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ABSTRACT

Recent evidence, particularly from mammals, shows that variation in the quality of social
relationships is associated with survival. In parallel, studies across diverse taxa have
reported that social network traits can show consistent individual differences over time.
However, few studies have assessed whether the specific social traits that predict survival
are also repeatable within individuals, limiting our understanding of their contribution to
fitness variation. To address this, we used a long-term study of sociable weavers
(Philetairus socius), a cooperative bird, to quantify individual sociality as the relative
number of strong social bonds within colony-year foraging networks, capturing
preferential associations. We then estimated its repeatability and association with
seasonal survival using multi-state capture—recapture models that account for state-
dependent detection. Individual sociality was moderately repeatable across years,
indicating consistent differences among individuals despite temporal variation in social
environments. Sociality was also positively associated with survival: more social
individuals had higher survival probabilities than less social individuals in both winter
and summer periods. These findings suggest that sociality may contribute to fitness
variation and be subject to selection in this system, adding to the growing evidence that

the quality of social bonds has adaptive value across taxa.

Key words: fitness, multi-state capture-recapture, repeatability, social bonds, social
network, sociality, survival

INTRODUCTION

Group living is widespread across taxa and provides well-established fitness benefits,

including improved access to resources and reduced predation risk (J. Krause et al., 2002).
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While early work focused primarily on the costs and benefits of group size (Bilde et al.,
2007; Koenig, 1981), more recent studies highlight that individual variation in social
relationships within groups (i.e. individual sociality) also plays a key role in fitness
outcomes (e.g., Formica et al., 2012; Silk et al., 2010). In particular, a growing body of
evidence, largely from mammals, shows that individual sociality can influence survival

(reviewed in Snyder-Mackler et al., 2020).

This relationship is thought to arise through multiple, non-mutually exclusive
mechanisms across taxa. Higher individual sociality can improve access to resources by
reducing vigilance and increasing access to social information about resource availability
(De Moor & Brent, 2025). More social individuals have been shown to be better able to
locate and exploit novel foraging patches (Aplin et al., 2012) and to exhibit higher
survival rates during food-scarce years (Ellis et al., 2017). Social relationships can
additionally reduce conspecific harassment and conflict (Cameron et al., 2009). Finally,
they may provide direct benefits under challenging environmental conditions, for instance
through social thermoregulation, helping individuals cope with both cold (Campbell et

al., 2018) and heat stress (Testard et al., 2024).

In this context, whether individual sociality that is linked to survival can be shaped by
selection depends on the extent to which it is temporally consistent. The degree to which
individual sociality is stable over time may influence whether differences among
individuals are persistently exposed to selection (Boake, 1989). While some studies have
reported consistent individual differences in social network traits such as degree or
strength (Aplin et al., 2015; Blumstein et al., 2013), others have found lower consistency
or variation across metrics (e.g., Evans et al., 2021; Plaza et al., 2020). Yet, few studies
have jointly assessed the temporal stability of social traits and their relationship with

fitness within the same system (but see Vander Wal et al., 2015).
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In this study, we assessed whether individual sociality is consistent over time and whether
it is associated with survival in the sociable weaver (Philetairus socius), a highly
cooperative and colonial passerine. Sociable weavers live in relatively stable colonies
centred around communal nests, which are built cooperatively, often on camelthorn trees
(Vachellia erioloba), and contain multiple independent chambers used year-round for
roosting and breeding (Maclean, 1973). They are cooperative breeders, with helpers-at-
the-nest (usually offspring from previous broods, but also unrelated individuals) assisting
in chick provisioning (Covas et al., 2006). Within these colonies, individuals
preferentially associate with specific partners. Sociable weavers typically roost in groups
inside individual nest chambers, and these roosting associations show temporal stability
and non-random structure within colonies (Pacheco, 2022; Paquet et al., 2016). In
addition, social associations between breeders and helpers persist across the year,
extending beyond the breeding season into foraging contexts (Ferreira et al., 2024),
indicating that preferential social bonds can extend across both time and ecological

contexts.

Because sociable weavers live and forage in highly cohesive flocks that include most
colony members (Lloyd et al., 2018), extracting meaningful social network metrics that
reflect individual sociality can be challenging. Networks based on simple co-occurrence
at RFID feeders tend to be dense and provide limited information on individual
differences, largely capturing overall gregariousness rather than preferential social
relationships (Ferreira et al., 2020). We therefore quantified individual sociality based on
time-overlapping foraging associations, which better capture social relationships among
individuals in this species (Ferreira et al., 2020), and focused on the relative number of
strong social bonds to identify preferential and more stable associations that go beyond

the general pattern of associations among colony members.
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Based on previous results from other systems (Cameron et al., 2009; Ellis et al., 2019;
Silk et al., 2010; Thompson & Cords, 2018; reviewed Snyder-Mackler et al., 2020), these
closer, stronger, and potentially stable associations within colonies are expected to
influence individual survival. In sociable weavers, individuals with a greater number of
strong social bonds could benefit from improved access to food resources, as social
relationships can shape foraging decisions and access to shared foraging opportunities
(Firth et al., 2016; Marshall et al., 2015). In addition, sociable weavers experience
frequent agonistic interactions with conspecifics, particularly in the context of access to
shared food resources (Rat, 2015). Individuals with more strong social bonds may
therefore experience fewer antagonistic interactions, potentially reducing social stress and
energetic costs. These individuals may also have increased access to larger roosting
groups, which increase nest chamber temperatures and reduce exposure to extreme cold,
particularly during winter nights (Paquet et al., 2016). Finally, if strong social bonds
partly reflect relationships with helpers at the nest, they may also benefit from the survival

advantages associated with receiving help (Paquet et al., 2015).

Given these potential mechanisms, we first investigated whether individual sociality
shows temporal consistency across years. We then examined the association between
individual sociality and survival using multi-state capture—recapture analysis, predicting
that individuals with higher sociality—quantified as the relative number of strong social

bonds—would have higher survival probabilities across seasons.

MATERIALS AND METHODS

Site and study species
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We studied a population of sociable weavers at Benfontein Nature Reserve in South
Africa (28°52'S, 24°50'E). This population has been the focus of a long-term research
program initiated in 1993. Since 2008, the population has been regularly monitored
through annual captures (see below), and since 2010, breeding has been consistently
monitored, with all nestlings that reached nine days of age being ringed and having blood

samples taken for sexing and genotyping.

Since 2017, all birds (adults and fledglings) at five colonies have also been marked with
a passive integrated transponder (PIT-tag) enclosed in a plastic leg ring (3.3mm; Eccel
Technology) to allow detection at RFID feeders (see below). In 2021, a fire destroyed
two of those colonies, but in 2022, an additional colony was PIT-tagged, bringing the

total number of marked colonies to four.

Mist-nest captures

Resident and recently migrated birds from PIT-tagged colonies are captured annually in
September (i.e., at the end of the Southern Hemisphere winter). This was done by placing
mist nets around the colony’s nest structure before dawn (when the birds were roosting
inside the nests) and later flushing them into the nets. Individuals not born in the study
population were fitted with a metal ring, PIT-tagged, and had a blood sample taken for
sexing (see Supplementary Material for details on age and sex determination). All
individuals were released at the site of capture. For this study we used data from 2018 to

2023 (except for 2020 due to COVID-19 restrictions)

RFID data collection and social network metrics

From 2018 to 2023 (except for 2020), we collected association data in a foraging context
using RFID-based feeding stations located 80—-205 m away from each colony (described

in Ferreira et al., 2020). In short, feeding stations consisted of four feeding boxes, each
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equipped with four small standard plastic bird feeders and four perches fitted with an
RFID antenna (Prioritylrfid, Melbourne, Australia) connected to a data logger which
recorded the birds’ visits. Each perch and feeder was designed to only allow one bird to
feed at a time. Data were collected from April to June, with data collection conducted
usually every three days. This period was chosen to coincide with the end of breeding and
the first winter months (which is the dry season, when resources are expected to drop and
temperatures fall to below zero, making communal roosting more important; Paquet et

al., 2016).

For each specific season, we inferred social networks based on the time overlap between
individuals at the feeders. Following Ferreira et al. (2020), the strength of the association
between two individuals was calculated as the time those two birds spent feeding
simultaneously (i.e. exact temporal overlap) in the same feeding box, divided by the sum
of the times each individual was present at any of the RFID feeders (i.e. a time-based
formulation of the simple ratio index; Ginsberg & Young, 1992). Simultaneous feeding
events shorter than 5 seconds were excluded as they reflect displacements instead of
associations. This method has been shown to capture the fine-scale social structure within
a colony of sociable weavers better than other more commonly used approaches in birds
such as co-occurrences (Ferreira et al., 2020). This is because sociable weavers are
colonial and tend to forage in cohesive flocks, usually co-occurring at the RFID feeders

with most members of their colony.

To determine strong social bonds (Gero et al., 2005; Kern & Radford, 2021), we grouped
individuals from the same colony and classified the edges between them as either strong
or non-strong bonds (Figure 1). For each colony and year, we ranked the edges in
descending order based on their association weight. Edges with weight values greater than

or equal to the 80th percentile were classified as strong bonds, while the remaining edges
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were classified as non-strong bonds (Fourie et al. unpublished results; Camerlenghi et al.,
2022). Defining strong bonds using a percentile threshold identifies the strongest
associations within each colony-year network and avoids relying on a fixed absolute cut-
off that may not be comparable across networks. To assess the robustness of our results
to the choice of this threshold, we conducted a sensitivity analysis in which strong bonds
were alternatively defined using the 70th and 90th percentiles of edge weights. The

subsequent steps of the analysis were repeated using these alternative thresholds.

v’ ‘{\\\//'
/Y, . . High sociality
o AN\
SN NS ) o
TP »&f@"’: . Medium sociality

Low sociality

\\ Strong social bond
Non-strong social bond

Figure 1. Example social network topology derived from RFID data (Colony 20 in
2021; n = 25 individuals). Nodes represent individuals and edges represent pairwise
association strength based on temporal overlap at feeders; edge width is proportional to
association strength. Pink edges indicate strong social bonds (edges with weight values >
the 80th percentile within this colony-year). The number shown inside each node
indicates the number of strong social bonds of that individual. Node colour indicates the

individual’s sociality category (low, medium, high), defined from the colony-year—
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specific distribution of strong bond counts using the 33rd and 66th percentiles. Node
positions are determined using a force-directed layout and are shown for visualisation
only. Even when inferred from time-overlap data, foraging networks in sociable weavers
are typically dense; therefore, meaningful variation is captured primarily by differences
in association strength, from which strong social bonds and individual sociality are

derived.

Based on this identification of strong bonds, we calculated for each individual the number
of such bonds. We then classified individuals into three social status categories based on
this number: low, medium, and high. For each year and colony, we determined the 33rd
and 66th percentiles of the number of strong bonds each individual had. Individuals with
strong bond counts above the 66th percentile were classified as having a high number of
social bonds, those between the 33rd and 66th percentiles as having a medium number,
and those below the 33rd percentile as having a low number of social bonds. Therefore,
the classification depends on the colony-year distribution of strong bonds, which may
vary with colony size and social structure. This classification served as the social network
metric for our analyses (see Supplementary Material, Table S4, for colony-year—specific

colony sizes and category ranges).

This discrete classification of sociality (low, medium, high) enabled the use of a multi-
state capture—recapture model (J. D. Lebreton & Cefe, 2002; Schaub et al., 2004). This
model allowed us to estimate the transition probabilities from one social status to another
from one year to the next, along with specific-state survival probabilities. Additionally,
this model also enabled the inclusion of individuals with missing social status data, as

long as data had been recorded in at least one year.
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Multi-state capture-recapture models

We estimated social status-specific survival, transitions, and detection probabilities of
RFID-tagged sociable weavers using a Bayesian multi-state capture-recapture model.
Each year (t), we conducted two capture/detection events: one using RFID-feeders (see
above) and another with mist nets (see above). Data from RFID-feeders allowed us to
estimate individual sociality states (low, medium, high) and provided an additional
detection event, while mist-net captures ensured higher and more consistent detection

across individuals.

This setup enabled us to estimate survival probabilities based on social status during the
intervals between these two events. On the one hand, we estimated the survival
probability between the RFID-feeder data collection and the mist net captures within the
same year, specifically from July to August (Figure 2). This period largely corresponds
to the winter season; therefore, for simplicity, during the analysis, specifications, and
results we refer to this estimate as the winter survival probability. On the other hand, we
estimated the survival probability between the mist net captures and the RFID-feeder data
collection of the following year (z+1), specifically from October to April (Figure 2). This
period largely corresponds to the spring and summer seasons. For simplicity, and in
contrast to the winter survival probability, during the analysis specifications and results

we refer to this estimate as the summer survival probability.
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Figure 2. Schematic overview of yearly data collection and the multi-state capture-
recapture model. Each yearly time period (t) begins in April with RFID data collection
conducted from April to June and ends in March before the next year’s RFID-data
collection period. During the RFID data collection period, individuals’ social status is
estimated based on the number of strong social bonds that they have: low (L), medium
(M) or high (H). Mist-net captures were conducted in September, at the end of the
Southern Hemisphere winter. Between these two periods, individuals can either survive
or not, and between consecutive RFID data collection periods, individuals can either
remain in the same social status or transition to a different one, provided they survive.
The capture-recapture model estimates two survival probabilities: (1) winter survival
probability, from the RFID data collection period to the mist-net captures within the same
year, for low, medium, and highly social individuals, and (2) summer survival probability
of low, medium, and highly social individuals, conditional on their transition probabilities
between social statuses, from the mist-net captures to the RFID data collection period.

@y, 18 the winter survival probability of an individual in state X; @x_ is the summer
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survival probability off an individual in state X and 1y is the transition probability from

state X to state Y from 7 to t+1.

With the same model, we also estimated the detection probability conditional on sociable
weavers’ social status (estimated from RFID-feeder data) at both the RFID feeder and
mist-net captures, and the social-status transition probability from one year to the next.
Multi-state capture—recapture models explicitly account for state-dependent differences
in detection probabilities (Lebreton et al., 2009). This adjustment prevents the
underestimation of survival probabilities in groups of individuals that are less likely to be
detected due to their state (e.g., low-sociality birds may visit the RFID feeders
infrequently; if their lower detection probability isn’t modelled, an undetected bird could
be wrongly assumed dead). In our study, this approach enabled us to assess the detection
probabilities of birds with different sociality levels at both mist-nets and RFID feeders,

allowing the model to adjust survival and transition-probability estimates accordingly.

These different survival, transition, and detection probabilities can be represented in the
corresponding survival, transition, and detection probability matrices. In the survival and
detection matrices, we can represent the different detection probabilities linking the state
of an individual (in rows) to the possible observations (in columns) at each data collection
occasion within an observation matrix (®). In the transition matrices, each row
corresponds to the departure state, and each column corresponds to the arrival state of an
individual. To improve clarity, we explicitly label the rows and columns of each matrix
using the four possible states: L (low sociality), M (medium sociality), H (high sociality),
and D (dead). Thus, in all matrices, the rows correspond to the individual's state at time
t, and the columns represent either the observed state or the state at time #+/. In this way,
for detection probabilities at the mist-net captures and winter survival probabilities, the

matrices were:
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where 0, is the observation matrix for mist-nets matrix and py is the detection
probability at nets of an individual in state X. Q,, is the winter survival matrix and @y,

is the winter survival probability off an individual in state X.

On the other hand, the detection probability matrix at feeders and transition-summer

survival matrix were:

L?+1 1\[[+1 HI+1 D1+1 Lf+1 ‘\[I+1 I—II+1 Dl+1
PL; 0 0 1-pr,\ L oL, Yrr  PL.Yim  eL¥r  1—er,\ L
o,=| O Py O L-pu | My _[omtur Om¥um em¥mn 1-ou, | My
0 vy 1-pg | H oYL P YEM  YHYEE 1—¢H, | Hi
0 0 0 i D, 0 0 0 i D,

where 8¢ is the observation matrix for RFID-feeders and py ; is the recapture probability

at RFID-feeders of an individual in state X. () is the summer survival-transition matrix,
@y, 18 the summer survival probability of an individual in state X and 1y is the transition

probability from state X to state Y from ¢ to #+1.

Detection probabilities for year 2020 (¢ = 3) were set to zero both for the mist-nets and

RFID-feeders due to the lack of data collection for that year.
Model fitting

We used NIMBLE (version 1.1.0 of the nimble package; De Valpine et al., 2017;

NIMBLE Development Team, 2025) to implement our multistate capture-recapture
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models in a Bayesian framework in Program R, version 4.0.2 (R Core Team, 2020). For
all models, a logit link was used. We estimated parameters using vague priors (Table S2).
Posterior samples from three independent Markov Chain Monte Carlo (MCMC) chains
were based on 70000 iterations with a burn-in period of 35000 iterations and a thinning
interval of 20, leading to 5250 posterior MCMC samples. We assessed model
convergence both visually and by using the R Gelman—Rubin statistic (Gelman & Rubin,
1992). Finally, we also performed posterior predictive checks. Mean differences between
the state specific survival, transition, and detection probabilities (and their 95% credible
intervals) were calculated from the posterior estimates. We considered differences

statistically significant when their 95% credible intervals did not overlap zero.

Covariates and random effects

Our multistate model incorporated several individual covariates (see Supplementary
Material for a detailed description) to account for their effects on social survival
probabilities in both winter and summer, as well as on transition probabilities and
detection probabilities at RFID-feeders. In contrast, we assumed that detection probability
at mist nets was independent of covariates because of the mist-net capture method (see

above).

For survival probabilities in winter and transition/survival probabilities in summer, we
included individual age and sex as covariates, with year and the individual’s colony as
random effects. Age was included because we hypothesized that it could influence
survival (Martin, 1995). Sex was included because we hypothesized that survival may

differ between males and females (Payevsky, 2021). Individuals for which sex could not



319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

be genetically determined. The individuals’ colony and year were included to account for
potential inter-colony and annual variation in survival. We allowed age and sex to have
different effects on winter and summer survival, as these effects could vary between the
two periods. Year and colony random effects were also allowed to differ between winter
and summer. Age was centred by subtracting the mean of all observed ages across
individuals and years. Sex was centred by subtracting the overall proportion of males
across all individuals included in the model. This approach improves the efficiency of
MCMC sampling and allowed us to interpret the model intercepts as the social status-
specific survival probabilities of an individual with average age and sex ratio in the

population (Table S3).

Finally, for the detection probability at RFID-feeders, we included the presence or
absence of RFID-feeders at the individual’s colony as a covariate since PIT-tagged
individuals can migrate to colonies without RFID-feeders but are expected to be less

likely detected if no feeders are present at their colony.

See Tables S1-S3 for the detailed models’ description.

Repeatability of sociality

To formally assess temporal consistency in individual sociality, we estimated individual
repeatability using a Bayesian cumulative threshold model implemented in the R package
brms (Biirkner, 2017). Sociality level (low, medium, high) was modelled as an ordered
categorical response with a cumulative logit link. Individual identity and colony were
included as random intercepts, while age and sex were included as fixed effects.
Repeatability was quantified on the latent scale, where the distribution-specific residual

variance is fixed to 72 /3 for the logit link (Nakagawa & Schielzeth, 2013). We estimated
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model parameters using vague priors. Posterior samples from four independent MCMC
chains were based on 4,000 iterations per chain, with a burn-in period of 2,000 iterations,
resulting in 8,000 posterior MCMC samples. We assessed model convergence both
visually and by using the R Gelman—Rubin statistic (Gelman & Rubin, 1992). Posterior

distributions and 95% CI were calculated from the posterior samples.

RESULTS
Data and model overview

We captured 661 individuals with mist nets over the study period. Based on RFID-
feeders’ detections, 430 individuals with known sex were included in the multi-state
capture-recapture model, as they had RFID-feeder-based social status data for at least one
year (excluding those with data only from the last year, since recapture data was not
available for these individuals). Our RFID-feeder social status observation matrix
consisted of 702 observations, with 36% corresponding to low, 33% to medium, and 31%
to high sociality individuals. Figure S1 provides a descriptive overview of the distribution
of observations across age classes, sexes, and sociality categories, together with sample

sizes.

Overall model diagnostics indicated satisfactory performance of the multi-state capture—

recapture model (Figures S2 and S3).

Repeatability of sociality
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Sociality level showed consistent individual differences across years, with a repeatability
of R=0.32[95 % Crl: 0.18, 0.47] on the latent scale. In addition, sociality increased
slightly with age (0.11 [0.02, 0.20]) and present lower values in females than in males (-

1.55 [-2.01, -1.11]) (Table S7).

Detection probabilities

We observed similar detection probabilities based on mist-net captures among individuals
with low, medium, and high sociality (0.86 [0.77, 0.93], 0.88 [0.82, 0.94], and 0.88 [0.81,

0.93], respectively; Figure 3; Tables S5 and S6).

Similarly, at the RFID feeders we found no evidence of significant differences in
detection probabilities among low-, medium-, and high-sociality individuals (0.48 [0.12,
0.93], 0.32 [0.06, 0.76], and 0.31 [0.07, 0.74], respectively; Figure 3; Tables S5 and S6),

although estimates show broad credible intervals, reflecting substantial uncertainty.
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Figure 3. Detection probabilities. Model estimates of detection probabilities for low,
medium and high sociality individuals at RFID-feeders (left) and mist-nets (right). Dots

represent the posterior mean estimates and bars their 95% credible intervals
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Transition probabilities

We found that low-sociality individuals were significantly more likely to remain in the
low category (0.47 [0.35, 0.59]) than to shift directly to the high category (0.19 [0.10,
0.30]; Tables S5 and S6). The probability of transitioning from low to medium (0.34
[0.23, 0.47]) fell between those two values, and the differences between remaining low
versus transitioning to medium and transitioning to medium versus transitioning to high

did not reach statistical significance (Figure 4).

For medium-sociality individuals, we found that they were statistically significantly more
likely to remain at the medium level (0.47 [0.35, 0.58]) than to transition to either the low
level (0.26 [0.17, 0.36]) or the high level (0.27 [0.19, 0.37]; Tabled S5 and S6). However,
there was no statistically significant difference between the likelihoods of transitioning to

the low versus the high level (Figure 4).

Finally, for high-sociality individuals, we found that they were statistically significantly
more likely to remain at the high level (0 .60 [0.49, 0.70]) than to transition to either the
low level (0 .09 [0.04, 0.15]) or the medium level (0 .31 [0.22, 0.43]; Tables S5 and S6).
Notably, they were also statistically significantly less likely to transition to the low than
to the medium level, again highlighting that abrupt changes in sociality were less common

(Figure 4).
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Figure 4. Transition probabilities. Model estimates of transition probabilities for low
(L), medium (M), and high (H) social individuals. Dots represent the posterior mean
estimates and bars their 95% credible intervals. Asterisks indicate statistically significant

differences between transition probabilities.

Survival probabilities

We found that, during the winter period, high-sociality individuals had significantly
higher survival probabilities (0.90 [0.79, 0.96]) than low-sociality individuals (0.78 [0.62,
0.89]; Figure 5, Tables S5 and S6), with a posterior median difference of 0.12 (95% Crl:
0.02, 0.25), corresponding to a 12 percentage-point difference in survival probability.
Although medium-sociality individuals showed intermediate survival (0.85 [0.72, 0.93]),

the difference between medium and low sociality did not reach statistical significance.

The same pattern emerged in summer: medium- and high-sociality individuals showed
significantly higher survival probabilities (0.72 [0.50, 0.88] and 0.66 [0.42, 0.85],
respectively) than low-sociality individuals (0.51 [0.27, 0.74]; Figure 5, Tables S5 and

S6). The posterior median differences were 0.21 for medium vs. low and 0.15 for high
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During the winter period, we found no evidence for differences in survival associated

with sex (Bsex,= 0.30[-0.24, 0.86]) or age (Buge,= 0.06[-0.07,0.24]). During the

summer period, females showed lower survival than males (Bgex, = —0.62[—1.04, —0.20]),

whereas no evidence for an effect of age was detected (B44e,= 0.02[0.08, 0.12].
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mean differences in survival probabilities between low sociality individuals and medium
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Sensitivity analysis of the strong-bond threshold

Results were qualitatively robust to alternative definitions of strong social bonds (70%
and 90% thresholds). Across thresholds, detection probabilities did not differ between
sociality categories, and the overall structure of state transitions was broadly preserved.
For survival, high- and medium-sociality individuals consistently showed higher survival
than low-sociality individuals in both winter and summer across all thresholds. Although
the statistical support of a few specific pairwise contrasts varied slightly depending on
the threshold used, the overall biological pattern—higher survival associated with greater

sociality—remained stable (Supplementary Tables S8—S13).

DISCUSSION

Our results show that sociable weavers show a moderate repeatability in individual
sociality levels, which are based on their number of strong social bonds. Furthermore,
individuals with medium and high sociality levels exhibited a higher survival probability
than those with a lower sociality. These findings suggest that, in our population, more
social individuals experience a survival advantage that could increase their overall fitness.
Importantly, by incorporating state-dependent individual detectability, our model

accounted for differences in detection probability across sociality levels, ensuring that
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observed variation in survival reflects biological differences rather than methodological

artefacts.

Consistency of individual sociality across years

We found that transitions in sociality were structured rather than random. For all
categories, remaining in the same sociality state was the most likely individual outcome,
although for low- and medium-sociality individuals the combined probability of
transitioning to other categories was similar to that of remaining in the same one. When
transitions occurred, they tended to be between adjacent categories, with transitions
between extremes being least likely. High-sociality individuals showed the strongest
consistency, with a higher probability of remaining in the same category than
transitioning overall, whereas low-sociality individuals showed weaker consistency, as
the probability of remaining low did not differ significantly from transitioning to medium

(Figure 4, Table S6).

To complement transition probabilities with a formal measure of temporal consistency,
we estimated repeatability of sociality level and found moderate among-individual
consistency across years. This estimate is broadly consistent with repeatability values
reported for individual-level social network metrics (e.g. degree, strength, betweenness
centrality, and closeness) in other systems, including birds (Aplin et al., 2015; Dunning
et al., 2023; Plaza et al., 2020) and mammals (Blumstein et al., 2013; Vander Wal et al.,
2015), which often fall in a similar range (approximately 0.2—0.6, depending on the metric
and timescale). Work using other approaches also supports temporal stability in social

structure and individual network position (e.g. across-year network stability or rank-order



476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

concordance in birds and fish; (Jacoby et al., 2014; S. Krause et al., 2017; Shizuka et al.,

2014).

While overall results support temporal consistency in individual sociality, they also
suggest weaker stability in low-sociality individuals. Specifically, the probability of
remaining low did not differ significantly from that of transitioning to medium (Figure 4,
Tables S5 and S6), and only differed from transitions to high sociality. This contrasts with
the stronger stability observed in medium- and high-sociality individuals. This weaker
stability may reflect life-stage changes that alter opportunities to form strong bonds,
consistent with the slight increase in sociality with age detected in the repeatability model.
Some low-sociality individuals may also increase their number of strong social bonds
over time—potentially through social niche construction (Trappes et al., 2022)— which
could increase access to benefits associated with stronger bonding, such as higher
survival. Testing this possibility will require future work that directly quantifies the
behavioural processes underlying bond formation and turnover. At the same time,
variation in sociality within individuals over time suggests that its expression is
influenced by changes in the social environment, including changes in group composition
driven by mortality, dispersal, or fluctuations in colony size (Schradin, 2013), as well as

by the identity and behaviour of social partners (Niemeld & Santostefano, 2015).

Despite this, the observed consistency in individual sociality underscores its potential to
evolve in sociable weavers. Temporal consistency is not a strict requirement for
evolution, but it can increase the scope for selection by ensuring that among-individual
differences are repeatedly expressed and can thus be consistently associated with fitness
outcomes (Boake, 1989). This is particularly relevant for sociality, which depends not
only on individual traits but also on the social environment. If the expression of a social

metric is dominated by stochastic environmental or social fluctuations, directional
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selection is expected to be less effective, reducing the likelihood or rate of evolutionary

change even when the trait has strong fitness consequences.

Individuals with higher sociality show increased survival

We found that individuals with medium and high sociality (reflecting their relatively
higher number of strong social bonds) tended to show higher survival probabilities than
low-sociality individuals. This pattern was observed in both winter (July—August, where
the difference was statistically supported only for high-sociality individuals) and summer
(October—March, where both medium- and high-sociality individuals differed
significantly from low-sociality individuals). The recurrence of this pattern across
seasons suggests that the association between sociality and survival is not restricted to a
single seasonal context and may reflect persistent or season-specific mechanisms, or a
combination of both. Because sociality categories were defined relative to the distribution
of strong bonds within each colony-year, our results indicate that individuals with a
greater number of strong social bonds than others in the same colony-year tend to
experience higher survival. This is consistent with previous studies showing positive
associations between sociality and survival across a range of taxa (Archie et al., 2014;
Barocas et al., 2011; Blumstein et al., 2013; Campos et al., 2020; Lehmann et al., 2016;

Silk et al., 2010; Stanton & Mann, 2012; Thompson & Cords, 2018).

Although sociable weavers generally forage in cohesive colony groups—expected to
provide foraging benefits to all members (Brown et al., 2003; Lloyd et al., 2018)—highly
social individuals may gain additional advantages through nepotistic behaviours from
group members (Rat, 2015). Specifically, individuals may receive preferential access to

food shared within their social group (Chiarati et al., 2011; Ekman et al., 2000), or benefit
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from enhanced information-sharing about novel food sources, which facilitates their
discovery and exploitation (McMahon et al., 2024). Additionally, highly social
individuals may experience nepotistic protection from predators, further increasing their
survival (Griesser & Ekman, 2004, 2005). Finally, being part of a larger and more
cohesive group may reduce harassment from conspecifics, thereby lowering energy

expenditure and stress (Cameron et al., 2009).

During winter, thermoregulatory benefits associated with access to roosting chambers and
communal roosting are likely to play a crucial role in improving condition and survival.
In sociable weavers, the communal nest provides significant insulation (Lowney et al.,
2020; White et al., 1975), and night-time nest chamber temperatures are positively
correlated with the number of birds roosting together, especially on cold nights (Paquet
et al., 2016). Birds in larger roosting groups are therefore less exposed to extreme cold.
If sociality influences group composition at night, medium- and high-social individuals
may be more likely to roost in larger groups and thus benefit from improved

thermoregulation, reduced energy expenditure, and lower risk of cold-related mortality.

Survival benefits may also be linked to cooperative breeding behaviours. In sociable
weavers, helpers-at-the-nest tend to form stronger social bonds with breeders and other
breeding group members (Ferreira et al., 2020, 2024), and younger females with more
helpers showed higher survival (Paquet et al., 2015). This pattern is likely due to reduced
parental effort (Hatchwell, 1999), and similar patterns are found in other cooperative
breeders (Downing et al., 2021). This benefit may also extend to helpers, since helping
incurs physiological costs, particularly under high effort (Covas et al., 2022). If individual
sociality (i.e., number of strong bonds) were positively associated with the number of
helpers received (Ferreira et al., 2024) and the amount of help provided (Covas et al.,

2008), higher sociality individuals could experience increased survival. However,
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ongoing work by our group indicates that the number of strong social bonds is not
associated with the number of helpers present at the nest (Spearman’s p = 0 in both sexes;

Munar-Delgado et al., in preparation).

Moreover, the number of strong social bonds typically exceeds the average number of
helpers within breeding groups in our population (mean breeding group size = 3.15;
Covas et al., 2006). Hence, while breeder—helper relationships could still contribute to the
association between sociality and survival, the association found here between the
number of strong social bonds and survival is unlikely to be explained by a third
association with the number of helpers. Further understanding the association between
individual sociality and cooperative breeding, and whether interactions between these two
components of social life affect fitness, will require additional work explicitly integrating

reproductive roles with social network metrics.

As our study is observational, we cannot exclude the possibility that third variables
contribute to the observed association between sociality and apparent survival. One
possibility is that underlying differences in individual health generate a correlation
between sociality and survival, for example through infection-induced behavioural
changes that reduce social connectivity while simultaneously increasing mortality risk
(Lopes et al., 2016). However, infection processes could also disproportionately affect
highly social individuals, who experience higher contact rates and therefore greater
exposure to pathogens (VanderWaal et al., 2014), potentially leading to reduced survival
or greater instability in sociality in this category. In contrast, highly social individuals in
our population often remained in the high sociality category across years, rather than
showing the increased transitions to lower sociality that would be expected if infection-

driven processes were driving the pattern.
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Another non-causal explanation is age-related senescence, whereby older individuals
progressively lose social connections as a consequence of declining condition (Albery et
al., 2022), while also experiencing reduced survival. Age was explicitly accounted for in
our models, and the association between sociality and apparent survival persisted after
controlling for age, making it unlikely that age-related declines in sociality alone explain

the observed pattern.

Sociality may also reflect broader differences in individual quality or in the social or
ecological environments individuals experience, rather than exerting a direct effect on
survival. For example, individuals in better condition may both survive better and be able
to maintain a greater number of strong social bonds, generating a correlation between
sociality and survival without direct causation. As in most observational studies,
experimental approaches that manipulate social opportunities would be required to

establish causality unambiguously.

Finally, a methodological limitation of our analyses is that the multi-state capture—
recapture model estimates apparent survival, which conflates true mortality with
permanent emigration. This is particularly relevant in sociable weavers, where dispersal
is strongly female-biased (van Dijk et al., 2015), and likely contributes to the lower
apparent survival observed in females during the summer period. Importantly, sociality
remained a significant predictor of apparent survival after accounting for sex and age, and
showed a consistent effect across seasons, suggesting that the observed association is

unlikely to be driven solely by sex-biased dispersal.

Together, our results indicate that individual sociality is both moderately consistent and

associated with survival, suggesting that it may be subject to directional selection in this
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population. However, survival alone does not capture lifetime reproductive output and
establishing causality and evaluating net selection on sociality will require integrating
additional fitness components (e.g. reproduction or lifetime reproductive success) and,
where possible, approaches that disentangle mortality from permanent emigration.
Assessing its evolutionary potential will also require quantifying the relative
contributions of genetic and environmental sources of variation, including the role of
indirect genetic effects arising from social interactions (Moore et al., 1997; Wolf et al.,
1998), as well as the potential for gene—environment correlations in socially structured
populations (Munar-Delgado et al., 2023). At the same time, the persistence of variation
in sociality despite its apparent survival benefits suggests that it may be maintained by
trade-offs with other fitness components or by context-dependent selection (Montiglio et
al., 2013). For example, high sociality might be associated with delayed onset of breeding
due to greater investment in social relationships, increased competition for breeding
opportunities, or higher susceptibility to disease during outbreaks, which could offset
these survival benefits. Future work should aim to identify the genetic and environmental
sources of variation in sociality, as well as the mechanisms linking sociality and
survival—for example, by manipulating social opportunities through restricted access to
automated feeders (Firth et al., 2016; Heinen et al., 2022)—and to assess potential trade-

offs with other fitness components.
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The number of strong social bonds is linked to survival in a
cooperative bird

SUPPLEMENTARY MATERIAL

Parameters description as in Nimble code

Table S1. Description of parameters used in the Bayesian multi-state capture-recapture
model, as implemented in Nimble. Notation used in the code, along with a brief explanation
of each parameter’s biological or modelling meaning.

Parameter Description

philw survival probability state L (Low sociality) during winter

phiMw survival probability state M (Medium sociality) during winter
phiHw survival probability state H (High sociality) during winter

phils survival probability state L during summer

phiMs survival probability state M during summer

phiHs survival probability state H during summer

psiL[1] transition probability from Lto L, i.e. stay in state L

psiL[2] transition probability from Lto M

psiL[3] transition probability from L to H

psiM[1] transition probability from M to L

psiM[2] transition probability from M to M i.e., stay in state M

psiM[3] transition probability from M to H

psiH[1] transition probability from H to L

psiH[2] transition probability from H to M

psiH[3] transition probability from H to H i.e. stay in stare H

pLn recapture probability L at nets in sep

pMn recapture probability M at nets in sep

pHn recapture probability H at nets in sep

pLf recapture probability L at feeders

pMf recapture probability M at feeders

pHf recapture probability H at feeders

betalw intercept of winter survival probability for state L (logit scale)
betaMw intercept of winter survival probability for state M (logit scale)
betaHw intercept of winter survival probability for state H (logit scale)
betaw([1] coefficient for the effect of sex on winter survival probability
betaw([2] coefficient for the effect of age on winter survival probability
epstw(] random effect of year (t) on winter

epscw(] random effect of colCNA on winter

betals intercept of summer survival probability for state L (logit scale)
betaMs intercept of summer survival probability for state M (logit scale)
betaHs intercept of summer survival probability for state H (logit scale)
betas[1] coefficient for the effect of sex on summer survival probability
betas[2] coefficient for the effect of age on summer survival probability
epsts[] random effect of year (t) on summer

epscs|] random effect of colCNA on summer

betaDL intercept of detection probability at RFID-feeders for state L (logit scale)
betaDM intercept of detection probability at RFID-feeders for state M (logit scale)



betaDH
betaD
age_centered
sex_centered
colCNA
RFID_at_Col

intercept of detection probability at RFID-feeders for state H (logit scale)
coefficient for the effect of RFID_at_Col on detection probability

age matrix (in years)

centered sex vector

colony matrix, represent to what colony each individual belonged each year

matrix of RFID feeder presence at colonies

Specification of priors

Table S2. Specification of prior distributions used in the Bayesian multi-state capture—
recapture model. Parameter notation corresponds to that described in Table S1. For each
parameter, the prior distribution and its characteristics are provided.

Parameter Prior Description of prior values
psiL[1:3], psiM[1:3], psiH[1:3] ddirch(alpha[1:3]) Dirichlet prior with concentration parameters 1, 1, 1
(i.e., equal weight to all transitions)
pin, pmn, phn dunif(0, 1) Uniform prior between 0 and 1 for detection
probabilities
epstw]t], epsts[t] dnorm(0, sd = sdepstw) Normal prior with mean 0 and standard deviation
dnorm(0, sd = sdepsts) sdepstw/ sdepsts
epscw(jl, epscsljl dnorm(0, sd = sdepscw) Normal prior with mean 0 and standard deviation
dnorm(0, sd = sdepscs) sdepscw/sdepscs
sdepstw, sdepscw, sdepsts, dexp(1) Exponential prior with rate 1
sdepscs
betaw[1], betaw(2] dnorm(mean =0, sd = 1.5) Normal prior with mean 0 and standard deviation 1.5
betalw, betaMw, betaHw dnorm(mean =0, sd = 1.5) Normal prior with mean 0 and standard deviation 1.5
betas[1], betas[2] dnorm(mean =0, sd = 1.5) Normal prior with mean 0 and standard deviation 1.5
betals, betaMs, betaHs dnorm(mean =0, sd = 1.5) Normal prior with mean 0 and standard deviation 1.5

Model description

Table S3. Model equations used in the Bayesian multi-state capture-recapture analysis. All
models used a logit link. Parameters are defined in Table S1 and priors in Table S2. See main
text for rationale and code for implementation. captured is a dummy variable used to fix
detection probability to 0 in 2020 due to missing RFID data.

Model
5 logit(phiLw(i,t]) <- betaLlw + betaw[1] * sex_centered[i] + betaw([2] * age_centered][i,t] + epstw([t] +
_‘é’ epscw[colCNA[i,t]]
: logit(phiMw[i,t]) <- betaMw + betaw[1] * sex_centered|[i] + betaw[2] * age_centered[i,t] + epstw[t] +
T>g epscw[colCNA[i,t]]
; logit(phiLw(i,t]) <- betaLlw + betaw[1] * sex_centered[i] + betaw([2] * age_centered][i,t] + epstw([t] +
@ epscw[colCNA[i,t]]
< . 2 logit(phiLs[i,t]) <- betaLs + betas[1] * sex_centered[i] + betas[2] * age_centered|i,t] + epsts[t] +
E g < S epscs[colCNA[i,t]]
o= = IR
; g ° § logit(phiMsli,t]) <- betaMs + betas[1] * sex_centered][i] + betas[2] * age_centered[i,t] + epsts[t] +
n b=

epscs[colCNA[i,t]]




logit(phiHsli,t]) <- betaHs + betas[1] * sex_centered[i] + betas[2] * age_centered[i,t] + epsts[t] +
epscs[colCNA[i,t]]

logit(pLf[i,t]) <- (betaDL + betaD * RFID_at_Col[i,t]) * captured|t] - (1 - captured[t]) * 15

logit(pMf[i,t]) <- (betaDM + betaD * RFID_at_Col[i,t]) * captured[t] - (1- captured[t]) * 15

RFIDs

Detection at

logit(pHf[i,t]) <- (betaDH + betaD * RFID_at_Col[i,t]) * captured[t] - (1- captured[t]) * 15

Covariates and random effects

- Age: For most birds (81%), we determined their exact age through breeding monitoring. For
immigrant birds first captured as adults within the studied population (sociable weavers can
disperse between colonies; (van Dijk et al., 2015), we estimated their age based on the
average age of dispersal observed within our population. According to this, we assumed that
immigrant individuals were 709 days old at the date of first capture (the average minimum
dispersal age in our population; (Silva et al., 2025).

- Sex: During mist-nets samplings, individual blood samples were taken to determine sex
through genetic sexing (Griffiths et al., 1998).

- Individual’s colony: Birds were sometimes registered at RFID-feeder stations from different
colonies. To assign each bird to a colony, we used mist-net sampling data, associating
individuals with the colony where they were captured, which corresponds to their roosting
location. If an individual was not captured at mist-nets in a specific year (t) but was registered
at feeders, we used mist-net data from the following year to determine its colony identity. In
cases where the individual was not captured the next year either, we relied on mist-net data
from the previous year. Using this approach, we were able to assign a colony identity to every
individual with social status data.

Individual exclusion criteria for multi-state capture-recapture analyses

We excluded individuals from the multi-state capture—recapture model based on three
criteria. First, individuals were excluded if they only had RFID-feeder data from the last year of
the study, as no recapture data could be obtained for them. Second, individuals for which sex
could not be determined were excluded from the analysis, as sex was included as a covariate in
the survival and transition components of the model. Third, only individuals from PIT-tagged
colonies were retained. This is because social status estimates are calculated relative to the
social structure of each colony, and individuals residing in non-tagged colonies could not be
accurately assigned a social status. Individuals that ever migrated from PIT-tagged to non-
tagged colonies were entirely excluded from the analysis, as their social status could not be
determined after migration and the missing data could be wrongly interpreted by the model as
mortality. Conversely, individuals that migrated from non-tagged to PIT-tagged colonies were
retained, but only social status data from after migration were included.



Sociality levels classification

Table S4. Classification of sociality levels by year and colony. For each year-colony
combination, the table shows the minimum and maximum numbers of strong social bonds
observed within each category (see main text for classification criteria).

Year Colony Sociality Minimum Maximum Colony size at
level strong bonds strong bonds RFID-feeders

Low 0 3

11 Medium 4 7 48
High 8 16
Low 0 3

20 Medium 4 7 48
High 8 16
Low 0 3

2018 27 Medium 4 8 41
High 9 16
Low 0 1

43 Medium 2 6 32
High 7 11
Low 0 5

71 Medium 6 10 57
High 11 24
Low 0 2

11 Medium 3 6 44
High 7 12
Low 0 0

20 Medium 1 2 17
High 3 4
Low 0 1

2019 27 Medium 2 3 25
High 4 9
Low 0 0

43 Medium 1 1 30
High 2 6
Low 0 2

71 Medium 3 4 52
High 5 12
Low 1 5

11 Medium 6 10 63
High 11 16
Low 0 2

2021 20 Medium 3 7 25
High 8 10
Low 0 3

27 Medium 4 8 34
High 9 15
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Figure S1. Descriptive overview of the distribution of observations across age classes, sexes,
and sociality categories. Heatmaps show the proportion of observations classified as low,
medium, or high sociality within each age class for males (top) and females (bottom). Numbers
inside tiles indicate the proportion and sample size (n). Age classes are defined in one-year
bins; individuals aged =6 years are grouped into a single category to avoid sparse cells and
ensure adequate sample sizes.

Posterior predictive checks of the model

We assessed the goodness-of-fit of our model using Bayesian p-values (Gelman et al., 2014), a
model-checking procedure that measures the dissimilarity between observed data and model
predictions. We evaluated the dissimilarity between the observed and model-predicted means
and coefficients of variation (CV) for the total number of re-detections per individual at mist
nets and RFID-feeders. The reported Bayesian p-values indicate the proportion of simulated
data generated from the model in which the distance between this simulated data and the
expected mean (or CV) exceeds the distance between observed data and the expected mean
(or CV). Values close to 0 or 1 (commonly below 0.05 or above 0.95) suggest a lack of fit.

To perform this analysis for detections at RFID-feeders, we transformed the observed data and
model-prediction matrices (which contained four states: three social-status states and non-
observation) into binomial matrices with observation (any social-status) and non-observation.

We obtain Bayesian p-values of 0.32 for mean of detections at the mist-nets, 0.49 for CV of
detection at mist-nets, 0.26 for mean of detections at the RFID-feeders, 0.31 for CV of
detection at RFID-feeders (Figure S2) showing no evidence for a lack of fit of our model to
estimate the mean, and CV of the number of detections per individual.
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Figure S2. Posterior predictive checks of detection probabilities. P-values represent Bayesian
p-values. a) Mean detection at mist-nets, b) coefficient of variation (CV) of detection at mist-
nets, c) mean detection at RFID-feeders, and d) CV of detection at RFID-feeders.



Model convergence and mixing of chains
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Figure S3. Trace plots and posterior density distributions for monitored parameters in the
Bayesian multi-state capture-recapture model. Parameter notation corresponds to that
described in Table S1



Model estimated values

Table S5. Multi-state capture-recapture model estimates. @y is the survival portability of an
individual in state X (L low; M medium, H high) and time interval Z (W winter or S summer).
Bc, is the effect of the covariate C (Sex or Age) at time interval Z. SDgtSis the standard
deviation of random effect (¢, ) where r is the identity of the random effect (t year; Col colony)
for the time period Z. px, is the recapture probability at nets of an individual in state X. Px; is
the recapture probability at RFID-feeders of an individual in state X. Yy is the transition
probability from state X to state Y from t to t+1. Columns represent mean, standard deviation
(SD), lower (2.5%) and upper (97.5%) values of 95 confidence intervals, R and effective sample
size (n.eff).

mean SD 2.50%  97.50% R n.eff
Intercept,, 1.29 0.41 0.48 2.08 1.01 1,220
y [ntercepty,, 177 0.41 0.93 2.56 1.01 1,302
S Intercept,, 227 0.48 1.33 3.23 1.00 1,478
= Bsex,, 0.30 0.28 -0.24 0.86 1.00 4,345
% Bage,, 0.06 0.08 -0.07 0.24 1.00 3,435
A SDe, 0.60 0.37 0.14 1.63 1.01 1,372
SDec,,, 0.34 0.27 0.02 1.02 1.01 681
Intercept,, 0.05 0.50 -0.97 1.04 1.01 590
E’ Intercepty,  0.99 0.50 -0.02 1.97 1.01 581
€ Intercepty, 0.71 0.50 -0.30 1.70 1.01 610
£ Bsex, -0.62 0.21 -1.04 -0.20 1.00 4,917
.Tg Bage, 0.02 0.05 -0.08 0.12 1.00 5,250
3 SDe,_ 1.15 0.49 0.51 2.44 1.00 2,296
SDecy,, 0.54 0.29 0.15 1.26 1.00 1,723
i Intercepty, — -0.04 1.12 -1.95 2.54 1.00 2,610
.g é Intercepty, — -0.89 0.98 -2.67 1.16 1.00 1,449
§ 'f;; Interceptp, — -0.90 0.91 -2.60 1.04 1.00 1,457
Brrip, 3.00 0.65 1.78 4.34 1.00 1,056
" PL, 0.86 0.04 0.77 0.93 1.00 3,778
% :i: Pwm,, 0.88 0.03 0.82 0.94 1.00 3,797
er Ph, 0.88 0.03 0.81 0.93 1.00 3,867
2 YLL 0.47 0.06 0.35 0.59 1.00 4,891
2 Yium 0.34 0.06 0.23 0.47 1.00 4,088
2 Y 0.19 0.05 0.10 0.30 1.00 4,285
= YL 0.27 0.05 0.19 0.37 1.00 4,907
§ Yum 0.47 0.06 0.35 0.58 1.00 3,440
(%]

Y 0.26 0.05 0.17 0.36 1.00 4,547




VL 0.09 0.03 0.04 0.15 1.00 4,869
Dum 0.31 0.05 0.22 0.43 1.00 3,932
D 0.60 0.05 0.49 0.70 1.00 3,743

Posterior mean differences

Table S6. Posterior mean differences. Mean differences between the survival, transition, and
recapture probabilities of the different social states (and their 95% confidence intervals)
calculated from the posterior estimates. See Table S5 for parameter definitions.

2.5% 50% 97.5% Significance
Pu; — Pm; -0.538 -0.001 0.526 NO
PH; — Pi; -0.687 -0.151 0.295 NO
Pm; — PL, -0.720 -0.155 0.404 NO
Pu, — Pm, -0.088 0.030 0.158 NO
Pu, —PiL, -0.095 -0.006 0.077 NO
Pm, — PL, -0.074 0.019 0.125 NO
Pu, — Pm, -0.034 0.049 0.149 NO
®n, — P, 0.015 0.118 0.251 YES
on, — L, -0.037 0.068 0.185 NO
PH, — Pu, -0.172 -0.054 0.054 NO
PH, — P 0.021 0.150 0.279 YES
Ou; — P 0.079 0.204 0.336 YES
YL —Yim -0.095 0.134 0.343 NO
Y. —Yu 0.097 0.288 0.462 YES
Yo — Vi -0.038 0.158 0.342 NO
YuL — Yum -0.371 -0.202 -0.014 YES
Y — Vun -0.129 0.014 0.158 NO
Yyum — Yuu 0.022 0.216 0.388 YES
YuL — Yum -0.363 -0.228 -0.094 YES
YuL — Yuu -0.643 -0.517 -0.370 YES

Yum — Yun -0.479 -0.291 -0.066 YES




Repeatability

Table S7. Results of the Bayesian cumulative mixed model assessing repeatability in sociality
level. Estimates are presented on the latent (logit) scale. Random-effect standard deviations
were SD(id) = 1.27 [0.85, 1.71] and SD(colony) = 0.15 [0.00, 0.52].

mean SE 2.50% 97.50% R
Intercept,_y, ., .. -0.66 0.14 -0.94 -0.38 1.00
Intercepty_y, ..., 1.30 0.17 0.97 1.64 1.00
Bage 0.11 0.04 0.02 0.20 1.00
Bsex -1.54 0.23 -2.02 -1.11 1.00

Sensitivity analysis

Sensitivity analysis - Model estimated values

Table S8. Multi-state capture-recapture model estimates from the sensitivity analysis using
a 70% threshold to define strong social bonds. See Table S5 for parameter definitions.

mean SD 2.50%  97.50% R n.eff

Intercept,, — 1.16 0.46 0.07 1.97 1.01 681

g [Intercepty,,  1.93 0.49 0.85 2.86 1.01 936

S Intercept,,  2.16 0.51 1.10 3.16 1.01 951
= Bsex., 0.33 028  -022 0.0 1.00 4,533
= Bage,, 0.07 0.08  -0.07 026 1.00 3,435

A SDe, 0.64 0.44 0.13 1.76 1.01 720
SDec,,, 0.36 0.27 0.02 1.01 1.01 1,014

Intercept,, 0.09 0.54 -1.03 1.17 1.00 429

E Intercept,,, 0.90 0.54 -0.19 1.98 1.00 455

E  Intercept,, 073 054  -0.39 1.81 1.00 416
£ Bsex, 063 022 105 -021 100 5250
E Bage. 0.01 0.05  -0.09  0.12 1.00 4,340
= SDe,. 1.15 0.48 0.53 2.40 1.00 1,809
SDec,, 0.51 0.29 0.11 1.25 1.00 1,607
_ Intercept, 011 112 -2.08 236 1.00 2,084
.g S Interceptp, — -1.04 099  -2.81 1.10 1.00 1,283
£ % Intercept,, 076 098 246 145 100 1566
Brrin, 3.02 0.66 1.72 4.31 1.00 929



v pL, 0.87 0.04 0.78 0.93 1.00 3,594
% g P, 0.87 0.03 0.80 0.92 100 3,909
e P, 0.89 0.03 0.82 0.94 1.00 3,739
VoL 0.50 0.06 0.38 0.62 100 4,308

iy 0.32 0.06 0.21 0.45 1.00 3,652

g Vin 0.17 0.05 0.09 0.27 100 3,921

1‘5 YL 0.30 0.05 0.22 0.40 1.00 4,852

g Yun 0.44 0.06 0.33 0.55 100 3,776

2 Y 0.25 0.05 0.17 0.35 1.00 4,424

8 VuL 0.11 0.03 0.06 0.18 1.00 4,960

. 0.30 0.05 0.21 0.42 100 3,577

Yun 0.58 0.05 0.47 0.68 1.00 3,928




Table S9. Multi-state capture-recapture model estimates from the sensitivity analysis using
a 90% threshold to define strong social bonds. See Table S5 for parameter definitions.

mean SD 250%  97.50% R n.eff
Intercept(pr 1.15 0.45 0.20 1.98 1.03 771
E Intercept(pr 1.92 0.47 0.95 2.79 1.03 962
S Intercept,, 217 0.52 1.14 3.19 1.02 924
~(_§ Bsex,, 0.34 0.29 -0.20 0.91 1.00 4,163
= Bage,, 0.08 0.09 -0.06 0.28 1.00 3,312
A SDgtW 0.61 0.43 0.11 1.67 1.07 809
SDeg,,. 0.37 0.32 0.01 1.18 1.06 540
Intercept(pLS 0.10 0.52 -0.96 1.08 1.01 487
g Intercept,, 091 0.52 -0.12 1.91 1.01 512
g Intercept(pHs 0.80 0.52 -0.25 1.79 1.00 503
(%]
£ Bsex. -0.61 0.22 -1.02 -0.17 1.00 4,884
2 Bage, 0.01 0.05 -0.09 0.12 1.00 4,674
UE, SDStS 1.13 0.50 0.52 2.35 1.02 2,136
SDSCozS 0.53 0.31 0.11 1.33 1.00 1,557
Interceptpo -0.21 1.09 -2.03 2.25 1.00 2,274
(%]
= Intercepty,, -0.71 1.03 -2.54 1.59 1.00 1,462
o w
22 Intercept, -1.00 0.91 -2.59 1.04 1.00 1,287
a ® fr
Brrio, 3.03 0.63 1.82 4.28 1.00 993
3 @ PL, 0.86 0.04 0.77 0.93 1.00 3,410
o -
g 2 Pm 0.89 0.03 0.82 0.94 1.00 3,973
U n
e P, 0.87 0.03 0.80 0.93 1.00 3,413
YL 0.47 0.06 0.34 0.60 1.00 4,297
Yim 0.37 0.07 0.25 0.50 1.00 3,319
g Yy 0.16 0.05 0.08 0.27 1.00 4,299
'E YL 0.27 0.05 0.19 0.37 1.00 4,928
E Yuum 0.42 0.05 0.32 0.53 1.00 3,916
§ Yy 0.30 0.05 0.21 0.41 1.00 4,682
2 YL 0.10 0.03 0.05 0.17 1.00 4,353
Yum 0.31 0.06 0.21 0.43 1.00 3,117

Yun 0.59 0.05 0.48 0.69 1.00 3,480




Sensitivity analysis - Posterior mean differences

Table S10. Posterior mean differences from the sensitivity analysis using a 70% threshold to
define strong social bonds. See Table S5 for parameter definitions.

2.5% 50% 97.5% Significance
PH; — Pm; -0.527 0.048 0.618 NO
PH; — P, -0.641 -0.122 0.390 NO
Pm; — Pis -0.722 -0.181 0.408 NO
PH, — Pm, -0.065 0.023 0.113 NO
Pu, — PL, -0.070 0.023 0.119 NO
Pm, — PL, -0.096 -0.001 0.100 NO
Pu, — Pm, -0.065 0.021 0.121 NO
Pu, — PL, 0.027 0.127 0.281 YES
Pu, — PL, 0.002 0.106 0.249 YES
Pr, — P -0.157 -0.036 0.077 NO
PH, — Pig 0.018 0.142 0.277 YES
P, — P 0.056 0.179 0.310 YES
YL —Yim -0.056 0.185 0.391 NO
Yo —Yu 0.146 0.334 0.502 YES
Yivw — Y -0.037 0.150 0.331 NO
Yy — Yum -0.320 -0.142 0.053 NO
Yy — Yuu -0.098 0.054 0.197 NO
Yyum — Yuu -0.003 0.192 0.365 NO
Yur — Yum -0.337 -0.194 -0.059 YES
Yur — Yyu -0.607 -0.475 -0.326 YES

Yuu — Yuu -0.466 -0.285 -0.060 YES




Table S11. Posterior mean differences from the sensitivity analysis using a 90% threshold to
define strong social bonds. See Table S5 for parameter definitions.

2.5% 50% 97.5% Significance
Pu; — Pu; -0.613 -0.051 0.518 NO
Pu, — PL, -0.665 -0.137 0.314 NO
Pm, — P, -0.677 -0.102 0.521 NO
Pu, — Pwm, -0.104 -0.017 0.072 NO
Pu, — P1, -0.082 0.011 0.118 NO
Pm, — Pi, -0.065 0.028 0.133 NO
P, — Pu, -0.067 0.023 0.125 NO
Pu, — P1, 0.025 0.130 0.273 YES
om, — PL, 0.002 0.109 0.241 YES
PH, — Pug -0.144 -0.022 0.091 NO
PH, — P 0.027 0.154 0.287 YES
Pm; — Pug 0.057 0.177 0.305 YES
Vi —Yiu -0.139 0.103 0.330 NO
Vi —Yiu 0.117 0.309 0.482 YES
Yiu— Wiy 0.010 0.206 0.391 YES
Yy — Yum -0.320 -0.151 0.022 NO
Yy — Vun -0.184 -0.032 0.115 NO
Yuu — Yuu -0.069 0.121 0.293 NO
Yy — Yuu -0.352 -0.204 -0.062 YES
Yy — Yuy -0.616 -0.494 -0.343 YES

Yyum — Yuu -0.475 -0.290 -0.066 YES




Table S12. Posterior mean parameter estimates from the sensitivity analysis across strong-
bond thresholds. See Table S5 for parameter definitions.

Estimated value

70% 80% 90%

threshold threshold threshold
3 3 oL, 0.75 0.78 0.74
ScE Oum, 0.87 0.85 0.86
3 3 ®u, 0.89 0.90 0.89
E E Pr. 0.52 0.51 0.52
- o, 0.70 0.72 0.69
@ ®n, 0.66 0.66 0.67
Yo 0.50 0.47 0.47
Vi 0.32 0.34 0.37
c Yy 0.17 0.19 0.16
= Vs 0.30 0.27 0.27
;_3 Yum 0.44 0.47 0.42
3 Yuu 0.25 0.26 0.30
& YL 0.11 0.09 0.10
Yum 0.30 0.31 0.31
Yun 0.58 0.60 0.59
"o L, 0.87 0.86 0.86
g g Py, 0.87 0.88 0.89
er P, 0.89 0.88 0.87
o o YL 0.49 0.48 0.46
§ = :ﬁ_) Vi 0.28 0.32 0.36

Yun 0.35 0.31 0.30




Table S13. Statistical significance of posterior mean differences from the sensitivity analysis
across strong-bond thresholds. Cells highlighted in red indicate cases in which the significance
outcome differs from that obtained under the original model (80% strong-bond threshold). See
Table S5 for parameter definitions.

Significance Significance Significance

70% 80% 90%

Pu, — Pu;, NO NO NO
Pu, — Pi, NO NO NO
Pm; — Pi; NO NO NO
Pu, — Pm, NO NO NO
Pu, — PL, NO NO NO
Pm, — PL, NO NO NO
P, — Pm, NO NO NO
Py, — PL, YES YES YES
Pm, — PL, YES NO YES
P, — Pug NO NO NO
PH, — Pi YES YES YES
Pu, — Pig YES YES YES
YL —Yim NO NO NO
Y —Yiu YES YES YES
Yim — Viu NO NO YES
YL — Yum NO YES NO
Yur — Yuu NO NO NO
Yum — Vuu NO YES NO
Yur — VYum YES YES YES
Yy — Yuu YES YES YES
Yum — Yun YES YES YES
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