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INTRODUCTION 

In those social wasps and bees in which colonies are founded by a single queen alone 

(haplometrotic independent founding), loss of the queen before the first emergence of 

worker usually leads to colony extermination. When the queen is lost after or just before 

worker emergence, however, first brood workers often continue nesting activities. RAU 

(1929) called such a nest 'o rphan '  and reported oviposition by workers in some polistine 

species. There  have been several short term studies of social relations between workers 

left in the nest (PARDI, 1948; FREE, 1955; MORIMOTO, 1961a, b; LANDOLT et al., 1977), 

but so far none of the ult imate fate of the orphan colonies. 

In previous papers (MIVANO, 1980, 1983), I presented population ecological infor- 

mation about  Polistes chinensis antennalis P~:gBz obtained from population-wide colony 

censuses and observations of  normal colonies2). In  the present paper  I describe colony 

development, worker behavior, the number  of males, and some other population 

ecological properties of orphan colonies of the same species, and discuss the production 

system of the next generation of this species. 

MATERIALS AND METHODS 

Observations were carried out in four grass fields (A-D) located at Itako, central 

Japan ,  in 1977 (see MIYANO, 1980 for details of the habitat).  

All P. c. antennalis colonies discovered in Fields A - D  were checked at 11-22 day inter- 

vals from April 14 to October 30 for the following points: (1) whether the nest is active 

or abandoned, (2) presence or absence of the queen and (3) total number  of  cells. 

The development of 52 selected colonies in Field A was recorded in greater detail 

by means of nest maps. Out  of these, two were orphaned after the emergence of a few 

1 Contribution no. 68 from Itako Hydrobiological Station, Ibaraki University. 
2 Normal colonies designate those in which the founding queens exist until early August and hence which 

have already received eggs of reproductives. 
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workers. They were, as a rule, mapped once a day from April 24 to August 13 (colony 

no. 7742) or July 25 (colony no. 7744), and thereafter every second day until October 30. 

Newly emerged wasps (up to 2 days old) were taken from the nest without anesthesia, 

weighed on a microbalance to the nearest 0.1 rag, marked individually with oil paints, 

and put back on the nest. Oviposition, hatching, cocoon spinning, emergence, and 

death of individuals were treated as having occurred the day they were recorded on nest 

maps. 

Worker behavior was observed on June 14 (9.6 h), June 28 (2.5 h), July 15 (2 h) 

and August 4 (2 h) after the queen's disappearance in  colony no. 7742. Recorded in 

these were dominance interactions, loads brought in by foraging workers, food exchange 

between workers, and oviposition. 

RESULTS 

1. Incidence and size of orphan colonies 

Of  81 colonies active in early August, 20 (24.7%) were orphan colonies (Table 1). 

Percentage of orphan colonies varied from 16.7 to 28.6 among the four fields. The gross 

average size of orphaned nests was about 3/4 that of the normals. 

2. Development of two orphan colonies 

Two colonies (no. 7742 and no. 7744) developed normally with no sign of parasitism, 

Table 1. Numbers and pest size (number of cells) of orphan and normal colonies in four 
observation fields in e~rly August. 

Orp aan Colonies Normal Colonies 
Field No. of Nest size No. of Nest size 

Colonies (%) Mean Range Colonies (%) Mean Range 

A 12(28. 6) 
B 4(18. 2) 
C 3(27.3) 
D l(16. 7) 

Total 20(24. 7) 

Table 2. Compo 
disappearance. 

155.3 73-ca.220 30(71.4) 242.6 69-575 
198.0 ca.140-252 18(81.8) 216.3 88-ca.400 
166.7 ca.140-ca.180 8(72.7) 239.4 76-ca.350 
210 5(83.3) 180.8 ca.120-ca.300 
168.3 73-252 61(75.3) 229.4 69-575 

~ition of two colonies of P.c. antennalis at the time of the queen's 

Colony 

no. 7742 no. 7744 

Date June 12 June 26 
No. cells 42 41 
No. eggs 9 17 
No. larvae 16 17 

/ 

No. cocoons / 8 5 
No. empty ctlls 9 2 
No. workers | 4 5 ! 
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while their queens were present. The queens disappeared on June 12 from no. 7742 and 

on June 26 from no. 7744, due to unknown cause(s). Table 2 shows the colony compo- 

sition of each just after the queen's disappearance. The eldest worker was 6 days old in 

no. 7742 and 14 days old in no. 7744, and probably begun foraging. 

In colony no. 7742 new cell construction stopped for 15 days after the queen's 

disappearance and then the number of cells increased rapidly and finally reached 183 

(Fig. 1). In colony no. 7744 new cell construction almost ceased during the 14 days 

before the orphaning. It resumed 5 days after the disappearance and the number of 

cells finally attained 177 (Fig. 1). 

Worker oviposition was first noted two days after the queen's disappearance in no. 

7742 and 5 days in no. 7744. At least 534 (no. 7742) and 366 (no. 7744) eggs were laid 

by workers. These figures are minimum estimates, because some eggs were probably 

cannibalized by adults before being recorded. 

The total brood in each nest reached a maximum of about 170 in early August, then 

rapidly declined to zero in early September. The number of eggs peaked first, followed 

by larvae and cocoons. Eggs had a second peak a little lower than (no. 7742) or as 

high as (no. 7744) the first one (Fig. 1). 

In no. 7742 males began to emerge on July 31, four daysaf ter  the emergence of the 

last female, and the last male emerged on August 25 (Fig. 2). In no. 7744, on the other 

hand, there was some overlap between emergence of females and males (Fig. 2): the 

last female emerged on August 12, and males emerged between August 6 and September 

2 or 3. The nest maps show that all females of each colony came from eggs laid by the 
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Fig. 1. Changes in numbers of cells and immatures in two orphan colonies. H : Hatching 
of first larva, C: Spinning of first cocoon, W: Emergence of first worker, OD: Queen's 
disappearance, M: Emergence of first male. 
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Fig. 2. Changes in numbers of workers and males (solid lines) and the cumulative curves 
(dashed lines) in two orphan colonies. 

queen. On the other hand, all males came from eggs laid by workers after the queen's 

disappearance. 

3. Worker behavior 

A linear dominance-hierarchy was established among workers of no. 7742 on the 

2nd day after the queen's disappearance (Table 3). The  dominance order was consistent 

with the order of  emergence (worker age). The  dominant  worker antennated the head 

or thorax of the subordinate worker and sometimes bit its antennae, legs, and wings. 

The subordinate took a motionless posture and pulled in its antennae and legs. Dominance 

interactions occurred 26.9 times per hour on the 2nd day after the disappearance, peaked 

in the 16th day (58]h) then gradually decreased (22/h on 33rd day and 5.5/h on 53rd 

day), although the number  of  workers increased during this period. The  top-dominant 

worker most frequently exerted dominations upon the next-ranked worker on the 2nd 



Table 3. Number of dominance interactions among pairs of workers and number of 
ovipositions in colony no. 7742. Based on 9.6 h of observation on June 14 (2 days after 
the queen's disappearance). 
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Dominant Age Subordinate worker Total Ovipositions 
worker (Days) W2 W1 W3 Wa W5 dominations 

W= 8 - -  159 50 0 0 209 2 

Wl 8 0 - -  34 11 2 47 0 

W8 5-6 0 0 - -  1 0 1 0 

W4 2-3 0 0 0 - -  1 1 0 

W5 1 0 0 0 0 - -  0 0 

Total 0 159 84 12 3 258 Total 2 
submissions 
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Fig. 3. Comparison of foraging activities of individual workers in colony no. 7742. Based on 
9.6 h of observation on June 14 (2 days after the queen's disappearance), 2.5 h on June 28 
(16), 2 h on July 15 (33), and 2 h on August 4 (53), respectively. W1-W36 mean codes 
of workers. Underlined individuals laid eggs during the observation. 
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Table 4. Number of ovipositions recorded by direct observation in colony no. 7742. 

Workers 
Date Total 

W2 W1 W4 W5 W6 W15 W16 7 others 

Jun. 12-Jul. 30 14 11 10 1 2 3 2 3 46 
Jul. 31-Sept. 3 8 2 6 3 11 6 4 5 45 

Total 22 13 16 4 13 9 6 8 91 

and the 16th days. 

Except on the 2nd day, multiple workers laid eggs and the number of egg-layers 

gradually increased throughout four observations (Fig. 3). Egg-layers were the dominant 

workers except on the 53rd day, when dominance interactions were infrequent and some 

individuals not involved in dominance interactions also laid eggs. Table 4 summarizes 

the directly observed ovipositions, showing the existence of multiple egg-layers. 

Reproductive competition among workers was seen in physical interference with 

each others' egg-laying and in eating each others' eggs, as illustrated in the following 

observations. On the 16th day after the queen's disappearance there were two egg- 

layers, W2 (top-dominant) and W1 (second-dominant), each laid two eggs. Before its 

second oviposition W2 ate the first egg of W1. W1 ate two eggs laid by W2. When W1 

proved a cell with the tip of abdomen, in preparation for laying an egg, she was strongly 

attacked by W2 by antennal crashing and biting, so that she withdrew her abdomen 

from the cell. After this W1 proved cells 12 more times without laying. In 10 of these 

W1 was furiously attacked by W2. On the 14th attempt W1 succeeded in laying an egg 

while W~ was on the opposite side of the comb. 

On the 33rd day after the queen's disappearance, W2, W1, and W4 (hierarchy in 

this order) competed for egg-laying. W2 laid two eggs, and preceding the second 

oviposition she ate an egg of Wa. W1 laid an egg and ate one of W4' eggs. W4 laid 

3 eggs, all of which were eaten, while she ate no eggs. No physical interference of 

egg-laying was observed during these ovipositions. 

Most extranidal activities were performed by subordinates; dominants scarcely left 

the nest (Fig. 3). However, some workers (W6, W~6, and W3~) performed both foraging 

and egg-laying on the 53rd day after the queen's disappearance (Fig. 3). 

Table 5. Direction of flow of flesh and nectar between workers of known dominance rank in 
colony no. 7742. In each case the first number (before the slash) represents food 
transferred from a lower-ranked to a higher-ranked worker, while the second number 
represents a transfer inthe opposite direction. 

Date 

June 14 June 28 July 15 
Total 

Observation time (hours) 9. 6 2.5 2.0 14. 1 
Transfer of flesh 4/10 2/1 1/1 7/12 
Transfer of nectar 4/5 1/1 0/0 5/6 



353 

100 

I f )  
._I 

D 75 a 

o 
z 

LL 

o 50  
d 
Z 

W 

I-.- 
< 25 
_J 
LIA 
n e  

0 

/-,2.1 

53.8 

No. 77/..`2 
No.7744 

0 20 /..`0 60  80 100 

A GE (DAYS) 
Fig. 4. Survivorship curves of adult workers in two orphan colonies. Numerals in figure 

show mean longevity. 

There was no tendency for a net flow of nutrients to dominant workers (Table 5). 

On one occasion on July 15, W6 offered a flesh pellet she foraged to nest mates by 

pushing it against the mouth of the donee, but no one willingly received it. After a 50 

seconds of unsuccessful attempts, W6 began to masticate the pellet and finally fed it to 

larvae herself. 

4. Survival pattern of workers in the nest 

Fig. 4 shows the survivorship curves of adult workers with disappeared individuals 

presumed dead. Four long-lived workers (W1, W2, W4, and W5) of colony no. 7742, 

which emerged earliest and survived more than 60 days, retained high rank and were 

proficient egg-layers. In no. 7744, twelve out of 15 workers which emerged in August 

survived more than 60 days. 

5. Brood survival 

Brood survivals were compared among 4 groups: (1) the entire worker brood laid 

by the queen (W), (2) that part of worker brood which was still immature at the time of 
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Fig. 5. Survivorship curves of immatures in two orphan colonies. E: Egg, L1-L5: First 
to fifth larva, Co: Cocoon, AD: Adult. W', W, M1 and M2: See text P. 353. 

the queen's disappearance (W', cf. Table  2), (3) early male brood laid by workers from the 

time of the queen's disappearance to the emergence of the first male (M1), and (4) late 

male brood laid by workers after the emergence of the first male. Numbers of eggs for 

W, W' ,  M1, and M2 were 51, 33, 326, and 208 respectively in no. 7742 and 63, 39, 202, 

and 164 respectively in no. 7744. 

Survival rates of W during immature  stages were 68.6% for no. 7742 and 60.4% 

for no. 7744 (Fig. 5). The  mortali ty was highest (ca. 25%) at the egg stage and low 

(0-8% of first eggs) at the larval and cocoon stages. Survival rates of W'  were re- 

markably high (93.9% for no. 7742 and 84.6% for no. 7744), indicating that workers did 

not cannibalize W'.  

High egg mortalities for MI  (ca. 60% for no. 7742 and ca. 40% for no. 7744, Fig. 5) 

and M2 (ca. 95% for both) arose from mutual  oophagies among egg-layers. Egg mortal- 

ities of  M1 and M2 are underestimates, because egg eating occurrred so soon (within 

10-80rain) after oviposition that more eggs must have been laid than recorded. 

Mortality rates of the 5th instar larvae and cocoons of M 1 were higher than W and W'  

(Fig. 5). Most deaths (52 out of 63) occurred after August 16 in no. 7742 and all (46) 

did after August 10 in no. 7744. They were presumably due to cannibalism by adults or 

attacks by larvae of an Anatrachyntis moth (which were seen in nests on August 10-11). 

Brood of M2 were almost entirely cannibalized by adults at the egg stage and produced 

no adults (Fig. 5). 

6. Productivity 

Thir ty  five and 38 females were produced from eggs laid by the queen in no. 7742 

and no. 7744, respectively. I have treated all as workers, because most of them foraged. 



Table 6. Numbers and average live-weights (mg) of adults produced and number of cells 
constructed in two orphan and two normal colonies of P.c. antennalis. 
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Colony no. 7742 no. 7744 no. 77091 ) no. 77491) 

Condition orphan orphan normal normal 
Worker 

a) Number 35 38 91 49 
b) Average live-wt. 85. 4 87.8 96.2 109. 6 

SD, n 12. 7,33 17.4,38 18. 1,90 18.8,48 
New queens 

c) Number (c/a) 0(0) 0(0) 104(1.14) 100(2.04) 
d) Average live-wt. 136.4 148. 1 

SD, n I0. 7, 104 11.3, 98 
Males 

e) Number (e]a) 63(1.80) 61 (i. 61) 133(1.46) 31 (0. 63) 
f) Average live-wt. 80. 4 71.6 79. 7 76.8 

SD, n 10. 7, 63 6.8, 60 9. 1,133 9. 3, 31 
Cells 

g) Number (g/a) 182(5. 20) 177(4. 66) 575(6.32) 285(5. 82) 

1) after MIYANO, 1983 

Two orphan  colonies produced  a number  of  male comparable  to normal  colonies, as re- 

ported by MI'ZANO (1983), while they produced a smaller number  of  cells and no new 

queens (Table 6). Tak ing  new queens and males together, the two o rphan  colonies were 

about  1/3 as product ive  as the two normal  colonies in numbers  of  reproductives. More  

important ly,  the o rphan  colonies were only 22% as product ive in total mass of  reproduc-  

tives (5.07 and 4.37 g, compared  with 24.79 and 17.19 g). 

A single worker of  o rphan  colonies raised about  2/3 as m a n y  reproductives as normal  

ones (1.80 and 1.61 vs. 2.60 and 2.67). I f  the product ivi ty  per  worker is expressed in 

terms of  body weight, 1.72 m g  males/mg worker  was produced in no. 7742 and 1.31 mg 

males/rag worker  in no. 7744. These figures were about  a hal f  of  those of  two normal  

colonies (2.85 and  3.19 mg reproduct ives/mg worker, MIYANO, 1983). 

The  average live-weight of  workers was significantly less in the orphan  colonies than 

the normal  ones ( t=5 .35 ,  dr--207,  P<0 .001) .  The  average live-weights of  males, on the 

other hand,  were nearly the same. 

DiscussioN 

I t  seems common  in the social wasps and bees that  there appear  laying workers when 

the queen is lost (Polistes: YAMANAKA, 1928, PARDI, 1948, MORIMOTO, 1954, YOSHIKAWA, 

1956, METCALF and WHITT, 1977, STRASSMANN, 1981b; Mischocyttarus: LITTE, 1977; 

Vespa: ISHAY et al., 1965, YAMANE, 1974; Vespula: SHIDA, 1959, LANDOLT et al., 1977; 

Bombus: FREE, 1955, HOBBS, 1965, SAKAOAMI, 1976). Even in the honeybees, one of  the 

most advanced social Hymenopte ra ,  workers begin to lay eggs after dequeening 

(SAKAGAMI, 1958). In  the case of  the honeybees, however, o rphan  colonies sooner or later 
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lose colonial organization and become extinct, so that egg-laying by workers has little 

genetic significance. 

The present study shows that in Polistes chinensis antennalis orphan colonies are 

successfully carried on by workers and can significantly contribute to the next generation 

by producing male offspring. SUZUKI (1981a) reported 119-337 (mean 244.7) cells as 

the final colony size in normal colonies and the colonies produced 21-136 (mean 57.9) 

males and 22-98 (mean 48.3) new queens. Smaller colony size (average 168.3 cells) and 

lower productivity (about 60 males) in orphan colonies are mainly due to the limited 

worker force. The upper limit on the worker force is determined by the numbers of 

workers and brood present at the time of the queen's disappearance. Besides this, worker 

efficiency is also reduced (Table 6). Occurrence of multiple egg-layers lessens the number 

of foragers and increases the social conflicts, which increases the mortality of eggs. The 

high frequency of orphan colonies (27.4%) indicates that the number of orphan-produced 

males is not trivial at the population level. Twenty six percent of reproducing colonies 

of P. metricus (METCALF, 1980) and 3% of P. fuscatus (NooNAN, 1981) are reported to be 

orphan. 

Violent dominance-subordination interactions are a marked feature of orphan 

colonies. The eldest worker, occupying the top rank, left the nest rarely and laid eggs, 

behaving much like the legitimate queen of the normal colonies. But she could not 

monopolize oviposition. Probably a smaller physiological gap among workers than that 

between the queen and workers evoked intense conflicts which are never observed in 

queenright colonies (for queenright colonies, see MORIMOTO, i961a, b). 

Dominant individuals are said to get more food than subordinates and to have a 

higher nutritional advantage, which results in ovary development (PARDI, 1948; 

MORIMOTO, 1960). In the present study, higher-ranked individuals did not enjoy a 

nutritional advantage, although they laid more eggs than lower-ranked ones. But this 

does not necessarily mean the absence of nutritional advantage for dominants. It is 

noteworthy that the offer of flesh by foragers was sometimes rejected by nest mates. This 

suggests that food supply exceeded the demand and probably nutritional advantage of 

the dominants did not manifest itself. 

Oophagy and the direct interference in ovipositions are two means of egg-laying 

competitions. WEsT-EBERHARD (1969) reported these in foundress associations of 

P. fuscatus, in which the top-ranked and second-ranked foundresses ate eggs laid by 

subordinates. In my case, an egg-layer often ate one egg before laying her own and there 

was no case of a female's eating her own egg in all five examples observed. 

The gradual increase of egg-layers with colony development is not a phenomenon 

peculiar to orphan colonies. Laying workers in queenright colonies also gradually in- 

crease in this species (MIYANO, unpublished.). 

Worker ovipositions occur in two different ecological situations, that is, in normal and 

in orphan colonies. Recently two other cases of worker ovipositions were reported for 

this species. First, a worker which ran away from the natal nest occupied an abandoned 
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Fig. 6. Schematic representation of the production pathways of workers, new queens, and 
males in P.c. antennalis. 

nest and reared her own sons  (KAsuYA, 1981). Second, worker(s) in an orphan colony 

copulated with an early emerging male and produced some new queens (KAsuYA, 1983). 

The known reproductive pathways in P. c. antennalis are shown schematically in Fig. 6. 

Three types of colonies are recognized: normal (N in Fig. 6), orphan (O), and worker- 

founded (WF). Within these we find eight types of ovipositions (Ol-Os in Fig. 6). 

Worker-producing eggs are always laid by the founding queen (04; MIVANO, I983). 

New-queen-producing eggs are laid by the founding queen (O1; MPZANO, t983) and by 

inseminated workers in orphan colonies (06; KASU'ZA, 1983). It is conceivable that a 

worker could similarly be inseminated by early emerging males and lay fertilized eggs of 

new queens in normal and worker-founded colonies, but there has so far been no evidence 

of such new queen production, although early emergence of males (03) was often seen 
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in this species (SuzuKI, 1981b and I~IYANO, pers. obs.). Early males were reported in 

P. exclamans by STRASSMANN (1981 a). Males develop from five types of eggs (02; MIYANO, 

1983, 03;  SUZUKI, 1981b, KASUYA, 1983 and MIYANO, pers. obs., 05;  MIYANO, 1983, O7; 

present study, and Os; KASUYA, 1981). The previous (MIYANO, 1983) and the present 

studies clarified that male production by workers in normal (O5) and orphan (07) colonies 

were quantitatively very important. Worker oviposition is pointed out to be one of the 

most important factors affecting social evolution (HAMILTON, 1972; SAKAGAMI, 1975; 

TRIVERS and HARE, 1976). METCALF (1980) suggested that males produced in orphan 

colonies may lead normal colonies to produce a female-biased sex ratio of reproductives 

in P. metricus. However, it is necessary to accumulate mor examples of productivities and 

relative abundances of normal, orphan, and worker-founded colonies for evaluating 

relative importance of worker oviposition and considering sex ratio in each colony of 

P. c. antennalis. 

SUMMARY 

Orphan colonies of a Japanese paper wasp, Polistes chinensis antennalis P~REZ, were 

observed under natural conditions. The results obtained are as follows: 

( 1 ) Of 81 colonies active in early August, 25% were orphans. 

( 2 )  Two colonies were precisely observed. They were successfully carried on by 

workers after the queen's disappearance. They developed smaller nests (about 180 
cells) and produced no new queens, but produced as many males (about 60) as normal 

colonies. The number of workers were 35 and 38, respectively. 

( 3 )  A linear hierarchy was established among workers through violent dominance- 

suborination interactions. The dominance order corresponded to the order of emergence. 

( 4 )  Dominant workers laid eggs and rarely left the nest. There were serious egg- 

laying competitions among them by means of egg eating and physical interference. 

( 5 ) There was no biased flow of nutrition to dominant individuals, probably due to 
ample food supply. 

( 6 ) Dominance interactions decreased and egg-layers increased in the later period. 

( 7 ) Adult workers emerging earlier survived longer than those emerging later. 

( 8 ) The brood survivorship curve of the reproductive caste was similar to that in one 

normal colony where workers actively laid eggs. The curve was characterized by a high 

egg mortality rate which was caused by active oviposition and egg-eating by multiple 

egg-layers. 

( 9 ) Workers reared nearly all the brood left by the queen. All the adults emerging 

from this brood were workers. 

(10) Reproductive pathways in P. c. antennalis were reviewed and emphasis was laid upon 

the significance of male production by workers both in normal and in orphan colonies. 
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