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Nesting habits and brood development of Parapolybia indica
SAUSSURE (Hymenoptera: Vespidae)

Masanort SEKIIMAM Masaaki SUGIURA*™** and Makoto MATSUURA

According to VAN der VECHT" the genus Parapolybia of the Tribe polybinii, which con-
sists of only five species, is widely distributed from Iran in the West to the Phillipine
Islands and New Guinea in the East, and two species spread northward to Japan® and
Korea.!

The species of the genus Parapolybia, like the other species of the Tribe polibinii of
the polistinae,’ are generally considered to be a more primitive social wasp than the
Polistini and Vespinae. However, there are only a few reports on the nesting biology of
these wasps’ "' and the life mode of this genus is not well known in detail and seems to
be very interesting because of probable local difference in life cycle due to the wide geo-
graphic range, especially in temperate region.

Since 1976 we have been engaged in a biosociological study of Parapolybia wasps in
Japan through the observation of their life history. and have obtained some information
about their bionomics. In this paper, being the first of a series of reports, data are given
concerning nesting habits and brood development of Puarapolybia indica mainly based upon
observations in Tsu, Southern Japan.

Study Area and Methods

The data for this study were mainly gathered from 1976 to 1980 in the field in Kawa-
kita, Tsu-City, Mie Prefecture. This area is about 50— 100m above (he sea level, and cov-
rred with secondary mixed forests consisting of pines, deciduous and evergreen oaks, cher-
ries etc., with some remnants of the primary lucidophylous forest, Shiia, Camelia, etc..

Each nest was numbered consecutively in order of its discovery in each year from 1976
to 1980. In order to check for daily brood development, cell maps were made at their natu-
ral sites every day throughout thetr nesting period on each nest which we found there,
and the position and contents of each cell were recorded as either "newly constructed”,
“empty”, "egg”, "larva in each instar”, or "cocoon” with the dates of cocoon spinning and
emergence for individuals of the brood.

Results and Discussion

1. Habitat and Nest Site Preference

According to 1 WATA' Japanese Parapolybia are distributed in hilly or submountaine areas,
not in urban areas. Our experience confirmed this finding. A total of 129 nests of Para-
polybia indica, which we have so far observed in Kawakita, were all found in secondary
forest areas near villages, where the vegetation consisted of mainly pines with some decid-
uous and evergreen trees such as Quercus serrala, Q.9lauca, Machilus thunberyii, Prunus
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jamasakura Most trees were more than 10m high. The undergrowth was dominated by
ferns, though some shrubs and herbs, such as Deutzia, Rubus, Lonicera, Adenophora, were
sparsely found along forest roads.

Foraging acitivities of P. indica were usually confined to these areas of secondary for-
ests and we have very rarely observed either nests or foraging wasps of this species in
human residences near forests.

As shown in Table 1,Parapolybia indica exclusively built their nests on trees or in
bushes as reported by IWATA ¥ and MATSUURA™ Most of the nests, i.e. 117 out of
129 nests, or 90.7%  were found on the underside of leaves of small evergreen plants
such as  Neolitsea sericea ( 54.3%, 707129 nests ) and Quercus glauca (225 %, 29
/129 nests). All these nests were aitached to the midrib on the underside of a leaf
where rainwater can be avioded to some extent; the leaves to which the nests were
attached were sheltered from rainwater hy thick branches of trees over them. The
height of the nesting sites from the ground varied considerably (Table 1), but most of
the nests observed in Kawakita were built at lower levels about 20—30cm above the
ground and were never found above 1.9m (Fig. 1). The trees preferred for nesting sites
were mostly young ones which were less than 2m high. As the nesting sites exist in
dark sheltered places, avoiding direct to the sun throughout a day, the illumination at
and around the nest was usually below 5Lux even during fine weather in summer day
time.

Table 1. Nesting plants of Parapolybia indica at Kawakita Tsu.

Nesting Plants No. % Height(cm)
Neolitsea sericea 70 54.3 43,5
Quercus glauca 29 22.5 56.8
Machilus thunbergii 7 5.4 38.6
Ligustrum japonicum 4 3.1 114.8
Symplocos glauca 3 2.3 55.7
Rubus buergeri 3 2.3 24.7
Dendropanax trifidus 2 1.6 105.5
Cleyera japonica 1 08 49.0
Eurya japonica 1 0.8 34.0
Quercus serrata 1 0.8 50.0
Kadsura japonica 1 0.8 108.0
Smilax china 1 0.8 25.0
Houttuynia cordaia 1 0.8 32.0
Others 5 3.9 29.2
T. 129 Ave. 493

YOSHIKAWA ' divided Japanese Polistes into two types with regard to their nesting
place: semi-highland type and flat-land type. P. rothneyi, P.mandarinus, P. snelleni and
P. japonicus belong to the former type and P. chinensis and P. jadwigae, to the latter.
The nests of the species of the former type are most frequently found on twigs of -
trees ' In Kawakita we have so far found some nests of P, rothneyi and P. japonicus
on twigs of trees, but never found their nests on the underside of leaves like a nest
of Parapolybia indica, Thus the nest site preference of Parapolybic seems to differ
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Fig. 1. Frequency distribution of height of nest-
ing sites in Parapolybia indica.

characteristically from Japanese Polisies species.

2. Nest Construction

1) Nest Material: The nest material of Parapolybia indicais pliable and white or grey
with a tinge of buff. We often observed that the queens of this species frequently collect-
ed plant hairs from the young leaves of Neolitsea sericea and the hairs from the sur-

face of the leaves of Pourthiaea villosa. The workers also gathered the hairs on the
twigs of Neolisisea sericea. But we have never obserbed the queens collecting woody
bast fibers from the surface of dry wood, as reported in many Japanese Polistes wasps?:?-1%

In gathering plant hairs the wasp assumed a position with its body parallel to the leaf
or the axis of the stem, and walked slowly backward, cutting off the hairs with mandi-
bles and preparing a pellet of about 3mm in diameter. She then chewed the pellet with her
mandibles, mixing a salivary secretion with it before flying to the nest with it. As wasps
repeatedly visited the same foraging place, usually within about 10m of the nest, such
places could be easily distinguished by the hairless parts on the young leaves as shown in
Figs. 5 and 6.

According to IWATA’ Polistes mandarinus collects the furlike material from the leaves
of Populus sieboldi, Sorbus japonica and Malus tschonoskii to use as nest material,
while most of the Japanese Polistes species use bark fibers as building material.

2) Nest Structure: There are only a few reports on the nests of Parapolybia indica from
Japan®" The typical queen nest of this species is shown in Figs. 7 and 8. The queen
always makes a rectinidal nest without envelope on the undersurface of wide and large
leaves. A pedicel attached to the first cell is made vertically, and the comb consists of
hexagonal cells opening downwards, which are arranged in 3 to 5 rows. After the emer-
gence of workers, the number of cell rows increases to between 8 to 10, and the dorsal
side of the comb bends inward as illustrated in Fig. 11. When the cells increase in num-
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ber during the latter half of nest construction, the pedicel, as well as the upper part, i.e.
the basal part nearest to the pedicel, is stretched downward and reinforced in the form
of a plate to support the comb as shown in Fig. 9. As the leafstalk to which the nest is
attached is also coated with nest materials to be firmly fixed(Fig.10), the nest is reinforc-
ed and protected from rain and wind.

The average diameter of cells at the widest part was 4.5mm (range: 4.1—5.4mm, n=30) in
the central cells which were built by the queen in early stage of nesting, and 5.4mm
(range :4.5m—6.1mm, n=30) in the peripheral cells built by workers at the latter stage of nest-
ing. In all the nest of this species, cells made earlier are smaller in cell size than those
made later: a trait common to all species of the Japanese social wasps.”

The pedicel of incipient nests was always in the shape of a club(Fig. 7), like that of

Polistes wasps, and its size was 2.9mm in average {range: 2.5-3.7mm, n=16) in length and
0.6~0.9mm in diameter, and that of mature nests became plate-shaped, 2.8mm on average in
length and 2.3-20.5mmn in width.
3) Nest Foundation: During 1976-1980 we found a total of 108 nests of Parapolybia
indice in Mie, Nagano and Wakayama Prefectures. All of them were founded by a single
queen, that is, haplometrotic foundation, like most of polistine colonies in Japan® We
have never found anything to suggest that the colony of this species was started by
more than one queen, or pleometrotic foundation, which has been very rarely ohserved
in some Japanese Polistes wasps/ii

A single queen constructed on average 43.4 cells (range: 23-61) and reared 10.9%1.2 lar-
vae (range: 5—-16)up to the pupal stage by herself (Table 2 and Fig. 2). These cells are
always smaller in size than those produced later by workers so that the brood reared
by the queen emerge as the smallest individuals throughout the season.

The ratio of the cells, constructed by the queen, to total cells made until the disinte-
gration of colonies was about 39.6% on average (Table 2).
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Fig. 2. Number of cells in Parapolybia indica nests.

A ¢ No. of cells constructed by queens in solitary
stage, B! No.of cells at dissolution. Horizontal
bars indicate 95%S. E.

According to MATSUURA™, the number of cells built by a single queen in the Japanese
Polistes wasps 20—25 in P. jadwigae, 2535 in P. mandarinus and P. japonicus 30—40in
P. chinensis, P.snelleni and P. rothneyi in southern Japan. Our data indicate that the
queen nest of Parapolybia indica insouthern Japan tends to be larger than that of any
other Japanese Polistes.
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4) Reconstruction of Nests: Vespa tropica, which depends exclusively on Polistes and
Parapolybia brood for feeding its larvae, is the most important enemy of Parapolybia
indica colonies in Kawakita (Fig. 12). The strong predation by this hornet accelerated
the break up of the Parapolybia colonies during the early stage of nesting.  The adult
wasps then abandoned their nest and reconstructed a new nest near around the original
nest (Figs. 13, 14, 15 and 16).

Table 2. Number of cells constructed by queens of Parapolybia indice with some records on case histories

in each nest.

Nest Date of Date of No. of No. of No. of A/B Date of Duration of
no. discovery  emergence brood cells cells at x 100 dissolution co-operative

of first  reared by made by termination (%) period(days)

workers queen queen :

(A) (B)

7701 May 11 June 25 5 34 34 100 July 28 33
7702 May 12 June 27 11 49 199 246  Aug 15 49
7703 May 13 June 21 14 56 77 72.7  July 31 40
7704 May 13 June 17 12 49 230 21.3  Aug 16 60
7705 May 13 June 15 14 44 266 16.5 Aug 22 63
7706 May 13 June 20 7 35 37 946 July 6 16
7707 May 19  June 17 15 42 198 21.2  Aug 10 54
7710 May 19 June 24 12 50 269 186 Aug 8 45
7711 May 24 June 14 13 45 54 83.3 Aug 10 57
7712 June 4 June 15 16 51 291 175  Aug 14 60
7801 May 12 June 17 8 33 66 500 Aug 6 50
7802 May 12 June 19 6 38 41 92.7 July 10 21
7804 May 17 June 19 12 49 177 277  Aug 14 56
7805 May 19  June 19 15 61 108 56.5  July 23 34
7806 May 19  June 19 13 49 70 700 July 27 38
7807 May 22 June 19 10 54 38 614  July 23 34
7810 May 22 June 21 14 53 245 216  Aug 6 46
7811 May 24  June 21 13 53 147 36.1 Aug 1 41
7812 June 5 June 21 11 50 113 442  Aug 6 46
7903 May 9  June 18 12 44 45 97.8  July 23 35
7904 May 9 June 22 6 31 36 86.1 July 28 36
7906 May 10 June 22 13 39 40 97.5 July 2 10
7907 May 10 June 22 5 33 95 34.7 Aug 13 52
7908 May 10 July 1 8 34 101 337  Aug 18 48
7911 May 10 June 22 9 35 35 100 July 31 39
7912 May 11 June 21 12 39 41 95.1  June 23 2
7914 May 12 June 21 11 45 48 93.7  July 19 28
7917 May 12 June 21 13 - 47 56 83.9  July 23 32
7918 May 13 June 21 5 23 31 742  Aug 1 41
7929 May 19  June 22 12 47 100 47.0  July 28 36
7921 May 21 June 20 10 32 60 53.3  July 23 33

Ave. 10.9 43.4 109.6 39.6 40.0
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Table 3 shows the.case histories of the reconstruction of some nests of Parapolybia indica
which were attacked and destroyed by Vespa iropica. Complete observations from
the start to the finish of a relocation are scarce. The following description was made
by combining fragmentary records and information observed by us. From the start of
attacks by V. tropica, the queen and workers of P. indica stop their building activity,
though they continue to stay on the comb without any counter-attack. The attack of V.
toropica is repeated until all the immature stages except for eggs are consumed. This
takes from 3 to 10 days. After V. iropica has attacked the nest of P.indica two or
three times, some workers leave the nest and fly about to search for another nesting site
nearby. When a suitable site is found not far from the original nest the scout workers
settle on the place and spend most of their time resting on it with occasional returns to
the original nest. With the start of searching for a new nest site, the workers in the
original nest stop nest huilding activities and the queen stops oviposition. Then, she
leaves, frequently by herself, to search for new nest site, which will be on the underside
of a leaf or on the twig of various kind of plants near the ground (Table3). About a day
after the arrival of the queen the workers usually start building a new nest and the
queen begins to lay eggs in each cell as shown in Fig. 14. The distance between the two
nests is mostly within 1—3m (Table3), reaching 4m at the maximum. After they
reconstruct a new nest, most of the workers frequently visit the original nest

Table 3. Records on reconrtructed nests of Parapolybia indica,

Nest Nesting Height Date of No. of cells Production of Distance between

no. " site ** (em) dissolution at dissolution female male both nests(em)
7602 L 50 July 26 130 some  some 97
7607 T 17 ? 89 none  some

76047 L 80 ? 40 none  none 400
7608 L 111 Aug 13 26 none none

7703 L 48 July 31 58 some ? 418
7723 T 79 Aug 11 62 some? ?

7710 L 19 Aug 8 182 some [ 455
7714 T 45 Aug 20 147 none  none 09
7715 L 49 ? 96 some ? 406
7716 T 34 Oct 19 61 ? ?

7718 L 52 ? 92 some ? 160
7719 L 24 Sep 28 81 ? ?

7813 L 29 July 23 74 some  some 38
7814 L 32 Aug 3 70 none  some

79262 L 49 July 26 43 some none 950
7927 L 114 Aug 11 16 none  none ’
79277 L 44 July 23 51 some none 100
7928 L 37 Aug 11 21 none  none

* above : original, below : reconstructed nest.

% L : Underside of leaf, T : Twig of tree.
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for several days (Fig. 13). But they never reuse the original nest even if V. tropica
has stopped attacking it.

Nine out of 30 nests which had been attacked by V.iropica during July —early August
in 1976-1979 were reconstructed and some of them produced new queens or males. How-
ever, when the colonies were attacked after mid August, i.e. at a later stage of nest-
ing, all the adult wasps remained on their nest and the queen stopped egg laying, and
a new nest was not constructed.

According to YOSHIKAWA™' | when the nests of Polistes jadwigae were destroyed by
natural enemies, the reconstruction of a nest would be successful at the early nesting
stage, but unsuccessful at the later part of nesting, because the remnant of the brood
were eaten by workers.

3. Brood Development

Table 4 shows an estimate of seasonal change in the mean duration of the egg, lar-
val and cocoon stage of the Nests 7702, 7705, 7707, 7710 and 7804.

1) Eggs: The development time for eggs Parapolybia indica varied considerably accord-
ing to when the eggs were laid. The eggs laid in May required 11.2 days on average in

Nest 7707 and 13.5 days in Nest 7702 to develop, both of which were the longest

throughout the nesting period. The eggs laid in June required on average 78 days
in Nest 7702 and 10.7 days in Nest 7710, and July eggs required on aveage 6.4 days
in Nest 7702 and 72 days in Nest 7710. Since the development of the egg is not
dependent upon food supply, it appears that these differences are probably affected

by temperature at different nesting sites.

YOSHIKAWA " gave 7 days as the duration for the first eggs of Polistes jadwigae,
EVERHARD 'gave 13 days as the mean duration of the egg stage for Polisies fuscatus
with a wide range of 7 to 18 days.

Table 4. Duration of each developmental stage of Parapelybia indica in each oviposition period (in days).

Nest Duration of Duration of Duration of Duration of total
No. egg stage larval stage pupal stage brood period

May June June. May June June May July July May June July

Mean 135 7.8 64 252 118 9.8 142 131 126 53.0 327 287
SE. 0.8 04 0.4 1.8 07 0.5 1.1 05 0.3 1.2 09 0.7
Mean 131 105 70 239 138 109 131 13.0 132 501 372 309
SE 23 05 0.2 22 14 0.3 1.0 0.2 0.2 2.7 16 0.4
Mean 112 10.6 64 258 1538 9.6 134 134 130 502 399 291

7702

7705

7 g 92 08 06 14 17 14 07 02 09 39 21 15
o Mean 113107 72 263 147 137 125 136 — 501 300 —
SE. 13 07 02 20 11 06 07 02 — 27 18 —

7804 Mean 132 89 66 195 161 106 142 131 126 468 389 307
SE 0.5 05 0.2 1.7 11 0.3 06 04 0.4 3.3 14 0.7

2) Larvae : The development times for the larval stage also varied considerably at differ-
ent stages of colony development. Fig. 3 shows the relationship between the order of
emergence of workers and the duration of larval stage in Nests 7804 and 7919. The first
larvae usually required only 13--14 days, while all subsequent larvae required increas-
ingly more days to develop. The egg which hatched on May 27 required the maximum
time of 26 days in Nest 7804, and the duration of the larval stage shortened gradually.
In Nest 7804 the larvae which were produced from the eggs laid in June required 16.1
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Fig. 3. Relation between order of worker emergence

and the duration of the larval stage.

days (range: 10—23 days, n=42), and in July 10.6 days (range - 8§—22 days, n=126).

The variations of the development time of larvae are probably affected by quantita
tive larval nutrition at different stages of colony development, as already pointed out in
Polistes spp'. and in Mischocyttarus drewseni” YOosHIKAWA “noted that the queen of
Polistes jodwigae had a tendency to feed more food to accelerate the emergence of the
first few workers. Such rapid growth of the first larvae is also reported in Mischo-
cyttarus drewseni ¥
3) Cocoons: As shown in Table 4, the mean duration of the cocoon stage varied much
less than did that of the larval stage. In Nest 7804 the average length of the cocoon
stage was 14.2 days for May eggs, 13.1 days for June eggs and 12,6 days for July eggs.

Temperature probably affects the developmental rate of pupae as reported by EBERHARD v
in Polistes spp., though EBERHARD'S data for the duration of the pupal stage (=cocoon
stage) show a wide variation of 9-33 days in Polistes fuscatus and of 7—32 days in
P. canadensis.

4) Duration of Immature Stages: Total development times from egg to adult varied con-
siderably according to the stage of colony development (Table 4 and Fig. 4). The first
brood required more than 50 days, which is the maximum. The total development time
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Fig. 4 . Change of the total developmental periods from

egg to adult observed in Nest 7705.
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of brood decreased gradually to around 30 days and most of the eggs which were laid
in July required 2735 days to develop. However, eggs laid after August did not devel-
op to adulthood because they were attacked by Vespa iropica, or used as food for the
males and new queens.

Summary

Biosociological studies on Parapolybia indica SAUSSURE have been carried out by the
authors since 1976. The present paper deals with the nesting habits and brood devel
opment of this wasp in Kawakita, Tsu, Mie Pref., southern Japan, in comparison with
those of other Polistinae.

Some peculiar habits on nidification are : 1) nidification on the underside of a leaf of
evergreen trees;2) the use of the hairs mainly collected from the young leaves of Neo-
litsea sericea for nest material; 3) a single laterinidal comb without envelope ; 4) exclu-
sive haplometrosis ; 5) nest reconstruction in colonies attacked by Vespae tropica.

The number of cells constructed by a single queen was 43.4 cells on average, and the
developmental time from egg to adult required more than 50 days at earlier stages and
around 30 days during the later stages of nesting.
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Fig. 5. Leaves of Neolitsea sericee with the marks to show where Parapolybia indica have visited
8 Y

to collect the nest materials.

Fig. 6. The same; some parts of the hairs on a leal are cut off by the wasps,

Fig. 7. Incipient queen nest of P, indica attached to the midrib on the underside of a leal of
Neolilsea sericea,

Fig. 8. Mature queen nest of P, indica, consisting of cells arranged in three rows, atiached to
the midrib on the underside of a leal of Quercus glauca,

Fig. 9. Mature nest of P. indica with a developed plate-like pedicel

Fig. 10. Two workers coating nest materials on the lealstalk of a leal to which the nest is attach-

ed.
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Fig. 11. Mature nest of P,
Fig. 12.

indice where the dorsal sides of the comb bend backward.
Vespa tropice worker manipulating a prepupa of P, indica on the
species.

nest of

Fig. 13. Abandoned nest of P. indica with a few workers remaining on it (Nest 7602).
Fig. 14. Reconstructed nest of P indice with only eggs in each cell (Nest 7607).

Fig. 15. Side view of the same nest.

Fig. 16. Dorsal aspect of the same nest

the

latter



Nesting habits and brood development of Parapolybia indica Saussure (Hymenoptera: Vespidae) 23

i =

RY T 2 F HNF OB L RORE

B IERE - Azl IEMA - RREE R

BIUIERRAOEKMEECH LRV T L F HiF (Parapalybia indica SAUSSURE ) IZDWT, 19764E & ¥ 19804
O, Z@IE - S ISR OURN CHE B 1T - T & 7200, AR TR BRI & KISR0 S T E s
5 5 PSS fﬁ CR LIS

1) AMOEMBITE, RO EET 2B OMARORE T, &Nt cHEEse Ly
Y€ (54.3%, 70/129) &7 H 3 (22.5%, 29/129) AURIF& N Tuwv/i,

2) MUEMB L LT, YO8 ERUHYHOPERCHEROLRW ST 5B LRI, i L B CRA
SDHFHHE Nz,

3) RIS EOBBEM T, 1AOURINTEL SN S, HORHEE & LI ERIBRBIRE - TTH B L
A

4) BAEMIITHER L 22 108 MIZ B AR0FEME, wiRG LHORBMLATTEY, LAad - ORI DR,
EHhENS,

5) REAHMOURL ZHHEL 43, 45 (P23, 26 ¢, 20 ) 510,950 (S.E. 1. 280 & ¥ &
TEHL 2.

6) AMOKMTH B A AL ANF Vespa tropica pulchra DI %213 723000 5 &, MEHE L 2= B0 B4
ERERRL A OMT, 20 b0 84 (27.7%) Hk] li'{‘ﬁo)i?%?"flfiﬁ?r‘?& B L 2o

7) A SR E CORBIIMIL, 2 EiGo8E BN DPEAOM) & TUES0E LA L2 B L 7200, DIk
meay, 7THICEMENZINTCIEINLE CUES0RMBELEL 2





