fig. 409 as listed in Thible 13, But the mosi remarkable trig
of this horoet |s the hunting of other social wasps and honeybees, attacking and ofien exterminating ther
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colonies, These habits are guite different from those of other Mo species and the peculiarities are described
later in thiz chapler

2. Food dependence of Megpa rregicr an polistine wasps
Vespa fropice depends on various pelistine wasps for its protein food. Though the habl of anacking the
lesser social vesplds B reporied by many observers { Ropedidie; Rumrves 1916, Stenoprsier; WiLLiaws 1919,
Wanp 1963, Polisies | Soean 1927, 1951, Saxanasn and Fukusamas 1957, Porgpolybis ) YVecur 1957, Seximma
et al.I981), these previcus descriptions are mostly Fragmentary or supsrficial, and the specific characier of
this species is not well-known In detall. This section deals with the habit, which is guite different from that
of other congeneric speches,
1y Collection of prey
When ¥ rropics attacks an active nest of Polirreswasps the majority of Pofisies workers sscape o places
near the nest such as saves of bulldings o twigs, lesving the queen and a few worksrs on the comb with
na sign of resistance. The hormet pays litde anention to some workers =ill sitting on the comb and opens
first @ copoon with its mandibles palling out the prepupa ar young whitish pupa. She holds on o the
comb with the twe hind pairs of legs, keeping the prey in the fose legs and mandibles. Then, she begins
to malazate it thorowghly, turrlng [ cownler-clockwise with the Fore Jzgs, Simulianscusly she sucks fluld
from the prey and stores It In ber crop. After the sontents are swallowed, the wictim is made into & small
bl composed of unconsumed remnants and is thrown 19 the ground under the nest, In the case of large
Polistes species guch as P jodwigaeand 2 rothesw, 8 single prepupa provides snowgh fleid 1o be carried
wway, but in emaller species such a8 P saellend and 2 ehinensis, the contents of two or three individuals
are successively swallowed. The dusatlon spent in chewang wias 130~ 250 s=c. (m= 1850, n="T2],

The prey were transported as fuld n 340 abiervatians exsepd for anly two instances in which the hornet
trmnsported the food inte the nest borween 8 mandibles as 8 single fresh ball in a similar manner to
that of other Mespa species,

The Polirtes adulis having cscaped from the awacked nest reteen after the hornet Aies away, though
the nest once found by the hornet Is continowsly visiied by the individual For several days (Table 16 and
Fig. 42). After nll the prepupae are taken, the hornets shifis wo the el grown larvae or older pupas and
finally to later stage pupae and immature larvae, However, 1 have never abgerved the harnet caich any
Polisies adults

Oecagionally, alisn hornets appears near the nest during the chewing, but they are chased nway by the
“owmers™ with or without combat. In all cases so far observed { = 400), Polisres nests were always attacked
and occupied by a single hornet, though Saxacam and Fukussias [1957) seate that the hornel warker
often comes bagk accompanied with one or two pestoeates afver the (firsy visdt,

1) Phenology of visits to Pofistes colonies

Crwverwintered guesns of Polistesr wasps begin to establish their nests in early-middle April in and near
Kibi In Podistes fachwigar, the most popubous species in the area, the days of the first foundation of their
nest were: April 10tk (1967), §5th ('68), 13th (*&9%, [5th ('700, Znd (*71), Tth {*73), 13th (*74) and 13th ('75).
Therealter, developoment of the P jodwigae colony proceeds genemily in the following seasonal pattern
(Fig. 41): (I} Emnergence of first workess - early June, (2) Reproduction of males and new quesns - mid
=luly 1o late August, (1) Maximuom development of brood population - Bate July to sacly August, (4) Rapid
cessation of brood rearing - Infte August, and (5) Disintegration - mid- to late September. On the other
hand, V, tropics queens commenss to build thefr nests in late May 1o sarly June (Fig. 2), about teo
months later than Polirfes species, just when the first few workers of Pollsfes waspes begin to emerge
in the colony,

The first attacks by F fropics qusens on Pelistes colonies are observed from early to mid-Tune (Thble
14), Vizsies become constant, thereafier, with the colony development throughout the solitary pesting period.
After the emergence of I fropica warkers in mid- 1o late July (Thble 3 and Fig. 41), the gueen etill con-
tinues fornging activities until late July to mid-August, them ceases to attack Podlses colonies. On the
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Flg. 41. Seasonal changes In ke namber of sctive nests of Polisias jed wigad (ppen ancas) and those of the nexs
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Thble 14, Records of the firm and final moeck by bespe repidca on pallstine colonies i and near Kibd, 18660575
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other hand, warkers of ¥ ropics begin 1o visit the nesis from late July and eontinue to amack chem wneil
lats Adsgust Lo early September (Thbde 14 and Fig. 410 In ¥ feopiee colonbes mabes and new guesns are
reired fram sarly July and ermerge in late Angust (o mid-Seplember and the searlng of the larvae ordinari-
by cenges in siid- bo late August (Fig. 77} in parallel with the completion of brood mearing in Polistes col-
opies (Fig, 40 At the time of emergence of the sexvals foraging sctivity of workers chanpes from prodein
food to carbohydraces such as tres sap and fruft juices, The workers discontnoe the reasing of the re-
maining larvae befors the dearth of protein food sources, 3o they make no more vislis to the polistine
nests after mid-September and siop fesding the larvae in the nest, Thus it & clear that the life eycle of
¥ trapica is synchronized with that of polistine wasps, the principal food source,
1) Ratio of Polistes fedwigor colonies attacked by ¥ fropica

Table 15 shows the number of P jadwigae nests atiacked by B fropice, and the period in which they were
destroyed within the confines of the farmstead of Wakayama Fruit Tree Experimental Station over ca.30
hectare area, 1969 ~ 1975, The number of nests observed during the time from nest founding 1o first
emergence of workers was 246, of which only one nest was attacked during the seven-year period, Afier
worker emergenes the number of nests atmcksd increased markedly, though the anscked ratio was rathes
variable for year and period, It anged from 10.9% in 1570 to 53.2% m 1973 during the period from
emergence of first workers to first emesgence of sexpals, and 12.5% in 1570 to H0.0% in 1971 durdng the
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Table 15, Mumber and phase of Poduer jedwigee ness miacked by Herpe wropies within the canfines of the Walknyama
Frait Tree BExp. 51, 159451575,

—. 1 — = |
Feriod® Total o
w3 y TR~ A
Mo, nests attacksd Nao nesis adtacked Moo pests stiocked mEckeds ¥ r:slpim
fobserved (%) dobserved (%) fobserved () ohssrved (W)

1860 0425 471% 13417 17/4% 4
(i {385 (789 (370

1970 0,27 5446 2708 /50 I
(ap 1y (125 (2.1

1871 0/BE B/38 13715 2120 5
(]S (2113 (80,0 {169

1972 )3 Rk o34 25087 2
[ 131.5) 126.5) (332}

1973 /4% 41744 Bl A5/50 4
(2.1) (95.2) 31.3) [ria)

1574 B3 old Tz 16739 2
{0 64Xy (58.3) {41.00

1975 /58 712 TA10 14730 3
L (5B.5) {70.09 [44.7)

Ttz 17246 90/158 237003 1447354 1]
{0.4) (455} (46.0h (363)

* [ befone the emanpenee of firsl workers, 10: theneafeer i3l the emerpence of sexuals, 111: thereafier oill disimiegmiton.
=% Mty diseoversd within aboud 300m mom the Wakmama Fruit Tree Exp. St
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Fig. 42. Predotion period of Mespo tropicoan one nest of Podiner frdwigoe by & quesn (uppert and a worksr
(Bower)h, 1969 - 1975,
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Tabls 15, Some recoeds of mcack by qesens and warken of bFespa feapden on Solsres jadwiges nests in 1971

4)

Nl code e, al Kiropéca Dtz &l Deniior of  Total mo. of Mo of
of rxila® Mo mliach bmad maim bmod
i Jadwigar forwt mieack  fined atisch {in duysl by ¥ f e+ rmien fday
BT 1 Lol Jin, 9 lip, 11 i 1 4
Pj i EL] oY | Jma 13 lun, & 4 u 23
P Jops L4 Qm e 17 liin, 20 4 ] L5
Pj 3013 12 Qs s, 1B Tup, 2 4 1 13
Pj MR i Qo Jusi, 15 Jup, 1 ifi 13
Pj Mi26 {H] Qar Jun, @ Jdiin. K L I} 23
Pj amr 16 Qo T, 12 Jiin. 28 4 % ai
Pj 3§ ) s A X Jufi, 29 4 1 a5
Pj Mg 158 W Jul, 17 Aug. 2 1 n {iN]
Pj 1044 T W Jul, 19 Aug 4 1 £ 113
P 14T 42 Wi Awy I Aug. 7 & L] A

* ik number of cells in P jsdwigoe nest on the day when the first attack by ¥ fropleo was ohserved.
== {3 guean hornet, W worker bormet.
=== The number sxcluding thoss of =ggs and LI inszar lorme

periad after emergence of sexuals, Judging from Tables 14, 15 and Fig. 41, together with ather observa-
tions, it seems Hkely that aieck before emergence of Polistes workers |5 only pesformed by ¥ fropice
quesns and thage after emergence of the sexuals are done by the workers largedy in late July to mid-Augusr
when the development of brood ln the Pollsres colonles reaches a peak.

O the other hand, the aumber of K ropics nests disesvered within about 500m from tse Experimen-
izl Station varied lrom ane n 1970 (o five In 1971 durlng che the seven-year period (Table 15). In 1970
the arracked ratio was remarkably low In the comparison w these in the other stx vears, elther before
ar after emergence of sexuals in the Polsies colondes. This may be due to & low density of ¥ fropice
around the survey ares im this year,

Predation perod on a Polines nest

Omoe a Vo rropies find a Polizres nest she visits the same nest dafly until all the brood avallable are ex-
hausted. Quesns of F fropleg consecutively attacked a nest of £ fadwigae for | ~ 9 days with an average
af 4.5 days (sd. =18, n=101}, and the workers took 1 =12 days with an average of 7.2 days (5. = 24,
n=T5) to prey upon B colany (Flg. 2% The difference between predation pericds of quesns and of workers
is probably due to the difference in colony size of P jgdwigae a1 the time when they are attacked by ¥
froplea, The attaek by M fropice quesns takes place mainky on the colony at the period of slow increase
with a small pumber of brood avallable for prey (Flp. 413, but workers preved upon 8.8 ~ 133 immatures
pef day in late July 1o early August (Teble 16), beeawse more food s then reguired to madntain thelr col-
any bs it becomes lasgper.

5] Fate of attacked cobony of Pollies

Ag the aHack of ¥ iropicd 4 repealed wntil all the immateme o pes are consumed, e pess unally could
nod recover, When & Pollsies nest is altacked before emerpencs of sexuals, the adult wasps fnally sban-
don their original nest, and 85.0% of nests attacked a1 the periad between emergence of workers o that
of sexuals wers reconstructed by the workers near the original nest [Table 17).

Complsts observations from the start to the finish of a relecation are scarce and the following descrip-
tion is made by combining fragmentary records. From the star of atacks by ¥ trepice, the queen and
workers of Pollsses stop their building activity, though they continue 1o stay on the comb. After ¥ fropica
have attacked the colony two or three times, some workers besve the nest and fly about 1o search for another
nesting sie nearby, When a suitable site is found not far from the original nest the seout workers settle
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Takle 17, The fae of Polistes jodwipos nests aclacked by Mesps reogics, 1964-1975,

— -

o Mo, of mests Reconstrection st Abandanment ar Eml'];“
Perda nttacked amather site disappenrince ol e

1 4 250,0%) 2{S50.0%) i

11 152 TTRCER. I} 21105%y) i

[ EMBL. A%~

LIl T BI10.TRy) 141.3%} GOER 0T

Total | 1RI 24 &5
* Cps Thide 1%,

== Mumber af nests reanacksd by ¥ rropien after reconsiruciion.

an Lhe place and spend mast of their time resting on it with cocasional returns to the originel nest. With
the starty of searching lor a new nest side, the worksrs in the original nest slop building activities and the
quesn also Hops ovipasition. Then, they leave to szarch for the new nes site, which is usuelly siteated
in & shelpered place or in a bush. Abowt o day afier the arrival of the gqueen the workers osually start
barilding & new oest and the queen begins 10 oy eges

The distance between the two nests was maostly within 1 ~3m, but reached 4m at the maximum. Afier
they reconstruct a new nest, most of the workers frequently visit the original nest for several days, though
they newer rense the abandoned nest even if F frogéics stop attacking it, However, 139 oo of 171 nests
(91.0%), which had been reconstructed during esrly June do mid-Tuly, were reattacked by ¥ sapicabefore
they produced new guesns and males. On the other hand, afier emergencs of sexuals, §8,.0% of iotal nesis
aptacked by M ropics did nod constriecl a new nest, and all the adult wasps remained on or near the
emply net until disintegration in Septemthber.

1, Group predation by Fespe sronderimio on nests of honeybees and social wasps
1t 58 well-known that Fespr mardorinia piizcks bee hives in mass and couses sericus damages to honeybee
colonies i Japan (Oxape 1967, Marsoues and Ssgacamn 1973), The attack by V, oranderinig are not limited
to the honeyhee but are mads also on nests of other lesser social wasps. The habkits of this hornet are quite
different from those by other Fesps species, as the former causes catastrophic domiage to the victim®s colony
while the nitack by congeneric gpecies is restricted to individual hunting, with only minor effects. In this
section some of the peculiarities of attacks by ¥ seondorinig are described,
[} Visity by Mespa species to the apiaries
Various species of Vesow prey wpon honeybees and lesser social waspe as their protein food (Tabls 13}
Thable 18 shows the frequency of visits to apiaries by five Fespg species, estimated from the number of
specimens captured in hornet traps ai an apiary in Kibi for & ten-year period. Among the species visiting
the aplary, ¥ manderinirand ¥ simiilheewere found to be Important, and the former speches was over-
whelmingly more abundant than the Latter one However, thers was a strong tendency for the matio of
wisits by B simiiliema to the apiary 1o [nereese in compensation when those by ¥ mandarinde decreased
in some years, ¥ sl rarely freguenced che apiaries having been wisited by ¥ anandarinda. Even when
wisiting, they were chased away or amtacked by K mandarinig, which attempeed (o catch B sipillima, and
if suecessfol, took It back to the nest
The relative abundance of these twe species may vary according 1o locality. In southern Japan both
K. mandenniaand ¥ stmiliime seem rather abundant and the number of the latter species visiting aplaries
rarcly excesds that of the former, but the situation is frequently reversed [n northern Japan where B mae-
aurinla Is regarded as less common than ¥ simdiliorg as reported Matsuuka and Saxacass (19730,
Three other species, ¥ eralls, ¥ crabroand K ropics, wese scarce: of thess, ¥ crabro and ¥ analis
actually hunted homeybess at the apdary, but they were of minor importance as pests. In the case of B trombos
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Tuhle 14, Mumber of Wespe species captursd in hornel traps aclached to bives at an &piary in Kiki for & 10-vear

period.
SEO——— e
Ma, o Fesoa species

Toul

Year mandarinie slmillfma i i Irtapica o
Mo L] Mo L] Na. % N, L | Na. L |

154 L] 036 L] &7 0 10 1 0.l 3 05 1,036
1947 L0 96.8 . | 1B I 0% F) 0l 5 o4 1,364
1968 [ 24 .4 12 L4 il L5 F) ol 8 o5 |34
1945 Ddx L6 &8 6.6 I Ll 2 0l i s oLn2e
1970 L G658 LD 20 & 15 | Q. T T 1064
197 B34 Bi.6 182 176 7 Qo7 1 0.l 1l [ S 1 c
1972 1115 LR 5 9 ¥ 0.8 1 .1 4 a3y L
1973 L34 97.8 14 1] n 07 2 il L 0% 148
1574 TG ML IER ZB:4 3 0.8 E] Q.1 ;| a3y o004
1978 375 966 i il 12 0.k 1 0.1 & as 14
Total 9,204 82 Las0 . i 1Ll & 0z &2 06 10,537
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Fig. 43, Phenology of Fespo moedarinds warkers [—) and ather Vespe species (——) capared I the iraps
atached 1o 30 hives at an apiry in Kibi for & ten-vear poriod, The hornes were counted every Tive days

some workers occasionally visited the aplary and were captured in homet traps, but so far no attack by
this species his been confirmed though this species is regarded as p harmful hornet to boneybees in India
(Sunman and Manaozvan 1957).
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2) Phenology of attack to apiaries

Wisits by Fespar species 4o apiaries escept for ¥ mandariie continwsd from May to Movember, occasionally
mare abundant in mid-September but Bot forming 8 definite peak as in ¥, manderiviz (Fig, 433, In con-
trast to other Mespaspectes, visits by K mondarinfig were seasonally well delimited, Mo queens or warkers
¥isited aplaries aotll mid-August. The visits 1o apiaries became constant and gradually increased therenfeer,
reached a peak in late September 10 mid-October, with the number of daily visils being 30 ~ 50 individ uals
per aplary, which was estlmared from the sum of the aumbers of horrets daily killed and trapped, Mumbers
of ¥ manderinin workers declined sharply after late October in most vears, and no workers appeared
in late Movember though they sull continued their resting activityThe rapid decrease of visits 1o the apiary
is closely relaced 1o the emesgence of sexuals In thelr ness after late October, bacause wockers spend labour
much more In colleetng Eguid food for the makss amd mew queens than in husting for the larvae

1) Phenology of attack on other soclal vespid species

4

All the aracks on other soclal vespdd apeckss by ¥ sandiarinir were observed from late August o easly
Movember (Table (%), and the peak of predatory achivity oozurred a Bare Sepiemnber 1o mid-October, which

Tble 190 The time and number of oests of social wasps attacked by Fecpe mondorinir 19631974,

. Jul Ang. Sep. et Mo, Total na.
Species of oieszs
E M L E M L E M E M L E M L actacked
Elister wpp. 6 0 o 0 4 1 | @ © @ @ 6 0 6 0 &
Mespasimiflima 0 @0 0 @0 1 T B 1 I} @ 14 9 5 0 4@ 4
Vespa anamlis o 0 o 0 2 2 31 E % E® 4 1 | @O 0 40
Vespa corbra ¢ 0 0 4 & O O * 2 ¢ 1 © 1 O O 7
Mepatopdr 0 @ 0 4 O O © 1 & © 0 O O O O i
Mespwhe floviceps © O 0 4 O & 4 10 12 1@ O 7 B O @ b
"Ti“'u“::;fd B 4 0 @ 7 16 17 ¥ ¥ 43 M 19 15 0 0 214

* Mast kept at the wepiary. B, M and L mean early, mid- and late in each month, mespectively.

cabnelides with that of bonevbers a3 mentioned above On the sther band, the numbers of workers and
combs i vesploe wasps fesch maxima in September 1o Octaber, and U bower combs contaln larae and
pupae of sexualy, which offer a large quantity of peoteln food far ¥ mandirrinia, Probably this may part-
Iy explain the concentrated predation by ¥ mandarials an honeybees and ather aoclal vespineg colonles
i these month

Hoewever, why ¥ manderinie does nol vigit apdaried of other veapine nests untfl mid-Augost la sl un-
sodved. [t may have some preferred prey which decreate in lare sumsiser, of some guantitative change of
profein requirement may appear in paralle] with the stort of maring sexuals. Alternatively, the arcack on
apdaries and vespine nests may be started only after a sufficient number ol workers have emerged. At
present there is little concrefe svidence 1o fedt these assumptions.
Predntory habits
The attack by V. manderinie is divided into thres successive phates, hunting, slaughter and oceupation
both on honsybess and other vespine nests,
i} Huniing phass
In the case of bechives the behaviour of F mandarinie in the hunting phass is basically the same as that
of K simillima and other species, which attack the prey only by individual hunting, giving a0 acabe and
cotgstrophic result, Main differences pres

(13 ¥ manderinis workers are less skillful in cacching bees in flight, They await their chance, sitting
pear hive entrances or on hives more persistently than other species
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(2} They ase more apl o s2ize bees with the mandibles, Onee counter-atincked and gnawed by a bee,
the hotret fies away from the hive, removes the bee with its legs in the air and immediately bites it to death.

In the hunting phase, therefore, each worker of ¥ wmanderinie repeats @ chain performance of
visiting — waiting — catching one bee and preparing a meat ball from the prey's mesesoma—carrying the
hall back to the fest AL a hive which counter-atisck weakly, 2~ 5 hornets may visit synchronously or
alternately, They mvariably repeat the same performance, never, leaving the corpses of the bees in the
apiary as in the next phase 5o long as the acack remains in the hunting phase, the damage 1o hives does
nod excesd that by ¥ sisriliime very much, or is often less becanss of the lower frequency of visit rellec-
ting its smaller nest population, and less agile behaviour than ¥, sionilime,

Attacks on mests of ather hornet species also start with the honting phase. The warker of ¥ mendarinia
howvers around the olher veapine nest for quite B long time and she suddenly pounces upon an individual
victim at or pear e mest entrance. After falling down on the ground n combat, the victlm B useally
killed with the mandibles and the mesosoma & transformed fo o meat ball and carried back 1o the nest,
ns with a honeybee. However, the attacked species, especially ¥ aonalis and ¥ crobro, occasionally kills
the ¥ mandarinia by counter-attacking with its sting. In large nests of ¥ similime and ¥ crabro many
workers isually 1ake 1o the air at the arrival of ¥ mranderinir and chase away the invader &0 that even
ihe hunting phase & caly nermicent and ssldom shifts to the slaughter phase In nests of these species
that are semall due 1o delaved development or orphanags, and nests of ¥ erafis which never reach a large
size, the hunting plase can shift w slaughler,

The hunting phase can contlnue for an indefinits time with or without shifting 1o the next phase. The
shift to the slaughter phase partly depends on the distance between the apdary or the vespine pests and
the ¥ mandarink nest. When the victim's nest is located near the ¥ mandarinia nest and receives cons-
tant visits by workers of the same nest, the shift is nearly certain, while sl an aplary or nest remote from
the outskirts of moumalns and hills, where most 1 mandeririz nests are concentrated the frequency of
wigite i% bow and thse shift 1o the next phase is mather rare
b) Slaughter phase
Cince the atack shifts o the second phase, the behaviour of B mendorink workers changes drastically,
In the case of beehlves, they do not visit different hives alternately s [n (he hunting phase, they concen-
tratz attacks on a particalar hive (Fig, 44}, ignoring others even il placed side by side If one captures

Fig. &, anacks by Hepa monderinis on e hive of Apis malilfen: &, slaughier phase; B, ooccupation phase

a huornet ot this phass and Fberates it near the apiary, she immedintely returnes to the victm hive o recom-
mence the aftack. e the victim kive ls chosen, another hive is never substituted chroughout this and
the next phass

The attack in this phase & & simple repetition of slaughter, Usually staying near Lhe hive entrancs, each
hiornes bitss i death esch bee approaching ber for counter-attack (Fig, 45). The corpses are keft on the
ground nearby without being carried back 1o the nest. Once a bee bites her body, the hornet often soars
up, removes the bes in the air with its legs, bites her to death, throws down her corpse and returns to
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e hive entrance (o recommence the slaughter, The use of the sting to kill bees has o far never been
observed. The number of hornets attacking af this phase is always mors than two, and up to 50, although
they do not work cooperatively, The slabghter can be started from sarly morning to evening, but usually
grartd in the fosenaan. Once slaughter develops, participating hornets do not return to the nest unil] the
end of the phase, Or, when the phase continues to the nexi, hornets return fo thelr nest at sunset bui
peattack the viction hive on the next day in the early morning,

Individual marking shows that hornets panticipating in staughter at & hive always belong to the same
nest. Oecasionally alien horpets appear ot the apiary in the midst of slaughter, but they are chased away
by ‘legitimate’ owners with or without combat. On the other hand, oewly arrived hornets of the same
nieed parteipate direcily in slaughter, omitting the hunting phase,

The duration of staughter is variable according to the number of hernet pariclpants and the intensity
of the defense. The defense always appears during the initial part of the phase and is mostly initdated
by bees of guard or foraging ages while formgers returning 1o the hive often do nol participate in its defense
but leave the hive. When more than ten homets make the slaughter, counter-attacks suddenly cease one
Lo gix hours after the slart of the phase when the population of the victim hive has been decreased con-
siderably. Many beekespers have bitter experiences of losing their hives during their absence from apiariss
of anly ane hour o even 30 minutes, Many surviving bees leave the hive but some remain withour resistance.
Because hornets in the slaughter phase de not retum to the oest nor chew the killed bees, food deficiency
oocurs af slaughler continuss, resulting in the appearence of frequent and persistent food exchange at
the apiary, In extreme cases, the horneis starve to death during & prolongsd slaughter

The number af bees killed by homets varies according to the size of wictim colonkes, number of hornets,
and intensity of counter-attacks, In southern Japan, the hives managed by the ron-migratory apleulture
sysbem imvobees |5 000 - 30,000 bees in August 10 Occober, Yisits by 20 30 hormets usaally resuli in deaths
of 3,000 1o 25 000 bees during one to six houors, unless the attack i= artificlally interrupred. Hoenet deaths
during the slaughter phase are uswally only one or two. In one Instance, abouot 25000 ow of 30,000
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Flg. 46 Anacks by Hepo mamdarinio on Hespe simitlims oest: A, ¥ mamdarinie workirs pulling ow a pupa
in A oeenpied nesz of ¥ sivdfone ;. B, shambles afier 2 honbe,
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inhableants were killed during three howues by 30 hoernets while anly two homets were killed by bees. This
meamnd that ésxch bornsi killed approximately one bee svery 14 seconds.

In the case of other Mespo nest combat in this phase was naturally much more severe than in atiscks
of ApiE melifers (Fig. 46,B), Several workers of the vietm species (or sometimes only one in ¥ analis)
confront each ¥ mendarinig in flight or on the nest enirance. The two opponents fall to the ground and
fight viglently with each other, using mandibles, legs and stings, The staughter phase Inasts several hours
o continues 1o the next day, In all so far observed cases, the daughter phase always proceeds to the oc-
cupation phase

In Fespuls, about ten homets can completedy conguer the victim nest during one hour and occwpy
it with the los of only one to two individuels, Adult vietims are mostly killed with the mandibles, not
by stinging. The counter-attack by FI_Trviceps seems not so sevens &8 that made by Apis meliiens, Usaally
few dead of both predator and prey are found at the nest entrance. In a nest occupisd by about 20 ¥
rradderinic worker, several tens of ML Mawviceps were still alive in the nest, and departures and retumns
of & few VL flaviceps workers were observed, It is an open question whether the slaughter phase is here
g0 distinet as in the case of the honeybes

The cawsal mechanism underlying the shift from hunting 10 staughter phase is as vet unknown. As
the shift usually appears aftsr hornets have received intenss counter-attacks, the [atter may release the
change of their behaviour, However, the shift develops only when more than one hornet of the same nest
partcipaies in hunting, Therefore, it is plausible that some interindividual reladon stimutates the slauglter,
Morecwver, Lhe number of hornets often increases in the course of slaughter. Some beekeepers assume that
the infarmation braught by homing hornets during the hunting phase favours the arcival of other nest
mates. However, there i still no positive evidencs to confirm such an assumprion, As the recogndtion
of nest males exists in ¥ srenderinig, it is conceivable that some stimulant |s emiteed by the individual
shifting w slawghter phage, which evokes o concentration of further Individuals 1o the place, The fact
that hornets are attractsd o the individuals killed and left ac particular points seems 1o favouwr this assamp-
tlon, but the problem is s6ll open to critical stodiss,
¢ Oceupation phase
Afier the cessation of defense by the occupants and escape of survivors, hornests suceessively enter the
victim hive or nest and occupy it, They pay Httle attention to some bees stlll surviving in the colomy. Onee
the slaughier phase is astained, it imvariably proceeds 1o the occupation phase unless arMeially fnhibied,
Within the hive or nest each hornet walks over the combs, and opens a cocoon and pulls sw the pupa
(Fig. 46,A), Keeping it between mandibles, she flies away 1o & branch near the apiary of nest, remmoves
unpecessary body parts and carries back the mesosoma of the pupa to her own fest. At fisat they prefer
Later stage pupae, then grndually shift to younger ones and finally 1o larvee, which ame usually directly
curried back withouwt chewing, Soon after the slaughere phase, the corpses of vietims and thily oo specie
are also prepared o5 meat balls and transported to the nest, But it ceases on the next day, probably becawse
of putrefaction.

In this way, the cooupied hive or nest is continuously vigited by ten 10 several tens of horners in the
daytime for several days up to two weeks, Often some individuals pass the night In the vietim®s nest, not
returning to their own mest.

F. manderinie workers in the occupation phase change thelr dispositlon. The occupled bive or nest
15 guarded by some individuals sitting at the entrance (Fig. 44,B). The approach of men, dogs, other bornews
of different specizs, and of the spme species belonging o alien nests or any other large animals releasey
attacks by these guards, As in most social insects away from nests, ¥ mandesnie do not make such at-
tmcks on men during the hunting and slaughter phases, so that they can be beaten 10 death with wooden
sticks, eic, af apiaries, In the occupation phase, however, this operatlon becomes diffteult because of at-
imcks by guards, Before atacking, each hornet often flies around the men or any animals approaching
the occupied hive or nest and threatens them by a peculiar loud clicking produced by rapld opering and
closing of the mandibles, This clicking is produced in all Japanese Fospao species ar or near thedr nests,
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Fig. 47, Disietbution of wespine nests and honeybee hives (&) anacked by Fespo moegsrinds (@) near and zt
ibe Wakaynms Frul Tree Experimentnl St,00% FTES) orchard and foresss in 1572 whh the date of the

discovery of mas ainck,
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Table 10, Mumber of vespine nests anlacksd by Vespe maegiasinig, 1965-1975,
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* Mumber of nests observed only during the atteking periced from mEl-August to eirly November
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and is regarded as a habit characteristic of or prevalent in the genus In ¥ srendarinie, B B produced ot
anly at nests but also at the hives or nests occupied and frequently visited tree sap sources. Thils indicases
its well developed tervitorial deferse. The relative aggressivensse of various species vo men at of near their
awn nesls i ordered: mendaninia’> simillime > orabro > aralls> troploa.

Although occasional sniries inte hives are recordsd for some other hornet species ( K gffal In Formaosa
by Sooaax 1527, K sp. in Afghanistan by Scunermer and Doacse 19703, 8 lasting occupation of vieuim lkives
is previously recorded only in ¥ ordensalin From the description by lsnay et al (1967), the presence of a
distine slapghter phase in this specles is not cleas 18 would be Interesting to observe how K arbensalis develops
its accupation phase Some beskeepers assume that the alm of hive occupation by K srandarinieis o pillage
the stored hopey, But as far as my obsermtions have determined, hornets desteay homey combs but ranely
take honey to carry back to the nest. As sezn from the observations on vespine nests, the main abm of oo-
cupation must be predation on pupas and larvae Most observations cited In Marsuuss and Saacas (1973}
an ather Fesee species confirm the preference for the muscubar mesosoma of the prey. This is in marked
contrast ta visis by Fespule Tevionps to apiaries; this species sezks mainly the stored honey. Faee (1970}
showed that meso- and metasoma of honeybees are equally preferred by the Evnopean vellowiackers, Hegpid
germanica and Pl vwigards, This might indicate that Vespula s less predaclous than Pespa Ac shown
in Table 12, ¥ mandarinie workers are especially fond of tree sap but do not frequent flowers except
for some rare visits 10 Oisswy foperice and Ampelopsis heteroplple. When diluted honey and cree sap
are simultaneously offered, ¥ mandorniginvariably prefers the latter. Thess facts suggest that the sored
honey does ned form a principal objective of the hive occupation in the case of attack on A pis mellifers.
Foraging distance
The Might radmus of ¥ mandariniz is on the average | —2km, reaching & maximum of §km, The distance
between & nest of ¥ mandesinie and apiaries or victim's nests is mostly | ~ Xkmimax, 2.5km) and serious
damage appears mainly at apiaries located less than Lkm from homet nests (Kosma 1950, Marsuusa and
Saxaciami 1973). Other vespine nests attacksd are also mainly located less than 1km from & nest of ¥ man-
darinia. Fig. 47 shows the distribution of vespid nests destroyed near and at the Wakayama Fruit Tres Ex-
perimental Statlon's orchards and forests &t Kibi in 1572, OF 8 nests of warious Mepe and  Fespuile species
within 1km from a nest of ¥ svandoeinis, & tolal of 5 nests were attacked and destroyed by workers of
the same nest of ¥ mordarimia, As far &5 [ knew, the workers of this nest exterminnted two nests of F
slrmillime, twa of ¥ anmliy and cne of Fespude Maviceps during September and October, Furthermors, they
anacked twa hives of Agis mellifero and ome hive of A, corgna which were [Dcwied abowt 100m away from
their nest. These data show tha: ¥ mandorinie plays an impartant rols in controlling other vespid nesis
in the neighbourhood of ¥ mondonnio nests,

Ratio of vesping nests attacked and destroyed by ¥ moidarinie

Adticks on Feaspuls and  Fespa nests have 5o far been observed only by ¥ mendariniz, Table 20 shows the
number of nests which were attacked and destroyed by the hornet durlag an 11-year perlod (rom 1965 1o
1575, The et of nests destroyed by B merdeniaie reached S0.0% (347°68) of todal nests of Fespuwls foviceps
ohserved duting the period from mid-%ugus o early Movember in and near Kibi, Om the other hand, in
cases of Hespa species, the nests destroved by B miondarinis were only 4.8%(2540) in [ obr, [3.6%(06/118)
in ¥ smiltima and 134%(12/78) in ¥ amals of the toial nests observed during the sitacking persod of
V. wrangdarinir, Large nests of Fespe can resist the atiack and imhibdl it of the incipient siage of the hunding
phase, rarely the slaughter phase, Judging from the data shown in Tables 19 and 20, together with other
observations in the flekd, the relative resistive ability of vespid wasps against ¥ mandariniz is ordersd:
crabrp > silliora > gualise Vi Seviceps, though it may wary acconding 1o sizes of victim colonies, numiber
of foraging homets and intensity of counter-atiacks.

Astacks on nesis of K fropica hanve so far not besn confirmed under natural condition, This may be
e to the relative mrity and short annual oycle of this species, which reaches the dissolution phass before
the attacks by F mardarinis intensify, Onee its nests are discovered and attacked, it is certain that this
mifdest hornet making the smallest nests would be easily conguersd by ¥ mandarinid, Two smnll nests renred
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in my vespinry were aitacked and ocewpled each by only thres workers of ¥ mondarinig on 19th September,
15973, Mo Intraspecific attack of F) mordarinis has so far been confirmed elther directly or indinectly by
the sadden appearancs of numercus dead near the mesis,
71 Auack on hives of the Japanese honeybes, Apis cerang

The foregoing description shows that nests of other social wasps are victimized by ¥ mondennde, Only
large nests of ¥ seiliorg and 1 erabiro can resist the ariack and inhibit it at the incipient stage of the
hunting phass Mearwhile, thers is another social insect; the bee Apls cerang foponica Fabricius, the eastern-
mast and largest subspsies of the Asiatic honeybee which may be attacked,

Since Tomvos (1924) it is well known that this species avolds the damage by retreating within its nests as
the arrival of ¥ manderdaie Closer obiervaions conflemed that A. cerrne defended itselfl well against the
giant hornet not only by & passhe retreat but also by & paricular method, The following obssrvations were
made with colonies k=pt in & hive adopted in and near Kibl, a wooden bow with several small enimnce hales
below, which was designed by Mitsuichi Sans, the ather of Japanse Apiculture, whe lived o Aride near Kibi.

A the arrival of o hornet, departures from the hive abruptly cease. The shimmering, a »arping sound
characteristic of the speces (Gaxacani 1960), Is epeatedly emitted from the hive. Homing foragers keep
& distance from the hornet and quickly enter into the blve through holes remote from the enemy (Fig. 48]
By this mpid retreat with no solitary counter-atiack, the hornet usually relinguishes ber attempt and Jeaves.

Apk camrag around 8 Weges mandarinis worker atbempting

Fig. 48, Begieming of the farmation of a drcle of
@ Invade the hive

If the hormet persiss, however, numenous bees appear from the sntrancess remote from it, Never flying nos
darting solifarily to the horoet a8 A seliifers does, some bees approach the homes, directing their heads
10 the snemy, raising their metasomal tips and vibrating the wings, Thus, a circle of bees is formed aroond
the hornet, The attampt to ssize bees by the hornet seldom succesds for the movements of bees are incom-
parsbly more agile than their Europesn cousins. Meanwhile, one bes pounces rapidly upon the head of
the hornet, Meardy synchronousty all others in the clrele rush upon the enemy and other bess pear the en-
trances consentrote on the place. About 10— 15 seoonds after the attack by the first bee, the hornet s covered
thickly by several tens to several hundreds of bees. Shimmering in the hive, repested since the arcival of
the hornet, ceases and departure of fragers recommences. The bees covering the homet keeg thele positlons
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for mare than 20 min, with linle motion, The same mass defense is also applied o the oocasbonal hormet
that entzrs a hive. The corpse of the hornet shows no external Infury; she ls seemningly kilbed by stings.

Thus, the sitack by ¥ sandarinia is interrepied at the inlolal part of the hapting phase The horoet eithes
is killed or abandons the aitack which does not deselop ince its subsequens phases, 1 have had the oppor-
tunity to observe only a few instances of the mass defense described above, But the lack of sufficient obser-
vaibons is simply des o the rarity of catastrophic damage by ¥ srendarinie. Accarding 1o the experlence
of me and several beckeepers, I menderinla never visits the hives of A, cengne placed near thase of Al
melifers, Among about 300 hives and more than ten natural nests of A, cergae observed by me in the areas
where A, weellifera is also kept, no insance of slaughter or exerminatbon by K monderdii has been record-
od, Several becheepers possessing A, ceroma hives, including one who has kept several tens of colonles at
the same time, invariably recorded the absence of camstrophic damage by ¥ mendarinia,

The efficiency of both attack and defense berween peedator and prey must be envisaged |n s equilferium,
changing by situations. [f & colony of A. ceemma is kept in & hive with 8 wide entrance space as used for
A, melfifers, which makes invasion of several hornets possible, the effective defense described above may
be difficult, One insanee of attack by ¥ mandarirdr on a colony of A cerane resulting In mild damage
was noded on 23nd October 1971 Thres workers of ¥ mesderinde were fiving around in front of 8 A, cerang
colony, which was kepe In a hive with an ample entrance space, After killing these hornets, the hive was
Ingpected and the following dead were discowersd: 4 homets in front of hive, 4 within the hive and about
B0 bees in fromt of the hive. The homets® nest was located about 100m away, Durlng September and Cigc-
toer, the workers of this same nest exterminated two nests of B smillimg, two of K aaalis and one of
Fesprle flaviceps (See Fig, 47)

Mevertheless, it is certain that A. cenang has developed two fairly effective defensive technigques, neither
possessed by A metiien, one being passive -the absence of soltary counter-attacks, and the other, active-a
raphd mass atack and a long contact with ¥ mandaeinis, This skillful defense conirasts sharply with s
inability to resist piliags by A, melllfens when colondes of both species are kept in the same place, in mosi
cases A, meliferm uliimately plllagss and exterminaces the colony of A, cerene (Saxacasn 19380, Thes, the
incrodwetion of A. melifere to Japan evoked a curious triangalar relation among the three species during
i centary.

Serious damage 10 bes hives by hornets, including ¥ mandeninie seagniier, are recorded in India (A pir
cermur fndicT : Syra L), Indoching (A. o fevane: Tousmasosr 1539 and Afghanisian (4. © s5ps ScHREIDER
and Duavar 1539, Kuorr and Scusmioes (1970) described & defensive behaviour of A. ceremassp, in eastern
Afghaniscan 1o Mesoa spe At the arrival of a homet, 30 bes workers form d dense mass at the nest enimancs,
each changing its orientation to the hornet according o the movement of the latter, Om the approach of
the horne: bevond a critical distance, bees mise their metasomas and lower their heads, togsther with the
productlon of shimmering. The hornet only catches bees leaving the defensive mass, [n geneml the observa-
Hon chted correspords w my observation but che initlal retreat and mass counter-atnack | observed are not
mentioned, Considering this absence of its description, 1wgether with the serious damege 0 A. cemng by
Fagpur in the same area, the defensive behaviour in the Afghan population seems less perfect than In Japan,
It &% imporian o make further comparative abservarlons on the defensive behaviowr of A. cereng in various
arens,

Isriay et al {1967) refer (o the mass defense made by the local bee race in Lsral: “The tocal bees protect
themselves ngainst horoels by formdig dense clumps az the entrance of the luve In such instance, & hornet,
i order to captur= a bee must frst detach i from the rest, 8 rather difflel fean which s marely successful,
There is another danger that the overly venturesame hasnel, in coming oo close 1o the aplan phalans, may
occasionally become the victim of its prey and be stung to death by the massed bees’ It s noteworthy that
o mass deferse, guite comparable 1 thas of A, cerang cenmig, |8 thus confirmed in & maee of A, mel[fan,
The similarity may be explained either by the parallel acquisidon of a similar defensive mechanism or by
the loss of such in some members of the subgenus Apis, 28 | have thus far o informetion on A, dorsa,
A, forew and their relatives, 12, the subgenera Megapdisand Migepi The shanmering seems 10 offer another
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insanee of the presencs of a discrete behavioural character In races of both species, for ButLer (1954}
recorded a trace of this habit in 4. melifern cppricain Cyprus. Further comparative observatlons on
behaviour boih of hornets and honeybess may throw light on reciprocal svolucion of etack and defense
mechaniems in these insecte

Judging from these observations several possibilities exist to sxplain the discrepancy between these reconds
and observations in Japan: 1) Lower defensive ability in southern populations of A. cemmaeagaine Hespa,
2) Presence of some efficient hunting behaviour in the Fespaspecies cited. 1) Presence of some particular
sliuations that facilitate the attack, occurring either scalogically (ssasonal correspondence of coblony cycles
of prey and predator, ete.) or artificially (condition created by apicultural procedures, etc.). Further com-
parative abservations in thess areas are required. 1t might be worth studying the use of appropriate hives,
eapeclally those with the sntrance not too wide.

Intra- and inter-specific relationships at food sources
Variows species of hornets obiain carbohydrates from tree sap. At the tree aperiures where the secretion
abundant, they nssert their territorial right by driving away visitors of the same or different species from

the place. 1f two or more individuals of the congeneric or different species are found at or arcund the same
place, cerimin rules are recognized ameng them,

in
1)

This section describes the dominance behaviour in hornet which is analogous o the “peck order™ found
the domestic fow] (Scrmroerue-Evne 1922,

Dominance relationships among quesns visiting res sap

The posi-hibernating queens search for tree sap before devating themselves to the nesting sites. Table 21
shows the frequency of visit and the fesding times of [8 marked individuals of four Fespo species that
visited a free aperfure during three days at the beginning of May in 1967, and in Fig. 49 i5 given one
example concerning the activities of tree sap intake observed among 12 quesns and 2 siylopized worksrs
af ¥ mandariniy, 2 queens of ¥ ool and sach one quesn of ¥ erglis and B simiilfime on May 3th,

Takile 21, Lengih af thmelln min.) spent 1aking cree sap by sach Indiwdual visiting che ree apemun: daring thees
dms at ke beglnning of My 182 In 1967,

Species ansl Frequsnsy Freguency Tenald time Averags Time

individal af of far sach for
farked® wifils feeding leeding feeding vims nanfesding
ma 12 3 5 HI3 A0 ]
ma | 11 k'l L58 1753 (1]
ma 5 13 k'l mw EE 1
ma 4 ] g a2 100 |
ma ¥ 11 B £l 40 124
me 2 H & 42 7.0 4§
ma 3 I8 5 28 46 [
ma 6 g 14 a9 14 2385
ma 1l 3 1 4 o 239
ma 7 ] | | LD 151
ma. B 2 a [ a &
ma 14 7 [} [} a 19
max 1 4 i o a 1249
EriEy 2 k| d [ ] 151
[={ | a8 q ¥ [i] 1%4
er 2 2 if i a (kK3
an | ] q [ a 433
LTI | 1 [} * 4] i}

-

ma 1-12; queen of ¥ mandaneig, max -2 siyloplsed worker of B masdaeinde, or 1-2: queen of K crabeg,
an! quesn of ¥ anally e quesn of 1 slmilifma,
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Fig. 48. Activities of wee sap intake phserved among 18 marked ndividuals of 4 species Haipe thst visited &
tree aperiore i the doyiime of May Sth, 1967,
Elack rectangles indicate the occuperion of the ree aperrure, Sponed rectangles Indicals staying assund
the tsee apenure without fesding, Arrows indicsie Mhying seay soon afver Nylng amend the e aperian

19457 a1 the same place. There is 2 signilicant differesce in the feeding time of each individual and it is
certain that each gueen occupies the tree aperture sccording o the relation of the order among them,
L thie daytiene the tree aperture exuding sap vwas always oceupied by a single quesn, surmoundad by others
that were wikable 1o take the tree sap. They were driven back without any counter-attack, by the threaten-
ing of the sccupant with mandibles widely opensd, whenever they tried to approach the aperiurs,

Feeding individuals changed places when the lirst became fully engorged and flew away, or when she
wias drlven aff frod the iree aperfure by a superior individual arriving from another place (Fig. 49). When
the same ar angther species visited & tree aperiure already occupied by & feeding individual, the response
af the vigitar 1o the oecupant was oie of the following: A, Alighting on the positicn at o distance of
5-Gern from the occupant, after Aying amound the tree aperture, B, Flying away soon after flying around
thie trew aperiure, C. A severe combat with mandibles and stings between both indivigwals soon after alighting
on near thi ree aperture; the victor beings to take tree sap and the defeaisd, on the contrary, fliss away,
D. An immediaie change over from the oecupant o the visitor without any combat; the secupant gives
up the position and retreats or Mies off.

Judging from the retation of the order of individuals refersed 1o later, the dominance relations betwesn
visitor and accupant in the above cases are as follows: Bath in A and B the visitor is inferior o the occ-
pant, and their order is relatively close 10 each other in B while not very close in A; only two examples
of C were observed in 1267, and it & conceivable that they are of the same mnk; on the contrary, in Tt
the visitor always has a higher rank than the occupant,

The inferior &nd superior types of behaviowr were observed not only among occupants and non-cecapants
bul amang non-oecupanis surrounding the tree aperiure. The inferior individuals retreated when percey-
ing the approgch of & superior one which frequently threatensd with opened mandibles, and so zach in-
dividual wak up & position away from the athers, forming an approximately uniform spatial distribution
around the aperture, In Table 22 are indicaied the frequencies of dominance and subordinaiion among
marked individuals, both intra- and interspesifically, in mutal atiacks and Table 23 shows the frequency
of retreating behaviour among them.

Cm the basis of these observations given in Fig, 49, and Tables 21, 22, 23, it is certain thai there is A
distinct linear dosminance relationship among the quesns of Fegpo species visiting tree sap, The following
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(el Thble IL) vigiling tree Sap in \be diytime during May 3rd-Bih, 1967,

Tehle 2. Frequensies of dominance and subdrdinating relationd among marked individuals of five Hespe species
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2)

arder could be observed as an intraspecific dominance relatlonship among the gueesns and the stylopized
wiorkers of ¥ maendorinig who visited the tree aperiuee at the bepinnleg of May in 1967

- rnifl']r mab 1
malz—-l "\ — ma¥ — mad — mad — mad ¢ ma? b — miax] — maxl
L mai [ mall — mald

Interspecific dominanse relntionship among queens visitng tree sap ls, though greaily influenced by the
individual disposition, generally as follows: mandarinir - crebrg - eralls - similime « rapica,

Ench individual 1akes iree sap according 1o the order mentloned above, The queen horpet ma 12 of ¥
rergarimir with the top mnk could ogoupy the tree aperture and take ber Al of e sap ot any time when
she visited on both May &th and Sth. The next position was cccupied by three individuals, ma 1, ma 4
und ma 5, all ¥ mondoriniz among which an interesting triangular order was notieed. Each af these three
gueesns could take tre2 sap i the absence of saperior ones, but would fly off when a superor one arrived.

Individuals under the sbove four quesns in their order usually spent much time near the tree apertire
waiting for an opportunity when the oecupant would take her fill of tree sap and fly off. The relation
of order amang fowur queens at the battom, ma 11, ma 10, ma 7 and ma B, was not clear, because these
individuals had Lictle opportunity of taking tree sap in spite for waiting patiently durlng the daytime (Takie
21 and Fig. 49). However, even individuals at the bottom could take iheir fill of tee sap In the evening
a5 mentioned below,

Behaviours of overwintered queens in the evening

The hibernated queens take tree sap nad only during the daytime but also in the evening for several days
soon after emerglng from their hibernacula. In 1966 Quercwstress began to secrete tree sap on Aprll 25th
and hibernated gueens of Megpe species visited the tree aperture where the secretion 'was abundant. Thelr
activity of tree sap intake in the evening continued until May Ird. Thereafter not a single queen could
be observed at the tree aperfure in the svening in spite of abundant secretion. One evening the tree aper-
fure was gocupied by o queen, and within about 10cm from the aperture severa] gueens of e same or
different species waited for an opportunity 1o take the sap uniil the ococupant beft, In the svenlng an sesi-
pant is dominant over the others and is able to take tree sap fully withour disturbance by superios -
dividuals, since no other queens of Fespaspecies arrive from other places in the ovenlng. Wihen the others
approached the tree aperture she threatened with ber mandibbes and drose them away as obseeved in the
daytirme. The dominance relationship among the occupant and non-oecupants and ARLNE RON-OECLEPARLY
was ilso observed during the evening, Table 24 indicates the frequency of dominance behaviour among

Tabde 24, Frequencies of dominance and subordinaling refations among guemns of Feror moadarimiz and K
crabrg vishing tree sap In the evening on May 151, 1966,
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five queens af ¥ mandariniy and & guesn of ¥ cralbvo during the evening of May 15t in 1966 &t a grove
in Eibd. It 35 apparent thal there is a linear dominance relationship among thess quesns, The order was
as fallows ml - md - m%5 - m3 - m2 - erl, As shown n Table 24, according 1o the order given above the
mdividual which ls next to the order could feed successively, and so farth, when an occupant had lefi che
tree pperture On May 15t the omega individual of ¥ mersdoninds, m2, finished tree sap intakes ot 10:25
pm. 8ad then 8 guesn of ¥ erabrg o], could Gnally occupy the iree aperiure swocessively till [0:50 pm.
Omn the following svening, May 2nd, 1 observed five queens af ¥ mendarinis at the same place, of which
three, m5, m3 and m2, had been observed previcus evening and held the same manks among themselves.
L the evening, & queen af F mandorinir usually continwed to take e sap for about an hour, Then, with
& full crop, she left the wree aperture, walked 10 the wop of the tree and sstled on the underside of o banch
T-8m high. Cleaning hersell thers, she fell asleep concenling the tips of her folded wings under the vengrml
surface of her abdomen, similar o the position Bund m hibemaculs Marsmma 1966),

[L is uncertain on what factor mia- and interpecific dominance redationship amang guesns of Fegpo
Spaciel & d.tp!rldh'l!. Pakne {1945] ttpl.ﬂi'n.ad. hlﬁlﬁglﬂ.ﬂ}' thal the dominance order among foundresses of
Polistes palficus was determined by Uhe degres of ovarkan developasent, and Yodunieaws et al. (1965) reponied
thit the conditions of the reproductive systen generally carcespanded to the social order in a nest of
Parischrogatier sp. In the case of Megps queshs vidling (rees for sap it is difficult 10 find a corrélation
between social mnk and ovarian develapment because the ovaries of gueens are mastly undeveloped at the
pcipientl fage of development during the fesding period soon after hibernation. 1t iy suggested that the
domin&noe inleraction among Feipe gueens, especially in ¥ mardaridie, reulls in o quanisalive differencs
af foad ieks among them, and 1his may divide the past-hiberapting queens into more or k= disbine nutn-
thanal groups & few high nutrition queens and the olher low nutrition ones. It seems probable that such
autritional differences serve to differentiate the “quality" of queens, and it & pointesd out that theee exists
a significant relationship between the quakity of queen and the eventual size of the calany in the easly stage
af nesting in Dolichovespude svestris (Bus and Baos 1948, 1952) and in baspuly valgaric{Arcien 19800

1} Inter speaific relationships among workers a1 food sounes
[nserspecific daminance relationships among Mepe species is recognized not only among queens bul ameng
workers. The following order has been observed &5 an inferspecific dominance relationship among five Species
of Wespa workers near Kibi; maondadale - analis - cradvo - slmillime - tropieg, which is the same as that
found among the quesns. The relations among all spectes, except for ¥ srardarini, are sometimes indistinct
in =ach encounter asd may result tn a severs combal with mandibles and stings.

¥ migngariaia invasiably oocupies the first rank, monopollzes favourable sap sources, and expels other
homet speciss, beetles, buterfies, elc. 17 a tree sap site 3 cocupied by ¥ mosdarinig, workers of other
species My mway wish fittle hesitation soon afer Nying around the free aperture. Cn the ather hand, ¥ fopice
i the mildest species and is ofien driven away by other species from a food source. B spite of their much
larger body size, ¥ fropioe queens are always expelled by a single ¥ monderinia worker,

All the workers [omging at a fpod Source always belong o the same colony although they cannol com-
municete the position of & source of tree =p to their nest mates, Workers from the same colony do pot
behave aggressvely towards sach other at & food source (Fig. 53], Other hornets af the same species bebong.
ing to alicn nests are chased away by "legitimnte™ owners with or withoul combat whenever they try to
npproach the iree aperture. The defenes of faveumbles tres sap sources is mmarkabie in ¥ miendarini, The
occupsd food source is guarded by some individuals stting around the tree apertunes which do not return
to their own pest. Thess behaviours indicate a well developed tecritorial defence

Another peculiar habit a1t food sources is the freguent extranidal food regurgitation observed beowesn
F, mandenate workers (Oxaoa 1961, Marsuuga 19750 Most vespine wasps ane well known o transfer
regurgitated food among workers (Montagner 1966, Spradbery 1973, Greens et al, 1976), but they generally
do mot Interact with other foraging workers at most natural food sources. Food regurgitation betwesn worksss
is canfireed within nesis of all five Wespa specles, but owutside the nest. | have seen i1 occurring only onee
with two workers of ¥ crebvo whien vishing a tee sap source in 1974, In K mordarinis the situation is
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Fig, 51, Trophallasis betwiin teo sarved warkers of Hepe sioedorimis oo the ground.

mast frequently encountesed amoig pesl mates visitiong the same e sap soumes, in which case the foosd
flows unilaterally, not reclprocally, The mone Interesting instance 15 seen between two starved workers; em-
bracing each other tghtly and elther lying or roling on the ground or hanging from a tree branch by a
stngle hind beg of one Individeal, they aliernately beg and receive food (Fig, 5iL The embmce ass from
several (o tens of minutes and they do not easily separate even if disturbed. Such reciprocal trophallaxis
is occasionally seen when this species atiacks bee lives or nests of other social wasps, especially near the
victhm's nests during prolonged attacks, bul so e i Bol confirmed within or near #s own nssis nor in
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gqueens and males.

Food regumgitation among nest mates is apparently a habit independently acquired by various groups of
social insects, The intense extranidel frophallaxis in ¥ awandoring is certaimly a specinbized chamcier, It
must be mentioned that this phenomenon i mainky observed at sap sources and near victim's colonies,
thet is, at concentrated food sources. In hopeybees, extranidal trophallaxis appears af artificial feeders but
seldom at Oowers, The habit in ¥ maendarinirmay be related 10 it preference Tor swch concenirated food
BCAITCER.

5, Descussion

A s usual in other soclal nseels, vespine wasps have evalved o be ether highly specialized or very genenlized
in their ool preference In condrast 1o Megmuls species with their small body see and omnrivarons habit, Feapa
species have an increassd body itze and predacenis hakil, and have abained a co-sxisencs in therr leeding
relationships by significant differences among them,

B troyplca is a typical specialisd, being almost exclusively dependent an the brood of polistine wasps for i1s
protein food, and the life cyele of this species i synchronized with that of palistine wasps

On the other hand, H ensbyo is reganded as a semBspecialis, preferring varjous kinds of cleadas in Japan,
It seems Bkely chat this species & highly spectalized behaviowrally for capuring any cieadas, and they have
an ability 10 utifize Crepiotyegpena facielis, which i3 aboul two times larger @ body size than F crabrg and
hunting this langsst cicada bas 9o far been observed only by ¥ crabro. The homets abso have the abillty o
hunt o wide varisty of insects when the preferred lood source i lower in density. Rearing of sexusls In this
species ceases noearly September, in parallel with the disappeasance of ccadas In southwes) Japan, Such a
feeding sirategy makess better use of fawourable food and contributes greatly 1o reduce the competition foe the
food resources mmong Hepa species.

Bath ¥, anafis and ¥ simitliora have generalized their feeding conslderably. [t s plausibbe that these swift
and agile speciss have the capacity {0 forage on various food sources scattered in the fields and these ame found
in large nombers in the regions where they bualld their nests. The contrasting features of the two spacies show
that ¥ onelis i small in eolomy size while ¥ simiiing s much lasger than any other Megpa species, and their
peik populations occur al different times of the year, though bath species have long-cvele characteristles, These
differences may enable them to redisce competition for Emilar food resources

On the ather hand, F mandarinis has achieved an efficlent foraglng stralegy bn that they ansck in mass
the colomies of other social wasps and honeybees, and also poseess the ability 1o hunt & wide variety of large
insects and spiders, A presumed course of evalution of this pecultar habie 15 briely outlined below

The large body size and encrmously developed genae (Mazsuuis and Saxkacas 1973), gave ¥ suradormie
the formidabibity to aack and 10 conguer other animals, By this abtllty, combined with an extraordinary ag-
gressiveness and the strong teic action of the st sing, 1 mrdariniz oocupbes an unsivalled position among
insects and other small animals, at kst in Tapan, In compensation, bowever, its relatively sloggish movement
minkes the capturs of fugitive prey difficull which is especially conspicuous in comparison with some agile species
suech as B simillime and ¥ ammlis, Conssquently it it plaugible that g slight displscement of the ecolopical
miches hns appearsd between ¥ mondernie and other congeneric speciss, ¥ mandasinie did not chooss the
specialized way to oligophnagy as practiced by B fropice. Keeping it pelyphagous habit, F manderafe began
to seek prey which was easy to casch, Among such prey there would be those making oolondes, having a large
amount of concentrated protsin food. However the dependence on Pofistes as in ¥ rropice was probably im-
pomtble for ¥ manderinde, whoss nests reach a large size and reguire & lurge guantity of animal dier. On the
athier hand, defense by nest owners presemted no serioes obstacle for ¥ sordarindz, and it was miher fvournhble
for ¥ mandarinig if plenty of such self-defending individuals were available, The habit of altacking nests of
other socfal wasaps and bees would be g consequence of this tendency. Thus, V) mandennie affects ather con-
generic apecies in two ways: as A competitor in seeking commaon food sources and &s a predator. 11 is inberesting
thet i does not hunt other species &t wee sap sources, merely expelling them as krver mnked competitons. Ad-
tack on nests of other specles, firse started as individual hunting, would occasionally be rewarded by an
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abundant supply of immaturss 1o be foraged when the atack was continued 1o overcome the resistance of
victimms, even if accompanisd by a loss of several oo several tena of mest mates, which were tnsformed to meat
pellets and Ped back to the colony, The slaughier phase, the most interesting stage in the attack by ¥ man-
dariiia on other secial insects, must be & later insertion between huating and aceupation phases, This phase
i ab=erl when attacking Ppiistes nests and seemingly not well developed when attacking Meipinds nests, but
it is distinct when stiacks are made on viciims with severe counter-atiacks, be ather hamet species and Apis
wreliifers, [ts releasing mechanism & stll unknown but certainly & related 10 & change of motivation, which
B probubly released by the intense counter-attacks and the peesence of pedt mates. s functbomal Hegnificance
oy be 1o facilitate the occupation of a victim's nest,

The defenges of occupied nests against hornet invaders, recorded alao n B ooresomis ([oay o al. 1967), is,
in & lesser degree, recognized in the case of occupation of favowrable tree sap sourees, oo Such property defense
14 abserved alea in cleptobiotic stingless bess of the genus Lestrimelintg (Moauetka-Ness 1970). Compared with
the aitack and nest accupation by this obligate robber bee, the atiack by 1 menderinde is far Jess elaboruse
and efficient. From this fact, together with the mainienance of a polvphagous predacescus habit in general,
the ausck of ¥, mandaeriniz on nests of other social wasps, Including both Mespo and  Mespula, s inderpreted
s & relarded gpecialization, Up 1o the present, effective defense against ¥ monderinia s known only in Apis
cergra, This may be an adaptation acquited through e long contact wish the powerful enemy.

The introdustion of the Eurapean honeybes, Apis meliifers, inte Japan in 1876 and subsequent development
of modern apiculture offered a golden opportunity to ¥ mandierinie. The standard aplculiural races of A,
smetl{ferg were confronted in Japan by a monstrous enemy, two times larger and incomparably more ferocious
than ¥ erabvo i their homeland, Solitary couner-attacks by bees, being effective for most enemles, served
merely 1o increase the fomging efficiency of their enemy. For ¥ mandarinis, the Buropean honevbee was cer-
talnly an bdeal prey because of its large coleny size and frequent counter-atsacks as well as the fecbleness of
each individual, The outhreak of catnstrophic damage by V¥ mandarinde is therefore mparded as a rare coin-
cidence of ethalogical chamcters possessed by the prey and sought by the predator.

IV, TI¥ISTON OF LABOUR

All the species of the genus Hetpain Japan found their colonies with a single fenilized guesn. This solitary
stage lasts for about two months from lage spring to carly summer until the emergence of the first worker.
With the appearance of workers the labour of the guesn varies in boch guantity and quality in the course of
cobony developament, Finally, she becomes restricted to oviposition, leaving nearly all the other duties to workers,
Thus, the wackers take charge of all the tasks in the colony except egg laying. Howsver, when the quesn is
bt by accadend or naturd death in the courss of colony development, one or more workers begin o lay eggs
and produce some males {Dazcues 1964, Marmurs 1968), In this chapeer the division of laboar will be discussed
on three aspects: behaviowra! differences between queens and workers, those during the adult lfetims of the
warkers, and those among workers in crphan coloniss,

I. Behaviourl change of the quesn in early nesting stage in relation o worker emergence
The activities of the guesn in solitary nest foundation are typical of a solitary wasp, After worksr emergence,
the cobony undergoss a significant activity change to form the division of labowr between guesn and workess,
The following Information & mainly based on the data from a nest of ¥ ombee (O 65010, which was con-
tinuowsly obssrved from the solitery period to the cooperative period in 1966, Variathons both In quality and
in guantity of queen activities of ¥ crpboe are shown in Tables 23, 26 and 27,
I} Extranidal activitiss
a) Collsction of food; Food-colbection actvity consists of a lUnked sequence of searching, lunting, tneat-
ment of prey (=primary malaxaton) and ransport o the cass of proteln food; of searching, sucking and
transpart of carbohydrace food. The number of trips abserved dwuring the solicary perlod of K enbe was
39, of which 30 trips were foraging for food and the tme devoted oecupled 46.0% on Juse 3rd, 1956 and
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Takde 25, Change in relagive 1Bme spem in varous sctiviies by the gueen of Mespe crahro during ibe observn-
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Arrow indicarss the emergence of firsc workens.

55,59 on Juns Sth of the ol observation time Dumation of a urip for carbohydrates Is 5-16 minutes
(m=110 sd. 8.4, n=23) in the solitary period and 14-23 minudes (M=16.3, 5.d. =34, n="7) on June
10th, when the first workers appeared. The lag observation of foraging for (ood by the queen occured
on June 26th when only five workers were presenl, During the perlod from June 10th to 26th altogether
37 trips were abserved, of which 36 were for carbohydrates and only one for lnsect prey. The time spent
for forging wus 2-45 minutes (m=18.2, sd.=10.4) Ffor & wrip for carbohydrate and 27.5 minates for in-
sect prey. The interirip time spenl in the nest was 2-8 misores (m=43, 5d. £2.0) In the solitary period
and 7-26 minutes (m=12.3, sd. £14,1) afer the emergence of worker,

b} Collection of nest materials:

The time for gathering nest materials oocupded 14.0% of the wtal me of observatlon on June 3rd and
9.4% on June Sth, rsspectively, in the solitary period, With the appearance of workers Use gueen pathared
very few nest materinls from the field (Teble 34), The last collection of nest malerials was abserved on
July 3rd, the final day of her field work. Thus collection of nest materials by the queen contlnued for
about three weeks after emergence of workers,

Intranidal activities

The proportlon of inside tasks to oulside ones by the quesn increased with worker emergenos: on June
3rd and Sth just before the emergence of workers il being 2000% and 34.2%, respectively, of the sbaerva-
tion tlme On June 10th a1 the appearance of first workers, S1.5% of her fime was spent in the nest though
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newly emerged workers had ot vet started "social™ activities, The gueen continued occasional indranidal
acthvities &s she did in the solitary period until the lnst observation of July 2%th, though she came to spend
mes af ber time resting on the comb (Table 27), Detalled procsdures for varbous activitles are described
ns follows,

8} Provisioning of larvae

The food of larvae in Fegpe is of two dvped, Bowid and solid. Immanee larvae, 15t e 3rd Insars, are feod
only on liguids, On the atber hand, $1th and 5th inatar larvae, except for those of ¥ raopdos, are provisioned
with bath Hguid amd sobid. [n the case of solid foods, & queen, having finished malaxatlon, approaches
a groap of lasvae carrying the Mesh pellet with her mandibles, From the front of the peller 8 small morse]
is eut off and placed on the larval mowhparts. This proceduse &5 repsated until the entire peflet has been
disposed of. A singhe pellet is distrlbared 1o 3 ~ 7 maturs larvae After worker emergenes & part of the prey
captiered by the queen is frequently shased among workers 85 soon 85 she returns 12 the nest, The queen
may abtaln a foad pellet from a foraging worker or a makaxating one on the com®, Ones the guesn beging
o Feed the pellet to larvae, she never shares the peflet with workers, Having finished provisioning the Banvas,
she usually performs & cheaning behaviour with her legs and mandibles. Then she begins again b approach
the larvas and to feed Hguid, sucked from the prey during malaxation, to the larwme in such & manper that
she gets the iongue mear 1o the mouthparts of the larva, In the case of liguid food contnining carbohydrates,
shie first cleans the legs and antennas soon after the fomging trip, Then, she begins to provison in @ smilar
way. The gueen continues provisioning the larves with food after cessation of her foraging activity though
the frequency becomes wery low. The last distribution of liquid carbohydrates by the queen was observed
on July 2Tk, seven weeks after worker emergence. Malaxation and food provisioning ocouphed 170% and
| 5.4%, respectively, of her time on June 3rd amad Sth of the solitary period and 0.0—15,4% during the period
after worker emergsnce in each daytime observation,

Mosisiaro (19600 suggested that For Pofistes chinensis the fesding behaviour of the gueen is released by
cereain stimuli emitted by larvae. In all Fesow species the Sth instar larvae seradeh the walls of their cells
with their mandibles when they require food, and this performance apparsntly serves 10 atiract adull nurses.
In ¥ rfropica the guesn taps with the mid- and hind legs on the comb for o while when she relured 19 the
mest with Food i her crop. This is regarded as a singnal system in feeding activity between sduls and larvae.
by Mest construction
Budlding activities inside the nest include such diverse operations as converting rw materials nte pulp, making
the pedicel and painting & lustrous substance on its surface, making cells and lengthening their walls, mak-
Ing and enlarging the envelope and puiting paste on cocoons. These tasks are chiefly scoomplished with
ber mandibles and fore legs. Materials for nest building are gathered not only from the feld bul fram within
the nest. The gueen frequently scrapss the bottom part of the envelope or the upper edge of & cell and
Incorporates the material again into the ness structiure. Without gathering the material, she sometimes pe-
thing sfll moist parts of cells and envelope recently elaborated by workers,

The quesn of ¥ crebro spent, 2008% and 12.6% of her time in enlarging the emvelope in the solizary
perted on June 3nd and $th, respectively, With the appeamnce of workers the time spent |n pest building,
In swuch activities as coating the pedicel, lengthening o2l walls and enlargement of envelope, decreased 1o
§.6% of her tlme observed and cell initiation was never been chserved after worker emergence. Retlrermen:
from bullding activities advances through four steps in which the following processes are successively
eliminated. (1) Inidadon of cells, (2} Enlargement of cells and envelope with nest macerials which she herself
has collected from the field, (3) Enkargement of cell walls with ness materials collected by herself within
the nest, (4} Be-enlargement of cell walls without nest materials, This behaviour contineed for a firly long
thmse after the emergence of workers. 1 observed the quesn rethinning & moist part of & pesipheral ceil in
a defferent mest of K crebro with sbout 150 workers on Angust 15th, 1965,

Inall Fespa species the nest material collectad by @ queen or worker is always processed by the collector
hersell over 8 whole procedure, and & used for one perpose &5 also exhibited in Pedistes wasps (West-
Esnnsnn 15969,
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¢} Mest preservation

This includes swch 1asks as nest cleaning, nest defencs and regulntion of nest tempersiure, thess mosly
bzing made less intensely than by workers, Behaviours for nest preservation by the quesn of ¥ crrbire are
rare &fter worker emergence &5 well as in the selitary period, The following behaviours were observed ance
in each case (1) Coating the pedicel (Tune 16th), (2] Remeval of the fragments of the cap of 4 cocoon which
had been cut away by an emerging worker (Tune 26th), (3) Fanning (July [s1), (4) Regurgitating the water
on the caps of cocoans (July 22nd), These disappear with the increase in namber of workers, eventally
being k=fi entirely to the workers.

d} Crvipostion

In all Wespe species the oviposition process consists of a linked sequence of: pre-fixation (eell inspection

Fig. 53. Eggdaying workers of Wegpo crobeo In an arphan eplomy. Three of them ame inspecting the epgs deposived,
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and insertion), fixation, oviposition, self-cleaning, abdomen withdrawal and food intake (almost entirely
larval secretion), The dumstion of oviposition from the fixation 1o the sxiraction of the body mnged From
£2--82 seconds (m=136.7, n=1&) for ¥ ombro queens, (Fig. 52), On the other hand, in the case of warker
aviposition in the same specizs, the layer stays az the o2dl for a while afier oviposition and continues 1o
inspect the sgg deposited (Fig, 33 The oviposition miz of & ¥ owbr queen did not reach 10 egg per
howr through the observation period even after worker emergenee, The number of eggs laid per doy was
0-5 gpgs in the sofitary period and an average of 4.8 eges (max. 14, Tuly 2ih] for 49 days afler the amengence
of the first workers. The shortest pause beiween successive ovipositions was X mimwdes on June 25th, On
the ather hand, when the worker number reached over one hundred, the number of ovipositions increased
mpidly, probably reaching more than several iens per day,

¢l Resling

The most remarkahle fenture after the emergence of workers is that the queen comes o spend most of her
time at rest o the comb, with only occasional cell patrals and rophalkaxis with workess and larvae The
gueen of F o spent only 3.0% and 21% of the total tme of observ@lion resting on the comb on pwo
days of the solitary period (Table 25), respectively, Alter June 10t when the workers emergsd she was fre-
quently seen resting on the comb, and afver Tuly Gth when she stepped loraging activities, most of her time,
£9.1—97.9%, was spenl i resting on the comb. However, after early Augost, the resting thme of the gusen
seerd 1o decrease 10 some extent with & earresponding increase In the number of cells ready for s leying
as the number of workess fncrestes

2, Relations between labour and age in workess
I} Emergence of workers

2)

Woarksrs emerge from the pupa ingide the cocoon and spend 6— 10 howrs i thelr cells in order that the
wings and integument can harden belose they emerge from e cells. Ar the tdme of emergence they seerste
stlivary Mueid which belps 10 molsten the cell cap and to make egress easbes. Then, they gnaw the cocoon
ciyp wilh their mandibles from the inside and cur & ragged hole toward one side of the end of the cocoon,
It jakes about 30-40 minutes fram the beginning of cocoon gnawing 1w the thme when they ger out from
the cell. During the whole process they get ne belp from the older workers In the nest. On the other hand,
when Bomibus species workers emserpe, they &re helped out of thelr cocoons by several workers in the nest
(KaTarass 1966)

Behaviours of warkers soon aller emergence

Mewly enserged workers immediately seek out full grown larvae and reccive salivary secretion for cheir Tirst
fpad &5 an adull. They do nof trim the ragged edges of the ol which they have just lefi but kave this
sk for the odder workers. They move very |btle and spend most of their tms throsting their head and
abclamen flo emply ar egg cells al the centre of the comb excepl Ffor oceasional food intake from larval
secretion, wll-=leaning and sbow walking on the comb for the first day of their adult life, This apples in
all five kespa species (Tables 28, 29, Figs. 54-56)

Etraniclal activities are very rare for the first day A fow ooceptions have been observed in a nest of K
o (C6600) in the sarly nesliig stage In thds nest the following behaviours were observad by seven workers
ance in each case: (1} Re-enlargement of the cell wall withoul st materlals (three worksrs), (2) Enlange-
mient of the cell wall with nest materinks collected by hersel! within the nest {one worker), (3) Enlargement
of the envelope with nest matenials collesied by hersell within the nest {one warkec), (4} Malaxation of prey
with provisianing fo lirvie [one warkes), (5) Cleaning 8 foraping worlker soabked with rein in the field {one
worker).

As early a8 their second cdsy they begin o engage in o varlery of intranldal setlvities, sach ps cell initia-
tion, cell enlargement, provisiondang brood and termonegulation ee., thowugh they are gble to be distinguished
from older workers by their body cplowr. Some of thesm make thelr frse Night ac 2 deays old, ns soon as
ihey are endowed with flying ability.

3 Orienfation flight and fraging trips
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The firse flight was observed at 2 to 4 days old in 247 individually marked workess of the fve Megpa species
(Table 30y When a warker first leaves the nest she makes two or thres orlentation fights during the course
of which ahe learns the position of the nest entrancs relative 1o nefghbouring objects. The worker first
Tlies sirakght owt of the nest for aboud 20~ 3cm, then turns to face the entrance, fying slowly with te-
and-Tro movement, Sl facing the sntrunce she extends gradually the distance from the nest to some 3 =5
metres, and then abrupily returns 1o the pest, The sscond flight is uswally carried out on the same day
in & smilsr manner o the first, but the distance from the nest & exended to 15~ 20 metres, This may
give the worker sufficient information though some require o thitd orientation flight. The first orlenta-
tlon flight ook for about 70-100 sxc. and the second decrensed to 130-150 sec. In many Mespa workess,
The first foraging trip is performed after the second or thisd orlentation fight. During this trip the young
worker collesis all types of loads, such as pest materials, warer, lbguid food and prey, in & similar »ay to
older mres in the feld,
4} Actlvitles of marked workers during their sdult Efs
The activities of each of the marked workers of the five specles, during their adult life are summarized
in Thbles 28, 29, Figs. 54~ 56, These results indizate that the workers of Mespo take an active part in the
affsirs of the colony very soon after emergencs. They began to perform & variety of intranidal activities-
brood care, nest construction and nes preservation- s early as their second day. They formgsd after only
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a few days. Thereafter, both extranidal and intranidal activities were found in workers of all age ranges
and all of the workers daily performed foraging activities until their lagt day alive, Judging from thess
results, wogether with more observations on other individuals, it is cerisin thar a division of labour based
upon age difference is not established in Vespe workers, unlike some Megpula workers in which there is
sorie correlation with their age (Eowarps 1980 from Porree 1964)
Another Important featwure in the proportioning of time spent in variows kinds of activity is that Pespe
workers spent abour one balf of their time during the day resting with or withowt slow walking on the
comb. These unproductive activitizs are regarded 25 providing a stand-by work Foroe which can be recruited
whenever conditions changs and the colony needs 19 meet & new sifeation,
Similar results have been obtained in Apir meliferr workers, which spend about two-thirds of their
time gicher resting or wandering through the interior of the nest, an activity that Linosver (1952) refers
to a3 patrolling. He sxplained that these ewo cutwardly unproductive activities enhanced the capacity
of the colony as a whole {0 respond f0 capricious changes in the environment, This account could be
applied to the Fespa worksrs too, and the daily life of workers B In general a repetition of the cycle con-
sisting of resting, patrolling and performance of 1asks as stated for the honeybees (Sexesuonn and Saxacasn
1964),
Thbkle 29, Per cent of time spens In each activity of a single Fespa anmll worker[o.4) during its lifetime.
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Tubde 3, Age when fese orbentacicn Mlghts wese mads by Feroo workers,
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3. Division of lsbour in an orphansd colony

It is well known that when vespine colonies lose Lhelr gueen, some workers begin ovipositing within several
days (Marchal 1896, Ishay 1964, Pouer 1965, Montagner 1967), and the colony continues wntil the disap-
pearance of the last workers (Marmsuors 1568), However, no detalled accounts of the division of lnbour amang
in orphaned colonkss has been published.

In this seciion some features of the behavbour of laying workers are described in relation to the division
of labour among worksrs. The follewing information ls mainly based on the data from & nest of ¥ erglis
(&6T05), in which the queen was removed actificially on July 24th, 1967, and then returned o the nest two
days after removal, The quesn was aitacked and killed by some workers immedintely upon resurniog,

1) Behaviour of workers and colony development
Disorgamization of the colony began with queen removal and some workers fought one another on the
following doy. Fighting among workers continued for thres days and thres workers left and never again
retarned 40 the nest. On July 29th, & workar (Na. 1) began 1o oviposit and, thereafter, the colony recovered
the Iost cohesivensss, She became dombinant in her relations with the other workers and frequeently persecited
them (Table 317, This deminant worker was the only egg-layer and survived until a disorganized siate of
the colony occurred on Sepiember 281k,

Tabds 31. Divislon of Iabour among 10 merked workers of Vaspe amalis (B an arphan colony {AST0Y) during
a boinl of 0 days (70 hours observation) afer 1k dearh of 1he quesn, Mumbers give the total nombers
ol times =ach task was performed.
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Fig. 57 shows the fluctuations in the number of workers, cefls and of nest contents during the period
from removing the gueen to the dBappearance of the last workers, The maximum numbsr of workers
reached 28 on Awgust 19ch, and therealier decreased. The immature stages under the quesnTight condi-
tion all reached the adelt stage and all of them emerged 25 workers. The rate of worker smergence wis
A1 individuals per day on average, during the periad [ram July 268h 1o September 4th, when the lnst
worksr emergad, On thee other kand, the makes emenged from September Ist and thereafier continued
1z emerge even after the disappearance of warkers. 11 is assumed thal all these males were produced from
eges lnid down by worker Moo 1L

The rates of cell constructlon [n the colony were considerably lower than thase in quesnright colonies
throughout the observatlon period (Flg. 5Tk The tolal nember of c=lls construcied afier death of the
quezn was only 17, and 8 odd cells were destroyed by workers. At the last observation on Sepiember Mkh,
the nest eonslsted of two cambs with 169 cells,

Division of labowr amang workers

Tabde 31 gives the individual differences in function smong 10 marksd workers which remained in the
nest alter the death of the queen. As stated in the previous section, worker Moo 1 became very aggressive
and was always dominant in her interactions with the other workers, She frequently soliclied from other
workers apgressively with mouthparts. This worker stopped her extranidal activity on the death of the
gueen and specialized in oviposition, ie., she became the sole egg-layer among the workers of the colony.
All 4% exarmples of oviposition observed were exclusively done by worker Bod, Judging from Fig. 57 and
Table 31, worker Mo, | oviposited .73 eggs per hour of observation and it is estimated that 8 1ocal of
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408 egps were Inid in 61 days, an average of 6,7 eggs per day (maximum; 24 eggs on August 28k). Worker
Mot continued also 1o malaxate prey For provisioning o the larvae as long as she lived,

All the marked workers except for warker Mo, engaged in all extranidal activities during the obaerva-
tion period, Activitiss indids the nest other thap oviposition, such as nest construction, brood care and
mest preservation, were shored by all workers in the colony including worker Mol
Characteristics of laying workers
The laying warker Mol in the coleny became easily distingaishable from the ather workers on the basks
of her external features, being chameterized by the loss of bedy hairs resulting in 2 black shining body.
These external fentores of the laying worker in an orphaned colony show a marked resemblance 10 the
queen in populous colonizs of the same species after August (Marsuurs 1968, 1974), and this “substin-
tion quesn” was frequently observed in orphan nests of the same species taken from early August 1o early
Movember (Tables 32 and 13),

In these substitution quesns the los of bady hairs was conspbovows on the gena and mandibular base,
and on the thorax and abdomen, s reported B K sfmiliime by Yasane (1974).

There are some distinct differences with regard w0 the ovarian development of the workers beraesn
gueenright and queenless colonies. [n the queencight calonies the majority of workers had undeveloped
ovaricles with incipient consirictions or with distincl consteletions marking the appearance of oocytes
iFig, 58), except one of the workers which posssssed developed ovarkes with mature oocytes in colony
A 7520 collected at the end of the season. On the other hand, In queenless colonies, the proportion of
warkers with @ number of mature oacytes a3 well as suceesslvely developing ones (Fig. 38 and Teble 33}
was very much higher compared 10 thar of workers in quesnright colonies, and some of them possessed
ovnries with fully matired oocries not very diffesent from that of guesens (Fig. 38k In an analysis of ovarioles,
the largest queen oocyle was 3.4mm long aond the largest worker ane was 3.3mm long, and the numbes
of ovarioles was 7/7 (left/right) in gueeens (n=12) and &/7 or 7/7 in workers (n= 33). Forthermore, the

Thbde 32, Cnvarian developmen of Fespe auaiis warkers in quest-right solonles.

T e —
Wa of workess (n ench siage of Tital md. of
Hew Goilt Date pvarian development® wdul harsets NEE.II:T
I noooory ' 8 & 3

] Jul 23°%6T 12 ] 0 a 1 17 [} o 142
A7 Jul30°T: hli} i 0 a ] 14 [} [} 108
ATEIN Ausg 14'73 1 | | a ] 4] Qo o Pk
ATEY Aug. 203§ RE &7 1 a 1 143 o 1] i
ARTOY Aug. 3d4ET o3 ] (H a 1 40 a o FrLS
AGTIE Sep 167 1z | [ q 1 3] ] e i
AT404 Sep 274 £ n (i) a 1 55 il a e i
ARTIZ Sep 46T 1% [ (0] a 1 100 u} a ]
ATZI Sen. ¥ 48 LTi] o 0 ] BB u} a 111
ATIIZ Sep.13'72 azx T i} 0 1 M a a i
AT406 Lepdr14 X7 25 L n | 53 9 i 244
ATIN Sep 2373 3z 20 I 1 1 51 fi It &l
ATIZ Sep 2373 43 40 [} ] | E3 3 4] 38
ABSI0 Sep 246K i3 24 | o | i [} il LT
ATIA Sep 24T 7 13 1 o 1 21 B 4 225
ATHE Sep 2571 ¥ 43 2 o | (L] kB 24 153
ATEIT SepITTS A9 Fl] a (i | o 0 34 i
ASET] 21, 6'aR 4K T ] o | 126 0 ki T30
ATTI| Ocr, 7758 14 4 1 L 1 3B 0 25 424
ATIIS O, 1072 14 B | i} 1 kL 1 £1 ] 445
ATIID Gl BT 4 2 1 o 1 i 1 k1) s

* Sae Fig. 38
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Tabl: 33. Owvarian development of Mespo awaliy workers In queenless colonbes,

- —
o, ol workess jnoeach plags of owarisn Total mi, ol
Mest code Date il sl i Ht?llfr
I I 1] 1w fj W 5

ATI09 Ang, 173 ]| 1 2 ] 2T 0 w 41
ABTON Aug. 1787 B ] 1] ] | 341 il 13 463
ATIOS Aug, HFT3 11 £ b i BAN) a 4 452
AT Aug P & 3 i 1 B0 0 a L1
ATH2 Aug, 20773 I 1 4 4 1340 i ] 120
ATINA Sep2'73 i 11 n 1 T(1) 0 4 159
AT Sen 23T 3 1z IE 1 45 = 7 15h
ATEIG Sep2eT7s £ 2 i} 1 0 L1 I
ATIIA Oz, 1'73 12 12 n ] 5301) i il |
ATHE el &72 k| g k! 15 &1} 4 &3 T4
ATHT Cel. TT48 0 pa] | 14 4 5 4 £
ABS0 et 106G 5 10 ] 12 EET 1 11 TR
ATLIA Qi 7a i i 1 1 BiE il k2 w02
AETIT izt 14'67 [ 1 19 1 30 il 12 40
ATIIL ez, 1971 4 1 1% I 24D EI & T
ATIN Chel 24771 i} 8 10 1 1800} 4 % 313
AT522 Cict, 2974 il i ] I a0y i 13 75l
AGE27 Mo P68 f 1 1 I i i i BE
AT Mow, 4'71 I T | I EE(1 ] I a 6TS
AGS0S Mav, B'69 L | 19 2 S & ] 457

*® Se Fig. 58
** Yalwe in paremtheses is the number of subsitue quesss.

i

| 4
§ ,_

Flg. 58 Ovaries im Fegpo amalls worker{l = 1) snd quess (righi): 1= 11; usdeveloped, 101 moher developed,
I%: developed, fodlowing koss of quesn,

number of fully maiured ooeytes was 8 10 13 in queens (n=13) and 7 10 14 in workers (n=33L These
dats Indicate that there are few differences in the size and vofume of ovaries between queens and warkers.

In the guesnless colonies, however, it is oot clenr whether all the workers with fully matured cvarioles
could lay eggs or not, because the substitution guesn in the colony AGT05 was the only individual observ-
ed ovipositing, and the number of substitution gueens was always one in the other queenless colonies
In the same speches (Tabke 33,

In addition to the external features, the substitution queen is charcterized by a remarkable prelonga-
thon of s life span, compared with that of workers in the same colony, [n colomy AGST03 the substitution
gueen died on Seplember 280, thus she survived for as much as &7 days after the death of the founding
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Table 34, Lomgevities of bespe analls workers in an arphan cofony (AGT05).

—— =
Mo, af
lIfe span {in days) indi., Time of death
ahser.
Worker Mo 1 (substilute quben)® =T 1 Sep. 28th 67
Warkers, not laying** W o=223esd 09, Ronge: 3. 45 4 From July 25t

1o Sep. 19th

* Date ol smrpinde B usceriabn,
## Thesg emerged froen lne July 1o esrly Augusi

gueen. The lopgevity was abouwt three limes as long as the mean longevity of the workers which emerged
from late June to early August in the same coloay (Table 34}

4. Drscussion

[} Behaviourn] change of quesn in sarly nesting stage
Oine of the most chameteristic features in the sacial insects is the functbonal division of labour betwesn
reproductives and non-reproductives. The vespine wasps are generally conaldered a5 represeniing the mos
advanced singe of social waips, sxhibiting a marked differcaclatlon of two female castes, the gquesn a
larger and almos exclusively egg-laying female, and workers -amaller, sterile females and exclusively
haplometratic nest foundation (&t least in so far siudied temperate specles). Throvghowt the solitary period,
the queen behaves a3 if she were & solitary wasp, With the emergence of workers, her behaviour vanes
in both quantity and guality in the cousse of cobony development,

In the vespine wasps, Vorcane (1932) kas observed in Dolichovesprle media that the queen would con-
timee to forage and build a nest two months after the emergence of the first worker, but in this colony
the nomber of adulis was only twelve Broaw and Brias (1552} reporied slackening of gueen lomging of
Drofichovespule syivesivis saon aler the workess starmed foraging, althowgh it @5 quite possible that she
had reduced her outdoor acstiviey sacller; she was not seen to go out after the 33rd day, but one queen,
which produced anly three workers frequently beft the nest as late as the 30th day and this change &5 pro-
bably related in some way to Lhe presence of foraging workers In Hespude germionicaand ) vislgaris wilk
popilons colonies, Srracnery {1955} sated the cessation of exraovipositional duties by the queen when
foar or more worksars were presenl. SHios (1959) observed in Fespude Taviceps that the gueeen had ceased
to leave the nest with 1) workers on June 10th. As to Fespa species, lsway (1964) reporied on V) oriesializ
that the workers aided the queen in nest constructlon and larval nursing between mid-May and mid-Juse
in Tsrael, and the queen, then, principally occupled herself in oviposition without going out. In ¥, onailis,
a quesn stopped ber extronidal astivities when slx workers were prasent in early July though she still con-
tinuesd some intranidal activities (Marsuuka 1974)

The previous reparts hove dealt almost excluslvely with foraging behaviour of the queen. Litle atten.
tion has =0 far been paid 4o intrenidal actbvities of the guesn in the early nesting stages, Even after the
queen of Fespa ceasss to leave a nedt, she eoalinues Lo engape In inslde work, i2 cefl snlargement, provi-
gion of malaxated prey and Bguid to the larvae and thermoregulation, for about & month, Thus the
cooperative nesting stage between gueen and workers lasts for about 30 days after the emergenes of the
first worker in the nest of ¥ orgbr On the ather hand, in Mespa froplea, which has the smallest colony
cgize pmong the Mespo species in Japan, penesally similar o that of the Japanete Polisies in colony size
i MaTsurrs 19700, the queen participates in intranidal sctivities not anly soon after emergenes of worksrs
but throughout er life (Marsuurs 1974). These Facts suggest a posalble correlation between colony size
and gradual change of queen nctivities in Hespa spedes in such a way that the larger the typical colony
size of & specles, the earlier this occurs, though such change is obviously related in some way to the presence
of workers, especially foragers,
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In polistine wasps the 1asks of cobeny-building and brood care are shared by the foundress and workers,
thaugh the farmer & wiually the sole egg-laver and she kas at least four distinetive behavioural charaserisiies:
epp-laving, superior dominance, cell inltiation, and specialization in pulp foraging (West- Evechard 1969),
Wesl-Eberhard podnted out that eell inbtiatdon and pulp foraping by the foundsess of Poifses e
clharmeleristics directly ascosiated with develaped ovarles or dominance ag shown by the experiments af
Pomon (1248) In Polires diniter, the fowndress 1aked 8 mass of pulp lrom a relurnlng worker 1o con-
atruct pew cells at the edge of the comb (Mecuenee and Micuenee 1951

On the other hand, mo Fespe queens engage in celdl initiation after worker emesgence, even in ¥ rropice.
The nbandonment of cell initlatlon by the gueen |s probably correlated with larger colony size. Even in
the cooperniive peried, the mode of [ife in Mespals regarded 3 more differentinated than in polistine wasps,
Furthermaore this period may reflect a primitve polyechism betwesn gueen and workers in the earlier stape
of secinl evolution passed throogh by Vespr species.

2} Relations between labour and age in workers

L)}

Age-conditionsd polyethism has been recognized among the workers in a colony of the haneybee (Risscu
1925) and wnts (Supp 1967, In social wasps, polvethism according to age is weakly defined, Podster fod-
wigadworkers do not forags until about 8 week following emergence and the older workers have a great=r
tendency {0 participats in domestic work, but there s otherwise no clear scheduling of rasks ( Yosmmaws
1963}, In Fespud species, Shida (15955) reported in K Mavicepsihat collecting nest materials was chisffy
performed by older workers, According to MornTsores (1967, Hespiele workers assist in nest building during
the firss few days after emergence, and then they also begin to feed larvae; finally, some individuals add
foraging to their repertory, Baisn and Briaw (1952) stated that the workers of Dofickovespala sptvesiris
azsssted m the malaxation of flies browght in by other workers very soon after emergence and foraged
only a few days aftsr emergence, Gav (1948) found in his observations on some colonbes af Fespriz and
Dofickevespula that no age distinction existed which might predetermine the eccupation of any worker,
In the case aof Fegpa, o similar pattern has been recognized and the workers take an aclive part in various
tasks of the colony very soon afier emergence.

Om the other hand, in the workers of the honeybee, Apifs meillifers, some activities depend on particular
physiokegical conditions which are age-conditionsd; for instance, food discharnge from the hypopharyngeal
glands and wax secretion on wax glands, eic. (Kiea 1933). In Mespo spectes b ls likely that the workers
have no schedules for nursing and nest construction which are lmled by glanduale sstiviey as is known
in the honsyhes Thersfore, it appears thas Merpa workers can perform any tasks & few days afler emergence,
Division of labour in an orphaned colony
[n the course of colony development a considerable number of colonies lose thelr queens by aceldent
ar natural death after the emergence of workers, Mevertheless, most of these orphan calonles survive for
maore than a few months and. frequently contribute to male production,

Mazciear (B3} first reparted in his studies on Fespuls spp. that workers developed thelr ovarles sson
after remdawing the gueen, and some of them began ovipositing within 10 days. In Fespuralsn, it is observ-
ed that workers oviposited ssveml doys after the queen's death (L=aay et al, 1965, Marsuurs 1968). These
cites indicate that some workers of vespine species have the potential ability to oviposit [n the crplianed
condition in spite of thesr differences in morphological and physiological factors (Tasamiaree 1952, Bracirs
[958, Srrananzy 1965} In the case of ¥ onelis it is recopnized thet such laving workess are different
from the other workers in orphaned colonies and are charscierized by the folowlng polats: (1) il primary
or sole egg-layer, (1) loss of halrs on the gena and mandibular base and polished head, (3) cessation of
all extranidal activides, (4) the most superlor dominance, {5) recetving a preat deal of faod from the ather
workers, (8) remarkable prolongation of Hle span, OF these charmceristic, (1) (2} and (3) are common
to those of the guesn of Wegpaspecies In a populous colony, and agonistie behaviour fivvalving dominance
relationships is virtually absent berwesn queen and workers, not only &t foad exchange but throughouot
their encouniers, On the other hand, in colonkes of the mose sacially primitive veipid wasps, such as
Mischocwitarus drewseni and Pollstes spp., the divislon af labour beitween queen and warkers is principally
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broughs abkauat h}' hehaviouml dominance (Yosmwaws 1963, Mowaoro 1961, West -Enersann 19450, Jeamwn
1972). A similar case is observed among foundresses of Podistesspp. in the primary pleametrotic colonies
of B anmwleris (Rau 1940), 8 gafliews (Paeng 1943, Decvuwancs 1955) and 2 wersicolar (Ricnanns 1971,
In these species the colonies are founded by & number of &lmost equipotential, mosly fertilized females,
and the one with the most developed avaries becarmes the gueen which lerages much less than the subor.
dinates or workers and receives a good deal of food from tsem; the others edtber become aeting workers
with ovarian regression o leave the nest as a resull of competition.

In Kespa all warkers In queen-right colonles seem 1o be almost entirely squipotential in reproductive
functions compared with that of the queen. The conditions in the absence of o queen in the coloay of
¥ aralis, being of 8 small coleny size, are very similar 1o those in a pleometsatic colony of some Polisres
spp. &4 above mentloned. Therefore, it seems likely that the dominant worker of F erafis controls subor-
dinates and prevents the development of ovariss in subordinases, which involves all the workers who emerged
alter the death of the quesn.

However, very liitle aggressive or agonistical behaviowur was seen after the establishment of the substin-
rion queen, which became characierized by the polished head and the loss of body hairs like the queen
al the specles,

V. POPULATION DYMNAMICSE

Hamets of the genus Fespa possess A complex mode of ife, and their annoal cyele i fundamentally
divided into two basic phases, solitary and social, ench of which occopies about hall a year. Therefore,
variaus thearies of population ecology which hove been applisd to most conventional andmal populations
are nad applicable to the case of Fespa species without appropriste modifications,

In this clapies, the population of kempw species is trented af two levels, individual and colomy. At the
inddividual bevel the survivorship of colony members is mainly discussed in relation to the life tables obained
From workers ln nosmally developed colonies, As the colony level | desl with some ohservations on the sur-
vival of nests, cobany development and annual Muctuations of nests and sonse factors affecting them.

I. Survivarshlp curves af Fespa workers

IV Length of developmental stage
Table 15 shaws the vartabilty of each stage and the total domtion of brood development in workers of

Tuhle 34, Length of each developmenial sesge I five Vespe workers [in days) and the size of sdish wiockers,
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* Meas of 10 workers for each specles
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five Fesoe speciss. Comparing the data, the lengthe of the Sth instar larval stags vary widely, while the
lengths of egg, immatare larval stage, especially [81-3rd instars, and cocoon stages are fairly constant in
each species, though there seema to be sorme specific differences, Total duration of brood development
from =gg to adull varied on the average from 3008 days in ¥ siorilfime in the smallsst species in body
sige to 20.1 days in F manderieie in che langest specles, and i1 15 recognized that there is 8 tendency that
the larger the body size in adult hornets, the loager the duration becomes among the five species
2) Survivorship curves for all developmental stages

Figs. 59— 83 present siervivasship curves for all developmenial stnges of workers of five Vespo species,
uslng the fellowing paramelens: (1) Is, number ol individuals alive at the beginning of each stage, (21 dx,
aumber of ndividuals failing during each stage, (3} gx, number of individuals failing per 1000 afive ai
the beglnning of each stage. Although atl chese data were prepared fram well developed colonies ai polveithic
period, these five apecles show a general correlation bevween survivership and moriality, and al the sur-
wivarshlp curves indicate basically similar (eatures, La, remarkably low mortality during the immatune
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stages and high moralivy afier the commencement of foraging activities in the adult stage. Therefore,
the survivership curve 1§ & conves [ype, and may be considerad to be curve Tepe | in Deeveor's sense (Duever
1947),
1) Survivorship curves for adull workers

Fig. 64 shows survivorship and mosalicy corves for the same cobors given in Fige 3963, bt deals
with adults alone a1 daily intesvals. Survivership curves for each species are closely similar and in general
the maximum longevity is aboul twice as long a3 the mean longevicy, though it ks recognized that thers
are some differences among them. The mortalley of ¥ tepioe workers during che early aduoli stage is
remarkably low as compared with tha of the ather four species. This difference seems to b2 due to the
differences in their feeding habils and dispositlon as discusssed later, A gradual decrease beging with the
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commencemeil of the (e extraniclal activity 2 or 3 davs alter their emergence i all curves excepl for
¥ orropics, and survival ewrves descend wilk & sigmoid shape in each species,

4} Fale of brood af smergencs of sexuals
The makes and new gueens are produced towands the end af the seasonal oele They Ffeed on the secration
of the 5th bistar lirvae and the food brodght i by the warkess disring the time they remain in the nest.
Howewer, it has been observed that many dead or weakened larvae are taken out of the cells and abandon-
ed oai the ground near the nest, with the appearance of the sexdals (Dupcas 1939,

Table 36 shows the fife tables for all members of the brood of a ¥ tropice colomy(T7401), which i
classified into three pericdd according to the time when the eggs wens Inid; solitary period, co-opermtive
periods before emergends of sexunls and after emergence of sexusls. These dota indicaie thaf brood develop=
meni B clearly disturbed towands the lajer stages of the seasonal oycle, In the case of this nest, the
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‘Teble 35, Life wbis for Hegpo iropice in ome nesi{T7400} ar differen pesalng pericds,

Curntion of
Period cwipositian Developmental Fdx*e e gy gues
(19 Hage
Egg - ! i o
1 - % K] o
E:?:: Imid Ll - 5] o 0
s of | June 9th — Larval m o » 0 0
warkers July 13th instar v - w ] 0
[n==1ane L — 13 o 0
Cocoan - 19 (1] 0
Adult —_ by e
Cannibalism
Eg: by adults 269 7 2.4
Cannibalism
1 TP 262 I 0.4
Eggs laid I —_ 261 (K] i
5 [y ] July ldth - Larenl m — 261 o 0
emergence of Aug. 23rd imslar v _ 261 o o
seyuals
o v Cannibalism
vy nidalts 261 7 2.5
Cannlbliso
Cotoon e B 6 b6
Adult =L 158 25 it
Cannlbalism
Egs by ndults L a5 2048
1 SEarvRlion L) 1 2.8
Eggs laid I Searvation 1] ] 4.3
after Aug, 2dth = Larval
et of Sap 2k nsmr m Searvabon 45 [ o2
:“";_'5:‘} iv Senrvstban L7 7 s
=
Starvatbon and
y i ipinicav? 53 47 Gi1,2
Cannibalizin
Cocoon e g 1 100.0
Adult o — =

= Mo of egps oviposited by the quesn during esch period,
S el

mariality of breod was zero during the solitary period. High moriality occured during the time af e
Sth Inscar barvae and cocoons after mid-August.

[t iz chear from continuous observations that the mereality factors in the developmental steges during
the later period were almost entirely due to cannibalism by workers and the sacrificed larwe and pupae
were maostly those of males or new gueens. This cannibalism is pssumed 10 be caused by the lnck of pro-
teln food which almos: entirely depends on polisting brood, because the colonies of polistine wasps have
already censed thelr brood rearlng after mid-August (Fig. 41),

During thve period after ernergence of sexuals higher mortalidy was observed throughous all developmental
stapes, particularly, sgg and 5th instar larval stages, and no eges were laid after the emergen<ce of the
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sexuals, In this period the mortality in the early developmenial stages Troam egp o 3nd instar larva’ and
cocopn stage was mainly due o cannibalism by workers, But it should be noted that the high mortality
of the 5th instar lnrvae was mostly caused by stacvation, noi by cannibalism as was obssrved at the tme
before emergence of the sexuals,

Table 3T is a life table for brood of ¥ eralis st the later stoges of the seasonal cvele, and all the brood
in the colony{AT207) were identified as sither made or new queen. In this specles & tendency similar to

Tabde 37. Life inlls for Mespe amalis brood from eggs lald by the quesn before &nd afler emergence of the
sexunly in o Best [TT207L

_—— ——————— —
Curniion of | i
Pesiod wipasitlan Devclapmonia Fax*® ks dx** gate
(1972}
B
Egs E":’,!,'f:'.' o 7 5.6
I Caneibalism 17 2 LT
Eggs laid 1 — 1 0 i
i Larval il Canniba ns ! as
emegence of AU [2th — : anmibakism J
i Sep. 24ih insinr v Cannihalism 14 2 e}
(o [24) L3 Cannibalism 11z 35 a
Cacoon Cannibalism 77 14 [0
Adul &3 — -
(¥ SR IT &L
Egg Cannibalism 12 35 41.%
1 Camnibalismn Al 2 4.3
E Isid Ll Cannibalisen e 1 i
after Sep. 2ith ~ Larval m = 43 0 o
emergence af Pov. 10ih insmar v Cannibalism 43 I 23
sexuals
Starvuticn and
(n=82) LW bt 2 3 9
Coaoai Cannibalism 3 3 1004
Adual a = o
* Ene pexi.

W tropica 8 also recogrized. About balf of 124 eggs laid from August 12th to September 24th before
emergence of the sexunls renched the adult stage and 36 new queens and 27 males emerged and departed
froem the nest, High mortality occarred particatarly in che Sth larval snd cocoon stagss, and mast of them
died fram cannibabism by workers. On the other hand, 43.9% of the eges laid by the quesn from September
25th 1o Navember 10th afier emergence of the sexual disappeared during the egg stage dus to cannibalism
by adult kornets, but 47.6% of them disd from starvatlon towards the end of the colony cycle, Only three
resched the cocoon stage but no adults emerged in this period,

Judging from these cbservations, together with ather obdervations in many other nests, il is considered
thit the warkers devote their attention malnly 1o nursing of adult sexuals which have emerged sarlier;
thus st of the larvae fail o be fed becanss of & decreade in 8tlention given to them when the sexuals
emerge. This behnviour of workers may b cawsed by the sitreme eluim for food supply by the adult sexuals,

1. Seasonal changss in the population structure of Mespe colondes

1) Number of cells
Fig. 63 shows the seasonal changes in the number of cells in the colonies of five Megpoe species saamined
durfiig 1966 — 1975
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¥ tropica ;. The hibernated queens stared o build their nests in sarly June, and mest of the colenies
logt their queen in Sepiember and nest activicbes ceased In about early Oclober. Two quesn nest collecied
in mid-June had 16 and 23 cells. The mean number of cefls per colony was 176 = sd, 130 (n=35) in
June, increasing o (280 &+ sd. 621 (n=12] In Augus and 1658 + 2d. 77,3 (n=10) in September,
respectively,

il OF CELLS PLA ATST |=33<0

'
‘Wormsenderinia

a
| ! e +
-:-'EI".! | :

uEI BET | MOVIDEC

IEF ¢

L - L
T

Fig. 64 Seasonal changes in the number of cells in the colonles of five Fespaspecies. Open elrde, queenless
cedany; soléd clrele, quessi-right colomy; large open circle, mosthly mean wich siandard deviation,

¥, grialy : The queens began cherr bullding actvity in sarcly to late May and the colonies Ested aboud
six months until late October 1o early Mavember, though 65.4% of surviving nests bad kast their quesn
among 26 nesls sampled in Octeber, The mean number of cells per calony changed from 69, % 5.4d,
S54.8 (n=15) in July 10 5148.7 & 5.4, 190.0 (n=T7) in early November. Quesnless calonies mereased naticeably
after sarly August and 47.8% of all the nesis which were collected from August to November had losi
their gueens.

F, crabroe @ The queens began their nesting activity in mid-Muy, Two quesn nests collected in labe Moy
had 29 and 31 cells, respectively, The number of colls remained less than about 100 wntil mid-July, and
then increased. The mean number of cells per colony changed from 7676 & sd, P25 (n=7) in Augusi
te LUB4E £ sd. | I1162 (n=4) in Cetober

K, mandgrinda : Queens probably began to estnblish their nests in early May io June, and the nesting
agchivity censed in late November, The queen nests contained 20 cells in early May and 40 cells in late
June. The number of cells increased with the smergence of workers after July, and the mesan number of
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cells per colony changed from 2840 + s.d. 2390 (n=2) in July po 27124 & sd, 984.7 (n=15} in October.
V. simailiiena = Cueen nests contaimed 14.7 cells = sd, 2.1 (n=1) in late Moy, The number of cells in-
creased greaily during early July, and increased again alver July with the achisvement of relocation of
the nest site. Mesting activities were observed even in early December in some nests, The mean number
of cells per colony changed from 5757 = sd. 4356 (n=22) in luly 10 6,087 = sd. 28603 (n=]4) in
Oictoher.

The maximum number of cells per colony so far observed warted from 313 in ¥ tropica to 10,058 in
¥, siwnilfimoe (Table 36), and the pumber of cells prodeced |s ranked a5 similiog = mondarinis = crebeo
= onally > propica

Tabde 38, The numsber of cells in the largest nests of Gve Mg species so far taken in and near Kibi
T

Species Mest code Date Mo, of cellz Mo, af combi
¥, rromica T7105 Fep. 18771 311 3
¥, anally aT7522 DL, 29775 151 4
¥, craben C7M7 O, 22773 4,54) fi
¥, mapdarieio iE403 Mav, 21764 4,651 fi
¥, simififemg L5402 Mo, 23764 10,058 11

[mmalune s1ages

The mean number of immaturss in ¥espe colonies are summarized in Figs, 66 =70,

K fropica: The number of eggs remained at 10~ 20 during June and July, reached 3 maximum of 282
= 5d. [4.5 (n=7) in August, and egg production in most cofonies ended by mid-September,

The number of larvae was also highest during August and the mesn number of larvas was 25,7 = ad,
12.5(n=") for 1st—dth instars and 213 = sd. 1) {n=T) for Sth instar in this month, Fewer larvae of
Ist =dzh instars were found In mwest colonies in September, but the 5th instar larvae remained relatively
constant durlng Seprembe,

Worker cocoons increased from O in June 0 156 % 54, 14.2 {n=7) in Augusi, and disappearsd in
Seprember In most colondes. The mean number of cocooms of sexuals was 18,7 w 5.d, 23,7 (n=10) for
queens and 6.7 + 24d. IL5 (n="T) for males in Avgust, and was T4 £ 54, 167 (n=11} for queens and
4.5 & sd. 7.3 (A=10) for males in Sepiormber.

F erabro: The mesn number aof eggs per eolony remnined [ess than 32 until July, and then reached
g maddmum af 1520 = ad, 138.2 {n=13) in September. Rapid decline occured in early Cctober and fow
epgs were found In most eolontes in mid-Oetaber

The number of larvae was also highest in September and the mean was 174.6 @ sd. 1670 (n=13) for
152 — 4th instars and 2390 + 54, 2097 (n=13) for 5th instar in September. Numbers of tarvaes af all in-
stars decreaged rapddly after mid-October. The maximum aumber af Brvae per colony in September was
A6 far It —dih instacs and T19 for Sth insar in & nest{CT504) collected on September Sih, 1975,

Cocoons were found in low numbers (2 - 27) until July, The mean number of worker cocoons was [23.7
& a4, 1063 (=T} ln August with & maximum of 335 in a nest{CT204), and declined during Sepdember.
Cobonies contained no worker cocoons in October. Cocoons of sexuals first appeared in late Auguesi in
& lew colomnies, and the peak populatiens, which were found with menn number of 85.2 & sd, 1332 (n=10)
for new queen and 1859 = sd. 2755 for male in September, declined mpidly toward Qctober. The max-
imum number of cocoons of sexuals per calony wis 420 for new queen{CT 73075 and 823 for male(CT504).
¥. mandarinta :  The mean number of eges per colony increased From IB8(MT400) in July to 1768 =
a.d. 1207 {n=16} in September and thereafter declined during October and disappeared in late November,
During August numbers of [arvae were probably highest in sach stage. Immatores of 15t~ 4th insiars decreas-
ed thereafter and disappeared by late Movember. The mean number of Sth instar larvae in September
remained 2343 =+ sd. 1624 (n=6) in August and decrensed gradually during Movember, The maximum
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aumber of larvae per colony was 432(M7200) for 15— dah stars and G3T(MT202) for Sth inssar in Sepiember
in 8 mescibdT200) collecied on Seprember 19th, 1972

The number of worker cocoons changed from 950 £ sd. 96.2 in Juby 10 337.2 & 5.4, 286.7 (n=16)

in Septesnber and thereafter declined rapddby, disappearing in November in most coloniss, Cocoons of
sexuals first appeared in late Avgust in & few colonies The number of male cocoons reached a peak in
Ocrober and that of new queen was 883 = sd. 13001 (n=16) in Movember; bath disappeared in December,
The maximum nomber of worker, male and mew queen cocoans per colany was LOS{MT200) i mid-
September, S32(0ME%02) In mid-October and 4907503} in early Movembers, respectively,
K analis: The mean number of eggs per colony did not exceed ca. 10 until early July and thereafter
increased from 180 £ sd. 150 (n=6) In late July to 2.2 = s4d, 36.8 (n="1) in early October, with a
maximum of 99 In 8 neatAGT06) collected an August 1Tth, 1967, The number of eggs declined rapadly
during mid-Cretober and early Movember,

The number of immature larval stages of 19— 4th Instars changed approsimately equally 1o thar alf
epgs throughout the nesting peried, and the maximum number of lmmataree larval scages per colony was
B9 in a nest (AS821} collected In early October. The mean number of 5th insiar larvae remained less than
that of immature stages untl mid-Tune, but increased from less than 20 per colony during July 10 & peak
of 368 & sd. 365 (n=12) in late Seplember. Few larvae were (ound {6 colondes in mid-Nevember.

The cocoons of workers first appeared In early o mid-June The mean number of coconns af workers
increased greatly with a maximuwm of 754 £ sd. 323 (n=14) per colony in lae Avgust and therealies
declined rapldly by lawe September. Male cocoans [trst appearsd in some eolomies during early to mid-
August and were not found b amy of the colonles collested during the period from lake Augus o early
Sapaomber and reappeared after late Seplember in every colony. Mew quesn cocaans were lirie observed
in endd-Seprember. Cocoong of both sexuals were found wiil early Movember, The mean number ol mals
cocoans reached & peak of 499 + cd. 441 (n=T) kn early Oclober and thal of new quéen cocoons flsc.
rusted from 26 + o.d. 28 (n="T) in early Movember 19209 £ sd 268 (n=T) in early October. The miki-
imuem pumber of male and new giseen coooond present per colony was 127 (ATSI9) and BO (A6221) in
catly Oetaber, respectively.
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F. simillime : The mean nuenber of egps pr colany changed from 7.3 o 5., 3.8 (n=13) in late May 10
342 = sdd. 2085 (n=9) in mid-October, and therealer declined during November, then disappeared
im early December. The mazimum aumber of epgl prstent per colony was 1,255 in o nestST00) collected
an Seplember 17th, 1970,

The mean number af Immatuse laree Muetuarsd spprasimately equally (o that of eggs throughout nesting
perind. The maximum number of imaarae laral 2ages per colony was 1,218 in the nest mentionad above,

The mean number of Sth Insiar larvae was alse approaimately equal o those of immature larval stages
until early Auguet, and therealier Ouetuated from 2213 = 64, 2089 (n=8) in mid-August o 1270 &
sd. 184 (n=1}) In late Movember with & maxlmum of 5884 = s 1923 (n=10) in lnte September, The
maximum number of Sth insiar larvae present per colony was 1,336 in a nest (56902 collected on October
dth, 15965,

Cocoons first appeared in early Juwme The mean number af worker cocoons increased rapidly com-
pared with that of the other Hespe specles, and reached a maximuem of 5634 = sd. $96.7 (n=10) in lnze
Augusi and thereafier decreased 1o 2.2 + ad. 4.3 {n=12) o lae Ocrober, then disappeared by mid-Movember.
Male cocoons first appeared In mid-Auwgust In a few colonies, but were not found in any colonies callected
in lnte Amgust. During the period from early 1o mid-September 8 out af 24 cobonies contained male co-
coons and the percentage of the colonies with male cocoons reached HO0%(B/10) In late Seplember, The
mean numb=st of male cocoons was 62000 = sd. 3321 (n=11} in early Ocrober and nereased 1o 6580
a 5o, 4454 (n=12) in late Cctober, and thereafier decreased rapldly durlng Movember, The maximum
namber of mal: cocoons per colony was 1,743 in a guesnless nest (S7021) collected on October 215t 1970,
Mew gueen cocoons were found during the period from late Augost o November. The mean aumber of
cocoons procolomy remained less chan 20 until mid-5eptember and thereafier Increased rapbdly 1o 5116
& sd, MI0 (n=12)in late October and then declined during Movember, The maximum number of new
queen cocoons per colony was (38D in o pest (S6606) collected om October 27th, 1966,

1} Adult hornets:
K troplea: Workers began to emerge in late July and a few of them were still present in mid-October
(Fig. 71k The mean number of workers per colony was 0.4 @ s5d. 0.8 {n=235) in July and increased o
I2.6 & sd, 9.2 (n=12) in Augusi, and thereafier declined during September. The maximum oumber of

o
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Fig. 7L Sessomal changes in number of adults in colonies of Fespe reopdion, Open srele and vemical lime n-
dicile maonthly méan and slandand deviatica,
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wirkers present per colony was 40 in a nest {T7303) collected on August 23rd, 1973, Makes began to emerge
in late August, In Ssptember the mean number of malss per colony was 4.9 = s4d, 8.9 (n=13) with a
maximum of 3} per colony (TTI04), Mew quaens also began 10 smerges in late Ausgust. The mean number
of new queens was approximately equal to that males throughout the emergencs period. The maximum
number of new queen per colony was 32 in o nest (TTI05) collected on Seprember 19th, 1971

¥, erabro:  Workers began to emerge from mid- to late June (Fig, 72), The mean number of workers
increased from 1003 & sd, &7 (n=3)in July to 1624 = sd. 742 (n=012) in Seplember with & maximum
of 426 in & eolony (CE502) collected on Auguit 30th, 1963, It decreased mpidly to 522 = sd, 58.3 {n=11)
in Ociober and workers disappeared in mast colonies in sarly Movember, The first males appeared (ram
mid- to [ate August in & few colonies. The mean number of males changed from 1,7 = sd. 41 (n=T)
in August to 515 m sd, 130.] fn=11} in October. The maximum number of males was 434 in a queenless
nest (CT508) collected on October 1st, 1973, New queens lirst appeared in a few colonkes from enld- 1o
lnie September, The mean number of pew quesns wis 3189 = sd. 712 (a=11}in October with a maximum
af 217 in & nest (C7405) collected on Octaber 13th, 1974, In Movember new quesns weare not found in
any colonies,
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Fig. 72. Semsonel changes in namber of adults in calonies of Hefpa corbro. Open cimcle and vertical line
indicate moathly meam and standard deviatioo.

F. mandarinie :  Workers began 1o emerge from mid- o late June (Fig. 73, The mean number of workers
inereased (Fom 47.0 £ sd. 46.7 (A=2) In July 1o 178.6 + ed. 1402 (n=4) in Seprember with 8 maximum
of 514 in & oest (MT7202) collected on Septesber 19th, 1972, Thereafter the numbers decressed to 9.1
+ 5d. 602 (n=16} In Movember.

Males first appeared in a few colonies from late Avgust 1o Sepiember. The mean number of males in-
cregsed from 119 = ad. 30.2 {n=14) In Sepramber to 740 + sd. 970 (5=16) in Movember when all the
active colopies contained males, The maximum number of mabes present per colony was 284 In a nest
(METOH) callected on Movember 25th, 1967,

Mew quesns wene not foupd i any colanies unsil Movember excepd for one mest with only & gueens
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Fig. 7). Seascnal changss s nambér of sduls in colonies of Ferpo mawdariaig, Open circle and vertical lins
indicate monthly mean and siasdard deviation.
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Fig. T4 Seasonal changes in number of odules in colontes of Hespe aamtis ([0-day means}.

(M7402} collected on Oetober 17th, 1974, The mean numiber of new queens per cobony was 7d.] & sd,
57.0 (n=16} in Mowembar with 8 maxdmum of 396 in & sest (M7403} coflecied on Movember Znd, 1974,
Adull horpets were not found in colonbes excavated in December,

K. analis:  Workers began to emerge from late June to early July (Fig, 74k Their numbers did not sxcesd
20 per colony until late July and thereafter increased rapidly during the time from mid-Acsgust o sarly
September. The mean number of workers per colony fluctuated between 36.7 & sd. 24.7 (n=5) In late
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August aad 549 £ 54, 525 (n=9) in mid-August. Mambers of warkers declined sharply after mid-Qctaber,
and workers dizsappeared n mid-MNovember. The maximum number of workers was [42 in 2 nest (AT7513)
collected on August 2ih, 1975,

Males were first found in a few queenbess colonies collected from early to mid-Auguse, and therealter
disappeared until mid-Seprember, When males reappeared, the mean number pér colony changed Tnom
Bd + 5.d. 182 (n=5) In mid-Seplember 10 868 £ 5.4, 287 [n=% in early Dolober with & maximum
of B4 males in 8 pest (ATS19) collected on Octaber Tuh, 1975, Their oumbers then decreased sharply to
21 = sd. 3.8 (n=8} in early Movember

Mew queens began to emerge from mid- 1o late seprember. The mean number of Uhe new gueens per
codony flustuated from mid-Ocrober 1o early Movember between 108 £ 5.d. 192 fn="9) In lawe Oclober
and 12.] + sd. 33.3 (n=4§) in early November with 8 maxiemum of 77 in & nest (47111 collecied on Oe-
1ober 1%k, 1991, Adult hornets were abseni from colonies by mid-Movember
K pimiima:  The first workers began to appear from mbd- 1o late June and thereafier the number of
workers inereased rapldly (Fig. 75), compared to that of the other species. The mean number of workers
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Fig. 75. Seasonal changes in number of sdulis in colonies of Fegoa stsidfiea (L0-day means),

per coloey Increased o over 120 by late July and attained & maximom number of 5749 4 sq. 3958 (n=L1}
per colony in late Seprember (Fig, 73} During October their numbers fluctuated beiwesn 4426 « sd.
356.% and $00.7 4 3.d. 489.7, and declined sharply during November. The proportion of coloniss with
worlkers aver 400 was 54, 4%(6/11) in colonies collested in laie Ociober, but it decreased to 23.0%42/78)
in enzly MNovember, Workers were still found in some colonies from lafe MNovember to early December
and disappeared at mid-December. The maximum mumber of workers present calony was | 384 in a nest
(86603} collecied on October Sth, 1966,

Males were first observed in two guesnless coloniss in early September and thereafier appeared both
in queensight and queenless colonies. The mean number of males per cofony increased from 315 & s.d.
770 (n=13} In early September o 3374 & s4d. 30L6E (n="8) in early Movember, fluctuating af le=vels of
over 300 per colony from mid-October 10 early Mevember, and thereafier declined rapidly 1o 6.4 = 24,
9.0 (m=15] In late Movember, though many more were found in a few colonies collected in early December.
The maximum namber of males presen: per colony was 1,814 in a queenless colony (57215) collecied on
Octaber Sth, 1973, which had never produced any new gueens, and §61 in p queenright colomy (SE405)
collecied on October 27th, 1966,

Mew queens began w emesge o a few colonbes from early 1o mid-September, and thereafter gradually
increased wntll mid-Movemiber, The mean number of new queens per colony changed from 3038 + sd.
771 {n=13} in early Sepiember to 1806 < sd. 1125 (n=3) in mid-November, fluctuating at about 135
during mid-Oetober 1o mid-Movember, Thereafier the numbers declined rapidly 10 2.3 £ sd. 40 (n=3)
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in early December. The maximum number of new gueens presenl per calony wad 350 in @ nest (36811)
collected on November drd, 1568,

1, Septonal development of & single colony of Fegoa frapica

1 is wery difficals 1o foliow the development of Individual colonies af Fegpa during their active period
framm nest Foundation fo disintegration, becauss views of the inner nest are interrupied by a thick epvelope,
espacially af the later stage of nesting. However, in ¥ fropleg the envelope is incomplete and the kwest comb
i always expoded within the nest cavity, This facilicates direct observatlon of populations inside a colony
withool disturbing it too much, Changes in the colony development and population struchire of a single
riesd (T80 af ¥ tropéca mre shown in Figs. 76 and 77 throughowt the sctive season.
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Fig. 76 Seasonal change of brood papulations in & Hepa ropico colomp(T7400), Armows denoies the day of
the first emerpeoce of esch caste
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1} Cell constructbon

2)

In this colony the queen began to found her nest on June %th, 1974 and built 42 cells alone until the
tise when the first workers emerged an July 142k, In the period from nest initiation to worker emergence
the mean number of cells construcied per day was LI & sd, 1.3 (mnge: 0~8§). After worker emergence
the number of cells increased rapidly and a second comb was built on July 20th and a third one on August
Tth, all these mainly constructed by worksrs. The nest reached fis maximum on August 21s5; &t the time
the nest was composed of 258 cells within 3 combs. The mean number af cells constructed per day was
4.9 & 54, 34 (range: 0=15) during the pericd from woarker emergence 1o fingl cell construction. The
number ol empty cells was very few throughout the solitary period and rarely sxeeeded §.0% of the total
number of cells until the emergence of sexuals, because empty cefls either newly constructed or after
emefgence were generally supplied with an egg as 500n as they were vacant. Thereafter, the empty c2lls
increaged rapldly due to the cessation of oviposition and cannibalism of brood stoges.

Imrmature stages

Ag the gueen laid eges only in newly constructed cells during the solitary period, the rate of ovipasition
was very similar 1o that of cell construction. She lald an average of 1.4 eggs & 54, 1.8 {range: 0~ &) per
day for the first 15 days from nest initiation to the first appeamnes of workers. After worker emergence
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Fig. TI. Daily change of adull populntions in a Merpo tropice coloay| TT401L

the ovipositlon rate increaded rpidly snd the highest rave reached 14 eges per day on July 27th and 28eh.
The highest total number of egps was 76, observed 15 and 16 days after workes smergence Therealles,
che wotal pumber of eggs decseated without resovery, thowgh it varked between 34 and 48 during Awgust
and declined rapbdly bn early Seprember. The quesn stopped avipositing on Seglember 13th and died on
September 20th, and sl egps disappeared on September 1deh.

In the lasval sztages, 151t b ipstar larvae recached thedr peak n votal nember in easly Aupgust witl
a maximuen of T3 larvae on August Sih, and it reswlied [noa flse In pumber of Sub ndear larvae afler about
ape week when they secupled nearly 75% af all the larvae present,

The number of cocoons reached a peak in lale Aupust when they accupled nearly 52.5% of all the
braod with a maxlmum of 137 cocoons per day on August 25th.

All the brood @ages decreased rapidly with the comeencement of the emergence of sexualy Egps and
tmpnature lrvae of Lt o 3ed instars (Bre desppensed on Seplember 14th, and deh inar on the following
day. Cocoons disappeared on September 2015t, but the 5th instar larvae remained untll September 2dih.
Addiale hormets
The firgt worker etmerged 36 davs afer calony foundation. The tnerease in the number ol workers was
very slew during the zarly nestng period, and the total number of warkers was less than 10 for the first
L days after firs1 emergence. Emergence af workers lasted far 44 days and sopped on Augus 28th, The
number of workess reached a maximum of 6] on August 26th and 27th, just before emergence of sexeals,
and thereafier declined. Activity worker was observed a5 lnte &3 October [d4th, The tolzl number of workers
produced in this colony was 71, and the rate of emergence was 1.7 & 5d, 1.2 (n=44) workers per day
with a maxmom of § workers per doy.
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The first males emerged 67 days, and the fisst new queens emerged 74 days after colony foundstion, All
males emerged in 25 days and all new queens in 18 days the last emengence of botl sexuals was on September
19th. The total number of sexuals produced in this colopy was &1 males and 75 pew gueens. An explosive
emergence oocurrsd in the first kalf of the emergence period with an increase to 18 and 30 queens per day
of September [s2 and 2nd. Both sexials stayed for about two weeks in the nest: males began to depart
on and after September 1st, pnew gueens from Sepiember [Oth, All had left the nest by late September.

4, Production of sexuals

1) Wumber of smusls produced per colony
The new queens and males are produced in the later part of colony development when the number of
workers reaches s peak. Table 39 shows the specific difference in todal number of sexuale In autumn pess
of five Mespa species, based upon both adult horpets present in the nest and cocoons of each sex, whick

Thbk 3%, The number of s=xuals produced per cofony e five Feaad specios,
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Figuma. in pareniheses denoie sdd=)  * Mo of nesis chseresd,

could be easily distinguished from one another by the thickness and length of czll capping as reported
by Spransery (1971} and MacDomaes et al{1974) for Fesguls species. The maximum number of sexuals
present varied from 56 new queens and 27 males in 8 ¥ fropice nest (T7303) 4o 1,692 new gueens and
1123 males in a ¥ simiiliong nest (S6605) and the number of sexuals produced per colony is ranked as
simillfa = mordarinly 2= crabre > aralis > Lopico,

It seems likely that the production of sexualy, especially new queens, depends greatly wpon the coloay
size not only among different species but also among conspecific coloniss, though correlation between
number of cells and that of pew gquesns produced in the same species is not clear except for ¥ similling
{Table 3% In the case al ¥ simillime there seems to be o grong correlation between the number of new
queens produced with that of cells constructed, especinlly in the nests taken in October (Flg. 781 The
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Fig. T3 Correlatson of nwmber of cells with namber of new queens present per colony of ¥eroo simifiime taken
during Ociober,

Inrge successful colanies eaceeding ca, 8,000 cells had usually mere then 1,000 new gueens present as well
as males, while n poor colony such &g 57317 with 949 cells in Ocrober had only 16 queens, theugh some
miy have besn produced in the course of colony development.

This may suggest that the number of cells in & reproductively seecessful colony of K similfima needs
iz reach a colony kevel of ol least 1,000 c=lls, and only colonbes ataining sufficbent alze have the abdlicy
1o produce new quesns,

Comparing this minimum size with the ather species, the number of cells produced before and during
the new gueen rearing period is estimated on the bases of Table 19 {(though daa on each species are not
sufficient in number) as follow: ¥ marderab, ca, 800 cells; B craben, ca 300 cells; ¥ aralis, 200 celfls
and ¥ tropice, ca. 100 cells,

Om the other hand, some of the nests which have last ther nickal quesn befone beginning gueen pro-
dustion reach or ofien swceed such 2 numbsr af cells, but produce oaly male horsets,

Larva;worker matio

In addition to the adequate colony size in the number af cells in each species, [ B recognized that there
exist several other factors which promote new queen produection. The change in the larvamworker ratio
is ane of the most important foctors which favowrs the production of new queens as reported in bumble
bess (Richarns and RicHarps 1946, Cumses 1945 and in ather social wasps (Ricwsrps and RicHazos
1551, Srrappsry 1975, Axcuur 1972),

Fig. 79 shows the seasonnl change of larvioworker ratio in colontes of (lve Pespa species. The ratio
remained generlly high during the peried prior to the production of mew queens In &l speciee. The ratlos
became much bower befiore the pericd when colonies began o praduce queen brood, and during the pericd
when colonies had reared quesn brood to the cocoen slage, the stk approached less than 2.0, Then the
ratio became irmegular ns the new gueesns and males began 1o emerge {a the e

On the ather hand, it would appear that the change in laraworkes ratio is concerned basleally with
the number of workers present in each species, Fig. 20 shows thal the larvasworker ratio i@ related o the
number of workers present in colopies of ¥, fmilima and F saols before the periad of the emergence
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Fig. 79. Eeasooal changes of larva/worker ratio in cofanses of five Hespe species. Open circles: colonies with
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Flg. 80 Comparisen of lamm/worksr mtles In relation to the nombers of workars present in colonles of K
steiitane (lower) and ¥ anaiisiapperibefome the period of the emergence of pew quesns. Open circles:
new guesn cocoans present; salid circles; warker brood oaly.
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of new queens, Despite the remarkable difference in colony size between the two speches there exdss a
conspicuous similarity in larvasworker mtios; the ratios in both species are approximately equal and the
values for the queen rearing period varied only between 2.0 and 1.0, In ¥ simifiima such values in the
ratios of larvasworker were likely 10 be constant among colonies with more than about 300 workess, and
the values in the colonies with 50~ 300 workers varied almost entirely between 3.0 and 2.0, and those
in the colonies with Jess than 50 workers were very much higher, On the other hand, in the case of ¥
orails the ratio fell below 2.0 when the colony bad more than ca. 40 workers, and it increased rapldly
im the colonies with bess than ca. 20 worksrs.

Fig. &l shows the larva : worker ratios of coloniss of ¥ orebroand ¥ manderinde, which are very slmilae
in colony size, In thess speciss wvalues for the larvarworkes mtio alse varied approximately between 2.0
and 1.0 in colonies with mere than ea. 100 workers during the gueen rearing period.

Judging from thess dats, it seems likely that 8 reduction in the larvaswerker ratio to & polnt below
20 with an increase of the worker population which maintalns a certain balance In cach species is & sipnal
for queen production, though worker population for rearing queen beood differs consldesably among
Fespa species,

. Mest survival

I} Survivorship of colondes
In Mespirspecies it is difficolt 1o obeain reasonably accurate estimates of the suevivorship of colonies froem
the time of nest initiaton becaunse the density of nests in the fleld B8 generally mosch lowes than those
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al ather Japanese social wasps such a8 Polines and Fespuln species.

Only & small amount of data are avallable on the nest of ¥ eralic From 1964 1 1975, 1 located 59
nests of this species and observed them from the solitary period: 28 (47.5%) lost their queens befare worker
emerpencs, & (13.6%) died out during the cooperative period, 3 (5.1%) failed o produece sexuals kn splie
al their worker production, 2 (1.3%) were destroved by ¥ sranderini when they matsred, and only 18
{305 survived o produce new gueens. These figures shaw that in ¥ anefisa large number of colonbes
perished during the solitary period mainly because of the loss of their queen,

Takbbe 40 indicares the number of unsuccesaful nests n the five bespa species based upon my observa-
tion and the analysis af nest contents at the time when the nests were found in the field, The daca from
such nests give some information with which to estimate the survivarblp of Fespa colonbes, and varbous
factors contributing 1o colony termimatbon are given in Table 41,

Tatle 40 The number of unsuccessful nesis at each developmental period in five Fegpo species.

Persad
Species Ealibary® Cooperative Palyethic Reprodiactive Tal
1 1] m
T g g i 7 20 4%
[ 1{a0L
i 43} B2 (0 a2z 14.3) 40.8)
¥ ] 7 q k| 2 kL]
Fembm  hom @om @y (00 {1003 6.7
T 12 kL] i 14 12 e
i B (L8 (33 (11.6) {13.7) az7)
a Fi 5 [ 1 1] k1)
¥ mendorinit @y oA (8S5) (22.2) L1 (#0.7)
5 5 7 11 7 4 E 1)
. Irogror
B (15 Q8% (@8 18.9) 0.8
Total 20 29 58 54 34 k1] 143
g (B2} [LE.3] (23,73 {22.0 [HER] (20,4}

* [+ befare hatching of lacvae, 11: from hatching of Grst larvae i spinning of first coeoan, 111 iheresfier £l
the emergence af the [rsf worker, Paresihesized Drures show To mlid 0 éach period

In ¥ asalisermination of the colony was observed most frequently before worker emergence, which
inchuded 51.9% of all unswecessful nests so far obeerved. A secondary pericd of high moriarity, the suc.
cessive cooperatlve perlod, resulied in a loss of 21.6%, These cases seem to be approximately similar to
the previous data. Such grear colony mortality in K anelis seems 10 be muinky coused by the loss of the
gueen during her foraging periods from the solitary to the coopemtive period, and 48.0% out of unswe-
cessful mesis bost their gqueen either before or soon after first worker emergence.

In colonbes of ¥ sfimilima which ofien change their nesting site after worker emergence from the original
closed place to an open place, 32.6% of all the unsuccessful nests died out during the salitary period
before moving from thelr original nesing site. The highest mie of colony cessation, $0.8% of all the un-
succesaful nests, was obteined durlng the period after the emergence of sexwals. This higher mortality
in sueh matured colonbes was mostly brought abewt by attacks of ¥ merdorinig,

I ¥ crabne 533% of the unsuccessful nesis faibed during the solitary period, and 30.0% in the coopemative
perbdl. In both cases colony termination was mostly cavssd by the loss of the gueen, and in the lattes
case, of ¥ nests perishing during the cooperative period, thres were canssd by the loss of the queen which
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could net locate the new nesting site in 8 concealed place, as this speciss also tends to change its nesting
alte when the nest space becomes top narrow for comb building,

i the case of ¥ sandarind the discovery of nesis s very difficult, especially at the earlies: siage, becanse
al its exglusive subterranean oidification. The pericd of greatest colony perishing, resalting in #08% of
all the unsuecessTul nests, was when the nest matured and produced sexuals, After the emergence of sex-
uals 10 oul of 11 nesis that had perished had been destroved by bee keepers who sought the nesis becanse
this species causes serbous damage to honeybee colonies.

[n ¥, rropico 40,.5% of all the unsuccesaful nests falled during the solltary period and 29.7% in the
copperative period, OF 37 neses, 18 dled outr due to the disappearance of the guesn, probably during
faraging,

Judging from thess data, in peneral, the demise of Fespr colonles seems to oeccur very Treguently due-
ing the solitary pericd and the cooperative perbod when the gueen il continees w forage outside the
nests, though there exist some specific differences,

Mortality Factors
Thble 4] alpo shows mortakity factors affecting hornets mainly an the nest level rativer than at the Individual
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level. Thess factors operats on Fespo colonles [n o simblar way 1o the 2l or nope” action reported for ag-
pregations of the immature stagss of & stink bug (Hoxve and Kinras 1964) Five mortality Factors are
recognized: {1) dissppearunce of gueen, (2) natural enembes, {3) buman istesferencs, (4) cimagic factors and
[5) unknown cauess,

(1) Desappenrance of queen

From Table 41, it is estimated that the main cause of colony demise In Mespa is attribuiables 1o the disap-
pearance of the queen, particularly at an early stage of nesting. Ameong 245 nests of the fve Fespe species
examined, these arphaned nesis represented 38.9% of the total unsuceessful nests, though the mtio of pests
that lagl ther queen ranged from 10.0% of unsuccessful nesis of ¥ crebro to 58.1% of thase of ¥ fopica
There may be some physical or biotic factors which cause the disappearance of feunding queens, such as
natural enemies, climatic conditions, availabilicy of food, human Interference, physiclogical death, Rilure
10 discover new nest sites in nest relocation and evacuation as reported I Polisses species [Vosaocaws 1054),
| ehgerved that two founding queens of ¥ orebro which had missed thelr new rests and disappeared, and
one of them happened to be killed by the queen and workers of a different nest because she had mistaken
it for her own nest gte (Marsuurs 1990, Howewer, it is generally impossible to determine the cause of the
dizappesrance of the queens in their fomging trips by direct observation,

The fate of these orphaned nests may be due to one of the following: (1) end of the colomy caused by
death af the larvae and pewly emerged workers in the solitary pericd, {2) gradua! dilntegration of the col-
ory caused by sucosssive disappearance of the workess in the coopemtive period, (3) production of males
by laying workers during and afier the cooperative period. In case of (3) the ovarkally developed but
widnserninabed workers produce anly males - grandsons of the lost gueen, These males may be able o affect
the productivity of the next gereration by inseminating some new guesns when they appear In autamn.
The number of such males praduced in erphoned nests is often much more than that of normal nests at
the corresponding period.

(2} Maneral enemies

There are fowur satural enemies which are reganded ns moriality factors operating at the colony level, not
at the indlvidual level. These are “eolany predators™ such as the congsneric species, ¥ mgndariaigand the
honey buzrzand, Pernl apfvoras, L

K mgnderiale atseks nests of other congeneric species. Onee discovering a nest, several dozens of ¥
srurclariade workers vl it and & colony is almos completely destroyed in a few days. The attack ls seasonally
well delimited and cutastrophic damage always ooours from mid-August to early Movember, when the mest
reach thelr maximum siee with sexuals. This strong predation by ¥ prerdariris caused the desth of the
highest proportion of all the unsuccessful nests at the maturs stage. It is noteworthy that the percentage
of ¥ simitire i pacticular is higher than that of aoy other species except for Fespwla Mawieeps (Table
200 Tt weems likely that ¥ simillima is destroyed frequently because their nests are pbundant o the discrict
siervened, also theis nests are bailt in the open and in conspicuous plecss such as under the eaves of buildings.
The colony size may also play 2 significant role in the preference of ¥ mandariabe for ¥ sioillfmg because
the nest of the latter is much larger than that of any odher congsnetic species.

The honey buzzard, Pernily gpivorus, is known as & predador of Mespuds colonies In European couniries
(Scuzemmer [962, Taar-Lipn 1961, Epwaans [980). This buzzard is not very commen in the regions sarveyved,
arvd its altack on Fegoe species ang limited to the colonies of ¥ annlis, OF 27 nests in ¥ exatswhich disd
aut during and after the polyethic period, at least 11 were considersd to have been destroved by this buez-
zird. Al & nest of this buzzard 1 ofien observed that the birds broughi parts of 8 comb into the nest, though
i wag fol determined whether the buzzard had preyed on adult horneds or not. Once the buzzard discovers
hormets” nest, it keeps visiting it and plunders the remaining comb undil the colony i completely broken
ap. A nesd aftacked by the burzard could be easily distinguished by the lack of combe nside the envedope.
It is not cerwain thar the buzzsard has g specifle preference for the nest of F omaliz; mther this species
may be utilized because of the relatively mild nature of ifs counier-pitacks when disturbed, although [ have
never s=en an aciual atiack, The sxchusively aerial nesis, too, are probably sasily discovered by the buzzard,
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F, simillima is one of the commonest species, as already stalsd, bu the buzzand may kesp away from i
nests because of its buge colony size and resultant severe couner-atiacks by many more wockers than the
case af ¥ anlis

A sirepsipleran, Xenos crobronis Pierce, is occasionally found as o parasite within adull hornets {Fig.
&2), The stylopized hornets spend most of their dime resting on the comb within the nest withowt deing
any tasks, particularly extranidal activities, and after abouwl two weeks they lzave but do nod return (o thear
nest. The level of parasitism of stylopized hornets i asually very low in matere colopies: I found only 1.3%
of stylopized Mespa workers in a total of 245,352 adults examined, and the effect of a strepsipieran is pro-
bably neghgible in regulating Fespe colonies. In the early stage of nesting, howsver, the pansitism often
renched a high bevel, Two coloniss each of ¥ mardornizand ¥ cmbng were destroyed because all the workers
emETEing in the cooperative period were saylopized by Xemox crabroniy and they Jeft their nest without
returning,

I bave mever found Hespa nests conlaining lepdopterous laraes during thetr active seasan, excepting the
one record shown in Teble 48, On this oocasion {8 was observed that sevesal dorens af the larvae o Prrails
regalis Baisduval in the cells of ¥ ropice had been feeding on the larvae and pupse in September 1570
and had desiroyed both brood and the nest fabric (Fig. 83), despite the presence of several warker hornets,
(3} Homan interference
In Inpan Metpa hornets are peperally consdersd 8 pest oo be feared, with extreme nulsance value and poten-
timl health bazard caused by Ringing. This apiieds sist among most people ia all loealitkes where Mespa
species ocouT, and same of them attempt to destroy their Beits whenever they ind them, To most Japanese
apdarisis, on the other hand, ¥ miondariiis is a serious peil causing eatastrophic damage o koneybee col-
oimies, S0 they s=arch for the nests of this specss by following the flght path of worker hornets Tlse destrue-
tions of nests by man plays & mare impociant part in cslony mortality af ¥ merdarivir comparned o the
other four species, and destroction by apiarisls sccountsd for 384T of all the unmiccessful fssle most
of them were killed in the later stags of nesting.

A wide variety of mnsecticides ssems to be extremely foxic 10 both Fespe larvae and adulis. Same, such
a5 carbaryl, dimethoate, dinzinon, etc., which are adopted in agriculiumal spray programs for pest contral
in orchards, cause significant monality if spreyed near their nests. Many fomging hornets, haoth gueens
and workers, die when poisoned directly with such insecticides in the fisld. Some of them contact residues
in the field and carry contaminated water and food back fo their nest, These cause the death of newly
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ernerged hornels as well as formgers through trophallaxis. Such hornets move about on and near the ground
by their nest but are usable to My and dake two 10 three days to dis. Brood is mainly killed by chilling
of starvation due 1o the lack of feeding hornets. The bevel of accidental killing of colonies through the
use af insecticides iy estimated at 6.1% of the wotal of the five species, but some of the causes of disap-
pearance ol queens in foraging may also be attributable 1o the effect of insecticides.

4y Climatic faciors

Weather conditions as direct moriality factors appears 0 be unimportant to Mespacolonies under normal
condiiions. However, strong wind with heavy precipitation often blew off ¥ enafis mests which were at-
tuched to trees in the sarly stagss of colony growth, In geneml, nests of ¥ enalis In the carly stages ars
much more susceptible than nests in the later stages to the action of storms because the former are more
fragile in structure than the latter which are rigidly connected with swigs arpund the nest. In fast | have
never found sxamples of ¥ gnelis nests which were damagsd or destroyed by storm or typhoon in the
later stage of nesting after September, similarly in aevial nests of ¥ similfme For speciss of subterrancan
or classd nidification such o ¥, mandarinicand ¥ fropioe heavy minfall eccasionally caused the destruction
of their nest, though a few nests of 1 mamdarinda and ¥ ropice were destroged as  direct result of fAlooding.
(7} Unknown facbors:

The last line of Table 41 shows that unknown factors account for high proportions of terminated neste
of Fespw species througheut their active seasons, though a part of them may be atiributable 10 one of
the factors mentionsd above,

6, Annual fluctuations in the number of Fegpa colonies
Table 42 shows the number of mature Mespar calondes collected during a 12-year period in and near Kibi,

‘Toble 42, Flucrontons [n che gumber of mepare nesiz in five Merpo specles collected inand negr

Kibl, 1984 - 1974
Year atenillisma crabvo amalis maegarin e rrapioT Tzl
19854 i 4 L 2 2 24
1963 11 L] 12 3 1 k]
1044 & 5 2 L i k|
1967 4 3 1% & F : 43
158 13 g 17 1 ] 44
1048 4 1 3 2 2 3
1970 25 4 1 i 2 34
1971 3 1 7 T & T3
1972 2 3 13 4 F 48
1973 16 7 15 2 1 a5
1974 6 T i 4 i 21
1975 1 B 1% i 4 43
Torkl 166 =/ 1% 45 15 413

These data can not be used to directly compare interspecific differences in nest numbers at the study anea,
but the figures may provide a relative Index to monitor inter-specific relative abundances,

The higher rank of both ¥ sigppilffees and ¥ emlis may reflect their ascal nests which are easily discovered,
whikle che lower abundance of the other three species may be related 1o their concenbed nidification, The relative
abundance among these five specles estimared by several methods in and near Kibi are ordered approximate-
Iy as folbows:

Wialts o aplaries: manderini > simillima > crebro > aaclis > topice
Wisils 10 tree Eap sources: mandarinie = crabro > analis = fropice = simillima
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Yislts o houses: fropice = cralvo > merdenipia = simillima > maerdarinia

Genemal extranidal activitles: mandarinle > fropicr > aralls > crobre = simillima

DHscovery of hibernating quesns: analls > tropica & similime = mandaricie = crabro

Mest discovery: simillima > anclis = crabro = mendarinle > ropicg

The marked discrepancies among these different crede estimates show how difficult i is o aceurntely estimate
the relative abundance of species in a group such a5 Wespa, with a wide flight mdive and relatively low density,

It #5 possible that we may esfimate the number of almost all of the completed nests of K simillime in
& defined area by seatching il their most likely nesting places at the end of the season. Teble 43 shows such

Tabls 43, Flastuaricns in che nambse of nests of Wepe simillives (s foar adjacesn areas covesing 300 ha, near
Kibd-chay, 1964-1975,

aar

Sub- Arzai=a Thisd
bl b s ow % o e o ®m oM o om

A ;'Ixmm 1 i i 4§ i 5 1 3 L | i o i i 3

B w]é" B0 3 i 2 i 3 1 4 1 3 1 I 1 0m

i, }'ﬁﬂ: 50 2 0 7 ‘ i 0 2 1 I 1 q 1 B

0. wmi; ] 0 | 3 1 1 ] 2 3 1 1 2 1 T
T”'L“;:u“" 5 3 W 9§ & 4 W & 5 4 4 &
Mo, sestiha, 0 Dm0 G0 G40 DO 002 G0 003 Q02 002 QOT eeR

M, of eslls Mlinian 1,081 )23 308)] )04 JA40R LE00 LBES LTI 4800 1438 1945 183E
P': mﬁm. Masimum 10028 )33 8458 BRI 9B} EASE 091 B4SF 64T RBIT 4744 T4
Aveige &M 61T LAed B 4325 5IM 4468 52N 50 6312 S4ASD G708

= AT the nepts were ks kler csanlon of feslag astivitiza

a record of the density of V. sigtillime nests surveved in four adjacent areas near Klbi, whese the nomber
af the nests of this species is fairly kigh. The number of mests per year varhed only 333 tlmes fram the minimum
to the maximuem, dutng the 12 years. Such a small range of flucteations of nests means that this specles
is strongly contralled by naturl stahilixing mechanisms regulating che populations at low levels, desplie the
fact that thess eolani=s are estimated 1o have produced & toal of 1800= 6,000 new queens every year

T, Discussion

I} Survivarship curves
I his comparative revisw on survivorship curves for varbous [nseegs, 118 {1959) sugpested that brood mor-
tnlity decreases as parental cane increades and the survivarahlp cusves tend to be convex. Very bow mortali-
iy it the brood stage has o far been copflirmed by several workers i a few socsal wasps and bess, Spransery
(15973} showed an estimated brood mortality of 3.5% b workers af begpwle germuriics. Do the honeybee,
A i imellifera, which has achieved highly devaloped sodal care the survivorship carve iz of the convey
type, which is very similar 19 that of man, and the mortality of braad stages is 14.9% under favaurable
conditions (Fukuoa and Sakacams 1968, Saacami and Fukuoa 1968). They podnted out that the condi-
tions necessary for brood survival in normial eslonies of the honeybee are kept within the sptimal range
by the sdult workers, resulting in & very low mortality.

The results obtained from the five Mespr species obviously confirms this, However, the very low mor-

1ality rate in brood developmental stages of workers is nchieved only under favourtble canditions 1n such
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colonles monaliyy faciors operating on the brood ane very [ew except for cannibalism by the aduls workers,
because there are few patural enemies able 1 atack them individually in their pest. On the other hand,
nuezing adult sequals during the reproductive period evolies 8 catagrophic brood moctality, even in fvoumhble
colonles, which |5 probably caused by & decrease in all=ntion given to the brood.

There are essentially two martalivy faclors operating a1 this peciod, i.e., cantibalism by adul hornets
and starvation. The former is Hierally a part of the colony ‘feed back" system as the means Lo retaining
provedn food supply when foraging workers change their main food caflection from protein for the larvae
1o carbohydrate for adwi sexuals. In thls way workers utilize the brood as their protgin feod. With reduc-
ed feeding, moss of the larvae remain in the last instar, though they continue 19 supply grandular secre-
ton which is freguently aken by adult heenets, and such circumstances obviously accelemate starvation
of the brood, Finally, the brood during the later stage of the colony cycle nre destined 1o be abortive
ones In emperate reglons, a5 already pobnted In Podfisies wasps (Marsuums 1977),

Compared with the low marality of worker brood in normal colonies the mortality rate of the adult
atage is compensatngly high with the commencement of thelr fomglag acivities. Isnay et al, (1967) naticed
the lower life span In workers of Mepn orierigds having 2ecess o the field and reported that during the
flese [4 days of aduls tife, the workers suffered a moraiiy of 58% In conlined 10 the nest and 42.5%
if allowed to focage outside In honeybees, Apls srelljfers, which do net normally begin foraging uneil
the wnth day or Later, monaliny ls also very high when they begle leaving vhe hive on foraging trips (Secoucm
and Sagacam 1966, Sakacamt and Fukupa 19658 According to Fukubs and SekiaucHn (1966), morality
factors of honeybes workers during the foraging perlod are divided Inio thres components, ssslogical
hazards, phystological consumpiion due to intense foraging and that due 12 Intense brood rearing during
the earlier adult stages, though it is Impossible o seperate them,

In Wespa, workers start to leave the nest on foraging trips two or three days afier their emergence and
continws their foraging activitbes wsually unthl their last day alive, though it Is repored that no warkees
of ¥ orlennelisleave the nest after an age of 35-38 days (lsnay et al. 1967), Most of the foraging workees
are considersd to die from ecological hazards, swch as predation or eventual ascidents, and those which
nave not encountered such misforiunes would die of physiclogical senescence, though it is very difficul
to measure quantitively the effect of such factors on the mortalicy by direct observation.

It sz Mkely that the longevliy of ife span in Fespaworkers s chosely related 1o the size of population
in such a way that the longer the life span of adults the smaller 5 the colony size attained. [t should
be noted chat the ife span of the workers of ¥ froploa, which has the smallest colony size and the shortest
activity period [n the Japancse Fespa, is remarkably long as companed o that of the other four species.

Finalky 1t must be emphasized that In Fespa species the mortality faciors affecting sach Individueal in
& colany differ essentlally from thoge which operate at the cobony level: the latier often cause catastrophic
damage 1w all the colomy

2) Seasonal changes in populathan struciure

The zeasonal changes in the popuelaton siructure of vespine colonies kive been dlscussed by many workers
(Jawier 1895, Bovenasimear [937, Isnay 1965, lsnay ef al, 1965, MacDosann et al, 1974, Rousn and Akke
1978, Arciuck 1982). Livokew (1958} constructed a mathematical model measuring the seasonal growth
and produstivity of wasp colonbes, using parameters based on Fespuls species, taken from BscHamns and
Ricwanis (1951 Sexapneky (1971) exemplified Lovgren's model in Fespule species and provided much
better entimates of the parameters o7 Mespule colonles. Ancaen (1972, 1981) also gave an aceount af the
seasonal development of Fespuls colankes in relation o characieristies of colony members.

The general pattecn af seasonal caloiny development o Fespa s characterized by siew development [n
the early stape (Marsuuas 1973), followed by explogive development in the later stage and then e rapld
and terminal decline after sexuals have been produced. This is similar io that of maty species of emperate
polistine and vespine wasps (Jaser 1895, 1903, Sera 1948, Yosuikaws 1962), Coneernlng the general
pati=rn of the colany development, no marked variaton sxdsg among (e Japanese Fespa spbcies, but
some specifie difference are recognized (Fig. 65). That prncipal differsnees ane as follows: {1) duration
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of colony cycles, (2) avainable size of the maturs colony, (3} time of the emergence of semals. Comparing
the dumtion of colony cywcbes, tse colonial ife of ¥ rropics is ebout 3.5 to 4 months, which is the shortest
among the Japanese Fespo specles, while that of ¥ smillime is nearly ewice as long ar 7 to 7.3 months,
The other three species cccupy places between the two extremes in the following erder: similime-mandarinic-
aralis-crobro-tropica, As oversintered queens of every species, except for ¥ ropice, begin to build their
nests at about the same time during mid- to late May, the differences could result from the fazt thay the
Jong-cycle species generally need more time in order for the colony to mature, and anainable colony size
is partly but necessarily linked with the duration of colany ovcles in such & way that the larger the typical
colomy s the longer the colony ayele is prolonged, A simiar trend is reported in Fespwda and Dolichovespule
spocies (MacDonss ot al, 1974, Groese 1979) and Polisres specles (Marsours 1975), K rropios which is
the very short-cyele spectes has the smallest colony size among the Japanese bespe species, On the other
hand, ¥ siaitfiene which is long-lived develops enomous colonies, as large as those of some Mespule species
(Marsiuna 1980, Yamase ot al, 1980) The colony size of ¥ ombro and ¥ mandaninie is medium among
the five Hespa species: the number of cells in the largest eolony In each species is about 4,500, although
¥ crmbvo colonies are generally smaller than ¥ smandarinie colonbes. The duration of colonial life is much
shorter Tor ¥ crebo than Tor ¥ mandarini : the end of the colony in the former species aceurs o mid-
1o ate Ckctober whereas it extends to lage MNovember in the latoer species. The colony of F analy is much
srnaller than any other Mespaspecies except for ¥ tropdea, but the increase in number of cells is very small
during the active period, though this species iz rather long-lived,

Sexual production always occurs a2 the end of colony development, so the time of emergence of sexuals
= closely related to the time of colony termination in sach species. Mew quomns emerge from early Seplember
to Lats Movember in the following arder: rropice-crabroe-gralis-simiflime-randeninie Just proor 1 the pro-
duction of new quesns, the larmsworker ratio is considerably reduced and drops £ its lowest level, below
about 20 in each Fespa species. Such & decreass |n the larvarworker ratio is commionly recognized in social
waeps and bees as one of the most significant cyelic changes at queen rearing time (Ricuanos 1946, SrranbERy
1565, 1971, Arcuer 1972), The decrease in the larvasworker mtio indicates an approach to a sultable condi-
thon for queen production. Portes (1965) suggested in Mespule that & major contribution to the decrease
In the larva-worker mtio resulted from the marked Increase in worker longevity at the later stage of nesting.

O the other hand, the minimom number of workers In & mamare colony which is regarded ad necessary
10 suceesd [n producing new quesns variss considerably among the species. For example, in 1 fropice new
queens can be produced in a colony with mare than ca. 20 workers, while in most colonies of ¥ similiimg
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Fig. 84, Schematic represeniation of the rearing time of new queens in the five Hepa speces.
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the number of workers present in a reproductively successful colony needs 1o be at least ca, 300 worksrs
Furthermore, it s clear that the larger the colony size, the more sexuals are produced, though corrzlation
between colony size and the number of new gueesns produced in the congeneric species is nod markedly
obwvigus except for ¥ simillina,

Recently, Axcuee ([980) pointed out the existence of an alternative strategy in colony development in
British social wasps: ‘long-cyele’ as typified by Fespuls walperis and ‘short-cycle), ez, Dalichovespula
splvesteis, nnd discussed the characteristics and the evelutionary significance of the two strategies by us-
ing & computer model, In the caze of the Iapanese Pegpospecies il is recognized that there is every grada-
tion of eolony cycle from “shori-cycle species’ with a small colony, eg. ¥ iropice, "long-cycle species” with
a |larpe colony size, eg. ¥ sienilima, The other three species, ¥ crobvg, F anclisand ¥ merdorinia have
an intermediate-cycle, but occupy different positions between the two extremed. Consequently it seems
likady that the rearing time of new quesn larvae is somewhat different in each species (Fig, B4) as pointed
oul in European wasps by Arcuze {1980, As mentioned in ehap. [11, the five Mesprspecies have somewhat
different requirements for sources of foad, sspecially protean, Therefore, the difference in the lengih of
the ealeny may be reflecied partly in the difference of food sources, and the five Fespa species probably
reduce campetilive overlap with each ather for food sourses. This resulis in thelr oecupying different niches.
Maorlakity factars at colany level
It has been emphasized that most moriakity in wasperate soclal wasps oocurs in the solitary persod as
reparted in Polisresspp. (Yossimawa 1954, Yasane and Kowaracsi 1975, Marsuuna 1977, Mavano 1980,
in Hesguls spp. and Dolichovespuls spp. (Dumeaw 1935, Scorr 1944, Brias and Baaas 1948, 19520 In
the colonbes of FPolister, colony failure rate in the salitary perlod 8 varlable from 42.6% (Mivaso 1980)
by B 2% (¥ ospocaws 1954) by different local epvironmients Yossixawa (1954) Inferred that these falluges
wore rostly dise o bogs of the faundress. On the otler hand, B and Buiaw (1952} and Ancuen (1980)
noticed that in Dalchovespicly swlvesieis colomies, mos seein o fail on sceount of some appanal weaknes
ol the gueen,

Ax o Megpa hornews the data an the unsuecessful neses observed i the feld showed thar the colomy
failure mie in the three species, V aneliy, ¥ cmbroand ¥ ropies, dering the soliiary period was remarkably
high in comparison with that af the ather two species, ¥ manderinio and V. simdiliiong, 48 pointed owt
previowsly, however, the chances of finding the inclpient nests of ¥ foples were very small because of
its covered nidification in addition 10 the primary low density, Thies, 5t seems Hely thar there exiss many
mire nests of this species which bave died out at the inciplent stage withour discovery. It i probable that
stminbrly heavy early mortality during the solitary period occurs among all these five species. Dala lor
nest survival indicate the high frequency of nest demise pecurs during the cooperative perbod as well as
at the salitary period, and the main factor for eolony fallure could be atribuiable to the disappearance
of the queen during her foraging trips though it B impoasible to estimane the cause of this disapperance
in delail. Once reaching the lnder part of the cooperative perbod in wikich the guesn does not forage out-
side the nest, ber mortality probably decresses because of Hberatlon from foraging tasks with high risk.
After the palyethic period, oodomy mortality decreases markedly as the colony becomes estatlished and
stromng againsd mvaders. Mevertheless, a high rate of cabony destruction occurred in the mature nests of
both ¥ similfima and F monderinds in compacison with those of other Fespur species in spite of chelr
formidable ability 1o attack and 1o congieer ather antmals, 1t is remarkable that the most mortality ecars
by attack of ¥ manderiniein the case of ¥, goillime and by desiruction by men in the case of K man-
darinig, and these play an important part as regulating factors,

It should be pointed out that Fespr colopies seems to remain at a fairy bow level of abundamee fn ar
least southwestern Japan, in spite of their high productivity, In the case of ¥ smilfima which can pro-
duce more than 1,000 queens per colony, a high mte of reproduction would require a mortality of more
than 59,55 o maintein the ame nombers of coloniss which reach the reproductive period. In other words,
at the most enly a few queens would be expected (o survive o maturity in o stable population of colonie
in an area. The same tepdency is reported in Mesprdy wasps, 100, and it s suggested that modt mortalicy
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accurd before nests are bailt or during the period of colony initiation (Baran 1965, Serapeeny 1673,
Arxcuer 1980}, Therefors, it is assumed that there must exist a heavy mortality of Fespe guesns which
may occur during the period from the dispersal of new queens from the parent nest to the founding af
new cobomies in spring, Possible factors affecting small vespine populations such as Fespuls and
Dollchovespule kave been discussed, especially climatie factors (Larren 1985, Bozne 1944, Fox WiLsown
1946, DiHmine 1960). These observations indicated that the meteorological conditions did not play a doms-
nant rele in queen control, but they all considered that spring weatler was imporiant as a factor in guesn
control

Factors such as natural enemies, physiological death, stc. may cause a loss of hibernating queens to
a ceriain exient. However, the couse of death of the bulk of gueens of vespine speciss remains uncertain
a5 was discussed for Fespuls spp. (Sreapnrey 1973, Arceer 1980}, though Intra- and interspecific com-
petition among gueens for nest gites in spring is Jikely to be one of the most sigaificant factors in popala-
tion regulation, sspecially dusing years of abundani queens, keading fo usurpation (Mixos 1936, Brias
and Brun 1952, Marsuiea 1970, Sreavapay 1973} Ancuzr {19800 sugpested the existence of s=lf-regulating
miechanisms in Fespuly vidgariswhich caused a two-year ovcle of wasp abundance and scarcily in England,
He pointed out that a link between guesn quality and competitfion for nest sites in spring plays the most
important rode as 2 lkely self-regilating factor, The number of meiure colondes In Mespa species was relagively
constant irmespective of their high production of new quesns as compared with vislent Fuctuation in numbers
of Fegpuls colonles, which show & 10-92-fold difference between the exiremes of scarce and abundant
years (Micoocson 1921, Brmne 1944, Fox Wisow |946, Epwarps 1974, 1979, Ancner 1980),

In this section 1 have discussed mainly the Joss of colonies in Mespw and referred anly 1o those colonies
which have passed their vulnerable incipient solitary pericd. However, it i probeble that there exist sabilizing
mechanisms for the entire population of Hespe species, To understand this it is of great importance that
an accurate estlmate of the new queens in the six-months nen-nesting perlod, though there is little imfor-
mation on this subject,

Y1 GENERAL DISCUSSION

The subfamily Vesplnae, cenainly accupying & summit of vespid evalution, contains anly four penera: Pros
vespa, Dollchovespile, Vespuls and Vegpa,

The first genus is considered o be the most primitive, and the three known species occur only In Southeas
Asia (VECHT 1936, 1937). The maost significant behavioural chamcbers of this genus summarized In my recent
work in Sumaira (Matsuuis, unpub.) are : (1) typically nocturmal activity, (2} nest foundation by swarming
with a single queen and several dozens of workers, (3) very low numbers of queens produced { < 20 geeens
per sodony), (4) bow values for the larvaworker ratio af any point in the colony cyele (< 3,09, (5) heterogeneois
queen production on a single comb, (6) special queen-rearing cells with extremely prodonped cell walls, [7)
tres branch nidification, (&) the wugh and comparatively pliable nest with o complete envelope coniting
of & few fedi-like lavers on the op surface and numeraus small sealloped structures in the upper kalf, and
several layers of smooih, broad overlapping carton on the bower half in & mairix of dense, rigid carton, (9)
feable cell wall scraplng by mature larvee, (100 presence of a distinct roval court of workers, surrounding
the queen, (11) rregular distribution of brood on & comb caused by utilization of the same cell several tmes,
{12y multiple utilization in the same guesn cells, (13) strictly predacioos, carslon not wilized, {14) long el
ony duratben (7 - B0 months), but not perennial, {15) rather larpe colony slze (ca. 1,500 warkers and ca.
5,000 celle at peak in Provesps pocturna), (16) presence of fAving abllivy 6 the queen throughout her lifetime.
Some of these characters, especially 2, B and 14 can be regarded a3 adaprations 1o environmental Factors
of tropical regions: seasonality and natural enemies. The swarming mode of calony foundation is almost
exclusively tropical, and some peculiarities of nesting biclogy enumerated above, especially 2—5, 15 and
16, appesr o be connected with the mode of colony founding. This habi {s interpreted &5 an adaplation
to & high level of ant predation {Jessne 1975), On the other hand, the deseriptions given above, especially
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| and B, suggesi some bionomic chamaciers, specific to this genes, which are of some interest for the noctur-
nal achivities, like Apaice in South America (Ricwarrs and Ricwsros 1951). Thess behavioural charncters
as indicators of vespine phylogeny show that this small group is adapted for living in tropical regions as
the most specialized group amang the Vespinaz

Hoth Vespulaand Dedichovespuda are distributed in the northern hemisphers with 8 complete adaptation
to iemperate regions and are not found in tropical regions, Comparing the two genera, Mespule and
Dolfchovespika, it is asserted thai the former as a group is more advanced than the [atier in some chamcteristics,
though the complex 35 morophyletic with the ancestors of the genera probably evolving from Fespe stock
(Veout 1957, Ricuazos 1971, Yamane 1976), Some specific and generic differences between them are pointed
out in Table 44, based upen data from the Japanese speciex, though compamtive hiokegy of both genera

Tabie &4, Species groups and some bialogical chameieristics of the two genem, Fesprio and Dolickowerpinle
in JapaniMarsooes 1981 and unpub. dain),

sovwrpicids ard myoaks i Pt [Llr- il [paris o b
wraaly mirial, soametfmem ; - werpally chayrranee, W lnm auly RIS TIRRAR,
o i praiacied o0 RSIETIESA prstsied or aeral werwtlam proscsd
m.::r::- HE - L300 SO0 - 1380 A0 - 1100 1060 - 17,00 1,53 - FIJER 133 - LEH
A ey
endoiry demticn 1.5 +-40 40+ 15 e -2 LO=-80 Aaf-71 A0 - 513
raami baj
FklME D i Sz m Lz S o iik5es W wrly S0 1
e i il 2 mid-%ap early [ mry Dac b Chex. kT,
Moo of rdw puesTa
procdeced par 30 - 10 = - 190 430 + 1.5 08 - 2300 36 - |30 o - 428
ETRETY
MR 3
Peiaal iminmd wih 3 hanging isimed wih g Teinml wtik @ imped wkS » rwitind wih a mwiued waha
s hargieg nkea renging whewi sargieg nkex hsmgiag sen hEsging dyei
'lq:‘ Sbxry shmeai shmam [ETIE R Rl =] [rETE [ECETE
Errvalopa Laminar and piladke taatrar el plabls lamirar ond frapls Wrhoe ard fagls Boiar ond foglke lmiss and plshic
ll-:.ll'llll:ﬂrﬂr: trapirmd s bunTmule ardlibe corditks cordlike baik ypo premed
allaped and scalloped aed mallajed smd
fnas la= laminar erd plishle lemirer ard plishic
Erralope lamina: and pilazie b fragiic iunila fragile #l
rredan I. PEdm
Froy ey nriedy pedaien wrlaly pradggry PR Pl etz oo wricily peodiso

= T [t g I

= pfer Yemomii sl Maxiso (1581

has not et been studied in detail, In generml, members of Fegpwle socept for Fespide sohremckil have larger
colonies with & longer colony dumtion, and have developsd an omnivarous kabit, wherend members of
Dalichovespuls and Fespuds schremcksi have small colondes with a short colony duration, and ars usually con-
sidered bo be sivictly predators, 1t seems likely that in these proups, the calony size attained at peak is bnked
bzt with colomy life span and prey diversitye

Similar generic chamcteristics including those of the Mepale g group are reporied from the North Américan
species (Dumcan 1939, Rousy and Axen 1978, Geewsm 1975, Axsi et al, 1981) dnd the European speces (Koures
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and Diingmag 1962, Srusppery 1973, Evwarps |980, Axcres 1980, 1981), Awcuee (1580, 1980) siressed that
the strategies between them reflest basic intrinsic differences malnly of a generic arigin, and the development
of long and short cyele species would reduce competition by allowing the peak colonial populations of long
and short cycle species to appear at différent times of the year so that possible competition between them,
&g for food resources, would be reduced although each species, in turn, would explodl that rescunce, Possibly
his interpretation is useful n explaining the evolution of colony characterisibes between the vwo genem, though
reference is not made concerning the prey diversity between them., Of parbcular interest is that in both genera
some species lead a permanent sodal paragitic life, In the case of the Japanese species, Fepule austrioor and
Dalichovespida edwitering do not poasess & worker caste but are dependent upon host workess af ¥ schremcki
and 0, morvepicoides respectively, to rear their brood of sexuals,

The last genus, Fespa, has several species in tropical regions but the greatess number of species, as well as
the greatest diversity In charscters are found in the esstern Himalayas and southern China and these areas are
regarded as the original centre of this genus (Vecur [957), Some of the species are found to be deminant in
temperie regions, decreasing In number of species towards the northern and western limits of diseribution,
in contrast to that of Hesprle and Dolchowvespule in enstern Asin (Yasane et al. 19800, 1n Japan both the
pener Pegprde and Dofichovespuls are more boreal or live mainly in high altivodes, In general distribution,
whereas Mespa are rare or absent in high altitudes, and the five closely related specles, which are treated in
the present paper, commonly coexist in bow mouniaing and forests and ocoupy the op ranks smong insects
and ciher small animals in southwest Tapan.

It is of particubar interest how these v species hive aifzined a stable co-cxstence. The most lkely modificas
tions or adaptations In niche explolzation &re a3 fllows, First, these five specics differ fram each other in nesting
site as they are chassified Into the open placs and coversd place fypes, ¥ oamals and ¥ siiifion belong to
the former type while K smiliog choose some sites, typical of the latter type. ¥ rropicg and ¥ erabro prefer
1 nest only in resiricted cavities or in ample spaces both abowve and underground, whereas ¥ rurndorinig is
excluzively subterranean. These differences are very subtle to avoid a competitive displacement and have svalv.
ed a variety of specializations in nest architeciure and modifications of the nest site, such &s relocation of nests
performed by both F similieas and ¥ crabeo,

Secondarily, the five Mespa species kave achieved a co-exsistence in their feeding relationships by significand
differences among them In such & way as 10 be either highly spscinfized or very peneralized in their Food
preferences. ¥ rropice has evolved o specialize only on the brood of the polistine wasps, which are high quality
food sources, However, this strategy B presumably only profitable to the spacies of the small populatisn type
such as ¥ ropice, not requiring & large quamity of animal diet, On the other hand, ¥ cobrols & semi-specialiss
which is highly specialized behaviourally for wiltring any cicads, whils keeping an abilicy to bung 8 wide varie
ty of insects when the preferred food source is restricted in density, Both F aealis and B simirsr &re non-
specinlists utiliving many kinds of live insects and spiders, though there ssems to exist some apecific preferemess,
In thess two species competition far resadrees 15 reduced a1 least in part by the fact that ¥ ana'ls breed sexuaks
earbier than ¥ sbmifime n addisen 1o the dissribution of scatiered food sources and their long foraging dstance
(1 ~4km) flight radius in both species (Marsuuns unpub), ¥ monderinis, whils keeplng lis pelyphagows hatiy,
evalved & specialized way 10 attack in mass the colonies of social bees and other wasps, Including those of
congenerle speebe, This results in & displacement of the ecological niches between V. menderind and other
congenesic species i§ such a way that ¥ manderinie affects them in two ways; 85 a competiior in seeking com-
mon food ssurces and 28 & predator, being the most impaortant natural enemy at the coloay level, ¥ men-
darinls owes its success in the strategy o4 only 10 its largs body and colomy sizes, bur also 1o efficlent group
predation, which is the enly case of group fomging in social wasps thus far kpown, Thus, these differences
in food preference among the fve species result in reduced compettion for food and in wilizing these sounces
al slightly different times of the year, Bach species reaches its greatest need for protein food 1o coincide with
the aceurence of #s prey so that competition is effectively eliminaied. Tlersfore, It is suggestad that the rearing
time of the sexualy, which need the greatest quantity of foods to feed them, & segregated not only by seasonal
time but als by length of colony cycle as shown schematically in Fig. 84,
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The principal differences ars K fropica 1 8 shom-cyele species with the smallest eolany size, wherens ¥ sioriliime
is o long-cycle species with the larpest colony size. The other species, ¥ cmbrg ¥ analis and ¥ mandarins,
occupy intermediace positions between the 1wa extresnes both In the length of colony cvcle and colony size.

Thus, the five Vespa species seem 10 oceupy ecologheally different niches in such areas (Table 45) as nast
site, feeding hahbits and colony cycle, wideh they have coexisted thus far permit coexistence in southwestern Japan,

Thble 45, Interspecific ranking among ibe five Japonese Mespe species.

Species

o siitlioic  arallk  ombre  ewederlus  Irepler

Mumber o ness @udied I 1 1 4 5
Flrit appearmnce of qoeens in spring | i 1 | i
First emergenee of warkes | 1 2 | k!
Mest lsaving by new queens 4 1 1 5 1
Flrst demth of founding quesns 5 3 I 4 1
Disincegmarion of colonies i 3 I & 1
Size of cells 5 4 1 i 2
Maximam muember of celds in mest | i 1 1 5
Mumber of ssxual per colony | 4 1 P 5
Agressivenses owands man 1 i 1 1 5
Inierapesific dominanss i i 1 1 5
Abundance measared by

&) visits 1o aplaries p ! 4 1 1 5

b} vishe to e 3D souRes 5 3 1 1 4

¢} wishie to houses dq 5 i 3 1

) genemal exiranddal activitses 5 3 4 1 |

¢} dissovery of kibernating quesns 3 1 3 4 1

1 nesi discovery 1 2 1 4 5

SUMMARY

The present study aims to clarify the specific difference in bicnomic characters of the five Japanese bespa
species, ¥ simillima yenthoptem Cameron, F anedis imsilarls Daves Torre, B crelro Mavafasciosr CamERCH,
V. mardaninis faperice Raposzrowskl and F fragica pulches Buyssow, which coexist in low mountain areas
of sputhwest Japan. The life history, nesting habdits, feeding habits, division of labour and population dynamics,
are described primarily by comparing them with each other. The field work was mainly carried cut in and
near Kibi-cho, Wakayama, southern Japan during the pericd from 1964 o 1975, A total of 622 nests was
observed in and near the study area, and consisted of 188 nests of ¥ smillime, 164 of ¥ enalls, 80 of ¥
crrlen, 36 of B manderiniz and 34 of ¥ sropios, Besults obtained are as follows:

1) The annual life cycle of the five Fegme species consists of the following six perieds, though a little variation
i details of the cyole oocurs among them: (1) pre-nesting, (2) solltary, (3} cooperative, {#) polyethic, {5)
reproductive and (&) hibernating period. Hibernated quesns come out from chelr kibernacula during the
period from early April to easly June In the following order: sisilfiimg - manderals = cmbre - anells -
froiea. All of the species found thelr colonies with 2 single queen which eonstructs an average of 35 -
40 colle and rears 10 - 15 larvae wp w0 the pupel scage by herself. The firsg woskers emerge from June to
July in the following order with a difference of § — & weelks in peak daies berween ¥ similitmg and ¥ oropdog @
slriflivng - evobro « gnalis « mendaviofe - fropica, The queens arz still involved with both extranidal and
intranidal activities for 8 while after worker emergence This cooperative perlod lasts for 2~ 8 weeks and
its lemgth 13 inversely related to the typleal colony size. As the number of workess [neseases, the gqueens of
all species, ather than ¥ tropica beoome restricted 1o ovipositbon, leaving all the ether tasks o the workers.
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This expansive singe lasted until the time when sexeals are produced and the durasion of the reproductive
period lnsts nbout o month in each species. The digintegration of the colony ondinarily fakes place from
early September to late Movember in the following order: fropioe - crobiro = araliy - maondarinia = simillima,
The gueens hibernates singly in hibernating spaces within the sadl or rotten wood.

2} Mest site preference is classified into the open place and concealed ploce types. ¥ orally and F msmillima
belong to the former and ¥ fropice, ¥ cobroand ¥ mandarinie to the katter. The queens of ¥ mmillime
and ¥ crefro tend to initiate their nests in narmow, covered places or underground cavities, When the
niest beoome foo large after the emergence of workers, the whols colony moves & new, more spacions site

3} The shape af the completed queen nest was divided o the three types: bowl-shaped () tropica and
¥ mandarinia), ball-shaped { ¥ crabvroand ¥, similling) and Nask-shaped | 1 snalis). The general shape
of mature nests variss befween the speciss of the open preference and those af the concsaled place preference.
In the former group (¥ similima and B, anefic] the envelope i3 usually thick, covering the combs eom-
pletely, In developed pests of these species the envelopes consist of multilayered shell-like shees enclosing
miny air chambers among them, In the &ier group [ F carbeg, ¥ ropice and 1 moadeniia ), the envelope
congists of only a few plate-like shests with imperfect air chambers, and the lowsst comb &8 always exposed.

4) The foods of Ferpaconsist of two well difined classes, carbohydrate and provein. The former are obrained
from tree sap, honsw-dew of aphids and payilids, Aawer neclar, mushroom and gyrop julee. Tle most
important source for all tee Magpe species was the tree sap exduing from aperiures of lving trees. Both
inira- and interspecifically & distinet limear dominance arder is recognized ameng the hornets vislting tree
sap. Interspecific relationships among both gueens and workers al food sounces are as follows: mardarieig
- gratis - crebre - simillime - fropics,

5) Prey preference of Mespe differed charscteristically with species. ¥ simifime and ¥ aralls hunt a wide
range of insects and spiders. ¥ crabrods regarded as a semi-specialist, preferring various kinds of cicadas,
and is haghly speciakized behaviourally for capluring cleadas. ¥ frogiica s a tvpleal specialist, being almost
ewclusively dependent on the brood of polistine wasps for their protein food and the life cycle was syn-
chronized with that of the prey wasps, ¥ manderinle artacks e mass the colondes of other social wasps
and honeybess, possessing an ability 1o hunt & wide variety of large Insects and sphders. Group predation
constits of three phases, hunting, slaughter and nest oecupation.

6) The queen of Hespe hornets do not engage in cell initiation after worker emergenece, though she sidll par-
ticipate in Bvransdal activities for a while

T} Any Vespe worker would perfocm any task within a [=w days after emergence without & labour schedule
depending on age distinction as koown in the honsyvbes

B} Inthe case af ¥ ansits warker eviposited a few days alter the death of the geeen, This ‘substiiution gueen’
wis charncierized by the following podotss (1) acting as the primary or sole egg-layes, (2] loss of hairs
on the gena and mandibular base and polished head as in the queen, (3) cessatlon of all extranklal ac-
fivities, (4] superior dominance, (5} receiving & great deal of food from the other workers, and (9) remarkabbs
prolongation of life span.

) Tofal dummtion af brood development fram egg 16 adule varis on (e averapes from 30.8 days in ¥ similiima
to 40,1 days in ¥ mondarinfa, There i 8 teadency for the larger the body gize in adult hornets, the longsr
the durntion became amaong the five spacies

10} The survivership curve during the polvethic periad b of a convex tvpe in each specles; remarkably low

moriality during the immatore stages and high mortality after the commencesmsent of foraging activitles
in the pcduli sage,

113 Afier the emergence of sexuals, high moriality was abserved throughout all developmenial stages, par-

ticularly =zg and 3th instar, which was probably caused by a decrease in attention glven 10 the brood.
13y The general pattern of seasonal colony devslopment in the five Megpe species is characterized by slow
development in the enrly stnge, followsd by explosive development in the Later stage and then the rapld
and itermimal decline after sexuals have been pn:td.tl.l:'ed_ The calonial life af ¥ Irapice s about 3.5
4 momths, while that of ¥, seilfimais 7w 7.5 months, The other three species ocoupy intermediace positlons



Compamative blology of the flve Japenese specles of the genus Wespa (Hymenogners, Vespldas) 125

berween the (wo extremes, in the following order: similfimea « mandorinig « enally « crobro « fropice,

13) Comparing the colony size &t peak, the maximum number of cells was ca. 300 in ¥ rropice, ca. 300
in K analis, ca 4,500 in ¥ menderinio and ¥ crebro and ca, 10,000 in ¥ simillima,

[4) Mew gueens emerged during the period from early September to late Movember in the foliowing osdes:
tropica - credvg - eralis - gmillima - merdocnia, Tust prios to the prodoction of new gueens, the larva;
worker ratio 1§ reduced to s lowest level, below about 2.0, in each Fespe species.

15) The minimum pumber of workers in a mature colony which is conssdered o8 neceisary o succeed in
producing new gueens vasies with the species. In ¥ rropice they can b2 produced in a colony with more
than ca. 20 workers, while in ¥ simillima colonies the number of workers present needs to reach at beast
ca. 300 warkers,

16) The maxdmum number of sexuals present per colony varted from 56 new queens and 27 males ina ¥
rropica colony to 1,682 new gueeens and 1,123 males n a ¥ slorilfima colony and 5 mnked as siei\fme
> muthddarinig > crabro > anelis = sropice. In general It ls recopnized that the laiger the colony, the
modse sexuals are produced nod only in the same specles bat alio amang the five species.

17) Maorallty factors working mainly &t the sess bevel are divided into five maln causes, (1) disappearance
of gueen, (2) natural enemies, (3} buman nterference, (4) climatie factors and (5) unknown causes. The
end of Wespocolonbes oceurs wery frequently during the solltary peclod and following eooperative perlod
when the gueen continues o forgge outside the mest, which [s attributable o the disappearance of the
gueen. The heavy predatbon by V. ananderinie resulis in e greavest proporton of all the unswccessll
piesls &t mavare stage n each Vespa speces moept for ¥ mandosinie In the case of ¥ manderma, desirace
thon by beekoepers plays an tmporiant ode in colony morlality of matune pesis,

18} Annval Muetostons in the aumber of K similimg colonies surveyed in four adjacent aneas covering ca.
300 ha. pave & nest denslty of 0.00 —0,03 nesis per ha, durlng 12 years, and the sl number of nests
varied from 3= 10 per year

193 A mechanism to explain the coexdstence of the five Mespespeches in southwestern Japan §s discussed from
the view point of the cocupatson of different ecological niches including sest siee, food preference and

calany cyele,

ACENOWLEDGEMENTS

1 wish o express my sincere gratitude vo Professor Shivdch F Sakaoasn of the [nsltwiee of Low Temperatune
seience, Hokkaido Universiny for his continunous guidance and encouragement throughout the present study.
Cordinal thanks are ales due 10 Mz Robin Eowsmos of Rentokil, East geinstead, England, Dr Michael
Amcnor of College of Ripon and Yock 51, John, England and Me. Robert Jacossox of East Caroling Undwesr-
sity, LLS.A, for thelr reading and coreection of this manuscripe, [ alio thanks Mesira, Shigeakl Miyvara, Moboru
Havamar, Nobory Yamasuka and Mamoru Ecawa for their kind help in che course of the present study,

REFERENCES

Arar, K. O, Gasesng, A, MacDosap, 5 F, Lasvooor, P L ond Dwas, H. G, 1981 The yellowjacksts of Americe Momh
of Mexles, U, 5 Depd, of Agrie Handbook Mo, 352

Arcuig, M, E, 1972 Snadies of the seasonnl devebopment of Fespuly vulgaris {L.} {Hymenopiera: ¥espides) with special
reference 50 quesn produsilon. 1 Ent, (A) 47 45-55.

—— 1980 Populndon dynamics. In B Eowaans, Social wasps; 172-207. Renwkd Library, Eass Grinstead, England,

—— 1981 A simulaion model Far the eolominl developmrem of Pearvespuls vdpan’ (Lisssius ) and Dodichovespaio
spfvesieds (Searour ) (Hymenoplers: ¥espidas, Melamdria 36 1-59,

—— |BE2 Sucesssfd and unsuceesiul development of solonles of Fepaly vilpord (Lass.) {(Hymenopen: Vespldoe),
E¢ol. Eal &

Bemmwe, B, T 1944 The causes of the cesasiona] sbundance or ssascity of wasps | Fespado sppd), Ensomologist's mon



L26 Makalo Matiuiks

Mlap. Bl L20-124.

Breguaent, L L8930 On the generic and subgeneric divisioss of the Vespinag (Hym.), Bull Brooklyn ent. Spe 15 5570,

e 191 A bEndative syniopsis of the hormets and yellow-fackes (Vespinae: Hymenopiera) of Amerlca, 12: 71-138,

Buacerrs, B E. [958 Vasual sensitivity and fomging in socal wasps, Insecies soe 5 150-169,

Dopemismiea, F. 5 1937 Populatlon problems of social insests, Biol Rev. 13 3934340,

Briaw, M. ¥, 1965 Social insect populmions. Academss press, Londan.

Brias, M. V.and Brasy, AL 1543 M consrnaction by gqueens of besprle pplvesirls Scor. (Hym., Vespikdne ) Entomopdogisi's
mon. Mag. B4 [91-]155

— il —— 1952 Thwe wasp, Fespailp godvesiel Scopoc @ fesding, fomging ond coleoy development. Tmne K. ent.
Soc Lond, 103 1-26.

Burien, C. 0. 1954 The warld of the honeybee, Collins, Losdon,

Buvesowr, R, du 1903 Moscgrphie des guepes ou Ferpe, Anp, Soc Ent, Prance 71: 360284,

Crsuvin, R, 1968 Traiie de biolegie ¢ 'abeille wols, I- V. Parlss Masson e Cle

Cumnen, K. &, 194% The biology of bamblebess with special reference io produstion of the warker casie. Trans. B ent.
Soc Land, 100 1-45,

Dancieen, B 1964 Bhologs de Hepo orksnnlls Leg prembers stades de developmens, Insectes soc Bz 140157,

Dhawes, W. T. 1825 Cloaclo riliieen, & sowllh american species, with records ond descriptfons of north omerican cicedas
L. Mew Yark Eanl. Sa2 33 35-51

Derwry, E. 5, 1547 Lif= tebles for natuml populations of animals. § Rev. Bipd. 22: 281334,

Deceusasce, E. P 1955 Linffuenee des evalnes sur 'astivite de consiraction chez les Polistes (Hymenapeeses Vespides},
C. B, Acad. Sci., Parig 2410 1073-1075.

Ditwwiren, E. 1960 Zur Hdulgkeil, hygsenlschen Bedeatang und zum Fang sozinber Faleerwespen in einer Grossstadi, Z
angew. Ent, 47: §8-70,

Dumcar, C. I 1938 A coniribution o the biology of Morth Amerlcan vespine wasps. Stand. Univ. Pubds Bicl, 5. 8 172

Erwazne, B, 1974 The scasonal abupdance of wasps- can i be forecass. Envircn, Healih B2: 1-113

— |99 The nambser of wesps ness desroyed by Local Amthesiiiess |3pear repont. Environ. Heslth 87: 104, 105,

I9ED Sesial wasps, Reniokil Library, Bast Cirlnsiead, England,

FosWiLsar, O, 1946 Facors affseiing populations of seclnl wasps, Hespulo species, in England. Proc R, ent. Soc Lend.
Xl 17-27.

Fueg, 1. B 1970 The bebwsbaur of wasps { Mespulr germeaniog L. and K welgoris L) when lomging. Insecies soe 17: 1119,

Fukuma, H. and Saksoansi, 5, F 1968 Life mbdes for worker hopeybess. Res. Popul, Ecol. 1 127-134,

Fukumos, H. and Sexioescin, H, 1965 Ssasonal changs of the heneybee warker longevity in Sappore, marth Japan, wilh
nodes on wame Fetors affeeting che life-span. Jap, L Bool, B 206-202,

Oares, B M, 1914 The wmperature of the bee cobony Bull, U5, Dept. of Agric. 96 [-29.

Oxue, A T. 1966 Additioas 1o vespine Biokogy ¥ the distribution of laber in the colomies of harmets and yellowjackers,
Bull. Brooklvn enl. 3o 43: 7375,

e 1052 AddilBons o vespine Biobogy 1X: Tempemourne regulaibon & the colonye Bull, Brooklyn ent. Soc. 470 79-5,

Gapn, D L., Teswronar, A, Lasazee, B, Sourar, B M., and Dew, H. E. 1977 Thermoregalation n colonles of  Hespadr
renarirand Fespinks mocnekens (Hymenopoars: Vispldac), Part 3. Heat produoction in queen neses. Can, Emt. Wi 615620,

Crzeme, A 1979 Behavdoral characiers a8 indicasors of yellow|acker phiyvlogeny (Hymenopiera: ¥Yespidac). Ann. Ensoencd,
Soc Am. 12 &l4-619.

Curzse, A, Axee, B DG and Lawpowt, P 1976 The sechal vellow|nckar, Dofichoverpwls arenariz (Fan ) pesting biology,
reprodsctive production and behavieur (Hymesopiera: Vespidnel. Melanderia 26 134,

Hissne, A, 1952 Die Temperstarverhalinisse bei den sozialen Hymencpleren, Biol e 7 2342233,

Hakvo, M. and Krerrasr, K. 1962, Martality process in relatien oo sgaregnibon in the southern green siinkbug. Res. Pop.
Eral. 42 23300

fkaw, B mnd lanae, ) 1967 Pleridines asd purines of the qusess of the arlenial hommet, Hespo orfemioiir F, 1L Iosect Phsial,
13: 1595083

luan, R., Gorrumn, Beacwams, E DL ond lsaay, L1969 The pheramane of ibe queen of the oriental horset, Fesor




Comparathve blology of the Bve Japanese species of 1the genus Mespe (Hymemopiera, Vespidas) ]

crignfelis, I Insect Physlod, 15 17091712,

Isiwaw, 1 1984 Oibservations sur |n blolegie de la gaepe orienlale Hdpa ovlenielis F Insectes soe 11 195208

1988 Enrwicklung und Altbvitdn fm Mesa von Vespw arfentolie Fo De ent, 2. (NE) 120 397419,

1973 Thermaregulaibon by socil wasps: behavioar and pheromones. Trans, MY Acad. Scl. 15 447442,

sy, 1, Brmissue-Saze, H, and Swuiov, A. 1967 Conlriliatbans 16 the bionomics af the Oriental harnet | Fespo orientaiis
Fan), lsme| L Enr, 3= 45106,

Iswar, L, loasd, R, ond Boaasans, E, D, 1965 The presence of pheromanes in the Orieninl borner, Hespo orieanslis F
1. Insect Physiol. 11: 1307-1304, )

Isware, L and Rurtses, F, 1971 Thermoreguluibon im Homnissenmest, Zeit, Wl Physied, 72; 43%-434,

Iro, ¥. 1959 Comparalive ecodogy. Iwanemi Shaoien, Tokoo,

Jawmr, C. 1895 Erudes sur bes Fowrmés, les Craepes e les Abeilles. Mih sole. Sur Mg crabro L. Higtoire d'un Mid depuis
son prigine, Mém. Soc, zocd Fr, 8 1140

e 1903 Erudes mar les Pourmis, les Guepes et l2s Abeliles. Tind noss, Observnticns sur ks Coepes. C. Maud, Paris,

Jesror, B L. 1972 Social biology af the Mepgropizal wasp, Afischocmas dersrand, Bull, Mus comp. Zool, Hiry 148 53-150

w73 The adeptivemess af social wasp nest architeciare, () Rev, Blaol, 30; 267-287,

Barararea, E. 194 Sindies on the development of broods of Sombus stversus Suma, 1, Brocd developmsen and feeding
hakdis. Komityu 3d; 817,

Krvrer, H. und Disinmse, E. 1957 Die Sozialen Flateewespen Mitteleuropas. Parey, Serlin and Hambarg,

Koer, Wi bod Scasemenr, P B0 Guppesverneldigunpsverbaleen bel wildlsbenden Blenen (A pls coraee Fank.) in Alghasiscen,
Maturw 56 219,

Kaaines, K. 1950 Horneis and their trops (In Japanesz), Jope Bee L Monthly 3; 250-252,

B, G E: 1933 The lenger glandls in the warker hooey-bee. A& cormelaticn of octiviiy with age and wich physiclogical
Tuncticming. Abstrwct of FhIk thesis, Graduate School af the University of 1linois (1928),

Larren, Q. H. 1985 YWasps and wemlbher, Mat. Si 6 [TE-IT2.

Lespanien, M, [952 Ein Beilrig sar Frage der Arbeitsieilong &n Bienensinat. £= vergl. Physlol 34; 29%.343,

—— [#54 Tempsratarregalierung uod Wasserhawshalt im Bienenstoal. Zs. vergl. Phosdol. 36 391432,

—— [986] Communication among Social Bres. Harvand Unfversity Press, Cambridge, Mas

MacDowaLn, L F, Akt B D and Hios, W B 1974 Comparative hiology and behaviour of Fespule arrapiieso and ¥
pengwenice (Hymenoplers: Yespidae). Melanderia 1B 1-66.

Makme, 5, Yavare, 5, Bak, T. and Kureou, I 1980 The Japanese harnet Hespe similima Suomi, an impontant nuisance
peil 0 urbdn oeeas (Hymenopeera: Wespidae). Jap. I san. Zool 32 305215,

Magcwiar, P 1596 La reproduction el 'ovalution des geepes sociales. Archs fool. exp. pen. do 1100,

Mamsiiis, M. 1566 Males an the kibernading habiis of the genus Hepein Japan (Hymenopiera: Yegpidae). Kantyo 34 3267,

[RGB Life of harnals. Part 1. {In Japanese). Jap. Bee L Manchby, 210 2125,

— |B69 Behavicur af post-hibermating female homets, Fespa, io the presnesiing stope, with speciol reference 1o inims=
and inerapecific desmingnce relmdonships. Jap 1. Ecal 19 1596203,

1970 [nernspecilic invasion bebissour ol Mexpe crmbro Tevoforciote Casenor In early singe of nesting. Life Study,
Fukui H: I1-28,

—— 197l Mesting zives of the lapasese Fesps species. Komiyo 30 d3-54,

—— 1971k Mest feundniion by ihe Temale wasps ol e genes Mg (Hymenapiera: Vespidaeh, Keontyu 38: S5ui0S.

—— 19734 [nrracedanin] palyethizm in Fegaa 111 Foraging amivities, Like Stedy, Faokuai 170 81299,

— 1970 Mosling habils of severk] species of 1be genos Feape in Farmosa. Keatyu d41; 2ES.2357.

—— 15744 Intmedleninl podyethasm in Fegspa L Behaviear and its change of the foandress of KHespe orobro fmvofiorciods
I gacly niesimng Slagd in relaticn 1O worker emenpence. Bantyu 42: 1133350

— 19740 Life history of hornels {1n Japandseh. Shizen 19 &2-71.

— 1975 Arlack ol the genl hornel, Meipe siawdacdife {Ia Jiapaneése). Shizen J0k SE-65.

—— 1977 Life al pelislineg wasps ([i Japanese). Shizenm 32 26-14,

1980 Hibsérakiian ol he sodal wasps (In Japaness), leseciariim, |7 144-340,

Marsima, b, a6dl Sagacasr, 5 F 1971 A bienemic sketch af Lthe giant hornel, Vespe moocerinds, o serioas pest for




123 Makoto Marsuumas

Japaness apisaliure, 1 Fac 5S¢, Hokkaide Univ, 19 125-162,
Marsuuma, M. and YVasoug, 5 15834 Conrparmive ethalogy of the veipine watps. Hokkaide University Press, Sappom.
Mcnanes, C, Dy and Micwessr, M. H. 1951 American sodal inseciz. Mew York: Man Mostrand,
Mwamo, 5 1580 Lifs ebles of colonies apd workers in B paper wasp, Polistes ohlnensis aafewaalis, in ceniral Jepan
iHymenopiern: Yespldas), Res, Popul. Ecol. 13- 69-55.
Mosmacuer, H, 19660 Le Mecanisme el Jes consequences des Comporiements Trophallactiques chez les Guepes da Oenre

Wespa, Bull, bal. Fr Belg, 1Mk 187-123.

— 066k Sur I'origire des males dans les societes de Gusepes du genre Feepe. C. e hebd. Sdanc. Aced. Scl., Parle 253D
THE-THT,

1967 Coatribulion a Fetude du determinisme des castes chez les guepes du pere  Mespe, Thesis, Univ. Nance [Jraoted
by Srespoeey 19730

Momiviere, R, 1980 Bxperimenad study on che crophallacte behavioor in Pofisrer Acia Hymenope,, Foksoka 12 99-H13,

e | 361 Polivies wasps ns natural enemies of agricubivmal and fores pesis. 3, (Sodies on ke soclal Hymenopeem of
Japan X1 Sci. Bull. Fac. Agric. Kyushy Uniw 3 243283

Mwousos, C. 1921 Abundance of wasps. Enlomalegists moa, Mag. 57; 14,

Muixon, O E. L 1936 Motes on wospe. V. Emiomologist’s. mon. Meg. 72 &8

Mouisna-Mero, P 1990 Behevtar problems refeied 10 the pillages made by some perasitic siingless bees {Mediponinas,
Apidaeh. Development and evabution of behavicur: 416:.434. W, H. Freeman & Co

Chans,; I 1961 Motes an the habits of a giang harnet § Fespe mosdeinds Ssm | 2s 2 poxious insect against boneybes
Dull. Fac. Agric. Thmagaws Univ. 2, Co T80

Chamenop, E. L. 18468 British socizl wasps. Lomgmans, Green, Beader, and Dyer, Londan.

Famny, L. 1948 Dominance order in Polintes wasps. Physiol. Zoal. 21: 13

Pame;, W. 1525 The storing and ripening of honey by honeybess. 1 .ecom. Enc, [8; d0d-a10,

Porren, M. B. 1964 A quudy of the biology of the comman wasp, Mok valgoris L, with special reference to the forging
behaviour. Pl Thesis, Bristal Umiv. {Qooted by Eowazns 1980,

Formaar-draie, Y. de, 1963 Subteranean nests af twa African slingless bees. J, Mew Yook Encomol, Soc 710 130-141,

Rau, P 1929 Az the end of the season wish Pelives nibugiccsus (Hymenopsern, Vespidne). Eni. Mews 40 703,

= 1940 Coopentive nest-founding by the wasps, Polisies anewleris Lies. Ann. Enl. Soc. Amer, 33 G 7-4200

Bicnanoy, O W, |6 Obsenvatian on Bombes eproram {Fapncs | (Hymen, Bamiidoe), Froc K. ent, Soc Lond. 2 8471,

1862 A revisbonal study of 1be masarid wasps (Hymepoptera: Vespidae) British Muscum {Naieral Himory).

—— 1971 The binlogy ol ibe social wasps (Hymenoptera: Vespidaeh Biol. Revw 4é: dR3.528,

RickHarns, O W and Bechamos, M. L 195 Qbservations an the social wosps of South America. Trans. B enil. Soc. Lond.
102 1-170.

Riisen, O A, 1925 Untersuchusgen diber d3 Acbeitsteilung im Bienemstaar. 1. Ta. vergl. Prossol. 2: 571831

Raouvsi, C, F. ongd Acesi, B DL 1978 Mésting bickogiet and ssosonal acurmence of yellowjackets in Maortheastern Oregom
Foresls (Hymenapbéma: Vespiloe), Melanderia 0 57-54.

Rurrtes, B A, di 1916 De Ko cincir als poppenmoover. De Tropische Matuur 50 150-151.

Sakagami, 5. F 1959 Somme inlerspecific relalions between Japanese angd European honeybees. I Aoin. Eoal. 28: 5i-5E.

1960 Prelindnary mpan on the specific difference of behaviour and ather ecalogical characters between Eurcpean
and Japdness honevieses. Acln Hymenopt. [ [71-195

Sakscamr, 5 Foand Fususimws, K. [957 Some biological obserations on o horne Fepe trophor var, gaaichne (Do Buyssos §,
will special referenoe 1o ity dependence on Polinies waips, Treubsa 4 73-EL.

Sarnpman, B O T C, 1936 Motes om the kabits of Fegng valpords and ¥ permanico (Hymenopieral Proc, B ent. Soc
Land. (&) 11z BE-S0,

Savssime, H. de, |B5] - IB5E Erudes wur b familie des Vespidae 10, Manographie des Guepes sociales. Maosson, Geneve & Paric

Sexeavewr, K. and Sazxaoawr, 5 F 1966 Structure of faraging populotion and related problems in boneybes, with cons
sideratiang an the divizion of labour in bee colomies. Hokkaido Nait. Agric Exp. Sta. Bep, 66 LS5

Seknman, M., Soaiea, hoand Marsouna, M. 1980 Mesting hobits and brood development of Parepalvibe Drdies Sauysurn
{Hymenoptern: Yespidae). Dull Fac Agric Mie Univ. 6i: 1123,




Comparative biology of the five Japansse spesies of the genus Fespo (Hymenopssm, Vespidas) 1%

SehusLesnup-Ense, T. 1922 Beitrdge zur Sozialpsychologie des Haushubms, Z. Paychol. B8; 225.2532,

SeHrEennk, Foound Discar, A 5 1870 Markomanes und Haltang der SaBchen Honighiene {4 pis cproma Fan) in Afghanistas,
Apidalogie 1@ 320-343,

SeHuesuEr, Fo 1962 Wespen und Homnilssen. Dle Meae Brahm-Bilchersi, Hefl 298 Ziemsen, Wittenburg.

SeHwaaz, OL F 193] The nest hobits of the diploptenaus wasps Polybis accidemiaiis var scutellond (%hare | 2 oheerved
il Barrg Colorsdo, Conal Zone Amer. Mus, Moy, 470: 1-27.

3cowT, H. 1944 Notes an the season of 1943, Eniomologls's, mon, Mag. 80 ld.

Epima, T. 1959 Perowis fewitii in Musashina. Mihan-Bontyuki, 1 (In Japanese]: 77145, Kédansha, Tokyo

Saaith, F. G. 1960 Beekeeplig in the troples. Loagmans, Loadon,

Sean, L 1927 Specific names and observations of some Formoesan wasps, {1n Japanese). Trans. Mat. Hist. Soc Formoss
B 121-134.

Seimti, H. T. 1948 Motes on  colony of Polister fuscaims hundeel Bao, JI Mew Yook ent Soc 5& 195.860

Seracasay, J, P 1965 The social erganization of wasp commundiles, Sym. Zool, Soc. Londen 14: 6196

1971 Senseanl changes in the population strociure of wasp colonies (Hymenopiena: Yespidae). 1 Anim. Ecal. 4

J001-523,

1973 Wasps: An accounl of the bielogy and natural hisiery of social &nd soBary wasps. Univ, ‘Wash, Press, Seactle,

Sreek, A, 1930 Neuere Ergebnisse Ober den sozialen Wirmehpushah der einheimischen Hautfiglee Maturwissenshaften
1B 595-600,

SunnisH, M. 5 and Makaneves V. 1860 Heype cincnr Fank., 8 predasor of the hive bee and ils control. lodian 1. wei. g,
STCERETE 153154,

Sumn, J, G 1967 Ap intrioduction of lse behaviowr of anss, Epwsan Arald, Londen,

Tamanasvesl, Y. 1552 Staadies oo the mechenism of the sexual funciion in Fespils Swinil (Cavienow ). 1. Fac. agric. Shinshu
Lindv, 2 186,

Thesas, T, K. 15960 The Barapeon wasp ( Megminls germeandes Fan,) In New Zsaland. M. X Dep. sci. indusir. Res. Inf.
2en 27 1-74,

THomson, C. O 1869 Opuscuia Entompologica, I 7882,

Tomuws, T, 1924 Studies oo the hooeybes, with speclal referznce to the Japaness Bossybee. Trans. Sapporo Mat. His:, Soc
w127

Touwianorr, C, 1939 Les enemies des abeilles, Imprim. d'BExireme-Orleni, Haned,

Trap-Liwn, L. 1962 Observations on 8 haney buxmard digging out o wasps' nest. Br. Binds 55 36,

Vecut, L van der 1936 Some Tarther notes an Provespe, Asum, (Hym.: Vespldaes

157 The ¥espinae of (ke [ndo-Malayan and Papuan areas. (Hymencpiers: Vespldee), Zool, Yech, Leiden 3é: 81,

— |93 Mol on Orienal Yespings, including seme specles from China and Jopasr, (Hymenoplers: Vespidae), Zoal.
Mieded,, Lewden 36 205-232,

Yeurani, L, 1937 La specialissbon et la division du frovail chez les guepes. Bill, soo, 5., Lige 1: B6-85.

Warn, P, 1865 A rasl on a Stenogaster nest by 0 homet Mespr éropice, Malay, nat 1, 19 152,

Wesn Ennnsiakis, M, L 1965 The social biclogy of palistine wasps, Mise, Pubds, Mus. Zaol, Usiv, Michigan 140: 1-101,

Wernancn, W, 1938 Mpdichovespuin und Merpo Verpleichende Ubersicht aber rael wagentlielie Lebenstypen bes ssdiaben
Wespen, Mit Bezugnahmie aul die Frage nach der Fartschrittlichksn clerlscher ompandsniion. Beal ZhL 56: 287-10],

Wiitlans, F. X 1519 Philippine wasp studies. Part [1. Descriptions of new spezles and life kisiory studies. Bull, Exp. Sin.
Hawali Sugnr Plamier's Ass. 14 19186,

Yasiane, 56 1969 Proliminary chservations on ke life hissory of two polisting wasps, Pofefes smetews and P biplermis
in Sappare, socthern Japan. 1 Fac sci. Hokimddo Unbv Ser 1Y Zocl 17: 7B-105,

Yoarinnid, 500 and Kawaresci, T. 1975 Blonomic comparison of Poftres biglhonis (Hymenopten: Vespidac) at twa dif
feremi localities in Hokkalda, norihern, Japan, with referencs to I probable adaptation to cold climare. Kooiya, 43:
Z14-X32,

Yoastame, Sk, 1974 Observations on an orphon nest of Hespa stonine S (Hymenopters: Vespidae). Kongyu, 43 404415,

Yamanp, Bk, and Maxwwo, 5. 1577 Bionomics of Megnr analls gederis and ¥ mandariniz fmilineots in Hokkaido, nor-
thern Japan, with nptes on vesplne embryo nests [Hymsnopiera: YVespadaeh Ins mattumo. s, 12 133,




130 Makoto Matsuiea

Youumawa, K. 1957 A briel note on the temporary pelviyny in Foleres fagwigee Duers Toare, the fimt discovery in
Japan. Mushi, 3k 37-15.

—— 862 Introductory studies an the lile economy of Polistine wasps V1. Comparive considermtion and phylogeny,
J. Digkogy, Osaka Tily Univ 13: 45-64,

Yassmaws, Ko Onoussn, B and Sseagemi, 5, F, 19% Preliménary report on entomalogy of the Osaka Ciiy Universiy
Sih schentilic expedilion o southenst Asin 1968, — With descripifors of two new genem of stenogasterine wasps
by J, van der Vecst — MNature &nd life in southeas Asla vod, VI (Kigs, K. aed Iwata, B, eds) Jopan Seciely for
the Pramation of Seiencs, Tolva: 153-182,

it B
A2 s -2 Vespa | Hymenopters , Vespidae ) 5 B B I BT 5E
i iilf b4

RBETIE ARGEREROE S5 FECEAESCER TR SHe AR s SrF A0, bt o
= A i Ve simiilime ranthoptera CAMERON (LITF& 4 v, o a's =2 s -3 Vegba pradis insularis
DaLLA TORRE (L F o # %1, & A& s i Vegpa eralira flavefasciate CAMERDN [BLF 2 =1, 4 ax s -
+ Vespa nandarinia japonica RADOSIKOWEK] (ELFa), £ 4 2 4 -ta Vespe frapica prichra BUesson
L Fe ) =y r, SMoEEe s e, R, IR miE L £l saas L, b Goilodt
EnE e R LT RS,

S 15649 £ 0 ISTEIE & T Dl dad's 7 FIAE L LIS 18] A5 RAOT & -0 M iR T b, B Hedd e
mE gL Ealbelgani s LTy,

1. efhds

iRl e i i S e h i TS E2Fa s Bl Fledet, (TR e EailBi
B, ik e dET L], e AR, SR A b AL, (SMERNEL e .

g Fred H WL 08 A Lo, oA e—dor=gr—a w8 —k  OEGZHEAC S, 5 & 4 g
T, SMRLE & (=] OaadiifibL, M s -0k -2 < 0, 08 Hi0~1SMasE e i
ATHETE, RimaEEEsEE—~7His, & s—2rv—a 0 i—sa— & OElZIEF L. MRz 2~
B, fap2ir-feththolinoes - LEMEpE T, &4 omr S il I ook
fad, B A EmE ok S do BRI TIE S . BRELORENoMInCE L., EARRRIAO4ATE
Tt frTinEmEGRbE e L, BRI, MEL TR L L 0 -l o~ L AHEEE, ARk
Fifrito e s it e BRSSO E SRS LA E 0801 F LR dads TR 24, FRRILMEATE
fedadl B BEEGERNPE R R ] LNEIIATFREDTT, ca—gb—a I —Ft—pf o DU EE-TLb,
2. OHEEE

FEIBAT IR (e ), TEEMEA (e, ea, FH), AEEHE (RS o) REMNZhG. #eE
= o F B I AT A R B, e T—8 FIS, U iR )
H IUMREEN 7 ri~a = —fBE Lo B EollitiTr s o £48 4, SERSRThe o =866
O, 2 wBR ANA | AT R AT

HeoiREie, LFEReBS, MRofRct o 30 Sricdydh, M (e 4, o), EWR (e, w1 =), BH
B {awa) cERSHS, ML MR s 2ed o0, SRR L L@
O Eh, 28 1 EeMEoiA o LT SR el e il oA, EEiseriio s, ea, T
bR AR L AR e — TS A, B TE g Wi LA DR iitha.

3, EREEE

pledcibdmie S 0L & Grc bl L, B, EE0 RS0, ER MY, &o2(eFrarr), BRPEHLN
R o — AT, B L ontEHE LS 5 TR E,

Hier®l & fr &6 & FofRTm i eifSss i s, ¢4 e bow sk TRTLE] T &8 A
Bl b fsh e r 2 fih, Fo5 L0060 DEEH ol T b nd by, BRI B HSMNLL LT S 13 E
HEgT, e - TR A o a g R 2 A Bah, T A -iFAE s s e gL g Eh S £
MR bt T HR Lo menad, 8o reF, S i SLlia 2Ehe L TR £
frEfab, e oni i TRME] 2, FebH-SFEBORROELE T, Lol LSRN0 I



Compasative biclogy of the five Japaness species of the genus Hespo (Hymenoptera, Vespidae) 131

Da TFILMHTILE S &3 71 F4 e Eoh o s &k & s MErhins, SETH EFo Lbe s e e E (M
WL TR, Ul sy, ABEEn == 200, Foagaseg o eis B Snbks:
o F DU Wy, BT Sl E A O e T R R S AT B 2 i, MR da R AR
; f :Jllt Frard med ool ol AU RO R E L 25, NN, BEEREN, SEEEReEi LT

T il
4, WK

CETRE T ROdEML, R S TRz Lo eRFE TS, 20 Eodls, i
iTEncit, WSROl LFMOR i« TEM LA, SoMcfT oML (S R sl fH
R LR IR e, (MR A L 0 L o TR L S A, G e, RS L
PR maR - A OHRn G T (< (=t oWz 5,

BEtae Ak E M LT, SAEE GRS AE Lo SHoMEE Ty, §~4 HEizRr R
ey, TR, fefs, R EodBUNERISIENT L, EEELT G, Qe o e d (1l 2 e G
e T, RH M e RO RS L, R ke DA BT S, 2 el
TG TE ] et % e OO, & A2 I & LT o A el b S, e R Tin A ah g
£ 5 e WRoRE, & LOREMTTAN N LAz i ba (308 Fokd &Rl b, WHbe R i S R
Tri, isHR e e L B oo fei L, M Ly A,

5. WEAFCITE

B E SRl Al ToRTE R HEIRIZE o TR D, TRECES S oM BN RF 0l |0 £
AR, CRIRE R E ol < e Ak S,

Bt b L, SAEE Lot AR L, WS BENER 20— 3 A B & ool B e s
BAEL 0y, FHETREDONE k& LI OO S TR S O, TR E R o SR A R A L,
M EQdiEoiit /20 p s =it B E Lol RS SR FR - B2 L, St atihoiliag
e o T Rl o 1 RO LY e T B T T R N

BRI T WA 0, HRENOE £k 3.5~ 4 HisBlE s oa, BRI IMm A o o2 T ~7 5
A, o3z a—akor—o & @ —2 w—k < Ol EH R EEs 5,

ML R AT AR 0, R R e 2 BN T ALY, KRBT LRSS S oL
10, DDOEF I S Aot ke e HUORE RN E Tt = B TT IR, SO0M Efr it w8 12], 0008 F o
RPN L S f 2k 2,

Ml EoEikiie iz s s THlED, Edi—zr—n#r==0f s—=t+olic, 90 9L 3110 Fiot w0l
Bipd, MEEOBHCE2aw, il BFE el (L A WHENLHEE & b e uiie i o dsme Fee L,
o iER O L e AT LS,

i oo G e L TR L T E LR Y, kTR TR LA, * AR
Tidged & GI0OHILL [ & A tp i, AR TR .

DRa=RizNOFifEL+AOEHEE —RMicese—f LR FEBREEORLEC T, Tk
MEL4 f A THECEL BEM, # =1, 12040, Bt e o THESN, +AZTHTHY, SHTIEH S o >4+
TeOWE>E S AMZH AT 5,

ﬂﬁﬂ“l-:, &- |:ﬂ:'ﬁ, :Em iﬂ'ﬂ' N "I:':""l EEL oF -, FR- SR E A P t..f:t‘:.. -II"\-\.BJT#\-. ﬁm. Ful
Te T, B & 4D B LS S G0 MR R s T, TR AR L S TR,

MRl LT b oy, 00 ha mdat S 12O ILE B A B3 1081 b IR
Tl T L, BhinniiTalEaRn S st~ Lol g, oo, eiirEhesio ol
FEENR b2 A sh &a, B 4 Hid S0 R E 4 o,

ElEDiliaf, b iHlema s «0ed S0, REESE 37 Eafg it £ By T £h
Wiz & 2 Lis k- THRESI M MES e L2, AWM ce e il LTS amE i L.





