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Structures built by animals, such as nests, mounds and burrows, are often the product of cooperative investment by more 
than one individual. Such structures may be viewed as a public good, since all individuals that occupy them share the 
benefits they provide. However, access to the benefits generated by the structure may vary among individuals and is likely 
to be an important determinant of social organisation. Here we use the massive, communal nests of sociable weavers  
Philetairus socius, to investigate whether their thermoregulatory function varies in relation to the size of communal nests, 
and the position of individual nest chambers within the communal structure. We then examine whether this spatial  
variation in thermoregulatory function predicts the social organisation of colonies. First, we show that the sociable weavers’  
communal nests buffer variation in ambient temperature, and reduce temperature variability within nest chambers. The 
extent of this buffering effect depends significantly on the position of nest chambers within the communal structure,  
and on the depth to which chambers are embedded within the nest mass. We detected no effect of nest volume on  
thermoregulatory benefits, suggesting that there are likely to be additional, non-thermoregulatory benefits leading to 
communal nests. Finally, our results indicate that there may be competition for access to the benefits of the public good, 
since older birds occupied the chambers with the highest thermoregulatory benefits, where breeding activity was also 
more common. We discuss how the spatial structure of the benefits of the public good might influence social organisation 
in the unique communal lifestyle of sociable weavers.

The function of physical structures built by animals to  
control their environment is often poorly understood and 
the extent to which such structures approach their adaptive 
optima is rarely investigated (Hansell 2005). Nests, burrows 
or mounds may provide thermoregulatory benefits (Reid 
et al. 2002), reduce the risk of predation for adults (Jackson 
2000, Hölzl et  al. 2009) or their offspring (Siedelmann 
1999, Kleindorfer 2007, Prokop and Trnka 2011), or, in  
the case of bowers, they may act as signals to conspecifics 
(Humphries and Ruxton 1999, Olsson et al. 2009). In birds, 
parents and offspring benefit from well-insulated nests,  
slowing egg-cooling rates when the parents are not attending 
the clutch and thus reducing the parents’ energetic costs  
of reheating the eggs to incubation temperatures (Drent 
1975, Collias and Collias 1984, Reid et al. 2000). Nestling 
growth rates and offspring survival may also be influenced  
by nest microclimate (Martin and Schwabl 2008, Nord and 
Nilsson 2011). However, the extent to which animals may 
build nest structures to enhance thermoregulatory benefits  
is likely to be influenced by the time and energy costs of  
nest construction (McGowan et al. 2004, Mainwaring and 

Hartley 2009, Olsson et al. 2009, Moreno et al. 2010), as 
well as various interacting environmental factors, such as  
climate and predation risk (Spottiswoode 2007, Edelman 
2011, Prokop and Trnka 2011).

An interesting characteristic of many of these physical 
structures built by animals is that they may be viewed as  
a public good. The benefits that are derived from the nest 
are shared among all of a nest’s occupants, whereas the costs 
of construction of nests or burrows are borne only by the 
individuals that contribute to it. Therefore, when multiple 
individuals contribute to the construction of a communal 
nest, as in mound-building mice Mus spicilegus (Garza  
et  al. 1997) or monk parakeets Myiopsitta monachus  
(Navarro et  al. 1995; see also Manning et  al. 1992, Ford  
and Johnson 2007, Bollazzi and Roces 2010), each indi-
vidual would obtain the highest overall payoffs by not  
paying the costs of construction, but gaining the benefits  
of the communal structure. This type of conflict between 
individuals over investment in a public good is rife in  
nature (Hardin 1968, Arnqvist and Rowe 2005, MacLean 
and Gudelj 2006, McGowan et al. 2006, West et al. 2006, 
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Gutierrez et  al. 2011), and may eventually lead to the  
breakdown of cooperation in a process described by the 
tragedy of the commons (Hardin 1968). How such conflicts 
between individuals over investment in the communal  
good are resolved, depends on the costs and benefits of the 
public good, their spatial and temporal distribution, as well 
as on the social structure and dominance hierarchies within 
the community (Rankin et al. 2007).

Here, we examine spatial variation in the benefits of the 
massive communal nest of the sociable weaver Philetairus 
socius and the effects of this variation on social organisation. 
The nests of the sociable weavers are one of the largest  
nests known among birds, and both sexes invest in its build-
ing and maintenance (Collias and Collias 1978). The nest 
structure consists of nest chambers embedded within a  
communal thatch overarching the nest chambers. The nest 
chambers are used not only for breeding, but also for roost-
ing throughout the year, which means that the potential 
thermoregulatory benefits extend beyond the breeding 
phase. Once constructed, the nest may exist for many 
decades and be used by many generations (Collias and  
Collias 1964). This communal structure provides an excel-
lent model system to address questions concerning the func-
tion of the nest as a public good and the variation in the 
benefits that individuals derive from that public good. Two 
previous studies directly addressed the potential benefits  
of the sociable weaver’s nest, showing that it buffers against 
low temperatures at night, especially during winter, and 
against high temperatures during the day, especially in the 
summer (White et  al. 1975, Bartholomew et  al. 1976). 
Although these studies revealed the heat retaining capaci-
ties of the thatch and the nest chambers, their focus was on 
how the ecology of the sociable weaver may be affected by 
the ameliorating effects of their communal nests. Further-
more, birds were allowed to enter the nest chambers in 
which temperature was recorded, and temperature was  
measured in very few chambers in one or two nests. In order 
to understand the social organisation of sociable weaver 
colonies and the benefits of contributing to the communal 
structure it is necessary to determine whether the thermo-
regulatory benefits of a communal nest vary between colo-
nies of different sizes and between nest chambers at different 
positions within colonies. Measurements of such benefits 
should be recorded without birds present in the nest.

The objective of this study was to measure the tempera-
ture inside multiple nest chambers within colonies of differ-
ent volumes to investigate whether: 1) the volume of the  
nest predicts its thermoregulatory properties, 2) the thermo-
regulatory properties vary within colonies depending on  
the position of the nest chamber, and 3) the thermoregula-
tory benefits of nest chambers predict social organisation  
at colonies. We expected: 1) the benefits to increase with 
increasing volume of the thatch, and 2) towards the centre of 
the nest where the size of the thatch is likely to be largest; 
and 3) that the chambers that provide the largest buffer 
against the ambient temperatures would be occupied by  
better competitors and would have a higher probability of 
breeding activity. Here we use the age of an individual as a 
proxy for its competitive abilities, the rationale being that 
male sociable weavers are philopatric to their natal colonies 
(Brown et al. 2003, Doutrelant et al. 2004) and older birds 

are therefore likely to be better able to obtain the best nest 
chambers due to their experience and prior occupancy at a 
given colony.

Methods

Study species and field site

The sociable weaver is a colonial, cooperatively breeding 
passerine endemic to the semi-arid Acacia savannahs of 
southern Africa that are associated with the Kalahari ecosys-
tem (Spottiswoode 2005). These weavers live in colonies 
varying in size from five to over 300 individuals that are 
built communally by the colony members. The colony 
structure consists of thatched Stipagrostis grasses forming a 
large structure into which the individual nest chambers are 
embedded. In addition to being used for breeding, the  
nest chambers are used for roosting throughout the year  
by family groups or, more rarely, by single individuals 
(Maclean 1973; RC, CD and MP unpubl.). The colonies 
are typically built on Acacia trees, although other tree spe-
cies and man-made structures, such as telephone poles, can 
also be used (Maclean 1973).

The study was conducted between 8 September and  
5 December 2010 and between 23 September and 22 
December 2011 at Benfontein Game Farm, Kimberley, 
South Africa (28°52′S, 24°50′E). This study area, contain-
ing approximately 30 colonies of sociable weavers, covers 
about 15 km2 of Kalahari sandveld, consisting of open  
savannah dominated by Stipagrostis grasses and camelthorn 
trees, Acacia erioloba. In this study we included data from  
20 colonies.

Temperature logging

We logged the ambient temperature and the temperature 
inside the nest chambers at 20 colonies using a flexible 
thermistor PB-5006-3M probe, which was inserted into  
the nest chamber to a constant depth (to the centre of the 
nest chamber) and was connected to a TinyTag Plus 2 TGP-
4510 data logger (Gemini Data Loggers, Chichester, UK) 
recording data every 30 s. The temperature probe was 
inserted into nest chambers at three different positions at 
each colony: T1 – a nest chamber near the edge of the com-
munal nest (mean distance to nearest edge  SD: 12.8   
3.8 cm, n  18 colonies), T2 – a nest chamber at inter
mediate distance from the edge of the communal nest 
(26.5  8.5 cm, n  13), and T3 – a nest chamber near  
the centre of the communal nest (55.5  14.7 cm, n  20).

After inserting the temperature probe, we sealed off  
the entrance to the nest chamber using chicken wire and a 
single layer of mosquito netting. This allowed the normal 
airflow in and out of the chambers, but prevented birds  
from entering the chambers, which would disturb our  
measurements of the physical thermoregulatory conditions 
inside the chamber. The ambient temperature was logged 
near the thatch on the branch supporting the communal 
nest in the shade and at a similar height from the ground  
as the communal nest. The temperature inside the three 
chambers and the ambient temperature were measured 
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simultaneously for a continuous period of 78 h 14 min  
32 s  14 h 7 min 18 s per nest (mean  SD). All tempera-
ture measurements were conducted before and during the 
early phase of the breeding season when the sociable weavers 
may regularly switch between nest chambers for roosting 
(REvD and MP unpubl.). None of the monitored chambers 
contained eggs or nestlings. Thus, disturbance to roosting  
or breeding activity was likely to be minimal. The depth of 
the nest chamber where we inserted the temperature probe 
was measured as a straight line from the outer rim of the 
entrance tunnel alongside the lip at the base of the nest 
chamber to the ceiling of the nest chamber using a ruler.

Communal nest volume

A digital photograph was taken from each of four sides of  
the nest, each at a 90° angle to each other, at a fixed distance 
(10 m) using a Panasonic Lumix TZ-7 camera. A 1 m ruler 
with 10 cm markings was held against the nest side that  
was photographed. The digital images were then imported 
into Adobe Photoshop (ver. 7.0) to estimate the length, 
width and height of the nest, using our ruler to calibrate our 
measurements and the ‘measure tool’ in Adobe Photoshop  
to take the measurements. The length (or width) and height 
were taken across the centre of the visible side of the thatch 
on the photograph. To account for the irregularity of the 
nest shape to some extent, we estimated height of the thatch 
as the mean of the height measured on each of the four  
photographs (percentage of variation in measurements rela-
tive to the largest measurement per nest: 23.2  14.1% 
(mean  SD)), length as the mean of the length measured on 
the two photographs of the two longest sides of the thatch 
(9.5  9.8%), and width as the mean of the length of the 
two shortest sides (13.6  9.6%). The volume (in m3) of the 
communal nest was then estimated as length  width   
height.

Nest chamber assignment

The birds of the 20 colonies that we monitored were  
trapped using mist nets positioned around the nests at dawn, 
and were ringed with one numbered, metal ring and three 
colour rings (Covas et  al. 2011). We labelled all nest  
chambers with an individually numbered tag. Individuals 
were assigned to nest chambers when they were seen build-
ing or roosting inside nest chambers at 15 colonies in 2010 
and at 14 colonies in 2011 in observations conducted 
throughout the day (between 06:16 and 18:50 SAST).  
These observations were performed from a hide positioned 
beneath the nest for an average of 33 h 53 min  24 h  
56 min per nest. The hide was placed initially at about 10 m 
from the colony to accustom the birds to the hide and avoid 
disturbance. After at least 12 h the hide was moved closer  
to the nest so that the nest chambers could be observed. 
When an individual used multiple nest chambers (n  175 
individuals out of a total of n  432 individuals used 
2.9  1.2 (mean  SD) nest chambers), we included the 
chamber that was used most frequently in the analyses  
concerning how age is related to the position of the nest 
chamber in the nest. For each individual we had 4.7  7.9 
(mean  SD) observations.

Using a long-term dataset on the population of sociable 
weavers we studied (which has been regularly ringed since 
1993), we then searched for birds whose exact age was 
known, i.e. sociable weavers in the database that were first 
ringed as nestlings. When two individuals of known age  
used the same chamber at equal frequency, we randomly 
selected an individual to include in the analyses (n  6 nest 
chambers; at four out of these six chambers the individuals 
had the same age). For each individual of known age we  
had 2.7  2.1 observations.

We used photographs taken from the underside of the 
communal nest, so that a 1 m ruler, the labelled nest cham-
bers and their position were visible to measure the distance 
between the nest chambers and the nearest edge of the  
communal nest. For the nests where we assigned individuals 
to nest chambers in 2010, we also determined in which 
chambers, and at which position, a breeding attempt was 
observed (n  75 nest chambers in 13 communal nests) 
between 9 September 2010 and 6 April 2011. A ‘breeding 
attempt’ was defined as eggs were laid. All nest chambers  
of 14 nests were checked for breeding activity approxi-
mately every three days during this period. For graphical 
purposes in Fig. 2 and 4 and for the analysis concerning  
likelihood of breeding activity we classified the position  
of the nest chambers following the criteria described  
above (T1  16.6 cm, 16.6 cm  T2  35.0 cm, and T3   
35.0 cm).

Statistical analyses

The volume of the communal nest (m3) (or nest segment if  
a colony consisted of two or three separate nest structures) 
and the number of birds in each colony (or nest structure) 
were highly correlated (r  0.880, DF  19, p  0.001). We 
therefore include only the volume in the models we present.

We used linear mixed models (LMM) with restricted 
maximum likelihood implemented using the package  
nlme in R (R Development Core Team) to account for  
the pseudoreplication introduced by the statistical non- 
independence of multiple temperature measurements at a 
given position of a nest chamber (i.e. near the edge, in the 
centre or in between those positions) and of nest chambers 
within colonies. Position (where appropriate) and colony  
ID were entered as random factors with position nested 
within colony.

To determine whether communal nest volume or nest 
chamber position has thermoregulatory consequences, we 
used the temperature buffer ΔT, defined as the absolute  
difference between the ambient temperature and the tem-
perature measured inside the nest chambers, as a response 
variable. We used the distance between the nest chamber  
and the nearest edge of the communal nest as the indepen-
dent variable representing nest chamber position. Ambient 
temperature (°C) and nest volume (m3) were entered as addi-
tional covariates. ΔT was square-root-transformed prior  
to the analyses concerning the spatial variation in tempera-
ture benefits to achieve a normal distribution of the errors. 
In order to accommodate the serial autocorrelation in our 
data due to diurnal effects, we used the mean values per  
hour for ΔT and for the ambient temperature in our  
LMMs and applied a moving average model as the class of 
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included as the response variable in an LMM with restricted 
maximum likelihood with position of the nest chamber  
as the fixed effect, and colony ID as the random factor.

Results

Nest size

The ambient temperature at the colonies during observa-
tions ranged from 1.4°C at night to 42.4°C during the day 
(median  20.8°C), while the temperature inside nest  
chambers ranged from 4.4 to 36.2°C (median  22.3°C). 
ΔT ranged from 0.0 to 13.1°C (median  2.6°C). Tempera-
ture was logged inside 51 nest chambers (18 at T1, 13 at  
T2, and 20 at T3) at 20 colonies, ranging in size from  
0.7 m3 to 10.0 m3 and from 7 to 65 active nest chambers.

The thermoregulatory capacity of the sociable weaver’s 
nest was not associated with the volume of the communal 
nest (Fig. 1, Table 1a), although ΔT was smallest at the nest 
with the smallest volume.

Spatial variation of temperature buffer

ΔT increased significantly towards the centre of the colony 
(Fig. 2a, Table 1a), so that ΔT increased on average by 
0.47°C from position T1 to position T2 and by 0.57°C 
from T1 to T3. These results remained unchanged when  
T3 or T1 were excluded from these analyses: ΔT increased 
significantly with the distance from the nearest edge from  
T1 to T2 (0.013  0.005, DF  11, t  2.447, p  0.032) 
and from T2 to T3 (0.005  0.002, DF  12, t  2.633,  
p  0.022). Not only did ΔT increase towards the centre  
of the colony, but the temperature inside the chambers  
also became less variable (Fig. 2b, Table 1b), so that stan-
dard deviation of ΔT decreased on average by 0.73°C from 
position T1 to position T2 and by 0.59°C from T1 to T3. 

autocorrelation structure (AIC  2707.12, likelihood 
ratio  3822.60, p  0.001).

To test whether temperature variability changed towards 
the centre of the nest, we ran a separate LMM with the  
standard deviation of chamber temperature (TSD) per  
position (i.e. T1, T2, and T3) per colony as the response 
variable. TSD was log-transformed to achieve a normal  
error structure prior to analyses. To investigate whether the 
change in temperature buffer or variability may depend on 
the depth of the nest chambers, we ran an LMM with depth 
of the nest chambers in response to the distance to the  
nearest edge of the nest chamber and to communal nest  
volume, including colony ID as a random effect. In order  
to analyse how the depth of a nest chamber predicts its  
thermoregulatory capacities, in a separate LMM we used the 
means of ΔT per nest chamber as the response variable with 
the depth of the nest chamber, the communal nest volume 
and the ambient temperature as covariates, while colony ID 
was entered as a random effect.

To investigate whether the position of the nest chamber 
predicted the age of its occupants, we used a LMM with 
maximum likelihood and occupant’s age as the response  
variable, the nest chamber’s distance from the nearest edge 
and volume of the communal nest as covariates, and colony 
ID as a random factor. If an individual of known age used 
more than one nest chamber (n  12 individuals using 
3.0  1.3 nest chambers) we used the average distance 
between the nest chambers and the nearest edge of the  
nest in the analysis. Five out of these 12 individuals used 
3.2  1.3 nest chambers that were of the same distance  
category (i.e. T1, T2 or T3). Age was log-transformed prior 
to analysis. To investigate whether the position of the  
nest chamber predicted the likelihood of a breeding attempt 
we calculated the proportion of nest chambers per position 
(i.e. T1, T2 and T3, using the criteria mentioned above) 
where a breeding attempt had been observed. This propor-
tion of nest chambers was then square-root transformed and 
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Figure 1. Temperature buffer, ΔT (°C), as a function of the volume of the communal nest of sociable weavers. Boxplots indicate the  
median, the interquartile range, the maximum and minimum values excluding outliers, and outliers; n  20 colonies.
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The low effect estimates of these results are probably a conse-
quence of the relatively large spread of the data surrounding 
the observed increase in ΔT towards the centre of the colony.

The depth of the nest chambers was not predicted by  
the volume of the communal nest (Table 1c), but increased 
significantly towards the centre of the communal nest  
(Fig. 2c; Table 1c). Accordingly, ΔT increased (Fig. 3;  

Table 1. (a) ΔT (°C), (b) TSD, and (c) the depth of sociable weaver nest chambers in relation to the volume of the communal nest and the 
distance between the nest chamber and the nearest edge of the communal nest. The random terms ‘Colony’ and ‘Position’ had a significant 
effect in model (a) (likelihood ratio ‘Colony’: 191.90, p  0.001; likelihood ratio ‘Position’: 111.92, p  0.001), while the random effects in 
the models (b) and (c) were non-significant (p  0.113); n  20 colonies.

Fixed effects Model effect estimate  SE DF t p

(a) ΔT
Distance from edge
Volume
Ambient temperature

0.007  0.002
20.004  0.015
20.010  0.002

30
18

4098

4.733
20.299
25.459

 0.001
0.769

  0.001
(b) TSD

Distance from edge
Volume
Ambient temperature

20.004  0.001
 1.0  1027  1.0  1027

20.041  0.013

29
18
29

23.562
1.518

23.160

0.001
0.146
0.004

(c) Nest chamber depth
Distance from edge 0.438  0.197 31 2.220 0.034
Volume 1.0  1026  2.0  1026 18 1.413 0.175
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Figure 2. (a) The temperature buffer, ΔT (°C); (b) standard deviation of ΔT, TSD (°C); and (c) the depth of the nest chamber as a function 
of the chambers’ position in the communal nests of sociable weavers. T1, T2 and T3 correspond to positions near the edge of the  
communal nest (T1), near the centre of the communal nest (T3), and in between those two positions (T2; see text for mean  SD distance 
from the nearest edge for each position) and are used here for graphical purposes; n is the number of colonies.

Table 2a), and TSD decreased with the depth of the chamber 
(Table 2b). Volume appeared to be negatively associated 
with ΔT in this model, but the effect estimate of this result 
is extremely low. We did not find a significant interaction 
between depth of the chamber and the distance from near-
est edge (DF  25, t  20.148, p  0.884; random effect 
‘Colony’: p  0.999).
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structure acts as a buffer against the cold temperatures at 
night (this is likely to be especially important during  
winter when temperatures may drop well below 0°C at  
night with temperatures of 25°C or lower being relatively  
common) and against high temperatures during the day 
(during the summer temperatures regularly reach more than 
40°C;  www.climate-charts.com ). Developing sociable 
weaver offspring may benefit from higher temperatures 
inside chambers at night during the breeding period between 
September and March. Although relatively little is known 
about the effect of temperature on the development of  
eggs and nestlings, stable temperatures inside the nest  
chambers are likely to be beneficial (Martin and Schwabl 
2008, Nord and Nilsson 2011). The temperature buffer  
may also mitigate the energetic demand on parents to main-
tain a stable temperature during the incubation and nestling 
phase (Drent 1975, Collias and Collias 1984, Reid et  al. 
2000, Kosztolányi et al. 2009, Dawson et al. 2011).

Interestingly, our study also shows spatial variation in  
the thermoregulatory benefits of the nest. These benefits 
increased towards the centre of the communal nest and  
with the depth to which the nest chamber is embedded into 
the thatch. Our data further suggest that this variation has 

Social organisation and spatially structured benefits

We knew the exact age (1–12 yr (range), 4.1  2.7 
(mean  SD) yr) for 46 individuals with an identified  
nest chamber. Older individuals occupied nest chambers 
near the centre of the colony, while nest chambers near the 
colony edge were occupied by younger birds (Fig. 4a,  
Table 3a). Using our observations of breeding attempts 
between September 2010 and April 2011, we found that 
breeding was more likely to take place in nest chambers near 
the centre of the communal nest (Table 3b; Fig. 4b).

Discussion

Our study shows that the sociable weaver’s unique commu-
nal nest is an effective temperature buffer. The communal 
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Figure 3. Temperature buffer, ΔT (°C), inside sociable weaver nest 
chambers as a function of their depth.

Table 2. Temperature inside sociable weaver nest chambers as a 
function of the depth of the nest chamber. (a) ΔT (°C) and (b) TSD 
(°C). The random term ‘Colony’ was not significant in model (a) 
(p  0.999), but had a significant effect in (b) (likelihood ratio: 4.77, 
p  0.029).

Model effect estimate  SE DF t p

(a) ΔT
Depth
Volume
Ambient  

temperature

0.153  0.032
21.0  1027   1.0  1027

0.136  0.043

27
18
27

4.758
22.720

3.184

 0.001
0.014
0.004

(b) TSD

Depth
Volume
Ambient  

temperature

20.124  0.036
  1.0  1027  1.0  1027

20.205  0.066
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0.002
0.086
0.004
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Figure 4. (a) The age of the individuals versus the distance between their nest chamber and the nearest edge of the communal nest 
(mean  SE; n  46 individuals) and (b) the proportion of nest chambers where a breeding attempt was observed as a function of the  
position of the nest chamber. T1, T2 and T3 correspond to positions near the edge of the communal nest (T1), near the centre of the  
communal nest (T3), and in between those two positions (T2; see text for mean  SD distance from the nearest edge for each position) and 
are used here for graphical purposes; n is the number of nest chambers.
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For example, contributions to building may depend on an 
individual’s relatedness to other colony members and the 
spatial arrangement of any relatives in the communal  
structure.

Alternatively, the benefits of investing in nest construc-
tion may be selfish, rather than altruistic, with thatch build-
ing acting as a handicap signal (Zahavi 1995). For example, 
if thatch-building behaviour is costly, it may indicate the 
dominance status or parental quality of individuals and 
hence be used in mate choice (Zahavi 1995, Soler et  al.  
1998, Szentirmai et al. 2005, Berg et al. 2006, Schaedelin 
and Taborsky 2010, Sanz and Garcia-Navas 2011). A role  
of individual quality in the social organisation of sociable 
weaver nests is suggested by our findings that older birds 
occupied better quality nest chambers, and that breeding 
was more likely to take place in these chambers. We note 
that the fact that breeding was more likely in central cham-
bers could be due to either the individual quality of the 
occupants or a direct consequence of the thermoregulatory 
characteristics of these chambers, or both. Further analyses 
are required to tease apart these effects.

Our observation that older individuals occupied the  
best quality nest chambers suggests competition for access to 
the best positions within the communal nest. Predation risk 
is unlikely to provide a satisfactory explanation for such 
competition for central chambers. Nest predators, mostly 
snakes (Cape cobras Naja nivea and boomslangs Dispholidus 
typus), cause an average of 75% of offspring mortality (Covas 
2002). Snakes typically take all offspring present at a colony 
during a single foraging bout, although some nests do sur-
vive such events (Spottiswoode 2007). Whether offspring  
in central nest chambers, or in chambers that are more  
deeply embedded into the thatch, are more likely to survive 
such predation events remains to be investigated. Never
theless, the relationship between nest chamber position and 
occupants’ age and probability of breeding suggests that spa-
tially structured benefits of the public good could strongly 
influence social organisation of sociable weavers. Similarly, 
in a study of long-tailed tits Aegithalos caudatus the benefits 
of roosting communally vary with position within the roost 
(Hatchwell et  al. 2009) and access to the best positions is 
related to an individual’s dominance status within the flock 
(McGowan et al. 2006).

It would be interesting to determine whether thatch 
building is costly and to investigate which individuals  
contribute to the public good most in order to substantiate 
the above propositions that thatch building may be a selfish 
behaviour associated with gaining access to breeding  
opportunities or that it may be a kin-selected behaviour. 
Addressing the costs of communal investment and the ques-
tion of who should bear these costs will help us to explain 
how cooperation may be maintained in sociable weavers.
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consequences for the social organisation within colonies:  
we showed that the position of the nest chamber within  
the communal nest predicted the age of the occupant, and 
that breeding was more likely to take place towards the  
centre of the colony. We also found that ΔT did not  
increase with increasing communal nest volume overall, 
although there did appear to be some decrease in thermo-
regulatory benefits for the smallest nests.

Any absolute thermoregulatory benefit of nesting in a 
communal nest appears to be small, given that there was  
a median difference of only 2.6°C in recorded nest  
chamber temperature compared to ambient temperature. 
Nonetheless, a small difference in temperature is likely to  
be significant for a small bird like the sociable weaver  
(mean body mass  26.9 g) that not only breeds but also 
roosts in the nest chambers throughout the year (Ferguson 
et  al. 2002). In contrast to White et  al. (1975), who  
concluded that the insulative effectiveness (and heat  
input of the occupants) of the communal nest increases 
with size, our results suggests that there is no general  
thermoregulatory benefit of larger colony size. The propor-
tion of high quality nest chambers away from edges of  
nests is higher in larger colonies, which could provide a  
benefit of communal living, but against that benefit are 
likely to be increasing costs of nest predation, parasite  
infection and brood reduction (Spottiswoode 2007). Fur-
thermore, the risk of the nest becoming too heavy for  
the supporting tree (eventually resulting in branches break-
ing and the nest falling out of the tree) increases with nest 
size (REvD unpubl., White et al. 1975).

Given minimal thermoregulatory benefits of larger  
colonies, there may be benefits other than thermoregula-
tion from living in larger communities. Larger groups are  
potentially more successful at finding food (Ward and 
Zahavi 1973, Alonzo and Sheldon 2010, King et al. 2011) 
or reducing predation risk through enhanced vigilance 
(Harrison and Whitehouse 2011, Hirsch 2011). In  
addition, there is significant kin structure among males 
between communal nests of sociable weavers and they  
are facultative cooperative breeders in which helpers are 
generally related to the breeders they assist (Covas et  al. 
2006). Thus, thatch building may be a kin-selected  
behaviour (Hamilton 1964) if investment in the communal 
nest benefits relatives living within the same colony.  

Table 3. (a) Age and (b) the proportion of nest chambers where a 
breeding attempt was observed as a function of the position of  
the nest chamber in the communal nest of sociable weavers. The 
random term ‘Colony’ was not significant in models (a) and (b) 
(p  0.999). Position T1 is used as the reference category (intercept) 
in (b).

Model effect estimate  SE DF t p

(a)
Distance 

from edge
0.016  0.006 27 2.577 0.016

Volume  1.0  1027  0.5  1027 27 20.740 0.465
(b)

Intercept 0.122  0.140 24 0.871 0.392
T2
T3
Volume

0.376  0.135
0.313  0.135
0.019  0.019

24
24
11

2.796
2.330
0.968

0.010
0.029
0.354
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