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ABSTRACT 

1~s t na t ura l nes t s of 3ombus ruderatus were f ound i n 

unde r gr ound l ocations . Under~round domic i Jes were hi hly 

att r activ e t o qu eens of n. . £_~~~£_at ~~ and n. t e :::_rest r is , t hes e 

t wo s :rec ie s occ uT).V i nr; 9y; of 45 domi.cil es . A design :.1od­

i f ied to simplify in- pec t i.on and colony re moval vielded 

62 ~ occ upa t ion by R. r uderat us only in 13 do mic i les . Thes e 

perc entages compare f a vou r ably wi th overseas r esult s (va r i ous 

ann. 
r-

s u _ ,3 SS t 1ose obtained pr evi ously 

i n i .. Jew Zealanci . 

Co lo nies were t r ans ferr ed fr om do~ ic il e s to observation 

hive s for s tudy of their de veJo pment . The observat io n 

~ives were ~e ~isne ~ to provide the co lonie s ' ne eds f or 

wa r mth , ,e n t i l.'l t i on , s c: n i t a t i on , a nd ~rooc - c omb sur"):) ort . 

The t ot a l numbe r of he8~ r r oduc crl ner col o~y in both natu r al 

si t es anci obse rv·1~~ion. hi.. 1:8s .::rn rrer. fro r:' ?3 t o 750 ( mean = 

420) . 

T·)_g produc ti on ·in :2 · ru~ern.!~~ pos t - incipient col onies 

is r evulated by the quantitv of fres h cocoons , one eg~ clump 

being oade per five (ap_ r ox . ) substrate coc oons . Egg c l umps 

c ons i st of 1 - 5 (mean= 1 . 5 ) eg~ cel l s , each cell conta ini ng 

10 - 19 (mean = 14 . 3) eggs . Egg mortalit y , especially in 

multi-c e lled c lump~ appea red to be h igh but could not be 

quantified . 

Larval r e jection ca us ed the loss of 13% to 36% of the 

larva l populations of five colonies in observati on hives. 

The role of larva l r~jection a p eared to be the control of 

adult size. It was very preva lent during colony decline 

when food s hort a ges coincided with queen production. 



3 . ruderatus d iffe rs fr om mos t othe r " p ocket makers " 

in having a cl ea r size distinction betwee n wo r kers a nd 

queens . Larvae which becG me que e ns consumed at l east 

twic e as much pollen as most worker larvae . In mos t 

colonies there was an interim period of male-only rear ing 

b etween worker and queen production . Colonies varied in 

their time of initiating male reduction , earlier ma le 

production being as s ociated with l e ss worker production 

and lower overall colony p roductivity . It is sug9:;est ed 

t hat future research s~ould atte ~ t to elucida t e the 

causes o f male p roduction :i. n } omb ~ colonie"' . 
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CHAPTER 1 INTRODUCTION 

This project arose from a personal interest in the 

life of bumblebees. In particular, the subject of colony 

c rowt h and decline matched my interests as well as being 

relevant to t he manag ement of bumblebees for crop pollination . 

Lon8-ton~ued bumb lebees are considered to be ideal 

pollinat ors of red clover ( Trifoliurn pratense L.)(Free, 

1970 ). Shor t-ton~ued bumb lebees and honey bees (Apis 

mellif e ra L.) a r e s omet i me s effective pollinators of diploid 

var ie t i es of red clover ( Forster & Hadfield, 1958; Palmer­

J one s et a l., 1966 ), bu t t he recently released tetraploid 

var i et ies are l ess like l y to b e pollinated by these species 

(fkerberg & St ape l, 1966). 

Bumb l ebees we r e int roduced to New Zealand from Great 

Brit a i n i n 1885 a nd 1906 ( Hopk i ns , 1914). Four specie s became 

e stablished . They included three lonh-tongued species; 

Bornbu s r uderatus Fab ., ~ . hortorum L., B. subterraneus subsp. 

l atreillelus Ki rby , a nd one short-tongued species&· terrestris 

L . B. r uderatus is t he mos t widespre ad of the long-tongued 

species ( Gurr , 1964 ), a nd is the subject of the present 

study . The purpo s e of the introductions was to improve the 

seed yields of r ed clover, which had been negligible when 

only honey bee s were present . There was a spectacular 

increase in seed yields following establishment of the bumble­

bees , but the yields subsequently declined, possibly because 

the bees could not cope with the increased acreages of red 

clover which were enthusiastically planted (Gurr, 1975). 

What limits bumblebee numbers? There are two compon­

ents to social insect populations; the number of colonies 



2 

and the number of individuals per colony. 

Buob lebee colonies are established in the spring 

(about November for 3 . ruderatus in New Zealand ; Cumber , 

1 954)by individual overwintered queens . The number of 

colonies which c an be established is probably limited by the 

availability of spring bloom and nestinB sites (Gurr, 1 957 ; 

and others ). host bumblebee colonies are started in the 

deserted nests of small rodents ( Free & Butler , 1959). During 

the present study I obtained information on the features of 

B. ruderatus nest sites . 

One method often employed to Gain bumblebee colonies 

f or research or for po llination is to put artificial nesting 

sites ("domiciles") into the f ield for occupation by colony­

foundinc queens ( S l a den, 1912; Fye & ~edler, 1954a; Hobbs , 

1 967 ; and others) . I designed domiciles using my knowledg e 

of natural nest sites and the physical needs of captive 

colonies . They proved t o be a reliable source of B. ruderatus 

nest s , which were then used f or observations of colony growth. 

The total number of bees produced in Bo mbus colonies 

may ran~e from a few tens to several hundred (Sladen, 1 912). 

The relative colony s izes for the three long-tongued species 

in New Zealand does not seem to be known , but it would be 

desirable to determine this, so that management attempts can 

be aimed at the most prolific species. I have provided 

figures for the populations of both natural and artificially­

h oused colonies of B . ruderatus. There is considerable intra­

specific variation in colony size however. Cumber (1953) 

recorded a five-fold range in the sizes attained by wild 

colonies of B. agrorum Fab . Hasselrot (1960) and Holm & 

Haas (1960) have shown that the sizes of artificially-reared 
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colonies are similarly unpredictable. 

In order to understand the population dynamics of 

Bombus colonies, some knowledge of their natural history is 

necessary. The following outline is taken mainly from Sladen 

(1912), Free & Butler (1959), and my own observations. On 

her own, the f oundress queen rears about eight to sixteen 

workers . These take over the foraGing and most of the 

" household'' duties, and successive batches of workers are 

reared . The workers are small females . Female size in 

bumb lebees is h i ~hly var i able and appears to depend on the 

quantity of food received during the larva l stage . The 

larval f ood intake is affected by the relat ive numbers of 

larvae and worl:ers, the amount of f ood in the nest, and the 

behaviour of the workers. Worker numbers increase due to the 

rate of production beinc hreater than the mortality rate . 

After a while however (several weeks perhaps) , worker pro­

duction is slowed or halted by a change to male production. 

Ma le s arise from unfertilised eggs . Then queen production 

occurs, and continue s (usually with concurrent male produc ­

tion) until the colony dies out, often at mid-summer . The 

males and young queens contribute little to colony mainten­

ance, and soon fly out to mate . The queens return to the 

nest and feed copiously to build up their fat reserves; then 

they leave to hibernate . 

Cumber (1953) suggested that an abundant food supply 

could result in small colonies due to queen production being 

induced prematurely. This suggestion was quoted without 

dissent by Free & Butler (1959) and Holm (1966), but was 

criticized by Plowright (1966) on the grounds that larval 

food intake was not necessarily related to a colony's food 
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supply. Gurr (1~~~) differed from Cumber by stating that 

ample food would permit colonies to grow larg er . Hol~ & Haas 

(1 960) f ound that colony size was related to the time of 

initiation; earlier started ones reaching the greatest size . 

Differences in colony sizes could also result from other 

factors, such as 5enetic variation between queens with respect 

to fecundity or foracinc efficiency . 

The main purpose of my project has been to observe the 

undisturbed development of B . ruderatus colonies, especially 

with re spect to the ~rowth and survival rates of the j uvenile 

sta8es . Very little has been published on the intra-colonial 

biolocy of this spec ies before . For B . ar,rorum , CuQber (1949) 

2nd 3r i nn (1951) c nlculnted that less than 5056 of the e~gs 

laid survived to adulthood . Bu t neither author established 

the main cause of rnortality1 • A source of juvenile mortality 

which has particularly interested me , and which has been 

little studied, is the rejection of livins l arvae f rom the 

nest . Such rejection micht be ass ociated with larva l under­

nour i shment, because Plowright (1966) f ound the larval rejec ­

tion occurred whenever his captive B. terricola Kirby or 

B. perplexus Cresson colonies ran out of pollen. However, 

it is difficult to define larval 11 undernourishment 11 in bumble­

bees , because adult size and hence larval nourishment is so 

variable . Perhaps larval rejection is concerned with queen 

1 Cumber suggested egg-eating, and Brian suggested larval 
canabalism , but no evidence has been found for either of 
these behaviours in B. agrorurn (Alford, 1975) . 
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production (when adult size generally becomes uniform) , and 

serves to prevent the production of undersized queens . This 

view was supported by RBseler (1967) who considered that the 

presence of male b rood stimulated larval rejection such that 

the subsequent female larvae would each have enough food to 

reach queen-size. P lowrif,h t (1966) f ound that B . terricola 

colonies sometimes rejected larvae even when ample pollen was 

present. In every case premature queen production fo llowed, 

a l though the converse was not always true . Both R~seler and 

PlowriF,ht studied artificially fed colonies . I wanted to 

know the prevalence of larval rejection in naturally foraging 

colonies. 

The whole practical approach to this investication has 

been based on ensurin~ that the bumblebee colonies being 

observed would develop in a natural manner . Observation 

h ives were desiGned to clo~ely mimic natural nest conditions, 

yet a llow various aspects of colony development to be moni t ­

ored with the minimum oI disturbance . 

The findin0 s fall into two categories. Firstly , some 

whole-colony features of B. ruderatus ecology have been 

described. These include nest-site preferences and colony 

sizes under both artificial and natural conditions. Se condly, 

det a iled information on colony growth has been obtained. 

This shows B. ruderatus to be an atypical member of the 

bumblebee sub- group to which it belongs . The significance of 

larval rejection and other forms of brood mortality are dis­

cussed. The timing of male production was f ound to be a major 

factor affecting colony size. This phenomenon is poorly 

understood at present, and I suggest that future studies on 

the subject would be rewardin~ . 
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CHAPTER 2 METHODS 

During prelir.iinary studies ( 1973 - 74 season) I located 

seven B. ruderatus nests and transferred them to observation 

hives . Some of the colonies were discovered and transferred 

while at an early sta~e . Their subsequent development seemed 

normal and they produced queens at a similar time to undis ­

turbed colonies. Therefore I decided to retain the basic 

scheme o f transferring naturally-started colonies to obser­

vation h ives. 

F or the following season I set out field domiciles as 

nestinf, sites f or overwintered queens . The domicile design 

used inforr.iation from the previous season on the features of 

n~tural nest sites, nnd the requirements of artif icially­

housed colonies . Colon ies which were initiated in the domi­

ciles we::e transferred to an improved type of observation hive , 

and various techniques f or observation and data-recording 

were t:,ied. 

DurinG the 1975- 76 season a new type of domicile was 

tested. The observa tion hive desicn received minor refine­

ments, and data for five colonies was recorded in detail. 

2 .1 OBTAINING COLONIES 

2.1.1 Wild colonies 

It is very difficult to find bumblebee nests . This is 

because the foragers arrive at and leave from the entrance 

in a quick unhesitating manner and are easily overlooked . 

Only when there is a continuous stream of foraging traffic 

does the location become obvious, but few nests ever have 

that many foragers . Most nests are found only by the chance 



siting of a bee entering or leaving a nest entrance . A more 

objective way of finding bumblebee nests is to follow the 

flight path of homin~ fora~ers. Alford (1 970a, b) located 

incipient nests of several British species by noting the 

flight direction of pollen-laden queens . This was effective 

mainly where there was a high density of surface-nests. 

My attempts to find B . ruderatus nests were made on 

the farm of the late Mr . H. S . Barrow . This 400 ha property 

is about 10 km inland from the township of Waverley , just 

south of the Taranaki l and-district boundary . uearches for 

ne s ts were made mainly during the 1973-74 season, on one 
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half of the farm which is hilly and covered with areas of 

bush , scrub, and rough pasture . About half of the nests 

found, were discovered more or less by accident . However, 

some were found by a more objective process . I induced 

foragers to fly home to their nest , by g iving the m a capacity 

load of honey solution . This was achieved by placing about 

0.5 ml of 5Cf}6 (v/v) honey/water solution on or in the nectary 

of a flower on which a bee was beginning to feed . Different 

ta ctics were required f or the two flower species used; 

foxglove (Di0italis purpurea), and Scotch thistle (Cirsium 

vulgare). As soon as a bee entered a foxglove flower, I 

pierced the base of the corolla with the bluntened needle of 

a hypodermic syringe and injected about 0 . 5 ml of honey 

solution. When bees were foraging on Scotch thistle, the 

honey solution was merely dripped onto the flower surface 

with a bulb pipette. Foxgloves had the advantage that a 

bee inside a tubular flower could not see the experimenter 

and so rapid movements did not frighten it away . However, 



bees spent only a few seconds in each foxglove flower so 

there was little time in which to introduce the extra 

"nectar". The reverse was true of thistle flowers, i.e. 

the bees could see the experimenter, and were easily 

frightened away, but if not disturbed, they spent more time 

on each f lower. When its proboscis touched the honey 

solution, the bee would remain imbibing for a minute or 

more . The homeward fli ght was always preceded by a few 

minutes of rest and/or cleaning movements, and becan with 
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a few circuits of the area before departing in a specific 

direction. I would keep it in sight for as long as possible. 

Sometimes an ass istant waited at the place where a bee went 

out of siEht , and I fed a second bee (hoping they both 

came from the same nest) . This method would probably be 

ennanced if several sharp-eyed assistants were available . 

Descriptions of~· rud~~at~~ nest sites (located 

by vari ous methods) arc given in section 3 . 1 . 1 . 

2.1.2 Colonies from Fie ld Domiciles 

A domicile needs two qualities in order to be a suit ­

able nest site for bumblebees . It must be attractive to 

searching queens, and it must provide adequate physical 

conditions for colony growth (henceforth called "protection"). 

Natural B. ruder~~~ nests were usually in disused 

burrows of small mammals. These sites were presumably both 

attractive and protected . The physical requirements of small 

mammals while rearing their young , are probably similar to 

the requirements of bumblebee colonies. They both need the 

warmth of insulatory nest material and both require drainage 

for liquid excretions. The metabolic rate of a small mammal 



is likely to be similar to that of a colony of bumblebees 

( calculated from He inrich , 1974), thus even the requirements 

f or dissipation of carbon dioxide and water vapour may be 

similar. This implie s that so long a s queens are able to 

identify subterranean mammal nests , they do not need the 

capacity to judg e a ll the phys ica l propert ies o f the site , 

because these will have been a lre ady tested by t h e mammalian 

occupant . But in a man- made domicile , the relation between 

attractiveness and protection mi ght be d i fferent . Queens 

mi6ht be at tracted to some domiciles which are physically 

unsuitable , while others providinG optimal conditions f or 

colony growth, mi ~ht be iGnored by searching queens . 

In this project att ractiveness of do miciles was consid­

ered more import a nt than protection, because colonies were 

c oin5 to be transferred to the laboratory at an early stage, 

and some physical requirements (suc h as ventilation ) may be 

less crucial for small colonies . Although natural colonies 

were nearly always found in mamma l nests, the attrac tive 

stimulus was no t necessarily mammalian scent. Evidence 

against mamma l scent came from an experiment in which I 

found insectary-housed B . h ortorum queens to prefer nesting 

in upholsterer's cotton than mouse nests (see appendix 1). 

This agrees with the findings of Hobbs (1967) on Canadian 

species . However , the possibility of queens responding to 

a general mammalian scent should not be excluded , because 

many of the nest materials accepted by bumblebees have been 

handled by humans and may contain human scent. This applies 

particularly to used carpet underfelt, which probably con­

tains human foot-smell~ 

9 



Ob s ervations made prior to 1974 on colonies in obser­

va tion h i v es, s u g~e sted some physical re quirements of 

domicile design. I h a d b een impressed by the quantity of 

liquid faeces voided by even small colonies . If a colony 
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wa s housed i n a non-p or ous (e . g . styrof oam ) container with 

nesting mat e ria l, the b ees usually defaecated between the 

nesting mat e r i a l and the hiv e - wa ll , or in the entrance tube. 

In a subterr anean bu r row, the excess moisture would soak into 

the surrounding soil, but i n a n on-por ous enclosure the 

f a ecal mo i s t ure either s oal:ed back into t h e nest material 

(iopairinc the insul a t ion), o r collect ed in sticky puddles . 

Therefore , I decided to ~ i ve nl l my d omiciles free-draining 

earthen floors , and preferably porou s wa ll s a s well. I 

wanted then to have porous or earth- f l oored entrance tunnels 

t oo, even thouch Hobbs (1 967 ), u sed p l ast ic hose tunnels 

and did not report a ffi Oisture prob l em . 

2 .1 .2 .1 Th e 1974-75 season : The main type of domicile 

used was a n underground type shown in figure 2.1. Although 

I would have preferred to use a porous material to form the 

cavity, no reasonably-priced and sufficiently large receptacle 

seemed available . The slab of wood over the entrance -con­

tained an inverted "V"-shaped notch , which left a hole about 

5 cm high, 2 cm wide at the top, and 4 cm wide at the bottom. 

This slab served to prevent the entrance caving in, and to 

make the hole more conspicuous. Fifty of these domiciles 
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Figure 2.1 . Underground domicile. <A> Vertical view of domicile in 

position, before being covered. (8) Installation complete: mid-vertical 

longitudinal section. <C> Vertical-transverse section through cavity. 

(D) Transverse section through tunnel. 

1 A8S pl01t ic ; outer port i on of 10lon hai r- dryer hood ; manufactured by Rollo Ltd. 
of Po lmerston North. 

2 $trip C½ ci rcumference) cut from 10cm diam. Novoflof> land drainage pipe; 
manufactu r ed b y Novop los t Ltd . of Poriruo . 
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were constructed during August 1974 in the same area in 

which n atural nests had been found the year before (see 

section 2 .1.1). They were nearly all installed in sloping 

ground, damp hollows being avoided i n favour of drier ridges . 

Wire - gauze grilles were tacked over the entrance holes at 

the tioe of installation to prevent the entry of the earlier­

nesting B. terrestris (the only other bumblebee in the area). 

The grilles were removed on 13 Oc tober , 1974 . 

A sudden availabil ity of used bricks inspired the 

desi~n of an a~ovc - c round type . ( A brick chimney was being 

dismantled , and I recalled observi nc a nest searching 

B. ruderatus queen examine the gap s between the bricks o f 

the same chimney the year before . ) The construction o f this 

type is sl1oi,.m in f i c;ure 2 . 2. Twenty-three of the se were 

placed in similaI· situat ions to the under5round ones , during 

the last week of October , 1974 . 

Occupation rates and a discussion of these domicile s 

are g iven in section 3 . 1.2. 

2.1. 2 . 2 . The 1975-76 season : The moderate success of 

the surface brick domiciles , suggested that enough colonies 

for my study could be obtained without further use of the 

underground type, from which the identification and removal 

of occupants was very time-consuming . I hoped to improve on 

the brick type by designing a domicile which was more rain­

proof, but which would allow internal moisture to evaporate 

through porous walls . 

The more newly designed domicile is shown in fi~ure 2.3. 

It was made from lightweight, porous concrete. This material 

is lighter and has a much higher insulation value than brick 
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Figure 2.3. Lightweight-concrete 

of wall-mould. <B> Magnified portion, 

cardboard and 
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surface domicile. 
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<A> Vertical 

corrugations (gap between 

<C> Mid-vertical section of 

domicile with lid raised for clarity. 

1 Metal parts removed and re-used after mould t i lled . 

iron greatly exaggerated). 

Mid-vertical section of 

2 Painted silver on out side with bitumen-based alum i nium paint. 

3 Ma lthoi d® i s a fl ex i b le, b i t u men- c oated, roof i ng and damp - cours i ng matu la l. 

I 
j 

1 



15 

(Short and Kinni burgh 1968) . The aggregate was horticultural 

pumice with particl e sizes in the range from 1.5 to 7. 0 cm . 

This was mixed wi th Port l and cement at the ratio of 6.5 : 1 

(pumice : c ement) by volume . Calcium chloride (Cac12 . 3H2o ) 

was added to the cement at the rate of 216 by we i ght , to 

speed the settinc of the concrete . The water : cement r a tio 

cannot easil y be specified when using porous aggregates , 

because variabl e amounts of water are absorbed by the 

aggregate depending on it s previous moisture content (Short 

and Kinniburch 1968 ) . I added water in smal l quant i t ies 

while rnixinc , until the pumice particl es became coated with 

a uniform and e listeninc; fi l m of cement slurry. The mould 

for t he walls is sho\vn in f i r;ure 2 . 3 (A, B and C) . The 

metal parts were made of 26- 5auge ga l vanised iron . The 

corruc;ated cardboard was waterproofed with a 50/50 mixture 

of motor oil and petrol . Dur i nc; fi l linc , the mix was com­

pacted with a wooden rod . After fillin5 , the metal parts 

were s lid off and used for the next moul d , t he cardboard 

sleeves alone be i nc; adequate to support the concrete while 

it set overni c;ht . The lid required no mould . Concrete mix 

was simply poured into the inverted cone of malthoid. The 

nail's were pushed through the malthoid first and provided 

anchorage for the concrete . The concrete was kept moist in 

po l ythene bags for three weeks to allow proper hardening . 

Then the concrete surfaces were scrubbed with detergent and 

warm water to remove oil residues (originating from the card­

boar d mould) and soluble a lka lis f ormed during setting . 

Finally , they were hosed with clean water and air-dried. 

The number of brick domiciles (mostly still in position 

f r om the previous season) was increased to 25. The concrete 



domiciles numbered 25 also and were installed in similar 

pla ces to the brick ones, on 3rd October, 1975. 

The fifty surface domiciles were inspected at night 

time, once a wee k , fro m 25 October to 26 December, 1975. 

I examined some of t he underground domiciles too, although 

t he only nest mat er i a l i n t hem was t he remnants fro m the 

prev i ous s eason. 

2 .1.2.3 Transfer of colonies to the laboratory: 

The domicil e s were 130 km away fro m t he laboratory at Massey 

Univers i ty . 

after dark . 

Nests were a l ways removed f rom the domiciles 

Dur i ng the f irs t season (1 974-75) they were 

t aken t o the laboratory on t he s ame night. In the second 

s eason , however , I stayed at t he f arm overnight. This 

enab led me t o re-che ck in the morning those domiciles from 

which coloni es had been r emoved, in case any forager s had 

r eturned after being out overnight. I supplied each colony 

with honey s olut ion and a lump of pollen, to compensate for 

pr eventing t hem fro m f oraging . The journey to Palmerston 

Nor t h was made by t rain . The bees were ins talled in the 

obse r vat ion hives by mid-af ternoon, but kept shut in (and 

fed) until t he f ollowing morning . 

16 



2.2 OBSERVATION-HIVE DESIGN 

Observation of natural bumblebee colonies is prevented 

by t he envelope of nesting material which surrounds them. 

If the covering is opened, the ma in behaviour patterns 

observab l e are t he bees' attempts to rest ore the covering 

and repel the creature tha t opened it. If colonies are to 

be regularly observed the nest material needs to be replaced 

by something which serves the same functions but does not 

ob s cure the bee s fr om sight. If these modifications require 

the nest to be in a laboratory, then the functions of t he 

surrounding soil and ve5etation need also to be duplicated. 

It i s possible , of course , t ha t the phy s ical properties of 
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t he nest - surround i nGS are no t a ll relevant to life of the 

bu mb l eb ees . But departures fr om the natura l situation s hould 

not be made wi thout a t le as t cons iderinB h ow the natural 

microhab it at affects the bee s . The r mal insulation, ventil­

at ion , physica l support, a nd drainage are functions of various 

features of natura l sites wh ich should be duplicated in 

observation hive s . 

2.2.1 Temperature 

Bumblebees normally maintain their nests above ambient 

temperature (Himmer 1933; Cumber 1949; Hasselrot 1960; 

Wojtowski 1963aand others). It is generally agreed that 

populous colonies with adequate nectar stores have a temper-
o 0 

ature of about 30 to 33C, regardless of the ambient temper-

ature. Authors differ, however, in the degree of temperature 

stability they report for small colonies. The differences 

are probably related to the nutritional status of the colonies, 



and to the amount of disruption caused by the insertion· 

of the temperature measuring devices. Hasselrot (1960) 

and Wojtows ki (1 963a) have shown that small colonies 

(i.e. wi th about ten workers) of various Bombus specie s 
0 

oft en have nes t temperatures 10C or more above ambient. 

I obt a ined s i milar f i gures with a small B. ruderatus 

colony (1 queen , 9 workers, and 3 ma les) in the underfelt 

nest mat er i a l f r om a domicile. It was found to have a 

nest temperatur e of 28° to 3cfc ( 9° to 11C above a mb ient) on 

s eve ral occa s ions . When t he colony wa s put into a 

ref r i ~erator f or nea r l y an hour i ts i ns i de t emper atur e 
0 0 

levelled out a t 23C, which wa s 16C h i ghe r t han a cont r ol 

cavity ( empty ball of underfelt ) a t 7C. I cons ider it 

l i ke l y t hat B. ruderatus nes t s in underground situations 
0 

ar e ab le t o be oa i nt a i ned a t about 30C f rom an early 

st age. 

Heinrich ( 1972 ) ha s shown that much of the heat pro­

duced i n bumb l ebee nests prob ably comes f rom bees incu­

bating br ood clumps . I ncubation involves "shivering " t he 

fli f, ht mus cles , and conducting heat into the substra te 

from t he ve nt r a l surf ace of the abdomen. This activity 

results in~he warming of t he whole nest cavity, heat loss 

being reduced by t he close-fitting envelope of nest 

materia l (usua lly plant fibres gathered by a rodent), 

which is oft en lined with a thin layer of wax. If the 

nest materia l is removed to allow observation, the nest­

t~mperature will fall, and as Heinrich (1974) has shown, 

lower temperatures cause incubating bees to expend more 

energy and consume more nectar. For example, incubating 

B. vosnosenskii queens expended twice as much energy at 
0 0 

20C as at 30C. Such an energetic drain on my colonies 

18 
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would have been unacceptable, especially if as Free (1955) 

suggested, nectar collection takes priority over pollen 

collect ion. This could result in a pollen shortage in nests 

where the bee s were trying to keep up with t he nectar demand 

f or t he increased "heating bill". And I didn't want 

artificially-induced pollen shortages when I was trying to 

monitor "normal" larval rejection and colony growth. 

Obviously the ideal observation hive would provide as 

much insulation as a natural nest envelope without obscuring 

t he colony .from view1 • Br i an (1 951, 1952 ) and Katayama 

(1 971 ) have i ns ulat ed t heir observation hives, but the 

amount of heat retent i on was probab l y les s than tha t exper­

i enced b y colonies with int act nest envelopes. Brian's 

h ive was n glass-topped wooden b ox, containing a cylindrical 

wall of ca rdboa rd ar ound the colony. The cardboard cylinder 

was unc oi led t o make it wider a s the colony grew. The space 

between the cardboard and the wood was f illed with cotton 

wool . There was no nest mat eria l wi thin the inner cylinder. 

It i s difficult t o envisage many i mprovements to Brian's 

des i gn other t han the use of a double-g lazed or perspex lid, 

and t he substitution of glass wool for the cotton wool. 

However, Bri an (1 952) reported that her colonies experienced 

greater temperature fluctuations than those reported by 

Cumber (1949) and Rimmer (1933) for the same species 

(B. agrorum) in situ. Katayama's design: consisted of two 

unequal-sized oblong wooden boxes, one inside the other, 

1 Less insulation might be satisfactory in a heat~d labor­
atory, but mine was unheated and the ambient temperature 
fluctuations were similar to those in the field. 

t· 



with the intervening gap filled with cotton wool. The lid 

was double-glazed and had a wooden cover. His photograph 

shows that the hive contained a lot of unoccupied space to 

allow for colony growth, unlike Brian's expandable-chamber 

arrangement. Kat ayama (1973) recorded an inverse relation 

between egg-stage duration and external air temperature, 

f or colonies housed in his type of hive. This suggests to 
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me that the hive provided little protection from fluctua­

tions in the amb ient temperature. Unfortunately, the 

temperatures inside the h ive were not reported. I experi­

mented with insulated observation hives without much success. 

The main problem appears to be the very much greater wall 

area for heat loss in artificial rig id-walled containers, 

compared t o the compac t dome-shaped covering of natural 

nests , which f it s snug ly , and is pushed outwards a s t he 

colony gr ows . Brian's desiGn was about as compact as possi­

ble , but I doubt whether any observation hive could dupli­

cate the insulation eff iciency of most natural nest envelopes. 

In Appendix 2 I have described an experiment on the heat 

retention of var ious r i gid cont a iners and domes of nest 

material, which supports the above opinion. 

Harber (1 961), Plowright (1966), and R8seler (1970), 

solved the temperature problem by placing uninsulated hives 
0 

in an incubator or heated room at about 30c. These authors 

maintained their colonies in total captivity however. With 

freely forag ing colonies as I was using, there were diffi­

culties in ducting exit tubes out of controlled temperature 

areas, and adequate spacing between the exits would have 

been difficult to arrange. 

The final option was to build partially-insulated hives 



with an internal heat source to assist the bees in raising 

the temperature. Various amounts of supplementary heat 

wou ld b e needed, depending on the size of the colony and 

the amb ient te mp e rature, so a t h ermost a t was provided in 
0 

e a c h h i ve t o s wi t c h off the supplement a ry heat when 30C was 

a tt a ined . 

Early tria l s (pr e 1973) used low voltage foil-covered 

ligh t bulbs , in s er ie s with fish-t a nk thermostats. The 

bulbs c a u sed loc a lly - i n tense h e a tin~ , wh ich resulted in some 

part s of eac h h ive be i n~ t oo hot wh ile other parts (even a 

few c m a way ) we r e too cold. During t h e 1973-74 season each 

h ive was equipped wi th a 12 c m-squa re me t a l plate, which was 

warme d wi th e l ectri c b l anke t ele me n t ( insulated resist a nce 

wire ) g l ued to i ts unders i de . Th is h e at source wa s quite 

sat i sfac t o ry . The f i sh- tank the r mostats had their gl a s s 

cove rs rep l a c ed wit h wi re g a u ze to spe ed t he response-time. 

They d i d a n a dequ a te j ob o f temp era ture control but we r e 

u ndu l y bu l ky and see med t o annoy t h e bees . Individual 

workers oft en behav ed agGre ss ive l y towar ds the thermostats 

and t h is behav i our d id not subs ide with time, suggesting the 

bees were not merely responding to "strang eness" of odour. 

This would be interesting to investigate further. 

The most recent design is shown in figure 2.4. The 

colony-development results obtained in this project came 

from colonies kept in this type of observation hive. It was 

constructed from sheetrnetal (for the reason explained in 

section 2.2.3), so no extra warm-plate was needed. Two 

parallel strands (each 57.3 cm long) of electric blanket 

element (148.5 ohm/m) were taped to the underside of the 

hive. A layer of fibreglass insulation was placed over the 

2 "1 



solder joint 
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Figure 2.4. Nest-chamber of observation hive. 

<A> Vertical-longitudinal section, with layers parted slightly. 
<B> View of underside, with outer layers removed, showing 
heating wires. 
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wires to direct the heat into the hive. The power source 

was 12 volts AC. Thermost atic control was obtained via an 

electronic circuit (designed and built by Mr . M.D.K. Schmidt) 

which used a thermistor to sense the hive-temperature. The 

circuit enab l ed t he temperatures of up to ten hives to be 

controlled independently . The on-off temperature differ-
0 

entia l was small (less than 0.5C) and fine temperature 

control was thus achieved. 

2 .2.2 Ventilation 

Both the amount of ventilation provided by natural s ites, 

and t he amount needed by bumblebee colonies, are difficult 

to e s timate . Hasselrot (1 960) and Wojtowski (1 963a)have 

both f ound t hat t he r elative humidi ty (R.II.) in bumblebe e 

nests is jus t as s t able a s temperature, and inferred that 

the bees controlled t he humidity . However, relative humid­

ity is a temperature-dependent quantity . I converted some 

of Hasselrot 's R. H. values into absolute humidity (A. H.). 

This s howed that the moisture -content of the nest at mosphere 

was nearly twice as great as that of the outside air, and 

that the absolute humidities inside and outside fluctuated 

by similar amounts. The A. H. in the nest seemed to be 

affected both by the nest temperature and the A.H. outside. 

(Wojtowski's data cannot be used to calculate A.H. because 

he did not record the temperature outside the nest material 

where he measured the R.H.). Thus the apparent humidity 

control reported by the above authors could well have been 

merely the R.H. passively following the temperature. 

However, observations by Plath (1934, p. 71) and myself 

f 
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(detailed in appendix 3) suggest that abnormally high 

quantities of carbon dioxide or water vapour may release 

f a nning wh en h i g h t empera tures (the usual cause of fanning) 

are n ot preva iling . The existence of homeostatic ventilating 

behaviour is a sure sig n tha t high humidity and carbon 

dioxide concentration a re detrimenta l to the bees or their 

brood (which is n ot unexpected of course). 

The u s u a l way of ventilating an observation hive is by 

a gauze-covered h ole in the wall (Free and Butler 1959; 

Alford 1975). Howe ve r , h ive s with big holes are difficult 

to h e a t u n i f or ml y . Al s o, the be es are inclined to cover the 

hole with a l a y er of wax . My 1973-74 h ives h a d two 25 s q. cm 

ho l es whic h were cove red wi th a pad of g l a s s wool to reduce 

he a t l o s s , but th e b ees c overed t h e s e ventila tors wit h wax 

and bu il t wa x c a n op ie s ov e r n ear by areas of comb. In order 

to r educ e the b e es ' r eactio n t o ventil a tors, I have since 

tried to di s pe r s e the vent ila tion over a l a r g er area. The 

present des i gn ( as shown in fi gure 2.4) h a s its whole wall 

are a ( 315 sq . cm ) made of perforated zinc, with 133 three­

millimeter diameter holes per 100 sq. cm. The perforated 

zinc is covered on the outside with polyurethane foam which 

is quite porous but reduces heat loss. The rate of water 

vapour diffusion throug h this surface was found to be similar 

per unit area to the diffusion through a layer of underfelt 

(i.e. a "na tural" nest envelope; see appendix 3), and the 

surface-area of this wall was similar to the nest-envelope 

area of a medium-sized colony. 
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2.2.3 Shape 

Natural bumblebee colonies grow upwards and outwards, 

the peripheral parts being supported by the nest material. 

When colonies a re kept in fl a t-bottomed observation hives 

without nest material, the peripheral larval clumps some­

times topple on to the f loor. Katayama (1973) described the 

tendency of B . ignitus l arva l clumps to fall on to the floor 

o f his observation h ive, a nd mentioned that such clumps were 

oft en neg lect e d by the adult s . I have noticed clump-toppling 

when keep in5 B . ruderatus a lso in f l a t-bottomed h ive s . I 

wanted t o avoid it happe ning in the present study because 

toppled clumps often had d i sor ient a ted poc kets and were not 

fed proper l y . ~ven worse , there wa s t he p ossibility of such 

a l arva l clump rupturinc as it fell. Then the exposed larvae 

would be re j ected and wou l d interfere wi th me a surements of 

norma l l a rval rejection . The proble m was larg ely solved by 

provid ing a s l oping f l oor . As shown in fi gure 2.4, t h e base 

of the observation h ive was a cone of sheetmetal. A cone is 

in fact the simplest type of volume which can be made from a 

flat flexible s h eet. This aspect of the design was thus a 
cuboic.la\ 

simplification of the traditionalAshape rather than a com-

plication. To help the bees secure a foot-hold on the 

sloping surface, I stuck a sheet of thick cotton cloth onto 

it with a layer of Plaster of Paris. 

2.2.4 Drainage 

Bumblebees always defaecate outside~heir nest covering 

and often some distance alon~ their entrance tunnel. As 
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mentioned earlier (section 2.1.2, domicile design) the faeces 

from natural nests soak into the surrounding soil, but if 

colonies are housed in impermeable containers, troublesome 

amounts of mo isture often a ccumulate. Sladen (1912) advo­

c ated the use o f a "vestibule", an extra chamber between the 

ne s t cavity and the entrance tunnel. The vestibule contained 

a l aye r o f earth, a nd S l aden found that fae ces were deposited 

there , provided there was n ot too much emp ty space in the 

nest chamber i tse l f . F ree a nd Butler (1 959) suggested the 

use of absorbant pape r instea d o f s oil. Wha tever is used to 

absorb fae c a l moi s ture , it will beco me wet and need f requent 

renewa l , especial l y wi th l a r g e colonies. I have found that 

fae ces are of ten deposited in the entrance tunnel too. The 

most su i t ab le materia l for t he vestibule f loor ( see fi gure 

2.5) and the entranc e tunne l se e me d to be stiff nylon gauze. 

Bees usu a lly forc i b l y dischar g e their faeces through the 

hole s . Abs orbant pap e r was placed under the vestibules and 

entrance tunne l s . When colonies became l ar g e the nylon gauze 

in the vest ibules u s ually be c ame clogged and wet unless lined 

with absorbant paper which was chang ed daily. Even the 

entrance tunnels sometime s accumulated deposits of faecal 

sludg e , and in such c a ses they were disconnected (after dark) 

and washed out with hot water. 

2.2.5 The Exit Hole 

The underg round nests of B. ruderatus described in 

section 3 .. 1.1, had tunnels ranging from 0.6 to 3.75 metres 

in length. The observation hives used in this project had 

2.5 metre tunnels. This length permitted them to be con­

verg ed at one point for photographic foraging recording (see 
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covers removed. < 8) Vertical- longitudinal section, with one 
chamber raised. 
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section 2.3.3), then diverge again to widely spaced exit 

holes. 

Natural bumblebee colonies are usually so far apart 

tha t foragers are unlikely to return to the wrong one. 
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Where colonies a re artificia lly crowded, however, considerable 

confusion can ar ise . Bumblebees ma ke orientation flights 

the first few time s they leave the nest. On returning, 

their location of the entrance hole seems guided by the 

pattern of surr ound i ng vegetation . If the vegetation is 

d i sarranged , they become disorient a ted, and may t ake a long 

time to find the entranc e hole. If t he ve getation and other 

l andmarks near the entrance are obliterated, (such as by 

excavat ion) the bees be come s everely disorientated (i.e. 

l ost ), and search t he ground within several metres, examining 

crevices and hollows . Thi s suggests that if they cannot 

find their corre ct entrance , they generalise their search 

a nd l ook for any ho l e . Thi s generalised ho le-searching , and 

a lso socia l facilit at ion a t enter ing the nest ( Bl acklith 

1955), are reasons why lost foragers enter other nests if 

s evera l are close together. Such mix-ups don't usually 

cause mortal combats between conspecific workers (unlike 

queen;) but they do upset colony growth data by supplementing 

the worker force of one colony ~t the expense of another. 

This phenomenon is called "drift" in apiculture. -
Presumably drift can be prevented by ensuring that 

foragers accurately learn the nest~entrance features the 

first time they leave, and by making each entrance appear 

different (to a bumblebee). There is a dilemma concerning 

the conspicuousness of entrance holes. If all the holes are 

conspicuous, a bee is probably less likely · t .o get lost but 

1 "Spring" queens only fi p:ht; new or "Autumn" queens don't. 



if it does, it would easily find and enter a wrong hole. 

Whatever the prominence of the holes, it should be equal for 

all of them, otherwise drift is likely to occur from colonies 

with inconspicuous entrances to those whose holes are easier 

to find. This happened with my colonies during the 1973-74 

season when the exits were only 10 cm apart along a window­

sill. A colony which had a conspicuous entrance appeared to 

recruit much of the forag in~ force from a nest newly installed 

at an obscure entrance. 

A related p roblem with a rtificia lly housed colonies is 

tha t wind c a n ha mper the orientation flights of bees leaving 

hole s well above ~r ound level on the sides of buildings. In 

t h e n a tura l s t a t e , o r i entation fli5hts b e g in close to the 

c r ound whe r e the wind v e l oc ity is much lo wer . 

To as s i s t the b ee s ' orientation when leaving t h e present 

ob s erv a tion h ive s , I te r n i nated each exit tunnel inside the 

l a bo rato r y (see pla te 1). This enab led the initia l orienta­

tion fliGhts to be p erformed inside the room, unaffected by 

wind ( Massey University is in a windy district). The bees 

then f lew out a window ( pane removed) and orientated a second 

time to t h is much larg er hole (about 40 c m x 50 cm) which 

was common to a ll colonies (see plate 2). This aperture was 

surrounded by a one-metre square sheet of yellow cheesecloth 

to make it look distinctive. The other windows in the room 

were covered with brown paper to prevent the bees from trying 

to fly out of them. The room was illuminated continuously 

with fluorescent tubes. Without this extra illumination the 

bees tended to walk a long way (50 cm or further) before 

beginning their orientation flight. On their return they . 

alighted at the place from which they had flown, and tried 
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Pl ate s 1 and 2 The Laborator y (1975- 76 season ) 

Exit holes of obser vation hive s 

Nest Chamber 

Inner vest i bu l e 

Outer vestibule 

10 Bl ack tent coverinG foracer- photoc raphing area 

11 Tunne l 

12 Power supp l y for electronics 

13 Temperature - cont r ol circuit s 

14 Common exit window 

15 Wi res between ne s t chambers and temperature- control 

circuit s 
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to find their way back on foot, which they seemed to have 

difficulty in doing . With the extra lig ht they did not walk 

as far as before flying , and found their way home more 

easily . 

The arrancernent described ab ove was the end-product of 

three years of improvements but was st ill imperfect. Some 

f orag ers still returned t o the wrong colony . This usua lly 

occurred within t he first day or two of the bee beg inning to 

forage; it subsequently returned always to the "foster" 

nest . New queens were especially liable to enter wrong 

colonies. The problem seems diff icult to completely over­

come . I suspect that drift is larg ely cau sed by bees 

following others into the nest entrance (social facilitat io n ) 

as described by Blacklith (1955 ). He found that with 

B . lapidarius, new queens were more dependant u pon s ocial 

facilitation to pass throuc h the nest entrance than workers 

were . This f its in with my observations of queens havin~ a 

greater tendency to enter neighbouring nests . 
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2.3 DATA COLLECTION 

This section de scribes the collection of information 

( e . g . photogr a ph s and measurements) and material (e. g . pollen 

samp les and re j ected l a rva e) which involved interaction with 

live co lonies . Procedur es not involving live colonies, such 

as weigh ing rejected l arvae , measuring cocoons and studying 

phot ographs, are de s cribed in section 2 .~ on data analysis. 

Brood re cords 

The st ate of the brood in the incipie nt colonie s 

inhab i t ing s urface dom iciles, was noted weekly. The ma in 

rec ords f or e a c h co lony , howe ver , we re begun the day after 

i t wa s i nstalled in a n observat ion hive , and conc luded when 

it c e a s e d to h a ve any more live b rood. This was done for 

s i x co lonies ( a l t h ough one of t he m died pre maturely due to 

the l oss of its fou ndres s quee n) a nd i nvolved a total time­

s pan of ninety- four days (25 November, 1975 to 27 F e bruary, 

1976 ) . Data was re corded dai ly except f or three missed d ays . 

At 1030 + 2 hrs each colony was photogr a phed on 35 mm 

monochro me film. Prior to photog r a phing each hive, I 

inserted labels (stuck to a length of wire) stating the date, 

time and colony -number; and a strip of card graduated in 

centimetres. The sing le lens reflex camera was set at f16 

for maximum depth of field. The light source was an electronic 

flash unit. I tried to take the photographs at moments when 

brood clumps were least obscured by bees. 

Written records were also kept. The aim was to record 

the developmental chang es of each brood clump. A "clump'' 

was defined as the group of individuals growing from a 
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contiguous group (usually one to three)of egg cell s . At the 

time I started detailed records , adults had already emerged 

from the first (incipient) clump, and the 2nd and 3rd c l umps 

had often pupated . Clumps were numbered in the order of their 

formation , and their positions marked on the glass hive - roof 

with wax pencil (the ~l ass was swapped with a clean sheet 

for photoGraphin~) . As soon as the photographs were printed , 

they also had clump numbers written on them . Colonies were 

examined each day (directly after the photographs had been 

taken) and the dates of the following were recorded for each 

cluQp where possible : 

ecG- cell construction 

ecc- cell closure (i . e . oviposition) 

construction of l arval - clump pocket 

completion of first cocoon 

completion of final cocoon 

emercencc of first adult 

emerGence of final adult . 

The adult emercence dates were sometimes not determined due 

to the cocoons beinc obscured by l ater brood clumps . The 

identification of the cocoon clump on which each new egg 

clump was built, was always recorded . The caste of the 

freshly- emerged bees (callows) was noted for each colony 

daily but I could not necessarily find which clump they had 

each emerged from . 

Behaviour such as l arva l - feeding , egg- eating , egg-laying , 

larval rejection and inter adult aggression was noted when­

ever observed , but no attempt was made to systematically 

determine the frequency of such events . 

A few workers from each colony wer e marked with honey 



bee queen- markers (convex-concave plastic di scs of various 

shape s and colours , glued to the bee ' s thorax while under 

co2 anaesthes i a ) for f oraging data (see sect ion 2.3.3) . 

Six mal es a nd about n inety queens were marked when 

fres hly emerged t o s ee how l ong they stayed in the parent 

nest. Their pre s enc e was l ooked for e a ch day whi l e brood 

record s were be ing t aken , and somet i mes after dark too . 

Adul t censusin~ i s d ifficult in l arge colonies becaus e so 

many bees are able t o hide in t h e l ower parts of the nest . 

2 . 3. 2 Larva l rejection 

I wa nt ed to know the number ( or a t l eas t the re l a tive 

f r equency) of l arvae r ej ect ed by each co l ony on a daily 

bas i s , and t o retr ieve t hem for exan i na tion of t heir s i ze 

a nd sex . Collcc tin~ r e j ect ed l a rva e f r om nat ur ally - for ag i ng 

colo ni es i s made d ifficult by the f act tha t workers carry 

some of these l a rva e a ll t he way out the entranc e t unn el and 

even f l y away wi th t hem ~ i yamot o, 1960; and my ob servation s) . 

However , I have observed that r ejected l a rvae are oft en not 

t aken all t he way out of t he nes t by the same bee . Some 

(pe r hap s most) of t hos e reject ed are init i ally dropped a few 

centimet res from the nest - chamber (i . e . in the vestibule if 

one i s present ), a nd carried further when encountered by a 

second bee. ~o prevent l arvae being carried further by 

successive bees , I designed a vestibule which would trap any 

l arv ae dropped in it, in such a way that they were unlikely 
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to be discovered and carried further. A series of two of 

these vestibules were connected to each observation-hive to 

see what proportion of l arvae were carri ed different distances 

( see figure 2. 5) . 
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Larvae were taken out of the vestibules as soon as the 

photographs had been taken each day (i.e. about 1030 hours), 

and preserved i n 7056 ethanol. 

ForaginB data 

Pollen i s the onl y protein-source in the diet of 

bumb lebees , and it is , therefore , a ma jor factor in larval 

growt h . Pol l en i ntake to colonies was estimated by auto­

mat ic photo6raphy of foragers in the entrance t unnels. The 

apparatus is shown in plate 3. An electronic circuit 

(desi5ned and bu ilt by ~Jr . N. D.K . Schmidt) sensed bees 

breakin~ a li5ht beam as they passed through the g l ass- topped 

chamber . To prevent them from trying to get out t hrough the 

Gl ass , the area wa s darkened with a black t ent (removed for 

plate 3 , but visible in pl a t es 1 and 2 ) . The light beam was 

emitted by a pair of microscope epiiluminators sh ining through 

sheets of red pe rspex . When a bee interrupted the red light 

beam the super- Smn rnovie camera fired a s i ngle frame (there 

were 3 , 600 frames per f ilm), which included the bee , a 

wristwatch and a date l abe l. An e l ectronic flash unit provide< 

illu mination f or the photogr aphs, but it took 3 seconds to 

compl etely rechar~e, and photographs t a ken more often than 

every 1.5 seconds ( approx . ) were black. To prevent film 

wastage on such shots (which were often caused by the 

vacillation of one bee), a timing circuit was included which 

prevented the camera from being fired more often than once 

every 1.5 seconds . Although this system was able to provide 

detailed data on foraging , the film expense, and the time 

required to analyse it, prevented records from being taken 

daily . A total of 29 colony-days of foraging were filmed. 



Plate 3 Appa ratu s for 2ut o matic photoc r a phy 

o f f or ag inc bumblebees 

1 Super- 8 mm c amera ( Canon 8 14 a uto- zoom) 

2 El ectronic flash unit 

3 ~,icr oscope epiillur i nntor lamp 

4 Red persp ex 

5 Tr i pod le s 

6 Gl2ss - topped chGnne l 

7 ~ires to licht dependnnt res i s tors 

8 Bra cket for wristwatch 

9 Tunne l 
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This was done in seven sessions (sometimes fi l ming for 

severa l days at a session) on five colonies a t intervals 

between 9 December , 1975 and 3 Februa ry, 1976 . 
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Sometimes , as a po llen-be a ring forage r passed through 

the photocraphing chamber , I inserted a numbered label into 

the camera ' s field of view . The l abe l was photographed on 

the same frame as the bee , wh ich was then c aptured and its 

corbicular p ollen wei;hed . The bee and its pol l e n were 

returned to the appropriate hive . In this way I was able to 

determine the relationship betwe en the we i ghts of corbicular 

pollen lumps , and their size on the phot ographs . Twenty-four 

suc h pollen records were taken, each having two weights ; one 

for each hind l ee . 

Other pollen samples were taken f or a different purpose . 

I wanted to determine the number of grains pe r millic r am for 

the main pollen species collected by t he bees . This would 

enable me to convert the number of pollen gr a ins found in the 

pupal rne conium or the larval gut into actua l weights of 

collected pol l en . A few corbicular samples were t aken of 

the common pollen types ( judged by t he ir colour). The pollen 

lumps were weighed , then stored in small vials of 70% ethanol 

f or l at er dilution and counting . 

Adult male and queen food consumption 

This was a small-s cale trial to determine the approxi­

mate amount of honey and pollen consumed by newly emerged 

males and queens . Two cocoon clumps (one with five male 

cocoons, the other with five queen cocoons) without brood on 
0 

top, were placed in gauze-topped plastic jars in a 30C 

incubator. The adults emerg ed from their cocoons satisfactoril: 



without worker assistance . Small plastic vials (capacity 

about 1.7 ml) containing 50% (v/v) honey solution ( S .G. = 1.15) 

and pollen (from an Apis-hive pollen trap) were securely 

plugs ed into holes in the bottom of each jar . Each day 

the food - vials were weighed, replenished and re - weighed . A 

control vial of honey solution was provided outside the jar 

to determine the weight loss by evaporation . The males 

were released five days after emergence, and the queens 

after seven days . 

2.3.5 Destructive sampling of whole colonies 

Durinc the 1974- 75 season when I had a surplus of 

colonies , I deep - froze four of them . Two were taken from 

field domiciles (one at an early stage , and a larg er one at 

male production), and tl1e other two were from observation 

hives (althouch i n itiated in field domiciles ) and had 

reached queen production. The purpose of freezing these 

nests was so that their brood could subsequently be examined . 

In particular , I intended to examine the contents of egg 

cells and larval clumps which was not possible with live 

colonies. 



2 . 4 DATA ANALYSIS 

2 . 4 .1 Brood development 

The area of cert a in l a rval clumps was measured from 

d a ily nest photog r aphs with a planimeter . 

Th e larva l clumps of frozen nests were measured , drawn , 

and dissected . The po s ition of each larva in relation to 

t h e pollen mass and neighbouring larvae, was re corded . The 

larva wa s then st ored in a vi a l of 7Cf/6 ethanol . Later its 

he a d c apsule wid t h was me a sured under a dissecting micro ­

scope with a n eyep i e c e micrometer . Then it was dried at 
0 

55C f or 1 . 5 d ays , and we i che d . F rom the s e data , a relation-
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sh i p be t wee n the aren o f a clump , and its biomass wa s derived . 

When there wer e no live a dult s or brood left i n the 

obse r v ation h i ves , the clumps of e mpty (and unhatched ) 

co c oons \vere d i smarit l ed and exa mined . The cocoons of most 

brood clumps c ou l d be identif ied fro m t h e nest -ph o t og raph s . 

Clumps adhe red on l y weak l y to one another, but in order to 

separat e the i nd i v i dua l cocoo n s within each clump, I wetted 

t hem with d e terg ent a nd water, a nd left them in a moist 

environment overnicht . The positions of the individual 

cocoons could of ten be seen from the photographs . The dia­

meter of each cocoon (except some badly mut ilated ones) was 

measured by placin~ it upright on an overhead projector 

stag e , and matching its shado w on the screen with a set of 

standard circles . 

The amount of pollen consumed by larvae was determined 

from the quantity of empty pollen grains found in the faeces , 

which are voided prior to pupation and incorporated into the 

cocoon wall . Cocoons of known diameter were dissolved in 



1 to 2 mls of 2096 (w/v) KOH (24 hrs at room temperature). 

After slight d ilution with water, basic fuchsin was 

added to sta in the pollen-gra in coa ts, which were not harmed 

by the KOH. Then a few drops o f deterg ent were added . 

( Without de t ergent the grains tended to clump tog ether when 

di l uted .) F i nally , t he mixture was di luted to 100 or 250 

4-C 

ml s ( d epending on the s iz e of t he cocoon) and t h orough l y 

shaken . Abou t 1 ml of mixture was poured into a 1 mo deep 

count ing cell. F ields of 0 . 277 µl were exam ined using a 

comp ound micr o s cop e wit h a n eyep iece gr id, a t a magnifica tion 

of 1 00x . The nu mb er of polle n c r a ins of each main t yp e 

( about three spec ie s u s ua lly comprised the bulk of the 

samp l e ) were counted i n several f ields . I counted enough 

f i e l ds to obta i n an S . E . M. f or each ma in p ollen type of 

~ 1 0)~ , u p to a maximum of 35 fie lds. A similar procedure 

was done on monospec i fi c corbicular pollen samp le s of known 

weicht . Th is enabled the we i ght per g r a in to be c a lcula ted 

f or the main polle n types c ounted fro m the cocoon walls. 

2 . 4 . 2 Larva l r e j e ction 

E a c h rejected l a rva had its head capsule width and dry 

weig ht determined by t h e methods described for frozen larvae 

( se ction 2.4.1). Their sex was also ascertained. The 

chara cters used for sexing were those described by Stephen 

and Koontz (1973) on the . ventral surface of the abdoman. 

The blind pocket on the penultimate segment of the male could 

often be located with a human eyelash glued to the end of a 

seeker. The larvae . whose sex could not positively and 

quickly be determined while intact, were re-examined by a 

dif·ferent method after being dried and weighed. They were 
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placed in vials of Essig 's Aphid Fluid containing acid 

f uch s in, erythro s in and lignin pink (formula in appendix 4). 

The via l s were c app ed with perforated lids (to reduce 

evapor at ion but preve n t pressure build up) and incubated a t 
0 

55C f or s evera l hours . Thi s treatment re -hydra ted the larvae , 

partia lly d iss olved the i n ternal s tructures, and ( most 

important l y ) stained the cuticle. On remova l fro m the fluid 

each l arv a was cut i n ha l f . The posterior half was placed 

o n smooth paper and a wo oden or g l a ss r od rolled over it 

( moving anteriorly ) to sque e ze out the body cont ents . The 

empty ski n was then p l a ced in a watch- ~ l ass of a lcohol under 

a dissecting r.Ji cro scope . The surf a ce featu r es looke d fo r 

earlier could n ow be se en with gre a ter clarity on the s t a ined 

cuticle . 

I wanted to know whether or not l a rva l rejection was 

stimulated by p ollen short age as s uggested by Plowright 

(1 9 66). I did not want to exper i ment a lly modify the pollen 

int ake to the colonies becau s e the primary a im o f t he 

investigation was to observ e n ormal colony development. So 

I d evi s ed two i ndirect me t hods of approaching the problem. 

The first was the morphometric comparison of rejected with 

non-rejected l arvae , t o see i f as Plowright reported, 

rejected larvae were "unde rwe i ght for their instar". The 

only non-rejected l arvae I could examine were the frozen ones 

from the 1974-75 season. Two of the frozen colonies were 

from observation hives and I possessed preserved specimens 

of larvae rejected from both colonies during the weeks 

preceding their being frozen. Dry weight versus head cap­

sule width was plotted for rejected and non-rejected 

specimens. The second way of investigating the effect of 
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po llen supply , was by plotting the intake of pollen loads 

(on the days when it was recorded), versus the estimated 

larval biomass (c a lcula ted from areas on photographs) present 

that day . If pollen shortage caused larval rejection, then 

most larvae ought to have been reje c ted following days of 

lower than avera~e pollen intake per unit l arva l biomass. 

2 . 4.3 F orag in3 records 

The super- Bmm films of f o raBers i n their entrance 

tunnels proved to be too time consuming to analyse to the 

extent orig inally planned . Ab out two-thirds of one f ilm 

(there were six a ltocether) , represent inc five colony-days 

was ful ly analysed . The rest were scanned with a film 

editor and the number of pollen loads per colony per day , 

counted . 

Full ana l ysis involved examining each frame under a 

dissecting microscope ( ma~nification 40x). The fo llowing 

data were recorded for each frame : 

the time (from the wrist -watch ) 

the colony to which the forager be long ed 

whether it was leaving or returning 

its label ( if present ) 

the size of its corbicular pollen loads 

(if present) . 

The size of the p ollen loads were measured as the length 

and breadth (in eyepiece micromet er units) of whichever lump 

was easiest t o see . Most bees had similar amounts of pollen 

on each corbicula (from weight samples), but if an obvious 

difference between the two sides could be seen on a frame, 

the sizes of both were recorded. 

; 

{ 
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CHAPTER 3 RESULTS AND DISCUSSION 

3. 1 COLONY ESTABLISHl'liENT 

3.1.1 Natural Nest S ite s 

Dur in~ the 1973 - 74 s e ason seven B . ruderatus nests 

were found , inc lud i n~ three usin5 the for a Ger- fee d ing method . 

These three were loca ted a t the intersection of a homing 

direction with a pat ch of trees . F ive more nests have been 

discovered i n other years , and these have been described, 

a lt h ouGh not a ll the deta i l s of the earlier ones ( pre 1973 ) 

we r e recorded . One of the earlie r discove r ies ( no. 3) was 

near Richmond in the Nelson d i strict. All the rest were 

found a t the Waver l ey study area . 

The feature s of each nest site are shown in table 3.1. 

Althou3 h most of the nests ( n i ne out of twelve ) were under­

gr ound , the tunnel d i mens ions we re qu i te v a r i ab le. Diameters 

r anged fro m 3 to 1 2 c m, and l e ng ths from 60 to 375 c m. All 

but one of t h e co l onies see med to be occupying the nests of 

small mamma l s (I was uncertain a bout no. 3). The species of 

mammal was tent a tively identified by the diameter of its 

burrow (where present ). The following categories were 

chosen: 

less t han 4 c m - mouse ( Mus musculus) 

4 to 8 cm - rat (Rattus spp.) 

more than 8 c m - rabbit (Oryctolagus cuniculus). 

According to these categories, nos. 7, 8 and 9, would be in 

mouse nests; nos. 2, 4, 6 and 12, in rat nests; and no. 5 

in a rabbit nest. No. 11 was occupying what appeared to be 

a nest· made by a mouse in a polyt_hene bag of hay. The bag 
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TABLE 3 .1 Natural Nest Sites of Bombus ruderatus 

!Season Surroundinc; Entrance Tunnel: Cavity 
19 •. FeA.ture s Features lenc;th width depth 

I 
cm cm cm 

1 ea GO slopins pas- ho le in ea 10C ea 5 ? 
turc ground 

2 69- 70 flat pasture hole in low ea 70 ea 7 ea 30 
near pond clay bank 

3 72- 73 debris beside ? no tunnel , nest under 
woolshcd debris 

L~ 73 - 74 f l at pasture depression 155 7 50 
1m fror.1 wood- under board 
shed 

5 1 73 - 74 edce of (13x45)cm c np 375 12 90 

I 
native bush between tree 

roots 

6 73 - 74 edce o:' slit ( 2 . 5x13) 60 5 I 40 
native lmsh C r:J at base of I 

tree I 
I 

7 73 - 74 heap o:.' l or~s :,r.iall hole i n I 90 3 I 20 
on s lopit1c bnre t:::;round i I I 

pasture under loc;s I I 

8 'l3 - 7L~ rouc;h hill - c;rass- 210 3 20 
side pasture I concea l ed ho l e 

in low bank 

9 73 - 74 rouch hill- depression 300 3 25 
side pasture ar.ionc;st long 

5rass 

10 73 - 74 scrub- covered c;ap i n dead no tunnel , nest 
hillside vegetation amongst dead vege-

I tation 

11 74- 75 in concrete- ho l e 12 cm sq . 1m walk along on she l 
floored shed at base of f loor 12 cm 

f 

door above 
f loor 

12 75 - 76 edge of fern-concealed 110 5-1 2 60 
native bush gap (5x10 )cm 

between roots 
in low bank 



had a mouse-sized hole, and the hay around the bumblebee 

nest ( which wa s f ound during its incipient stage) appeared 

more neatly a rranBed than would have been done by the queen. 

The surface colony no. 10, was in what appeared to be the 

nest of a hedg ehog ( Erina ceus europaeus) or a hare (Lepus 

eur opaeus). 

The c avity of n o. 6 conta ined the decaying remains of 

a B . ruderatus c olony which had lived there the previous 

season . Severa l authors cited by Free and Butler (1 959 ) 

( Hoffer 1885 ; F r ison 1930; and Plath 193 4) have seen 

ove rwintered queens exarnininB old nest sites of their own 

species . I have seen ove r winte red B. ruderat us queens 

examining a wi ndow , throus h wh ich queens had departed the 

previous sumoer from observation hives . I sugge s t tha t t h is 

mi ~ht be a norma l occurrence , and is a behaviour pattern which 

l eads to overwi ntered queens re -using their mat ernal nest 

site if there i s enouc h nes t ma t er i a l remaining . If this is 

so, t he tra it offers possibilities for inducing naturally 

overwintered queens to occupy artificial nest sites simply 

by shifting a matur e colony (or even part of one) to that 

site the previous Su mmer and allowing young queens to depart 

from it. 

It is noteworthy that different types of nest sites 

were found by different "sampling_ methods". The only nest 

found by members of the public (no. 3) was at surface level. 

This nest c ame to my notice a fter a newspaper advertisement 

(a method recommended by Free and Butler, 1959) was published 

by the DSIR . Accidentally discovered bumblebee nests 

probably include a disproportionate number of above-ground 

ones, because these are more likely to get disturbed, and 
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disturbed bumblebee colonies produce a buzz which i s audible 

from several metres away! In fact I discovered nest no . 11 

onl y by the s ound produced by the singl e queen . Al l the nests 

which I found accidentally or by random searchi ng , were either 

in or near frequented buildings , or in open (i . e . unshaded) 

farmland . However , the three nests found by the more objective 

method were a ll i n the shade of trees . I sugcest t hat 

B. ruderatus mi3ht commonl y nest under trees , but that such 

nests are likely to be overlooked . 

3.1 . 2 Domicile occupations 

The occupation rates of the domicil e types over the two 

s eas ons is shown in table 3. 2 . 

Durin~ the first season several occupied domiciles of both 

types cont a ined dead queens which had presumabl y been killed 

in battles over ~est site possession . I a l so observed 

senrcn inc queens enter already-occupied domiciles , then hastil y 

retreat , on t wo occas ions . One wa s a B. ruderatus queen which 

had entered the domici le of another B. ruderatus with larval 

brood , and the other was a 8 . terrestris queen which had gone 

into a B. ruderatus nest containing a few workers . These 

incidents showed that death did not necessarily resul t for 

queens which entered previously occupied sites . Unl ess the 

unoccupied domiciles were unsuitable for some reason , such as 

dampness , I would have expected queens to occupy them rather 

than risking death trying to usurp a resident queen . Some , 

but not a ll, unoccupied brick domiciles .were in fact noticeably 

damp , and I suspected this was making them unattractive to 

searching queens . Several authors (including Sl aden 1912 ; 

Frison 1926 ; and Fye and Medl er 1954 a ) have stated that dampness 
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TABLE 3 . 2 Domicile Occupation Re sults 

Season Number Number occupied( 2 ) (percentage in brackets ) 

and type available B. B. Unidenti- Total 
jr uderatus terrestris fied 

I 

1924-25 I 
Under- 45C 1) I 23 (51) 7 ( 16) 12 (27) 42 ( 93 ) 
ground I 

I 

(27) (4.5) (32) Surface- 23 G 1 0 7 
bric k ! 

' I 

1925-26 ' 

Surfac e - 25 4 (1 6) 0 0 4 (1 6) 
brick 

I (4) (4) 2 ( 8 ) Surface - 25 I 1 1 0 
concrete 

' 

(1) F i fty were put out but f ive became lost or damaged . 

( 2 ) "Occup i ed " mcnns tha t a broody queen was present . Some 
brood was always a l s o present in surface domiciles but 
this was not a l ways checked for in underg round ones . 

TABLE 3.3 Re lative Dryness of Brick and Concrete Domiciles 

Early in the 1975 - 76 Season (6 November, 1975). 

Subjective Category Number 
(percentag e in brackets) 

Concrete Brick 

Reasonably Dry 23 (92) 9 (36) 

Slight ly Damp 1 C 4) 7 (28) 

Moderately Damp 0 5 (20) 

Wet 1 (4) 4 (16) 

I 



can be a problem in bumblebee domiciles. 

The lightweigh t concre te type of domiciles used dur ing 

the se cond season stayed drier than the brick ones (as shown 

on tab l e 3 . 3 ), and I h oped t h is would enhanc e t heir at tra c­

tiveness to searchinc queens . However , as table 3.2 shows, 

the drier typ e of dom i c ile s were not accepted by any r.iore 

queens than the brick one s were. In fact the lightweight 

concrete d omiciles were occupied by only half as many queens 

as the brick type , althouBh due to the small numbers involved, 

t he differenc e was probably i ns i c nificant . One lightweight 

concrete domici l e cont a i n ed a dead B. r udera tus queen as 

well as t he live occupant . The bric k do miciles were more 

sparse l y occupied in the second season . Free and Butler 

(1 959) e mphasise that bumblebee nu~be r s f l uctuate annua lly 

and that domicile resu lt s are s i mi l ar l y unpredict ab le. 

However , it i s quite p o ss ible t hat I unwitting l y r educed t he 

attractiveness of the bric k d omiciles by some of the oodifi­

c a tions I mad e . In particular , the removal o f the news­

pap er l ayer may have a llowed light to enter (polystyrene is 

trans lucent ) a l thouc h the two bricks on top should have 

s topped most o f t he li~ht; and the cha ng e of shape of the 

nest materia l may have made it less attractive. 

A most interesting and significant finding during the 

second s eason was that many of the underground domiciles 

were occupied a lthough the nest material in them was about 

one year old, damp a nd decaying . As mentioned in section 

2.1.2.2, I had decided to discontinue the use of the under­

ground type, a decision apparently not shared by the bumble­

bees! Examination of twelve of the underground type revealed 

3 B. terrestris queens and 3 B. ruderatus queens (the grilles 
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to exclude the earlier-nesting B. terrestris had not been 

used). Three of t h e six unoccupied domiciles were excavated 

and found to have no nest material. I removed three of the 

incip ient colonies (1 B . terrestris, 2 B . ruderatus) and 

rep lenished the nest material , before the end of the nest­

founding s e a son . Th ese three domiciles yielded a second 

colony e a ch ( a ll B. ruderatus ). 

To s u mma rise : t h e underground domiciles were highly 

a ttra ctive to B. r ude ratu s ( and B. terrestris) queens . Two 

t yp e s of s urfac e do micile at tra cted fewer queens , and the 

reas on f or th i s wa s not wholly due to d ampness. In f act , 

queens appeared to prefer d ~QP u nde r g r ound do miciles to dry 

surfa ce ones . The 93~ occupation r at e (76% of the identified 

oc cupants were B . ruderatus ) of 45 u nd erground do miciles in 

the 1974-75 season , exc eeds the bes t r ecord ed by Hobb s 

( 1967 ); 90% of 19 unde rGr ound do micile s in t he Rocky 

Kountain f oot h ill s . 



50 

3 . 2 BROOD DEVELOP~IENT 

This section describes the development of individual 

brood clumps, as a prelude to later descriptions of seasonal 

chances on a per- clump basis. 

3 . 2 .1 . .t.P)f;S 

Apart from the first (incipient) egg cell , nearly all 

were built on top of unhatched cocoons. (One batch of eggs 

was laid in the pollen pocket of a larval clump , but they 

failed to develop .) Jcg cells on cocoon clumps may be seen 

in plate 4 . Over 95~ of the egg cells were formed on cocoons 

which were less than three days old . Frequency distributions 

of the substrate cocoon nr-;es for each colony are shown in 

ficure 3 . 1 . 

~ach ecc cell is a cup , 4 to 6 mm in diameter , made of 

wax-pollcn1 (which I shnll call wax) . host eGG cells are 

built by the foundres s queen , and she lays the eccs in them . 

Workers sometimes lay ecGs too: this is discussed in section 

3 . 3 .1.7. Jladen (1912) states that B. ruderatus pri~e their 

egc cells with pollen , but I have seen a number of them to 

be closed without beinc primed , especially early in the 

season . Eg~ cell priming is done by foragers which unload 

their pollen into the cell . Reasons for early cells not 

being so primed may be due to their being slightly smaller 

and considerably thinner-walled (both probably due to wax 

shortage) . Later-made egg cells are more robust , and may 

1 
Wax-pollen is a mixture of wax and pollen. It is a soft 
material , of similar consistency to plasticine ; in fact , 
I have found that B. terrestris will readily use plasti­
cine, if provided ,-for structures normally made of wax­
pollen. B. ruderatus seems much less inclined to use 
plasticine. All of the mid- brown structures in plate 4 are 
either made of, or covered with, wax- pollen. 



Plate 4 Fifty day old Bombus rudera tus colony 

i n ob s e r v ation hive ( about n atura l siz e) 

1 Foundr e ss queen 

2 Mar ke d worker 

3 Ma l e ( note l one antennoe ) 

4 Newly eme r c ed worker ( about 12 hour s old ) 

5 Worker ea tin5 poll en f r om pollen poc ke t 

6 ~orker regur3itntin~ f ood to l~rv2 

7 ~a x h one y pot 

2 Honey in vac ated cocoon 
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J roocl. : 

Ezc; c l ump (3 C , .. ,I l ,- ) 
. ,_. - l •J 

Larva l c lump wit~ pa rt i a l l y- bu i l t 

poc ke t 

Larva l c lump at " s fi1 ooth " stage 

Larva l c l uop at "bu mpy " s t ae;e 

Larva at si l k- s p i nn i ng s t ace 

( f = fae ce s ) 

Fresh cocoon 

Ar;e 
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Figure 3.1 Percentages of brood clumps formed on 
cocoons of various ages. 
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provide the same s timulus as a pollen- pocket (which is where 

pollen i s usually unloaded) , t o a returning forager. 

The act of e~g- l ay ing i s s hown in plate 5 . The stin~ 

pr ot rudes each t i me an egg i s l a id , and by observing t h is, 

the number of egcs lai d at one " s i t tine; " may be gauged . 

From such obse rvat i ons , and by d issecting f rozen nests , t he 

number of eggs l a id per cell was f ound t o be 14 . 3 ~ 3 . 0 

( standard deviat i on ( s . d . )) (N = 23 ) , with a range f rom 

10 to 19 . Queen- l a i d e cGs were 2 .85 ~ 0 . 11 (s . d . ) mm l ong 

and 0 . 84 + 0 . 04 mm wide ( N = 17) . Four worker- l a i d eggs 

were f ound to be about 10~; short er t han queen- l a i d ones , but 

jus t a s wide . Ecc cells are c l osed i mmedi ate l y after the 

egg s are l a id . Ggg ce ll c losure i s shown in p l at e 6 . 

Often two or nore ecG c ells are made in a line or 5roup . 

Fr equency d i s tributions f or t he numbe r s of ce lls per Gr oup 

a re shown in f i cure 3. 2 . 

The t i me t aken for eG~ S to hat ch could not be deter mi ned 

f ro m watching normal live co l oni es or f r om dead ones . During 

t he 1974/ 75 s eason I f ixed a clear acet a t e dome (4 mm wide ) 

ove r a ce l l of ne wl y-la i d eggs before the queen could cover 

t hern . The eges were seen to have hatched in slight l y l ess 
0 

t han 4 days , at an obser vation h i ve temperature of 30C . 

3.2 . 2 Larva e 

3 . 2 . 2 . 1 The l arva l instars : Figure 3. 4 shows the 

frequency distribution of B. ruderatus l arval head capsule 

dia meters . Four ma in peaks are obvious . These correspond 

to four of the insta rs , but Stephen and Koontz (1 973 ) state 

t hat there are f ive in the genus Bombus . Few first instar 

l ar vae were f ound, and this stadium is probably brief . The 



Plate 5 Foundress queen laying ec~s 

Note the stin~ projectin~ ove r 

the ri~ o ~ the c e ll . 

PLJtc G cell bc ins closed 
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distribution of head widths was continuous over the first 

three instars , but was discontinuous between the third and 

fourth , and between the fourth and fifth . The f ifth instar 

shows a bimodal distribution. Mo st of the larvae with 

narrower heads were males , and most with wider heads were 

females . 

3.2.2. 2 Physical conformation of larval clumps : The first 

c hanr,e observab le on brood clumps was usually the construc­

tion of a pollen pocket (see plate 4 and fi gure 3. 5) . The 

pocket was usually bu ilt on the side nearest to the peri­

phery of the nest. rhe construction of thes e pockets i s a 

well known characteristic of certain Bombus species , termed 

"p ocket makers", while other species store their pollen 

separately fro m the l arvo. l clumps, and are called "pollen 

storers " ( Sladen, 1912 ). 
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The pollen deposited in the pockets forms a bed on wh ich 

the larvae feed (see figure 3 . 5) , al t h ough the larvae are 

also fed by direct re gurg itation from the adults. ( Larval 

nutrition is described in more detail in the next section . ) 

Althoug h pollen pockets were involved with only one of the 

two methods of feeding larvae, the appearance of a pocket 

usually coincided with the beginning of clump growth . This 

suggests that pocket formation is a reasonable guide to the 

time when food be g ins to be invested in a clump of l arvae. 

Figure 3. 3 shows frequency distributions of brood clump 

ages at the date of pocket f ormation . (A minority of clumps 

had their eggs laid over a period of two or more days, and 

these have been excluded from f i gure 3.3, because no single 

ovip osition date could be assigned to them.) The histograms 

show pocket formation to most frequently occur on the fifth 
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Figure 3.5 piagrams of developing brood clump 

(mid-vertical sections , through pocket) . (A) Egg cell, 
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0 - 4 days after oviposition (d . a .o. ) . (B) " Smooth" larval 

c lump , 5 - 9 d.a . o . (C) " Bumpy" larval clump , 7 - 1 0 d . a .o. 

(D) Silk-spinning larval clump , 8 - 15 d . a .o. 
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day after oviposition; which is to be expected if the e ggs 

hatch in three to four days, and then about one day is 

occupied with the first larval stadium which does not feed 

according to Stephen & Koontz (1973). However, pocket 

f ormation was sometimes delayed, as often occurred in 

colony 1, which was the least prolific. I do not consider 

that delayed egg- hatching was involved, because temperatures 

were kept stable . It is possible that shortag es of food or 

labour might delay pocket formation and larval g rowth . The 

most prolific colonies (2 and 5) had many of their pockets 

built promptly, i.e . on the f ourth day af ter oviposition. 

After the pocket is built, the clump continues to 

e xpand f or the next one to f our d ays, ret a ining a smooth 

rounded appearanc e . At thi s stage much of the clump ' s vol­

u me may be taken u p by t~e mass of po l len. I t is so~e ­

times s aid that t h e po llen placed in t he po cket is fl forced 

under the l arva l clump '' ( Al ford 1975), but I consider that 

the larva l clump c rows over the po llen . That is to say , the 

relative p ositions of the larvae and the pollen ma s s , are 

explainab le i n terms of the l arv a l clump expa ndinb in the 

direction of t h e p oc ke t . I found larvae of the first three 

instars inside 11 smooth 11 clumps . Much more clump expansion 

and larval growth occurs during the third stadium than during 

the first two . Larvae in smooth expanding clumps were found 

to be normally arranged in a single layer, s o that they all 

had access to the pollen . 

About two to four days after pocket formation, the larval 

clump becomes bumpy in appearance . Each "bump" or bulge , 

represents the position of a l arva , which subsequently 

remains unchanc;ed. Most of the larvae f ound in "bumpy " 

clumps were fourth instar . 



During the fifth stadium, larvae spin a thin layer of 

silk around themselves. Little wax seems to be added to the 

clump after this, and as the larvae grow, the clefts between 

them become quite deep . This is shown in plate 4 . The silk 

envelope has a hole about 2 mm wide, throu~h which adult s 

re5urgitate food to the larvae . The hole is often, but not 

always , kept covered with wax between feed ings . There is 

also a gap in the silk underneath the larva, through which 

it f eeds on the bed of pollen . Sometimes l arvae grow so 

fast that neither their s ilk enve lope , nor the wax provided 
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by the adults , keeps them co~pletely covered, and gaps appear 

(distinct from feedinb holes) throuch which the larvae c an 

be seen . An example of this is shown in p l ate 7. Defaeca­

tion occurs durinc t}1e l atte r part of the fifth instar, the 

fae ces beinc spun into the wa ll of the silk envelope . Although 

oost authorities (e. c . P ree and Butler 1959 ; Mic hener 1974) 

state that bumb lebee larvae only defaecate after the cessa­

tion of feeding , this does not appear to be so in B. ruderatus . 

Faeces are visible in the silk envelopes of two larvae in 

plate 4 ~hich are probably still at a feeding age . Several 

ti~es I have removed defaecating larvae from nests, and they 

still readily consumed a liquid honey/p ollen mixture if it 

was provided. 

About ten to fifteen days after oviposition, the larva 

ceases feeding, secretes much more silk than previously , 

closes its feeding h oles and spins an oval cocoon. 

3.2.2.3 Mode of nutrition : B . ruderatus larvae feed 

from the bed of pollen on which they lie, and are also fed 

by regurgitation from the adults . 



Plate 7 

P l a t e 8 
• 

A r npidly- Erowin~ clump of queen l a r vae . 

1 Rupture i n ~nx coverinG 

2 Feedine; hole 

~CG clu~p broken open . There are two e cc cell s • 

Not e the shrivelled appearance of some e cgs . 



62 



63 

Nearly all larval clumps, irrespective of caste, had 

pollen poc kets . The pockets were sometimes removed before 

the l a rvae had finished growing, but in such cases, there 

may still h ave been pollen remaining underneath the l arvae . 

When l a rval clumps (from frozen nests ) were dissected, 

depressions undernea t h e a ch larva could often be seen on the 

pollen mass . Th e depressions appe ared to have resulted from 

t h e larvae eatinG the pollen. As mentioned above, fifth­

i nstar l a rvae l eft a hole in their silk envelope, over t he 

p ollen . Th i s hole ou st h a v e a llowed them to eat t h e p ollen. 

Some t i mes , r ap i dly Grow i nB ma le and qu e e n clumps had two 

pollen p ockets , eit her a t e a c h end o f t h e clump or s ide by 

s i de . 

Re c urc it nt ion ~e edinG wa s observed f or l a rva l clump s of 

a ll s t a~es , and ( apGrt f r oo the incip ient p eriod whe n 

c olonies were n o t obse r ved ) throu ghout t h e season . Th e 

re ~u r~ i tated f ood , on the fe w time s it wa s examined , prove d 

to b e a liquid mixture of hon ey (o r nectar ) and pol l en . 

Three samples of the mixture were a n a l y sed (by dilution and 

count inB t h e pollen c r a ins ), and f oun d to contain 0. 91, 1.34, 

and 0 . 93 milligrams of po lle n per microlitre. The pollen 

r equired for regu r~itation was ingested by the adults from 

pollen pockets or from primed (unclosed) e gg cells. Eating 

it involved an a lter n a tion of abdomi nal contractions with 

bouts of nibbling a t t h e pollen surface. The i mpress ion I 

gained was that the abdominal contractions served to regur­

g itate honey (or nectar) onto the pollen surface, and that 

the nibbling served to mix the honey and pollen into a soupy 

consistency, which was then imbibed. Plate 9 clearly shows 

h ow the pollen in a pocket becomes wet and pitted, as a 



result o f adults eating it. Plat e 4 shows a worker in a 

typica l pollen- eatin~ p osition, and a noth er worker in the 
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a ct of recurcitatinc food into a l arva l c l u mp . When fee ding 

a l a rva , the adu l t be e make s a ho le ( about 2 mm diam .) i n 

the wax cover i nG of the l arva l clump , c ontracts it s abdo men 

to recursitate the f ood , and resea l s the h ole . As mentioned 

abov e , some fifth i nstnr l arvae have a feed i nc hole which 

r eoa ins open . When individual bu l c es were vi s i b l e on a 

clump , feed i nc wa s always done a t t h e c entre of a bulg e , i. e . 

l arv ae were fed individually . The de gree o f abdo mi na l 

contraction at different feed i ncs varies , and s o presumabl y 

d oe s the a mount of f ood discharced . In ~eneral, l arc e l a rvae 

se e med t o rece ive l ar~er feeds than small l a rva e . 

The relative i ~port - n e e o f s olid po llen a nd re GurGita ­

tio n feed i nG i n po c ke t makers is by no Geans clear . Glade n 

(1 9 1 2 ) sa id , " ... I hav e no doubt that t he l arvae of the 

pocket - makers do part ly feed on the pollen p l aced i n th e 

p oc ke ts , at l east durinc the ear l ier st2.c;es of their g rowth ." 

r;iche ne r (1 974 ) apparent ly reca rded recurc i t a tion feed i n g as 

unimportant sa~'inc , " I n po cket - mak ing specie s , l a rvae that 

are to be come workers ( a nd ma le s ) a re left l arGe l y to the i r 

own devices i n obtnininc; f ood from stores in t he pockets ." 

He excluded queens be c a u se mo st North American p ocket - makers 

do n ot build p ockets on clumps of que en l a rvae ( Hobbs 1964). 

Hobbs (1 966a , b ) p o inted out that some North American pocket­

makers f ed fifth inst a r larvae by regurg itation only, even 

though t h e same clumps had pockets when young er. Although 

some authors seem to have considered regurg itation fe eding 

of little i mportance when pollen pockets are present, 

Plowri3ht and J ay (1 968 ) found that pocket-makers can rear 

their larvae ent i re ly by regurg itation feeding . 
'i. 



Plate 9 ~orker about to feed larva . The tip of the 

worke~ ' 3 left i: ~tenna is i n the feed i nc ho l e . 

The pocket contains red- clover pollen . Note 

the wet a nd pitted appeara nce where adults 

hove been e a tin: the pollen . 

Plate 10 Worker carryinc rejected l a rva 
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Al though B. ruderatus l arvae of a ll a ges and castes 

seemed to be fed by both met hods , the importance of each was 

not quantif ied . Of the thirty l a rval c l umps dissected , a ll 

t he pr e - fi f t h ins t ar larvae seemed to have access to the 

pollen mass . The pos itions of t he spinning (fifth instar ) 

l arvae were f ixed and could be seen more a ccurately . Some 

of t he s e l arvae had p lenty of a ccess to t h e pollen , but due 

to beinc over l a i n by adjac ent l arvae , had no acces s to 

r ecurGi tation f eed i n5 . Two s u c h l a rvae were found , and a t 

t ~e t ir:1e of so.r:ip l inc; were the lic;htest i n the ir clu::ip . This 

succ;ests thnt they were 110.ndic o.pped by not r eceivinc; 

recurGitnt io~ fcedinc . On th2 other hand , n fe w l a r vae were 

f i xed i n p os i tion . ., ;~:Jove t he i r ne i c;l1bour s , e.nd s eparo.t ed f ron 

the pollen mass . These , which had ( a~ound the ti~e of 

snrr.p l inr_; ) been rc lyin.; on reL;urc it ntion feed i nG, were o. l s o 

Si.1a ller t hnn ti1e n c Dn for the ir clurnp , bu t we r e not t he 

s ~a llest . On one occ as i on , a l a r va was s e en in such a 

pos ition i n ar. observQt i on h ive . It becaQe disp l a ced upwards , 

and a lmost certainl y los t access to t he bed of pollen . When 

first noticed (11 days after oviposit ion ; earl y spinning 

sta~e ) it wa s smaller t han its neighbours , and remained s o 

f or the next two days . However , it seemed t o catch up to the 

s iz e of the others on the third day , and pupated aboutthe 

s ame time a s them , forming a cocoon no smaller t han the 

averag e for the clunp . Larvae which form cocoons underneath 

a clump u s ua lly form sma ll ones . These _l arvae , I s uspect , 

suffer more from l ack of regurgitat ion feeding than l ac k of 

access to the pollen mass , whi ch presumab l y lies on top of 

them . 



67 

The qu e s t ion of wh ethe r que e n l a rvae r eceive f ood wh ich 

i s qua lit at ive l y d i ffer ent f r om tha t fed to work e r larvae , 

ha s be e n r a ised by ll o se l er and Ro se ler 1974 , and Plowr i ght 

and P endre l 1976. I had a br ief look at this qu e s t i on by 

a s s e s sinc the quantitie s of p o l l en u sed t o rear l a rva e of 

d i f ferent s ize s . Cocoon diameter wa s us e d as repre s ent i ng 

t h e siz e at ta ined by t he l a rva . As shown in figure 3 . 9 ( B) 

c oc oon diameter corre l at e s c lo s e l y with a dult linear measure ­

ment s (corre l at ion c oeff icient= 0 . 9914 f or r adia l c e ll 

l e n g th ). But I decided the cu be of t he c o co on diameter wou l d 

be more p rop ortiona l to t h e b i omas s of the b ee , a lthouGh 

this re l at i on was 1ever ver i f i ed due to t h ere b e in6 maj or 

d i ffi c u l ti es i n objectiv e l y assess ing adu l t bee b i oma s s . Th e 
~ 

re l ation betwe en c oco on diameterJ a nd the pol l en c ontent in 

the fae c es is sl1own in fi c ure 3 . 9 (A ) . The lower p o~t ion 

(wo r kers a nd possib ly s o me na l e s ) i s linear , b u t the on e 

l arce worker and the five queens seem to have consumed s ome ­

what l es s po lle n f or t h e i r s iz e , than t he small l a rva e . Th i s 

r e s ult i s open t o se ve ra l p o ss i b l e i nac curac i es . Perha ps t h e 

oain prob l e m mi ght be that p r o gress i vely l a r g e r bees mi gh t 

sp i n more r oomy or t h i c k er cocoons s o that cocoon d i ameter3 

mi gh t no t be l ine a r l y prop or tiona l to biomass. But i f it is 

t r ue t hat l a r g e l a rva e consume r ela tively less pollen for 

their weigh t, two exp l anations spring to mind: 

(1) small l arv a e mi gh t receive proport ionately less carbo­

hyd r at e ( n ectar ) a nd may have to deaminate pollen proteins 

f or t heir energy requirements, or 

(2) queen larv a e mi ~h t r eceive some of t heir protein require­

ment from a s ource other than pollen, e. g . from g landular 

secretions of the workers. 



3 . 2 . 2 . 4 Larval growth : Assuming a n e gg-stage dura-

tion of f our days, larval durat ions rang ed from six to 

twelve days. These figures are shorter than those quoted 

by Brian (1 951) f or ~ - agrorum, an d Katayama (1 973 ) f or 

B. i gn itus, in unheated observation hives ; but are similar 

to the time s g iven by Hasse l rot ( 1 960 ) for various European 

species with nestinc material , and H~seler & RBseler (1 974) 
0 

f or B . hypnorum and~ - terrestris heated to 30C . 

There was no strict re l a tion between the time l arvae 

spent growing , and the s ize they eventually attained. F or 

example in worker clumps the first cocoo n formed was s ome ­

times the smallest , nnd sometimes the l argest . However , in 

clumps containi n~ a mixture o f ma le s and queens , the males 

near l y a lways pupated one day earlier t han the i r l ar ge r 

sisters . 

There was a seasona l c han~e in " l arval durat ions, but 

this will be discussed in section 3 . 4 . 

The above-me ntione d independence o f l arv a l-dur at ion 

and size - attained i mp lies o f course that l arvae grew at 

different rat er, . I wanted to know whether the different 

growth rates we r e associated with the whole l arva l period , 
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or whether, say , they al l g rew a t the same rate until the 

final instar. Unfortunately , the growth of individual larvae 

could not be measured directly, due to them being enclosed 

in a wax c anopy . However, I was able to derive a relation­

s hip between larval clump area, and the biomass of larvae 

inside, from frozen colonies (see figure 3~6). It seemed 

log ical to relate biomass to clump volume, rather than are a , 

so I multiplied the area by the square root of itself . The 

graph is shown in figure 3 . 6 . The relationship is roughl y . 
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linear for the larg er clumps but the smaller ones are dis­

proportionately light . This is probably due to young larvae 

o ccupying a thin layer over the mass of pollen which takes 

up much of the clump ' s volume . Imperfect though it was, I 

applied the linear reg ression equation to the larval clump 

areas measured from d a ily phot ographs, then to est i mate the 

growth of individua l l a rvae I divided the weight by the 

number of cocoons formed in the clump. I had not got a clear 

sequence of photographs for any pure- worker or pure- queen 

clumps f or any one colony , s o I chose mixed clumps of 

1v1orkers + males and t1ueens + males. The resulting curves 

are shown in f i gure 3. 7. The graphs show that a ll six clumps 

had similar shaped s i gmoid s rowth curves, and t hat the clumps 

which produced quee ns and ma les had fast er growth rates 

throughout t he ir l arva l periods than the clumps which produced 

workers and males . Alt h ough t he curves drawn were probably 

typica l, it must be remembe red t hat there was considerab le 

variation in larva l durations . In g eneral however, larvae 

which bec ame workers had long er durations than those which 

became queens . 
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1 
and the cocoon number. The 

" step" drawn at X represents a biomass reduction due to 
la,:val rejection. The "steps" at Y also represent larvae 
reJected from the colony, but I was uncertain whether they 
came from that clump. 

(1) FOR EASE OF CALCULATION, THE (AREA x ./AREA): (BIOMASS) 
RATIO (IN FIG . 3.6) WAS TAKEN AS LINEAR , ALTHOUGH THAT APPEARED 
TO UNDERESTIMATE THE BIOMASS OF MATURE CLUMPS, AND OVERESTIMATE 
THE BIOMASS OF YOUNG CLUMPS. THEREFORE , THE ABOVE LARVAE 
PROBABLY ATTAINED GREATER WEIGHTS THAN SHOWN , AND THE GROWTH 
RATES WOULD HAVE BEEN EVEN FASTER THAN INDICATED. THIS, HOWEVER , 
SHOULD NOT AI/l'ER THE RELATIVE GROWTH RATES OF QUEENS AND WORKERS. 
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Pupae 

Pupal development times are shown in f i gure 3 .10 . 

There i s a linear re l at ionship between pupal duration and 

cocoon diameter . One of the advantage s of producing sma ll 

workers early in the season could be due to their short 

pup a l durations , and this would enable worker numbers to be 

bui l t up more quickly than i f the pupal duration was longer . 

Wil s on (1 971, p . 442 ) emphas i s e s the i oport anc e to soc i a l 

i nsects of bui l dinG up their worker f or c e quic kl y . 

The s ize s of t he adults produced over a who l e season 

c an be estima ted from cocoon d i aoeters . In fi ~ure 3. 8 I s how 

h i st oc;rarn" of t h e nurcbers of cocoons of var iou s sizes in 

fi ve S. ruderatu s co l onies . A very small proport ion of the 

co coo ns in ea ch colO:\Y \'Jas too rr.uti l 2t cd t o mea s ure . The 

~i s toz r ans i nc l ude unh ntched coc oons (i . e . where the oc cupant 

died ), be c nuse thee repre uent a f ood i nve stLlent by t he 

colony re L, ardl ess of the ir fate . The peaks bet\-1een 8 . 5 and 

10 . 0 rnr:i are niost l y c omposed of ma l es . The l a r e;er worke r s 

a l s o fa ll in this rnnc e , but the tot a l numbe r of ma l es 

produced (except poss i b l y in colony 5) was usually more than 

the number of workers . The few individuals in the range 

10 . 5 to 11. 5 mm were f ema l es of intermediate size betwe e n 

typica l queens and typical workers . A number of these cocoons 

fai led to hatch ( see section 3.3.3) but those that did, 

usually yielded workers ( which were constant f oragers ). 
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3.2.4 Adults 

The fina l stace of "juveni lity" is the maturation of 

t h e adults durinG t h e first f ew days after eoerging fro m a 

cocoon. Severa l recently - emerg ed bees c a n be seen in p l ate 4. 

S l aden (1 912 ) and several authors since, have reported that 

bum~ l ebees drink fr om a honey- p ot as soon as they emerGe 

fr oo their cocoon , a nd I a l so obs erved this for B. ruderatus . 

On one occ a sion I removed a newly- emerg ed oa le fr om the ne st 

before it had re a ch ed a honey - pot, and weis hed it . Then I 

a llowed it t o feed on s ome 50;~ honey s olution ( S . G. == 1.1 6 ) 

and re - wei~hed i t . The bee , in one draught , i mb i bed 0.0278 B 

o f s olution, wh ich was 4 . 3~ of its own body we i Bht . 

A soal l- s c a l e f ood consumpt ion tria l showed mal es and 

queen s t o have s i o ila r patterns of food i ntake except that 

queens a t e and drank twic e as mu ch as ma l es . Queens were 

about twice as heavy ns oa l es , however , so that b ot h consumed 

s i mila r nmount s on a p c r - weic ht b a sis . The rate of honey 

consump tion rema i ned fa ir l y con stant throuchout the experi­

ment , but the rate of p ollen c onsu~ption declined with time , 

most beinc e at e n durinc the first two days ( f or queens) . 

Ove r the five - day per iod, the tot a l amount of pollen consumed 

pe r queen was about 0 . 3 g , wh ich is nearly one-third of the 

quantity e a ch probably consumed during its larval stag e 

(see figure 3.9A). Proportionately, male s consumed a similar 

amount. 



OJ -
0 
w 
~ 
:) 

14 

12 

Cl) 10 
z 
0 
u 
0 
0 
0 
LL 
LL 
O 8 
...J 
<( 
l-
o 
1-
w 
> 
~ 
<( 
...J 
:) 

~ 
:) 

u 

6 

4 

2 

POLLEN 

(FROM POLLEN TRAP) 

FIVE QUEENS •----

FIVE MALES o-- --

I 
• 

I ;· / 
./ 

/ • 

• 

0 
/ 

HONEY SOLUTION 

(50% v/v, S.G.~ 1.15) 

•----

/ 
/ 

• 

I 
• 

/ 
0 

/ 
/ 0/ 

• 

• 

0 

/ 
/ 

0 ·--· 

·------· ---
/ ~~ - O - - - o - D --- o-

Q.+,,;;;.::-:;;;-;__ __ ....., ____ ___,,-------"T"'""'----""'T""------, 

0 1 2 3 4 

TIME AFTER EMERGENCE (DAYS) 

Figure 3.11 Food consumption by newly emerged 
queens and males. 

5 

77 



78 

3.3 BROOD MORTALITY 

In th i s section I am mainly concerned with non­

path olog ical brood mortality, i.e. deaths which are a normal 

fe ature of colony deve lopment , a nd e specially those attribu­

t ab l e to adult behaviour . 

Egg Mortality 

3.3.1.1 Ha tchinG fa ilure: Shr ivelled, apparently 

de ad e gg s were s ometimes found a mong norma l turg id-looking 

ones in the eg~ cell s o f frozen nests. Severa l c nn be 

seen in plate 8 . The c ause of this was n o t determined. 

The wrinkled rem a ins of dea d eG~ S (dif feren t from empt y 

chorions ) were s ometimes a l s o seen in young larva l clump s . 

This could p oss i b l y have arise n f rom the latest-laid eg g 

batch in a group of contic uous e gg cells being crowded out 

by the rap idly g rowing l a rva e of the earliest-laid egg s of 

the group. 

3 . 3.1. 2 Oopha c y : I have observed egg s being eaten 

by queens and work ers i n B . ruderatus colonies. This is only 

the se cond p ocke t - making species in which oophagy has been 

recorded. The other species is B . fervidus (Plath, 1934). 

Egg-eating is probably associated with worker ovary develop­

ment, but a lthough s ome workers in the nests of most Bornbus 

species lay egg s near the peak of colony development, egg­

eating only occur s in a few species (Free and Butler, 1959). 

In my observations of B. ruderatus, workers only succeeded 

occas ionally, in eatin~ eggs laid by the queen, and even then 

it was only a few e ggs from any cell which were successfully 
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consuoed . Usually the queen interrupted egG- eating attempts 

by displacinc the workers , and re coverin5 the cell. 

Occasionally a queen was seen to rush at , and butt a worker 

which was touchinc an egG cell. ~ueens were seen success­

ful ly eatinG wo~ker - laid eggs on severa l occasions . Overall, 

the queen seemed to be mu c h more succe ssful at destroyinG 

worker e ggs than they were at destroying hers . Similar 

behaviour in B. l a pidarius has been desc~ibed by Sladen 

(1 912) a nd Free , Weinberc and Whiten (1969) . B. ruderatus 

cGg- eating behaviour seems qualitatively very simila~ but 

less frequent or vic orous , than in B. l ap idar ius. 

When interpretinG the various levels of cooperat ion 

a nd animosity in Bombus societies, it may be useful to con­

sider a theory which has been put f orward by Hamilton ( 1964), 

and evaluated a t lenr;th by Hilson ( 1971). Ham ilton's the ory 

is based o n the princip le that altruistic traits will be 

s elected for, i f the s ac r ifice undergone by the altruist 1s 

compensated by an increase in the reproductive success ( R . S .) 

of a related individual. The boost to the relations' R . S . 

must be greater than the reciprocal of the degree of related­

ness (i.e. the fraction of genes shared) between the altruist 

and recipient . In most animals the degree of relatedness 

between siblings with the same (diploid) father and mother 

averages;. In such cases a female would have to more than 

double the R. S . of one of her sisters for there to be any 

advantag e in evolving the loss of her own reproductive cap­

acity . However, the hymenoptera are a special case, due to 

their haplodiploid mode of sex determination (fertilised eggs 

become diploid females , unfertilised eggs become haploid 



males) . F or them the degree of relatedness between sisters 

l ~ 3 1_ ~ 4 Thi s close bond of kinship ( which is rare elsewhere 

in n ature ) is a result of sisters each havinc 10()9) of t he ir 

father ' s genes, because he was haploid a nd only had one set 

of g enes to perpetua te . Howe ver, the kinship bond is weak 

be t ween sisters and brothers , being only J ( because the 

brothers have none o f the " fathers " genes ). rl'he de g ree of 

relatedness between mother & daughter, and mother & son , is 
- , 

the usual~· Due to the asymmetric al kinship between male 

and female siblinc s , we could expe c t bumblebee workers to 

cooperate with the foundress queen in t he production of more 

female offsprinc (workers and/or young queens ) but not in 

ma le production. L. ar:1ilt on' s theory suggests that there is 
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an adapt i ve advantage to workers in competing with one another 

and with the foundr es s , to produc e their own s ons (who c arry 

509; of their r:;ene 3 , inst ead of the 259; in brothers) . 

Is oophac y en cxnmp le of competition fo r male production? 

The f indinp; s of .Fre e et a l. ( 1969) , t hat in B . lapidarius 

ef,g - eating and assoc i ated a ggression are at least partly 

re l ated worker ovary development, supp orts the idea. So does 

the observation that e gg-eating is usually confined to later 

parts of t he season when at least some of the queen's egg s 

are usually male (unfert ili sed). What we do not know , 

however , is whether workers actually discriminate between 

male and female e ggs . 

1 This assumes that queens mate only with one male, which 
was true for 8 out of 9 European Bombus species tested 
by R~seler (1973). 
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3.3.2 Larval Morta lity 

3 . 3.2.1 Larva- eatinr; : I observed a worker eat a 

l arva on one oc c asion , when I was looking a t y oung l arval 

clumps throuBh a dissecting microscope . The worker made a 

h ole in the y oung l a r va l clump (which had a freshly- made 

p oc ket) as i f to feed the l nrva e . However, wh en an opening 

had been made , one of t h e l arv a e was seen to be leaking clea r 

fluid , whic h t he wo rke r i mb ibed . The worker then pulled the 

l arva out of the c e ll e nd at e most of i t , except f or a d i s ­

c a~ded f r a 3ment wh ic~ wa s eaten by another worker . Al though 

I did n o t s ee it happen , I s u s pected tha t the "leak " was 

c aused by t h e wor ke r b itin~ t h e l a rva . The l a r v a a ppeared 

t o be a t t h e se cond ins t a r a nd was about 5 mm long . This 

was the only occa sion on ~ 1ich larva - eat inB wa s observed , 

~u t t h e r e wc~e fe w oc cas io n s wj cn live co lo ni es were examined 

~icros copi c Ally . 

3 . 3. 2 . 2 La rva l reject ion: Be f ore beinc rejected fr om 

the ne s t , l a rva e had t o be removed f ro m their clump . The 

uncoverinc procedure involved simil ar wax- man ipula tinc move ­

ment s to t he foroa t ion of a feed ing ho l e . But where a s feeding 

h oles were n o more than 3 mm wide , larva- remova l holes were 

eventually made to the diameter of the underlying larva. The 

hole was usually neat and c ircular . Sometimes , the bee which 

had b e r;un uncovering the l arva would walk away , leaving it 

partially exposed . In such a c ase , the l arva would usually 

soon be encountered by another worker whic h would either close 

the hole or enlarge it . The apparent differences of "opinion" 

between workers over whether or n ot a l arva should be rejected 

agrees with the observation o f Oster (1976) t hat, "a task 

. ' 
I 

I 
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performed by one individual is like ly t o be i mmediately undone 

by 2.nother ." i,,Jhen the l arva was well-exposed , bees encounter­

in5 it wou l d bite at it . However , the l a rva was sometimes 

t oo smooth and turcid for the workers ' mandibles to easi l y 

c rip it . Attempts at c raspinc the larva would alternate with 

enl arce ment of the h ole , until the l arva could be lifted out. 

Plate10 shows worker c arrying a newly rejected l arva out of 

t he nest . ~ e mova l o f t he l arva fr om the nest c hamber was 

usually d one ve r y pro mpt l y , in contrast t o the c radual process 

of u n cover inc it . 

°7 i' r··u T' e C 7, 15 1 -'- u ~ 0 :.; . • t o 3 .1 5 . 5 show the d a ily t o ta ls of rejected 

l arvcc recovered fro~ t h e vestibu l es of ea c h h ive . About 

t hree time s as oany l ~rvae were found in the inn er vestibules 

(i . e . closest to the nest ) t han in t h e outer ones . This 

succests that ~ost of the re ·ected l arvae were no t c arried 

far . As a further i nd icat ion of the success of t h e vesti­

bule s for trappinc reje c ted l arv a e , only two l arvae were 

photocraphed by t h e f oracer - rec ord i ng c amera after being 

carried out past the vestibules , while over the same period 

thirty l a rvae were re covered from in the vestibules . During 

their period in observation hives the percentage of larvae 

rejected from each colony, i . e .: 

number of larvae re ·ected 
arvae reJecte + num er o cocoons 

X 100 

was 21%, 24%, 36%, 13% and 16% , for colonies 1, 2, 3, 4 and 

5, r espectively . 

At the times when both sexes of brood were being reared, 

both sexes were usually present among the rejected larvae . 

One exception was ob s erved however . When colony three was 
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raising i ts first clump of queen l arvae, no female larvae 

were re jected but e leven male larvae were (over a f ive-day 

per iod) . The s i cnificance of larval reject ion to the overal l 

colony development \vill be discussed in sect ion 3 .4. 

Two approaches were used to check the effect of nutrition 

on l e rva l rejection . The f irst was t o compare t he e stimated 

larva l f ood demand with t he amount of pollen a va ilable on 

var ious days , t o see if l arvae were rejected f ollowing days 

of l ow pollen input per l arva . The l arva l f ood deoand was 

assumed to be represented by t he l a rva l biomass because 

l arvae crow more or less exponentia lly. The l arval b iomass 

was calcu l a t ed from are a s on photographs , using t he relat ion 

sho 1.-m in f i cu re 3 . :::. . F i c ure 3 . 12 shows t he rel ationship 

between the es t i nated l arva l biomass and the daily total of 

pollen er.. t erinL the hiv e . '1'11 is c raph sho \·I S a rouc;h correla-

tion betwee n pollen input and l arva l b iomass , but it does 

not show l arv ae to be re j ected at any p rt icula r state of 

pollen exces s or def icit . The inconclu s ive result may be due 

to seve r a l co mp lic atinc fa c tors : 

(1) The food de m2nd of a l most - mature l arvae will be lower 

for tneir weiGht , t han the f ood de mand of rapidly growin~ 

l arv ae . Th i s makes it very complicated to derive a reasonable 

relationsh ip between l a rval biomass and food demand . 

(2) Queen larva e 8row faste r than worker larvae (see figure 

3.7) and therefore probably have a different food demand per 

unit biomass. 

(3) Pollen is consumed by recently-emerged adult bees. 

Therefore , variable amounts of the da ily pollen intake may 

reach the larvae, depending on the number of young adults 

present. This fact or is probably quite significant. As 

\ 
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mentioned i n section 3.2.4, newly emerg ed queens and males 

( pro bab ly wor kers too) appear to consume almost one-third 

85 

as muc h pollen as they do in the larva l stage. Severa l of 

the p e aks of lar v a l rejection shown in fi gures 3.15.2 to 

3 .1 5 . 5 do i n f a c t coincide with t i mes when there was a sudden 

increas e i n the numb er of cocoons hatch ing . 

Th e se con d approa c h t o investig ating t he nutritiona l 

s t a tus of reject ed and non- rejected l a rva e was a morphometric 

compar i son of the two type s . F i gur e 3.1 3 shows the re l a tion 

bet ween l oc . dry wcicht and h e ad c a p s ule diameter, f or 

reject e d a nd n on - reject e d l a rva e f ro m the s am e nests . Th e 

three clusters of points rep r esent t he t h ird , f ourth, and 

fi f t h i nstars . There are about five r a ther lic ht f ourth­

ins t ar re ~e cted l arv 2e , but the re s t s how no tendency t o be 

l i chte r f or t heir head wi dt h , than non-rejected one s . 

3.3. 3 _ Post - s pinninG mort a lity 

F i f t h instar larvae wh ich h a d spun si l ken envelopes 

a roun d t h e ~se l ves were r a re l y reject ed . However, a number 

died i n s i t u, as did s o me prepupa e , pupae , pharate adults 

and even partially e merg ed adult s . The numbers of i ndividuals 

dyinc a t v a rious s t aGes are shown in table 3.4. Several 

c auses could have b een involved. Disease was suspected in 

colonie s 1 and 2 due t o t h e ir mor t a lity be ing greater than I 

h ave usua lly s een in B. ruderatus nests . Most of the de a d 

prepupa e ratt l ed loosely i nside their cocoons, and did not 

seem to have decayed in the way often caused by bacterial or 

viral infections. An Aspergillus-like fungus was present on 

a very small number of dead specimens. Many of the dead 

individuals were on t he underside of their clump. Some of 
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Figure 3.13 Relation between head capsule 
diameter and log . dry weight for rejected and non-rejected 
larvae. Rejected larvae collected during six days, prior to 
freezing the colonies on 18 and 19 Jan. 1975. 
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1 
' 

Table 3 . L~ Brood ~ort al ity occurrinc between 

l ate f i ~t h instar ( s ilk spinning) and adult staces 

Co lony 

1 2 3 4 5 

Number of i Yldivi dual s 263 599 326 336 673 s u::-viv inc; to l o:ce 5tl1 inst ar 

87 

~ 

I I I':ur:1ber ( and percent ai:_;e 1 in 

1 
brackets ) dyinc; 2.s : I 

: l nrve.e2 26 52 6 G 9 
I 

I 

! 
I 

( 10) C 9 ) I (2) (2) (1) 

prepupa.e 3G 55 7 15 1 
( 14) (9) (2) ( 5 ) (0) 

pupae 2 4 1 0 3 
( 1) (1) (0 ) (0) -

I 
plw .. rate , and. incor:ip l ote l ;y 12 22 12 5 4 
e rn erc;ed , ndult s ( 6 ) ( 4 ) ( L~) (1) (1) 

I ! 

perccn~c.c;e t o nc:ire s t 1~; 
2 doc s not include rejected l orvne , which wer e nearly all 

rej ected befor e L ,"ce 5th in s t o. r . 

I 
I 

I 
I 

I 

I 

I 
I 

I 
I 

I 
I 

the dead adults thus posit ioned may have been physically 

locked in, and unab l e to escape from their cocoon, a lthough 

many appeared to have died without even s t arting to bite 

through the i r cocoons. Nutritiona l causes were suspected in 

some cases, such as in clumps 81 and 85 of colony f ive, which 

occurred during queen production. Clump 8 1 had four normal­

sized healthy queens on top, and two small f emales (sizes of 

a medium , and a large worker) underneath which died during 

their pupa l stage . Clump 85 had eight healthy queens on top 

and a medium-worker sized female underneath which had shed 

its pupal skin but had apparently not attempted to escape 
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from its cocoon. Why did t h ese small females die ? According 

to the idea t hat workers are undernourished queens , these 

small fema les should not necessarily have been so mortally 

affected by their poorer clump-positions a nd food quantity . 

An interesting possibility is that workers mi ght control the 

size to which l arvae are reared , partly with t he use of growth 

hormones fed to the larvae. (RBseler and RBse ler , 1974, 

found that juvenile hormone administered to B. terrestris 

and B. hypnoruo larva e affected the s ize to which they grew . ) 

It is possible thot larvae in poor positions f or receivin~ 

food , also someti~es receive inadequate quantities of 

developmenta l subst ances , and hence fail to metamorphase 

properly . 

A number of ma l e s died apparently because they could not 

escape fro m their cocoons , a l though they had chewed a n exit 

hole, a nd in some cases were partway out. Such males were 

probably not assisted by workers , who usually do assist 

emerginc bees to open their cocoons . This worke r neg lect 

of males is consistent with Hamilton ' s (1 964) theory that 

workers ou~ht to be reluctnnt to rear tl1eir brother s . 
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3.4 COLONY DEVELOPMENT 

In the study area B. ruderatus colonies are usually 

established during November (late spring ) and die out in 

January or February (mid summer). The siz es, in terms of 

the number of individuals , of colonie s under v arious condi­

tions are shown in table 3 . 5. An additional colony, whose 

cocoons were not able to be count ed, appeared to be s omewhat 

larg er than the biggest one listed in table 3. 5. Colony 

size s of 300 or more have been considered l arg e by S l a den 

(1 912) and Fr e e and Butler (1959) . Therefore, by Brit ish 

standards at least, B. ruderatus c an be cons idered a prolific 

spe cies . 

The g rowth r a te of any population equals its birth 

( a nd i mmigr a tion ) r a te minus its death (and emiGration) rate 

(Odum, 1959). In a n a nnual colony c ycle , such as bumblebees 

hav e , t h e b irth r ate exc e ed s t h e death rate while the colony 

is growing . But what makes a colony decline? Does the 

birth rate drop, does the death (and/or emigration) r a te 

increase, or do both occur? In the f ollowing sections I 

describe s ome of t h e components of the birth a nd death rate 

at different parts of the season, in an attempt to trace the 

limiting factors of B . ruderatus colony growth. 

3.4.1 Egg Product i on 

Eggs are laid on fresh cocoons (see section 3.2.1 and 

figure 3.1) . "Growth trees" of the successive l ayers of 

brood clumps are shown in figures 3.14.1 to 3.14.5. A 



Table 3 . 5 Number of cocoons found in 

cor.ipleted B . ruderatus colonies 

Site where 1 Site where 1 
Total I Queen Season cocoons ,cocoons nest established crowth completed 

I 
I 

1973 - 74 ? I 135 NU (7) 2 NU 
382 ! 11 6 NU ~~ ~ OH 

ea 435 : 162 NU OH 

1 974- 75 382 I 80 DU OH 
377 20 DU OH 
271 52 DU OH 
554 186 DU OH 
L~25 18 DS OH 
277 7 DG OH 
501 29 DU OH 
254 11 NS ( 11) NS 

1 975 - 76 237 0 D3 OH 
51+-'? 12 DU OH 
320 22 DS OH 
330 13 DS OH 
662 228 DU OH 
737 160 NU ( 12 ) NU 

I 

Mean 41 8 I 74 

1 NU= natural , under~round; NS = natural , surface 

DU= domicile , undercround ; DS = domicile, surface 

OH= observation hive 

2 Identification number from table 3.1 where nest site 

details given . 

l I 
f I 
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() COCOON CLUMP CONTAINING SOME DEAD LARVAE 
(WHITE/ BLACK)"" (COCOONS/ DEAD LARVAE) 

e NO COCOONS FORMED, DUE TO DEATH AND/OR 
REJECTION OF ALL LARVAE 

• EGG CLUMP SHOWING NO SIGNS OF GROWTH 
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Figure 3.14.1 Spatio-tempor&I relations of the 
brood clumps of colony 1. Example: egg clump B was 
formed on the cocoons of A on 16 Dec. Clump C was 
formed on clump A on 17 Dec. Clump C grew to cocoon 
area 3.6 x the cocoon area of B. An egg clump (D) was made 
on B on 30 Dec. but it never grew. 
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-INCIPIENT CLUMP 

Figure 3.14.2 Spatio-temporal relations of the 
brood clumps in colony 2. See fig. 3.14.1 for legend and 
explanation. 
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-INCIPIENT CLUMP 

Figure 3.14.3 Spatio-temporal relations of the 
brood clumps in colony 3. See fig. 3.14.1 for legend and 
explanation. 
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Figure 3.14.4 Spatio-tempoaral relations of the 
brood clumps in colony 4. See fig . 3.14.1 for legend and 
explanation . 
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- INCIPIENT CLUMP 

Figure 3.14.S Spatio-temporal relations of the 
brood clumps in colony 5. See fig . 3.14.1 for legend and explanation. 
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tendency can be seen for larger1 cocoon clumps to have more 

egg clumps built on them . Graph A on figures 3 .15.1 to3.15.5 

shows the number of egg clumps and the number of substrate 

cocoons summed over five -day periods. There is an average 

of about one egg clump built on every five cocoons. At an 

average of 14 eggs per cell, and one cell per clump ( a lthough 

there are often more - fi5ure 3 . 2), this represents 2 . 8 eggs 

per cocoon, which is very close to the fi gure Brian and 

Brian (1948 ) found for small colonie s of~- agrorum. The 

Brians ' work has been cited by Free and Butler (1959) and 

Michener (1 974) as indicating that the number of eggs 

per cell varied in relat ion to the cocoon number . However , 

their paper does not state this, a nd I consider that their 

results, like mine, probably indicated that more cell s of 

eggs were built on larGer clumps of cocoons. 

Brian and Br i an' s (1948 ) suggestion that the egg/cocoon 

rntio is such that the bees hatching from the substrate 

cocoons are the ric ht number to assist rearing the new brood, 

has oft en been quoted (e. g . Free and Butler , 1959 ; Michener, 

1974). However, my results show that the cocoon-mediated 

oviposi t ion resp onse continues virtually unchanged for male 

a nd queen cocoons, but the adults emerging from these cocoons 

do little or nothing to assist rearing the brood which was 

laid on them . 

1 The cocoon-clump areas indicated on the diagrams are 
equivalent to the sum of the squares of the cocoon dia­
meters in each clump. The actual area available for 
egg-cell construction would sometimes have been less, due 
to some cocoons being underneath others. Also, some 
cocoon clumps were covered up by the rapid growth of 
adjacent larval clumps, before eggs could be laid. 
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I suggest that the biological significance of the 

observed relation between e gg production and substrate cocoon 

availability, is to ensure sufficient space for pocketed 

larval clumps to g row without undue distortion of the clump 

or it s poc ket. The larval clumps of pollen storers should 

not require precise spa cing , because their mode of nutrition 

would be le s s distur bed by distortion (or even translocation) 

of t heir clumps, wh ich might result from crowding. Several 

pollen storers are in fact known to lay their e gg cells in 

l arc e number s wi thout r e gard to spacing (e . g . B . terrestris -

Sl a den, 1912; B . terricola - P lowright, 1966; B. ignitus -

Kat ayama , 1971). 

Brian (1951) considered that t h e queen would be u nable 

to w1 i nta i n suc h 0. 11 e gg/cocoon ratio when the colony was 

l a r ger , bu t I have f ound t h e oviposition rate to keep up with 

t h e cocoon supp l y fa i r l y well in most colonies. Tha maximum 

egg l aying r a te f or bumb lebee queens has been su5gested to be 

about one cell (i.e. 10 to 15 e ggs) per d a y by Sladen (1912) 

and Free and Butler (1 959). But in the present study, the 

foundre s s o f colony five made four e gg clumps per d a y on at 

least one occ a sion. I knew the e ggs were laid by the queen 

and not by workers because the resulting brood contained 

queens . Therefore, the eggs were fertilised . A total of 

25 adults were reared from these four clumps. However, in 

colonies 1, 2, 3 and 4, (figures 3.15.1A to 3.15.4A) the 

number of eggs per cocoon declined at the beginning of colony 

decline. There were peaks of larval rejection about these 

times too. Both the reduced oviposition and the larval 

rejection could have been due to large numbers of newly 

emerged males and/or queens consuming most of the pollen in 

the nest . 
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Is colony g rowth limited by the rate of e gg production? 

F or oviposition to have a limiting effect , we would expect 

most of the e ggs to be raised to adulthood . I have little 

information on the e gg mortal ity within individual cells, 

but I consider that the number of adults reared per clump, 

is often less than the averag e number of e gg s per clump 

(see figures 3.1 5 .1 c to 3.15.5c). I do , however, have 

definite observa tions t hat whole clumps of e ggs often fail 

to develop, especially during the decline of the colony 

( see figures 3.14.1 to 3.14 . 5). The fa ilure of these clumps 

to develop, is u sually associated with lack of food in the 

nest, a nd shortage o f workers to a ttend to the larvae. Thus 

it would appear that colony decline results more from a lack 

of workers , rather than a lac k of fresh brood . 

3. 4 . 2 Brood Growth 

Possibl y t he most important a spect o f colony develop­

ment is the c a re and destruction of larvae . The size of 

adults, a nd thu s to a l a r ge extent, their c aste and role in 

the colony, is dete rmined during the larval stag e (Free and 

Butler, 1959). And conversely, the treatment given to larvae 

is the result of the numbers and behaviours of the existing 

adults . 

I was able to assess the size attained by larvae, by 

examining the cocoons spun by them. As shown in figure 3.9, 

the diameter of a cocoon is closely correlated with the size 

of the adult emerg ing from it, and the cube of the diameter 

is closely related to the quantity of pollen invested in it. 

The frequency distribution of cocoon diameters for five 

colonies are shown in figure 3.8 . Apart from colony 1 which 
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produced no queens, each histogram is bimodal with few if 

a ny cocoons in the 10.5 to 12.0 mm size range. Workers and 

ma les e merged from cocoons which were less than 10.5 mm diam. , 

and qu e ens emerged fr o m cocoons larg er than 12 mm diam. Of 

the f e w intermediate-sized cocoons, some failed to hatch 

(described in section 3. 3. 3) wh ile t he ot h ers produced inter­

me diate-siz ed fema l es which behaved as workers i.e. they 

were regular f oragers . 

The ~eneralisation ha s oft en been made that pocket 

make rs have overl appin~ worker and queen size distributions 

( F ree & Butle r , 1959 ; Plowright & Jay , 1968 ; Wilson, 1971; 

Michener , 1974; Alford, 1975 ). B. ruderatus seems exceptional 

however , in havinG a more discont i nuou s s ize distribution 

which is usually considered typ ic a l only of some pollen 

storers. B. horto rum i s one of the pocke t makers often quoted 

as havinG s ome workers b i gger than the smallest queens , and 

my f i e l d observations BGree with this. When searchinc f or 

specimens of B . h ort orum queens in t he spring , I have often 

been unable to decide whether some individuals are sma ll queens 

or lar~e workers , but the same confusion has never arisen with 

B . ruderatus queens. They are more uniform in size and clearly 

larger than workers . 

The seasonal changes of cocoon diameter-cubed (and hence 

pollen investment per larva) are shown in figures 3.15.1B to 

3.1 5 .5B. The mean diameter-cubed for the cocoons within each 

male and/or worker clump is represented by a single dot. 

However , the queens of each clump are represented by another 

dot because they were usually easily recognizable and grossly 

different in size from the males (mixed clumps of workers and 

queens were seldom found). There were a few females of inter­

mediate size (between 1.075 and 1.70 crn3) and these have been 



plotted individually with open circles. Other open circles 

on the graphs represent clumps which are in the normal queen 

or worker/male size range but with only one cocoon in the 

clump . 
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The larvae of the incipient clumps received less food 

than larvae of most later bat ches . But between the second 

and final al l-worker clumps little size increase was apparent . 

After the last all-worker clump, five or six clumps 

containing males and workers were reared. Some of these 

clump s cont a ined larger cocoons than previously, and there 

was often a slight net increase in mean size . 

Colonies one to four chang ed to producing all-male 

clump s at the cessation of worker clump production. In 

colony one, male size increased slightly, then declined until 

the demise of the nest. No queens were produced. Colonies 

two, three and four produced progressively l arge r males until 

the maximum male size (about 10 mm diameter cocoons) was 

reached, whereupon male size declined. Near the time of 

peak male size , these colonies produced a few queens, and 

colonies two and three produc ed some more queens at subse­

quent intervals. 

In colony five, which was the most prolific one (note 

the large number of queens produced - fi gure 3.8, table 3. 5) 

there was an abrupt change from worker and male production 

to queen and male production, without an intervening period 

of all-male rearing. Photographs of colony five at 20-day 

intervals are shown in plates 11, 12, 13 and 14. The first 

clumps of queen larvae can be seen in plate 12. Queen larvae 

were fed at least twice as much pollen as male and most 

worker larvae. Only one intermediate-sized female was pro-



Plate 11 Colony five , two days aft er being transfe rred 

to the l a boratory . Ab out twenty days since 

it s inception . 

Pl a te 12 Colony five , about forty days old 
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Plate 1 3 Colony five , about sixty days old 

Plate 14 Colony f ive , about eiGhty days old 
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duced during the t r ansition from worker to queen production. 

There was a s light incr e ase in the mean size of queen s during 

the f i rs t week of queen production, but a more unif orm size 

was a c h i eved over the next two weeks. F inally queen size 

b ec ame more variab l e agai n a nd decreas ed. Most of the inter­

media t e s i ze d fema l es were produced during the decline of 

quee n p r od uc t ion . 

Wha t controls t h e s ize to which larvae g row before 

pupat ing ? P lowr i ght ( 1976) h a s p r e s ented a theory which 

predict s t hat t he s iz e a t pup ation will be related to the 

rat e o f food i ntake du ring t h8 s ilk- sp inn ing stag e of the 

f i fth i nstar , which i s when t h e gr eater part of l a rva l g rowt h 

takes p l ace . He has shown that the r ate o f silk production 

may be inverse l y proportiona l to the f e ed ing r a te, and t ha t 

infrequently- fed larvae somet i mes sp in so much silk a r ound 

themselves that further food int ake and g rowth i s curta iled. 

It hos l onr, been th ought that t h e rat e of f ood i n t ake 

(and hence size attained ) is assoc iated wi th t h e worker:larv a 

ratio (Cumber , 1949 ; Fre e & Butl e r, 1959 ; P lowright & J ay, 

1968 ). The bas ic i dea i s s i mp ly that t he more workers there 

a re, t h e more pollen a nd n ectar can be brought "home" and 

distributed to the l a rvae; and the fewer larvae are present, 

the more food t h ey will receive each. Plowright & Jay (1968) 

have shown h ow t h e worker:larva ratio would normally rise 
I 

t h roug h the seas on as a result of the pattern of worker 

survival and brood production rates. This would theoretically 

result in a gradual rise in female size until queens were 

produced. Such a gradual increase in the size of bees pro­

duced has in fact been found for some Bombus species by 

Knee & Medler (1965) and Plowright & Jay (1968). The cause 



of the sudden size increase at queen production of species 

like B. ruderatus however is not clearly understood. 

The role of larval rejection 
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The daily numbers of larvae rejected fr om e a ch colony 

are shown on graph C o f figures 3.15. 1 to 3.15 . 5 . Some l arval 

rejection occurred during the production of a ll three c astes , 

but became most prevalent during l at er stages of colony 

development . As mentioned in section 3. 3 . 2 , 36% of the esti­

mated larva l populat ion was rejected from one colony (No . 3 ) 

during its period in the l aboratory . The percent age l oss o f 

invested food would have been much smal ler however, due t o 

the rejected larvae being only a fracti on of their potentia l 

full size (i . e . they were rejected before the silk- spinning 

stage when most Growth too k place) . Graph C of fi gures 

3 . 15 . 1 to 3.1 5. 5 also shows the number of larvae surviving to 

spin cocoons , in each clump . Not unexpectedly , there tend 

to be fewer l arvae surviving per clump later in the season 

when more of them were bein~ rejected. At this stage s ome 

colonies were still managin~ to produce a few queens however , 

i . e . although the total food investment in larvae was dimin­

ishing , the remaining larvae were still reaching almost maxi ­

mum size . 

Although the events during colony decline may seem a 

strange place to start , I think they g ive t he clearest evidence 

for the f u nction of larval rejection. As shown in section 

3 . 4 .1 and figures 3 .14 .1 to 3.14.5, there appears to be no 

egg shortage during colony decline . Rather, the cause of 

decline seems to be the dying off of the worker force, and 

the consequent loss of food and attention for t he brood. If 

f I 
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larval nutrition was merely a result of seasonal trends in 

the worker:larva ratio, female size would fall again as the 

trophic state of the colony deteriorated , and more workers 

would be produced at the end of the season. But it is well 

known that Bombus colonies rarely return to worker production 

after queens have been reared (Free & Butler, 1959; Alford , 

1 975 ) . In B. ruderatus larval rejection is apparently the 

mechanism by which queen size is maintained . 

But does larva l rejection play a role in the initiation 

of queen production? hy results are inconclusive on this 

point because larvae were beinG rejected through much of the 

season a nyway. The re was however a noticable peak of rejec­

tion from colony 3 on J·anuary 1st , which was an appropriate 

time to be influencing the first batch of larvae to become 

queens. ~Bseler ( 1967) (cited by Michener, 1974) suggests 

that larva l rejection functions to increase the worker:larva 

ratio to an optima l level for queen production , and that 

larval rejection is stimulated by the presence of male brood. 

My observations sugcest that male brood often do trigger 

rejection , but that such rejection serves mainly to increase 

the worker:larva ratio for male (not queen) production . 

Males, although only about half as big as queens , are more 

uniformly sized than workers . Note that in colonies 2 and 3 

(figures 3.15.2B and 3 .15 . 3B) an isolated male-containing 

clump during the worker-production period contained some 

larg er cocoons than the contemporaneous worker clumps. The 

early male clump of colony 3 passed its larval stage while 

still in a field domicile and larval rejection was not being 

monitored . But some rejected larvae were in fact noticed in 

the domicile at that time. It would appear that some inherent 



property of male larvae stimulates the workers to reject 

enough larvae for the remaining ones to reach a sufficient 

size . 
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Evidence of larval rejection in aid of queen production 

comes from an observation of a small B. hortorum colony. I 

had ana~sthetised the whole colony (about eight individuals) 

with co2 , but t he foundress queen failed to properly recover. 

When the workers and the ailing queen were reunited with 

their brood, one small worker rejected ten of the fifteen 

larvae present. The f oundress died, and the remaining five 

larvae developed into new queens . R~seler (1 970) discovered 

that B. terrestris foundress queens inhibited the rearing of 

new queens ear l y in t he season , probably via a pheromone. I 

have observed the workers of B . terrestris and B. ruderatus 

to behave in a distinctive manner when their queen is removed, 

possibly as a result of their "missing" the queen pheromone. 

Within a few hours or less of the queen disappearing, the 

workers perform exa gg erated ventilating movements of the 

abdomen (such as when they are incubating chilled brood), and 

behave aggressively toward one another. I believe the hyper­

ventilation may be associated with increased metabolic rate 

to speed up ovary development. The aggressive behaviour 

resembles that described by F ree (1955b) for several British 

species. Admittedly the above observations relate to worker 

ovary-development rather than queen production, but the two 

features are possibly related. In Apis mellifera for instance, 

a queen pheromone inhibits both queen rearing and worker 

ovary development ( But ler, 1960 - cited by Wilson, 1971). If 

indeed Bombus queens inhibit queen production via a pheromone, 

the initiation of queen production could result from either a 
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reduction of pheromone output due to queen aging or loss, 

or a reduction in the effect of the pheromone on workers (or 

l arvae) due to physical factors such as crowding . 

3.4 . 4 fii a le production 

Male production has much the same effect as queen 

production has, on colony growth, because neither males nor 

queens contribute much to the rearing of further brood . 

When the final worker larva has pupated and only male or 

presumptive-queen l arvae are being reared, there will be 

about ten days before the l ast worker emerge s and the worker 

population is maximal. Th is is the "beginning of the end" 

of the colony, the imminence of "t he end" depending how 

lone it takes for all the workers to die (workers often live 

f or several weeks) . 

Hale production differs from queen production in being 

irrevocably determined by the time an egg is laid, whereas 

fema l e e~g s are caste - plastic the determination i nto workers 

and quee ns be inf, controlled trophor,enicly during the larval 

staf,e . Thus queen produc t ion is under some de gree of control 

by the workers, but oale production is determined solely 

by the individual who lays the eggs (usually the foundress 

queen) . 

Male production can, and sometimes does, occur when 

colonies are quite small and thus cripple the chances of 

attaining a large size. The sizes to which my colonies grew 

(in terms of the total cocoon counts) were related to the 

length of the worker production period, which was in turn 

dictated by the earliness of male production . 

Little seems to be known about the causes of male 

production in hymenoptera generally , except where it is a 
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direct response to the nature of the oviposition site , such 

as ichneumons reacting to small hosts or~ reacting to 

drone cells . R5seler (1967 ) (cited by Alford, 1975) suggested 

that Bombus male production resulted from a high density of 

bees in the nest . Alford does not say how "density" was 

defined in the original paper however . In view of the fact 

that males are sometimes produced in small or unprosperous 

nests, bee density would not seem to be very applicable as 

a general explanation. Since males arise from unfertilised 

e ggs, one tends to think of exhaustion or viability-loss of 

the sperm in the queen ' s spermatheca . Sperm- exhaustion is 

unlikely , according to H5seler (1973), who found no signi­

ficant reduction in quantity of sperm in queens sampled at 

the end of colony growth , compared to before colony f ounding . 

Further evidence a r,ainst the loss of sperm viability is the 

fact thnt mule production is often followed by a resumption 

of fe ma le production ( queens) . 
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CHAPI'ER 4 GENERAL DISCUSSION AND CONCLUSIONS 

4. 1 ECOLOGY AND MANJ\.G.t..MENT OF B . ruderatus COLONIES 

Natural colon ies of B. ruderatus were found mainly in 

underground sites . This agrees with findings of Sladen 

(1 912) and Postner (1952) . Cu~ber (1 953 ) implied that he 

c onsidered B. ruderatus to have a greater tendency to nest 

above-ground than other spec ie s in New Zealand . Howeve r in 

my exper i ence there have bee n no hicher proportion o f surface 

nests of B. ruderatus than surface nests of~- terrestris, 

a generally a c knowled~ed underf r oun d nester ( S laden , 1912 ; 

Free ~ Bu t ler, 1959) . 

The prefere nce for underground nest s i tes was furthe r 

demonstrated in t he occupat ion rates of underground and 

surface domiciles . Durinc the 1974-75 season , 93% of 45 

under r; round domiciles were occup ied ( 76;.S o f the identified 

queens were ~ - ruderatus), comp a red wi th only 3Za of 23 

surfac e domiciles . Initiall y I thought that dampness could 

have made the surfa ce type unattractive, but when a much 

drier version wa s tried the following season it failed to 

attract any more queens than the earlier type. During that 

second season however , the underground domiciles were 

reoccupied even though they contained damp nesting material 

(I had neg lected them in my attempts to devise dry surface 

domiciles and the nest material had not been replenish ed). 

It appeared that damp underground domiciles were more 

attractive to queens of both B . ruderatus and B. terrestris 

than dry surface domiciles. This is of considerable interest 

because in the past, dampness has often been blamed for non-

acceptance of do miciles by bumblebees (Sladen, 1912; Frison, 



1 926 ; Fye & Medler, 1 954a). S ince the work of Sladen and 

Frison, underground domiciles seem to have gone out of favour, 

probably on a ccount of the extra l abour re quired to inst a l 

them . However my results suggest that the hig h occupation 

rate s mir3ht outweigh the extra cost per domicile because, 

a l thouch surfac e d omiciles mi 8ht be c heaper , more would be 

ne eded to get an equivalent number of colonies. 

Two drawbacks with the design o f my underground do mi­

ciles , were ina ccessib ility f or the ident i fi c a tion and removal 

of occupants , and impermeability of the p last ic c avity roof 

c ausin5 condensation whic h seriou sly affect ed colony survival . 

At present I am try inc to remedy both of these problems by 

rep l a cing the buried p l ast ic d ome , with a parti a lly buried 

porous - concrete domicil e whi c h i s a ccessable via a lid. The 

same tunne l a nd entrnnce has been reta ined . Further details 

and occupation results are r, iven in Appendix 5. 

Undcrcround d omiciles have severa l practical advantaBes . 

.!."or example i f t:ncy v,ere moulded in si tu with concrete t h e y 

would be re l atively p ermanent , livestock proof , and mainten­

ance free . A high concentration of such ne~ sites could be 

p ermanently provided in an are a where B . ruderatus was 

natura lly common (such as t he Waverley study area in this 

proj ect) and the co lonies could be taken out a nd shifted to 

clover crops when needed. At the crop site a different 

domicile design could be used. This could be portable (even 

disposable) and would not need to be underground because 

this seems to be a behavioural requirement for nest­

searching queens rather than an essential physical require­

ment for colony growth. 

B. ruderatu s has relatively larg e colonies (average 
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cocoon count about 400) f or a long-tongued species. Sladen's 

(1 912) work would suggest that it is one of the most pro­

lif ic of the British long-tongued species. Of such species 

in North America B. fervidus was f ound b y Hobbs (1 966 ) to 

have a maximum cocoon count of 287 , and B. arnericanorum was 

considered by Frison (1930 ) to have an a verag e colony size 

of 200 indivi dua ls. It has been suggested from time to time 

by various persons that these two s pec ies s hould be intro­

duced to New Zealand ( L . Gurr , personal communicat ion). 

Howe ve r , the success of domiciliation of~ - ruderatus, a nd 

its apparently l arger colony size s would tend to indicat e 

that we already have i n New Zeal a nd a suitable c andida te for 

pollinat ion manag ement . A further a r gument a~ainst the 

introduction of B. fervidus and B . ame ric a norum is their 

highly aggress ive dispositions . Plath (1934) described how 

B. amer i c anorum workers attacked anyone who ventured within 

25 feet of their domici le . B. fervidus is reported to 

behave simil2rly . B . ruderatus however is quite docile, and 

there is little dan~er of being stung when manipulating 

colonies . Inno c ent passers by a re certainly safe. 
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4- . 2 COLONY DEVELOPMENT 

Special methods have been devised to house field­

initiated B. ruderatus colonies in order to study their sub­

sequent development . The conical observation hives were 

heated to 30C , a nd had a larg e porous wall - surfac e for 

draught - free ventilation. A window was r emoved from the 

laboratory , so tha t the worker s could forag e freely in the 

f i eld . The observation colonies appeared to re a c h a similar 

size at a similar time to undisturbed ones in the fi eld . The 

results obtained in my laboratory , c an safely be considered 

there f ore to reasonab l y represent natural colony development 

of B . ruderatus . 8ince there were many more aspects of colony 

d evelopment than could be covered in a pro ject of this mag ­

nitude, I conf ined most of my effort to those aspects which 

c a u sed the least disruption to the colonies . 

The ~rowth dynamics of social insect colonies are 

affected by a nexu s of interacting factors, many of them 

species-specific behavioural phenomena. To assist me in 

providing a unidimensional narrative discussing B . ruderatus 

colony development, I have included a fl ow-chart , figure 4-.1 . 

It shows the twenty or so fac tors whic h seem relevant to 

colony development . Each numbered arrow is discussed in 

the numbered sections below. 

1. Colony establishment 

In the study area (hill-country margin , just South of 

Taranaki ) colony establishment t ook p l ace during November and 

early December , and coincided with the onset o f foxglove 

(Digitalis purpurea) bloom. Prior to that time of year , 

fl owers are very scarce in the area , and it is suspected that 
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this put the earlier emerging B . terrestris queens at a 

d i sadvant age . Where earlier f orage is a va ilable B. terrestris 

c ornp~tei more favourably with B. ruderatus and often out­

numbers it (Gurr, 1957). Nest site preferenc es have been 

discussed in section 4 .1. There is s ome evidence that 

overwintered queens may re - use their parental nest site . 

Th is is beinG investigated at the present time (see App endix 

5) . 

2 . E3g l aying 

The queen lays an initial bat ch of about 16 e ggs . 

Subsequent batches of 10 t o 19 e ggs are laid in wax cells on 

cocoons . ( See 4a for details of the effect of cocoons on 

oviposition . ) 

2_ . EGf, development 

Eggs were concealed inside closed conmunal cells. 

Therefore neither t heir hatch inc time nor their survival 

rate could usually be determined . F or one bat ch an oviposition 

t o h a tchinG dura tion of s libht ly less than four days was 

f ound . This a gr ees with the average of 3 . 6 days wh ich 

Hasse l r o t ( 1960) f ound f or several European species. 

4. Larval development 

B. ruderatus larva e receive f ood in two ways: 

( a ) f oragers deposit s olid pollen in pockets on the l arval 

clumps, so that the larvae come to lie on a bed of pollen 

which they eat; (b) workers (and queen(s) ) ingest pollen 

from t h e pockets, and regurgitate it to the larvae in a 

mixture of about 1 mg pollen/µl nectar. Both modes of 

nutrition appear to operate throughout larval life and f or 

all c a stes. Most North American pocket-making subgenera, 

except subterraneobombus, do not have pockets on queen and 
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male clumps , or on 5th instar worker clumps (Hobbs, 1964). 

Hobbs considered the use of p ockets for all stages and caste s 

t o be a primitive trait . However, B. r ude ratus has a strong 

bimodality in female size (i.e. clear size distinction 

between workers and queens), and this is considered t o be an 

advanced trait - unusual among pocket makers - by most authors 

(e. g . Wilson, 1971; Michener, 1974 ; Alford, 1975 ). 

Plowright (1976 ) has presented a theory which could 

expla in the discontinuity, where it occurs, in female size 

distributions. The theory is based on the observation that 

during the 5th instar , larval silk production rates are 

inversely proportional to the rate of fo od intake . By making 

certain assumptions about silk production rates , ceoQetry 

and strenc th, Plowri~ht showed the possibil i ty that below a 

certain critica l level of feedinG, larvae might always spin 

s o much silk around themselve s that further feeding and 

growth would be restricted . Below this critical trophic 

level, larvae would thus pupate before they exceeded the 

upper size limit for workers . If , on the other hand , larval 

food intake exceeded the critical level the growth rate 

would exceed the restraining effect of the silk so that 

feeding could continue until the physiological limit of growth 

was reached (i .e. normal queen size). It would be very 

interesting to compare the silk production dynamics of 

B. ruderatus with that of B. hortorum, a very closely related 

species but which has a weak worker/queen size dichotomy. 

Larvae take about six to ten days to reach the pupal 

stage . Very often the largest pupae are f ormed from larvae 

with the shortest development times; which agrees with 

Plowright ' s theory . 



5. Pupal Development 

The developing bee is enclosed in a cocoon for 9 to 14 

days, the duration be ing proportional to the dimensions of 

the cocoon. Mo st of this time is spent in the pupal stage . 

However the first day or two (precise time not determined) 

is occupied by the prepupal stage, and an undetermined time 

prior to adult emergence is spent as a pharate adult . 

~- Effect of cocoons on oviposition 

Freshly spun cocoons are the usual substrate f or esg 

cell construction. Oviposition usually occurs when the 

underlying cocoons are one or two days old. The number o f 

egg cells is limited by the size of the underlyin5 clump . 
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On averag e about one new egg clump is built per five sub­

strate cocoons . This is similar to the situation B. agrorum, 

a pocket maker described by Brian & Brian ( 1948) . 

6 . Workers enterinr labour force 

Workers were not seen to perform "duties" (e. g . wax 

manipulation , feedin~ larvae) while less than 12 to 24 hours 

old. During this star;e they are termed "callows" and are 

still developin~ coat colouration and wing hardness. The 

age distribution of "mature " working individuals was not 

s tudied . Howeve r , some individuals (especially larg e ones) 

were observed to take their first forag ing flight on the 

third day after emergence. Very small workers were seldom 

seen foraging, an observation frequently made by other 

authors, e. g . Free & Butler (1959). 

6a. Foraging 

Foraging was not studied in detail in this project. 

The main food source for incipient colonies in the Waverley 

field area was f oxg love (Digitalis purpurea). After the 
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colonies had been shifted to Massey University they obtained 

most of their pollen from red clover (Trifolium prat ense) 

and goats ' rue (Galega officinalis). Other plants may have 

served as nectar sources. 

Marked foragers (at Waverley) were seen up to 1 km 

away from their nest s ite. 

6b . Feeding of larvae 

As mentioned in (4) there were two methods of feeding 

l arvae - direct regurgitation, and indirect provision of 

solid pollen. 

The stimuli which cause workers to feed larvae, a nd 

which control the feeding rate, are not understood. When 

observing workers re gurg itate f ood to larvae, I noticed that 

the degree of abdominal contraction varied. It appeared that 

lar~e larvae stimulated workers to regurgitate more f ood per 

f eeding than small l arvae . 

Solid pollen (pocket) feeding usually began f ive day s 

after the eggs were laid, i.e. one day after their estimated 

hatching time. Sometimes however, pocket formation was 

delayed. This was considered to be more likely a result of 

food shortage rather than delayed egg-hatching . 

6c. Egg-eating 

Reciprocal oophagy between the foundress and workers 

was observed on several occasions. The only pocket-maker 

in which oophagy has been observed before is B. fervidus 

(Plath, 1934). In B. ruderatus colonies, the foundress 

generally appeared to be more successful at eating worker­

laid eggs than workers were at eating her eggs. The pro­

portion of eggs lost through oophagy was not determined, but 

it was not considered to be very high. 
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6 d. Larva l re .1 ection 

Lar v a l re j ect i on i s a t ype of infa nt i cid e whi ch p r u nes 

t h e larval p opula t i on. Pr esuma b ly the p runing is done in 

r ela t i o n t o the f ood s upp ly to a v oid t h e p r oduct ion of 

" unde r s ized " indiv idua ls . How ever, t he t hres hold f or r e ject­

i on (and h enc e t h e b e e s ' d e finit ion of "u nde rsized " ) mus t 

c ha nge t h rough the s e as on , bec aus e d u r ing work er p r oduc tion 

l a rva l r e,jection i s r e l a t i v ely i nfr e qu e n t a nd fe ma l e size 

i s sma ll and variable , but durin~ qu e e n p r oduction mo r e 

l a rva e are r ejected a n<l f emale size i s l a r ~e a nd uniform. 

R . r ud e r atus f oundress que e n s seem to p r oduce a n 

" op t i mistic" qua nt i t y of e ggs . Unde r opti mum co nditions 

most o f t he la r vae p r obab lv s u r vive , a nd l a r ge c o l o n ies may 

deve lop wit h f ev J.a r vae be i ng r e ject ed . Howev e r , a c o lo ny 

wh ic h is hand ic app ed b _r hi ~h fo r a~er mo~ta lity or incl ement 

weather may re ject a c on s i derable p rop ort i on of it s l a rvae 

ye t p r odu c e nor mal s i z ed wor kers a nd a f ew qu e e n s . (One of 

my poorer c o l oni es re.j e c ted 36% of its total l a rval popul­

ation during a ni ne week pe riod.) 

R~se l er (1970 ) s ugge s ted tha t larva l rejection was 

s timu l a ted b y t h e p re s e nce of male brood, and that it served 

to increase the worke r:larva ratio to an optimal level for 

queen production. My obs ervations a gree that larval reject­

ion is often as s oc i ated with the presence of male brood. 

Howeverl in~. ruderatus such rejection seems mainly assoc­

iated with ensuring the male larvae get enough food, males 

tending to be more uni form-sized than workers. Males are 

produced for v a riab le periods before queen production is 

ini tiat. ed. 
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There is much yet to be learnt about larval rejection. 

My project has provided descriptive information on i ts 

ocurrence in free-fora g ing~. ruderatus colonies. I hope 

that future investigations will be conducted under such con­

ditions t hat the colonies' pollen budgets can be accurately 

moni t ored. 

z, ~ _layi~_£Lwo rker~ 

This ocurred during the latter part of the season in 

most co l on i e s , bu t t h e p ro p ortion of e gg cel l s ma de by 

worke rs wa s not det e r mined . Workers laid on ly 1 to 4 e g g s 

per cell ( co mpa r ed to the quee n 's 10 to 1 9 ) and thes e we r e 

often e a t en b y t he quee n or r i val workers . In the largest 

co lony I obse r ved , eF,g product i on by workers o c urred on a 

l a r g e s c a l e a ft e r the de a th of the fou ndre ss and resulted 

in t h e re a rin~ of ne arly a hundred males. 

8 . Worker mort a l i ty: 

Due to my no t engag ing in an extensive marking program 

worker lo ngevities were not determined in any detail, 

Average fora ger l on g ev i ty was p robably a small number of 

weeks. Max imum work e r l ongevities exce e ded ten weeks. 

9. Colony food input 

No measurement was made of nectar input. The average 

pol l en "payload" was approximately 0,02 g. The maximum 

number of pollen loads recorded in one day was 400, which 

would g ive a total pollen input of about 8 g. 

10. Food consumption by adults 

Freshly e merged males and queens (kept in an incubat­

or away from their nests) consumed considerable quantities 

of nectar and pollen, Queens each consumed an average of 

0.4 g of 50% honey solution every day. Pollen consumption 



ocurred mainly during the first four days of adult life 

during which time each queen consumed about 0.3 gin total. 

Males were about half the weight of queens and consumed 

125· 
l 

half as much food. The basic patterns of foo d intake of 

males and quee ns were othe r wise very similar, both sexes 

eating a bout one third a s much pollen during the young adult 

stage as during t he larval stage. Thus, when large numbers 

of sexuals are emerging there may be considerable depletion 

of the colony's food stores. Hasselrot (1960) su~g ested 

this could hinder the rearing of further brood. I h ave 

fo und some of the bi gge s t peaks of larva l rejection to coin­

cide with the e mergence of l a r ~e batches of que e ns and males. 

11. !feat ~ene~a tj_£!! 

Bumb lebe es raise the t empera ture i ns i de their nes t 

e nvel ope as a r e s ult of broo d incubation ( a ta s k performed 

b y all castes) and incid e nt a l metabolic heat . A nest temp-
0 

era ture of ab out 30C seems optimal, and is p robab l y achieved 

in mos t natural nests. The efficiency of ne s t heati ng 

depends on t he thermal ins ulation of the ne s t envelope. 

Heinrich (1974) has shown that incubating queens consume 

twice as much nec tar a nd generate twice as much heat at 
0 0 

208 as at 30C. Thus bumblebees need good home insulation 

if they are going to keep their heating bill down and have 

calories left over for other jobs such as brood rearing. 

12. Food consumption by foundress 

This was not measured. The queen must eat a certain 

amount of pollen to obtain proteins for oogenesis. It is 

probable that she can take advantage of her size and strength 

(at least until queen production) to obtain what she needs 

of the food stores. 



~. Food consumption by larvae 

The mode of feeding has b een described in sections 

4 and 6b. The total pollen intake during larval life was 

estimated to be 0 .1 to 0.6 g for workers, a nd 0.9 to 1.1 g 

for qu e e n s . Ma le s f el l within the uppe r part of the 

126 

worker size r a ng e . The re was an approximate ly linear relat­

ionship betwe e n the cub e of the cocoon dia meter and the 

quantity of pol len g rain wal ls in the mec onium. 

1 4. ~mort~lity 

Oopha ~y has been men t ioned i n sect io n 6c , but as pointed 

o ut in s ection 3 , tot a l egg morta litv could not be d irectly 

meas u red . Howev er , d es tructive s amp lin g revea led tha t th e re 

we r e s ometimes more than f orty e ggs la i d in a clu mp of 

t hre e e ~f ce ll s , yet s uch c lumps rarely ~roduce d more t r.a n 

twenty pu pa e in live coJoni e s . The di f fe r ence wa s g rea t e r 

than c ouJ d be ac ':oun t P- d f or by larval re .i e ct i on. Slos e 

exa mi na ti o n o f dis ~ected nes t s sugge s t ed tha t in broo d 

clumps i n i t iated as t wo or more contiguou s eg~ cells , the 

l a r v a e fro m t he e n.r lie s t ha tch i n p; cell may crowd out t he 

other eggs b efore they cou ld hatch. So me dead e ggs were 

also fo u nd intermi x ed with he a lthy ones i n normal e gg cells. 

~2· Larval mortality 

Larval rejection has been d iscussed in section 6c. 

I t a ppeared to be the mai n source of larval mortality. 

Some fifth instar l a rvae ·were apparently attacked by patho­

g enic microorga nis ms, but the ocurrence was only confined 

to certain colonies and was not investigated in detail. 



1 6 . "Cocoon" mortal ity, i .e. prepupae, pupae and pharate 

adults 

Th e maximum c ocoon mortality ocurred in col ony 1, 

where i t was 20%. Thi s was a r athe r weak colony, but since 

the cocoo n mort a lity ocur red mai nly during male product ion 

it should not have a ffected the size of the worker population. 

More usua l coco on mort a lity rat es were 1 ~ to 6 %, most of these 

de a t hs ocurrin~ durin~ t h e prepupal stare . 

Emi ~r at ion of males ---·· ----------
Ka l e s usu a lly l e ft thei r pare nt nest on about t he 

fourt h day after emerging fro m their cocoons . No ma les 

were ever seen to make n n orienta t i on f lig ht or r e turn to 

a coJony . 

1 8 . Ern i gration_of _~uee ns 

Young queens spe nt v ti ri.Bb l e le nr,t hs of time in thei r 

parent n e st . Some were se en to take their fi rs t fl ight 

when two or three days o ld . Unlike males they normally 

returned to the ir nes t . Most queens appar ently departed 

for hibe rna tion qua rt e r s wi thin ab out ten days of emergence, 

but this period seemed highly variable. 

19. Que ens enterin~ the labour force 

New queens were s een performing various household 

dut ies, but mos tly they fe d and rested. Some queen sized 

individua l s became cons t ant foragers, and some of these 

were known to die without departing to hibernate. Such 

individua ls were fu nct ional workers. A recent (1976) paper 

b y Plowri~ht s t a te s that in~. perplexus, queen-sized 

females may become functiona l workers if subjected to high 

temperatures a nd low foo d intake during their first few 



days of adult l i fe . Th i s fits in with the observa t ion tha t 

y oung quee n s a r e often seen r e s t ing outs i de t hei r nest 

e nvel op e , p r esumably a c oo l e r p l ace t ha n i n s i d e. Perhaps 

t hey c a nnot d evelop prope r queen-t yp e me t aboli s m in the 

warme r envi r onme nt. In my observa tion h ives y oung qu een s 

tended to rest a round th e periphery , p e r haps s eeking a 

co o l pla c e. Rut with the a r tific ia l heat ing they may 

have be e n t oo wa r m, henc e ma ny b ec oming fu nc t io na l wo rke r s . 

20 . Foundres s -92.e en entering l a bou r fo rce 
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Pri or to th e emergence of the f irs t workers t h e found ­

ress i s the l a bou r force . I hav e obs e r ved B. rude r at us 

f oundres s e s f oragi ng a week a ft er their fir s t wo r kers 

h a ve e me r g ed . The lengt h o f time she continue s fora g ing 

p robab ly depend s on t he si ze a nd numb er of the fir s t b a tch 

of wo r kers . Household duti es s uch as feedin~ larvae and 

ma n ipula t ing wa x a r e l ess h aza r dous tha n f ora~i n~ , and the 

found r e s s ass ists with these throughou t the sea s on . Dur i ng 

the period of mos t r ap id colony growt h h owever, much of her 

t ime i s involv ed with e gv, ce l l cons truct i on a n d e ~g laying . 

Th e fo u ndre s s contributes t owa rds colony defe nce by buzzing 

menacing l y when d i s t ur b ed. Th e worke rs have a quieter buzz. 

However, if workers a re present the foundress merely hides 

amongst the brood (still buzzing loudly!) while the workers 

attack the intruder. Young queens and males similarly "bark 

but don't bite". 

21. Control of egg -fertilisation 

The s permathecae of mated Bombus queens usually con­

tain so many sperm cells tr.at only a tiny proportion of 

them are ever used (R~seler, 1973). The egress of sperm 

' I 
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cells from the spermatheca for egg fertilisation is control­

led by a muscular mechanism in most hymenoptera (Michener, 

1974). Fertilised eggs become females (workers or queens), 

but if sperm is witheld the egg s become males. R~seler 

(1967)- (cited by Michener, 1974), suggested that crowding 

of the bees in the nest s timulated the queen to lay unfert­

ilised eggs . My observations do not confirm R~seler's theory, 

as I have seen ma le production ocurring in colonies with 

low adul t p opulations in relation to the available hive space. 

Much more information is needed on the causes of male prod­

uction in ~£mbus, because t h e timing of t h e changeover from 

worker to mal e production is an important factor affecting 

colony size. 

22 . Morta lity or los s of the foundress 

Sometimes the foundress is killed and replaced by an 

invading queen , in which case the colony continues to deve­

lop more or less normal ly. Loss of the fou ndres s without 

replacement during worker produc tion curtails the production 

of fe ma le brood, and thus initiates the decline of the 

colony. Often however, she survives until depletion of 

the worker force prevents the rearing of further brood, and 

she is of no further use to the colony. 

In summary we may describe four periods in colony 

development: 

Establishment - depends on the foundress locating 

a suitable nest site, and on her success at rearing the 

first batch of workers. 



Grow!!:!, - i s t he worke r p rod uc tion period . The rate 

of g rowt h of t h e worker p opula tion depe nds mainl y on: 

Egg p r oduction (wh i ch i s limi ted by t h e a r ea of cocoons); 

l a rva l sur viva l (which d e pends on there be i ng enough food 

for t hem not to be rejected) ; and worke r surviva l (which 

in conjunc t ion with fo rag ing cond itions a ffect s the amount 

of f ood av a ilable t o l arv ae) . Under optimum condi tions 

t h e worke r popu l a t i on c ould b e expected to treble every 

s i x t e e n days . 

r~a ! ~r ity - i s the pro~u c t ion of s e Yua ls. ·.'orker 

p ro duc tio n is us ua lly termina t ed by a ~r a d ua l c hang e to 

ma l e production , wh i ch i s fo Jlowe d b y a p a rtial c hange 

to queen production . ~he number of qu eens and mal e s r a i sed 

d epends on t he size o f the worker f orc e . 

Decline - r es u l t s fro m t he wo r ke r f orc e dy ing off 

wi t hout any new wo rkers being r eared . Ma l es and q ue e ns 

u sua l ly contribute li t tle t o c olony rna inta i nanc e , i n fact 

t heir p roduction spe e ds i t s decline. 



APPENDIX 1 

Nest Mater i a l Preferenc e s 

Ai m: To c ompare the a t t ractivene s s t o bumb l ebee qu e e ns , 

o f mous e nest s a nd s ome other mat eri a l s . 

Ma teria l s a nd Metho d s : F ou r n e st materia l s were t e s t ed : 

( 1) ~ ou se nests : these we re made of hay , plu s v a r i a b l e 

amoun ts of uph ol cterer ' s c ott on . A h andful of t h e 

mater i a l was pu t i nt o t h e c age s of l abor a tory mi ce , 
0 

wh ich were kept in a 5C coo l-r oom, t o st i mu l at e the m 

to bui l d ne s r quick l y . I tr i e d e; i v i nc; them pla i n 

u pholsterE: r ' ,.- c ott on , but the y h a d d i ff iculty in build ­

i n g nests \J i th it . The nes t s we r e r eooved when bui l t , 

which was every few days . 

( 2 ) Upho l stere r ' s cotton . 

( 3 ) F ine drie d mo ss . 

( 4 ) Hay and s i se l f i bres , c hopped into leng t hs of 2 to 5 c m. 

F if t e en s amp le s o f e a c h materia l were put i n to polysty ­

ren e b oxe s ( i nterna l dimensions 16 x 16 x 10 c m), with a 2 c m 

wi d e h ole in on e s ide a t fl oo r l e vel. One mouse nest was used 

p e r b ox . The other materia ls were used to half-f ill boxes. 

The box e s we r e arranged at three levels (0, 1, and 2m, above 

f loor ) i n a r oom (5.2 x 6.4 x 3.3 m, dimensions) with large 

windows . F ive boxes of e a ch type of material were randomly 

ordered e quidis t ant ly a long the walls at each level. 

F lowering foxg love (Digitalis purpurea) and Agualegia 

p l a nt s i n p ot s we re prov ide d, as well a s cut foxg loves in 



bottles of water, and h oney solution in feeders. 

Ten queens each of B . ruderatus, £· hortorum and 

B . terrestri s were re leased in the room. 

Re sults : F our B. hortorum que e ns st a rted nests in the boxes 

of upholsterer ' s cotton . Their heights above the f loor were 

Orn, 1 m, 1m and 2m. The B. ruderatus a nd B . terrestris queens 

did not start n e s t s . 



APPENDIX 2 

Nest Insulat ion 

Ai m: To determine how much warmer than ambient , various 

conta i ners wou l d become , with a heat input equiva l ent to 

t hat of a small c olony of bumb lebees . 

r,;ate r i a l s a nd r..:e t hods : Heinrich ( 1974) s h owed tha t incu-
0 

bat inc queens of B. vosnosenskii a t 20C ge ner a t e 6 . 25 cal/ G 

thorax/ n i nute . hSsumin0 the same heat output for queen s 

and workers of i · ruderntus , I we i Bhed t he thornces of a 

queen ; sr:ia l l , mcdiur:1 'lnd 18.rc;e worker . I then c .:3. lcu l a t ed 

the heat output of A sraa l l co l ony , arb i trari l y choos ing a 

p opu l at i on of 1 queen , 8 small workers , 10 medium wor~er s , 

nnd 2 larce workers . The hent ou tput c ame to 11 c a l / min , 

whi c h equals 0 . 77 ~atts . An e l ectric circuit was cons t r ucted 

wit h r esist ors which each diss ipa ted 0 . 77 Watts . A resistor 

was p l a ced i ns ide each of t he f ollowinE cavit ies : 

( A) "Natura l ne st env e lope s "; t hese we r e manufact ured , one 

from upholsterer ' s cotton , and the other f r om c a rpet 

underfe l t . A 2 cm layer of mat er i a l was moulded over a 

7.5 cm d i ameter light bulb , f ormi ng a cup , which was the n 

inverted on t o a layer of the same material. 

( B) Art ific ial hive- like containers; (1) A box made of 

12 ram t h i ck particle board , with a g l a ss top , and a hole 

of about 20 cm 2
• This b ox was me ant to resemble the 

observat i on hives recommended by Fre e and Butler (1959), 

and Alford (1975 ). Its d imensions we r e about 20 x 15 x 10 

cm . 
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(2) A polystyrene box 16 x 16 x 10 cm, with a 2 cm 

wide entrance ho le, and 50 cm2 of ventilator area 

covered with c l ass wool . 

(3) A slicht ly smaller, thicker walled polystyrene box, 

which was tot a lly enclosed (i . e . it had no holes). 

The temperature in each chamber was measured pe riodicly 

with a multi-channel thermistor themometer ("Telemax") 

until temperature constancy was obtained. 

Results: The temperatures equilibrated within two hours . 

The aDbient tempera ture was 28b . The te mperatures inside 

the "natural" domes of upholsterer ' s cotton and underfelt, 
0 0 

were+ 13C and+ 9.5c above amb ient, respec t ively. The Free 
0 

and Butler hive w~s + 2 . ~C above ambient , t he ventilated 
0 

p olystyrene box+ 3. 75c , and t h e t ot a lly closed polystyrene 

box + 5C . 

·i 



APPENDIX 3 

Ventilation 

Ai m: To compare t he r a tes of water vapour diffusion through 

various porous surface s. 

Mat e r ials and ~ethod : Discs of the test materials were cut 

to a diameter of 5 c m. They were then fi t ted into a 2 c m 

length of 5 cm int . d i am . PVC pipe , which was in turn f i tt ed 

ove r the neck of n snall jar contain i ng 30 ml of water . Gaps 

were sca l ed wit t1 p L.,sticine . The jars were left under r oom 

cond i tions , and wei~hed per iodic ally to determ ine t~eir 

rel tive r ntes of wci~ht l oss by water evaporatio n . Jars 

which were seal ed shut , a nd jars wi th open ne c ks , a cted a s 

control s . The test materia l s were : 

( A) A 1 c m thick l ayer of ca rpet underf elt; to repre s ent a 

"natu r a l" nest enve lope . 

( B) Perfora ted zinc covered with polyuretha ne foam; a s used 

f or the wall s of the most recent obse r va tion hive desiBn . 

(C) Wire gauze, covered with a 1 cm thick layer of glass 

wool; as used t o cover the ventilation holes on an 

e a rlier type of hive. 

Re sults : The rate of water vapour loss through the tops of 

open jars was 4. 86 me;/ hour/cm 2
• Taking this value as 100%, 

the rates of loss through the test materials were: 

Underfelt 42% 

Perforated zinc and polyur ethane 38% 

Wire gauze and glass wool 47% 



The following t a ble shows the relative diffusion rates cal­

c u l ated f or various areas of different materia ls. 

Natural coverinc : 8 c o diao . 

sphere of underfe l t . 

Venti l a to r of F ree e:But ler hive 

Ventilator of my recent h ive 

Ventilat o r o f my e r l ier h ive 

Surfa ce Area Total ve ntil-
(c m2 ) a tion I n dex 

201 

10 

3 1 4 

50 

84 

16 

11 9 

24 

It c an be seen t hat t he l a r ge area o f perforated zinc 

and p olyurethane , on the wa ll s of oy recent hi v e desi~n 

( f i c urc 2 . 4 ) permits more than the amount of venti l at ion 

( as oeasured by water vapour diffusion ) provi ded by a soall 

sphere of underf el t , whi l e h ives with smaller but more 

"open 11 ventilator::; 1.JOuld not rece ive as r:mch v ent ila t ion a s 

t he natura l coverinc . 

Observations of venti lating beha viour -
I t has long been known that bumblbees fan their wings 

in response to high ne s t temp eratures ( Sladen, 1912; Plath, 

1934; Free & Butler, 1959). However, I have sometimes 

ob served bumblebees fannin in situations which suggest 

that high humidity and/or co2 concentration was the cause. 

( a) A large B . terrestris colony which had been 

freshly excavated and divested of its nest envelope was 

anaesthetised with co2 • The first workers to recover from 

the treatment climb e d to the rim of t h eir box and started 



fa nning . Overheating was unlikely to h a ve stimulated the 

f a nning , b ecause no bees were fannin ~ prior to t he app licat ­

ion of co2 , a nd the gas would have had a cooling r a ther 

tha n war ming . ef f ect . 

(b) I onc e p l a ced a J3 . hortorum queen with her 

i ncip ient nest i n a polythen e bag . She s ubse quently b e gan 

to f a n . I t was in a r easonab l y cool p lace and I t hi nk 

overheating was unl ikely , but the imp ermeable bag p robably 

c aused a buildup of wa t e r vapour a nd/or co2 • 

( c) The l a r ge~. t e~~s t ris co l onv mentioned in (a) 

was h ous e d in a wood e n box with no hea ting or vent i l a t ion . 

The workers to r e u p the ne ws paper fro m the f l oor of t ~e box 

and dragg ed t he pieces over t he ir ne s t as if to insu late i t 

fro m hea t los s (I ha d re moved the i r nes t e nv e lop e ) , but 

meanwhile workers were oft en s een f anning ne a r the exit 

hole . There we re cons idera b l e a c c umu l a t io ns of wet f aeces, 

a nd t h ese mi ght hav e been c aus ing excessive hu midity . 



APPENDIX 4 

Essig ' s Aph id Fluid . 

Lactic acj_d (reagent g rade 85%) 20 pa rts 

Phenol (satura ted in distilled H2o 2 parts 

Glacia l a ce t ic a cid 4 parts 

Water (distil l ed ) 1 part 

Stainin~_So lution 

Essig ' s Aphi d Fluid 15 ml . 

Acid f uchsin (2% aqueous solution) 20 drops 

Li g nin p i nk ( 2% aqueous solution) 

~:r y t h ro s in ( 2;'! aque ou s s olution) 

20 dro ps 

20 drops . 
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APPENDIX 5 

Results from the 1976 - 77 seas on 

Domiciles 

I wanted t o r eta in the bas ic stimulus fe atures of 

the unde r g round domiciles ( d e s cribed in sect ion 2 . 1 . 2 .1 

and fi gure 2 . 1) , but r ep l a ce the plas tic-dome roof e d c avi t y 

wi t h s ometh ing more p orous a nd accessable from above . 

I dug up thirteen u nderg r ound domici les a nd d iscarded the 

p las tic d ome s , pu t t ing in their p l a ce partially buried 

lightwe i gh t conc rete domiciles of the desi~n de s cribed in 

s ection 2 . 1 . 2 . 2 a nd f i gure 2 . 3 . Some o f the concrete do mi ­

c i l es co uld be ma tc h ed up to the origina l tunnels , but so me 

t unnels had to b e du~ up a nd repositioned more sha l lowly . 

Th e a ct ua l d epths t o wh ich the concre te parts were b u ried 

v a ried . ~ostly the rims were f lush wi th the g ro und surf ace 

b ut some do ~1 icile s were s unk en into sha llow pits while othe rs 

pro jected a few c e nti me t e r s above g rou nd level . A laye r 

of t wi gs was p l a c ed on the floor of each do micile and each 

was three - quart e rs f illed with underfelt . Installation 

was done on 30 October, 1976 . 

By 26 De c ember , 1976 , 8 do miciles (62 %) cont a ined 

B. ruderatus co lonies . None contained B . terrestris. 

The colonies had all successfully reared workers, and there 

was no sig n of condensation. 



Return of overwint er ed quee ns to pa r ent al nes t sites 

The entr a nce - hole decor a t ions , tunnels , e t c . in my 

l abor a t or y wer e l e ft i ntac t a f t e r the 1975 - 76 season to 

see whe t her any queens would r etur n a f ter h i bernation . 

Dur ing early Oc tobe r 19°6 I pl aced a pi ece of smoked paper 

in the distal end of each exit t unnel . The nest chambers 
0 

we re set a t 20C and a ha nd f ul of underfelt pl aced in eac h . 

1ueens did r eturn to the entrance which had belon~ed 

t o colony 5 during the previous sea s on . Colony 5 had 

pr od uced over 200 qu eens , of which I had ma r ked 85 . 

Th e f i r s t footprints on the smoked pape r were f ound 

on 4 Nov ember . r1ore f ootprints wer e fo und on 17 November . 

In orde r to s ee whether the queens were go ing a l l the way 

to the ne s t chamber (a 2 . 5 m walk) I put a sec ond piece of 

smoked paper a t the nest - chamber ent r ance . On 20 November 

t he r e were more tracks ove r t he outer paper but not a t the 

nest chamber . I suspec t ed the t unnel mi ght be too t r a ns ­

par ent (ma de of c oarse nyl on mesh ) t o sa t is f y t he quee ns ' 

nes t site requ i r e ment s , so I s hort ened t he tunnel t o 1 m, 

covered it wi t h a t ent of black paper , and connected it t o 

a close r nest chamber ( no . 6 ) wi t hout vest ibules. From 

21 November onwar ds queen tra cks i nt o the ne s t cha mber 

were discovered almos t dai l y . But no bees were "caught in 
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t he ac t" until 28 November. On tha t day a marked ~. ruderatus 

queen was seen wa lking about in the nest chamber, but she 

left and wa s not ·s i ghted again. She was "37-yellow", and 

had hatched in colony 5 on 31 January 1976. Thus she had 

retained her label for eleven months. On 5 December an 

unmarked~ . ruderatus queen started nestin~ there. She 

had made her egg clump by 9 December, but then s he 
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disappeared and was not seen a gain. 

Meantime (2 4 November) another unmarked B. ruderatus 

queen started a nest in chamber no. 5, from which the tunnel 

had been disconnected. Her presence was somewhat puzzling 

because her entrance hole was not one throu gh which any 

queens had departed the previous summer. It was just an 

aperture in the wall of the outer vestibule. Whatever her 

origin, she did successfully start a colony, and the very 

early stage s are described below. 

Co lony founding by a B. rude ratus queen 

The que e n volunt a rily nestin~ in one of my observation 

p rovided an unusual opportunity for me to observe the the 

incipient stages of a R. rude ratus colony. 

She was first seen on 24 November. There was a tunnel 

about 6 cm long leading to the centre of the underfelt in 

the obs ervation hive . I could hear rustling noises in the 

underfelt as if t he queen was shuffling about in a confined 

space. I guessed that she was forming her nest cavity, 

and refrained from investigating further for fear of 

causing her to abandon the site. 

At 11 am the following day the queen was out foraging, 

so I examined her nest cavity. There was a pyramidal lump 

of dark brown material (about 2mm wide and 4mm high) in 

the centre of the cavity floor. later in the day the lump 

was larger and had about four vertical ridges which converged 

at the apex. The ridges appeared to be made of wax on a 

central pyramid of pollen. On one side they were curved, 

forming the rim of a shallow, oval cup, which looked like 
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a narrow e gg cell. When the queen came home again I watched 

her through an opening in the roof of the nest cavity . 

Her body almos t filled the cavity, so the pollen lump was 

out of sight beneath her . She very actively rotated a round 

the lump with her "back" arched and her he ad down. She 

appeared to b e shaping the lump with her mand i bles. At one 

stag e she stopped mov ing , and pointed her a bdomen down 

towards the place wh ere I had seen wax cup. After a few 

a bdo minal contracti ons she turned round and continued 

mani pu lating movement s . I t h ink s he laid a n egg . I t then 

became apparent to me why the eggs in incipient clumps 

a re orient a ted more or less v e rtic a l l y, in contrast to 

the horizonta l ly laid e gss of a ll post incipient batches . 

This f eature has often received co mme nt (Alford, 1975 ) but 

n o explanat ion seems t o have been of fe r ed . When my 

B . r ude r atus queen Ap p eare~ to depos it a n egf she stood 

"on tipt oes II wi t h her thorax he ld hi gh a nd he r abd o , .en 

and head pointin~ dow nwa r ds . In such a p o s ture her a bdome n 

wo u l d pa ss a v erticnlly ori e nt a t ed egg . She would have 

bee n forced to adopt such a pos ture because of the smal lness 

of t h e cavity . There was simply not enoueh room for the 

queen to lie out flat and be ab le to reach the egg cell 

with the tip of her abdoman. (Compare with pla te 5, which 

shows a post-incipient egg batch being laid.) The construc­

tion of such a cramped cavity presumably aids heat retention. 

On t he subject of heat, I noticed that whenever the queen 

returned from foraging she immediately straddled the brood 

clump and sat on it for several minutes, before unloading 

her nectar or pollen. This was probably to warm the brood, 



because it would have cooled during her absence . 

Daily photogr aphs were taken of the nest from 26 Nov­

ember until cocoon formation twelve days after the nest's 

inception . Some of the pho t ographs are shown in plate 15. 

Tw o rejected larvae were f ound amo ngs t the nesting 

materia l on 3 Dec ember , fol l ow i ng two days of wet and 

windy weather . Hobbs (1 S67) a nd Al ford (1975) have s tated 

that brood mortalit y is unusua l a mong the incipient batch , 

a nd t ha t adverse wea t he r results in sma ller r a ther tha n 

fewer bee s being re a r ed during the colony - foundin g period. 

'\ 4? 
l 
I 



Plate 15 Incipient brood clump of 

B. rude~~tu~ queen 

A 

Four days old: 

completed egg clump 

C 

Ei ght d ays old: 

med ium l a r va e 

B 

Six days old: 

young larvae 

D 

Ten days old : 

n lmost - rnature l a rvae . 

Th e asymmetrica l shap e 

is a result of some 

l arvae having been 

rejected . 
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