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Abstract 
Insurance-based mechanisms, where surviving group-members can complete parental care after the death of a nestmate, are 
key to the origin of cooperative group formation in insects. Selection for group living via these models is proposed to be 
dependent on the life expectancy of adult carers relative to the duration of offspring dependency on parental care. Progres-
sive provisioning, where adults feed offspring gradually as they grow, is thought to extend this period of dependency and 
is therefore suggested to be an important factor promoting the evolution of sociality. In contrast, mass-provisioning species 
provide offspring with all the food they need to reach maturity at the beginning of their development. Since offspring are then 
nutritionally independent, the applicability of insurance models is less clear. In this paper we experimentally demonstrate 
that adult presence on the nest, even after the end of provisioning, is critical for brood survival in the mass provisioning silk 
wasp Microstigmus rosae. After 10 days, experimentally orphaned nests contained 65% fewer healthy offspring than controls. 
Adult females were also recorded performing post-provisioning parental care behaviours including nest maintenance and 
repair, putative hygienic brood care and aggressive nest defence against both ants and parasitoid wasps. By demonstrating 
the potential applicability of insurance advantages our results highlight how, even in mass provisioners, insurance-based 
mechanisms may be part of what favours group living.

Significance statement
Extended parental care is an important precursor to the evolution of eusociality. In this context, group living can serve as a 
form of “life insurance”, ensuring that dependent offspring receive the care they need to reach maturity should the mother die. 
Such mechanisms are especially important to our understanding of social evolution as they are able to account for the origins 
of cooperative group formation, not just its maintenance. However, for mass-provisioning species, where all food items are 
provided upfront, the significance of insurance advantages remains unclear. In this study, we experimentally demonstrate 
that adult attendance is critical for brood survival in the mass provisioning wasp, Microstigmus rosae. Our results reveal the 
applicability of insurance advantages to M. rosae with important implications for our understanding of the potential adaptive 
value of group living in mass provisioning species.
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Introduction

While parental care is relatively rare in insects, many acu-
leate Hymenoptera (the stinging bees, wasps, and ants) 
invest substantial effort in caring for their young, provision-
ing them with food items and protecting them from enemies, 
often until maturation (Córdoba-Aguilar et al. 2018; Mar-
shall 2023). Such sustained contact between parents and 
offspring, or “extended parental care”, is thought to provide 
the ideal circumstances for the evolution of group living 
(Lin and Michener 1972; Queller 1994; Socias-Martínez 
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and Kappeler 2019). However, prolonged dependency on 
parental care leaves offspring at risk; if the parent dies, 
immature offspring will not reach adulthood (Eickwort et al. 
1996; Kukuk et al. 1998; Smith et al. 2003). One means of 
ensuring against this risk is for adult relatives to form social 
groups. Then, if one carer dies others remain to care for 
developing offspring. In this way, cooperative group forma-
tion may function as a kind of “life insurance”, ensuring that 
brood receive the extended care they need to reach matu-
rity (Queller 1994; Field et al. 2000; Shreeves et al. 2003). 
Insurance advantages, also termed “assured fitness returns”, 
are important to our understanding of social evolution as, 
although many theories are put forward to explain the main-
tenance of social traits, far fewer are able to account for their 
origins (Schwarz et al. 2010).

Insurance models suggest that group living will be 
selected for in species where the lifespan of adults is unlikely 
to be long enough for parental care requirements to be ful-
filled by one individual alone. Thus, selection for group liv-
ing will be dependent on the length of adult life expectancy 
relative to the duration of offspring dependency on parental 
care (Strassmann et al. 1989; Gadagkar 1990, 1991; Queller 
1994). Within Hymenoptera, this level of dependency can 
vary substantially according to the way that parents provide 
food to their offspring. Food provisioning usually involves 
one of two alternative strategies: progressive or mass pro-
visioning. In progressively provisioning species, adults 
provide larvae with food items gradually throughout their 
development, so that offspring are always entirely depend-
ent on the presence of a provisioning adult (Schwarz 1988; 
Field 2005). Here the risks associated with solitary living 
are clear: if a lone female dies, any offspring she has not 
yet finished provisioning will starve and her parental invest-
ment will be lost. In contrast, mass provisioned offspring 
are provided with all the food they need at the beginning of 
their development. Cells are then sealed, and it is typically 
assumed that no further offspring-parent interactions take 
place. In mass provisioners, offspring are therefore nutrition-
ally independent early on in their development, effectively 
reducing the risk of brood failure should the mother die, and 
potentially diminishing selection for helping behaviour via 
assured fitness returns (Field 2005).

To the extent that it increases the period of offspring 
dependency, progressive provisioning is thought to facili-
tate the evolution of cooperation and has even been pro-
posed as a necessary precursor for the evolution of eusoci-
ality (Wheeler 1928; Michener 1969; Hunt 1999; Wilson 
2008; Nowak et al. 2010). However, food provisioning is 
not the only form in which parental care occurs. Parental 
care, broadly defined as “any parental trait that enhances 
the fitness of a parent’s offspring, and that is likely to have 
originated and/or to be currently maintained for this func-
tion” (Royle et al. 2012), incorporates a range of important 

behaviours such as the building and maintenance of nesting 
structures, hygienic brood care and defence from parasites 
and predators (Field 1992; Mappes and Kaitala 1994; Nalepa 
and Bell 1997; Kukuk et al. 1998; Smith et al. 2003; Field 
and Brace 2004; Maekawa et al. 2008; Miller et al. 2011; 
Boos et al. 2014; Quiñones and Wcislo 2015; Peterson et al. 
2016). While food provisioning undeniably constitutes a sig-
nificant component of parental care in many insects, this 
broader spectrum of parental care behaviours may also be 
important in their potential to confer insurance advantages 
for social group formation.

These ideas are most easily appreciated by considering 
Field’s (2005) models which compare the reproductive suc-
cess of mass- and progressive provisioning strategies under 
two alternative parental care scenarios. The first model is 
constructed around the assumption that immature offspring 
become independent as soon as they are fully provisioned. 
Here, simultaneous progressive provisioning (where sev-
eral offspring are provisioned progressively at the same 
time) prolongs the period of offspring dependency and thus 
increases the risk that a mother will die before her offspring 
reach independence. This model depicts the assumptions 
made in early discussions of insurance-based mechanisms 
and represents the conditions under which progressive pro-
visioning would be expected to favour group living (Gad-
agkar 1990; Queller 1994). Field’s second model considers 
an alternative scenario whereby offspring are dependent on 
parental care not only for food provisioning but also for pro-
tection against predators and parasites. Under these condi-
tions, the period of offspring dependency differs less, or not 
at all, between progressive and mass provisioning. In the 
latter case, insurance-based advantages to potential helpers 
will be independent of provisioning strategy, and neither is 
expected to favour the evolution of helping through differ-
ences in offspring dependency alone (Field 2005).

Using a combination of observational data and experi-
mental manipulations, we here examine the extent of off-
spring dependency in the incipiently social Microstigmus 
rosae (Field 2023). Most M. rosae nests contain only one 
adult female, but around 20% are home to groups of up to 
four cohabiting females exhibiting high reproductive skew 
(Bonifacii and Field 2023). Adult females fully mass-provi-
sion each brood cell before laying the egg, provisioning one 
offspring at a time and remaining on the nest to provide for 
subsequent offspring. As an early-stage social, M. rosae has 
the potential to be a valuable system to examine the evolu-
tionary ecology of group living (Bonifacii and Field 2023). 
As discussed above, insurance-based models offer potential 
advantages to group living contingent on the assumption of 
offspring dependency on extended parental care. By experi-
mentally examining the importance of parental care behav-
iour for offspring survival, we here test this assumption in 
the mass provisioning M. rosae.
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Methods

Overview

To investigate whether the presence of adults on the nest 
directly impacts offspring survival in the mass provision-
ing M. rosae, we conducted an adult-removal experiment. 
To do this, we permanently removed adult females from 14 
experimental nests, while in 15 control nests, females were 
removed and immediately released nearby. We collected 
nests after a 10-day interval and analysed the effect of our 
experimental treatment on the number and condition of 
brood using generalised mixed-effects models. We further 
examined the nature of parental care exhibited by M. rosae 
through observation of naturally occurring behaviour col-
lected from video recordings of 14 additional nests. These 
nests were distinct from those included as treatment or 
controls in the main experiment. To assess whether 
adults of M. rosae exhibit defensive behaviour against ant 
intruders, a significant threat in tropical environments, we 
experimentally introduced ants to ten M. rosae nests and 
recorded subsequent adult behaviour. To explore possibil-
ity of chemical repellent on the nest petiole, we made half 
of these introductions directly onto the nesting substrate 
(leaf) rather directly than onto the nest itself.

Adult removal experiment

This research was carried out between 14th January and 
10th April 2017 in Mashpi Biodiversity Reserve, located 
in the Pichincha province of North-western Ecuador (N 
00°10.019' W 078°52.326'). Within this reserve, M. rosae 
is common and often builds nests on its preferred host 
plant, Xanthosoma sagittifolium, along with the less 
numerous M. mirandae and M. lydiae (Field 2023). We 
examined whether adult presence provides a direct benefit 
for offspring survival in M. rosae by conducting a female-
removal experiment. The enclosed nest structure of this 
species means that it is not possible to monitor brood 
development and survival in real time (Fig. 1). Therefore, 
to ensure that experimental and control group nests con-
tained a similar range and number of brood, we conducted 
our experiment on nests of known age. To obtain nests of 
known founding date, we tagged and systematically moni-
tored 956 Xanthosoma sagittifolium plants along an 8km 
trail which spans the reserve. Every 5 days, each nesting 
location was examined for both the appearance of newly 
founded nests and the continued presence of existing nests. 
Upon discovery, we assigned each nest a unique identifi-
cation code and the location and date of its appearance 
was recorded. This method enabled us to assign the date 

of nest founding to a five-day window. In M. rosae, nests 
are founded by a single female (Bonifacii and Field 2023). 
Thus, by using newly established nests and collecting them 
before the first offspring emerge, we were able to control 
for any potential group size effects by including only sin-
gle female nests in our experiment.

Our experimental design was informed by the offspring 
developmental data presented in Bonifacii & Field (2023) 
and was as follows (Fig. 2): 27 days after nest discovery, we 
permanently removed the single adult female from half of 
the identified nests (experimental group, n = 14 nests). The 
remaining half served as controls (n = 15). In this group, 
to control for any potential effects of nest manipulation, 
we removed adult females but immediately released them 
nearby. Experimental manipulations took place before sun-
rise to ensure that a) all nest occupants were inside the nest 
and b) that adults from control group nests were able to 
safely return during the day that followed. By assigning nests 
alternately to treatments as they were located, we attempted 
to match control and experimental group nests by altitude 
and date founded as far as possible.

Day 27 was deliberately chosen for our experimental 
manipulation so as to ensure that a range of offspring devel-
opmental stages were present in the nests when adults were 
removed. Developmental data show that typical nests in this 
age range contain around 2–3 brood, the eldest of which is at 
least at the prepupa stage. As the detected parasites for this 
species are known to attack prepupae, ensuring nests were 
old enough to contain brood at this developmental stage was 
an important consideration (Bonifacii & Field 2023).

To remove adults, we placed small re-sealable plastic 
bags around the nests and, taking care not to cause any 

Fig. 1   Microstigmus rosae nest hanging from the underside of a Xan-
thosoma sagittifolium leaf. For scale note that the nest is ca. 1cm in 
diameter. Photo credits: Nick Hawkins
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damage, gently compressed the nests through these bags. 
The disturbance causes the occupants to leave the nest and 
become trapped in the re-sealable bags. For experimental 
nests, we confirmed that the species was M. rosae using a 
Leica S6D binocular microscope before placing adults in 
100% ethanol. Adults from the control group were species 
checked using a field lens, and IDs were later verified using 
a Leica microscope.

To gain a reliable measure of the potential payoff to 
parental investment, it was important to make sure that off-
spring did not mature and leave the nest before the end of the 
experiment. Brood development takes a minimum of 45 days 
in M. rosae (Bonifacii and Field 2023). We therefore chose 
to collect nests ten days after the experimental manipulation, 
when they were between 37and 41 days old. All nests were 
carefully collected by detaching the nest petiole from the 
substrate and placing them into resealable bags. Collections 
took place in the evening to ensure that all nest occupants 
were inside the nest. The same evening, we dissected nests 
using the Leica microscope and recorded their contents. 
Care was also taken to check for the presence of several 
distinct signs of nest degradation: the occurrence of parasit-
ism (including the number, size and developmental stage of 
any parasites), dead and decaying brood, nests without any 
offspring (likely the result of ant predation) and clear signs 
of structural damage. We also recorded any occurrences of 
entire nest disappearance. After dissection, all nest contents 
were stored in 100% ethanol for subsequent genetic analysis.

After experimental removals, adults in control group 
nests had an additional ten days in which to produce off-
spring before nest collection. As a result, the productivity of 
these nests will be inherently higher than in that of experi-
mental group nests. To correct for this, we excluded brood 
at the egg or larval stages from productivity calculations. 
According to developmental data, 13 days is needed for an 

egg to reach the pre-pupal stage of development. Thus, any 
eggs laid in control nests after female removal on experi-
mental group nests will be in the larval stage ten days later. 
By omitting offspring in the larval or egg stages, we are 
thereby able to eliminate any unfair productivity advantages 
accrued in control group nests.

Adult behaviour

To further investigate the nature of parental care provided 
by adult M. rosae we collected and examined video footage 
of naturally occurring adult behaviour on the nest. Obser-
vational data were collected using Sony HDR-PJ330 cam-
corders mounted on tripods and directed towards the nest 
entrance so that the entire nest was visible on the recorded 
footage. Nests were filmed for 1–3 h each day, depending on 
weather conditions. On occasions where the weather pre-
vented filming for more than two hours on any one nest, we 
made up the time on a subsequent day. Altogether we filmed 
14 different nests over 8 days between 19th February 2017 
and 26th March 2017.

Ant introductions

To investigate the existence of defensive behaviour against 
ants, we made ten experimental ant introductions to M. rosae 
nests between 11 and 16th March 2017. Five of these intro-
ductions were intended to test for the possibility of chemical 
repellent on the nest petiole (Jeanne 1970; Kojima 1992). 
To do this we used masking tape to create a square on the 
underside of the leaf forming a border around the petiole of 
each nest of approximately 5cm x 5cm. The tape was then 
coated in a thin layer of TangleFoot insect barrier to prevent 
the introduced ants from escaping. Using forceps, a single 
small ant was introduced onto the leaf on the inside of this 

Fig. 2   Timeline for the adult removal experiment, including approxi-
mate stages of offspring development. The numbers along the second 
row indicate the days since nest founding (day 1), and subsequent 
rows symbolises the average developmental progression of succes-
sive offspring within the nest. The duration of foraging and offspring 
developmental stages presented are based on the average values for 
M. rosae presented in Bonifacii & Field (2023). The area shaded blue 

indicates the range of days within which nests were discovered (days 
1–5), the orange area indicates when the experimental treatment took 
place (day 25–29), and the green area indicates when nests were col-
lected (day 35–39). Hatched cells represent those offspring excluded 
from the analysis as they were produced in control nests after the 
experimental treatment took place
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boundary and its behaviour observed. For the remaining five 
nests, the same methodology was used but ants were placed 
directly onto nests. The ants used for these introductions 
were taken from the same source colony and were there-
fore assumed to be from the same, unidentified, species. All 
introductions were filmed using Sony HDR-PJ330 camcord-
ers mounted on tripods.

Statistical analyses and linear models

All statistical analyses were performed using R version 4.3.0 
(http://​www.r-​proje​ct.​org) (R Core Team 2023) and RStudio 
Version 2023.03.1 + 446 (https://​www.​rstud​io.​com) (RStu-
dio Team 2020). Models were performed using the package 
‘glmmTMB’ (version 1.1.7; Brooks et al. 2017) a flexible 
package which allows for the implementation of generalized 
linear mixed effect models with a wide range of error struc-
tures. The effect of the experimental treatment on the total 
number of healthy brood found in nests was tested using a 
“compois”, Conway-Maxwell Poisson, error structure, with 
date-founded and altitude included as random effects. This 
error structure was chosen by fitting all suitable alternatives 
for count data and selecting the model giving the smallest 
AIC.

To examine the likelihood of signs of nest and brood 
deterioration (1/0), we implemented a logistical regression 
using a binomial error structures. We conducted multiple 
statistical tests, each aimed at examining offspring depend-
ency on distinct components of parental care behaviour: 
“empty nest”, “dead/ mouldy brood”, “structural damage” 
and “parasitism”. A final test, “any deterioration,” provided 
a comprehensive analysis using all available data. With the 
exception of “structural damage”, the indicators examined 
in these tests are mutually exclusive, so that a brood identi-
fied with one form of deterioration (e.g., predation) could 
not simultaneously exhibit another form (e.g., parasitism 
or mouldiness). Given the independence of these tests and 
their focus on unique aspects of parental care, we use a sig-
nificance level of p = 0.05 for these analyses. Model checks 
were performed using the ‘DHARMa’ package (version 
0.4.6; Hartig 2022).

Results

Adult removal experiment

We used a total of 29 nests for the experimental analysis, 14 
experimental group nests and 15 controls. One experimental 
group nest disappeared during the experiment. As nest dis-
appearance is likely to be the result of predation or extreme 
weather conditions rather than parental behaviour, this nest 
was excluded from the analyses. In addition, one control 

group nest was found with the adult dead inside the nest upon 
collection. As there is no way to determine at which point this 
individual died, and thus the extent of parental care that was 
received by the offspring, we also omitted this nest. Lastly, 
three of the experimental group nests had one or more adults 
present when collected at the end of the experiment- most 
likely resulting from the appropriation of nesting structures 
by conspecific females. Brood adoption is probably a natural 
outcome for orphaned nests, and the following results include 
these three data points. However, analyses conducted both 
with and without these nests and results were qualitatively 
equivalent. Statistical analysis reveals no significant differ-
ence between experimental and control group nests in either 
altitude (p = 0.87) or the date founded (p = 0.34).

There was a highly significant effect of female removal on 
the total number of healthy brood found within nests upon 
collection (Fig. 3, LRT1 = 10.19, p = 0.001, GLMM: Fam-
ily = “compois”, n = 27). Control group nests were found to 
contain an average of 1.78 healthy brood (± SD 0.97), con-
trasting with experimental group nests where less than one 
surviving offspring was present on average (0.62 ± 0.77). 
These values represent a 65.2% reduction in the number of 
surviving brood as a direct consequence of female removal. 
Justifying the exclusion of younger offspring from the pro-
ductivity calculations, one experimental group nest was 
found containing a larva, compared with six control group 
nests. The remaining experimental nests contained no off-
spring of an earlier developmental stage than prepupae. 
The fact that larvae were observed in an experimental nest 
demonstrates that the chosen offspring exclusions were, if 

Fig. 3   The effect of female removal on the number of heathy brood 
found within nests after 10 days. Lower and upper box boundaries 
represent the 25th and 75th percentiles respectively (IQR), middle 
lines indicate the median values and whiskers represent data within 
1.5 (IQR)

http://www.r-project.org
https://www.rstudio.com
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anything, over-cautious, potentially increasing the chances 
of a false negative result.

Overall, experimentally orphaned nests were signifi-
cantly more likely to show at least one clear indication of 
nest deterioration (parasitism/ dead offspring/ structural 
damage or a complete absence of brood) than control group 
nests (LRT1 = 8.8, p < 0.003, GLMM, Family = Binomial, 
n = 27). Of the examined indicators, orphaned nests were 
significantly more likely to have a total absence of brood 
(LRT1 = 5.42, p = 0.02), to contain dead and decaying brood 
(LRT1 = 4.8, p = 0.03) and for the nest to show signs of struc-
tural damage (LRT1 = 4.8, p = 0.03). There was no differ-
ence in the incidence of parasitism between the two groups 
(LRT1 = 0.094, p = 0.76). The total number of nests exhibit-
ing each indictor, separated by experimental treatment, are 
presented in Table 1. Three nests from the experimental 
group showed none of the listed indicators of nest deterio-
ration. However, when compared with control group nests, 
these nests still had a marginally significantly lower number 
of brood (LRT1 = 3.78, p = 0.052), possibly indicating partial 
brood predation.

Maternal behaviour

As observed on video recordings, adult M. rosae females, 
were seen performing several parental care behaviours 
including offspring provisioning, nest maintenance and 
repair, and aggressive nest defence against parasitoid 
wasps. Females made regular departures from the nest, 
often returning with visible prey or nesting materials held 
within their mandibles. Nest maintenance behaviours were 
also commonly recorded and included inspection walks 
around the nest and apparent cleaning and repair. Cleaning 
took place both inside and outside the nest and wasps were 
often observed removing particles, held in the mandibles, by 
standing on the outside of the nest and raising the anterior 
part of the body before dropping them off the nest. Although 
we were unable to determine the exact source of the particles 
being removed in this manner, they may be faecal remains 
or fragments of rejected nest material. Notably, no remov-
als of brood or parasites from the nest were observed, and 

parasitised and dead pupae were found within collected nests 
upon dissection. In addition to “housekeeping” behaviour, 
females were observed spending significant amounts of time 
moving slowly around the nest and petiole performing dis-
tinctive abdominal movements likely associated with the 
application of silk to the nest surface. Our video record-
ings also showed several incidences of nests being visited by 
parasitiod wasps, although we did not directly witness any 
oviposition taking place. On one occasion a nest was visited 
by a very small chalcidid wasp which was quickly chased 
away by the resident wasp. On several other occasions, larger 
parasitoid wasps were seen visiting nests, but no defensive 
behaviour was observed.

Ant introductions

In four of the five nests where ants were placed directly onto 
the nesting substrate, mothers were seen to exhibit defen-
sive behaviour towards the introduced individual, including 
aggressive attacking both from the nest and from the air 
whilst flying. In the fifth nest, the resident wasp may have 
been absent at the time of the introduction as no adult female 
was observed. Aggressive responses continued until ants 
either left nests via the petiole or were displaced from the 
nesting structure. Ants placed on the substrate did not appear 
to be able to enter the nest via the petiole. However, three 
of the five ants introduced onto the nesting structure were 
seen to leave via the petiole, often after several attempts. 
These observations may indicate that any chemical repel-
lent is restricted to the base of the petiole, where the petiole 
meets the nesting substrate. One of the nests contained an 
adult male which immediately flew from the nest when the 
ant was introduced.

Discussion

While progressive provisioning is the dominant strategy 
among eusocial lineages, social behaviour also occurs in 
mass provisioning groups including sweat bees (Danforth 
and Eickwort 1997), carpenter bees (Xylocopinae) (Sless 
and Rehan 2023), the only eusocial apoid wasps Microstig-
mus (Matthews 1968; Bonifacii and Field 2023) and the 
highly eusocial stingless bees (Meliponidae) (Herre and 
Wcislo 2011). Nevertheless, almost all the empirical stud-
ies of insurance advantages have examined progressively 
provisioned species. Examples include the tropical hover 
wasp Liostenogaster flavolineata (Field et al. 2000), the 
paper wasp Polistes dominula (Shreeves et al. 2003) and 
the silk wasp Microstigmus nigrophthalmus (Lucas and 
Field 2011). These studies have successfully established 
the validity of insurance-based models for the evolution of 
helping behaviour in progressively provisioning species. 

Table 1   Table showing the number of nests exhibiting each indictor 
of nest deterioration, separated by experimental treatment

Indicator of Deterioration Control Experimental p-value

No % No %

Any Deterioration 3 21.4 10 76.9 0.003
Empty Nest 1 7.1 5 38.5 0.02
Dead Brood 0 0 3 23.1 0.03
Structural Damage 0 0 3 23.1 0.03
Parasitism 2 14.2 2 15.4 0.76
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In contrast, for many mass provisioning species, it remains 
unclear whether insurance-based models are applicable, as 
the consequences of female mortality on offspring survival 
are less clear (Gadagkar 1990).

Through an adult removal experiment, we here demon-
strate that adult presence on the nest, even after the end of 
provisioning, is critical for brood survival in the mass pro-
visioning M. rosae. Ten days after experimental orphaning, 
nests contained 65% fewer healthy offspring than control 
nests. We have additionally documented adult M. rosae 
females performing several post-provisioning parental care 
behaviours including nest maintenance and repair, putative 
hygienic brood care and aggressive nest defence against both 
ants and parasitoid wasps. By demonstrating that M. rosae 
offspring continue to rely on extended parental care, even 
after provisioning is complete, our results validate the appli-
cability of insurance advantages to this mass provisioning, 
incipiently social species. Together with studies of mass pro-
visioning sweat bees where adult presence also significantly 
decreases the incidence of brood mortality (Eickwort et al. 
1996; Kukuk et al. 1998; Smith et al. 2003), this suggests 
that the link between progressive provisioning and insur-
ance-based advantages may be less concrete than histori-
cally implied. Under these conditions, the period of offspring 
dependency will differ less, or not at all, between progressive 
and mass provisioning species. In the latter case, insurance-
based advantages to potential helpers will be independent 
of provisioning strategy, and neither would be expected to 
favour the evolution of helping through differences in off-
spring dependency alone (Field 2005).

Extending these insurance-based models beyond progres-
sive provisioners offers the chance to focus on the role of 
other forms of parental care in the evolution of sociality. 
Our results also lend support to the idea that extrinsic fac-
tors such as the prevalence of predators and parasites can be 
major selective forces favouring the evolution of group liv-
ing (Strassmann et al. 1989; Crespi 1994; Queller and Strass-
mann 1998). That said, in contrast with Field & Brace’s 
(2004) findings for the non-social apoid wasp Ammophila, 
we find no evidence to suggest that adult presence on the 
nest is effective at preventing offspring parasitism in M. 
rosae. Given that our video footage revealed active nest 
defence against parasites, these results are surprising. How-
ever, with high rates of entire brood predation in experimen-
tal group nests (38.5%), the available nests for which parasit-
ism could be detected was just 7/13. Adjusting for this, the 
rate of parasitism in orphaned nests is calculated to be 28%, 
compared to 14.2% in control nests. Moreover, the assump-
tion that empty nests were solely predated may overlook the 
potential occurrence of prior parasitism. Considering these 
limitations, it seems plausible that our experiment might not 
fully capture the true rate of parasitism in orphaned nests.

A further explanation could be that the lone females we 
studied, which must leave the nest undefended while forag-
ing, are unable to provide effective protection against parasit-
ism. This idea is corroborated by Bonifacii & Field’s (2023) 
data, where almost all instances of interspecific parasitism 
were found to befall single female M. rosae nests. If groups of 
females can provide better protection for developing brood, the 
resulting increase in brood survival may be an important selec-
tion pressure in the creation and maintenance of social groups.

Our observations of an increased number of mouldy 
and decaying brood in experimentally orphaned nests may 
contradict the common assumption that mass provisioning 
precludes hygienic brood care by adults (Field and Brace 
2004). These results, in conjunction with the lack of fae-
cal matter found inside cells containing immature M. rosae 
brood (Bonifacii and Field 2023), suggests that adult females 
are able to open brood cells to inspect and clean developing 
brood. Behaviour which has been demonstrated in several 
other mass-provisioning species (Batra and Bohart 1969; 
Plateaux-Quénu 2008; Rehan et al. 2009; Rehan and Rich-
ards 2010; Quiñones and Wcislo 2015). Such hygienic brood 
maintenance may be more common than appreciated, and 
particularly relevant to the evolution of social group for-
mation. Increased social contact inherent to group living 
significantly increases the risk of exposure to pathogens 
and parasites (Fefferman et al. 2007). By attenuating this 
increased risk of disease, hygienic behaviour may function 
to reduce costs associated with social group formation and 
may therefore represent a significant preadaptation for social 
life (Plateaux-Quénu 2008).

The conditions found in M. rosae, whereby offspring risk 
mortality if the mother dies after provisioning is complete but 
before offspring reach adulthood, are closest to the conditions 
represented by the second model in Field’s (2005) paper. How-
ever, there is one important difference between the life history 
of M. rosae and that considered by Field’s models. Field’s 
models were based on the life history of the best-studied 
social wasps (vespoids), in which both mass and progressive 
provisioners lay eggs in the empty cell before provisioning 
commences. In apoid wasps and bees, while progressive pro-
visioners lay the egg at the start of provisioning, most mass 
provisioners oviposit only once provisioning is complete and 
a full provision mass has been collected. Although it appears 
slight, this difference has significant implications. In such “for-
age first” mass provisioners, the time between a mother start-
ing to forage and offspring maturing is effectively increased 
by the time it takes to provision each cell (a process which 
takes up to 8 days in M. rosae (Bonifacii and Field 2023)). 
Therefore, the mother must survive longer to see each off-
spring through to independence. As a result, in forage first 
taxa, offspring dependency on extended parental care could 
theoretically lead to stronger selection for group living under 
mass- than under progressive provisioning. Any association 
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between progressive provisioning and sociality would then 
occur for other reasons, such as the demographic advantage 
that progressive provisioning can provide (Field 2005).

Conclusion

Our study emphasises the complex and multifaceted nature of 
parental care. Offspring reliance on parental care, and thus the 
duration of offspring dependency, is likely to be highly contin-
gent on the specific biology and behaviours of the species in 
question, which must be examined before making assumptions 
about the consequences of care for the evolution of social-
ity. By demonstrating the potential applicability of insurance 
advantages our results highlight how, even in mass provision-
ers, insurance-based mechanisms may be part of what favours 
group living. However, well-supported demonstrations of 
insurance-based mechanisms favouring the evolution of help-
ing behaviour in mass-provisioning species are lacking. As 
the potential applicability of these mechanisms has now been 
established, M. rosae represents a good prospective study sys-
tem with which to further explore theoretical predictions.
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