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Abstract. Although knowledge of breeding biology is fundamental for investigating the variation 

and evolution of avian reproductive strategies, research on Asian Aegithalos tits remains limited. 

The breeding biology of sympatric populations of Black-throated Bushtits (Aegithalos concinnus) 

and Silver-throated Bushtits (A. glaucogularis) was studied in the Dongzhai National Nature 

Reserve in central China from 2007 to 2010. Both species produced one brood annually. Clutch 

sizes, brood sizes and nesting success were not different between species. Parents of both species 

participated in all breeding activities, except for the male Silver-throated Bushtits, which were not 

involved in incubation. Cooperative breeding behaviours were observed in the studied populations 

of both species. Most helpers were found at the provisioning stage, during which time 1–2 helpers 

were present at 20% of Black-throated Bushtit nests (n = 50) and 30% of Silver-throated Bushtit 

nests (n = 40). All marked and confirmed helpers of both species were males. Compared with 

other Aegithalos species and populations, differences in either occurring stage of helpers or 

proportion of nests with helpers indicate that the breeding strategies may vary with species and 

populations, and therefore, more efforts focusing on their basic biology and ecology are required.  
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Introduction 

Birds may adopt different strategies to maximize their fitness during reproduction 

(Ricklefs 1977; Fitch and Shugart 1984; Tuttle 2003). Cooperative breeding, in 

which more than two individuals care for a single brood, generates a paradox that 

some individuals help others at the cost of forgoing their own independent 

breeding (Cockburn 1998). Such behaviour has been shown to have considerable 

plasticity between populations and closely related species (Ligon 1999; Koenig 

and Dickinson 2004) due to factors such as ecological constraints (Komdeur 

1992; Walters et al. 1992), life history traits (Arnold and Owens 1998; Covas and 

Griesser 2007), and phylogeny (Edwards and Naeem 1993). For example, it is 

suggested that saturated habitat (Pruett-Jones and Lewis 1990; Komdeur 1992) 

and longevity (Rowley and Russell 1990) promote cooperative breeding, but some 

species don’t exhibit cooperative breeding behaviour despite a limitation in 

habitat (Ens et al. 1995), and although some species have shorter lifespans, they 

are cooperative breeders (Dickinson et al. 1996). Hence, no single evolutionary 

explanation identified is able to account for the complicated and diverse array of 

cooperative breeding systems (Koenig and Dickinson 2004). To find common 

factors promoting cooperative breeding, comparative studies across species have 

made remarkable progress. For example, Rubenstein and Lovette (2007) and Jetz 

and Rubenstein (2011) both found that environmental variability is associated 

with the occurrence of avian social behavior. This justifies the need to increase the 

amount of studies on the basic ecology and the biology of cooperative breeding in 

avian species to provide additional information on their evolutionary adaptations 

and life histories that influence such behaviours.  

Aegithalidae species are small passerines, of which several have cooperative 

breeding behaviour, such as Bushtit (Psaltriparus minimus) (Ervin 1979; Bruce et 

al. 1996) and White-Browed Tit-Warbler (Leptopoecile sophiae) (Lu et al. 2009). 

In the genus Aegithalos, which occur mainly in Asia, Long-tailed Tit (Aegithalos 

caudatus) and Black-throated Bushtit (A. concinnus) are the only two reported to 

breed cooperatively (Harrap 2008). Long-tailed Tit is the most widely distributed 

among Aegithalos species and is believed to be typical of the genus (Harrap 

2008). Extensive studies of a British population of Long-tailed Tit have suggested 

that it has a unique cooperative breeding system: helpers are usually failed 

breeders that preferentially assist the breeding of close kin after a point in the 
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season beyond which independent breeding is unlikely to be successful 

(Hatchwell et al. 1999b; MacColl and Hatchwell 2002). This is different from 

most common cases of cooperative breeding in birds, where the helpers are 

usually offspring that delayed dispersal (e.g. Breininger 1999; Baglione et al. 

2006; Eikenaar et al. 2007), implying that distinctive cooperative breeding 

behaviours might also be present in other Aegithalos species. These results 

highlight the importance of investigating the evolution of the breeding systems in 

Aegithalos. However, most Aegithalos species that are only distributed in Asia are 

not well studied, and little is known whether they have similar breeding systems 

(Harrap 2008). Furthermore, variations of factors that possibly affect breeding 

strategy may exist in different populations of the same species (Russell 2001; 

Sharp et al. 2011). We are therefore far from understanding the respective 

breeding systems, let alone how these behaviours have evolved.  

The Silver-throated Bushtit (A. glaucogularis), which is endemic, but 

commonly distributed from east to west China, is one of the most poorly studied 

species of the genus. This species used to be treated as a subspecies of the Long-

tailed Tit (e.g. Zhao 2001; Dickinson 2003; Eck and Martens 2006) and was 

recently classified as a separate species based on its distinctive plumage and 

breeding isolation (Harrap 2008), and supported by their marked genetic 

differentiation (Päckert et al. 2010). Limited knowledge is available on its 

breeding biology, except for its breeding timing in northeast China (Harrap 2008).  

The Black-throated Bushtit, which occurs in south and east Asia, is another 

species of the genus known to have cooperative breeding behaviour. However, the 

knowledge is limited to a single study of six nests, where half had helpers that 

participated in incubation and provisioning in a population from southwest China 

(Guo et al. 2006). Li (1981) and Zhou et al. (2003) did not detect the same 

behaviours in the species, suggesting the possibility of either inadequate sampling 

in their studies, or population-specific variation in breeding strategies (Ligon 

1999).  

Black-throated Bushtits and Silver-throated Bushtits have overlapping 

distributions along the Yangtze River in the eastern part of central China (Zheng 

2005), providing an opportunity to perform sympatric studies. We conducted a 

study of their breeding biology in the Dongzhai National Nature Reserve in 

central China. Our goal was to collect basic data of breeding biology as the 
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foundation for further investigations of the variation and evolution of the breeding 

strategies of these and other related species. Specifically, the goals of our study 

were to: 1) collect data on breeding parameters in sympatric populations, 2) 

investigate the occurrence of helping behaviour, and 3) make interspecific 

comparisons of breeding biology and helping behaviour. The helping behaviour of 

these two species described here represents their first detailed description.  

Methods 

Study species and study site 

Black-throated Bushtit and Silver-throated Bushtit are tiny passerine species, with 

body mass and body length being 4.8–8.0 g, 88–112 mm and 6.0–9.3 g, 106–129 

mm, respectively. Sexes of the two species are alike, but males are usually larger 

than females in body size (Li et al. 2010). The two species are residents in our 

field site, occurring in conifer and broadleaf forests, and in shrubs. During the 

non-breeding season, both species live in flocks with 8–50 and 4–20 individuals, 

respectively. Flocks are formed soon after breeding and will be maintained until 

the next breeding season starts. In the study site, the two species sometimes flock 

together, as well as with other species such as Great Tit (Parus major) and Pallas's 

Leaf Warbler (Phylloscopus proregulus).  

    The study site, Dongzhai National Nature Reserve (31.95°N, 114.25°E; 

altitude, 100–840 m), is located in the south of Henan Province in central China 

and is situated in the Dabieshan Mountains, which is the region where both 

species’ distributions overlap. The reserve is located in the transitional region 

between the subtropical and temperate zones, and is characterized by rich avian 

diversity. The annual mean temperature and precipitation are 15.1˚C and 1209 

mm, respectively (Song and Qu 1996). The forested areas are predominantly 

composed of oaks (Quercus spp.), Masson Pine (Pinus massoniana), Dyetree 

(Platycarya strobilacea), Beautiful Sweetgum (Liquidambar formosana), and 

Hupeh Rosewood (Dalbergia hupeana). Some tea (Camellia sinensis) gardens, 

farmland, and replanted forests of Chinese Fir (Cunninghamia lanceolata) occur 

sporadically at the study site. Shrub species are dominated by young Oriental Oak 

(Q. variabilis), Sawtooth Oak (Q. acutissima), Glaucous Allspice (Lindera 

glauca), and bamboos (Pleioblastus spp.).  
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Fieldwork 

Field work was conducted in the pre-breeding and breeding seasons from 2007 to 

2010, which included a partial season from February to April in 2007 and three 

complete seasons from late December or January to May between 2008 and 2010. 

Work was conducted during the daytime except during inclement weather (e.g. 

rain and snow). In the pre-breeding season (late December to January), we mist-

netted and banded flocking Black-throated Bushtits and Silver-throated Bushtits 

and individually marked them with a metal ring and a unique combination of 

colour rings. The dissolution of flocks signified that they were preparing to breed. 

At this point we stopped mist-netting and started to search for nests by 

systematically searching for potential nesting sites, and by following adult birds 

carrying nest materials and food. In total, 130 Black-throated Bushtit nests and 

100 Silver-throated Bushtit nests were found during the four years. Because the 

dense vegetation in the study site was too hard for us to follow birds, the nests we 

found included few nests that were constructed by same individuals (six nests of 

four Black-throated Bushtits; 13 nests of six Silver-throated Bushtits). We mist-

netted and marked unbanded parents and helpers detected in the breeding season  

in the same way as during pre-breeding. From each bird we collected a 20–50 μl 

blood sample via venipuncture of the brachial vein for molecular sexing using 

primers “sex1’/sex2” described in Wang et al. (2010) and Li et al. (2010).  

Most nests (about 60%) were checked every 1–3 days to determine breeding 

status (nest-construction, egg-laying, incubation, nestling, and failure). The 

remaining nests were checked less frequently (every 4–10 days) because they 

were at remote locations that precluded us from more frequent checking.  

To show a general spatial relationship of the two species’ nest distribution, we 

determined the distance between two known nearest adjacent nests using a GPS 

unit (Garmin 12XL). The “two known nearest adjacent nests” meant that through 

extensive work in the potential nesting habitat, we excluded the possibility that 

there were other nests between the paired nests, or even if there were possible 

unknown nests nearby the paired nests, the distance between a known nest and an 

unknown nest was unlikely to be shorter than that between two known ones. Such 

distances were calculated for paired nests of Black-throated Bushtits, Silver-

throated Bushtits and of the two species, respectively.  
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We recorded nest materials, nesting plant species, nest height above the 

ground, nest depth (the exterior top-to-bottom measurement), and external 

diameter (the distance across the widest part of the nest) (Hansell 2000). Egg 

length and width were measured to the nearest 0.01 mm using a digital calliper. 

Fresh eggs (i.e. before incubation) were weighed to the nearest 0.01 g using a 

digital balance.  

We used video cameras (Sony HDR-SR10, Sony HDR-HC5, Sony HDR-HC9, 

Sony DSR-PD100AP, and Panasonic NV-GS158) to film breeding behaviour and 

confirm the identity of adults. Cameras were fixed on tripods and placed 0.5–2.5 

m from the nests. The nests were filmed to calculate the feeding rate of adults 

during 2008-2009, when nestlings were older than 10 days old. Each nest was 

filmed at least twice, covering the morning and afternoon, and each filming lasted 

for at least one hour (h). We filmed nests with and without helpers (with helpers: 

Black-throated Bushtit [7.8 ± 2.0 h/nest; 6.5 ± 0.6 nestlings/nest; mean ± SE, 

same below; n = 4 nests] and Silver-throated Bushtit [9.1 ± 2.6 h/nest; 6.0 ± 0.5 

nestlings/nest; n = 5 nests]; without helpers: Black-throated Bushtit [10.8 ± 4.6 

h/nest; 5.7 ± 0.5 nestlings/nest; n = 7 nests] and Silver-throated Bushtit [7.3 ± 3.5 

h/nest; 6.0 ± 0.4 nestlings/nest; n = 10 nests]). Of all nests with helpers, only one 

Black-throated Bushtit nest had two helpers. The feeding rate of the helpers at this 

nest was calculated as the mean of the two helpers. Adult birds usually became 

accustomed to the cameras within 20 min, and we did not detect any apparent 

effects of the cameras on parental behaviour. As a precaution, however, we 

excluded all the time before a bird first visited the nest after the installation of the 

camera for analyses.  

Nesting success was calculated on the basis of the observed number of 

successful nests, i.e. the ‘‘apparent’’ breeding success (Antonov et al. 2007). A 

nest was classified as successful if at least one chick fledged. It was classified as 

abandoned if we observed 1) no sign of nest damage, 2) no loss of eggs or 

nestlings, and 3) disappearance of the adult birds from the nest area. Predation by 

snakes was assumed if eggs or nestlings disappeared before the assumed fledging 

date in the absence of damage to the nest. We treated all other destroyed nests as 

depredated by other predators (probably birds and mammals). Some predators 

were recorded by video cameras or directly observed when we checked the nests.  
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Statistics 

Data analyses were conducted using SPSS 16.0 (SPSS, Inc). Parametric analyses 

were adopted when the data fulfilled the normality assumptions (one-sample 

Kolmogorov–Smirnov test); otherwise, nonparametric analyses were used. 

Specifically, two-independent samples t-tests were used to compare interspecific 

difference in nest distances, incubation period length and provisioning period 

length, as well as provisioning rate difference between nests with and without 

helpers. Paired samples t-tests were used to compare the feeding rates of male and 

female parents within pairs. Mann–Whitney tests were used to compare the clutch 

size and brood size between the two species because these two variables were not 

normally distributed. Chi-square two-way contingency table analyses (Zar 2010) 

were used to test if hatching success, fledging success, nesting success or 

proportion of nests with helpers differed between the two species. When the 

degree of freedom for contingency table analysis equalled 1, we used continuity 

corrected Chi-square statistics; and when expected frequencies were too low for 

Chi-square analysis, we used Fisher’s exact test (Zar 2010). Means are presented 

with their standard error (SE). All tests were two-tailed and are reported as 

statistically significant when P < 0.05.  

Results 

Breeding phenology 

At the Dongzhai National Nature Reserve, Black-throated Bushtits and Silver-

throated Bushtits bred synchronously from late January to late May and had one 

brood annually. Winter flocks broke up when the weather became warm in late 

January or early February and then nest construction was started. They started 

laying eggs in late February (2007), early March (2009), or mid-March (2008 and 

2010). Most of the nestlings fledged in mid to late April, though some adults were 

still feeding nestlings in late May, which was likely a second breeding attempt due 

to the failure of the previous one.  

Nests and nest construction 

Both species built domed nests with an entrance hole on the side near the top (Fig. 

1). Nest materials usually included green moss, lichen, cobwebs, rootlets, bark, 
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thin grass leaves and stems for the outer and structural layers, and feathers 

(usually from Reeves’s Pheasants [Syrmaticus reevesii] and domestic chickens 

[Gallus gallus domesticus]) for the lining. Nests were usually camouflaged to the 

surrounding habitat. Black-throated Bushtits tended to use more moss, grass 

leaves and stems for the outer layers of the nests, whereas Silver-throated Bushtit 

nests used more cobwebs and lichen (Fig. 1). There was no significant difference 

between nest depth, external diameter, and diameter of the entrance hole between 

nests of the two species (Table 1).  

Both species built their nests in a wide variety of plant species. However, most 

nests were found on evergreens such as Chinese Fir, Masson Pine, Taiwan Juniper 

(Juniperus formosana), Horny Holly (Ilex cornuta) and tea plants (Black-throated 

Bushtit nests [92.3%, n = 130]; Silver-throated Bushtit nests [88.0%, n = 100]). 

Black-throated Bushtits tended to use tea plants more frequently, while Silver-

throated Bushtits tended to use fir species more frequently (Fig. 2). Height of 

nests from the ground varied from less than 0.5 m to more than 10 m depending 

on the nesting plant.  

The distance between two nearest adjacent Black-throated Bushtit nests was 

35 ± 9 m (range 10–77 m, n = 8 paired nests), whereas the distance between two 

nearest adjacent Silver-throated Bushtit nests was 117 ± 21 m (range 63–261 m, n 

= 10 paired nests). The latter distance was significantly larger than the former 

(independent samples t-test, t = 3.35, P = 0.004). Black-throated and Silver-

throated Bushtits sometimes placed their nests close to each other. The nearest 

distance between their adjacent nests was 28 ± 6 m (range 12–62 m, n = 7 paired 

nests), which was not different from the distance between two Black-throated 

Bushtit nests (independent samples t-test, t = 0.52, P = 0.61), but was significantly 

shorter than the distance between two Silver-throated Bushtit nests (independent 

samples t-test, t = 3.49, P = 0.003).  

In both species, both parents contributed to nest construction. Some Black-

throated Bushtits (n = 4 cases) and Silver-throated Bushtits (n = 1 cases) stole 

conspecific nest materials when building their own nests. Black-throated Bushtits 

were observed to steal nest materials from Silver-throated Bushtits (n = 4 cases), 

but not vice versa.  
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The length of the nest-construction period (before laying the first egg) varied 

with nests. Some lasted up to about one month and late nests tended to be 

constructed more quickly.  

Eggs and egg incubation 

Black-throated and Silver-throated Bushtits laid one egg per day. Their eggs were 

white, with some having reddish freckles. Silver-throated Bushtit eggs were larger 

than those of the Black-throated Bushtit in both weight and measurements (Table 

1). The most common clutch size in both species was 7 (Fig. 3), and the average 

clutch size was not different between them (Black-throated Bushtit: 6.8 ± 0.1, n = 

52 nests; Silver-throated Bushtit: 7.0 ± 0.1, n = 35 nests; Mann–Whitney test, Z = 

-1.14, P = 0.25).  

Only females in both species developed brood patches. Both Black-throated 

Bushtit parents attended incubation, whereas only female Silver-throated Bushtits 

did. The males of both species sometimes fed the incubating females. The 

nestlings of Black-throated Bushtit and Silver-throated Bushtit hatched after 13.2 

± 0.3 (n = 9) and 13.4 ± 0.2 (n = 5) days of incubation, respectively, and no 

difference existed between species (independent samples t-test, t = 0.37, P = 

0.72). Seven of 269 (2.6%) Black-throated Bushtit eggs in four of 40 (10.0%) 

nests failed to hatch, whereas seven of 184 (3.8%) eggs in four of 26 (15.4%) 

nests in Silver-throated Bushtits failed to hatch. The hatching success was not 

different between the two species in both numbers of eggs (χ2 = 0.53, P = 0.47) 

and nests (χ2 = 0.003, P = 0.96).  

Brood size and nestling provisioning 

Brood sizes of the Black-throated Bushtit and Silver-throated Bushtit were both 

6.5 ± 0.2 (n = 42 and 26 broods, respectively; Mann–Whitney test, Z = -0.28, P = 

0.78).  

Parents of both species provisioned nestlings. When nestlings were more than 

10 days old, the average feeding rate for each nestling was 3.2 ± 0.2 times/h (n = 

11 nests) and 3.3 ± 0.3 times/h (n = 15 nests) for Black-throated and Silver-

throated Bushtits, respectively, which was not different between species 

(independent samples t-test, t = -0.40, P = 0.69). There was also no difference of 

the feeding rates between male and female parents in both unhelped nests (paired 
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samples t-test; Black-throated Bushtit, t = -0.42, P = 0.69, n = 7; Silver-throated 

Bushtit, t = 0.45, P = 0.66, n = 10; Table 2) and nests with helpers (paired samples 

t-test; Black-throated Bushtit, t = -0.44, P = 0.69, n = 4; Silver-throated Bushtit, t 

= 0.57, P = 0.60, n = 5; Table 2). 

Food items for both species that were detected being brought to nests included 

spiders and insects from Orthoptera, Ephemeridae, Tipulidae, Syrphidae, and 

Phasmatidae. After feeding, adults usually waited for the nestlings to produce 

faecal sacs and then took these sacs away from the nest. The nestling that 

produced the faecal sac was usually the one that had just received food, and faecal 

sac was produced usually when adults were present.  

It took 15.0 ± 0.4 days (n = 8 broods) and 16.2 ± 0.4 (n = 5 broods) days for 

nestlings of Black-throated Bushtit and Silver-throated Bushtit, respectively, to 

fledge. Silver-throated Bushtits tended to spend more days in the nest than Black-

throated Bushtits (independent samples t-test, t = 2.12, P = 0.06). Before fledging, 

three of 189 (1.6%) Black-throated Bushtit nestlings in one of 30 (3.3%) broods 

and two of 138 (1.4%) Silver-throated Bushtit nestlings in one of 21 (4.8%) 

broods died in the nests due to reasons other than depredation, which was not 

different between the two species in both numbers of nestlings (χ2 = 0.01, P = 

1.00) and nests (Fisher’s exact test, P = 0.99).  

Nesting success 

The apparent nesting success were 33.6% (n = 116) and 30.4% (n = 79) for Black-

throated Bushtits and Silver-throated Bushtits, respectively, which did not differ 

between species (χ2 = 0.23, P = 0.64). Nest loss during the nest construction 

period was mostly (>90%) due to abandonment (Fig. 4 and Fig. 5). After the egg-

laying period, nest abandonment decreased, but predation increased. During the 

provisioning period, nest abandonment was rare, and predation became the main 

reason for nest loss. Compared with the Silver-throated Bushtit, Black-throated 

Bushtit nests were more often depredated by snakes (Fig. 4 and Fig. 5). Based on 

filming or direct observation, we recorded three cases of predation by snakes, 

including species of Zaocys (Zaocys dhumnades), Stink Rat Snake (Elaphe 

carinata), and Striped Racer (Elaphe taeniura). We also observed Eurasian Jays 

(Garrulus glandarius), Asian Barred Owlets (Glaucidium cuculoides), Red-billed 

Blue Magpies (Urocissa erythrorhyncha), and Japanese Sparrow Hawks 
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(Accipiter gularis) predating eggs and nestlings. The Himalayan Weasel (Mustela 

sibirica), Pere David's Rock Squirrel (Sciurotamias davidianus), and Black-billed 

Magpie (Pica pica) were also potential predators.  

Helping behaviour 

The occurrence of helpers 

Helpers usually occurred during the provisioning period, but not necessarily at the 

very beginning (i.e. not soon after hatching). Twenty percent of Black-throated 

Bushtit nests (n = 50) and 30% of Silver-throated Bushtit nests (n = 40) were 

confirmed as having helpers during this period, and the proportion was not 

different between species (χ2 = 1.20, P = 0.27). Other nests probably also had 

helpers, but they could not be confirmed due to inadequate observations.  

At other breeding stages for the Black-throated Bushtit, we found a male 

helper at one nest and another male helper at another nest, both occurring late in 

the incubation period. The former helper attended incubation, whereas the latter 

was only found carrying a feather at the nest entrance. A non-parent Black-

throated Bushtit female was once seen sitting at a nest for 11 seconds 1–2 days 

before the assumed hatching date. This nest was depredated by a snake the 

following day, so we were not able to collect additional information on this 

female. We did not know if it was a helper or a parasite that intended to lay eggs 

in the host nest.  

Among Silver-throated Bushtits, we found two male helpers at a nest that first 

appeared during the incubation period. Another two male helpers, each helping 

separate nests, were found living in the area near the helped nests before they 

became helpers during the provisioning period. One of them was once found 

attempting to enter the helped nest at sunset during the late incubation period, but 

at that time we could not confirm whether it was a helper, as no helping behaviour 

was observed.  

Number and sex of helpers 

For most of the nests with helpers, there was one helper at each nest for both 

species (Black-throated Bushtit, n = 7; Silver-throated Bushtit, n = 8). Only two 

nests for each species had two confirmed helpers, and two Silver-throated Bushtit 
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nests possibly had more than two helpers. Among the marked and confirmed 

helpers, all 11 Black-throated Bushtit helpers belonging to nine nests and all 11 

Silver-throated Bushtit helpers belonging to ten nests were male.  

Contribution of helpers to nestling provisioning 

For both species, the feeding rates of helpers and female and male parents were 

similar (Table 2). Compared to the nests without helpers, nestlings in nests with 

helpers did not receive higher total feeding rate (Table 2; independent samples t-

test; Black-throated Bushtit, t = -0.36, P = 0.73; Silver-throated Bushtit, t = 0.07, 

P = 0.94), but parents of the helped nests tended to decrease their feeding rate 

(Table 2), although that trend was not significant (independent samples t-test; 

Black-throated Bushtit, females, t = 2.12, P = 0.06 and males, t = 1.96, P = 0.08; 

Silver-throated Bushtit, females, t = 1.39, P = 0.19 and males, t = 1.37, P = 0.20).  

The source of helpers 

In Black-throated Bushtits, six helpers of four nests were originally marked from 

the same winter flock of the helped parents. Besides, one another helper of a nest 

was the male parent of its neighbouring nest. This bird fed his neighbour’s 

nestling once, although he had his own offspring at the time.  

During the study, we did not find Silver-throated Bushtit helpers that were 

from the same winter flocks as the parents of the helped nests, which was possibly 

due to limited banding efforts in winter. However, the locations where we 

captured the five helpers (at five nests) before they became helpers were close to 

the nests that they subsequently helped.  

Discussion 

Species with close phylogenetic relationships often show more similar life history 

traits than do those that are distantly related (Böhning-Gaese and Oberrath 1999). 

At our study site, the sympatric Black-throated Bushtit and Silver-throated Bushtit 

shared many common breeding features, such as breeding phenology, appearance 

and size of nests, clutch size, length of nest construction, egg incubation, nestling 

provisioning periods, and helping behaviours, suggesting either the common 

ecology experienced by them may have selected for these features, or their life 
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history traits have been relatively conserved during evolution, despite millions of 

years of divergence (Dai et al. 2010; Päckert et al. 2010).  

The two species have similar clutch sizes, which were both smaller than that 

of the Long-tailed Tit (Gaston 1973; Song 1981; Hatchwell et al. 1999a; Cao 

2008). This result is consistent with the commonly recognized pattern that 

populations in high latitudes lay larger clutches (Johnston 1954; Koenig 1984; 

Böhning-Gaese et al. 2000). The egg size of Black-throated Bushtit was, however, 

smaller than that of the Silver-throated Bushtit, and they were both smaller than 

that of the Long-tailed Tit (Song 1981; Cao 2008). This could be a result of the 

difference in their body sizes (Li et al. 2010). Both Black-throated Bushtit parents 

attended incubation, whereas only female parents did so in the Silver-throated 

Bushtit. Observations of the latter are similar to those observed in the Long-tailed 

Tit (Hatchwell et al. 1999a), reflecting a closer phylogenetic relationship between 

these two species, as indicated by genetic analysis (Dai et al. 2010; Päckert et al. 

2010). Although they attend incubation, male Black-throated Bushtits do not 

develop a brood patch, supporting that there is little correlation between male 

incubation and the possession of a brood patch (Skutch 1957; Deeming 2002). 

Nest attendance by males can affect female nest attendance and total nest 

attendance during incubation (Pinxten et al. 1993). Hatchwell et al. (1999a) also 

reported that in the Long-tailed Tit, female nest attentiveness was negatively 

related to short-term variation in the males’ feeding rate. It would be interesting to 

investigate the incubation patterns of females under situations with (Black-

throated Bushtit) and without (Silver-throated Bushtit) male attendance, as well as 

relate the patterns to factors such as male provisioning, incubation date and 

ambient temperature, in future work.  

Both species had high hatching success. The rare nestling death, other than by 

depredation, indicates that nestling starvation was rare and food resources were 

abundant at our site. Nest abandonment was the main reason for nest failure 

during the nest-construction period, but decreased during the subsequent periods, 

suggesting the possibility of a trade-off between the costs and benefits of re-

nesting during a limited breeding season (Bauchau and Seinen 1997; Verboven 

and Tinbergen 2002). The key factor affecting breeding success of the two species 

during the incubation and nestling periods was predation. In Britain, birds were 

the main predators of Long-tailed Tits, and the height of nests was an important 
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determinant of success, with lower nests being more successful than higher ones 

(Hatchwell et al. 1999b). In Dongzhai National Nature Reserve, the two species 

used kinds of nesting plants that varied greatly in height, and predators also 

included snakes and mammals that may depredate lower nests. Black-throated 

Bushtits had more nests depredated by snakes, most likely because it used more 

tea plants, which were relatively low to the ground (< 1.5 m). However, we did 

not compare the nest height difference between species, because we did not spend 

equal efforts in searching nests among vegetations of different height, which 

might therefore bias the results. As the two species had similar apparent breeding 

success, the relationship between nest height, nesting habitat, and nesting success 

at our site remains to be explored.  

Our work shows that cooperative breeding behaviour exists in our studied 

populations of Black-throated Bushtits and Silver-throated Bushtits. Consistent 

with British and Japanese Long-tailed Tit populations, most helpers of both 

species were present during the provisioning period (Lack and Lack 1958; Ueno 

and Sato 2001). However, this is inconsistent with the sole previous report of 

helping behaviours of Black-throated Bushtits in Sichuan, China, where helpers 

attended incubation in all three cooperatively breeding nests (Guo et al. 2006), 

and inconsistent with the helping behaviour observed in a Long-tailed Tit 

population in northeast China, where helpers in two of three nests first appeared 

during the incubation period (Song 1981). In the above two cases, the sex of 

helpers was unknown. All confirmed helpers in this study were males, which is 

similar to the cases of Long-tailed Tit populations in Japan and Britain (Ueno and 

Sato 2001; Hatchwell et al. 2004). As helping behaviour is usually based on 

kinship between individuals (Hamilton 1964), it has been reported that in the 

isolated site where the dispersal of female Long-tailed Tits is blocked, and 

females have more relatives around, a relatively higher proportion of females 

would become helpers (Russell 2001). In our study, no female helpers were 

identified. This might be due to the habitat of our field site, which was continuous 

and thus promoted dispersal. During the provisioning period, 20% of Black-

throated Bushtit nests and 30% of Silver-throated Bushtit nests had helpers. These 

percentages are lower than that of British Long-tailed Tit populations (around 

50%, Gaston 1973; Hatchwell 1999; McGowan et al. 2003) and the Black-throat 

Tit populations in Sichuan, China (50%, Guo et al. 2006). These differences may 
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reflect variations in their life history traits, or selection pressure for cooperative 

breeding between species and regions.  

In cooperative breeding species, the contribution of helpers to provision 

nestlings can be additive and/or compensatory (Hatchwell 1999). The Long-tailed 

Tit has been shown to utilize both strategies (Hatchwell and Russell 1996; 

Hatchwell 1999). When there was one helper at the nest, parents of Long-tailed 

Tits decreased their effort and the total feeding rate did not change (compensatory 

strategy); but when there were more helpers, parents maintained the same rate, 

thus the total feeding rate increased (additive strategy). In our study, we found the 

total feeding rate of Black-throated and Silver-throated Bushtits did not differ 

between nests with and without helpers, and parents tended to reduce their feeding 

rate when helped. These results indicated that they likely adopted a compensatory 

strategy, which would be consistent with the findings for Long-tailed Tit. This is 

possibly because all the cooperatively breeding nests in our study contained only 

one helper, with the single exception being two helpers at a single Black-throated 

Bushtit nest. This preliminary result, however, needs to be further confirmed 

because it was based on limited number of nests. Moreover, our data can not 

answer whether the investment strategy of the two species varies with the number 

of helpers, making it a question open to be explored. Besides, although it seemed 

that helpers and parents of the two species had similar feeding rates, we were 

restricted to make statistical comparison because of the small sample size. Future 

studies are therefore needed to examine these above issues when larger sample 

sizes are obtained.  

Studies of the Long-tailed Tit showed that helpers were usually individuals 

that failed in their own breeding attempts, and temporal variation in fitness 

payoffs during the breeding season promoted the occurrence of helping 

behaviours (MacColl and Hatchwell 2002). Due to the dense vegetation, we were 

not able to locate all nests for either species in our study area, and thus could not 

associate helpers with an original nest, which would help ascertain whether they 

failed at their own breeding attempts prior to becoming helpers. Our field 

observations suggest that unmated Silver-throated Bushtits might be a source of 

helpers during the breeding season.  

Long-tailed Tit helpers were usually the relatives of the helped parents 

(Russell and Hatchwell 2001; Nam et al. 2010) or were from the same winter 
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flock of the helped parents (Ueno and Sato 2001). In the Black-throated Bushtit, 

at least a proportion of the helpers were from the same winter flock as the helped 

parents, and in the Silver-throated Bushtit, some helpers lived near the helped 

nests before becoming helpers. These results suggest that the helpers of both 

species already had some association with the helped parents before they became 

helpers. However, our observations could not confirm whether the helpers were 

relatives of the helped parents, as we do not have pedigree data. If winter flocks of 

the two species consisted of relatives, similar to the case of Long-tailed Tits 

(Hatchwell et al. 2001), the helpers and helped parents were likely relatives. 

Further work on kinship identification between individuals using molecular 

markers is currently underway. Besides, parentage analysis is being conducted to 

determine whether the helpers had a genetic contribution to the helped broods and 

therefore gained direct fitness, which has been shown in many cooperative 

breeders (e.g. Richardson et al. 2001; Du and Lu 2009).  

Observed differences in the cooperative breeding behaviours between 

Aegithalos species and populations, such as the occurrence period of helpers and 

the proportion of nests with helpers, indicate variation in breeding strategies. 

Furthermore, the modes of cooperative breeding observed in the well-studied 

British population of Long-tailed Tit (e.g. Hatchwell and Russell 1996; MacColl 

and Hatchwell 2002; McGowan et al. 2003; McGowan et al. 2007; Sharp et al. 

2008; Sharp et al. 2011) may not represent the entire genus. Hence, additional 

examinations must be conducted on the basic biology and ecology of more 

Aegithalos species, especially those where information is still lacking (Harrap 

2008).  

Previous studies suggested that cooperative breeding behaviour is often 

related to certain life history traits (Arnold and Owens 1998; Covas and Griesser 

2007) and ecological conditions (Komdeur 1992; Walters et al. 1992). Their exact 

relationships are still not clear because neither the similarities in ecological 

conditions, nor life history traits can reliably predict the occurrence of cooperative 

breeding behaviours among species (Koenig and Dickinson 2004), and phylogeny 

may also play a role (Edwards and Naeem 1993). In this respect, investigations of 

breeding system variation in sympatric and related species often provide insights. 

For example, Zack and Ligon (1985) compared the sympatric Lanius shrikes and 

found that cooperative breeding in Gray-back Fiscal Shrikes (L. excubitoriu) is 
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related to the occupancy of a temporally stable, but spatially restricted high-

quality habitat, which in turn may lead to their relatively high survivorship, 

resulting in their habitat becoming relatively “saturated”. Our study subjects, the 

Silver-throated Bushtit and Black-throated Bushtit, have overlapping 

distributions. Their sympatric populations may also be a potential system that can 

be used to explore how breeding systems vary with life history and ecological 

conditions while controlling for phylogenic similarities. We hope some insights 

can be obtained through future work.  
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Table 1 Nest and egg measurements (mm) and egg mass (g) of Black-throated Bushtits 

(Aegithalos concinnus) and Silver-throated Bushtits (A. glaucogularis) in the Dongzhai National 

Nature Reserve of central China. 

 

Black-throated 

Bushtit 

Silver-throated 

Bushtit 
t-test 

Mean ± SE n Mean ± SE n t P 

Nest 

Nest depth 132.1 ± 2.0 28 129.6 ± 3.9 19 0.57 0.576 

External diameter 95.3 ± 1.1 28 97.2 ± 1.5 19 -1.02 0.315 

Diameter of entrance hole 25.0 ± 0.4 19 25.7 ± 0.2 4 -0.69 0.499 

Egg 

Mass 0.72 ± 0.01 50 0.85 ± 0.01 29 -7.76 0.000 

Length 13.09 ± 0.06 62 13.59 ± 0.05 35 -6.09 0.000 

Width 10.14 ± 0.04 62 10.65 ± 0.05 35 -7.27 0.000 

 

 

Table 2 The feeding rates* of different adult of Black-throated Bushtit (Aegithalos concinnus) and 

Silver-throated Bushtit (A. glaucogularis) at the helped and unhelped nests when nestlings were 

more than 10 days old 

 

Adult identity 

Black-throated 

Bushtit 

Silver-throated 

Bushtit 

n Mean ± SE n Mean ± SE 

Unhelped nests 

Female parents 7 1.6 ± 0.2 10 1.5 ± 0.2 

Male parents 7 1.5 ± 0.2 10 1.6 ± 0.2 

Total 7 3.1 ± 0.3 10 3.3 ± 0.4 

Helped nests 

Female parents 4 1.0 ± 0.1 5 1.0 ± 0.1 

Male parents 4 0.9 ± 0.1 5 1.1 ± 0.2 

Helper 4 1.1 ± 0.3 5 0.9 ± 0.2 

Total 4 3.3 ± 0.3 5 3.3 ± 0.5 

*The feeding rate was calculated as the number of feeds each nestling received per hour.  
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Fig. 1 Typical nests of Black-throated Bushtit (Aegithalos concinnus) (left) and Silver-throated 

Bushtit (A. glaucogularis) (right) 

 

 

Fig. 2 The proportion of plants used by Black-throated Bushtits (Aegithalos concinnus) and Silver-

throated Bushtits (A. glaucogularis) in the Dongzhai National Nature Reserve of central China 
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Fig. 3 The distribution of clutch size of Black-throated Bushtits (Aegithalos concinnus) and Silver-

throated Bushtits (A. glaucogularis) in the Dongzhai National Nature Reserve of central China 

 

 

 

 

Fig. 4 Reasons of nest loss at different breeding stages of Black-throated Bushtits (Aegithalos 

concinnus) in 2008 and 2009 in the Dongzhai National Nature Reserve of central China 
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Fig. 5 Reasons of nest loss at different breeding stages of and Silver-throated Bushtits (Aegithalos 

glaucogularis) in 2008 and 2009 in the Dongzhai National Nature Reserve of central China 

 

 

 


