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Abstract – Trichocolletes orientalis is an Australian solitary, ground-nesting bee, reported to have some unusual 
aspects to its nesting biology. Prime among these, and a focus for the present study, is the production of copious 
amounts of oil by post-feeding pre-defaecating larvae. To better understand the mechanism of oil production, 
we examined the bee’s floral resources and larval provisions and compared the fatty acid profiles of the provi-
sion and larval oil exudate using gas chromatography. The study population was monolectic on the legume 
Hardenbergia comptoniana. Unusually for Neopasiphaeinae, larval provisions were liquid but contained no 
obvious free oil. Differences in the fatty acid composition of the provision and larval oil lead us to conclude 
that larvae must secrete the oil. Fully fed larvae prevented from curling produced a yellowish, non-oily liquid 
from the anus. The Malpighian tubules are implicated in the production of this liquid and perhaps the oil (which 
has not been reported for any other bee species). While likely preventing water loss from resting larvae, the oil 
contains some fatty acids with known antimicrobial and antifungal properties and might protect the larvae from 
pathogens. Additionally, we provide a complete life cycle calendar for the bee.

life cycle / monolecty / provision / larval exocrine secretions

1. INTRODUCTION

The bee family Colletidae has a worldwide dis-
tribution but is most diverse in the southern hemi-
sphere and, in Australia, contains over 50% of the 
estimated 2000 bee species (Michener 1965, 1979;  
Almeida et al. 2012). Knowledge of the behaviour, 
nesting biology, floral preferences and chemical 

ecology of southern hemisphere colletids is far 
from complete, and detailed studies are few. This 
is not unexpected when the majority of bee species 
are ground nesters (Cane 2003; Antoine and Forrest  
2021) and are much more difficult to study than cav-
ity nesters (Winfree 2010). Consequently, generalisa-
tions about their nesting biology might be unreliable, 
and novel facts might yet emerge.

Recently, for example, Houston (2020) 
reported that cell plugs of the Australian colletid 
bee Trichocolletes orientalis Batley and Houston 
were coated on the inside with a dry, waxy foam, 
evidently secreted and applied by the mother 
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bee. Such a material was previously unknown 
among Colletidae, indeed among bees. Houston 
also observed that fully fed larvae of T. orienta-
lis, prior to entering summer dormancy, exuded 
copious amounts of a yellowish oil that pooled 
in the bottoms of their cells.

Bees possess a wide array of exocrine glands 
secreting many diverse substances, and their 
bodies can be thought of as miniature chemical 
factories. Best known among bee secretions are 
those of the domesticated honeybee (Apis mel-
lifera Linnaeus) such as wax, venom and royal 
jelly. Solitary and primitively social bees also 
secrete diverse materials ranging from solids 
used to line, waterproof and disinfect their brood 
cells to volatile substances that function as pher-
omones, markers or repellants (Cane and Tengo 
1981; Cane et al. 1983; Mitra 2013; Danforth 
et al. 2019). In relation to brood cell linings, the 
glandular sources and chemical nature of the 
cellophane-like linings unique to the Colletidae 
have been the subject of several investigations 
(for a summary, see Almeida 2008).

In contrast to adults, bee larvae seldom pro-
duce exocrine secretions other than silk for the 
formation of cocoons (and only in certain groups 
of bees). Fully fed larvae (prepupae) commonly 
enter periods of dormancy lasting many months 
or even years and, in a few species, possess thick, 
waxy cuticles that are believed to reduce water 
loss (Torchio 1975; Houston and Thorp 1984; 
Rozen 2016). The source of the wax coatings, 
however, was not determined. The present study, 
among other things, elucidates the origin of the 
oil produced by larvae of T. orientalis.

Trichocolletes Cockerell is a genus of medium-
sized, hairy bees found chiefly in the Bassian regions 
of south-eastern and south-western Australia and is 
comprised of 40 named species, most of which for-
age at pea flowers (Fabaceae) (Batley and Houston 
2012). Some species pollinate Diuris orchids that 
mimic their co-occurring forage plants (Beardsell 
et al. 1986; Indsto et al. 2006; Scaccabarozzi et al. 
2018; Scaccabarozzi et al. 2020a, b).

To date, the nesting biology of only one spe-
cies, tentatively identified as T. orientalis Batley 
and Houston, has been studied in some detail. 
Houston (2020) observed a nesting aggregation 

in south-western Australia, excavating brood cells 
after the end of the flight season and following 
the development of fully fed larvae through to 
the imago. His study revealed some very unusual 
aspects of the bee’s life history that we consid-
ered worthy of further investigation. Foremost 
was that, after consuming its provision, the larva 
exuded copious amounts of a yellowish oil which 
formed a pool in the bottom of its cell and in 
which it lay dormant during summer. Houston 
deduced that the oil was pollenkitt (a sticky, oily 
coating on pollen grains) regurgitated from the 
pollen-filled midgut. We came to question this 
deduction after observing females of the same 
population collecting pollen bearing no visible 
pollenkitt.

Secondly, while Houston’s (2020) study revealed 
that periods of dormancy occurred not only in the 
post-fed, pre-defaecating larvae but also in pharate 
adults and newly eclosed adults, a complete picture 
of the bee’s life cycle was wanting.

In the present study, our aims were to (1) 
identify the floral resources utilised by females 
to provision their brood cells, (2) determine the 
composition of the larval provision and compare 
its fatty acid profile with that of the oil exuded 
by fully fed larvae (this we hoped would clarify 
whether the larvae simply regurgitate lipids they 
have consumed or secrete the oil) and (3) provide 
a complete life cycle calendar for the bee.

To simplify the discussion in the text below, we 
refer to the oily exudate of fully fed larvae as ‘larval 
oil’.

2.  METHODS AND MATERIALS

2.1.  Study area: flora and observations of 
adult behaviour

The field components of this study were 
undertaken in and around Boomerang Gorge, 
Yanchep National Park, c. 48 km north of Perth, 
Western Australia, the same site where Houston 
(2020) made his observations. Yanchep National 
Park is located in the south-western Australian 
biodiversity hotspot and contains diverse habitats 
and vegetation communities.
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Field observations and collection of material 
underpinning this study were made by DS and 
TFH (separately or together) on several occa-
sions between August 2019 and November 2021. 
Voucher specimens of the bee T. orientalis are 
lodged in the entomology collection of the West-
ern Australian Museum, Perth.

Available floral resources were checked dur-
ing the bee’s adult flight and foraging season. 
Two transects of 200 m length were made, one 
along the path through the gorge, the other along 
the path on the rim of the gorge, both in Tuart 
(Eucalyptus gomphocephala DC) woodland 
community. These were expected to cover the 
bee’s foraging territory around the nesting area. 
Searches for the bee were also undertaken in 
Banksia woodland community 0.5–1.5 km to 
the east and 4.0 km north of Boomerang Gorge.

2.2.  Collection and handling of brood cell 
samples

Brood cells were extracted from excavated 
soil by putting the soil through a 5-mm sieve. 
Relatively intact cells were stabilised in soil-filled 
plastic vials and transported to the laboratory in a 
chilled cooler box. Loose larvae from badly broken 
cells were placed in small glass tubes, except for 
several that were preserved in 70% ethanol.

Following the methodology of Houston (2020), 
we maintained live larvae at ambient room temper-
atures in a large insulated cooler box with an open 
container of saturated salt solution and a sealed 1-L 
container of water as heat ballast. The live larvae 
were individually numbered, photographed, and 
examined at least once a week to check their con-
dition and stage of development.

Three cells containing fresh larval provision and 
two cells containing dormant larvae resting in oil 
were frozen at − 20 °C for subsequent lipid analysis.

2.3.  Miscellaneous tests

To test whether fully fed larvae excrete oil 
from the mouth or the anus, ten such larvae 

excavated on 17 November were placed in small 
plastic containers specially constructed to pre-
vent them curling into a C-shape (Figure 1). 
Paper discs were placed in the bottoms of the 
containers to absorb any liquid exudates.

To check if larvae perforate the cellophane-like 
linings in the bottoms of their cells prior to defae-
cation (as in some New World diphaglossine bees; 
vide Rozen 1984), the faecal masses in several cells 
were softened with warm water and detergent before 
being carefully peeled away. The membranes were 
then examined under a stereomicroscope.

To compare the ability of cell bottoms to 
hold oil before and after pupation, olive oil was 
pipetted into eight cells in which dormant larvae 
had died and two that had contained live pharate 
adults. Dead larvae were left in place, but live 
pharate adults were carefully removed prior to 
the addition of oil.

2.4.  Identification of pollen

Samples of three fresh larval provisions, a 
dissected, fully fed larva and larval faeces from 
two old cells were palynologically processed to 
determine their pollen content. Samples were 
acetolysed by heating to boiling point in 9:1 ace-
tic anhydride and sulphuric acid for 8–10 min, 
then rehydrated in several rinses of acetic acid 
(Erdtmann 1960), followed by rinses in distilled 
 H2O; all centrifuged at 3000 rpm for 3 min. Res-
idues were sieved with a 120-µm nylon mesh. 
Strew slides were permanently mounted in the 
plastic medium ‘Eukitt’ and examined with an 
OLYMPUS-BX51 microscope. Photomicro-
graphs were taken with an OLYMPUS-P71 
digital camera. Pollen was identified from the 
pollen database of the third author (L.A.M.), and 
voucher slides are deposited in her collection.

Additional samples from the midguts of 
preserved, fully fed larvae and from the faecal 
masses (meconia) of old brood cells were taken 
by TH. The faecal samples likely represented the 
waste material of numerous bee generations. The 
samples were observed microscopically in saline 
solution or in glycerine and compared with the 
acetolysed pollen.
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2.5.  Lipid analysis of larval provision and 
larval oil

To confirm and localise the presence of 
lipids in the larval provision and in pollen, 
samples of both were stained with Sudan 
IV and examined on slides under compound 
microscope magnification of 400 × after sam-
ple solubilisation in 50% ethanol following 
Southworth (1973). Several drops of a satu-
rated solution of Sudan IV in 70% ethanol 
were added. After 10 min, more 50% ethanol 
was added. Sudan IV stains fats, oils and waxes 
pink to orange.

Three samples of larval provision and two brood 
cells containing live, fully fed, pre-defaecating lar-
vae partly immersed in oil were prepared on 15 
February 2021 for chemical analysis.

Oil in two brood cells with dormant larvae was 
withdrawn after three rinses with 0.5 mL hexane. 
After removing the larvae using dressing forceps, 
the cells were rinsed again as before to ensure that 
the total oil content was withdrawn.

Fatty acid profile preparation was carried out 
by gas chromatography using flame ionisation 
detection (GCFID) on the esterified methyl esters 
of lipids extracted from the samples, according to 
Methods 41.1.28 (969.33) and 41.1.29 (963.22) 

Figure 1.  Larval ‘constrainment chamber’: a section of a plastic vial glued to glass microscope slide with short sec-
tion of plastic tubing glued acentrically within it to prevent larva from curling into a C-shape; b top view of chamber 
showing fully fed larva and its excretion (arrowed).
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applicable to common plant and animal fats (AOAC 
2000). The range of fatty acids used for reference is 
from C10 to C30. Prior to extracting fats, samples 
were subjected to esterification by adding the hex-
ane solution into a 50-mL round-bottom flask. After 
boiling off the hexane, 4 mL of caustic methanol 
solution was added and refluxed on a boiling water 
bath until all of the fats were saponified. Then, 5 mL 
of boron trifluoride in methanol was added through 
the top of the condenser, keeping the reaction mix-
ture under reflux for a further 3 min. Furthermore, 
5 mL of hexane was added to the top condenser 
and refluxed for a further 2 min. The flasks were 
cooled, remaining attached to the condenser for 
1–2 min. Extraction was done by disconnecting 
the condenser from the flasks and adding saturated 
sodium chloride solution to float the solvent layer 
up into the neck of the flask.

The fatty acid methyl ester solution was trans-
ferred into a 25-mL screw-capped vial containing 
anhydrous sodium sulphate and, after being shaken 
well, was transferred to a 2-mL vial suitable for the 
GC autosampler.

3.  RESULTS

3.1.  Observations of bee activity at nests 
and flowers

We observed females of T. orientalis flying 
into or departing from burrows at the nesting 
site on 21 August 2019 and 24 July, 28 August 
and 3 September 2020. Activity peaked in Sep-
tember. Females commenced foraging at flow-
ers of Hardenbergia comptoniana (Andrews) 
Benth. in July, and during August and Septem-
ber, females were observed returning to bur-
rows carrying loads of white pollen in their 
scopae.

During the bee’s flight season, we recorded 
the following potential sources of pollen and 
nectar for Trichocolletes species in and around 
Boomerang Gorge (all are Fabaceae): Bossiaea 
eriocarpa Benth., Daviesia divaricata Benth., 
H. comptoniana, Hovea trisperma Benth. and 
Jacksonia sternbergiana Huegel. While flow-
ers of some of these species (particularly D. 

divaricata and J. sternbergiana) attracted 
numerous individuals and several species of 
Trichocolletes, adults of T. orientalis were 
found only at flowers of H. comptoniana (Fig-
ure 2). This last pea species was dominant near 
the nesting area and throughout Boomerang 
Gorge where it was noted to be in early flower 
on 24 July 2020 and at the peak of flowering on 
28 August 2020.

Two females of T. orientalis collected while 
flying over the nesting ground were observed 
to have clumps of pollen grains adhering to the 
undersides of the midsection of their probos-
cises. This section, composed of the stipites and 
prementum, is conspicuously bristly (Figure 3c). 
The pollen was identified as that of H. comp-
toniana (see more in Section 3.3). Sizes of the 
female bee proboscis and the flower androecium 
(Figure 3a, b) mean that, when the proboscis is 
inserted to withdraw nectar, the anthers con-
tact the bristles, likely depositing pollen among 
them. Males of Trichocolletes, by contrast, have 
a relatively bare proboscis.

3.2.  Brood cells and larval provision

The plugs of several freshly provisioned and 
sealed cells excavated on 3 September 2020 pos-
sessed a bright white waxy lining on their inner 
surfaces (Figure 4) as described for older cells 
by Houston (2020).

Cells containing fresh larval provision were 
excavated on 3 September 2020 and 22 Octo-
ber 2021. On the first occasion, we opened 
a recently completed brood cell that was at 
least half-filled with a yellowish, liquid pro-
vision with an egg floating on its upper sur-
face (Figure 4). The provision consisted of a 
uniform paste of pollen suspended in a clear 
liquid (presumably nectar) and resembled the 
provisions of such colletids as Colletes and 
Hylaeus. On both occasions, similar provision 
was found in numerous cells that were broken. 
In these cases, the liquid portion of the pro-
vision rapidly soaked into the earthen walls 
of the cells, leaving the pollen component as 
a semisolid mass. In one cell collected on 3 
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September, dry, white pollen lay in the bot-
tom. In no case was any free oil observed in 
the provision.

Microscopic examination of samples of provi-
sion from cells of different ages revealed the pres-
ence of yeast cells in a few of them. The yeast was 
no more abundant in older cells than newer ones, 
and none of the samples had a detectable odour.

Excavation of further brood cells on 22 Octo-
ber 2021 revealed that many still contained some 
liquid provision on which larvae were feeding. 
The consistency of the provision was much the 
same as described for newly completed cells, and 
microscopic examination revealed no yeasts in 
these older provisions.

3.3.  Identification and characteristics of 
collected pollen

Only one kind of pollen, identified as that of 
H. comptoniana, was observed in over 40 sam-
ples taken from adult females, brood cell provi-
sions, larval midguts and larval faeces.

H. comptoniana pollen sampled from sta-
mens was colourless under high magnification 
(Figure 5) and en masse appeared white. It dis-
persed readily in water, suggesting that it carried 
little oily pollenkitt. Staining with Sudan IV, 
however, did reveal some amorphous material 
on the surfaces of grains.

Figure 2.  Flowers of Hardenbergia comptoniana. 
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Microscopic examination of some clumps of 
H. comptoniana pollen grains found adhering 
to the bristly underside of the proboscis of two 
females collected at the nesting site revealed some 
clear amorphous material between the grains that 
probably acted as an adhesive (Figure 6).

While pollen in the provision readily dis-
persed in water, a sample first stained with Sudan 
IV, revealed globules of an oily substance among 
the grains (Figure 7).

Pollen sampled from the midgut of dormant 
larvae had no or much reduced cytoplasmic con-
tents, but the exines retained their shape. Pollen 

grains in meconia, by contrast, were mostly col-
lapsed, although enough retained their shape to 
confirm their identity as H. comptoniana.

3.4.  Immatures and their development

Observations of the early (feeding and 
growth) stages of larval development were made 
as follows:

1. A fully provisioned and sealed cell opened 
on 3 September 2020 (Figure 4) contained 

Figure 3.  a Flower of Hardenbergia comptoniana in lateral view with petals of near side removed to show androe-
cium; b anterior end of female of Trichocolletes orientalis (left lateral view) to same scale (arrow indicates partly 
extended proboscis; c proboscis (left lateral view) enlarged to show its bristly underside (lower right).
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an egg floating on the surface of the liquid 
provision; 2 days later, the egg had hatched 
to a first instar larva.

2. Nine brood cells excavated on 22 October 
2021 contained early stage to near fully 
grown larvae feeding on provision.

3. All but one of 11 larvae excavated on 17 
November 2021 were fully grown and had 
completed their provision.

Larvae from this last sample were held ini-
tially in small glass vials with wads of tissue 
paper in the bases. Within 3 days, six of them 

had soiled the tissue paper on which they rested 
with a yellowish liquid. Seven of the larvae were 
transferred to constrainment containers (Fig-
ure 1) where they continued to produce a yellow-
ish liquid from the anus over 2 days (Figure 1b). 
However, the flow ceased with the exudate con-
gealing about the anus and three larvae began to 
discolour. All larvae were immediately frozen for 
later dissection (see Section 3.7).

Observations of post-feeding development 
were based on specimens excavated on 3 Decem-
ber 2020. Nineteen relatively intact cells contain-
ing dormant larvae were stabilised in soil-filled 

Figure 5.  Pollen grains of Hardenbergia comptoniana: from anther and examined in saline solution.

Figure 4.  Freshly sealed cell of Trichocolletes orientalis opened to show white wax-lined cell cap (left) and yellow-
ish liquid provision.
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plastic vials and transported to the laboratory in 
a chilled cooler box. Fourteen further larvae that 
fell from badly broken cells were placed in small 
glass tubes and were maintained in the same 
cooler box as the larvae in cells.

Larvae in glass tubes survived for varying 
lengths of time. Some produced sufficient oil 
to coat themselves and the bottoms of their 

vials, while others remained relatively dry. 
Those with the greatest amount of oil around 
them survived longest, but all had died by April 
2021 with none proceeding to the defaeca-
tion stage. Three larvae died by 22 December 
2020 and quickly became mouldy, while the 
remaining, more oily larvae stayed mould-free. 
Mites (probably  Tyrophagus putrescentiae) 

Figure  6.  Pollen grains of Hardenbergia comptoniana: from underside of proboscis of a female of Trichoc-
olletes orientalis (note colourless, amorphous material between grains).

Figure 7.  Pollen grains of Hardenbergia comptoniana: from fresh provision stained with Sudan IV (note lumps of 
amorphous material stained red-brown on and between grains).
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had infested two dead larvae by 28 January  
2021, and the infestation gradually spread to 
all dead larvae. By 8 December 2021, several 
larvae had been eaten out, leaving just the 
exoskeletons.

The 19 fully fed, pre-defaecating larvae that 
were collected in brood cells (or parts of them) 
fared better, but still suffered a high rate of mor-
tality with only four reaching defaecation stage 
and two becoming pharate adults.

On 9 February 2021, four larvae curled in the 
bases of their cells exhibited movements, and by the 
15th, all had assumed upright positions (Figure 8).

At this stage, no oil could be observed in 
the bottoms of the cells. All four larvae com-
menced defaecating between 15 and 19 Feb-
ruary. Two produced liquid faeces in which 
their posterior ends were submerged (Fig-
ure 9). This liquid was quite miscible in water 
but immiscible in castor oil, and microscopic 
examination showed that it was composed of a 
suspension of partly digested pollen grains in 
clear liquid. By 21 February, the faecal matter 

had become semisolid, and it continued to dry 
and shrink over the following days. The other 
two larvae began producing semisolid faeces 
but died after some days. The walls of their 
cells were found to have holes through which 
most of the larval oil had escaped.

The two surviving larvae pupated on 1–2 March. 
These pupae developed pink eyes by 9 March, dark 
brown eyes by 20 March, a darkened head and mes-
osoma with setae clearly visible beneath the cuti-
cle by 10 April and were fully pigmented pharate 
adults by 18 April. On 4 May, when the pharate 
adults were removed from their cells to test the 
cells’ permeability to oil, one individual was freshly 
deceased; the other made vigorous movements of 
its mandibles and legs but was dead on 22 May.

3.5.  Analysis of lipids in larval provision 
and larval oil

Analysis by gas chromatography identified 17 
fatty acids (FAs) in the larval provision and 27 in 

Figure 8.  Fully fed larva of Trichocolletes orientalis sitting erect in brood cell shortly after stirring from its summer 
dormancy.
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the larval oil (Table I). As well, some unknown 
FAs were found in both samples (4.64 and 3.72%, 
respectively). Thirteen FAs were common to both 
samples but constituted different relative percent-
ages. In the larval provision, the relatively most 
abundant fatty acids were linolenic isomer 3 
C18:3 t9, c12, t15 (31.48%), followed by palmitic 
C16 (17.79%), linoleic isomer 2 C18:2 t9, c12, 
(15.4%) and lauric C12 (9.99%). In the larval oil 
sample, the highest relative lipid concentrations 
were represented by lauric C12 (37.26%), lino-
lenic isomer 8 C18:3 c6,9,12 or c9,12,15 (15.88%) 
and stearic C18. An array of linoleic isomers (six 
structure types of polyunsaturated FAs) occurred 
in the larval oil sample, with three isomers in the 
larval provision (Table II).

The relative percentages of FAs in the larval oil 
differed from those in the larval provision to vary-
ing degrees: saturated and unsaturated FAs—2 ×, 
polyunsaturated omega 3 and 6—0.5 × and trans 
FAs (hydrogenated trans fats)—0.2 ×.

Oil produced by larvae had no noticeable 
odour. Where produced in small glass vials, the 
oil persisted after the death of the larvae for more 
than a year, so it was clearly not highly volatile.

3.6.  Fate of the larval oil

When, on 15 February, four fully fed, pre-
defaecating larvae sat erect after their summer 
torpor, the oil in which they had earlier been 
lying was no longer visible. Examination under 
a stereomicroscope revealed no evidence that the 
larvae had perforated the cellophane-like mem-
branes lining their cells, the membranes appear-
ing to be wholly intact. Furthermore, two ‘pupal’ 
cells retained olive oil pipetted into them for many 
months, four cells that had contained dormant lar-
vae retained the oil over several days, and some 
other cells lost the oil immediately or over several 
days. In these last cases, fractures were found in 
the cell walls.

3.7.  Characteristics and origin of larval 
anal excretion

The anal excretion from fully fed larvae (exca-
vated on 17 November 2021) congealed to a 
clear, gummy, solid state. This gummy material 
revealed no uric acid granules when examined 
microscopically and dissolved readily in water.

Figure 9.  Post-defaecating larva of Trichocolletes orientalis sitting erect in brood cell in pool of liquid faecal material.



T.F Houston et al.

1 3

11 Page 12 of 19

Dissection of larvae that had begun pro-
ducing the yellowish exudate revealed that 
the hindgut was expanded into a thin-walled 
sac at its midsection (Figure 10), and in one 
case, this sac was observed to be full of yel-
lowish liquid. No glands or glandular cells 
were detected about the hindgut except for the 

Malpighian tubules of which there were four. 
The tubules were very long and thin compared 
with those of the honeybee (illustrated by 
Snodgrass 1956 and Nelson 1924), reaching 
forward to the anterior end of the midgut and 
doubling back to the hind end.

Table I  Fatty acid profiles of the larval provision and the oil exuded by fully fed larvae

Larval provision Larval oil

Fatty acid % Relative g/100 Fatty acid % Relative g/100

Same Lauric C12 9.99 0.97510 Lauric C12 37.26 0.11326
Palmitic C16 17.79 1.73709 Palmitic C16 2.43 0.00737
Palmitelaidic C16:1 t9 4.19 0.40915 Palmitelaidic C16:1 t9 5.30 0.01612
Palmitoleic C16:1 c9 0.66 0.06437 Palmitoleic C16:1 c9 0.32 0.00096
Heptadecenoic C17:1 c10 1.10 0.10763 Heptadecenoic C17:1 c10 0.03 0.00010
Stearic C18 1.59 0.15520 Stearic C18 13.61 0.04139
Petroselinic C18:1 c6 6.73 0.65685 Petroselinic C18:1 c6 8.31 0.02527
Linolenic isomer 3 C18:3 t9, 

c12, t15
31.48 3.07346 Linoleic isomer 3 C18:2 

c9, t12
1.28 0.00389

Linolenic isomer 8 C18:3 
c6,9,12 or c9,12,15

2.83 0.27597 Linolenic isomer 8 C18:3 
c6,9,12 or c9,12,15

15.88 0.04827

Docosapentaenoic C22:5 n3 0.23 0.02216 Docosapentaenoic C22:5 n3 0.61 0.00184
Cerotic C26 0.58 0.05692 Cerotic C26 2.70 0.00820
Octacosanoic C28 0.60 0.05885 Octacosanoic C28 0.36 0.00109
Triacontanoic C30 0.43 0.04217 Triacontanoic C30 0.52 0.00158

Distinct Linoleic isomer 2 C18:2 
t9, c12

15.40 1.50363 Myristic C14 0.17 0.00051

Eicosadienoic C20:2 n6 0.43 0.04243 Heptadecenoic C17:1 t10 1.16 0.00010
Eicosapentaenoic C20:5 n3 0.97 0.09520 Oleic C18:1 c9 3.28 0.00996
Tricosanoic C23/docosa-

tetraenoic C22:4
0.31 0.04217 Linoleic isomer 1 C18:2 

t9,12
0.24 0.00072

Linoleic isomer 4 C18:2 
c9,12

0.12 0.00036

Linolenic isomer 4 C18:3 
c9, t12, t15

0.60 0.00183

Linolenic isomer 7 C18:3 t9, 
c12, c15

0.05 0.00015

Arachidonic C20:4 n3 0.84 0.00256
Heneicosanoic C21 0.02 0.00007
Behenic C22 0.02 0.00007
Brassidic C22:1 t13 0.02 0.00007
Docosahexaenoic C22:6 n3 0.31 0.00094
Lignoceric C24 0.43 0.00132
Heptacosanoic C27 0.42 0.00128

Unknown 4.64 0.45260 Unknown 3.72 0.011317
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3.8.  Associated organisms

No parasitic organisms were encountered in 
the bee’s brood cells. However, several female 
mutillid wasps were observed crawling around 
among leaf litter over nest entrances on 3 Sep-
tember (two specimens are lodged in the West-
ern Australian Museum). Based on images of 
them, they were identified as Ephutomorpha 
macracantha Turner by Christopher Tay-
lor (pers. comm. 2020). Two empty cocoons 

found in old brood cells conformed to those of 
Mutillidae.

4.  DISCUSSION

4.1.  Brood cells

The brood cells collected for this study con-
formed to the description given by Houston 
(2020). Our observation that cell caps of newly 
completed cells have the same white, waxy, dried 

Table II  Comparison of the classes of fatty acids identified in the larval provision and the larval oil

Larval provision Larval oil

Lipid g/100 g % Relative Lipid g/100 g % 
Relative

Saturated 3.06 31.29 Saturated 0.18 57.94
Unsaturated 1.72 17.59 Unsaturated 0.10 33.41
    Mono-unsaturated 0.83 8.49 Mono-unsaturated 0.04 11.94
    Polyunsaturated 0.44 4.46 Polyunsaturated 0.05 17.75
    Unknown unsaturated 0.45 4.64 Unknown unsaturated 0.01 3.72

Trans 4.99 51.06 Trans 0.03 8.64
Omega-3 3.39 34.76 Omega-3 0.05 17.67
Omega-6 1.90 19.43 Omega-6 0.06 18.13
Total lipid 9.76 Total lipid 0.30

Figure 10.  Dissected ileum (hindgut) of fully fed, pre-defaecating larva of Trichocolletes orientalis showing sac-like 
midsection (arrowed). Position of adjoining ventriculus (midgut) represented by broken line. Only basal ends of Mal-
pighian tubules are represented.
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foam lining on their inner surfaces as described by 
Houston for older cells provides strong evidence 
that it is the mother bee that makes the lining.

4.2.  Floral resources and larval provision

Despite the flowering of several genera and 
species of Fabaceae within or adjacent to Boo-
merang Gorge during August and September, 
pollen of H. comptoniana was the only kind iden-
tified from larval provisions, midguts and faeces. 
Pollen samples taken from old brood cells would 
have represented multiple past generations. Evi-
dently, the Boomerang Gorge population is mon-
olectic, something newly recorded in the genus 
Trichocolletes and a generally uncommon trait 
among bees (Danforth et al. 2019; Cane 2021).

Our observations suggest that the very bristly 
proboscis of females of T. orientalis is an adap-
tation for collecting pollen from relatively small 
pea flowers. The proboscis of females of many 
other Trichocolletes species is similarly bristly. 
While bristles on the mouthparts of bees serv-
ing to aid pollen collection have been reported 
for various bees (summarised by Danforth et al. 
2019), none of those bees was a pea flower 
specialist.

As is common among bees, females of T. 
orientalis initially deposited loads of dry pollen 
in the bases of their brood cells, later adding 
nectar and mixing the ingredients to form a liq-
uid paste. When freshly completed cells were 
broken, the liquid component of the provision 
soaked into the earthen cell wall suggesting 
that females thicken the nectar only marginally 
or not at all before adding it to a cell.

Almeida (2008) expressed the view that a lar-
val provision consisting of a semisolid ball was 
typical of the ‘Paracolletinae’ (subsequently to 
become known as the Neopasiphaeinae with the 
removal of Paracolletes Smith; Almeida et al. 
2012). The observations herein and those of 
Houston (2018) for ‘Paracolletes (Anthoglossa) 
nigrocinctus Cockerell’ suggest that unformed, 
liquid provision might be more common in the 
Neopasiphaeinae than once thought.

Pollen of H. comptoniana is white en masse, 
but the completed provision was yellow. The 
addition of nectar alone does not explain this 
colour change, so perhaps, some enzyme 
secreted by the mother bee and added to the 
provision is responsible.

An amorphous material found among pollen 
grains collected by the bees and which stained 
red with Sudan IV was presumed to be pollen-
kitt. Its quantity, though, seemed insufficient 
for it to be the source of all the oil exuded by 
larvae. Some colletid bees have been observed 
to add material to their provision from the apex 
of the abdomen (Torchio 1984), and oily drop-
lets were found on the surface of provisions 
of Ptiloglossa arizonensis Timberlake (Rozen 
1984). We observed nothing similar.

4.3.  Life cycle

Our observations of the life cycle of T. orien-
talis corroborate and extend those of Houston 
(2020). We determined that the dormancy of the 
post-feeding, pre-defaecated larval stage ended 
in early February and was followed closely by 
defaecation. A summary of the life cycle is pre-
sented graphically in Figure 11.

Dormancy in fully fed, pre-defaecating lar-
vae is most unusual among bees but has been 
recorded for a Sphecodes species (Halictidae) 
by Torchio (1975).

4.4.  Origin, function and fate of the larval 
oil

Our lipid analyses revealed that the larval oil 
exhibits a greater diversity of FAs than the larval 
provision and contains different relative amounts 
of the shared FAs. So, the larval oil is not sim-
ply regurgitated from consumed provision as was 
suggested by Houston (2020). Furthermore, it 
does not consist of breakdown products derived 
from the digestion of pollen lipids (these would 
consist of short-chain FAs). We conclude that the 
larval oil is secreted by the larvae themselves.
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Houston (2020) found that fully fed, pre-
defaecating larvae of T. orientalis confined in 
gelatine capsules accumulated a yellowish oil 
about their anal region. However, because the 
larvae curl ‘nose to tail’, he considered it possi-
ble that the oil was exuded from the mouth onto 
the anal region. Our use of ‘constrainment con-
tainers’ revealed that larvae that had recently fin-
ished feeding produced a yellowish liquid from 
the anus, but nothing from the mouth. Perplex-
ingly, the liquid was small in amount and water-
soluble. Perhaps, by preventing larvae from curl-
ing up in their usual manner, we interfered with 
their physiological processes.

Although the sac in the middle of the hind-
gut seemed to serve as a reservoir for the yel-
low liquid, there were no obvious glandular 
cells closely associated with the sac. We con-
sider the Malpighian tubules, of which there 
are four, to be the most likely source of both 
the yellow, water-soluble secretion and the yel-
low oil. The tubules, while functioning chiefly 
as excretory organs and producing uric acid, 
have been reported to secrete various other sub-
stances in a variety of insects including bees. 
For example, a silk-like substance linking the 
larval faeces of some halictids was reported 
by Hirashima (1960), and a clear gelatinous 
substance contributing to the cocoon has been 
reported by Torchio (1965) for Colletes cili-
atoides Stephen and by Mello & Kerr (1984) 
for some meliponines. Moreover, prepupae 
of various bees have been reported to have 
integumental coverings of waxy or chemically 
unknown materials: Hesperapis rhodocerata 
(Cockerell), Melittidae (Rozen 2016); Sphe-
codes sp. Halictidae (Torchio 1975); Stenotri-
tus greavesi (Rayment), Stenotritidae (Houston 
and Thorp 1984). In none of these cases was 
the source of the material identified. The pro-
duction of oil, as far as we can determine, is 
unique to T. orientalis.

There are few descriptions of the Malpighian 
tubules in bee larvae. In A. mellifera, there are 
four relatively thick tubules that lie along the 
sides of the ventriculus and end near its anterior 
end (Nelson 1924; Dade 1962). Larvae of T. ori-
entalis likewise have four tubules, but they are 

comparatively much thinner and longer. Barbosa-
Costa et al. (2012) reported that the number of 
tubules in larvae of various meliponines varies 
from four to eight. Torchio (1965) noted that lar-
vae of C. ciliatoides, in addition to the usual four 
Malpighian tubules, possessed a pair of tubules 
that joined the posterior end of the hindgut and 
supposed that these produced the gelatinous sub-
stance that formed part of the cocoon. Clearly, the 
number, form and function of larval Malpighian 
tubules vary among bee taxa, and further research 
could prove rewarding. Nelson (1924) noted that 
the Malpighian tubules of A. mellifera larvae dis-
charge their contents only at the time of defaeca-
tion when the ventriculus develops a connection 
with the hindgut. However, the presence of urate 
granules in the oil produced by pre-defaecating 
larvae of T. orientalis (Houston 2020) suggests 
that the Malpighian tubules of this species must 
discharge at an earlier stage.

The oil produced by larvae of T. orientalis is 
not highly volatile and persisted in glass vials 
beyond the time of pupation. Circumstantial 
evidence suggests that the oil bath is necessary 
for complete development. Two larvae that did 
not have their full complement of oil produced 
semisolid faeces instead of liquid faeces and 
died before pupating. Furthermore, we observed 
that, when larvae stirred from their summer dor-
mancy and sat erect, oil was no longer visible in 
their cells. Our experiments showed that olive 
oil pipetted into cells with holes or slight cracks 
in the lower portion leaked out quickly, but two 
cells in which pupae had developed retained the 
olive oil for many months. We conclude, there-
fore, that the bee oil would not have leaked out, 
and we suspect that larvae imbibe it prior to sit-
ting erect and defaecating.

Two likely functions of the oil baths of post-
feeding larvae of T. orientalis are the prevention 
of dehydration through dry summer months and 
the suppression of the growth of microbial path-
ogens. Some of the FAs composing the larval 
oil (namely lauric, linoleic, myristic and oleic 
acids) are known to have antimicrobial proper-
ties (Carballeira 2008; Hornitsky 2003; Kabara 
1984; Matsue et al. 2019). Lauric acid is a par-
ticularly effective antibacterial agent (Bergsson 
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et al. 2011; Drake et al. 2008; Fischer et al. 2014) 
and was the most abundant FA in the larval oil.

4.5.  Larval defaecation

Faeces produced by bee larvae most com-
monly take the form of solid pellets that lie 
loosely in the cell, semisolid ribbons that are 
plastered onto the cell walls or, less commonly, a 
semi-liquid that congeals into a cake in the lower 
part of the cell (Stephen et al. 1969; Danforth 
et al. 2019). Members of the colletid subfamily 
Diphaglossinae are unusual in producing very 
liquid faeces (Rozen 1984), and in some spe-
cies, larvae perforate the cellophane-like lining 
in the lower part of their brood cells to permit 
drainage of faecal liquid into the soil. Larvae of 
T. orientalis produce similarly liquid faeces but, 
as far as we could determine, do not perforate 
the cell lining. Still, the faecal material dries to a 
solid cake around the pupa, and we surmise that 
water vapour escapes via the pore in the cell cap.

For an insect living in dry soil during hot 
summer months, it would seem maladaptive that 
larvae of T. orientalis should produce such liq-
uid faeces, and the question arises ‘where does 
the water in the faeces come from?’ It is well 
known that many animals including insects that 
live in dry environments metabolise dietary fats 
to water (Downer and Matthews 1976; Fraenkel 
and Blewett 1944; Mellanby 1942), so perhaps, 
T. orientalis larvae re-ingest the oil in which they 
lie dormant over summer and metabolise it to 
water.
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