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Abstract 19 

When benefits exceed costs, natural selection may favor adults that develop the ability 20 

to recognize and preferentially direct care toward their own offspring to maximize 21 

their fitness. Investigations into the ability of adults to recognize offspring in 22 

offspring’s early development period may help to understand when the ability of kin 23 

recognition starts to develop. In birds, studies of offspring recognition have mainly 24 

been conducted on bi-parental breeding species, but relatively seldom on cooperative 25 

breeding species, despite that kin recognition may be of particular importance for 26 

cooperative breeders. The silver-throated tit Aegithalos glaucogularis is a small 27 

passerine in which some nests have helpers during breeding. We tested whether 28 

silver-throated tit parents and helpers were able to distinguish between their own and 29 

alien nestlings 2–5 days before fledging when recognition mechanisms were likely to 30 

have been developed. Through two forced choice experiments, of which one was 31 

conducted right beside the experimental nests (<0.8 m) and the other far away from 32 

the experimental nests (~6 m), we found that neither parents nor helpers 33 

discriminatively fed their own and alien nestlings, which suggested that at least during 34 

the experimental nestling age and within the 6-m-radius area around the nests, they 35 

might not have the ability to recognize offspring. The possibility that silver-throated 36 

tits use a larger area (>6 m radius) around their nests as a location-based cue for 37 

offspring recognition, or would develop an offspring recognition ability at an older 38 

nestling age and/or even after fledging, warrants future studies. 39 

Key words: silver-throated tit, Aegithalos glaucogularis, parents, helpers, nestling 40 

recognition, choice experiments 41 
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Introduction 42 

 43 

Kin recognition is the ability of an individual to identify or distinguish kin from 44 

non-kin (Hepper 1986, Penn & Frommen 2010). One common form of kin 45 

recognition is parent-offspring recognition, found in species with parental care in 46 

which selection favors parents that develop the ability to recognize and preferentially 47 

direct care toward their own offspring (Leonard et al. 1997). Results from 48 

comparative studies suggest that the development of offspring recognition is usually 49 

related to the risk of brood mixing, which may result in care being misdirected to 50 

unrelated young by adults. The best cited examples are among the swallows in which 51 

offspring recognition is well developed in colonial species, such as the cliff swallow 52 

Hirundo pyrrhonota, bank swallow Riparia riparia and cave swallow Petrochelidon 53 

fulva, but is poorly developed in solitary species such as the rough-winged swallow 54 

Stelgidopteryx ruficollis and barn swallow Hirundo rustica (Beecher et al. 1981; 55 

Stoddard & Beecher 1983; Beecher et al. 1986; Strickler 2013).  56 

     Investigations into the ability of adults to recognize offspring during the nesting 57 

stage may help to answer a fundamental question: when does the ability of kin 58 

recognition develop? In this respect, it has been found that the ability of adults to 59 

recognize offspring often develops at a period immediately before adults are likely to 60 

confuse the identity of their offspring; for example, in some species it develops when 61 

young birds leave the nest to join the crèche (McArthur 1982).   62 

    Although numerous investigations of offspring recognition have been conducted 63 

on biparental species, relatively few studies have focused on cooperative breeding 64 
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species, for which kin recognition may be particularly important. In cooperative 65 

breeding systems in which multiple individuals provide brood care, some individuals 66 

forgo their own independent breeding and assist others as helpers (Koenig & 67 

Dickinson 2004). Kin selection theory (Hamilton 1964), which suggests that auxiliary 68 

“helping” individuals are able to gain indirect fitness by assisting relatives, provides a 69 

major explanation for the evolution and maintenance of most cooperative breeding 70 

systems (Eberhard 1975; Clutton-Brock 2002). This suggests that the ability of kin 71 

recognition may be of crucial importance for cooperative breeders to maximize fitness 72 

(Komdeur & Hatchwell 1999). 73 

     Although some studies on cooperative breeding species have shown that 74 

individuals are capable of distinguishing relatives from nonrelatives (Russell & 75 

Hatchwell 2001), this discrimination usually occurs among adult individuals, of 76 

whom the cues for kin recognition may have been well developed. Only a few 77 

previous studies examined whether young offspring who might not have developed 78 

the cues for recognition could be recognized by adults in cooperative breeding species, 79 

and these existing studies provided mixed evidence for the ability of offspring 80 

recognition in cooperative breeders. For example, in the Florida scrub-jays 81 

Aphelocoma coerulescens (Barg & Mumme 1994) and European bee-eaters Merops 82 

apiaster (Lessells et al. 1991) it was found that adults discriminated between related 83 

and unrelated nestlings, but in western blue birds Sialia mexicana it appeared that the 84 

adults were not able to do so (Leonard et al. 1995). The study on the European 85 

bee-eaters also found that parents and helpers developed the ability of offspring 86 

recognition only a few days before nestlings started to fledge, but no earlier (Lessells 87 
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et al. 1991), which paralleled the results of studies on bi-parental species. More 88 

studies on offspring recognition may provide us a better understanding of the stage of 89 

the development of kin recognition in cooperative breeding species. 90 

     In this study, we investigated the offspring recognition ability of the 91 

silver-throated tit Aegithalos glaucogularis. The silver-throated tit is a small passerine 92 

bird that used to be treated as a subspecies of the closely related and well-studied 93 

cooperative breeding species, the long-tailed tit Aegithalos caudatus (Harrap 2008; 94 

Päckert et al. 2010). The cooperative breeding behavior of the silver-throated tits was 95 

only recently reported (Li et al. 2012). Helpers of silver-throated tits are usually male 96 

and occur at the provision stage (Li et al. 2012); most helpers are failed breeders and 97 

about two-thirds of them are related (r > 0.25) to one of the assisted parents (J. Li, 98 

unpublished data), which is similar to the situation in the long-tailed tits (Gaston 1973; 99 

Hatchwell & Russell 1996; Russell & Hatchwell 2001).  100 

     Adult silver-throated tits are likely to develop the ability to recognize their 101 

offspring for at least two reasons. First, although silver-throated tits are not colonial 102 

nesters, the average distance between two nearest adjacent nests is short (about 120 m, 103 

Li et al. 2012). We have found that fledglings of this species have strong mobility 104 

shortly after fledging: a brood of fledglings were observed 300 m away from their 105 

nest at 2 days after fledging (J. Li, unpublished data). Importantly, because of weak 106 

territoriality in this species, intermingling of nearby broods is not uncommon shortly 107 

after fledging. Given that young silver-throated tits remain dependent on feeding by 108 

adults for several days after fledging (Fang & Ding 1997) and a risk of misdirecting 109 

care to unrelated fledglings exists due to brood mixing, adults are likely to develop a 110 



6 
 

mechanism to recognize their offspring before they fledge. Second, although no direct 111 

evidence indicates that silver-throated tit helpers pursue indirect fitness benefits 112 

through helping kin, it has been demonstrated to be the case in the related long-tailed 113 

tit (Russell & Hatchwell 2001). Therefore, kin selection pressure may also promote 114 

the development of the kin recognition ability, which includes offspring recognition, 115 

in the silver-throated tits. 116 

     Silver-throated tits have a nestling period of 15–16 days (Fang & Ding 1997; Li 117 

et al. 2012). We conducted forced choice experiments, which are recommended for 118 

kin recognition studies (Hepper 1991; Komdeur & Hatchwell 1999), to test whether 119 

silver-throated tit parents and helpers were able to distinguish between own and alien 120 

nestlings that approached fledging (i.e., using nestlings that were 10–14 days old). To 121 

avoid misdirecting care because of brood intermingling during the post-fledging 122 

period, recognition mechanisms between adults and offspring likely would have been 123 

developed during the experimental period. Moreover, studies on the long-tailed tit 124 

showed that the potential vocalization cues for kin recognition started to develop 125 

before fledgling (Sharp & Hatchwell 2006), although it is unknown whether adults 126 

have the ability to recognize and discriminate between related and unrelated young 127 

during this period. 128 
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 129 

Methods 130 

 131 

Study Site, Population, and Experimental Procedures 132 

 133 

We conducted the study in the Dongzhai National Nature Reserve (31.95°N, 134 

114.25°E), which is located in south Henan Province in central China and within the 135 

Dabieshan Mountains (for more information of the study site, see Li et al. 2009; Xu et 136 

al. 2009). Silver-throated tits are resident at the study site and occur in conifer and 137 

broadleaf forests and in shrubs. They breed from late January to late May, with one 138 

brood annually (Li et al. 2012). Mean brood size in this population is 6 (range 4–9) 139 

and about one-third of the nesting attempts successfully produce fledglings (Li et al. 140 

2012). Helpers, which are usually male and first appear during the provision stage, 141 

assist parents in feeding nestlings and fledglings. At least 30% of nests during the 142 

provision stage have helpers (Li et al. 2012).  143 

     We started studying this silver-throated tit population in 2007. Each year, we 144 

located nests by following breeding adults or by searching systematically for nests. 145 

We captured and individually marked each adult with a metal ring and a unique 146 

combination of color rings. Most nests were closely monitored (observation intervals 147 

<3 days) to identify parents and helpers. All birds were sexed using primers 148 

sex1/sex2’ (Wang et al. 2010).  149 
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     Forced choice experiments were conducted from mid-April to early May in 150 

2011 and 2012 using broods that were 10–14 days old. The particular age of nestlings 151 

was chosen in order to be close to fledging, but before the time when nestlings were 152 

prone to prematurely fledge when handled. During each experiment, provisioning 153 

adults were given a choice between a group of nestlings from their own nest and a 154 

group of similar-aged (±1 day) nestlings from another nest. We referred to nestlings 155 

from the nests where adults’ offspring recognition ability was tested (hereafter 156 

experimental nests) as “own” nestlings for both parents and helpers, and nestlings that 157 

were transferred to experimental nests from other nests as “alien” nestlings. For 158 

cooperative breeding nests used for the experiments, helpers were already present 159 

before the experiments, and therefore were presumably choosing which group of 160 

nestling to feed rather than whether to feed or not or how hard to provision during the 161 

experiments. 162 

     During the experiments, own and alien nestlings were placed in cotton-lined 163 

bowls, respectively. The number of nestlings in either bowl was equal during a given 164 

experiment, but depending on the availability of both own and alien nestlings, this 165 

number varied between two and four among experiments (totally four to eight 166 

nestlings in both bowls of different experiments, which was within the range of the 167 

natural brood size of this population). 168 

     The experiments were divided into two sections: close-distance choice and 169 

far-distance choice. In close-distance choice experiments, the two bowls were placed 170 

<10 cm apart and both were usually within 0.8 m from the experimental nest (in 18 of 171 

21 cases; in the other three, the bowls were placed farther away due to constraints of 172 
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nest positions; Fig. 1). Birds may use location-based cues for offspring recognition 173 

and would feed any young in the nest (Hepper 1986; Waldman 1988). Therefore, if 174 

silver-throated tit adults depended on nest location for offspring recognition, they 175 

might feed both their own and alien nestlings in the close-distance experiment without 176 

discrimination because the nestling bowls were very close to the experimental nests. 177 

In addition, it is known that vocalizations are commonly used for kin recognition in 178 

birds including the related long-tailed tit (Beecher et al. 1981; Sharp et al. 2005; 179 

McDonald 2012). In the close-distance experiment, adult silver-throated tits would be 180 

likely to confuse the vocalizations of their own and alien nestlings due to proximity. 181 

To reduce these above chances, we conducted the second experiment, the far-distance 182 

choice experiment, during which the two bowls were placed 5–6 m apart and both 183 

were placed 5–6 m away from the experimental nest (Fig. 1). The 5–6 m distance was 184 

arbitrarily chosen based on the expectation that it could help to reduce the effect of 185 

confounding factors while allowing adults to simultaneously detect own and alien 186 

nestlings when they returned to the experimental nests.  187 

(Fig. 1:) 188 

     For each experimental nest, we conducted the close-distance choice experiment 189 

first; the far-distance choice experiment was conducted at least 2 hours later during 190 

the same day, or on the following day. Before starting the experiments, we removed 191 

both groups of nestlings (own and alien) from their home nests simultaneously and 192 

kept them in cotton bird bags for at least 45 min to induce hunger. Nestlings from the 193 

experimental nest that were not used as own nestlings were usually used as alien 194 

nestlings at another nest where an experiment was conducted simultaneously. Extra 195 



10 
 

nestlings of the experimental nest (not used as either own or alien nestlings) existed in 196 

19 of the experiments. These nestlings were temporally kept in bird bags placed away 197 

from the experimental nests to prevent them from attracting feeding adults during the 198 

experiments.  199 

     Our close-distance choice experiments were conducted at 21 nests. Due to 200 

predation on one nest before the second experiment and limited availability of 201 

nestlings of similar age for the second experiment (n = 6), far-distance choice 202 

experiments were conducted at only 14 of these 21 nests. Among the nests, nine were 203 

cooperative breeding with 1.7 ± 0.9 helpers per nest (mean ± SD, same below). 204 

Close-distance and far-distance choice experiments were conducted at all of these 205 

cooperative breeding nests. After setting up the nestling bowls, we used video 206 

cameras (Sony HDR-160E or Samsung SMX-F40) to record feeding by adults during 207 

a period of at least 60 min (with no habituation period before the experiments). In the 208 

close-distance experiments, the two bowls were monitored by a single camera, but 209 

during the far-distance experiments the nestling bowls could not be recorded using 210 

one camera; therefore, each bowl was filmed by a separate camera.  211 

     We used the following procedures to minimize potential bias. First, differences 212 

in familiarity between own and alien nestlings with the environment at the 213 

experimental location could affect their begging behaviors and therefore the feeding 214 

choice of adults. For example, the own nestlings might be more familiar with the 215 

experimental location; therefore they might start to beg first and beg more when 216 

placed in a nestling bowl, which might result in the adults feeding them more. 217 

Because silver-throated tits build domed nests with an entrance hole on the side near 218 
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the top (Li et al. 2012), and nestlings can usually only see the environment in front of 219 

the nest, we placed the nestling bowls on the side or back of the experimental nest in 220 

most experiments, depending on the vegetation conditions around the nests (Fig. 1), to 221 

reduce the potential effect of own and alien nestlings’ different degree of familiarity 222 

with the environment on their begging behavior. 223 

     Second, many cooperative breeding species show fine-scale kin-structured 224 

populations (Hatchwell 2009, 2010). If neighboring broods in silver-throated tits are 225 

related, nestlings in these broods may share common features that could prevent 226 

adults from discriminating between own and alien nestlings. To avoid this potential 227 

effect, we used alien nestlings from nests that were as far from the experimental nests 228 

as possible. Consequently, the distance between the experimental nest and the alien 229 

nestlings’ original nest in 31 of 35 experiments was >300 m (134–205 m in other four 230 

experiments; averagely 1928 m across all experiments); within this distance (300 m), 231 

the possibility that even male silver-throated tits (the philopatric sex) would encounter 232 

close relatives (r > 0.25) was approximately 30% (J. Li, unpublished data).  233 

     Third, we used different alien nestlings between close-distance and far-distance 234 

experiments to avoid the possibility that adults would become familiar with the alien 235 

nestlings during the close-distance experiment and would treat them as own nestlings 236 

during the far-distance experiment. Moreover, for each experimental nest, the 237 

nestlings that were used as own nestlings during the close-distance experiment were 238 

not used again as own nestlings during the far-distance experiment. Instead, we 239 

selected the remaining nestlings from the experimental nest (which were not used as 240 

own nestlings but might have been used as alien nestlings in a close experiment at 241 
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another experimental nest) as own nestlings for the far-distance experiment. This 242 

change of nestlings avoided the possibility that adults would prefer to feed the own 243 

nestlings over the alien nestlings that were newly transferred to the experimental nest 244 

solely because of the longer pre-association with own nestlings that were fed during 245 

the close-distance experiment.  246 

     Finally, in both the close- and far-distance experiments, most of the paired own 247 

and alien nestlings had the same experience (either none or once) of begging and 248 

being fed in the nestling bowls before the conduction of the experiments. In detail, in 249 

19 of the 21 close-distance experiments it was the first time for both own and alien 250 

nestlings to be put in an experimental bowl; neither own nor alien nestlings had 251 

previous experience of begging and being fed in the bowls. In other two 252 

close-distance experiments, the nestlings that were used as alien nestlings had 253 

experienced close-distance experiments while the own nestlings had not. In the 14 254 

far-distance experiments, all nestlings but a selected group of alien nestlings had 255 

experienced a close-distance experiment and therefore, own and alien nestlings had 256 

the similar previous experience of begging and being fed in a bowl in 13 of the 257 

experiments. To avoid any potential effects of differences in experience on begging 258 

behavior and the feeding decisions of adults, we placed those inexperienced nestlings, 259 

which were the two groups of own nestlings in the close-distance experiments and the 260 

group of alien nestlings in the far-distance experiments, in bowls and allowed adults 261 

of their nests to feed them for at least 1 h before we conducted the experiment. These 262 

nestlings were returned to their nests where adults fed them normally until the 263 

experiments were conducted. In this way, all of the nestlings had similar levels of 264 
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experience in all of the experiments.  265 

 266 

Data Collection and Statistical Analyses 267 

 268 

Silver-throated tit adults usually fed only one nestling during each feeding event. 269 

From the videos, we determined which group of nestlings (own or alien) was fed 270 

during each feeding event. We examined feeding preference in close-distance and 271 

far-distance choice experiments in three levels: individual level, adult type level and 272 

overall level. At the individual level, we tested for each individual carer if its feeding 273 

frequency to a group of nestlings deviated from the expected frequency when there 274 

was no preference with chi-square tests. At the adult type level, we examined if there 275 

was a feeding preference for own or alien nestlings within each adult type (female 276 

parent, male parent, and helper), respectively. For each adult type, we calculated the 277 

proportions of feeds allocated to own and alien nestlings in each experimental nest, 278 

and compared the proportions to own and alien nestlings with a paired t test (with 279 

normality verified). In this analysis, if a nest had more than one helper, the number of 280 

feeds was summed over all of the helpers. At the overall level, we calculated the 281 

proportions of feeds allocated to own and alien nestlings by all adults of an 282 

experimental nest, and compared their differences with a paired t test (normality was 283 

verified) to examine if there was an overall preference between own and alien 284 

nestlings by all adults. 285 
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     In addition, because the development of cues for offspring recognition may be 286 

related to nestling age (i.e. the older the nestlings, the more likely to be recognized), 287 

we also examined whether the proportion of total number of feeds allocated to own 288 

nestlings was associated with nestling age with Spearman correlations for both 289 

experiments.  290 

     During the close-distance choice experiments, we also recorded which group of 291 

nestlings begged first, which group of nestlings had stronger begging intensity (an 292 

overall judgment about more opened mouth and stretched neck), and which group had 293 

more begging nestlings in each feeding event. Begging behaviors were scored blindly 294 

with the information on nestling identity unavailable to the recorder when watching 295 

the videos. Using a generalized linear mixed model with a binomial distribution and a 296 

logit link, we examined whether the nestling begging information affected adult 297 

feeding choice between own and alien nestlings during each feeding. The response 298 

variable was whether own nestlings (1) or alien nestlings were fed (0); in none of each 299 

feeding event did adults feed both groups of nestlings. Thus, the model reflected 300 

factors that affected the probability of own nestlings being fed. The explanatory 301 

factors were adult identity, which group of nestlings begged first, which group of 302 

nestlings had stronger begging intensity, and which group had more begging nestlings 303 

during each feeding event. The latter three factors were divided into three categories: 304 

own, equal, and alien. The category “equal” applied to the feeding events where 305 

own nestlings and alien nestlings started to beg at the same time, had similar 306 

begging intensity, or had the same number of begging nestlings. Unlike the 307 

number of begging nestlings which could be counted easily, strict discrimination 308 
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of which group of nestlings begged first or had stronger begging intensity was 309 

difficult for some feeding events. Whenever this happened, we assigned them as 310 

“equal”. As it is impossible for the “equal” category to yield informative results, the 311 

feeding events with “equal” category were eliminated from the analysis.  312 

     Because the inclusion of interactions among explanatory factors always caused 313 

non-convergence problems in the analysis and our primary purpose was to explore 314 

whether adults showed a preference for own or alien nestlings, not to determine how 315 

different combinations of factors affected adult feeding choice, we only considered 316 

the main effects of the factors. Adult identity and feeding events were nested within 317 

each nest as random factors to account for the nonindependence of food distribution 318 

within a nest. The denominator degrees of freedom in the analysis were obtained 319 

using the Kenward–Roger approximation because our data were unbalanced (Spilke et 320 

al. 2005; Littell 2006). This analysis was not conducted for the far-distance choice 321 

experiment because the two nestling bowls were placed 5–6 m apart and were each 322 

filmed by separate cameras; therefore, comparing nestling begging behavior directly 323 

was difficult.  324 

     The mixed model analysis was conducted using the GLIMMIX procedure in 325 

SAS 9.2 (SAS Institute, Cary, NC, USA). All other analyses were performed using 326 

SPSS 19.0 (SPSS Inc., Chicago, IL, USA). All tests were two-tailed and reported as 327 

significant when p < 0.05.  328 
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 329 

Ethical Note 330 

 331 

The experimental protocols used in this study abided by the Law of the People’s 332 

Republic of China on the Protection of Wildlife (Aug 28, 2004) and was approved by 333 

the Administration Bureau of Dongzhai National Nature Reserve. Bird banding was 334 

licensed by the National Bird Banding Center of China (No. 20090003). No brood 335 

was preyed upon during the experiments. One brood was subjected to predation after 336 

the close-distance experiment was completed. However, no evidence indicated that it 337 

was caused by our experiment because predation occurs frequently on nests during the 338 

nestling stage (Li et al. 2012). The nestlings that were temporarily deprived of foods 339 

were kept in cotton bird bags to prevent them from getting cold. We did not use 340 

additional heating measures as at the experimental age most part of the body plumage 341 

of nestlings had developed, and the ambient temperature was not comparatively low 342 

during the conduction of the experiments (16–31℃, recorded by a temperature data 343 

logger at Baiyun protection station of the reserve). Nestling masses were not 344 

measured before and after the experiments, but we do not think that the 345 

experiments would cause nestlings to substantially lose weight as the feeding rates 346 

of the adults (see Results) were within the range of those observed in natural 347 

conditions (Li et al. 2012). All nestlings were returned to their nests and no nestling 348 

starvation occurred.  349 
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 350 

Results 351 

 352 

Average nestling age was 11.4 ± 1.2 days old during the close-distance experiments (n 353 

= 21) and 11.6 ± 1.1 days old during the far-distance experiments (n = 14). In total, 354 

635 feeding events were recorded during the close-distance choice experiments during 355 

2391 min of filming (30 ± 15 feeding events and 114 ± 38 min of filming per nest) 356 

and 599 feeding events were recorded during the far-distance choice experiments 357 

during 1284 min of filming (43 ± 21 feeding events and 92 ± 13 min of filming per 358 

nest). Compared to the close-distance choice experiment, the feeding rates in the 359 

far-distance choice experiment appeared higher (2.8 ± 1.0 vs. 4.9 ± 1.9 feeds per 360 

nestling per hour). This was possibly due to that we did not arrange a habituation 361 

period before each experiment and the adults were more habituated to the artificial 362 

nest in the far-distance choice experiment, as reflected by the fact that after the 363 

beginning of the experiments it took a shorter time for adults to start feeding (8 ± 12 364 

min in the far-distance choice experiments vs. 17 ± 18 min in the close-distance 365 

choice experiments).  366 

     Except for analyses of allocation differences between own and alien nestlings in 367 

the sum of all adult feeding events, 629 and 596 feeding events were used to 368 

determine preferences within each adult type for own or alien nestlings during the 369 

close-distance choice experiments and the far-distance choice experiments, 370 

respectively, after excluding cases in which adult identity could not be determined.  371 
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 372 

Close-Distance Choice Experiment 373 

 374 

In the analyses of individual carer’s feeding preference, six were found to show 375 

feeding bias toward own nestlings, and six bias toward alien nestlings (Table 1). For 376 

each type of adults, the proportions of feeds allocated to own nestlings and alien 377 

nestlings were not significantly different (paired t tests, all p > 0.05). Also, no 378 

significant difference was observed in the proportions of feeds allocated to own 379 

nestlings and alien nestlings by all adults during the close-distance choice 380 

experiments (paired t test: t20 = 0.78, p = 0.44). The proportion of feeds allocated to 381 

own nestlings was unrelated to the age of them (Spearman correlations; overall, r = 382 

0.30, p = 0.19; each adult type, all p > 0.05).  383 

     During a feeding event, adult identity did not affect the probability that own or 384 

alien nestlings were fed (Table 2). Rather, which group of nestlings was fed was 385 

affected by if they were the first to beg and begged stronger (Table 2).  386 

 387 

Far-Distance Choice Experiment 388 

 389 

Among the adults recorded to feeding nestlings in the far-distance experiments, six 390 

showed feeding bias toward own nestlings, while seven showed feeding bias toward 391 

alien nestlings (Table 1). No significant difference was detected between the 392 
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proportions of feeds allocated to own nestlings and alien nestlings by each type of 393 

adults (paired t test, all p > 0.10), or by all adults (paired t test: t13 = –0.15, p = 0.88). 394 

The proportion of feeds allocated to own nestlings was also not related to nestling age 395 

(Spearman correlation; overall, r = -0.33, p = 0.25; each adult type, all p > 0.05). 396 

      397 

Discussion 398 

 399 

Choice experiments have been widely used to test the ability of adults to recognize 400 

offspring (Leonard & Horn 1996; Benedict 2007). The argument has been made that 401 

species may use multiple cues for kin recognition and that presenting just one cue 402 

during an experiment can produce misleading results (Komdeur & Hatchwell 1999). 403 

In our study, we placed nestlings in bowls rather than their domed nests. Although this 404 

condition was not natural, it allowed adult silver-throated tits to access visual and 405 

acoustic cues, as well as olfactory cues if any exist, of nestlings. Moreover, except for 406 

the begging call, nestlings produced a type of contact call during and between visits 407 

by adults. The contact call, which consisted of triple notes, is believed to develop into 408 

the triple contact call of adults, which has been shown to be family-specific and may 409 

indicate kinship in long-tailed tits (Sharp & Hatchwell 2006). Our experimental 410 

design was that the close-distance choice experiments were conducted first and the 411 

far-distance choice experiments second. Randomizing the order may be a better 412 

approach. However, the order of the experiments would not affect the results, as the 413 

primary goal of this study was to determine whether adult silver-throated tits could 414 
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recognize own and unrelated offspring during the experiments.  415 

In our results, we found that in both types of experiment, some individuals fed 416 

one group of nestlings more often than the other (Table 1). However, we did not 417 

conclude from these cases that the adults discriminated between own and alien 418 

nestlings, as most individuals did not bias their feedings toward a certain group of 419 

nestlings and the numbers of those that biased their feedings toward either group of 420 

nestlings were relatively even distributed. In fact, the feeding biases toward own or 421 

alien nestlings of these individuals may simply be due to that they preferred certain 422 

feeding positions when returned to nests. Preference for certain feeding positions has 423 

been observed in many birds (e.g. great tit Parus major, Lessells et al. 2006; blue tit 424 

Cyanistes caeruleus, Dickens & Hartley, 2007) and it also exists in silver-throated tits 425 

when they feed nestlings in natural nests (J. Li, unpublished data).  426 

In both the analyses for each type of adults and for all adults, we did not find 427 

significant difference between proportions of feeds allocated to own nestlings and to 428 

alien nestlings during either the close-distance or far-distance choice experiments. 429 

Moreover, our results showed that while adults disregarded whether nestlings were 430 

related during the close-distance experiments, the group of nestlings that was fed 431 

during each feeding event was determined by which group begged first and showed 432 

stronger begging intensity. Such a food distribution pattern is similar to what is 433 

observed within natural nests of the silver-throated tit (J. Li, unpublished data) and 434 

many other bird species (Leonard & Horn 1996; Whittingham et al. 2003; Rosivall et 435 

al. 2005).  436 

     Since only caring for own nestlings would maximize their fitness if they have 437 
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the ability for recognition, it appears that during the experimental age period and 438 

within the 6-m-radius area around the nests silver-throated tits may lack the ability to 439 

recognize their offspring. Although “kinship deceit” (Connor & Curry 1995) may be 440 

an exceptional situation, the possibility that this is occurring in silver-throated tits is 441 

excluded because helpers in this species are usually failed breeders and an individual 442 

generally becomes a helper after it fails in its own breeding attempt, which is quite 443 

difficult to predict.  444 

     There are several possibilities that may account for the absence of offspring 445 

discrimination in our results. For example, the ability to recognize offspring may 446 

never have evolved in the silver-throated tit because its evolution should be related to 447 

the associated costs and benefits (Beecher 1991). At least three reasons exist to 448 

suspect that the potential risks and costs of misdirecting care to unrelated young may 449 

be not high in silver-throated tits. First, although brood intermingling in 450 

silver-throated tits is often observed in the field, the risk may be not as high as it is in 451 

colonial species (Beecher et al. 1986; Lessells et al. 1991). Second, if the 452 

silver-throated tit population is highly kin structured, as is observed in long-tailed tits 453 

and many other cooperative breeding species (Hatchwell et al. 2001a; Hatchwell 2009, 454 

2010), the cost of recognition error may be reduced. Third, although it is proposed 455 

that a high level of extra-pair paternity may favor the evolution of offspring 456 

recognition (Beecher 1991), there seems to be lack of valid evidence for offspring 457 

recognition of this kind (Kempenaers & Sheldon 1996), and the rate of extra-pair 458 

paternity in this silver-throated tit population is low (7% of the offspring in 33% of 459 

the nests; Li et al. in press). When the risk and cost of misdirecting care is not high, 460 



22 
 

discrimination will be selected against if strict discrimination increases the chance of 461 

starving one’s own offspring, even if this chance is small (Leonard et al. 1995). 462 

     Also, silver-throated tits may have an offspring recognition ability that was not 463 

detected by our study, which may occur when they use a larger area, with a radius >6 464 

m around the nest, to discriminate nestlings, or their offspring recognition ability 465 

develops when nestlings are older than the experimental age or even after fledging. 466 

This latter possibility is indirectly supported by the fact that the vocalization cues for 467 

kin-recognition in the related long-tailed tit start to develop during the last few days of 468 

the 16–17-day nestling period (Sharp & Hatchwell 2006). 469 

     However, we think it may impose costs on silver-throated tits if they either use 470 

a larger area around their nests to recognize offspring, or establish offspring 471 

recognition mechanisms later. One is a contemporary cost on feeding adults because 472 

of the possibility of investing in unrelated young due to brood-mixing during the 473 

post-fledging period. The other is a future cost on offspring who become helpers of 474 

unrelated individuals because of kin recognition error. The latter is likely to occur in 475 

silver-throated tit if cues for kin recognition are learned through association with 476 

provisioning adults during the development period as those are in the long-tailed tit 477 

(Hatchwell et al. 2001b; Sharp et al. 2005), because any non-kin that are present 478 

during the associative learning period will be likely to be treated as kin (Komdeur & 479 

Hatchwell 1999). These possibilities warrant future studies in the silver-throated tits.   480 

     Despite the fact that many studies have investigated whether helpers 481 

discriminate offspring based on relatedness while providing care (Komdeur 1994; 482 

Wright et al. 1999; Nam et al. 2010; Doutrelant et al. 2011), the exact mechanism 483 
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(direct recognition or indirect recognition through parents) has received little attention. 484 

In studies of three different cooperative breeding species, including the Florida 485 

scrub-jays (Barg & Mumme 1994), European bee-eaters (Lessells et al. 1991), and 486 

western bluebirds (Leonard et al. 1995), in which the authors tested the ability of 487 

adults to recognize offspring, the ability of helpers to recognize the offspring of 488 

helped broods was only tested in the bee-eaters. In our silver-throated tit study, we 489 

found that helpers did not discriminate between own and alien nestlings, suggesting 490 

that during the experimental age of the nestlings, silver-throated tit helpers might not 491 

have the ability to recognize the related young independent of the young’s parents, 492 

which indicates that if they pursue indirect fitness through assisting relatives, they 493 

may have to recognize the young’s parents when making the helping decision.  494 
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Acknowledgements 496 

 497 

This study was supported by the National Natural Science Foundation of China (No. 498 

31101644; No. 31272296) and USDA Evens-Allen grant through Alabama A&M 499 

University. Yong Wang’s research in China was supported by funds from Beijing 500 

Normal University, Alabama A&M University, and US National Science Foundation. 501 

We are grateful to Peng Zhang, Zheng Chen, Zachary M. Pohlen and 502 

Gabriele Cavallini who helped with the work and Dongzhai National Reserve for the 503 

permission and assistance to the work. We also thank Lisa Gardner, Eric Margenau, 504 

Ben J. Hatchwell, the editor and an anonymous reviewer for their valuable 505 



24 
 

suggestions and the comments on the manuscript.  506 

 507 

Literature Cited 508 

 509 

Barg, J. J. & Mumme, R. L. 1994: Parental recognition of juvenile begging calls in 510 

the Florida scrub jay. Auk 111, 459–464. 511 

Beecher, M. D. 1991: Successes and failures of parent–offspring recognition in 512 

animals. In: Kin Recognition (Hepper, P. G., ed). Cambridge University Press, 513 

Cambridge, UK, pp. 94–124. 514 

Beecher, M. D., Beecher, I. M. & Hahn, S. 1981: Parent–offspring recognition in bank 515 

swallows (Riparia riparia): II. Development and acoustic basis. Anim. Behav. 29, 516 

95–101. 517 

Beecher, M. D., Medvin, M. B., Stoddard, P. K. & Loesche, P. 1986: Acoustic 518 

adaptations for parent–offspring recognition in swallows. Exp. Biol. 45, 179–193. 519 

Benedict, L. 2007: Offspring discrimination without recognition: California Towhee 520 

responses to chick distress calls. Condor 109, 79–87. 521 

Clutton-Brock, T. 2002: Breeding together: kin selection and mutualism in 522 

cooperative vertebrates. Science 296, 69–72. 523 

Connor, R. C. & Curry, R. L. 1995: Helping non-relatives: a role for deceit? Anim. 524 

Behav. 49, 389–393. 525 

Dickens, M. & Hartley, I. R. 2007: Differences in parental food allocation rules: 526 

evidence for sexual conflict in the blue tit? Behav. Ecol. 18, 674-679. 527 



25 
 

Doutrelant, C., Dalecky, A. & Covas, R. 2011: Age and relatedness have an 528 

interactive effect on the feeding behaviour of helpers in cooperatively breeding 529 

sociable weavers. Behaviour 148, 11–13. 530 

Eberhard, M. J. W. 1975: The evolution of social behavior by kin selection. Q. Rev. 531 

Biol. 50, 1–33. 532 

Fang, C. & Ding, Y. 1997: Breeding ecology of long-tailed tit Aegithalos caudatus 533 

glaucogularis. Chinese J. Zool. 32, 14–16. 534 

Gaston, A. J. 1973: The ecology and behaviour of the long-tailed tit. Ibis 115, 535 

330–351. 536 

Hamilton, W. D. 1964: The genetical evolution of social behaviour I, II. J. Theor. Biol. 537 

7, 1–52. 538 

Harrap, S. 2008: Family Aegithalidae (Long-tailed Tits). In: Handbook of the Birds of 539 

the World (Hoyo, J. D., Elliott, A. & Christie, D. A., eds). Lynx Editions, 540 

Barcelona, Spain, pp. 76–101. 541 

Hatchwell, B. J. 2009: The evolution of cooperative breeding in birds: kinship, 542 

dispersal and life history. Philos. Trans. R. Soc. Lond. B Biol. Sci. 364, 543 

3217–3227. 544 

Hatchwell, B. J. 2010: Cryptic kin selection: kin structure in vertebrate populations 545 

and opportunities for kin-directed cooperation. Ethology 116, 203–216. 546 

Hatchwell, B. J. & Russell, A. F. 1996: Provisioning rules in cooperatively breeding 547 

long-tailed tits Aegithalos caudatus: an experimental study. Proc. R. Soc. Lond. B 548 

263, 83–88. 549 

Hatchwell, B. J., Anderson, C., Ross, D. J., Fowlie, M. K. & Blackwell, P. G. 2001a: 550 



26 
 

Social organization of cooperatively breeding long-tailed tits: kinship and spatial 551 

dynamics. J. Anim. Ecol. 70, 820–830. 552 

Hatchwell, B. J., Ross, D. J., Fowlie, M. K. & McGowan, A. 2001b: Kin 553 

discrimination in cooperatively breeding long-tailed tits. Proc. R. Soc. B 268, 554 

885–890. 555 

Hepper, P. G. 1986: Kin recognition: functions and mechanisms a review. Biol. Rev. 556 

61, 63–93. 557 

Hepper, P. G. 1991: Kin Recognition. Cambridge University Press, Cambridge, UK. 558 

Kempenaers, B. & Sheldon, B. C. 1996: Why do male birds not discriminate between 559 

their own and extra-pair offspring? Anim. Behav. 51, 1165-1173. 560 

Koenig, W. D. & Dickinson, J. L. 2004: Ecology and evolution of cooperative 561 

breeding in birds. Cambridge University Press, Cambridge, UK. 562 

Komdeur, J. 1994: The effect of kinship on helping in the cooperative breeding 563 

Seychelles warbler (Acrocephalus sechellensis). Proc. R. Soc. Lond. B 256, 47–52. 564 

Komdeur, J. & Hatchwell, B. 1999: Kin recognition: function and mechanism in avian 565 

societies. Trends Ecol. Evol. 14, 237–241. 566 

Komdeur, J., Richardson, D. S. & Hatchwell, B. 2008: Kin-recognition mechanisms 567 

in cooperative breeding systems: ecological causes and behavioral consequences of 568 

variation. In: Ecology of Social Evolution (Korb, J. & Heinze, J., eds). 569 

Springer-Verlag, Berlin, Germany, pp. 175–193. 570 

Leonard, M. & Horn, A. 1996: Provisioning rules in tree swallows. Behav. Ecol. 571 

Sociobiol. 38, 341–347. 572 

Leonard, M. L., Dickinson, J. L., Horn, A. G. & Koenig, W. 1995: An experimental 573 



27 
 

test of offspring recognition in western bluebirds. Auk 112, 1062–1064. 574 

Leonard, M. L., Horn, A. G., Brown, C. R. & Fernandez, N. J. 1997: Parent–offspring 575 

recognition in tree swallows, Tachycineta bicolor. Anim. Behav. 54, 1107–1116. 576 

Lessells, C.M., Coulthard, N., Hodgson, P. & Krebs, J. 1991: Chick recognition in 577 

European bee-eaters: acoustic playback experiments. Anim. Behav. 42, 1031–1033. 578 

Lessells, C. M., Poelman, E. H., Mateman, A. C. & Cassey, P. 2006: Consistent 579 

feeding positions of great tit parents. Anim. Behav. 72, 1249–1257. 580 

Li, J., Lin, S., Wang, Y. & Zhang, Z. 2009: Nest-dismantling behavior of the 581 

hair-crested drongo in central china: an adaptive behavior for increasing fitness? 582 

Condor 111, 197–201. 583 

Li, J., Lv, L., Wang, Y., Xi, B. & Zhang, Z. 2012: Breeding biology of two sympatric 584 

Aegithalos tits with helpers at the nest. J. Ornithol. 153, 273–283. 585 

Li, J., Liu, Y., Wang, Y. & Zhang, Z. In press: Extra-pair paternity in two sympatric 586 

Aegithalos tits: patterns and implications. J. Ornithol. 587 

Littell, R. 2006: SAS for mixed models, 2nd edn. SAS Publishing, Cary, NC, USA. 588 

McArthur, P. D. 1982: Mechanisms and development of parent–young vocal 589 

recognition in the Pinyon Jay (Gymnorhinus cyanocephalus). Anim. Behav. 30, 590 

62–74. 591 

McDonald, P. G. 2012: Cooperative bird differentiates between the calls of different 592 

individuals, even when vocalizations were from completely unfamiliar individuals. 593 

Biol. Lett. 8, 365–368. 594 

Nam, K. B., Simeoni, M., Sharp, S. P. & Hatchwell, B. J. 2010: Kinship affects 595 

investment by helpers in a cooperatively breeding bird. Proc. Biol. Sci. 277, 596 



28 
 

3299–3306. 597 

Päckert, M., Martens, J. & Sun, Y.-H. 2010: Phylogeny of long-tailed tits and allies 598 

inferred from mitochondrial and nuclear markers (Aves: Passeriformes, 599 

Aegithalidae). Mol. Phylogen. Evol. 55, 952–967. 600 

Penn, D. J. & Frommen, J. G. 2010: Kin recognition: an overview of conceptual issues, 601 

mechanisms and evolutionary theory. In: Animal behaviour: evolution and 602 

mechanisms. Springer. pp. 55-85. 603 

Rosivall, B., Török, J. & Szöllösi, E. 2005: Food allocation in collared flycatcher 604 

broods: do rules change with the age of nestlings? Auk 122, 1112–1122. 605 

Russell, A. F. & Hatchwell, B. J. 2001: Experimental evidence for kin-biased helping 606 

in a cooperatively breeding vertebrate. Proc. R. Soc. Lond. B 268, 2169-2174. 607 

Sharp, S. P. & Hatchwell, B. J. 2006: Development of family specific contact calls in 608 

the Long-tailed Tit Aegithalos caudatus. Ibis 148, 649–656. 609 

Sharp, S. P., McGowan, A., Wood, M. J. & Hatchwell, B. J. 2005: Learned kin 610 

recognition cues in a social bird. Nature 434, 1127–1130. 611 

Spilke, J., Piepho, H. & Hu, X. 2005: Analysis of unbalanced data by mixed linear 612 

models using the MIXED procedure of the SAS system. J. Agron. Crop Sci. 191, 613 

47–54. 614 

Stoddard, P. & Beecher, M. 1983: Parental recognition of offspring in the cliff 615 

swallow. Auk 100, 795–799. 616 

Strickler, S. A. 2013: Recognition of young in a colonially nesting bird. Ethology 119, 617 

130–137.  618 

Waldman, B. 1988: The ecology of kin recognition. Annu. Rev. Ecol. Syst. 19, 619 



29 
 

543–571. 620 

Wang, N., Li, J., Liu, Y. & Zhang, Z. 2010: Improvement on molecular sex 621 

identification primers for passeriform bird species. Chinese Birds 1, 65–69. 622 

Whittingham, L. A., Dunn, P. O. & Clotfelter, E. D. 2003: Parental allocation of food 623 

to nestling tree swallows: the influence of nestling behaviour, sex and paternity. 624 

Anim. Behav. 65, 1203–1210. 625 

Wright, J., Parker, P. & Lundy, K. 1999: Relatedness and chick-feeding effort in the 626 

cooperatively breeding Arabian babbler. Anim. Behav. 58, 779–785. 627 

Xu, J. L., Zhang, X. H., Sun, Q. H., Zheng, G. M., Wang, Y. & Zhang, Z. W. 2009: 628 

Home range, daily movements and site fidelity of male Reeves's pheasants 629 

Syrmaticus reevesii in the Dabie Mountains, central China. Wildl. Biol. 15, 630 

338–344. 631 

 632 

633 



30 
 

Figure 634 

 635 

Fig. 1: A diagram for the placement of nestling bowls during the experiments. Both 636 

own and alien nestling bowls were placed on the side or the back of the nest (behind 637 

the dotted line); in the close-distance choice experiment, d1 < 10 cm, d2 < 0.8 m; in the 638 

far-distance choice experiment, d1 = d2 ≈ 5–6 m. 639 

640 
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Table 1 Numbers of individual carers showing feeding bias: (a) only fed one group of 641 

nestlings in the close-distance experiment; (b) fed one group of nestlings significantly 642 

more often than the other in the close-distance experiments (chi-square tests, p < 0.05); 643 

(c) only fed one group of nestlings in the far-distance experiment; (d) fed one group of 644 

nestlings significantly more often than the other in the far-distance experiments 645 

(chi-square tests, p < 0.05). The total numbers of adults recorded during the filming 646 

were 48 and 45 for the close-distance experiments and the far-distance experiments, 647 

respectively (fewer than those observed for the nests, as not all adults fed nestlings 648 

during the experiments) 649 

Adult Bias toward own nestlings Bias toward alien nestlings 

(a) 
  

Male parent 1 2 

Female parent \ 1 

Helper \ \ 

(b) 
  

Male parent 3 2 

Female parent 1 1 

Helper 1 \ 

(c) 
  

Male parent 2 1 

Female parent \ 1 

Helper \ 2 

(d) 
  

Male parent 1 2 

Female parent 2 1 

Helper 1 \ 

650 
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Table 2 Summary of the test of factors affected which group of nestlings would be fed 651 

in the close-distance choice experiments using a generalized linear mixed model 652 

Factors 

 

Estimate ± SE df F p 

Adult identity 

Female 0.00 ± 0.44 

2,304 0.53 0.588 Helper 0.67 ± 0.67 

Male - 

Which group begged first? 

Own 2.41 ± 0.66 

1,263 13.3 <0.001 

Alien - 

Which group had stronger 

begging intensity? 

Own 1.68 ± 0.78 

1,145 4.7 0.031 

Alien - 

Which group had more 

nestlings begging? 

Own 0.95 ± 0.74 

1,184 1.6 0.204 

Alien - 

The response variable was which group of the nestling was fed during each feeding 653 

event (1 if it was own nestlings and 0 if it was alien nestlings). Only main effects of 654 

the factors were considered. The parameters of the categories of male parent and alien 655 

nestlings were not estimated because these categories were used as references when 656 

estimating the effects of other categories. Adult identity and each feeding event were 657 

nested within each nest as random factors to account for the non-independence of 658 

food distribution within a nest. 659 


