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Abstract. Bionomics of a paper wasp, Polistes (Gyrosto-
ma) olivaceus (De Geer, 1773), is described and discussed
based on 34 nests collected in 14 provinces and cities in
Vietnam in a period of four years (2010-2014) along with the
dissection of some selected nests. Nest sites, nest architec-
ture, colony size, size of development stages, and habits of
P. olivaceus are also reported. The colony cycle of P. oliva-
ceus can be divided into five stages as follows: 1) Post-
hibernant stage, 2) Solitary stage, 3) Emergent stage, 4) Pre-
hibernant stage, and 5) Hibernant stage. The duration of the
colony cycle is about 270 days, the duration of the immature
stages is eggs — 6.5 days, larvae — 27.1 days, and pupae —
13.8 days and total duration — 47.5 days. The survivorship
rate of the immature stages is eggs — 84.7%, larvae —
81.9%, and pupae — 95.8%.

Pe3tome. Onucana skonorusi OymaxxHoi ocel Polistes
(Gyrostoma) olivaceus (De Geer, 1773) Ha OCHOBaHHH U3Y-
yeHust 34 THE3A, cOOpaHHBIX B 14 MPOBHHIMAX U TOPOJax
Brernama B Teuenne 4eThIpéx net (2010-2014). [Ipoeneno
IIpenapupoOBaHKe OTJACIBHBIX THE3], OTMEUESHO UX PacIojo-
JKEHHUe, CTPOEHHE, pa3Mep KOJIOHUH, pa3Mephl CTa il pa3Bu-
TS ¥ oBeieHue oc. JKn3HeHHSBIi UK KoJoHuH P. olivaceus
MOKHO Pa3ZIeNUTh Ha ISITh ATANO0B: 1) MOCT3MMOBOYHBIH ATall,
2) OAMHOYHBIH 3Tarl, 3) 3Tall CTAaHOBJICHUS KOJIOHUY, 4) IIpei-
3MMOBOYHBIH 3Tall U 5) 3MMOBKa. [IpogomKNTeIbHOCTB JKU3-
HEHHOTO IIMKJIAa KOJOHHHU cOcTaBisieT okoio 270 xHeH, mpo-
JIOJDKUTEBHOCTh CTaauu sAiia — 6,5 JTHEH, JIMYUHKH —
27,1 nHeit, u kykonku — 13,8 mHeit; o0mmas mpoIoIDKATENb-
HocTe — 47,5 ngueii. BeDKHBaeMoCTh B CTagusax sima —
84,7 %, muuunku — 81,9 % u kykonku — 95,8 %.

Introduction

The social wasps belong to the family Vespidae,
including three subfamilies (Stenogastrinae, Polistinae,
and Vespinae) with 37 genera [Pickett, Carpenter, 2010].
Of these, Belonogaster, Parapolybia, Mischocyttarus,
Polistes and Ropalidia are of particular interest. They
form a separate behavioural category characterized by
simple, open nests that can be easily studied, and a

rather primitive level of sociality because one or a small
group of queens (inseminated females) found new colo-
nies and rear the first brood in this group [Gadagkar,
Joshi, 1982].

Polistes is a cosmopolitan genus of 218 species
[Pickett, Carpenter, 2010], most of which are tropical or
subtropical in distribution. Adults are slender, elongat-
ed wasps with a pointed, spindle-shaped abdomen, and
show little obvious morphological differentiation into
the queen and worker casters. This genus has been
widely studied and is considered as key genus for
understanding evolution of the social insects and so-
cial behavior among wasps [Carpenter, 2003].

Polistes olivaceus (De Geer, 1773) is one of the more
defensive Polistes species. While it will tolerate activi-
ty near the nest, the workers will be quick to spot, locate
and attack all that moves and comes too close. Howev-
er, the attack is frequently aimed solely at the intruder.
The sting of this species can be quite painful [Barthele-
my, 2008; Pham, 2014a]. For these reasons, it is really
difficult for researchers to carry out studies on biology
and behaviors of the one.

Whereas many other species in the genus Polistes
have received considerable attention on biological and
behavioral studies [Cervo et el., 2000; Gamboa et al.,
2002; Giannotti, Mansur, 1993; Giannotti, Machado,
1994a, b; Giannotti, 1997a, b; Gobbi, Zucchi, 1980, 1985;
Gobbi et al., 1993; Harris, 1979; Hermann, Dirks, 1975;
Jeanne, Morgan, 1992; Jeanne, 1979; Joan et al., 1983;
John, 1971; Karsai et al., 1996; Khalifa, 1953; Klalin,
1979; Liebert, 2004; London, Jeanne, 1997; Makino, 1989;
Miyano, 1980; Pfenning et al., 1983; Pickett, Wenzel,
2000; Post, Leanne, 1982; Pratte, Jeanne, 1984; Rau,
1942; Reeve, 1991; Richards, Richards, 1951; Shellmann,
Gamboa, 1982; Tibbetts, Reeve, 2000; Tibbetts, 2007,
Turillazzi, 1980; Vinicius et al., 2009; West Eberhard,
1969; Yamane, 1969, Yamane, Okazawa, 1977; Y oshika-
wa, 1957], there is very little information on biology of
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P. olivaceus. Barthelemy [2009] only briefly mentioned
on its nest and habitat as follows: Nest is un-protected,
one sided symmetrical and compact (disk-like) paper
comb construction with eccentric pedicel. Cells unspe-
cialized (i.e. no major difference in size for male, queens
and workers). Nests of this species are similar in shape
and size to those of P. japonicus. Cocoon caps general-
ly white, densely woven forming a depressed dome but
sometimes with a short tubular cell extension with hemi-
spherical end. The pedicel, the apical part of comb and
a portion of the substrate is smeared with a hard coat-
ing secretion. Colony size is small to medium colonies,
rarely exceeding fifty individuals in Hong Kong, al-
though bigger colonies can be found. This is an ag-
gressive species and nests should be approach with
great care. Pham [2014a] described and analyzed hiber-
nation on the nest of this species. Therefore, the present
paper is the first report on biological observations of P.
olivaceus.

Materials and Methods

A total of 34 nests of P. olivaceus were collected in
Vietnam with a period of 4 years from 2010 to 2014. 14
provinces and cities where the nests collected are Bac
Giang (1 nest), Bac Ninh (2 nests), Dien Bien (1 nest),
Dong Nai (2 nests), Hai Phong (1nest), Hanoi (9 nests),
Hoa Binh (2 nests), Ho Chi Minh (2 nests), Lao Cai
(1 nest), Nam Dinh (1 nest), Quang Binh (1 nest), Quang
Ninh (1 nest), Son La (2 nests), Thai Binh (8 nests)
(Fig. 1). These nests were collected taking precaution
not to bias the sampling in favour of any particular size
class of nests and to collect entire combs along with all
the adults and immature stages. The number of peti-
oles, cells, eggs, larvae, pupae and adults were deter-
mined, and all adults were also sexed. Nesting habits,
nest sites, nest architecture, colony size, the duration
of the immature stages, cycle and longevity of colony
and related problems of P. olivaceus were analyzed and
discussed.

Observation on the development stage of egg, lar-
va, and pupa was carried out with six naturally occur-
ring nests at 19 Group, Nghia Do Precinct, Cau Giay
District, Hanoi Capital from the beginning of April to
the end of June, 2012. The distance among these nests
was only about 20m. To carry out this observation cells
of the nests were numbered and the nests were posi-
tioned with 4 small red spots of dry paint around the
nests with a distance of 20 cm from (Fig. 2). With cells
that were next built they would be numbered next. The
observation also assisted by a magnifier (with magnifi-
cation of 15). For other observations, I carried mainly
out them in 2012, 2013, and 2014. Measurement of eggs,
larvae, pupae, and adults was made with the ocular
micrometer attached to a stereoscopic microscope. Pic-
tures were taken by a digital camera Canon SD3500 IS.

All statistical tests were performed using Analysis
Tool (Descriptive Statistics) with a confidence level for
mean of 95% in the Microsoft Excel 2007.
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Fig. 1. Map showing provinces and cities studied.
Puc. 1. Kapra m3y4eHHBIX IIPOBMHLMIL U TOPOAOB.

Results and Discussion

Nest sites. Throughout Vietnam, P. olivaceus was
widely distributed from North to South region, from the
lowland to the highland areas (from 0 m altitude at Xuan
Thuy National Park, Nam Dinh Province to more 1000 m
at Da Bac District, Hoa Binh Province; Moc Chau Dis-
trict, Son La Province; Sapa District, Lao Cai Province;
Muong Nhe District, Dien Bien Procince). Its nests
were found in various sites such as in abandoned hous-
es, beneath the eaves, inside houses, under rocky cliffs
or on trees (also see Table 1). These nest sites are
similar to those of two Polistes species studied previ-
ously such as P. snelleni, P. biglumis [Yamane, 1969].

These nest sites were often built at airy and wide
places. It was rarely to see nests at gloomy and damp
places. This can be suggested that before the nest
foundation the founder carefully choose the nest site
as well as calculates for opportune to develop the nest.

On the trees, the nest site was fairly secret and was
able to avoid effect of wind or rain. The nests were
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Fig. 2. Cells of the nest numbered.
Puc. 2. Hymepagms sigeexk rHespa.

usually hung on twigs of the tree, and the height of the
nest depended on that of trees but about only 1-5 m
from the ground. Trees frequently chosen for nesting
were Bananas (Musa sapientum) (directly stuck on the
veins of under surface of drying old leaves folding up
tree trunk), Sea almond (Terminalia catappa), or Ma-
layan banyan (Ficus microcarpa). The age of trees also
has an important relation to complete life cycle on the
nest (from founded to declined nest). This is one of the
reasons that the nest of P. olivaceus is seldom built on
short day cultivated plants.

In case of rocky cliffs, the nest was built along road
sides and was not almost defended. Most nests in this
site were not directly exposed to insolations during the
daytime. Hence the temperature at the nest was consid-
erably raised when rocks absorbed the heat from the
sun.

Into houses, the nest was built beneath the ceiling,
about 3— 4 m from the floor (depending on height of the
ceiling). Only two of 34 collected nests were found at
the third floor, with an altitude of about 12 m. At this
site the nest is clearly exposed, and avoids almost ef-
fects of rain or wind. However, people are sometime

Fig. 3. Auxiliary petiole of the nest.

Puc. 3. BcmomoraTeabHblit  cTeGeAEK THE3AA.
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target of offensive of this wasp when any activity moves
and comes too close its nest.

In abandoned houses and beneath the eaves of
houses, most nests of P. olivaceus were found (17/
34 nests). At these two sites, the nest of P. olivaceus is
not influenced by most activities of people.

From data of Table 1, it clearly showed that sites
where minimum effects such as activities of humans,
sunshine, rain, or wind to the nest were often chosen to
build the nest by the queens of P. olivaceus. Or in other
words, sites where nests are attached to are no moves
(28/34 sites). In case of the nests on trees, when the
wind is high eggs, larvae, or pupae are maybe thrown
the nest out or the nest is maybe broken by the impact
of adjacent branches.

Both nest petiole and nest axis were vertically made.
Correspondingly, the founding queens always trended
to make nests under horizontal surfaces (under ceiling,
on twigs, beneath the eaves, or under cliffs).

Nest architecture. Materials and colour. Nest ma-
terials of P. olivaceus probably collected from weath-
ered surfaces of herbs and woods. Slivers were mixed
saliva into its mouth before for cell construction. The
nest was principally grayish. Particularly, to petiole, it
was made by special materials instead of using slivers.
These special materials maybe were mixture of vegeta-
ble saps (not yet known) with its saliva. So this petiole
was very hard and was black colour like tar.

Petiole. Column-like, 7-13 mm long (an average
10.82 +2.21 mm) and 3—-5 mm thick (an average 3.76 +
0.78 mm) (table 1), attached to the center of upper sur-
face. Time to complete the petiole was about 1-2 days
before emergence of the first cell. It seems to have the
forecast to nest development that most nests that found-
ing queens leave early have a short petiole (7—9 mm (11
nests)). To Polistes wasps in general, the nests vary in
architecture from single serial arrangement of cells sus-
pended from a single petiole (P. goeldii) to large hori-
zontal combs supported by multiple petioles P. fusca-
tus (Downing et Jeanne 1983). Jeanne (1975) suggested
that the function of the narrow petiole is to restrict
entry by ants and that is thus represents a good site for
efficient deposition of a glandular ant repellent. To
P. olivaceus, however, depending on the nest size and
nest site that it could make one or two auxiliary petiole(s).
This auxiliary petiole was to help the firmed nest and
was always smaller than the main petiole (Fig. 3).

Comb. Always concentric, horizontal and as a rule,
directed downward. The width of the comb was variable
from 24—152 mm, an average 76.23 £42.11 mm (table 1).
The height of the comb depended also on the develop-
ment of nest, ranged from 30—90 mm, an average 58.4 =
24.11 mm. The thickness of the petiole has close rela-
tion with the width of the comb as well as cell number of
the comb. The bigger the comb, the thicker the petiole
and vice versa. In other words, since the comb is bigger
it needs a thicker petiole to prop up weight of the nest.

Cell. Taken 3-5 days to complete in solitary stage
(only one the queen), and 0.5-0.8 days in emergent
stage (many workers). Wall of the cell was of 0.09—
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Table 1. Characteristics of the nest of P. olivaceus
Tabanga 1. ITapamerpst tuésp P. olivaceus

Nest Life Size of petiole (mm) Size of comb (mm) Size of cell (mm) The number .
No. stage L T H W H W T of petiole Nest site
1 SS 9 4 31 25 26.61 5.43 0.10 1 Beneath the eave
2 SS 7 3 30 32 27.02 5.38 0.10 1 Beneath the eave
3 SS 8 3 31 26 26.62 5.44 0.10 1 Beneath the eave
4 SS 13 5 31 33 2712 5.44 0.09 1 Beneath the eave
5 SS 7 3 31 27 26.74 5.38 0.10 1 Beneath the eave
6 SS 12 4 31 42 27.03 5.40 0.10 1 Beneath the eave
7 ES 9 3 31 39 26.67 5.37 0.10 1 Beneath the eave
8 ES 9 3 31 42 26.68 5.40 0.10 1 Beneath the eave
9 ON 7 3 32 28 26.88 5.41 0.10 1 In abandoned house
10 ES 13 5 87 124 26.87 5.43 0.10 1 Inside of house
11 ON 13 4 86 114 27.04 5.44 0.10 1 On tree
12 ON 9 3 56 54 27.21 5.43 0.10 1 On tree
13 ES 12 5 87 145 26.89 5.43 0.10 2 Beneath the eave
14 ES 13 4 56 86 27.09 5.44 0.09 1 On tree
15 ES 13 4 55 48 26.87 5.40 0.10 1 Beneath the eave
16 ON 13 4 87 128 27.11 5.40 0.10 1 Inside of house
17 ES 13 5 55 101 26.91 5.38 0.09 1 In abandoned house
18 VN 9 3 56 44 27.10 5.38 0.10 1 On tree
19 ES 13 5 88 109 26.77 5.40 0.10 1 In abandoned house
20 ES 13 3 88 112 26.66 5.40 0.09 1 Under rocky cliff
21 ES 10 3 32 44 27.07 5.43 0.10 1 Under rocky cliff
22 ON 10 3 55 136 26.79 5.42 0.10 1 In abandoned house
23 ON 10 4 55 68 2713 5.42 0.09 1 Under rocky cliff
24 ES 13 4 55 88 26.76 5.44 0.09 1 Under rocky cliff
25 ES 12 4 57 59 27.14 5.43 0.09 1 Inside of house
26 VN 10 4 56 77 2712 5.40 0.09 1 Inside of house
27 VN 7 3 33 24 27.00 5.37 0.10 1 On tree
28 ES 13 5 87 120 26.60 5.37 0.10 1 Beneath the eave
29 ON 8 3 33 33 26.83 5.43 0.10 1 On tree
30 ES 11 5 87 152 26.87 5.41 0.10 1 Under rocky cliff
31 ON 13 4 88 147 26.98 5.38 0.10 1 In abandoned house
32 VN 11 3 89 68 27.00 5.38 0.10 1 Under rocky cliff
33 ON 13 4 90 112 26.75 5.37 0.10 3 Under rocky cliff
34 VN 12 3 89 105 26.59 5.37 0.09 1 In abandoned house
Min_max 7-13 35 | 3000 | 24-152 | 22597 I5375.44 | 0.09-0.10
Means 10.82 3.76 58.41 76.23 26.90 5.41 0.09
+2.21 +0.78 +24.11 +42.11 +019 + 0.02 +0.004
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Fig. 4. New cell sites built and egg sites laid.
Puc. 4. HoBble mmocTpoeHHbIe SIEMKM M SIYEKM C OTAOSKEH-
HBIMU SIALJAMMA.

0.10 mm thick, an average 0.09 + 0.04 mm. Distance
between opposite sides of a hexagon relatively con-
stant regardless of position (= width) ranged from 5.37
to 5.44 mm, an average 5.41 = 0.02 mm. The height of the
cell ranged 26.59—27.21 mm, an average 26.90 £ 0.19 mm
(table 1).

New cells were built by the following two sites:
beside old cells (from the edge of comb), and beyond
the top of cocoon (Fig. 4).

Size of development stages. There are two develop-
ment stages in lifespan of P. olivaceus. They are imma-
ture stage (including egg, larva, and pupa) and mature
stage (including adults: the queen, worker, and male)
(table 2).

Immature stage: Egg (Fig. 5a): was ivory white, slight-
ly curved and narrowed at the base. The size was 2.1—
2.3 mm in length, an average 2.19 +0.08 mm; 0.8—1.0 mm
in width, an average 0.92 £ 0.07 mm.

Larva (Fig. 5.b—c): was 1.90—19.1 mm in length, an
average 8.95 = 5.76 mm; and 0.9—6.6 mm in width, an

Table 2. Size of developmental stages
Tabanyga 2. Pasmep crapnii pasBuTms

P. olivaceus
Development stages ) Hong
Vietnam Kong
Length 2.1-2.3 (2.19 £ 0.08, n=68)
Egg
Width 0.8-1.0 (0.92+ 0.07, n=68)
1.9-19.1 (8.95 + 5.78,
Larva Length n=293)
. 0.9-6.6 (3.31 + 1.76,
Width n= 156)
Length 19.5—22.4:#2(;{.302 +0.81,
Pupa = 69)
Width 5.1-5.8 (5.43 £ 0.18, n= 69)
Length 16.9—20.5_(;!33.3 +0.75, 14-17
Worker n=73)
Width 3.6-4.6 (4.23 £0.23, n=73)
Length 23—25.4n(g42.go +0.73, 16-18
Queen = 25)
Width 5.3-6.4 (5.82 £ 0.29, n=25)
Length 27.1-28.6 18-20
Male
Width 7.1-75

Phong Huy Pham

average 3.31 £ 1.76 mm. Because there was a mistake in
measurement process of the width of the cephalic cap-
sules, the larva instars were not determined. But with
measurement of 293 individuals of larvae, it can be
grouped in the following five levels: the first is 2.5—
3.0 mm in length and 9—12 mm in width; the second 3.2—
4.5 and 17.0-22.0 mm; the third 7.0-8.5 and 2.8-3.5 mm;
the fourth 12.1-14.0 and 40—50 mm; and the last 17.0—
19.0 and 5.5—65 mm. This can be implied that the larva
of P. olivaceus has five instars.

Pupa (Fig. 5d): was 19.5-22.4 mm in length, an aver-
age21.02+0.81 mmand 5.1-5.8 mm in width, an average
5.43+0.18 mm.

Mature stage: the queen (Fig. 5f): the body is exten-
sively yellow or orange in colour and few black markings
on the thoracic sutures. Thoracic sterna and coxae are
yellow. The queen was a medium large wasp with the size
ranged 23.0—-25.4 mm in length, an average 24.3 + 0.73
mm; and 5.3—6.4 mm in width, an average 5.82 £ 0.29 mm.

Worker (Fig. Se): was with colour similar to that of
queen and the size ranged 16.9-20.5 mm in length, an
average 19.3 £ 0.75 mm; and 3.6—4.6 mm in width, an
average4.23+£0.23 mm.

Male: was with the size from 27.1-28.6 mm (n = 3) in
length and 7.1-7.5 mm (n = 3) in width. Male has thus the

Fig. 5. Development stages of P. olivaceus. 1 — egg, 2—3 —
larva, 4 — pupa, 5 — worker and queen, 6 — queen

Puc. 5. Crapun passutus P. olivaceus. 1 — svigo, 2—3 —
amamHKa, 4 — Kykoaka, 5 — pabodas m Kopoaesa, 6 —
KOPOA€Ba.
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Table 3. Compositions of nests of P. olivaceus
Tabannga 3. Cocras ruesp P. olivaceus
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Nest No. Total of cells Egg Larva Pupa Adult Total of empty cells
7 34 16 11 4 3 3
8 37 15 12 5 3 5
10 278 19 49 13 24 197
13 311 9 48 10 30 233
14 89 40 31 11 9 7
15 55 24 19 7 7 5
17 137 48 64 15 14 10
19 225 28 39 11 20 147
20 176 51 69 13 17 43
21 40 17 12 5 4 6
24 93 33 41 10 11 9
25 65 29 22 9 7 5
28 262 22 38 10 24 192
30 378 6 19 4 33 349

biggest size. The size of workers is always smaller than
that of the queen. Barthelemy [2009] produced size of
worker, queen, and male of this species in Hong Kong as
follows: 14-17, 1718, and 18—-20 mm respectively. So in
Vietnam size of worker, queen, and male is bigger than
that of these the same castes in Hong Kong.

Colony size. Colony size is small to medium. The
biggest colony size in present study was 33 individuals
(nest No. 30). Nests (No. 10, 14,17, 19, 20, 24, 25, and 28)
were being in the emergent stage with many eggs, lar-
vae, and pupae. This can suggest that the colony size
of these nests will be much bigger than that of nest No.
30 (more than 33 individuals) and is also able to more
than 50 individuals (table 3). Barthelemy [2009] stated
that small to medium colonies, rarely exceeding fifty
individuals in Hong Kong, although bigger colonies
can be found. This present study also agrees with his
studies.

Nest protection habits of the queen. As what men-
tioned in introduction section, P. olivaceus is one of
the defensive Polistes wasps. It will attack anything to
come close its nest by its sting. In an observation
produced on one nest at Nghia Do, the founding queen
perched upon the nest and powerfully clapped the wings
with its body being directed towards a house lizard
coming to close its nest, and this house lizard had to
run away. Also at this place, a flock of black and a flock
of red ants were observed moving across near its nest
but no any invading action. This shows that this wasp
secretes an ant-repellent substance. According to study
of Downing and Jeanne [1983], the ant repellent sub-
stance was secreted by a gland (called van der Vecht's
gland) located in the VI abdominal sternite. In many
species of Polistinae tufts of hair were observed close
to the anterior edge of the VI abdominal sternite in
female, serving as storage and as an applying brush,

whose function is spreading the ant repellent secretion.
In case of P. olivaceus, it also secretes this substance
around its nest to drive away the flocks of ant. To some
snout moths, however, this substance has no effect.
A clear evidence to this was showed in a late paper of
Pham [2014a, b] (the snout moth Hypsopygia postflava
was a parasite on the nest of P. olivaceus). The nest of
P. olivaceus collected at Nghia Do, Cau Giay late Feb-
ruary, 2014 had appearance of the parasitic moth that it
was being in the hibernant stage. This implies that this
snout moth had parasitized on the nest of P. olivceus in
2013 when the immature stage had been present on the
nest.

Cycle of colony. By observation in a period of
4 years, the annual cycle of P. olivaceus can be divided
into five stages as follows: post-hibernant stage, soli-
tary stage, emergent stage, pre-hibernant stage, and
hibernant stage.

Post-hibernant stage. This stage is from hibernacu-
lum departure to nest building, and it lasted about
7 days. Depending on the every year temperature the
founding queens are able to appear soon or late. Or in
other words the appearance of the queens does not
depend on time (late March, early April, or mid April)
that it depends on the temperature level. The founding
queens usually appear in the beginning of summer, with
a temperature level of over 20°C. The results of the
observation showed that two queens appeared from
27-31th March, 2011, three from 15-23th April, 2012; six
from 29th March to 5th April, 2014 with temperature 24—
27 °C, 22-25 °C, 22-29 °C respectively. Pham
[2014a]reported that wasps left their hibernaculum 22 —
27th March, 2014 with the temperature level of above
20 °C. No detailed observation was made on behaviors
of this species in the post-hibernant stage. 3—5 days
after appearance of the founding queens in the field, no
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Table 4. The number of nest-left times of the queen
Tabanyga 4. KoAnduecTBO BBIAETOB KOPOAEBBI 113 THE3AQ

Phong Huy Pham

Stage
Nest number Eggs+Larvae Eggs+larvae+Pupae Eggs+ Larvae+Pupae+Workers
Time Total of cells Time Total of cells Time Total of cells
1 55 °
2 et 18
3 o0 14
4 57 12 75 15 ] 16
° 2 7 7o 12 s 18
6 N 20 b 23

new nest was found. It means that the founding queens
mainly found the food instead of nest building. Be-
cause they need a lot of energy to compensate for the
energy that lost in all hibernant stage and also to pre-
pare for the solitary stage.

According to study of Yoshikawa [1963] on P. jad-
wigae in Osaka, the post-hibernant stage begins in
middle March, lasting about four weeks until middle
April. Yamane [1969] on two Polistes wasps P. snelleni
and P. biglumis stated that the founding queens appear
in late April probably about two or three weeks after the
disappearance of the snow cover. The nest is started in
early May in Hakken-zan and in late May in Tsuneji-
zawa and Bankei. Delayed appearance of founding
queens and short post hibernant stage are remarkable
in Sapporo, apparently caused by severe climatic con-
ditions.

To polistine wasps, climatic conditions (mainly the
temperature) are hence causes of delayed or premature
appearance of the founding queens.

Solitary stage. This stage is from nest building to
emergence of first worker, and it lasted about 50 days.
Unlike in most polistine wasps studied in Neotropical
zone such as P. simillimus, P. versicolor, and P. lanio
Asiatic polistine species only found their nest by a
single female, and it is called haplometrotic foundation.
These species can here be mentioned such as P. snelle-
ni, P. biglumis, P. chinensis antennalis, and P. fadwi-
gae. In six nests observed and 14 nests collected in the
present study, no foundation by more than one female
or pleometrotic foundation.

After a female (a founding queen) chose a fit site it
started to build its nest. After about 2-3 days for com-
pleting the petiole, the first cell was emerged. The num-
ber of nest-left times of the queen for foraging food,
drinking water, or taking nest materials depended on
brood and the number of cells (table 4). In eggs + larvae
stage (the first stage), the queen left the nest 2—7 times/
day; in eggs + larvae + pupae stage (the second stage),
7-9 times/day; and eggs + larvae + pupae + workers
stage (the third stage), 3—5 times/day. In the second
stage the number of nest-left times of the queen is,
hence, the highest in comparison with that of two the

other stages. Because in this stage, the queen has to do
many things such as laying eggs, nest building, forag-
ing food and water, rearing brood when the number of
cells and brood are increasing. To the third stage, the
number of nest-left times of the queen decreases be-
cause the queen cedes some roles to workers such as
foraging food, nest building, rearing brood.

The nest-left time of the queen varies and depends
on her purpose (with 164 observation times). If she
came the nest away for taking water it was only 2—
3 minutes, but for foraging food or taking nest materials
it was a maximum of about 75 minutes (observed on the
nest No. 3 in the first stage).

The development time of the immature stages was
eggs ranging 6—7 days, an average 6.5 + 0.50 days;
larvae 26-28 days, an average 27.1 + 0.67 days; and
pupae 13—15 days, an average 13.8 = 0.80 days. The
total period (from the laid egg to the emerged adult) was
from 45-50 days, an average 47.5 £ 1.99 days. These
values in comparison with those obtained for Nearctic,
Neotropic, and Palearctic species (table 5) showed that
P. olivaceus had the shortest egg stage. The develop-
ment time of larval stage of P. olivaceus was very
similar to that of Neotropic species (P. erytrocephaius
and P. simillimus), and the development time of pupal
stage of P. olivaceus was also very similar to that of
Nearctic species (P. exclamans) and Palearctic species
(P. dominulus). The total of development time of the
immature stage of P. olivaceus was close to that of
Nearctic species (P. dorsalis, P. exclamans, and
P. fuscatus) and different from that of Neotropic spe-
cies (P. cinerascens, P. erythrocephalus, P. lanio lan-
io, P. simillimus, and P. versicolor) and Palearctic spe-
cies (P. dominulus). This difference may be expounded
as the difference in local climate, natural habitat, food
available, foraging efficiency, or natural enemy.

The hatched egg rate ranged from 82.5-87.8 %, an
average 84.7 % (n = 198), the survivorship rate of larva
and pupa was 80-83.3 %, an average 81.9 % (n=230),
and 87.5-100 %, an average 95.8 % (n = 42) respective-
ly (Fig. 6). To P. simillimus, Giannotti (1997b) showed a
rate of mortality of 18.2 % for the egg stage, of 50.7 %
for the larva stage, and of 11.3 % for the pupa stage.
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Table 5. Comparative data on developmental time of the immature stages among some Polistes wasps
Tabanya 5. CpaBHMTEAbHBIE AQHHBIE IO BPEMEHM Pa3BUTMS HE3PEABIX CTAAMI ¥ HEKOTOPBIX oc Polistes
Fauna region Species Egg Larva Pupa Total
Indo-Australia P. olivaceus 6.5 271 13.8 475
P. dorsalis 14.0 17.2 17.4 48.6
Nearctic P. exclamans 13.4 19.7 14.7 47.8
P. fuscatus 13.0 15.3 22.2 47.8
P. cinerascens 13.0 23.7 22.2 58.6
P. erythrocephalus 171 26.6 23.8 67.5
Neotropic P. lanio lanio 20.8 40.6 22.6 87.5
P. simillimus 10.2 253 18.7 51.9
P. versicolor 10.0 20.9 18.4 49.4
Palearctic P. dominulus 10.0 16.0 13.0 39.0

These can be understood as the survivorship rate of
egg, larva and pupa stage are 81.8 %, 49.3 %, and 88.7 %
respectively. So the survivorship rate of immature stage
of P. olivaceus is higher than that of P. simillimus. To
the egg stage, eggs either were lost by falling cells out
or were eaten by the queen herself. However, eggs that
were fallen cells out were unusual to see because eggs
are often attached very solid to the wall of cells. Most
of eggs were eaten by the queen as a form to take
nourishment or to clear rotten eggs. For both larva
stage and pupa stage, either they were eaten by the
queen (it is as a form to substitute for foraging activity
when climatic conditions are unfavorable) or they were
mainly caused by a parasite of other insects. In the case
of larvae or pupae parasitized the queen also ate them
as an activity to clear the nest or to avoid spread of
disease or of parasites.

Because of many works that the queen has to do as
nest building, caring brood, laying eggs, foraging food,
protecting nest, the rate of cell construction of the queen
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Fig. 6. Survivorship rate of the immature stages of P. olivaceus.
Puc. 6. BookusaemocTs Hespeabix ctapmii P. olivaceus.

in this stage was 0.3 cells/day. The ratio 0.8 cells/day for
the pre-emergence stage (only foundressees) and
7.4 cells/day for the emergence stage were reported to
P. simillimus by Giannotti (1997b). There is clearly a
difference in the rate of built cell per day between these
two species. This difference is due to the number of the
foundresses. Whereas this number is two to P. similli-
mus, P. olivaceus is only one. When there was not any
cocoon, the queen built the peripheric cells of the nest,
and immediately laid one egg in. These peripheric cells
were not, however, fully completed immediately, they
were gradually completed following growth of larvae.
When cocoons emerged, the queen built both the pe-
ripheric cells and cells contained pupae (in this case, it
is called simultaneous use of a single cell by two suc-
cessive broods) (Fig. 4). To cocoon cap cells, however,
it was usually 3—4 days after cocoons emerged the
queen laid eggs in because it is as a suitable calculation
for emergence of workers.

In this stage, in days with severe weather condi-
tions (high temperature and low humidity) the queen
often left the nest to take water. Water was put into
some cells in form of mall drops that they were not able
to fall cells out. And the queen sometime beat its wings
to cool the nest.

Emergent stage. This stage is from emergence of
first worker to emergence of last worker, and it lasted
about 170 days. Many questions have not yet been
answered such as the lifespan of workers? the death of
queen? roles of workers, the queen, males and young
females? foraging habits of workers? and so on. Ob-
tained observations in this stage are as follows: by six
nests observed at Nghia Do, Cau Giay, Hanoi in 2012,
the first workers emerged from mid to late May with 6/6
nests having more than 10 cells. After emerged work-
ers, the queens were seldom to join for cell construction
and to go out for foraging food. The proofs of these are
the number of nest-left times of the queen reduced from
maximum of 9 times in the solitary stage to maximum of
5 times in this stage (see Table 4), and workers often
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Table 6. Hibernaculum of P. olivaceus and other wasps
Tabanya 6. 3ummuss cismuxa P. olivaceus m Apyrux oc

Phong Huy Pham

Species Hibernaculum Source
. The nest, under the surface of the ground, and slits between tree trunk Pham 2014a and the present
P. olivaceus
and tree bark paper
P. annularis Crevices of rocks Rau 1942

P. chinensis, and
P. jadwigae

Vacancies under roof tiles and above the ceiling

Yoshikawa 1963

P. dominulus

Former nest sites

Pardi 1951

North American Polistes

Rotting woods and under the surface of the ground

Michener & Michener 1951

brought food for the queen. The main role of the queens
was to lay eggs and to lead other castes. Taking care of
brood was almost to be ceded to workers.

One nest collected at Dong Minh Commune, Tien
Hai District, Thai Binh Province in 22 June, 2013 with-
out the queen, pupae or any sign of cells that contained
cocoons. This nest was with 43 cells, including 7 work-
ers, 20 eggs, and 12 larvae. The colour of this nest is
darker than that of other nests. Two nests near to this
nest were collected with all of queens and workers. It is
affirmed that this nest is reused and maybe females
from one or all two adjacent nests or from other nests
come in this orphaned nest to found a new colony. It
means the females are reproductive but the queen can
have using some substance or dominant activities to
inhibit reproduction of these females on the same nest.
When these females escape the nest they can absolute-
ly oviposit.

Three males emerged on the nest from mid to late
June. One was on the nest No.13 in June 20, 2012, one
on the nest No.19 in June 18, 2013, and one on the nest
No.28 in June 21, 2014. Because the size of males is
bigger than that of workers, cells that contain the male
pupae are higher than other cells and are visible. These
cells were usually sited at the centre of the comb.

The decline stage lasted from mid September to late
October. In this stage, because of the death of the
queen, neither the cell was built nor egg was laid, and
many workers died.

Pre-hibernant stage. This stage is from emergence
of last worker to hibernation of the wasps, and it lasted
about 50 days (from late October to early December). In
this stage, the nest was without any egg, larva, or pupa,
and the number of wasps also reduced because of
death of many workers. Activities of the wasp entirely
depended on weather conditions because this time the
temperature was being down. In low temperature days,
wasps stayed the nest and did not almost move. Re-
stricting movement of wasps may be to save energy for
the hibernant stage. When it was warm and sunny they
would leave the nest either for taking food and water or
for having a warm. The number of nest-left times of
wasps was just 1-2. The observation did not record for
any case of wasps back the nest with food or water.

Hibernant stage. This stage is from starting hiber-
nation to leaving hibernaculum of the wasps, and it
lasted about 80 days. By five nests observed (three at

Nghia Do, Cau Giay; two at Co Nhue, Bac Tu Liem,
Hanoi), the wasps started to leave the nest from the
beginning of December to the end of January next year.
They found and stayed their hibernaculum until late
March or early April [also see Pham 2014a]. Its hiber-
nacula were found on the nest, in a rotten tree trunk
15cm under the surface of the ground, or in slits be-
tween tree trunk and tree bark. In other Polistes spe-
cies, hibernant sites are also reported as showed in
Table 6.

The colony cycle of P. olivaceus lasts about §—
10 months (average 270 days). The colony cycle of
some other Polistes species studied regarding lifetime
of colonies reported as follows: P. cinerascens 199.3
days (from 100 to 338 days) [Giannotti, 1997a], P. ver-
sicolor 154.8 days [Gobbi, Zucchi, 1985] or 177.0 days
[Gobbi et al., 1993], P. simillimus 277.0 days [Gobbi et
al., 1993], and P. lanio lanio 388 days [Giannotti,
Machado, 1994b]. The colony cycle of Polistes wasps
is hence much dependent on habitats, climatic condi-
tions, food resources, or natural enemies (predators
and parasitoids).
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