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Introduction 

In a previous paper, the annual cycle of the primitively social halictine bee, 
Lasioglossum (Evylaeus) duplex (Dalla Torre), was briefly outlined (Sakagami and 
Hayashida, 1958), followed by descriptions of nest architecture (1960) and activi­
ties in the spring solitary phase (1961). After the end of spring activities, each 
nest of this species enters an inactive phase until reactivation in summer. Each 
summer nest is mostly occupied by a nest foundress or mother, surviving since 
spring, and her newborn daughters. A division of labor appears among them: the 
mother acting principally in oviposition and the daughters, mostly uninseminated 
with undeveloped ovaries, more in foraging. But there are some deviations 
from this general pattern, as discussed in the subsequent sections. The present 
paper is a comprehensive monograph of this summer matrifilial phase, which is the 
most interesting part of the life cycle in this species and in halictine sociology in 
general. The observations were started in 1956 and are still not finished. But dur­
ing this decade, our knowledge of halictine sociology has been greatly enriched. 
Through the successive publications of detailed studies in both hemispheres, it has 
now firmly been established that these bees represented one of the most 
fascinating groups in the study of comparative animal sociology, because of the 
occurrence of diverse social patterns. Therefore, it may be appropriate to publish 
our results so far obtained, leaving still unsolved problems for the future, in 
order to facilitate comparative studies of other species. 
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Ev. panxillus. Lasioglossum (Evylaeusl pauxillum (Schenck). StOckhert, 1923, Germany, 
Halictus panxillus; Knerer et Plateaux-Quenu, 166 b, '67, a, France, Evylaeus 
pauxillus. 

Ev. trisipinis. Laaioglossum (Evylaeus) trispine (Vachal). Sakagami, unpub., Japan. 
H. latisignatus. Halictus (Halictus) latisignatus Cameron. Sakagami and Wain, 1966, 

India. 
H. ligatus. Halictus (Halictus) ligatus Say. Knerer et Plateaux-Quenu, 1966 c, Halictus 

ligatus. 
H. maculatus. Halictus (Halictus) macnlatus Smith. Knerer et Plateaux-Quenu, 1966 b France, 

Halictus maculatus. 
H. scabiosae. Halictus (Halictus) scabiosae (Rossi). Fabre, 1882, France, Halictus scabiosae; 

Qu{mu, 1957, France, H. scabiosae; Knerer et Plateaux-Quenu, 1966, b, France, 
H. scabiosae; Batra, 1966 b, Switzerland, H. scabiosae. 

H. sexcinctus. Halictus (Halictus) sexcinctus (Fabricius). Bonelli, 1965 b, Italy, H. 
sexcinctus. 

H. quadricinctus. Halictus (Halictus) quadricinctus (Fabricius). Verhoeff, 1891, Germany, 
H alictus quadricinctus. 

L. leucozonium. Lasioglossum (Lasioglossum) leucozonium (Schenck.) Bonelli, 1954 a, England, 
Halictus leucozonius. 

L. occidens. Lasioglossum (Lasioglossum) occidens (Smith). Sakagami, unpub., Japan. 
Ps. divaricatus. Pseudagapostemon divaricatus (Vachal). Michener and Lange, 1958 a, S. Brazil. 
S. aerarius. Halictus (Seladonia) aerarius Smith' Sakagami and Fukushima, 1961, Japan. 
S. hesperus. Halictus (Seladonia) hesperus Smith. Sakagami and Moure, 1965, S. Brazil. 
S. subauratus. Halictus (Seladonia) subauratus (Rossi). Bonelli, 1966, Italy, Halictus 

subauratus. 
S. tumulorum. Halictus (Seladonia) tumulorum (Linne). Sakagami, unpub., Japan. 

In subsequent sections, the terms mother and summer daughter (or simply daugh­
ter) are used more or less in the senses of queen and worker used by Michener 
and his school (Ordway, Batra, etc.), and the term young means the immature in­
dividuals from eggs to newborn adults still within the cells. 

Results and Discussions 

1. Phenology 

The annual cycle of Ev. duplex consists of the following six phases: 1) Hibernat­
ing phase, 2) Spring solitary phase, 3) Presummer inactive phase, 4) Summer 
matrifilial phase, 5) Postsummer inactive phase (indistinct in some nests), 6) Au­
tumn mating phase. 

To give a clear picture of three successive active phases, separated by two 
inactive phases, Fig. 1 was prepared based upon the periodic sampling done in 1959. 
In this year the relative abundance and phenology of all wild bees on the University 
Campus and Botanical Garden were studied by sampling bees on flowers, eight hours 
per week (cf. Sakagami and Matsumura, 1967. On the procedures, cf. also Sakagami, 
Laroca and Moure, 1967). The records of Ev. duplex, which was one of the 
dominant species in the areas surveyed, were extracted from the results and given 
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captured in summer on flower is lower than that theoretically expected, provided 
the chance of capture is same for both seasons. The marked deviation given above 
from the theoretical ratio is explained as follows: 1) Effect of removal of individuals 
by sampling. 2) Difference in the relative ease of discovering and capturing females. 
(For instance, spring mothers are easily discovered and captured when visiting the 
European dandelion. Taraxacum officinale, one of the most important vernal food 
sources for wild bees.) 3) Shorter life span of daughters. 4) Dispersal of some daugh­
ters from original nests and resulting earlier deaths. The first two items could be 
classified as observational errors, whereas the latter two are intrinsic in the 
biology of this species as referred to later (4.2. and 3.4.). 

The duration of the summer matrifilial phase varies from year to year. The 
dates, on which about half nests began or finished foraging activities have been 
recorded for four years as follows: 

Activities 

Year 50% started 50% finished Approximate 
duration 

1957 July 10 August 7 29 days 
1958 2 July 30 29 days 
1959 June 29 24 25 days 
1960 July 10 August 5 27 days 

Delayed starts of activities in 1957 and 1960 were probably caused by adverse weather 
conditions. In 1960 the survival of spring nests was low (Sakagami and Hayashida, 1961), 
and some spring females were on the wing even on July 5. In the same paper, different 
developmental rates between the broods taken from the University Campus and Botanical 
Garden were explained by the microclimate of nesting sites. In 1959 the date of 50% 
activities was June 29 in the Botanical Garden, July 6 on the University Campus. A 
similar difference is seen even within one aggregation. In the nest aggregation occupying 
the beds of medicinal plants in the Botanical Garden (ef Fig 1, Sakagami and Hayashida, 
1961), both spring and summer activities start from the northernmost area, which is most 
favorable in microthermal conditions. This tendency has continued during ten years 
without change and the date of 50% activities was June 23 in 1959 in this area. 

Fig. 1 also shows the flight activities of males. The males captured during 
July belong to the first brood, reared together with summer daughters. The sex 
ratio shown in Fig. 1 is 14: 98 in the Botanical Garden, 12: 72 in the University 
Campus, or 1 :6.6 in combination. The ratio of males is distinctly higher than in 
the samples taken from nests (1 :22.8 in Sakagami and Hayashida, 1961). In the 
latter case, some males might already have left the nests. The ratio 1: 9 or 10 may 
be convenient compromises. The signfiicance of these summer males is referred to 
later in Sections, 2, 5 and 6. 

After mid-August, the number of males increases, especially in comparison 
with that of females; the sex ratio in young taken from nests is approximately 1:1 
(cj. 3.1.). This fact and the lower extranidal activities of prehibernating females 
are characteristic of the species, especially when compared with some other 
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species, for instance, L. occidens, both sexes of which are abundantly collected 
on flowers in late summer to early autumn. 

The discrete or periodic production of broods as seen in Ev. duplex is known 
in some other species of Evylaeus: malachurus (Stockhert, Legewie, Noll, Bonelli), 
calceatus (Fabre, Bonelli, cf. also Plateaux-Quenu, 1963), nigripes (Plateaux-Quenu, 
1956 a, b), pauxillus and cinctipes (Stockhert, Knerer and Plateaux-Quenu, 1967 a). 
Knerer and Plateaux-Quenu (1961 a) regard this trait as a characteristic of the 
group. But it must be mentioned that not all species of Evyaleus produce more 
than one brood per year. In Sapporo, Ev. duplex and Ev. trispinis produce two 
broods per year, but there are at least two other species which rear only one brood 
per year. Even Ev. malachurus, which produce three broods in Southern Germany 
and probably four in Italy, appears to have only one brood in Northern Germany 
(Alfken, according to Legewie). The extent of separation of spring and summer phases 
also seems to be variable among species. In Ev. duplex, the dates of the final capture 
of spring females and the earliest capture of summer females are separated by an 
interval lasting at least two weeks, usually more. On the other hand, in Ev. tri­
spinis, the interval is shorter, often less than one week, though the segregation 
of spring and summer phases is distinct. 

Moreover, the cessation of brood rearing activity by the foundress after 
completing her first batch of eggs is known, though less pronounced, in some non­
-Evylaeus halictine bees: H. sexcinctus, S. subauratus, S. tumulorum, Al. striata 
and persimilis, D. imitatus and zephyrus. In D. versatus, Michener (966 a) did not 
find such cessation of activity, but he said that this did not necessarily mean that each 
individual did not pass through a quiescent period after laying her first batch of 
eggs; probably it merely reflected lack of synchronization among the numerous 
females in a nest. The females of D. zephyrus reared by Batra (1966 a) in an 
insectary started nests at any time of year but always ceased activity until their 
first progeny emerged. Therefore, the cessation of the brood rearing activity 
after completing the first few brood cells seems to be common in halictine bees. 
This trait may simply correspond to the limit of brood rearing potential in solitary 
Aculeata. Even in bumbelbees, the production of egg batches by the foundress queen 
is often discontinuous until the first workers emerge (Sakagami, unpub.). In some 
Evylaeus species, this trait has presumably become more pronounced than in 
other groups, resulting in a definite inactive phase. Four aspects must be con­
sidered for further studies of such discrete brood production: Laying rate of 
each female, duration of immature stages, time necessary for the reactivation of 
adult females, and synchronism of these features among nests. It is well known 
in many ant species that the queens rear their first batches of young very slowly 
until the emergence of the first workers. Probably the period until the emergence 
of workers represents a critical period of colony establishment in many social insects 
other than Apinae (honeybees and ;;tingless bees). 

Another interesting probelm, the flex ratio in the spring brood, was already 
discussed by Sakagami and Haya,l:ihida (1961).-' Recently Knerer and Plateaux-
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MW (Maximum width of metasoma). From these measurements, the ratio UO/LO, 
MW/HW and GW/EW were calculated for each specimen, and their distributions 
are presented in Fig. 2, in relation to the head width. 

The distribution of values of UO/LO is isometric. There is no tendency of trans­
verse expansion of the lower part of the head, which often appears in other species in 
association with a strong macrocephaly. However, the ratio GW/EW is distributed 
with an allometric gradient, showing the occurrence of a cryptic head allometry. 
The ratio MW/HW is also distinctly allometric. In this case, the larger metasomal 
width in larger females could be attributed to enlarged ovaries. To test this possi­
bility, ten autumn daughters (mothers for the next year) were kept without food 
after emergence. After their deaths MW/HW value was measured in each specimen 
and the result was incorporated in Fig. 2. The values of these bees are not 
particularly lower than those of mothers, so that the higher value of MW/HW in 
mothers than in daughters is regarded as independent of the ovarian development. 
Summarizing, larger and smaller females exhibit a cryptic structural difference in 
relative growth of head and metasoma, as well as in metasomalluster. Correspond­
ing to the difference in body size between mothers and daughters, these differences 
indirectly relate to the caste differentiation. 

The structural difference between mothers and daughters in Ev. malachurus is 
well known. For this reason the summer daughters of this species was long re­
cognized as an independent species, Halictus longulus Aurivillius. A closer 
inspection of the differences between mothers and daughters in Ev. malachurus, 
given by Legewie, suggests that these differences are mostly attributed to an 
allometric tendency, especially in the head, and the corresponding differential 
sclerotization. Several instances showing a similar tendency, which occasionally 
results in a gigantic macrocephaly, have been recorded (H. scabiosae, Quenu, 
1957; S. aerarius, Sakagami and Fukushima, 1961; Certain Neotropical species, 
Sakagmi and Moure, 1965; Ev. calceatus, Bonelli, 1965 a; H. latisignatus, Sakagami 
and Wain, 1966). A cryptic size-conditioned structural differentiation in Ev. duplex 
was discovered based upon these items of information. Probably such minor 
difference may be found in many other species, superficially regarded as 
monomorphic. The occurrence of polymorphism associated with macrocephaly is 
seen in a much exaggerated manner in the males of some halictine species (Sakagami, 
Hirashima and Ohe, 1966) and in some other Aculata. Apparently this 
tendency is inherent in many species of halictine bees or even other Aculeata, 
and secondarily can be associated with the caste differentiation. A similar difference 
in head structures is found between queens and workers of many, probably all 
bumblebee species (Moure and Sakagami, 1962). 

2.3. Conditions of reproductive organs (cJ. also 2.5.): Among varIOUS 
functional conditions, two features are of utmost importance in halictine sociology: 
Insemination and ovarian development. 
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Apparently this scale is not simply one-dimensional. Ev. marginatus, for instance, 
has no structural difference between mothers and daughters, nevertheless their 
functional difference is very large. The comparison of various halictine groups 
with respect to the relative differentiation in caste system is not always easy. 
Judging from various characters, however, Ev. duplex can be regarded as a species 
possessing a distinct but mildly differentiated caste system. 

Among summer daughters, the interrelations of various features or factors 
are summarized in Fig. 4. Except for four statistically significant relations, 
reasons for which are easily understood, the interrelations are not well recognized, 
suggesting the absence of definite sub-castes. 

2.5. Additional data from early summer nests: After preparing the data given 
above, the lack of sufficient data on early summer nests was noticed. To fulfil 
this deficiency, about 30 early summer nests were excavated during July 10",14, 
1967. The result of examination of 165 females obtained from these nests is 

UNIN,EMINATED 
DAUGHTERS 

, a 
2.03 2,08 2.13 

HEAD 
2.IS 2.23 

WIDTH 
2.28 

I MM) 
2.33 2.38 2.43 2.48 

Fig. 5. Distribution, of body( size, VI earl of II fndibluf nd m'aripn development in 
-mothers and daughters taken from early summer nests in 1967. 
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well reflects the discrete brood production characteristic to this speCIes and other 
related species of Evylaeus (cJ. Section 1). 

The exact sex ratio in summer nests IS difficult to determine. In earlier 
nests, most immature individuals are still so young that sexes are unknown, and 
they are difficult to rear until pupation under artificial condition. In later nests, 
some bees have already emerged and the males, once leaving nests, mostly do not 
return. Therefore, the sex ratio was approximately determined from the pupae 
found in nests and old larvae reared in laboratory until pupation. In 1951, the 
percentage ratio varied in the course of the season as follows: 

Date July 31 August 7 August 14-16 

Total number examined 41 109 63 
% males 58.5 63.2 45.8 

females 41.5 36.8 54.2 

August 21 

29 
27.6 
72.4 

The result shows the proterandric tendency common to most Aculeata. The 
sex ratio obtained from the total individuals is (I) 54.2: Cf 45.8 (n=245) in 1957, 
and (1)59.3: Cf 40.7 (n=123) in 1958 (July 21"'24). The ratio, 56:44,whenboth 
that are combined, or, approximately 1.27: 1.00, shows a slight numerical predomi­
nance of males. This figures shows a distinct contrast to that from the bees 
captured on flowers in later summer to early autumn (Fig. 1), which shows the 
absolute predominance of males. The scarcity of autumn females on flowers is 
characteristic of Ev. duplex, observed every year. The sex ratio obtained from 
autumn individuals taken on flowers indicates species or group specificity in halic­
tine bees in Sapporo. In many species of Evylaeus with carinate propodeum, the 
females are scarcely found on flowers. On the other hand, both sexes are 
abundantly collected in L. occidens, S. tumulorum, etc. 

The decrease of male production is regarded as an important moment in social 
evolution of insects (Michener and Lange, 1958 d, Knerer and Plateaux-Quenu, 1967 
b). But the percentage ratio of males produced releates to the three different 
figures in females: 1) summer daughters (=workers), 2) mothers (=queens), and 3) 
total females produced. The decreased male production is apparent when con­
sidered in relation to summer daughters or total females but not always to mothers 
or queens. In halictine bees, the decreased male production in earlier brood has 
repeatedly been stressed (Sakagami and Hayashida, 1961; Knerer and Plateaux­
-Quenu, 1967 b), but the sex ratio in the final brood is usually not given with 
numerical data. Noll records the sex ratio in the final brood in Ev. malachurus 
as approximately 1 :1, which coincides with our result in Ev. duplex. He assumes 
that most males in the final brood are produced by ovarially developed summer 
daughters. The participation of certain ovarially developed summer daughters in 
male production is probable, but there is no direct evidence to support the assump­
tion by Noll of the predominant role of such daughters in male production (cf. also 
Michener and Wille). 

In the groups with continuous brood production, the accurate sex ratio in the 
final brood is much more difficult to determine, especially when the caRte 
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differentiation is still poorly developed. Michener (1966) records the maximum 
level of male ratio attained in several Dialicti as follows: versatus 26.8%, zephyrus 
more than 30%, rhytidophorus more than 40%, and imitatus more than 50%. But 
these figures could not always be regarded as the real ratios between males and 
future mothers. 

c (x) 
0.50 

1/ 

o FEMALE 0 MALE 

SEX UNDETERMINED 

Fig. 7. Arrangment of sexes within cell clusters. Numerals within each circle, re­
presenting brood cell, indicate developmental stages. 5, Large larva still with food; 6, 
Pre-defecation larva; 7, Post-defecation larva; 8, White pupa; 9, White pupa with colored 
eyes; 10, White pupa with black eyes; 11, Pigmented pupa; 12, Pupa immediately before 
emergence; 13, Adult within cell; 14, Empty cell after emergence; X, Content damaged. B, 
F,I,L are nests with two cell clusters. Percentage of females produced given in each figure was 
calculated from 2(F+ U)/(2T), where F=female young; T=total young and U =sex 
unknown young. 





Sociology in the halictine bee 437 

in Fig. 8 against the number of females found in the respective nests, as done by 
Michener. 

In general, the two trends pointed out by Michener are confirmed in Ev. 
duplex, too. But the curves are more irregular than most of the curves drawn by 
him. A correction was attempted by giving arbitrary weights of 0.2 or 0.5 to the 
ovarially developed daughters, when such were found, and the reproductivity was 
divided by the weighted female number. But this correction did not essentially 
alter the curves. For the time being, this irregularity cannot be explained 
adequately, though the rapid production of summer brood and frequent disappear­
ance of some daughters from nests, both characteristic to the species, might con­
tribute to such irregularity to some degree. 

3.3. Number of cells produced, with additional data on spring nest survival: 

Table 7. Number of cells produced and brood survival in nests excavated in 
inactive phase (June) 

Number 
of cells 
per nest 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 
1 
3 
3 
5 
8 
5 
4 
1 
1 
1 
1 

Number of Nests examined 

1958 1967 

With mother 

Total I 33+1 I 32 I 29 1 21 1 I 21 I 1 II 2 II 1 I 

Without mother 

I 

1 

Table 7 presents the difference in numbers of cells produced in nests with and 
without mothers, based upon the data obtained in 1958 and 1967, during the 
inactive phase in June. The mean numbers of cells produced are as follows: 

Year 
1958 
1967 

Mean 
5.22 
6.77 

With mother 
SD CV 
2.233 0.428 
2.378 0.353 

Mean 
3.56 
4.53 

Without mother 
SD CV 
1.640 0.463 
3.640 0.805 
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virtually started on July 7 and continued to July 21, until about half of the nests ceased 
foraging activities. On each day observations were made for 3-4 hours without interruption 
as follows: July 7 (10:00-12:00),8(9:30-12:30),9(9:15-13:15), 10 (9:23-13:00), 11 and 12 
(both 9:00-13:00), 13 (not observed), 14 (9:30-13:00), 15(8:00-17:00), 16(6:00-18:00), 
17 (9 :23-13 :23), 18(9 :28-12:30), 19(7 :15-11 :30),20 (rainy, not observed), 21 (9:00-12:30). 
On each day, marking and observation of flight activities were made as given below. 

Marking: Any bees leaving or returning to the nests were, as far as possible, captured 
and individual marks were put with colored paints on the metasoma, and in most bees, 
on the face. The number of marked bees gradually increased in the course of observation, 
but some bees escaped from marking because they rarely made flights. After marking, 
each individual was pushed into the nest and the nest entrance was closed with soil. This 
procedure was undertaken to prevent abnormal internidal drifting, because many bees were 
marked at their initial flights, when memory of the nests had still not accurately been 
formed. 

Recording: The items recorded are as follows: 1) Time of departure and return of 
each bee, together with individual mark, presence of pollen loads on legs, and, in case of 
departures, occurrence of orientation flight. 2) Occurrence of a guard at the entrance of 
each nest and, if possible, the guard's individual face mark. In contrast to flight activities, 
the appearance and disappearance of guards at entrances were not continuously recorded. 
3) Opening and closure of nest entrances. 4) Weather conditions at intervals of 30 minutes. 

At the peak of foraging activities, many bees departed from, and returned to nests. 
To avoid the omission of records, each entrance was provided with shrot glass tube, serving as 
an obstacle for passing bees (Michener et al., 1955). At each departure or arrival, the 
obstacle was removed and replaced after the disappearance of the bee. On the first days, 
bees showed an avoidance response to such interference. Later most bees adapted to it, 
and, in the case of returning bees, awaited rather quietly the removal of the obstacle, hover­
ing beside it. 

The records of individual bees are summarized in Table 10, and a 12 hours' 
continuous observation made on July 16 are shown in Fig. 101). The explanation 
of Table 10 is as follows: 

Column 1: Nest mark. Spatial distribution is given in Fig. !J. 
Collimn 2: Number of adults in each nest. a, Marked bees; (b), Marked bees drifted 

into other nests; c, Unmarked daughter bees found at nest excavation; d, Marked bees 
drifted in from other nests; m, Occurrence (M) or absence (X) of mother at nest excavation; 
e, Number of cells produced; f and g (Only in N, B' and C'), Number of young and mothers 
transplanted. 

Column 3: N, Unmarked bees; A-I, B-2, etc., marked bees shown by nest (alphabet) 
and individual (numeral) symbols. Letters which do not coincide to those of the nests to 
which they belong are the individuals that drifted from other nests. Nests into which some 
bees drifted are given parenthetically (Temporary drifting in italiques). Numerical marks 
are given in descending order of the total number of flights (cj. Column 5). 

Column 4: Number of flights and related observations. Italicized numerals given 
below each date show the duration of observation in hours. (Prolonged observations 
were made on July 15 and 16, but, to facilitate comparison, only the records from 9:00-13:00 

1) A similar figure published elsewhere (Sakagami, 1966) includes some errors III 

individuals and their flight activities, which were corrected in the present figure. 
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Fig. 10. A continuous 12 hours' observation of 10 summer nests on July 16, 1958 
(Further explanations in text). 

are cited.) In the lines for unmarked bees (N), x indicates the occurrence of some unmarked 
bees, mostly confirmed by guarding behavior and X, guarding behavior lasting more than 
30 min. by such unmarked bees. In the lines for marked individuals, M denotes Marking 
(shown in italiques in case of bees drifted in from other nests); Numerals represent number 
of flights counted by the sum of returns from trips with or without pollen loads, and the final 
departure within the observation period (the return not confirmed); Numerals parenthetically 
given on July 15 and 16 show the number of flights observed during extra-hours; Italicized 
numerals show bees observed in two nests on the same day; x indicates brief guarding 
behavior; X, guarding behavior lasting more than 30 min.; Y, some other records by which 
the occurrence of respective bees in the nest was confirmed; d, occurrence of activities in 
home nests before drifting (cf. records in home nests); D, occurrence of activities in alien 
nests, after drifting (c/. records in the alien nests in which the respective bees drifted out); 
Black circle on July 21, presence at nest excavation; Double and white circles on July 
21, the same but bees drifted out to other nests and those drifted in from other nests (H-3 
was found as dead). 

Column 5: Total number of flights of each bee during the observation periods in the 
home nest (M), in drifted nest (D), and the sum of M and D (=T). 

Column 6: Total number of flights of each bee per day (shown only in relatively 
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nor sent some bees to the other nests are only three, J, B/,O/. Some internidal 
translocations were found in all other nests: 

Nest A B C D E F G H K A' D' 

Number of bees 
drifted in from other nests 2 0 0 0 3 2 3 0 1 1 1 

marked in home nests 3 6 4 2 1 6 7 5 4 6 0 
drifted out to other nests 0 2 2 2 0 1 2 0 2 0 

Nest D lost both marked bees while E received three. In total, 12 out of 63 
marked bees, or 19% made such drifting. Actually this percentage could he higher, 
because the observed nests formed a part of a large nest aggregation, so that 
the translocations of unmarked bees between observed and unobserved nests are not 
inconceivable. In general the frequency of translocations between two nests may 
be inversely proportional to the internidal distance. Within the nests observed, 
however, no such relation was confirmed. (cf. Fig. 9, D_A, A/_B, A/_F, G_K, 
A/ ..... G). 

The type of drifting is diverse among bees: 1) Drifting out (in) 1-2 days after 
marking (0-3, D-l, D-2, G-6). These instances may be explained by the disorienta­
tion due to the weak nest memory at initial flights. These bees nearly spent their 
whole adult lives as the members of alien nests. 2) Ditto, with a temporary return, 
probably due to the weak memory to the home nest (H-2). 3) Drifting out (in) several 
days after marking (B-6, 0-1, H-3, A'-I). These instances show the possibility 
of drifting and adoption a considerable time after initial flights. 4) Temporary 
possession of two homes (F-3, A'-4). 5) Temorary drifting with immediate return 
(B-2), probably caused by the temporary confusion of the nest memory. 

At any rate the occurrence of drifting adds another complication to the 
activities of summer nests. The contribution by the drifted-in bees to the total 
foraging activity in each nest is variable, for instance, 24.8% in A, 27.6% in G, and 
reaching 77.3% in E. On the other hand, F, H and A' lost a considerable part of 
foraging capacity by the drifting out of some bees and D succumbed from the loss 
of daughters. 

Among differentiated insect societies, the internidal movements is well known 
in some ants, especially those making polydomous colonies. Recently Scherba 
(1964) gave a quantitative measure upon such movements in Formica opaciventris 
Emery, a species making discrete colonies. Another well known instance is the 
drifting in honeybee workers among the hives arranged closely nearby (Ribbands, 
1953). This affects often the efficiency of a whole apiary. Detailed studies were 
recently made by Free (1954) and Free and Spencer-Booth (1961). Sekiguchi and 
Sakagami (1966) published the results obtained by individual marking. The 
percentage ratio of drifting bees ranged from 2.3 to 16.7% of the total marked bees, 
and, just as in Ev. duplex, diverse types such as drifting at various ages, 
temporary drifting, synchronous possession of two homes, etc., were observed. 
In these highly evolved insect societies, however" the internidal translocation of 
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15:30 g 35 G 40 0 45 0 50 gG 55 c 
31 g 36 g 41 g 46 0 51 OGO 56 c 
32 g 37 g 42 0 47 g 52 gOgO 57 c 
33 g 38 g' 43 0 48 g 53 0 58 c 
34 G 39 G 44 g 49 OGO 54 GO 59 c 

At 15 :49, a worker of Formica jusca japonica entered in the nest; it was immediately driven 
away, and thereafter, the guard seemed excited, frequently exposing the fore· body out of 
the entrace until closing the latter at 15 :55. 

Although not continuous observations in the strict sense, there are the following 
records on the prolonged occupation of the entrance by one bee: 

Duration (hrs) 
Frequency 

0.5 
5 

1.0 
10 

1.5 
5 

2.0 3.0 
3 

3.5 
1 

The most prolonged guarding was observed in Nest 92, on July 24, 1957. The nest 
contained the mother and five daughters, all uniniseminated with ovaries undeveloped. 
Only one bee, R, made two foraging grips, while another, B, occupied the entrace from 7 :56 
to 13 :32 nearly without interruption. 

The behavior of guarding bees does not essentially differ from the description given in 
Sakagami and Hayashida (1961.) The invaders, such as ants and disoriented bees of other 
nests, are usually immeidately pushed away. The blocking of the entrace by means of the 
metasomal dorsum was never observed in Ev. duplex. This trait has frequently been 
recorded in various species of halictine bees, including Ev. calceatus (Bonelli), which is very 
close to Ev. duplex, but the lack of this response is recorded in All. striata and Al per simi lis 
and H. scabiosae (Batra, 1966 b). 

4.7. Deposition of pollen loads in the same cell by more than one female: 
From the results mentioned above, especially those given in Table 10 and 

Fig. 10, it has clearly been demonstrated that several females in the same nest 
performed foraging trips on the same day. Then, either each forager possesses her 
own cell in which she deposit her pollen loads or several females occasionally 
deposit the loads in one and the same cell? No direct observation was carried out 
but the following records confirm the occurrence of the latter case: 

No.1. July 10, 1957. Two bees with pollen loads successively entered a nest, which 
was immediately excavated. Contents: four females. Mother (Head width 2.49 
mm, inseminated, ovaries well developed) and three daughters (HW, 2.34, ovaries slightly 
developed; HW, 2.34, and 2,28, ovaries undeveloped. All uninseminated, the two last bees 
were foragers). Spring cell culster, seven cells (five after emergence, two still with 
preimagines). One summer cell, containing a pollen ball. 

No.2. July 13, 1957. Similarly the nest was excavated after two successive returns. 
Contents: Mother (HW, 2.45, inseminated and ovaries well developed), four daughters (HW, 
2.39, and 2.34, ovaries slightly developed; HW, 2.34 and 2.28, ovaries undeveloped. All 
uninseminated, the two last foragers). Spring cluster, six cells (four after emergence, two 
with preimagines). Summer cluster, four cells (three already oviposited, one with pollen ball 
only). 

No.3. July 24,1957. Similarly two bees returned with white and orange pollen loads 
respectively and the nest was immediately excavated. Contents: Mother (HW, 2.49, 
inseminated and ovaries developed), two daughters (HW, 2.28 and 2.02, uninseminated 
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and ovaries undeveloped). Spring cluster, eight cells (all after emergence). Two summer 
clusters: One with three cells (one egg and two larvae). The other with two cells (both 
with pollen clumps, one orange, the other a mixture of orange and white, in layers from the 
center, orange, white and orange). 

From fragmentary observations on Ev. malachurus, Aptel concluded that each 
summer female cares for her own cell. But Legewie noted situations similar to 
the observations cited above, that is, more than one forager versus only one cell 
being provisioned, which give positive evidence for the common use of one cell by 
more than one female. Similar observations were made for D. rhytidophorus, D. 
imitatus, As. sparsilis, Al. striata and Al. persimilis. Orucial evidence was recently 
brought out for D. zephyrus by Batra (1964), who directly observed intranidal be­
havior, including common use of one and the same cell by several, up to six, 
females (cj. also Batra, 1967). Plateaux-Quenu (1963) observed in Ev. calceatus 
the preparation of a single pollen ball by 16 trips of four daughters. 

In many solitary Aculeata, maternal behavior appears in a definite sequence of 
cell construction, lining, provisioning, oviposition and closure. The sequence 
can be different among groups, but, within a given taxonomic group, usually is 
constant and stereotyped (cj. Iwata, 1942). The halictine bees often show a tendency 
to the disintegration of this chain even when solitary (Sakaga,mi and Michener, 
1962, p. 73). In the summer matrifilial phase, the disintegration becomes more 
distinct and some foragers seemingly repeat only provisioning during the day­
time, approaching the condition seen in more differentiated social system in the 
Apidae (cj. Sekiguchi and Sakagami, 1966). 

5. Family structure in summer nests, normal and abnormal 

In the preceding sections, it was established that each summer nest of Ev. 
duplex contains a foundress mother and her summer daughters. The differences 
between them were described in Section 2, based upon the samples as a whole. 
However, the adult population of each nest shows a noticeable internidal variation 
in number, condition of reproductive system, etc. Further, besides the normal 
social pattern schematicized as the association of a relatively large, inseminated and 
ovarially developed mother with her daughters, relatively small and usually un­
inseminated and ovarially undeveloped, there appear some other patterns, which 
are interesting as showing the appearance of various family structures. The 
present section deals with these problems. 

5.1. Size difference between mother and daughters in thl:, same nests: The result 
given in 2. 1. shows a statistically significant difference of body size between 
mother and daughter samples. At the same time, however, a considerable overlap 
in frequency distribution of sizes of the two castes was demonstrated. To know 
how the difference is distributed among the inhabitants of the same nests, the 
percentage ratio of head width of each daughter to that of the mother in the ",arne 
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different Rocial patterns uncritically along a unidimensional scale. 

5.4. Solitary nests made by dispersed summer daughters: A remarkable 
discrepancy between the numbers of spring cells and summer daughters in the 
same nests was described in 3.4. and illustrated in Fig. 12. Many daughters that 
left the nests may have died and some invade other nests and live there for a 
considerable time (cj.. 3.4., 4.1. and Fig. 9, 5.2. and Fig. 12, Nest G). Some 
others, however, excavate their own nest burrows and occasionally produce off­
spring. The occurrence of such nests is confirmed when one of the following condi­
tions are fufiled: A. Appearance of unmarked nests in an aggregation, all nests 
of which had individually been marked in spring. B. Presence of only one 
daughter bee and absence of a spring cell cluster in the nest. (These criteria are 
valid only at the initial phase of summer period. Spring cell clusters are later 
filled with soil, so that they may be unnoticed even if present.) C. The 
appearance of burrows in places which had, prior to the discovery of the nests, been 
artificially disturbed, so that absence of any nests was confirmed. (This criterion 
is valid only when the soil was disturbed deeply, say, 40 cm. Otherwise lower 
blind burrows might remain intact after the disturbance.) 

Twenty one nests, rather casually excavated on July 5,..",20, 1957,..", '67, were 
identified as made by dispersed summer daughters, based upon the conditions B 
and C above. In some nests found in previously disturbed places, the bees were 
observed at discovery of the nests, but not at excavation. It is theoretically 
possible that some such nests were made by dispersed mothers. However, the disp­
ersal and preparation of new nests in summer by mothers is a rather rare event 
(cj. 5.5.). Most ,if not all, of nests mentioned were certainly made by dispersed 
daughters, and all inhabitants, when present, were confirmed as summer daughters, 
even if inseminated and ovarially developed, from body size, mandibular wear 
and absence of yellow spots in ovaries which were characteristic in early summer 
mothers. 

The nests are classified into several groups as follows: 

A. Burrow only, without adult bee and cells (six cases). 
B. With cells, but without bee (Two cases). One nest had two empty cells filled 

with soil, indicating interrupted nesting activity. Another nest is noteworthy. The 
owner was not found when it was excavated on July 24, 1958, but three cells contained 
pupae, two males and one female. If this was made by a dispersed daughter, which is more 
probable than the preparation by a dispersed mother, it offers positive evidence for the 
production of female progeny by a solitary daughter. 

O. Burrow alone, with one adult daughter (10 cases). Nine of these nests contained 
an uninseminated and ovarially developed daughter each. In three of them, the inhabitants 
were discovered on July 10, 1957, at the nest entrances. Excavation was postponed 
until August 7, in expectation of brood production. No cell was found on that day. These 
bees remained in nests nearly one month, performing no brood rearing activity. Another 
nest contained an inseminated daughter with slightly developed ovaries. 

D. With cells and one daughter (Three cases). 1. One inseminated and ovarially 
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developed daughter, with four cells (three eggs and one pollen ball), excavated on July 
13, 1967 (shown in Fig. 12, Nest 0). 2. One inseminated and ovarially developed daughter, 
with one cell (pollen ball), excavated on July 14, 1967. 3. One inseminated and ovarially 
degenerated daughter, with four cells (all with black male pupae), excavated on July 24,1958. 

Summarizing, three out of 21 nests, or ca. 14.3% of total cases, produced brood. 
This percentage is close to that obtained through another approach (cf. 6. 2.), but 
further study is required to determine the real contribution of dispersed nests to 
the next generation. 

It is not easy to give a reliable estimate of the percentage ratio of dispersed 
nests. The number of cells produced in successful spring nests was 5.22 in 1958, 
6.77 in 1967, or 6.0 in average (3. 3.). As about 10% of spring brood are males 
(cf. Section 1), the mean number of summer daughters produced in each nest is ca. 
5.4. From the result given in 3. 4., about 36.1 % of the total daughters, or 1.96 
daughters per nest, are assumed to leave their nests. If all these daughter make 
their own burrows, the total number of summer nests at the peak should be 
2.96 times many as those continued since spring. (This value could become higher, 
because unsuccessful spring nests could also produce a small number of daughters. 
cf. Table 7.) The percentage ratio of reactivated summer nests to total spring 
nests is estimated as 24.8% (cf. 3. 3). This figure was based upon both normal 
and orphan nests. (The estimate must be corrected if the percentage of daughter 
dispersal differs between normal and orphan nests.) Therefore, if there were 
100 spring nests, about 73.4 summer nests (=24.8X2.96) are expected, among which 
48.6 nests are made by dispersed daughters, and 24.8 being continued from spring. 
Obviously such high number as 48.6 dispersed nests must never be realized. Many 

summer daughters leaving their nests may succumb without making their own 
burrows. A tentative estimate of the percentage ratio of nests made by dispersed 
daughters was sought in another way. In 1967 a total census of the number of 
nests in the Botanical Garden was periodically made (Sakagami and Fukuda, 
unpub.). The maximum numbers of nests in spring and summer were respectively 
3,729 (May 6) and 1,027 (July 17). The percentage of summer nests to spring ones 
is 27.5%. The difference between this figure and the number of spring nests 
reactivated in summer (24.8%), 2.7%, could be regarded as a first approximation 
to the percentage of dispersed daughter nests to total nests in spring. The 
percentage of the former to the nests continued since spring is therefore about 10.9 
% (100 X 2.7/24.8) and those producing offpsring, 1.6% (14.3 X 10.9/100). The 
number of summer daughters excavating their own burrows is estimated as 5.55% 
(2.7/48.6 X 100) and those successfully producing brood only 0.8% (5.55 X 14.3/100) 
of all dispersed daughters. This estimation favors to the assumption that the 
contribution of dispersed nests to the productivity of the species is very low. 
Obviously our estimates are still not reasonably reliable. The figures basic to these 
percentage ratios were mostly obtained from limited observations of highly variable 
events. Our procedures to correlate various figures are also not free from criticism. 
We present these first approximations principally to call attention to a so far 
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three were mothers, seven ovarially undeveloped daughters and three others 
ovarially developed daughters. Batra (1964) also found in D. zephyrus the forma­
tion of pollen balls by foragers as well as egg layers. 

The observations cited above suggest flight activity by mothers in nests from 
which all daughters were removed. If such is the case, can the mothers perform 
their second brood rearing activity when they are left in solitary condition? A 
few observations indicate such is occasionally possible. 

No.1: June 19, 1959. A tumulus was found at a place which had previously been 
artificially disturbed by us. The excavation of the nest revealed that only the upper 
part of the burrow was destroyed by the previous interference (Fig 13). The spring 
cluster was situated in intact soil, but young were all decomposed. Two newly made cells, 
still not surrounded by a cavity, were found at a lower level, one containing a pollen ball, 
and the other with a still amorphous pollen mass. The single adult female was inseminated, 
with fully developed ovaries and trace of yellow spots, indicating previous activity. Wings 
and mandibles were still only slightly worn and head width of 2.32 mm. This case is 
interpreted as showing the start of a second brood rearing activity by a mother which had 
lost her offspring. The repair of the uppermost part of the burrow might release forag­
ing activity at the middle of June inactive phase, earlier than in the normal case. 

No.2: June 23, 1959. Entry of a bee with pollen loads into a nest was observed at 13: 
00. Immediate excavation exposed a spring cluster consisted of three cells, containing 
one adult and two black pupae, all females, and two newly made cells, at the end of the 
burrow, one with a pollen ball, the other with an egg on a pollen ball. The lower blind 
burrow was absent (Fig. 14). The single adult female was inseminated with well developed 
ovaries and head width of 2.44 mm. This case clearly demonstrates the second brood 
rearing activity of the mother, at very early period for some unknown reason. 

No.3: July 12, 1967. Contents: Spring cluster with six cells (one black pupa, 
one half-black pupa, one black eyed pupa, all females; one post-defecation larva and two 
cells after emergence), one summer cell with pollen mass, and a single female which is 
distinctly the mother. It is possible but not probable that two daughters, already 
emerged, had brought pollen loads to the summer cell before their dispersal or death. 

No.4: July 13, 1967 Contents: Spring cluster with five cells, all after emergence, 
six newly made cells (five eggs and one young larva) and the mother (Fig. 12, Nest M). 
The case is similar to, but much more advanced than No.3. The contribution of some 
daughters before dispersal is much more probable. 

No.5: July 13, 1967. Contents: Spring cluster with six cells (one black female 
pupa, five cells of damaged contents), four new cells (three pollen balls and one pollen mass) 
and the mother. The new cells are, as in NOB. 1 and 2, doubtless made by the solitary mother. 

No.6. July 12, 1967. Contents: No spring cell, one new cell with pollen mass and 
the mother. This is a newly made nest of a dispersed mother. 

No.7. July 14, 1967. Contents: No spring cell, nine new cells (five eggs and two 
young larvae) and the mother (Fig. 12, Nest N). This is also a new nest made by a 
dispersed mother, characterized by an exceptionally high rearing activity. Probably this 
nest indicates the limit of brood rearing ability by solitary mothers in summer (cf. 6. 1.). 

Judging from the frequent dispersal of summer daughters from their nests, 
summer nests of solitary mother left behind may not be very rare. Nests made by 
dispersed solitary mothers may be less frequent. At any rate, these cases show 
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that the mothers can perform their second brood rearing activity in the solitary 
state. However, the discovery of only seven such cases out of more than about 200 
nests excavated during about ten years suggests that lone second reproductive 
activity rarely results in the production of brood. Further discussion on this 
problem is given in 6. 1. 

5. 6. Nest fusion and pleometrosis: Finally two very rare social patternR 
found in summer phase are referred to. One is the fusion of two nests. Only two 
such cases have so far been discovered. One is the fusion of two main burrows, 
resulting in the common use of the entrance by two nests, illustrated in Saka­
gami and Hayashida (1970, Fig. 39). The other case is the fusion of two cell 
cavities, found on July 27, 1967 (This nest was obtained under semi-artificial 
conditions. A fuller description will be given elsewhere). In the first case, it is 
probable that the inhabitants of two nests behaved rather separately from 
each other, only using the entrance communally, as seen in the social structure of 
some halictine species, which have a common nest burrow in which each bee makes 
her private section (Michener and Lange, 1958, a; Sakagami, Hirashima and OM, 
1966). On the other hand, the fusion of cavities might evoke complete intermingl­
ing of inhabitants of the nests. Verhoeff (1891) illustrates a similar instance of 
the fusion of two cavities in H. quadricinctus (cf. Friese, 1923; Sakagami and 
Michener, 1962). The fusion of nests appears to be rare in halictine bees, but 
according to Michener (1966, a, b), D. versatus is unusual in frequent interconnec­
tion of burrows of different nests. 

Pleometrosis or coexistence of more than one inseminated female with deve­
loped ovaries is extremely rare in Ev. duplex. Sakagami and Hayashida (1961) 
recorded four observations which suggest the occurrence of two mothers in the 
same nests in the spring phase. But none of them gives evidence of more than 
temporary coexistence. The unique instance of pleometrotic association in summer 
is shown in Fig. 12, Next K. The nest was excavated on July 13, 1967. It 
contained two mothers and five daughters, all except one with more or less 
developed ovaries. Seven spring cells, all after emergence, and 17 summer cells 
were found. Two daughters were seemingly lost from the nest. The provenance 
of two mothers is unknown. One of them would certainly be the legitimate foundress. 
The other may be a migrant jUdging from the size of spring cluster, being not 
particularly large. 

Pleometrosis has often been recorded in other halictine bees, for instance, 
in D. imitatus, D. zephyrus, Al. striata, and Al. persimilis. Recently Knerer and 
Pleateaux-Quenu (1966, d) described interspecific differences of pleometrotic 
association in several species. Comparison of various types of pleometrosis is 
important in the study of social evolution in bees, or in insects in general. As far 
as Ev. duplex is concerned, however, we can point out only its rarity. Both 
nest fusion and pleometrisis are indubitably exceptional patterns in the formal 
sociology of Ev. duplex in summer nests. Their percentage ratio to total reactivated 
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nests in summer may never exceed 1 %. 

6. Observations upon experimentally induced summer nests 

The early history of biological studies of halictine bees developed through 
a controversy of opinions concerning the occurrence of thelytokous parthenogene­
sis in this group. The opinion asserting its occurrence, held by Fabre (1882), 
Armbruster (1923) and Legewie (1925), was challenged by Stockhert (1923) and 
objectively rejected by Noll (1931, cJ. Michener, 1960). As one of several 
approaches to prove his own opinion, Noll attempted to remove the mothers from 
nests and to show the inability of remaining daughters in the orphan nests to 
produce female offspring. For this purpose, he excavated nests in the inactive 
phase, extracted cell clusters. Then he placed each cluster in a hole made in soil, 
put an inverted flower pot over it, and filled the hole with soil up to the surface 
level. Later some females emerged from the buried cluster and made their own cell 
clusters. This procedure was adopted by us to study various social patterns men­
tioned in Section 5 experimentally. 

Procedure: Nests were excavated in June during the inactive phase. Mothers and cell 
clusters were extracted. A hole of ca. 10 cm in diameter and 10 cm in depth (= mean 
depth of spring cell cluster) was made in the ground where the transplantation was 
carried out (Fig. 15, A). The bottom of the hole was tightly pressed, and, in order to 
reproduce natural condition, a vertical burrow of about 10 cm in depth was perforated 
in the bottom (F). One cell cluster or more were placed on the bottom (0) and an 
unglazed flower pot 4 cm in bottom diameter, 6 cm in mouth diameter and 5.3 cm in 
depth (all outside dimensions) was inverted over the cluster (D). The mother (B) was 
added or not according to the aim of the experiment. When included, she was 
marked individually and introduced into the pot through the bottom hole. Thereafter, 
the hole containing the artificial cavity made by the pot was tightly filled with soil up to the 
level of the ground surface. Again to reproduce conditions similar to natural nests, 
the bottom hole of the pot and the ground surface were connected by means of a vertical 
burrow (E). Finally the uppermost part of this burrow was closed with soil. The result of 
23 transplantations by this procedure in 1958 was unexpectedly successful. The experiment 
was repeated in 1959 with the following modifications. 

1) In 1958, an intact cell cluster was placed on the bottom of the hole, so that .the 
content of each cluster was not examined. As about 10% of the spring brood are males 
(cJ. Section 1), it is possible that transplants involved certain males. These males might 
inseminate their sisters within the artificial cavity. If such were the only chance of the 
imemination, the daughters from the transplants not including males would remain unin· 
seminated. To te3t this possibility, however presumed unlikely, each young was extracted 
from its cell. The post.feeding larvae were reared until pupation, and only sexed individuals 
were transplanted. Each pupa was inserted in a small tube made from paraffin paper, and 
both ends of the tube were closed (Fig. 16). Several soil blocks were placed on the bottom 
of the hole, then capsules containing pupae were placed upon them, in positions avoiding 
direct contact with the bottom of the hole. This procedure was also advantageous in 
preparing transplants consisting of any desired number of individuals. The sexes of 
transplanted pupae were recorded. Mothers were added or not according to the aim. 
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2) The results given in 3. 4. and 5. 4 show the dispersal of a considerable number of 
daughters from nests and preparation of their own burrows by some of them. To obtain 
some quantitative measure of the percentage ratio of successful nests made by them, 
transplantation was made in ground previously free from nests of Ev. duplex. An area 
of ca. 8 m. sq., densely covered with white clover, was selected on the University Campus, 
because the area was completely out of the range of nest site preference of the stentopic E1'. 
duplex, and the nearest nest aggregation was ca. 300 m from the area. The root systems 
were completely removed and the soil surface was evenly pressed. The transplantation 
was made in a regular grid arrangment 

The ratio of successful nests in 1959 was less than in 1958, probably partly because 
of the frequent rains during the experiment. Our primary question, concerning the 
relation between size of transplant (=number of transplanted pupae in each case) and 
productivity was not definitely answered. Yet the results contain some qualitatively 
interesting information. Some additional transplantations were made in 1960 and 1967. 

As a whole, our experiment was more successful than that by Noll. In his results, 
only two out of 106 experimentally induced orphan nests in 1929 and only one out of 40 in 
1930 produced progeny. Explaining this low efficiency, he assumed that summer nests 
can develop normally only in the form of the matrifilial association. This interpretation 
could be valid, because Ev. malachuru8 possesses indubitably a social system more advanced 
than in Ev. duplex. But it is probable that the nest pattern of Ev. duplex is better for this 
type of experiment. The spring cluster, surrounded by an ample cavity, can be extracted 
with minimum damage to the contents. The use of such a cavity might match the 
unnatural space under the inverted pot. But all transplanted bees made their summer 
cell cluster outside of the artificially given space under the pot, which occasionally 
remained but was usually filled with soil (Figs. 19-32). Consequently the nests made by 
the transplants seldom produced the large tumuli characteristic of normal summer nests 
(Sakagami and Hayashida, 1960). The lower blind burrows and upper burrows given 
artificially were never used by the bees. In some nests, the main burrows were 
connected with the cavity under the pot (Figs. 24, 26, 28, 29, 31, 32). 

In subsequent descriptions, the number of transplanted mothers and daughters are 
shown by the following abbreviations: IM+3 d (=one mother and three daughters, or, three 
cells in 1958). The inclusion or not of males in transplants is not mentioned, because in­
seminated daughters were found in many nests, irrespective of whether transplanted toge­
ther with males or not. This proves the extranidal mating of summer daughters. Sexes 
of offspring were partly recognized by rearing larvae obtained. 

6. 1. Transplantation of mothers, not accompanied by daughters: Transplanta­
tion of mothers not accompanied by daughters was made 22 times as follows: 

Number of cases produced 
Year Transplants 

trials burrows cells 

1959 2 Mtogether 6 0 0 
4M H 1 0 0 
5M " 5 1 0 

1960 1M 9 3 0 
1967 7 M together 1 1 

Total 22 5 
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18 

17 

16 

15 

19 

Figs. 13-21. S:Jme natural and experimentally induced summer nests. 13. Summer 
nest made by a solitary mother (5. 5., No.1. Dotted area means the soil layer artificially 
disturbed). 14. Ditto (5. 5. No.2. Blind burrow absent). 15. Design of artificial transplant­
ation. A. Hole filled with soil after transplantation; Band C. Mother and spring cell cluster 
transplanted; D. Inverted flower pot; E, and F. Artificial upper and lower burrows; G. 
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observation of return with pollen on July 20. Excavation on July 27 brought out only the 
ruined main burrow. The other five nests, A-E, excavated on July 26-27, produced cells. 
E was an independent nest while the other four each possessed an independent entrace 
and cell cluster but there was a common lower blind burrow, a nest pattern rarely found in 
normal nest architecture of halictine bees (Fig. 19). The contents of each cell cluster 
are as follows: 

Nest Number of 
cells VQuna , e ¥ mother 

A 4 3 3 0 1 
B 3 2 0 2 1 
0 3 0 1 1 (dead) 
D 1 0 0 1 
E 4 3 2 1 

Although Nests A-D were connected with one another, each cell cluster was certainly 
made by the mother found in her respective cavity. This fact also reflects the rarity of 
pleometrotic nests in this species. 

Oombining the results given above with those presented in 5, 5., we can 
conclude: 1) Mothers deprived of daughters can commence once more brood rearing 
activity in summer and occasionally can produce progeny, both male and female. 
Therefore the solitary mother nests are not always futile for the population pro­
ductivity. 2) The efficiency of brood production in such nests is, however, very 
low. Only five (one dispersed mother included) out of 57 mothers used for trans­
plantation, that is, 8.7%, produced offspring, and only two, 3.5%, produced female 
offspring. 3) The number of cells produced in summer solitary mother nest is, 
1, 2, 2, 4, 6 and 9 under natural condition (cf. 5. 5.) and, 1, 2, 3, 3, 4 and 4 in 
experimentally induced nests. The data obtained from natural nests are not 
very reliable, because these nests were mostly still in an initial phase, so that addi­
tion of further cells is conceivable. Moreover, the contribution of daughters 
before leaving the nests is possible in these nests, except for two, made by 
dispersed mothers. The mean cell number in experimentally induced nests, 2.8, 
is distinctly lower than the mean in spring (cf. 3. 3.). Among the six nests 
that produced cells, four had one empty cell each and the other nest two such cells. 
the reproductive activity of mothers is presumably quite low, when they are 
obliged to make summer nests solitarily. 

6. 2. Transplantation of one or two daughters, not accompanied by mother: 
This type of experiments was repeated 39 times as follows: 

Year Transplants Number of 
trials cases of certain * Oases produced 

activities observed cells 
1959 Id 12 4 2 

2d 5 4 1 
1960 ld 22 9 3 
Total 39 17 6 (15.4%) 
(* F()fwation of burrow, guarding or flight activities by inhabitants, etc.). 
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The number of cells produced in six nests is 2 in one 2 d nest and 1, 2, 3,4, 4 in five 
1 d nests. All these cells contained young and all of them were males. As 
these nests were excavated after the end of summer phase, the mean cell number, 
2.66, gives an estimate for brood rearing capacity of solitary transplanted daughters. 
Two daughters with ovaries showing previous activity were found, one, un­
inseminated, in aId nest with two cells, the other, inseminated, in aId nest 
with three cells. 

Besides these nests, 53 nests made by solitary daughters, dispersed from the 
transplanted locations after emergence, were discovered in 1959 in the experi­
mental ground (of. Introductory note of Section 6). These nests were excavated 
July 13",30. Burrows were detected in 27 nests (50.8%), the cells in 14 (26.4 %) 
and young in 9 (17.0%). The nests with cells or adult daughter are summarized 
in Table 18. The mean cell number, 1.8 (31/17), is very low. Some nests, for 
instance, Nos. 8, 9, 11, 12, might have received additional cells, if the excavation 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 

Table IS. Nests produced by dispersed summer daughters in 1959 (only those 
containing adults or cells) 

I Number of Conditions of * Formation ** 

I 

reproductive 
of cavity organs of adult Remarks 

cells young (one daughter surrounding 

I in all nests) I cells 
I 1 

0 - d I 0 - Fo 
I 

0 - F 
1 0 - I - Cell empty, polished 
1 0 - -
1 0 - -
1 0 F - Cell half-built 
1 0 Fo ± Pollen mass alone 
1 1 - - Egg 
1 1 

i 
F' - One 6 pupa (Fig. IS) 

2 1 F - I Pollen ball and egg 
2 1 F' - Pollen ball and larva 
3 2 - + Two 6 pupae, another 

cell filled with soil 
4 2 F + Egg and larva 
4 3 F ± Two eggs and a larva 
4 3 F' + Ditto 
5 4 dead + 4 6 pupae and one cell 

with soil. Adult with 

I 
parasitic fly in metasoma 

" (Abbreviations of females in Tables 18-22, d, D, D': Uninseminated daughters with 
ovaries, respectively, undeveloped, developed and degenerated; f, Fo, F, F': Inseminated 
daughters with ovaries, respectively, undeveloped, beginning to develop, developed and 
degenerated; M and M': Mothers, ovaries developed and degenerated; s: Stylopized) 

** (.- not built, ± half· built, + completely built) 
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until July 4, but no flight activity was seen thereafter. At excavation made on July 29, 
several small, mostly unsuccessful cell clsuters were discovered in both nests: 

No.1 (Fig. 32): A (one empty cell), B (one cell with pollen ball), C (two broken cells), 
D (Nine cells with damaged contents), in total only 13 cells. A few burrows were found, 
connected with one another in a complicated manner. Two vertical burrows of earth· 
worms were found below the pot. Only one uninseminated daughter was captured in a 
burrow; she had fully developed ovaries, seriously worn mandibles and crop filled with nectar 
and pollen. 

No.2 (Fig. 31): Eight burrows, some of which carrying the following cell clusters. A 
(Four cells, two empty, two male pupae), B (Three cells, all with male pupae), C (Three cells, 
one female pupa, two with pollen and soil), D (one empty cell), E (Three cells, two post.defeca. 
tion larvae, one feeding larvae, all males). In total 14 cells. Three adult daughters, all 
stylopized with undeveloped ovaries and intact mandibles, were found, one uninseminated 
with three parasites, one inseminated with one parasite and one inseminated with a full 
grown parasite and crop filled with pollen (cf. 2. 4. 3.). 

Apparently both cases were unsuccessful for various reasons: too narrow 
space which caused a high mortality (No.1), too ample space probably caused dis­
integration of the transplant (No.2), interference by earthworms (No.1), 
stylopization (No.2), etc. Probably many bees emerged successfully left the 
transplanted spot. The remaining bees made their cell clusters independently of 
one another but none of them produced a sufficient number of cells. 

The unique case in 1967, No.3, was transplanted on June 20 into the garden of one of 
us (S.F.S.). No nest aggregation of Ev. duplex was found near the place, at least within the 
raiuds of 500 m, except a single transplant consting of seven mothers (cf. 6. 1.) The 
ground was tightly pressed. A pot of moderate size, 6.5 cm in mouth diameter, was used 
and the transplanted individuals (IM+42d) were carefully arranged to keep reasonable 
spaces between them. 

The first tumulus (X) was found on June 28, the second and third (Y and Z) 
respectively on July 9 and lO. Flight activities were observed until July 14 
in Z and July 17 in Y. The excavation of these two nests was made on July 28. No 
trace of cells was found in Z, eight cells in Y (Fig. 30, Y), with the following 
contents: One young larva, two post-defecation larvae (both males), one predefe­
cation larva (male). one empty cell and two cells with pollen ball but smeared 
with soil. The number of cells was larger than the average produced by a single 
daughter (cf. 6.2.). Perhaps more than one daughter from the transplant was 
involved in constructing this nest. 

The other burrow, X, showed flight activity to August 1 and guarding activity 
to August 11. On August 12, an inverted vial with a metal base was put over the 
nest entrance and emerging bees were daily captured until September 9. Mter a 
continuous rain on September 10-14, the nest was excavated on September 15. The 
nest contained four cell clusters, each with 3(A), 6(B), 47(0) and 84(D) cells, in 
total 140 cells, the highest cell number so far obtained in Ev. duplex. Therefore, 
the transplantation of a large number of pupae can produce a very large summer 
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nest, provided death and dispersal of transplanted individuals is decreased by 
giving favorable conditions. Most cells were already after emergence except seven, 
containing six female and one male pupae. Some males may have left the 
nest before emergence was checked by the vial. Thrity-one decomposed bodies of 
adult were found within the metal base of the emergence via The sexes of 
offspring were identified in 109 bees, 36 females and 73 males. The number of 
females is less than that in normal summer nests but higher than in other experi­
mentally induced nests. As the transplanted nest was isolated from any other 
aggregations, the insemination of daughters by alien males is not much expected. 
Oonsequently the 36 females obtained were, in all probability, produced by the 
single mother transplanted. Probably some males were produced by ovarially deve­
loped daughters. But it is plausible that many males were also produced by the 
mother, suggesting a high reproductive potentiality of mothers under favorable 
conditions. The cell clsuter 0 had a curious arrangement as shown in Fig. 30. 
Behind an ordinary comb, another horseshoe-like comb was attached. Several cells 
were irregularly added to the comb and the cluster cavity possessed a central 
free area. 

6. 7. Remarks on experimentally induced summer nests: The descriptions given 
above show that summer nest can be experimentally induced from the transplanted 
spring cell cluster, even without the mother, provided the conditions are favorable 
for nest establishment. The success of transplantation is seemingly proportional 
to the number of daughters remaining, rather than the number of transplanted. 
Oonsequently, the transplantation of a single bee, either mother or daughter, only 
rarely produces summer nests. 

The percentages of inseminated or ovarially developed daughters increase re­
markably in experimentally induced nests in comparison with those in normal 
nests (Table 23, cf. 5. 2., Table 17). The high proportion of such daughters in nests 
even with mothers are probably due to the fact that many of these nests were virt­
ually orphan by the earlier dispersal of the mother, transplanted together with 
immature daughters (cf. 6.4.). The difference between normal and experimentally 
induced nests clearly indicates the role of mothers in inhibiting insemination and 
ovarian development of daughters. The higher percentages of inseminated and 
ovarially developed daughters in the nests produced by the transplants of smaller 
size are interesting. This might suggests a mutual inhibition among nest mates in 
nests with many daughters. 

In spite of the frequent appearance of inseminated and ovarially developed 
daughters, the percentage of female offspring produced in experimental orphan 
nests is remarkably low as given in Table 24. The available data are still insuffi­
cient to determine the precise relation between sex ratio and size of transplants, 
but the lower female production is clear when the data are compared, as a whole, 
to the sex ratio in normal nests, not much remote from 1:1 (cf. 3. 1.). The produc­
tion of females appears to be difficult by daughter bees, even if they are 
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(Italicized numerals in parentheses refer to citations given at the bottom of the table) 

malachuru8 

A (Germany,S), 2+A 
(S.Germany,S,9,17 ; 
France,5,6), 3+A 
(Italy, 1) 

60-95(S), 12-68(1), 
LI20(9), >200(5) 

17-18% (4,7)* 

distinct (S,9,17) 

32% (4) tlt 

o % (4) 

o % (1,7,9,17) 

Occasinally(5, 17) 
but rare (17) 

+ (5) 

-(17), ±,-(9)*, +, 
-(3), +, -(5) ** 

marginatu8 
(10-12) 

perennial 
4(or5)+A 
(years) 

to 548 

0% 

Absent 

0% 

0% 

0% 

Absent 

+(5) 

1966, b, '66 c, '67 a, '67 b; S. Legewie 1925; 
IS. Vleugel, 1961. 

Main evolutional 
trends 

--_. __ .. _--_ .. 
Increased number 

of broods 

Higher number of 
cells 

Larger difference 

Larger difference 

Lower ratio of 
ovarially developed 
daughters 

Lower ratio of in­
seminated daughters 

Lower production of 
males 

Decrease of pleo­
metrosis (?) 

Cells open after 
oviposition 

Disappearance of 
cavity (?) 

Remarks 

*A=Final brood 
with CS/!il=Cl.O 

*(Withoutsize overlap) 
+ (With size 

overlap) 

+(From nests), * 
(From all samples) 
+It (Probably both 
first and second 
broods combined) 

+ Present, -absent 
* (=Occasional 

presence in spring, 
absence in summer), 

** (=Presence in 
spring, absence in 
Summer) 

characters was attempted in Table 25. Ev. marginatus occupies an outstanding 
position by the possession of both very differentiated (perennial life cycle with 
many successive broods and a large population size in the final phase, I and II in 
the table) and primitive characters (Castes not fixed, III, IV, nevertheless well 
differentiated functionally, VI-VII). Among other species, Ev. malachurus is 
apparently more differentiated in characters I-IV and VI"" VII. The percentage 
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halictine bees have an inactive phase after the production of first brood by solitary 
or pleometrotic mothers. But this tendency has become very distinct in Evylaeus, 
by which this group is distinguished from another group containing several well 
studied species, Dialictus. Such discrete brood production may amplify the size 
different between mother and summer daughter, or queen and worker, by the 
disappearance of transitional individuals. Even the difference seen in Ev. duplex, 
occyping the lowest level in social differentiation in Evylaeus, is not much different 
from that in D. imitatu8 and distinctly higher than in D. rhytidophorus (Knerer and 
Phiteaxu-Quenu, 1967 b). An uncritical comparison might lead to an erroneous 
opinion, asserting Evylaeus is in general much more differentiated than Dialictus. 
The size difference between castes in Ev. malachurus is more conspicuous than in 
some bumblebee species, for instance, Bombus (Fervidobombus) morio (Swedrius) 
(Moure and Sakagami, 1962, Fig. 10), but no specialist on social insects would 
conclude that Ev. malachur1ls is socially more differentiated than any bumblebee 
species. The final evaluation of social organziation must be made from a synthesis 
of various aspects, the detailed studies of which remain for the future. Another 
interesting difference between Evylaeus and Dialictus is the participation of 
mothers in guarding. This phenomenon has been recorded in several Evylaeus 
but so far not in Dialictus, suggesting a possible intergroup difference. 

It is premature to make further comparison of Evylaeus with other halictine 
groups. There are still many other groups of halictine bees, especially tropical 
ones, the biology of which is yet not accurately studied. But in general carinate 
Evylaeus and Dialictus involve socially more advanced species than other groups, 
such as Halictus, Seladonia, Augochlorella, A ugochloropsis , etc, which include some 
more or less socially differentiated species. Oertainly carinate Evylaeus and 
Dialictus represent two of some summits of social evolution attained by halictine 
bees. 

A few words are added to the evolution of social system through the semisocial 
stage proposed by Michener (1958, cf. also Michener and Lange, 1958 d) for halictine and 
apid bees. The social patterns of Ev. duplex in Fig. 33 could be interpreted, when compared 
with that of L. occidens, as if supporting the evolution through a subsocial stage, characterized 
by the co-existence of mother and her adult daughters, which was, according to Michener, 
the way passed through by termites, ants, vespid wasps, and probably, xylocopine bees, 
than through the semisocial stage, which postulated an assemblage of individuals of the 
same generation. Although we have a doubt in postulating the semisocial stage as an 
inevitable step passed through by all social halictine bees, we have no idea to connect the 
two social patterns in Fig. 33 directly as showing a subsocial evolution. Instead, the two 
patterns, which represents the fact, not the presumption, can be applied to both hypotheses 
by inserting appropriate intermediate terms, representing co-existence of individuals still 
without castes. However, even if the assemblage would appear through the semisocial 
stage, the co-existence of the individuals of the same generation had relatively quickly to be 
replaced by the matrifilial co-existence by the prolongation of mother's life span, as inferred 
from the social patterns of the majority of socially more or less advanced halictine and 
apid bees. 
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