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Abstract
Nesting biology and phenology in an aggregation of the primitively eusocial ground-nesting bee Halictus
farinosus were studied at Green Canyon, Utah from May to August, 2010. Nest architecture was typical of
the genus. Nests were small with an average of 3.5 worker and 13.5 reproductive brood per colony. Most
workers were mated (77.5%) and had ovarian development (73.4%). The queen-worker size differential
was moderate (8.8% for head width and 6.2% for wing length), indicating that sociality in this species
is of intermediate strength compared to other social Halictus species. Results from 2010 were compared
with those from 1977/1978 and 2002. Varying weather patterns in the years of study led to changes in
phenological milestones: in the colder and wetter spring of 2010, nesting behavior was delayed by up to
two weeks compared to the other years. While nest productivity was comparable among years, in 2010
the size difference between queens and workers was significantly larger than in 2002, indicating an effect
of annual variation in weather conditions on social parameters in this species.
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Introduction
The development of eusociality from solitary ancestors is considered one of the major
transitions in evolution (Maynard Smith and Szathmary 1995). In order to understand
how this transition took place, it is necessary to study organisms exhibiting primitive
or weak eusociality, as is found in the subfamily Halictinae (Packer 1986; Packer 1992;
Richards and Packer 1995; Mueller 1996; Richards 2001; Soucy 2002; Richards et
al. 2010; and see Schwarz et al. 2007). Indeed, primitively eusocial halictines share
many similarities with the predicted ancestors of the highly eusocial corbiculate apids
(Cardinal and Danforth 2011). Their potentially pivotal role in aiding out understanding of the evolution of eusociality requires the comparison of critical sociobiological
parameters among populations both within and between species. The most frequently
studied variables include the number of workers and reproductives produced per colony, the sex ratio in the worker and reproductive brood, queen-worker size differential,
queen-worker ovarian development differences and the proportion of workers that
mate (Packer 1986; Packer 1992; Richards et al. 2010).
The size of an adult bee depends on the quality (Roulston and Cane 2002) and size
(Plateaux-Quénu 1983; Richards and Packer 1994) of the food mass provided for it.
In ground nesting bees the size of the food mass and the number that can be produced
will depend on multiple environmental and biological factors including the size and
activity levels of active foragers in the nest (Gathmann and Tscharntke 2002; Pereboom and Biesmeijer 2003) and the amount of available resources which, in turn, are
highly dependent on weather and other environmental factors (Packer 1990; Minckley
et al. 1994; Richards and Packer 1996; Richards 2004). Repeat field studies of the
same population can allow us to make comparisons between years to determine how
weather patterns might affect phenology, productivity and sociobiology. This will also
help us to better predict how pollinators might respond to changing ecological conditions (Richards and Packer 1995; Bartomeus et al. 2011).
Halictus farinosus Smith is found in western North America ranging from British
Columbia, south to California and east to Nebraska (Ascher and Pickering 2011). It is
polylectic and has been reported foraging on 43 plant species from 14 different families
(Nye 1980) and is thought to be an important pollinator of carrot (Nye 1980), onion
(Parker 1982), and sunflower (Parker 1981). In Utah, H. farinosus nests in dry, sandy
soil in areas of sparse vegetation. Its nests are usually unbranched and are up to 65 cm
deep (Nye 1980; Sellars 2004).
Halictus farinosus has a two-phase life cycle and exhibits colony social organization similar to other primitively eusocial halictines (reviewed by Schwarz et al. 2007;
Richards et al. 2010). In northern Utah, queens found nests independently from April
to May (Nye 1980; Sellars 2004), and produce a first worker brood. In turn the workers help to produce a second, reproductive brood (gynes and males) which begins to
emerge in mid August. The species has also been studied in California (Eickwort 1985)
where its biology is similar except that the nests extend up to 80 cm in depth and a
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larger worker brood is produced (Eickwort 1985). The nesting season is also longer in
California, lasting from mid February to October (Eickwort 1985).
In this study we present phenological, sociobiological and nest architecture data
from field studies on Halictus farinosus in North Logan, Utah. As this population has
been studied previously (Nye 1980; Sellars 2004) we compare phenological and nest
productivity data among years of study. We also make comparisons between H. farinosus and other closely related Halictus species.

Methods
Study sites and nest excavations
Nests were excavated in July and August 2010 at Green Canyon, North Logan, Utah
(N41°46.15, W111°46.39, elevation 1590 m) where H. farinosus had been previously
studied (Nye 1980; Sellars 2004). The site was a 0.25 km2 field near the mouth of the
canyon. Six 2 × 2 m study sites with high levels of H. farinosus nesting activity were
sectioned off and marked B to G. These sites were further divided into quadrats of 1
m2 each. Sites varied in nest density from ten to over fourty nests per site in early June.
The majority of nests excavated came from these sites and those that were from outside
of these quadrats were given a code beginning with N. Each site was monitored every
second day for at least two hours during daylight from 13 June until 30 July and on 5
and 6 August excepting days with exceptionally bad weather (ie. heavy rain throughout
most of the day). Monitoring consisted of observing and recording nests at each site
for any activity around nest entrances, including: foundresses or workers leaving or
returning to the nest, conspecific interactions near the nest entrance, predation of H.
farinosus in the nest area and the entry of natural enemies into the nest. Nest mortality was calculated by comparing the number of nests with activity in the first round
of monitoring, while foundresses are foraging to produce the first brood (mid-June),
compared to those active in the last round during the worker foraging period just before the reproductives were ready to emerge (August 5th and 6th). Before the emergence
of workers, foundresses from sites C-H were marked with unique 3-colour combinations of TestorsTM enamel paint on their thoracic dorsum so they could be identified
later in the season. Marked foundresses were confirmed and unmarked queens were
identified as the mother of the worker offspring by genotyping at six microsatellite loci
(see Albert 2012).
Nests referred to as first brood nests are those excavated on or before 17 July which
was the date when the first workers emerged. Second brood nests were any nests excavated after 17 July. Most second brood nests, referred to as late summer nests, were
excavated during a short period in the week following 7 August, just before the second
brood began to emerge (see Table S1 for excavation dates). This was done to maximize
the amount of the second brood that was present during excavation.
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Table 1. Summary of phenological data for all H. farinosus studies in Green Canyon. N/A indicates that
the information in the column was not given in the study. In Sellars (2004) female and male reproductive
emergence dates were not differentiated so the same date was given for each.
Queen foraging slows
First adult worker
First reproductive
brood cells
First reproductive
adult male
First reproductive
adult female
Source

1976
N/A
“Late June”

1977
N/A
8 July

2002
28 June
2 July

2010
12 July
15 July

N/A

N/A

3 July

17 July

“Late July”

“Early August”

30 July

11 August

“Early August”

“Mid August”

30 July

12 August

Nye, 1980

Nye, 1980

Sellars, 2004

Present study

Nest entrances were blocked before dawn on the morning of excavation to ensure
that all nest members would be captured during excavation. Nest excavation methods
were as described by Packer and Knerer (1986). All nest occupants including juveniles
in various developmental stages were collected in ethanol and stored at -20°C.

Dissections and measurements
Adult females were dissected and measured using a Leica WILD M3B light microscope equipped with an ocular micrometer at 16 x magnification following the general
methods of Ordway (1965). Wing and mandible wear were each ranked with a score
ranging from 0 to 5 where 0 was no wear and 5 was extremely worn. Wear scores, head
width and wing length measurements followed the methods of Richards et al. (2010).
Ovarian development was assessed based on the size of developing oocytes following
Packer (1986): 0 when no oocytes were developed and 1 for each fully developed oocyte. Intermediate conditions were scored to the nearest quarter based on size relative
to a complete egg. These data were summed to give an overall development score (see
Packer 1986). Adults said here to have “ovarian development” had a score of 0.25 or
greater. Matedness was determined by inspection of the spermatheca. Sexing of juvenile brood was accomplished by genotyping at six microsatellite loci (see Albert 2012)
and confirmed in pupae by morphological inspection. Sex ratio was calculated in nests
where the sexes of the full complement of brood were determined.
Size differences between castes were calculated following Packer (1992) as

D=

SQ - SW
SQ

(1)

where SQ and SW are the sizes (head width or wing length in mm) of the queen and
worker respectively.
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Weather
Weather data were gathered from the Utah State University climate centre website
(2011) from a weather station 5.5 km away from the study site for all years this population had been studied (1976, 1977, 2002, 2010). The 65 year average temperature,
used to cover all years of study and the 30 years before the initial year of study, was also
obtained from this website. Degree days (base 10) were calculated for each day by the
basic equation:
T -T
DD = min max – 10 (2)
2
Where Tmin and Tmax are the minimum and maximum temperatures reached that
day. These data were used to calculate cumulative degree days (Zalom et al. 1983).

Calculations and statistical analyses
Foundress productivity was measured as the average number of offspring (including
all eggs, larvae, pupae and callow adults) in first brood nests after the foundress had
stopped foraging. Productivity in second brood nests was calculated as brood per working female. Because worker mortality was high, minimum productivity was also calculated as the number of second brood offspring present divided by the average number
of first brood individuals found in nests multiplied by the proportion of first brood
that was female. The sex ratio presented is the number of males divided by all brood.
A paired T-test was used to compare the size of the queen with that of her largest
worker. Because most parameters measured were not normally distributed, all other
tests of significance were Wilcoxon Mann-Whitney rank sum tests performed in R
(version 2.15.2, R core team 2012).

Results
Phenology
All colonies studied were singly founded and foraging had commenced in some colonies by the initiation of the study on 13 June 2010. Only one H. farinosus female was
witnessed to initiate excavation of her nest after this point. The last foraging trip taken
by a foundress was observed on 12 July (Table 1). From early July, foundresses were
frequently seen guarding nest entrances and rarely left the nest. Nest excavations began
on 28 June, the first fully developed adult worker found in a cell was excavated on 15
July and the first adult first brood individual, a female, was observed leaving a nest on
17 July (Table 1). No new nests were founded after first brood emergence in the area of
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Figure 1. Percentage of brood in different developmental stages throughout the season, taken every six
days. The rate of nest excavation throughout the season was not consistent. Numbers above each column
represents the number of nests excavated during that time period.

observation. Although detailed data were not collected, daily observations at the nest
site indicated that worker foraging slowed noticeably after the first week of August. The
first fully developed, second brood male was found on 11 August and the first adult
female in the second brood was excavated on 12 August. Figure 1 shows nest contents
by developmental stage over 6 day periods throughout the season.
Surveys of all study plots conducted in mid-June and repeated in early August
indicated a nest mortality rate between these times of 59.5%. Colonies that were particularly inactive may have been missed in either survey.

Nest architecture
Halictus farinosus nests in Green Canyon were easily identified by their large tumuli
(see Nye, 1980). Bees entered the nest through a tunnel that ran horizontally through
to the middle of the tumulus to the main burrow which was typically vertical. Two
nests had one brood-containing branch off the side of the main tunnel and one had
two brood-containing branches (as in Packer and Knerer 1986). All cells were constructed directly off the side of the main tunnel (see Nye 1980) or off of a side branch
and measured approximately 1.4 cm long (x̄ = 1.40, SD = 0.29, N = 7) and 0.7 cm
wide (x̄ = 0.66, SD = 0.14, N = 7) with a slightly constricted neck.
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Nest depth for first brood nests ranged from 11 to 41 cm (x̄ = 20.4 cm, SD = 7.3,
N = 29), and shallowest and deepest brood cells were 7 cm and 20 cm respectively (x̄
= 14.4 cm, SD = 2.8, N = 29). Second brood nests ranged from 12 cm to 44.5 cm in
depth (x̄ = 30.3 cm, SD = 6.1, N = 37) and as a result were significantly deeper (W =
153, p < 0.001) than first brood nests. Second brood nests had cells reaching to or very
near to the end of the burrow.
The average number of cells in first brood nests was 4.4 (SD = 2.0, N = 29) including brood cells, empty cells and those containing only pollen. There were significantly
more cells in second brood nests with an average of 20.1 in nests excavated late in summer (after 7 August) (SD = 10.1, N = 32, W = 79, p < 0.0001) which were expected
to approach maximum brood sizes. This included empty cells that were previously
occupied by first or second brood individuals and cells with mouldy contents. The percentage of cells containing mouldy contents (mostly pollen) over all nests was 6.7%.
In both broods, individuals at later developmental stages tended to be relatively
closer to the nest entrance and cells containing only fresh pollen were always among
the deepest excavated indicating that shallower cells were completed first.

Spring and summer brood productivity
Sixty-six nests were excavated, 29 containing juvenile first brood and 37 containing
mostly the second, reproductive brood. The first brood nests contained between 0
and 7 first brood individuals with an average of 3.5 (SD = 2.0, N = 29). There were
fewer brood than brood cells because in some cases cells were unfinished or contained
mouldy pollen.
At the time of excavation an average of only 1.7 adult workers (range 0 – 7) were
present within second brood nests. Active second brood nests produced between 1 and
46 brood with an average of 13.5 per nest (SD = 9.9, N = 37).
A breakdown of all nest contents in the first and second brood nests is presented
in Table S1. The nest foundress was present in 22 of 29 first brood nests and 13 of
32 second brood nests (Figure 2). It could not be determined if the foundress was
present in the remaining five second brood nests because adults in those nests had
not been marked and genotype data were not available. Mean productivity of the
foundress alone (first brood nests) was between 0 and 7 with an average of 3.5 brood,
comprising 3.0 females and 0.5 males per nest. The sex ratio in the first brood was
0.149 weighting nests equally and 0.159 with individuals weighted equally. Mean
productivity of first brood females was calculated using an estimate of the number
of first brood females over the lifetime of the colony. As the mean number of second
brood individuals produced per nest was 13.5 this gives 4.5 reproductive brood per
worker female. Mean maximum second brood productivity per worker using the actual number of workers found in the nest was 7.0. The sex ratio in the second brood
was not significantly different from 1:1 at 0.464 averaged over nests and 0.445 in the
population as a whole.
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Figure 2. Proportion of nests excavated with the queen present, organized in 6 day intervals. Very few
excavations took place between 16 July and 8 August so data are pooled together to show overall trend
during this period. See Figure 1 for the number of nests excavated during each period.

Caste dimorphism
Dissections of 49 workers revealed that 36 (73.5%) had some level of ovarian development and 31 of 40 (77.5%) were mated (the spermatheca was not found in 9 of the
workers dissected)(Table 2). All queens dissected were mated (N = 31) and all but
one that was found dead in the nest with desiccated ovaries had some level of ovarian
development (N = 31). The level of ovarian development in queens (x̄ = 1.185, SD
= 0.668, N = 31, Table 2) was significantly greater than in workers (x̄ = 0.648, SD
= 0.673, N = 49, W = 884.5, p = 0.001, Table 2). Workers in nests where the queen
was present had lower but not significantly less ovarian development than workers in
orphaned colonies (Table 3).
Queens averaged significantly larger than workers in both head width and wing
length (Table 2). This gives a population-wide caste size difference of 6.25% for head
width and 6.37% for wing length. Queens were also generally larger in both measures
than their own workers with a mean percent difference of 8.79% for head width and
6.19% for wing length. Queens were found to be significantly larger than their largest
worker in a paired T-Test for both head width (t = 3.34, p = 0.007) and wing length
(t = 2.77, p = 0.018).
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Table 2. Comparisons of ovarian development, matedness, head width, wing length, mandible and wing
wear between queens and workers throughout the 2010 season. Means are presented with their standard
deviations.

Amount of ovarian
development
Percentage with developed
ovaries
Percentage mated
Head width (mm)
Wing length (mm)
Mandible wear
Wing wear

Queen

Worker

Statistical
comparison

1.185 +/- 0.668, 31

0.648 +/- 0.673, 49

W = 884.5, p = 0.001

96.8, N = 31

73.5, N = 49

100, N = 31
3.52 +/- 0.15, N = 33
3.14 +/- 0.15, N = 27
3.75 +/- 1.21, N = 28
3.13 +/- 1.36, N = 30

77.5, N = 40
3.30 +/- 0.15, N = 55 W = 1528, p < 0.0001
2.94 +/- 0.13, N = 45 W = 1017, p < 0.0001
3.57 +/- 1.53, N = 45
W = 749, p = 0.61
2.81 +/- 1.64, N = 43 W = 655, p = 0.232

Queens were not generally more worn than workers in either mandible or wing
wear (Table 2). Both wing and mandible wear increased throughout the season in
queens, and more steeply in workers (Figure 3).

Temperature and rainfall
Minimum and maximum temperatures were low in the spring of 2010 compared to
the 65 year average but were comparable to the average throughout the summer (Figure 4). Spring rainfall was high in 2010 compared to average, but was close to average
throughout the rest of the season (Figure 5). Degree days accumulated slowly in 2010
compared to the other years of study (Figure 6) due to colder maximum and minimum
temperatures in the spring (Figure 4). Degree days in 1976 and 1977 accumulated
more quickly than in the more recent years of study (Figure 6) due to high minimum
temperatures in these years (Figure 4).

Comparisons between years of study
Nests were shallower in both brood producing periods in 2010 (Brood 1: x̄ = 22.1, SD
= 7.4, N = 21, W = 434, p = 0.022, Brood 2: x̄ = 30.3, SD = 6.1, N = 37, W = 2694, p <
0.0001) compared to 2002 (Sellars, 2004; Brood 1: x̄ = 26.7, SD = 6.8, N = 30, Brood
2: x̄ = 42.7, SD = 10.6, N = 86, Table 3). However, the number of brood produced
per nest in both worker and reproductive phases was comparable. The number of first
brood individuals produced in 2010 (x̄ = 3.52, SD = 1.96, N = 29) and 2002 (x̄ = 3.20
SD = 2.64, N = 30) did not differ significantly (W = 488, p = 0.420, Table 3). Second
brood productivity also did not differ significantly (2010: x̄ = 13.49, SD = 9.93, N =
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Figure 3. Wear of mandibles (a) and wings (b) of queens (black squares) and workers (grey circles) over time.
Table 3. Comparison of H. farinosus nest size, number of cells and mean offspring number in 2002 and 2010.

First Brood

Second Brood

Depth (cm)
Cells per nest
Mean offspring +/- SD
Depth (cm)
Cells per nest
Mean offspring +/- SD

2002
26.7 +/- 6.8
1 – 12
3.2 +/- 2.64
42.7 +/- 10.6
3 – 56
13.1 +/- 13.4

2010
22.1 +/- 7.4
1–9
3.5 +/- 2.0
30.3 +/- 6.1
3 – 45
13.5 +/- 9.9

Statistical comparison
W = 434, p = 0.022
W = 488, p = 0.420
W = 2694, p < 0.0001
W = 1727.5, p = 0.184
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Figure 4. Average daily maximum (a) and minimum (b) temperatures for the four years of study on H.
farinosus in Green Canyon and the seasonal average over the previous 65 years.

37, 2002: x̄ = 13.06, SD = 13.36, N = 81, W = 1727.5, p = 0.184) (Table 3). Brood per
working female (as estimated based on workers present) did differ significantly between
years with a greater amount of productivity per female occurring in 2010 (2010, x̄ =
6.99, SD = 4.21, N = 35)(2002, x̄ = 6.09 , SD = 7.11, N = 70) (W = 914, p = 0.021).
The percent difference in head width between queens and workers was significantly
greater in 2010 than in 2002 (8.79% cf 5.79%; W = 424, p = 0.027). The proportion
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Figure 5. Total rainfall per month for the four years of study on H. farinosus in Green Canyon and the
monthly average over the previous 65 years.
Table 4. Summary of egg development and matedness in queens and workers in 2002 and 2010. Averages are presented with standard deviations. Females are grouped based on their development score (ds).
2002
Queens

2010
Workers

Queens

Workers

N
46
91
31
49
Number of females
4
40
2
21
with ds < 0.5
Number of females
4
15
9
13
0.5 < ds < 1
Number of females
38
36
20
15
with ds > 1
% with developed
93.4
60.4
96.8
73.4
ovaries
% mated
91.3
46.1
100
77.5
Average amount of 1.429 +/- 0.913 +/- 1.185 +/- 0.648 +/ovarian development
0.765
1.070
0.668
0.673

Workers:
Workers: Queen
Queen present
not present
26
23
12

9

7

6

7

8

73.1

69.6

75.0
0.625 +/0.458

80.0
0.793 +/- 0.842

of workers that were mated also differed greatly between years with 77.5% of workers
mated in 2010 and only 46.1% mated in 2002 (Table 4). A greater percentage of workers in 2010 had developed ovaries but the average level of egg development in workers
was not significantly different between years (W = 2114.5, p = 0.607, Table 4).

Figure 6. Cumulative degree days between March and August in 1977, 1978, 2002 and 2010. Phenological markers (queen foraging slows, first adult worker, first
reproductive brood cell, first adult male reproductive, first adult female reproductive) have been included as coloured bars to note the dates of the events. Males and
females from the second brood were not differentiated in the 2002 study, and some events were not recorded in 1977 and 1978.
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Discussion
Comparisons of nesting biology of Halictus farinosus among years
Halictus farinosus was studied at Green Canyon in the 1970s by Nye (1980) and in
2001 and 2002 by Sellars (2004). In this section we compare the results obtained
among years.
A combination of temperature and rainfall patterns explain variation in phenological events in H. farinosus between 2002 and 2010: major events in the colony cycle
coincide well with the number of degree days accumulated, with the first adult brood
emerging at around 500 degree days (by equation (2), Figure 6). However, in 1976 and
1977 minimum temperatures were much higher and a larger number of degree days
had accumulated before workers emerged (800 and 600 days respectively, Figure 6).
The amount of rainfall may have been responsible for the differences in emergence
dates between years and the poor correlation with degree day accumulation. Brood
development and emergence dates (Table 1) were delayed about two weeks in 2010
compared to 2002 (Sellars 2004) but were similar to those reported by Nye (1980) for
1977. Timing in 1976 was intermediate (Table 1). The amount of spring rainfall followed the same pattern: high in May of 1977 and 2010 low in 2002 and intermediate
in 1976. The drier weather in May of 1976 and 2002 likely allowed queens to initiate
foraging earlier, to forage more often than in 1977 and 2010 and to produce brood
sooner.
Despite the differences in phenology and weather patterns between 2002 and
2010, there were no significant differences in brood size in either brood producing
period. More brood were produced per working female in 2010 than in 2002 but this
likely reflects differences in the excavation schedule between the two years given that
a greater proportion of nests were excavated later in the season in 2010 when more
brood and fewer workers were present.
Differences in weather patterns may account for the disparity in caste size dimorphism between years. Weather was much harsher in the spring of 2010 with more rain
and colder temperatures compared to 2002 (Figures 4, 5, 6). Poor spring weather conditions may have led to smaller workers being produced in 2010 compared to 2002, as
found for a congeneric species by Richards and Packer (1996). It is generally thought
that smaller individuals are less effective at foraging than larger ones because they cannot forage as far or carry as much pollen (Gathmann and Tscharntke 2002; Richards
2004). Floral resources in Green Canyon are generally very sparse (Nye 1980; Sellars
2004; personal observations) and foraging trips in the Halictus farinosus population
there are typically very long, often well over an hour (Nye 1980; Sellars 2004; personal
observations), though it is not known if this is a local phenomenon or if it is typical of
the species. Despite this worker size difference, reproductive nest productivity between
the two years was not significantly different.
A much greater percentage of workers in 2010 were found to be mated compared
to 2002 and ovarian development in workers was comparable between years (Table
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4). This result is unexpected as the workers would be predicted to be less fertile when
the queen-worker size differential is larger and queens presumably have more control
(Richards et al. 1995; Richards and Packer 1996). A smaller proportion of the first
brood in 2002 were male (5.1%), compared to 2010 (15.9%) indicating that perhaps
fewer males were available to mate with first brood females in 2002. In addition, excavations in 2002 were performed at regular intervals throughout the season as opposed
to 2010 where many were excavated in a short period of time late in the season. The
difference in excavation dates between years could account for the greater number of
mated workers and greater than expected ovarian development in workers in 2010.

Comparisons to other Halictus species
Phylogenetic data, both morphological (Pesenko 1984) and molecular (Danforth et
al. 1999) have been used to understand the systematics of Halictus. Halictus farinosus
forms a sibling species pair with H. parallelus Say which, although stated by Knerer
(1980) to be solitary, is a social species (Packard 1868; Taylor and Packer unpublished
observations). These two are closely related to the socially polymorphic H. rubicundus
Christ (Soucy 2002; Soro et al. 2010) and the solitary, occasionally communal, H.
quadricinctus Fabricius (Knerer 1980; Sitdikov 1987). It is more distantly related to
the other Halictus species that are known to be eusocial such as H. ligatus Say and H.
sexcinctus Fabricius (Packer 1986; Richards 2001), though the latter exhibits some additional social complexities (Richards et al. 2003).
Halictus farinosus produces a small number of workers and has low to moderate
worker-queen size dimorphism compared to other social Halictus species (Table 5). It
also has a comparatively large number of worker females that are mated and/or have
ovarian development, but this varies widely between years. Small size dimorphism,
the small number of workers and high degree of mating and ovarian development in
workers indicates that the level of sociality in H. farinosus is relatively weak compared
to that in other social Halictus species (Packer 1992). The nesting biology and behavTable 5. Comparison of aspects of sociality and natural history in social species of the subgenus Halictus.
First brood size
Second brood size
First brood sex ratio
% workers with ovarian
development
% workers mated
Queen-worker size
dimorphism
Source

H. farinosus
3.5–3.6
13.0–13.5
5–15%

H. rubicundus
4.4
10.5
10.3%

H. ligatus
5.8–> 9
10–16
5.5–14%

H. sexcinctus
7–8.5
4.9–5.8
23%

60.4–77.4%

N/A

57.16%

73.70%

46.1–77.5%

N/A

42%

56%

6.4–8.6%

9.6%

12.7%

6.9–11.8%

Sellars, 2004;
Present study

Soucy, 2002 (social Packer, 1986; Richards
populations)
and Packer, 1995

Richards,
2001
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ior of social populations of H. rubicundus are similar to those of H. farinosus in brood
size, nest architecture and the level of caste size dimorphism (Table 5; Soucy 2002).
However, unlike H. farinosus, H. rubicundus is socially polymorphic (Eickwort et al.
1996; Soucy and Danforth 2002; Soro et al. 2010). While solitary and social populations of H. rubicundus may form phylogenetically separate lineages (Soucy and Danforth 2002) some halictines exhibit social polymorphism even within the same population (Packer 1990; Richards et al. 2003; Hirata and Higashi 2008). While there are
no known solitary H. farinosus populations, seasonal climatic differences might affect
its sociality through the queen-worker size differential (Richards and Packer 1996).
The biology of H. farinosus should be studied in locations throughout its geographic
distribution, including populations at high altitude and latitude where the species is
more likely to be solitary, to fully understand the effect of climate conditions on life
history and sociality in this species and determine whether solitary behavior is within
the species’ repertoire.
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Appendix
Table S1: Excavation details for all nests. (doi: 10.3897/JHR.32.4646.app) File format:
Adobe PDF file (pdf ).
Explanation note: Table listing all excavated nests, the date of excavation and a breakdown
of their brood contents by developmental stage.
Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and use
this Dataset while maintaining this same freedom for others, provided that the original
source and author(s) are credited.
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