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ABSTRACT 18 
Animals use behavioural cues from others to make decisions in a variety of contexts. There is 19 
growing evidence, from a range of taxa, that information about the locations of food patches can 20 
spread through a population via social connections. However, it is not known whether information 21 
about the quality of potential food sources transmits similarly. We studied foraging behaviour in a 22 
population of wild songbirds with known social associations, and tested whether flock members use 23 
social information about the profitability of patches to inform their foraging decisions. We provided 24 
artificial patches (ephemeral bird feeders) that appeared identical but were either profitable (contained 25 
food) or unprofitable (contained no food). If information about patch profitability spreads via social 26 
associations, we predicted that empty feeders would only be sampled by individuals that are less 27 
connected to each other than expected by chance. In contrast, we found that individuals recorded at 28 
empty feeders were more closely associated with each other than predicted by a null model simulating 29 
random arrival of individuals, mirroring pattern of increased connectedness among individuals 30 
recorded at full feeders. We then simulated arrival under network-based diffusion of information, and 31 
demonstrate that the observed pattern at both full and empty feeders matches predictions derived from 32 
this post-hoc model. Our results suggest that foraging songbirds only use social cues about the 33 
location of potential food sources, but not their profitability. These findings agree with the hypothesis 34 
that individuals balance the relative economic costs of using different information, where the costs of 35 
personally sampling a patch upon arrival is low relative to the cost of searching for patches. This 36 
study extends previous work on information spread through animal social networks, by suggesting 37 
important links between how individuals use information at different stages of the acquisition process 38 
and the emerging population-level patterns of patch use. 39 
 40 
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 46 
HIGHLIGHTS 47 
• Songbirds used social information to find food. 48 
• Social connections predicted patch discovery, i.e. order of arrival of individuals. 49 
• Upon discovery, individuals gathered personal information about patch quality. 50 

• Social and personal information is used at different phases while foraging. 51 
• The relative costs of social and personal information predict information use. 52 

53 



 

 

INTRODUCTION 54 
Animals can learn about their environment by observing others. Socially-acquired information 55 
involves any information gained through social processes, whether extracted from actively produced 56 
signals, or (inadvertent) cues provided by others’ behaviour and its consequences (Danchin et al. 57 
2004; Smidt et al. 2010). Use of social information has been demonstrated in a wide variety of 58 
contexts including habitat choice (Forsman et al. 1998), assessing predation risk (Dawson & Chittka 59 
2014), finding food (Tóth et al. 2017), and learning which food to avoid (Van de Waal et al. 2013; 60 
Thorogood et al. 2018). Social information about the availability of food is particularly valuable in 61 
unpredictable ephemeral environments (Baude et al. 2008; Boyd et al. 2016) when acquiring personal 62 
information about the environment can be costly in terms of time and energy (Valone & Templeton 63 
2002; Kendal et al. 2005). Models assuming perfect information-sharing among group members 64 
suggest that groups have a higher searching efficiency than individuals, resulting in improved patch-65 
finding rate with increased group size, and that groups are more efficient in patch assessment, 66 
reducing the time spent in unprofitable patches (e.g., Clark & Mangel 1986; Ranta et al. 1993). 67 
However, information acquired through personal experience can be more accurate, or relevant, than 68 
social information. For example, individuals can differ in their preferences or needs with regard to 69 
resource quality, and observing one individual choose, or reject, a patch could yield incorrect 70 
information to the observer. Using social information could also represent an ecological trap 71 
(Schlaepfer et al. 2002)—if many patches are unprofitable, it could cause individuals to spend more 72 
time finding food. Thus, when faced with a trade-off between gathering more accurate (personal) 73 
information or cheaper (social) information, foragers should use social information when personal 74 
information cannot be gathered reliably at a low cost, and otherwise rely on personal experience 75 
(Kendal et al. 2005; Galef 2009; Czaczkes et al. 2019). 76 
 77 
Studies across a range of taxa have found that information about the location of food patches spreads 78 
through a population via social connections, i.e. individuals are more likely to discover novel 79 
resources that are widely dispersed throughout the landscape when they are socially connected to 80 
knowledgeable conspecifics or heterospecifics (e.g., Aplin et al. 2012; Webster et al. 2013; Farine et 81 
al. 2015a; Jones et al. 2017; Tóth et al. 2017). Further, birds foraging within patches have been found 82 
to move to areas of the patch containing the largest proportion of the flock (Farine et al. 2014). 83 
Together, these results suggest that songbirds use social information both when finding patches, and 84 
when deciding where to forage within a patch. However, it is not always clear what cues animals are 85 
responding to, or whether information is being transmitted between individuals, because different 86 
social and asocial mechanisms can lead to similar pattern of apparent spread of information.  87 
 88 
Identifying what information individuals acquire and use is important for understanding social 89 
influences on foraging (Galef & Giraldeau 2001). For example, it may not be immediately obvious 90 



 

 

whether individuals arriving at a new resource discovered the patch together (i.e., simultaneously), or 91 
whether information is being transferred from individuals that are knowledgeable of the availability of 92 
resources to naïve individuals. To differentiate the effect of collective movement from social 93 
transmission of information about the patch location, some studies have compared the order in which 94 
individuals arrived at foraging patches with the order of arrival at control patches (Atton et al. 2012), 95 
while others adjusted their analysis to exclude individuals that arrived within a short period of time 96 
when estimating information transmission rates (e.g., Aplin et al. 2012, Farine et al. 2015a, Firth et al. 97 
2010). Similarly, individuals might use personal or social information to assess the quality or 98 
profitability of foraging patches. There is mixed evidence on whether individuals determine foraging 99 
patch quality from the behaviour of others; the use of social information in this context has been 100 
reported for European starlings, (Sturnus vulagaris, Templeton & Giraldeau 1995), red crossbills, 101 
(Loxia curvirostra, Smith et al. 1999), and three-spined sticklebacks (Gasterosteus aculeatus, Coolen 102 
et al. 2003), but there was no evidence this was the case in studies of European blackbirds (Turdus 103 
merula, Smith et al. 2001) or nine-spined sticklebacks (Pungitius pungitius, Coolen et al. 2003). 104 
Further, it is not known whether information about patch quality transmits via social connections, in a 105 
similar fashion to the way information about the location of foraging patches has been shown to 106 
spread through populations. 107 
 108 
Here, we study foraging behaviour in mixed-species flocks of tits to test whether individuals use 109 
social information when assessing foraging patches. Tits and other species from the Paridae family 110 
provide a good system for information diffusion experiments, because they readily use social 111 
information in foraging contexts, from finding food (e.g., Sasvári1979; Farine et al. 2015b; Firth et al. 112 
2016; Hillemann et al. 2019a), to learning innovative foraging techniques (Aplin et al. 2013, 2015) 113 
and avoidance of unpalatable prey (Thorogood et al. 2018). Further, it has been shown that 114 
information does not spread between individuals at random but can be predicted by their connections 115 
in the population-level social network (Aplin et al. 2012; Farine et al. 2015a; Firth et al. 2016). We 116 
expand these previous studies on social foraging in songbirds by contrasting pattern of information 117 
spread for patches that varied in profitability, to test whether songbirds use social information about 118 
whether a patch contains food or not. We provided artificial patches (bird feeders) that appeared 119 
identical but were either empty or stocked with seed, and calculated the connectedness of individuals 120 
arriving at each feeder using the edge strength from independently-recorded social association 121 
network data. We then compared the order in which birds discovered these feeders with a null model 122 
simulating random arrival of birds, to test two distinct hypotheses.  123 
 124 
The first hypothesis is that, additionally to information about patch location, birds also acquire social 125 
information about patch profitability by attending to the behaviour of others. If individuals gain 126 
information from their close associates that the patch was not rewarding (here, absence of food), we 127 



 

 

expect them to not sample the patch themselves. Thus, under this hypothesis, we predict that 128 
individuals sampling empty feeders will be less connected to those that had previously visited the 129 
feeder (“knowledgeable individuals”, hereafter) than would be expected by the random arrival model, 130 
because closely-associated individuals are more likely to learn from each other (e.g., Coussi-Korbel & 131 
Fragaszy 1995). At profitable feeders, on the other hand, we expect that arriving birds should be more 132 

connected to the knowledgeable individuals in their social network than predicted by the null model. 133 

 134 
The alternative hypothesis is that birds acquire only information about the location of potential 135 
resources, but not their quality. Individuals may not obtain the relevant social information to assess 136 
whether a patch is profitable, or they may not use it. Under this hypothesis, individuals discovering a 137 
potential patch are therefore expected to sample it regardless of its quality. Thus, we expect that the 138 
connectedness of arriving individuals should be higher than predicted by the random arrival model, 139 
regardless of whether the feeder is full or empty. In other words, the results should reflect the same 140 
social effects on patch discovery that have been shown in other studies (Aplin et al. 2012; Farine et al. 141 
2015a; Firth et al. 2016). 142 
 143 
METHODS 144 
Study system 145 
We studied a population of individually tagged songbirds in Wytham Woods in Oxfordshire, UK 146 
(51°46’ N, 1°20’ W), consisting of blue tits (Cyanistes caeruleus), great tits (Parus major), marsh tits 147 
(Poecile palustris), and Eurasian nuthatches (Sitta europaea). Tits in this population move and forage 148 
in mixed-species flocks during the non-breeding season (Hinde 1952; Farine et. al 2012, 2014, 149 
2015a), with blue tits and great tits being the most abundant species, that together accounted for more 150 
than 90 % of the bird recorded in this study. Birds were each fitted with a unique British Trust for 151 
Ornithology (BTO) metal leg ring as nestlings or as adults, either when caught at nest boxes during 152 
the breeding season or in mist nets during the winter. Additionally, birds were fitted with a plastic leg 153 
ring carrying a passive integrated transponder (PIT) tag (IB Technologies, UK), that can be read by 154 
radio-frequency identification (RFID) antennae. 155 
 156 
Social association data 157 
Following the same protocol as previous studies on our system (e.g., Aplin et al. 2012, Farine et al. 158 
2015b, Hillemann et al. 2019b), we quantified social associations of individuals based on co-159 
occurrence in foraging groups. Feeder visits (time and location) by PIT-tagged birds were recorded at 160 
automated feeding stations with RFID antennae (Dorset ID, Netherlands), that were spread in a grid 161 
of 250 x 250 m across the study area (56 sampling sites in the first season, and 54 sites in second 162 
season). These feeding stations were accessible for a two-day sampling periods per week over 163 
multiple consecutive weeks in January and February (first season: eight sampling periods, second 164 



 

 

season: six sampling periods), thus providing a data stream detailing the spatio-temporal distribution 165 
of birds. To identify gathering events, or flocks, we used a Gaussian mixture model (GMM) that was 166 
designed to detect periods of high activity (Psorakis et al. 2012, 2015). The GMM approach is a 167 
clustering algorithm that can identify groups of different sizes and temporal resolution, without the 168 
need to set arbitrary time resolution parameter (e.g., fixed time windows). For detecting groups, we 169 
used the gmmevents function in the asnipe package (Farine 2013) in R (v. 3.4.4; R Development Core 170 
Team 2018). 171 
 172 
To calculate a “local” network for each experimental site, we used subsets of the population-scale 173 
social association data. For each trial, we included data collected at the four logging stations closest to 174 
the experimental site, and during the four two-day sampling periods closest to the feeder discovery 175 
trial. GMM models were applied to the data from each feeder on each day, and we aggregated data 176 
from all of the flocks into one group-by-individual matrix for each of the local networks. Social 177 
association was assumed based on co-presence in the same gathering event, and association strengths 178 
for each dyad was calculated as the simple ratio index, which ranges from 0 (never recorded in the 179 
same foraging flock) to 1 (always recorded in the same foraging flock). Social networks were 180 
constructed using the asnipe R package (Farine 2013). 181 
 182 
Patch-discovery experiment 183 
We conducted patch discovery trials at 18 different sites (10 sites in February - March 2016, 8 sites in 184 
February - March 2017). Each foraging patch consisted of a bird feeder that was either stocked with 185 
unhusked sunflower seeds or completely empty, and covered with an opaque tube (grey PVC pipe; 186 
see Fig. S1 for a photo of an experimental feeder). Nearby vegetation provided perches for processing 187 
seeds and observing others’ foraging behaviour, but to gather reliable personal information about the 188 
state of the food, birds had to perch on one of the feeder’s two access holes. The access holes were 189 
fitted with RFID antennae, which recorded the identity and order of all PIT-tagged birds landing on 190 
them for inspection or taking a seed (antennae scanning rate: 16 Hz; one record per individual visit in 191 
each 15-s interval).  192 
 193 
Experimental sites in the same year were separated by at least 350 meters, and 88% of the individuals  194 
recorded throughout the experiment (N = 538) were either only ever recorded at one experimental 195 
site, or at only one site in each of the two years (supplementary material, Fig. S2). We implemented a 196 
fully balanced design, presenting both treatments (full and empty feeder) at each site. This design 197 
allowed us to balance potentially confounding factors such as variation in the local density of birds 198 
and habitat structure. The order of trials was pseudo-randomised, and we left a minimum of 3 days 199 
between consecutive trials at a given site (average ± standard deviation: 10.3 ± 7.2 day). We deployed 200 
feeders after sunset on the evening before the trial to ensure natural patch discovery the next morning. 201 



 

 

Discovery trials lasted one day, and feeders were removed immediately after the end of the trial. Data 202 
from full-feeder trials were previously published in Hillemann et al. 2019a, in the context of analysing 203 
diurnal foraging patterns. 204 
 205 
Modelling the spread of information about food availability 206 
For each trial, we recorded the order of arrival of k individuals, with k being the total number of 207 
tagged birds that discovered the patch. Birds were classified as knowledgeable after their first visit 208 
was detected at the patch. For each arriving bird, we calculated its mean edge strength to 209 
knowledgeable individuals, using the independently collected social association data (i.e. the local 210 
network). We then compared the observed pattern of patch discovery to a null model simulating 211 
random arrival of individuals by selecting k individuals at random from the local network. A random 212 
discovery pattern is expected if individuals are not using social cues, but instead discover and sample 213 
the food source independently. We ran 1000 repetitions of this simulation, and compared the observed 214 
social connectivity between knowledgeable individuals to the model prediction.  215 
 216 
Since birds that were recorded at the feeders were more connected than predicted by the null model in 217 
both treatments (full and empty feeders), we then developed a network-derived transmission model, 218 
the ‘affiliative model’, to test whether the observed pattern of arrival at the feeders could be explained 219 
by social associations. For each site, we randomly selected one individual from the local network to 220 
make the initial discovery, then randomly chose one of its associates as the second individual to arrive 221 
at the feeder. For each subsequently arriving bird, we randomly chose an individual from the growing 222 
number of associates to knowledgeable individuals. We repeated this process until k individuals were 223 
selected. Values obtained from 1000 repetitions of this simulation were again qualitatively compared 224 
to the observed pattern. Running these random-arrival simulations and network-derived simulations 225 
allowed us to quantify how the strength of connections between new discoverers and knowledgeable 226 
birds was expected to increase as the pool of information grows in a local population, under different 227 
mechanisms of information use. 228 
 229 
Ethical Note 230 
This work was conducted as part of a large ongoing research project on Parid social behaviour at 231 
Wytham Woods. All work was subject to review by the local ethical review committee of the 232 
Department of Zoology, University of Oxford. Birds were caught, ringed, and PIT-tagged by 233 
experienced ringers under BTO licences. 234 
 235 
Data Availability Statement 236 
Data and R-code used for analyses are available from the figshare digital repository (Hillemann et al. 237 
2020). 238 



 

 

 239 
RESULTS 240 
All of the full feeders (n=18 out of 18 trials) and all but three of the empty feeders (n=15 out of 18 241 
trials) were discovered. Compared to full feeders, empty feeders were discovered by fewer 242 
individuals, and were visited less often throughout the length of the trial (Fig. 1). Empty feeders were 243 
only visited by few individuals in the early-morning hours, whereas birds accumulated at full feeders 244 
throughout the morning (Fig. 1a). The average number of unique birds visiting empty feeders was 245 
10.2 ± 2.3 standard error mean (SEM; n = 15), compared to 36.1 ± 6.8 SEM at full feeders (n = 18). 246 
Empty feeders were on average visited 25.5 ± 6.2 SEM times across the whole duration of each trial 247 
(median per capita number of visits [and first and third quantile]: 1 [1, 3]), whereas the average 248 
number of visits to full feeders was 645.2 ± 146.0 SEM (median per capita number of visits: 12 [6, 249 
25].  250 
 251 
At empty feeders, knowledgeable individuals were more connected to each other than predicted by 252 
the null model of random arrival (Fig. 2). For both feeder types, new individuals arriving at a feeder 253 
had a much higher edge strength to those birds that had already experienced the profitability of the 254 
patch, relative to the same number of individuals drawn randomly from the local population. The 255 
affiliative model, which simulates network-derived pattern of discovery, accurately predicted the 256 
observed connections among individuals arriving at either feeder (empty or full), with average values 257 
of edge strength to knowledgeable individuals falling within the 95% range of the values obtained 258 
from the affiliative model simulations. 259 
 260 
DISCUSSION 261 
By providing artificial patches that differed in their profitability, we found that non-rewarding patches 262 
were visited less often, and by fewer individuals, than patches that contained food. However, our 263 
results do not support the hypothesis that individuals acquire and use social information to assess the 264 
profitability of potential patches. Our prediction was, that empty patches should have been sampled 265 
only by individuals that are less connected to each other than the same number of randomly chosen 266 
individuals from the local population. Instead, we found that individuals arriving at empty feeders 267 
were more connected to each other than expected by chance. These results closely matched the 268 
patterns observed at independent trials presenting full feeders. Thus, we find no evidence that tits use 269 
social information to assess the profitability, or quality, of foraging patches. 270 
 271 
From our data, we cannot conclude whether social information about patches not being profitable is 272 
(i) not available to other foragers, (ii) is not collected, or (iii) if foraging individuals actively forgo 273 
social information about patch quality (i.e., information is available but not used). We expect that 274 
individuals should observe different behavioural cues from others experiencing a full versus an empty 275 



 

 

patch (e.g., feeder visitation rates, leaving with or without carrying a seed in their bill; see Fig. S1 for 276 
a photo of a bird carrying a seed, and processing of seeds in nearby vegetation). However, individuals 277 
may not have had the opportunity to carefully observe potentially subtle differences in others’ 278 
behaviour, or may ignore the presented information in favour of sampling potentially more relevant 279 
and reliable personal information about the patch immediately upon arrival. Individuals that visited 280 
empty feeders might not only have done so to sample up-to-date personal information about their 281 
environment, but might have used previous experience of feeders usually being filled with sunflower 282 
seeds. Similar feeders to those used in this study are regularly used across the study area for 283 
behavioural research relating to social associations of wintering songbirds or for catching and 284 
marking individuals using mist nets throughout the non-breeding season, and are therefore likely to be 285 
associated with the presence of food. It is unclear how important this old personal information might 286 
be for individuals’ foraging decisions, or whether individuals that are naïve to supplementary feeders 287 
differ in their reliance on social information from individuals that have used feeders before. In any 288 
case, we show that potentially conflicting or less accurate social information, indicating that the patch 289 
is not profitable, is not being used to inform foraging decisions of foraging tits. 290 
 291 
Using personal information to evaluate the quality of patches supports existing theory on economic 292 
decisions relating to social information use strategies. A number of theoretical models and empirical 293 
studies have suggested that personal and social information are not weighed equally, and that the 294 
relative use of social and personal information should depend upon the costs involved with acquiring 295 
and using each (e.g., Valone & Templeton 2002; Kendal et al. 2005; Hillemann et al. 2019a). 296 
Whereas personal exploration and trial-and-error sampling of the environment can be relatively 297 
costly, the cost of gathering personal information about the quality of a patch upon arrival is much 298 
smaller (Kendal et al. 2005; Galef 2009). Our results align with the predictions of this theory. 299 
Wintering songbirds seem to balance the costs of using personal versus social information during 300 
foraging by using social information to find potential resource locations, but not when evaluating the 301 
quality of a patch (which suggests that they then rely on personal information).  302 
 303 
An economic view on when animals should use social versus personal information is consistent with 304 
recent findings about conformist transmission in our population (Aplin et al. 2015a). Conformity 305 
occurs where individuals ignore personal information, or forgo sampling it, and instead match their 306 
choices with the majority behaviour in the population (e.g., Kendal et al. 2004; Van de Waal et a. 307 
2013; Aplin et al. 2015b). Behavioural conformism, such as visiting a patch together even if it is 308 
unprofitable, has been suggested to facilitate greater cohesion at the pair-level (Firth et al. 2016), and 309 
group-level (Aplin et al. 2014). The potential loss of contact with flock members and loss of anti-310 
predator benefits associated with social foraging (e.g., Lima 1995) could select for social information 311 
use strategies that contribute to maintaining group cohesion above other factors. Formation of, and 312 



 

 

moving together in, foraging flocks is important for small songbirds such as tits, as it improves 313 
protection from predators. Further, during the winter, tits depend on dispersed, clumped food 314 
resources such as beech mast (the seeds of beech, Fagus sylvatica; Hinde 1952). Using social 315 
information to find potentially rich resources significantly reduces the time to patch discovery (e.g., 316 
Hillemann et al. 2019a), and this benefit may outweigh the costs of occasionally getting incorrect 317 
information.  318 
 319 
Although birds appeared to use information similarly when discovering full versus empty feeders, we 320 
found that the number of individuals that visited feeders in the different conditions differed 321 
consistently. On average, 3.5-times more individuals arrived at full feeders than at empty feeders. The 322 
differences in the number of arrivals in the two conditions highlights how beneficial group-level 323 
properties—in this case having more individuals discover profitable than non-profitable food 324 
sources—can emerge as a result of the strong social reinforcement in patch use by species such as tits 325 
(Aplin et al. 2014; Farine et al. 2014). Our data also suggest that birds visited empty patches because 326 
they acquired ‘wrong’ information from observing others, demonstrating that social information use 327 
can also be costly, or represent an ecological trap (Schlaepfer et al. 2002), hindering effective 328 
foraging by causing large numbers of birds in a population to sample potentially suboptimal patches 329 
before acquiring personal information. However, we observed that individuals departed from a patch 330 
once they updated their personal information. Of those birds that did visit the empty feeder more than 331 
once, about a third of all repeated visits were made within 1 minutes of the first arrival, presumably 332 
reflecting an extended exploration of the feeder, such as inspection of both access holes. Others made 333 
repeated visits several hours after the initial visit, which could represent a strategy of updating 334 
personal information. By departing patches rapidly, birds reduced the time available for others to also 335 
acquire incorrect social information, thus minimising the opportunities for social reinforcement of 336 
incorrect information. We also know that birds in our population are unlikely to become trapped by 337 
incorrect information. A previous study of information transfer in our population that used puzzle-338 
boxes that gave low rewards for common solutions and high rewards for uncommon solutions found 339 
that populations did not get trapped by their conformist choices or their personal information. Instead, 340 
populations could switch to high reward solutions as a result of the dynamic structure of the social 341 
network they live in (Aplin et al. 2017). Work in fish has also suggested that social interactions 342 
among individuals can facilitate ‘collective sensing’, or the fine-scale tracking of environmental 343 
features without requiring any group-level control (Berdahl et al. 2012). How social information use 344 
among individuals translates to group-level, or population-level, movement and patch use decisions in 345 
habitats of varying qualities is an exciting area for future research. 346 
 347 
Our study extends previous work on information use in a foraging context (e.g., Aplin et al. 2012) to 348 
test how individuals use social cues at different stages when navigating their environment. We build 349 



 

 

on previous approaches using populations with known social structure to track the acquisition of 350 
social information (Duboscq et al. 2016), such as studies using network-based diffusion analysis 351 
(Franz & Nunn 2009, Hoppitt et al. 2010). In our study, we used simulations to test for the expected 352 
patterns of connections between new arrivals and previous discoverers for each experimental trial. 353 
These models allowed us to evaluate alternative hypotheses about social information use at different 354 
steps in the acquisition process. Our hypothesis was that information about the lack of food transmits 355 
through social connections, as has been established for transmission of information about the presence 356 
of food (e.g., Aplin et al. 2012; Firth et al. 2016). However, our empirical data was better explained 357 
by a simulation for an alternative hypothesis, that information about patch locations, but not patch 358 
quality, spread through the local social networks. Despite this, the behaviour of birds in response to 359 
acquiring personal information (i.e. to avoid empty patches) prevented large-scale spread of incorrect 360 
information. Thus, our study adds to the growing evidence for the importance of social information, 361 
and that information use does not necessarily represent an ecological trap, where suboptimal 362 
behaviour spreads through the population, even if individuals sometimes acquire wrong information. 363 
 364 
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FIGURE LEGENDS 376 
Figure 1: Cumulative number of (a) individuals visiting, and (b) feeder visits at full (continuous line) 377 
and empty feeders (dashed line) per hour of the day. Bold lines represent mean values across all trials 378 
in which the feeder was visited by at least one individual (18 full-feeder discovery trials and 15 379 
empty-feeder trials, out of 18 trials conducted for each condition), and thin lines show standard errors 380 
of the mean. The total number of individuals visiting full feeders was on average 3.5-times higher 381 
than the number of birds visiting empty feeders, and full feeders were on average visited 25-times 382 
more than empty feeders. 383 
 384 
Figure 2: Mean edge strength of arriving individuals to birds that have already visited (a) empty 385 
feeders, or (b) full feeders. Small grey dots show observed data from single trials, larger black dots 386 
show mean values over all trials, and grey-shaded areas represent the mean ± SEM of the observed 387 
data (number of trials is given at the top margin of the plot). Only trials in which at least two 388 
individuals visited the feeder were included, and the plots only show up to the k-th rank of arrival that 389 
was observed in at least six trials (rank 1-12 for empty feeder trials, rank 1-48 for full feeder trials; the 390 
smaller frame in (b) shows only ranks 1-12 for full feeder trials). Blue and green and blue lines are 391 
means of expected values according to 1000 simulations of the random and affiliate model, and 392 
shaded areas represent the 95 % ranges of the simulated data, respectively. Perfect transmission of 393 
social information about patch quality would result in a straight line along 0 for empty feeders (i.e., 394 
only unconnected individuals visiting the unprofitable patch). Instead, individuals’ arrival to a feeder -395 
empty or full- was strongly predicted by social connections suggesting that only information about the 396 
location of a potential resource is being transmitted socially, and not information about the quality of 397 
the patch. The drop in average connectedness to knowledgeable individuals, after the arrival of ca 35 398 
to 40 individuals, indicates new independent discovery events of unconnected birds. 399 
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SUPPLEMENTARY MATERIAL 409 
 410 
F. Hillemann, E. F. Cole, B. C. Sheldon, D. R. Farine. 2020. Animal Behaviour. 411 
Information use in foraging flocks of songbirds - no evidence for social transmission of patch quality 412 
 413 
 414 
Bird feeders as artificial patches 415 
 416 

 417 
 418 
Figure S1. Experimental feeders. (a) Automated feeding stations were covered with an opaque tube 419 
and either presented empty or filled with unhusked sunflower seeds. RFID antennae in front of the 420 
access holes recorded the identity of PIT-tagged birds perching to inspect the feeder or take a seed. (b) 421 
A PIT-tagged blue tit takes a sunflower seed from a similar feeder in our system. 422 
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Independence of trials 424 
 425 

 426 
Figure S2. Number of individuals that were recorded at one or multiple experimental sites. 427 
Discovery trials with artificial patches that varied in their profitability (full and empty bird feeders) 428 
were conducted at 18 unique sites spread across the study area, and in two consecutive winters (10 429 
sites in early 2016 and 8 sites in early 2017). Within the same year, experimental sites were separated 430 
by at least 350 meters. Represented are the number of individuals that were recorded at only one site, 431 
or at multiple sites (because they were recorded at neighbouring sites either in different years, or 432 
within the same year). Black numbers at the upper margin of the plot give the total number of 433 
individuals recorded per category, percentages are given in grey. 434 
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