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Abstract 

Background: The adjustment of sex ratios in birds can occur at the egg and nestling stages. Previous studies showed 
that the sex ratio was affected by environmental factors and parental condition; it may result in seasonal and ecosys-
tem differences.

Methods: In this study, the brood sex ratio of the Yellow-bellied Prinia (Prinia flaviventris) in the Nonggang area, 
Guangxi, southwestern China, was investigated during the breeding season from May to June in 2013 using PCR 
amplification from whole-genome DNA extracted from blood samples. A total of 31 nests of Yellow-bellied Prinia, 
including 132 brood fledglings and 31 pairs, were sampled.

Results: The results showed that the brood sex ratio of the Yellow-bellied Prinia was 1:1, and sex ratios of different 
nests were evenly distributed within the study area. No significant relationship was found between parental quality 
and nest characteristics with the brood sex ratio.

Conclusions: The present study indicated that no brood sex ratio bias in the Yellow-bellied Prinia highlighted the 
complexity of sex ratio adjustment in birds. In spite of our negative results, the lack of an association between brood 
sex ratio and parental quality and environmental factors in the Yellow-bellied Prinia provides valuable information on 
the adjustment of sex ratios in birds.
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Background
Sex ratio is the ratio of the number of males to females in 
a population. According to the sex allocation theory, if no 
difference exists in the required reproductive investment 
and rewards for parental birds to produce either more 
male or more female offspring, the male–female ratio 
in their offspring should be 1:1 (Fisher 1930; Charnov 
1982; Frank 1990). Variation in offspring sex ratio was a 

key enigma in population biology, and was considered as 
major research subject in population ecology (Bouvier 
et al. 2016).

In theory, females (or parents) could manipulate sex 
ratio in several ways (Hasselquist and Kempenaers 2002), 
including manipulating the primary sex ratio (biasing the 
sex ratio of the ovulated eggs via a process taking place 
before or during ovulation, see details in Ewen et  al. 
2004), manipulating the order of laying (where early laid 
eggs are of one sex and later laid eggs are of the other sex, 
e.g. males come first, Ležalová et al. 2005), exerting sex-
differential investment in eggs (i.e. sex-differential distri-
bution of maternal effects, e.g. large eggs should contain 
male embryos and small eggs contain female embryos, 
Mead et al. 1987; Cordero et al. 2000; Soma et al. 2007), 
using sex-differential parental investment rules when 
provisioning chicks (sex biased favoritism, Lessells 
2002, e.g. mothers preferentially provisioned sons over 
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daughters, whilst fathers showed no bias, Mainwaring 
et  al. 2011). For primary sex ratio adjustment in birds, 
a combination of well-developed theoretical literature 
and rapid publication of empirical results has created 
controversial claims (reviewed in Ewen et  al. 2004). For 
example, the Great Tit (Parus major) parents may tend to 
overproduce daughters as females are the dispersing sex 
in many passerine species (Gowaty 1993); however, using 
meta-analytical approach, Ewen et  al. (2004) concluded 
that facultative control of offspring sex is not a character-
istic biological phenomenon in breeding birds.

Also, adjustments to the sex ratio in avian species may 
occur at the egg and nestling stages, and adjustment in the 
brooding stage is called secondary sex ratio adjustment 
(Kilner 1998). Previous studies found that several factors 
contributed to affect parental care, then related to biases 
in avian brood sex ratios. These factors included the qual-
ity of the parents (parental condition, parental age and 
parental breeding experience), the quality of the external 
and social environment (such as habitat quality), and the 
number and asymmetry among the offspring (reviewed in 
Hasselquist and Kempenaers 2002). For example, Nager 
et al. (1999) found that the pre-fledging survival of male 
chicks was strongly reduced in all-male broods reared by 
parents in poor condition, but that of female chicks was 
affected neither by parental condition nor by brood sex 
composition. When parental age was taken into account, 
the proportion of males from older female Red-winged 
Blackbirds (Agelaius phoeniceus) was significantly greater 
than that of females, and the proportion of female off-
spring from young females was significantly higher than 
that of the male offspring (Blank and Nolan 1983). As for 
breeding experience, younger, less experienced pairs may 
tend to produce more sons than daughters when com-
pared to older and more experienced pairs (Weimerskirch 
et al. 2000). Besides, sex allocation is sensitive to habitat 
quality, with high-quality territories producing broods 
biased towards sons and poor-quality territories produc-
ing broods biased towards daughters in passerine birds 
(Suorsa et al. 2003; Bell et al. 2014; Bouvier et al. 2016).

Specifically, bird body measurements such as body 
mass, tarsal length, etc. were commonly used and have 
been widely regarded as a good indicator of parental 
quality in previous studies (reviewed in Hasselquist and 
Kempenaers 2002). In Varied Tits (Parus varius), the 
number of male offspring in each nest was closely related 
to the tarsal length of male parental birds: larger males 
(such as those with a long tarsus) tend to have higher 
potential for acquiring resources, and their tarsal length 
is a heritable characteristic (Yamaguchi et  al. 2004). 
Velando (2002) found that the proportion of sons in 
two-chick broods decreased with female mass and with 
female body condition at hatching.

Changes in sex ratios may affect the population struc-
ture, family composition, and mating relationships of 
animals, and may also affect their mating system, repro-
ductive investment, and reproductive success (Grindstaff 
et  al. 2001; Komdeur and Pen 2002; West and Sheldon 
2002; Whittingham and Dunn 2005; Dietrich-Bischoff 
et al. 2006; Korsten et al. 2006). Sex allocation theory is 
well defined (Fisher 1930; Frank 1990) but its empirical 
support in vertebrates is still ambiguous.

The Yellow-bellied Prinia belongs to the order Pas-
seriformes and was widely distributed in southern China 
(Zheng 2011). These birds have relatively small bod-
ies and show subtle sexual dimorphism in their upper 
back color (Yang et al. 2013). Contrary to most of birds, 
these birds were characterized by inverse-changed tails 
(a shorter tail in the breeding season than in the non-
breeding season, Zhao 2001), high parental investment 
in the breeding season (i.e. time overlap between spring 
moulting and breed activities, high feeding frequencies 
than that of similar body size of the same family, two 
breeding attempts in the breeding season, and relatively 
higher annual productivity compared with nine passerine 
birds of similar body mass, Ding et al. 2007, 2016, 2017). 
In this scenario, these life-history traits of the Yellow-bel-
lied Prinia might determine its brood sex ratios to some 
extent. The aim of this study is to investigate sex-ratio in 
Yellow-bellied Prinia using molecular sexing techniques 
and answer the following questions: (1) Does the Yellow-
bellied Prinia have deviant brood sex ratios? (2) If their 
brood sex ratio is deviant, are there correlations between 
the brood sex ratio and physical characteristics of the 
parent or with the status of local natural resources? (3) Is 
there any correlation between the physical characteristics 
of the parents and brood?

Methods
Study area
The study was carried out in the Nonggang National 
Nature Reserve, Guangxi, southwestern China (23°39′N, 
107°04′E), during the breeding season from May to June 
in 2013. This area was the transition of tropical zone 
and subtropical zone with subtropical monsoonal cli-
mate, characterized by warm temperatures and abun-
dant rainfall. The mean annual temperature is 22 °C, and 
annual precipitation is 1150–1550  mm, with the major-
ity of rainfall occurring in May to September (Liang et al. 
1985). Our study site is located at open artificial sugar-
cane fields, and Saccharum sinense is the main crop there. 
S. sinense is also an important plant used for nesting by 
most local birds (for more details, see Yang et al. 2014). 
Among them, Yellow-bellied Prinias mainly compete 
with two bird species for nesting sites in the sugarcane 
plants, namely the Plain Prinia (Prinia inornata) and the 
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Common Tailorbird (Orthotomus sutorius) (Huang et al. 
2015).

Study species
The Yellow-bellied Prinia (hereafter prinia) is widely dis-
tributed in southern China, including Taiwan and Hainan 
islands; both males and females have a shorter tail in the 
breeding season than in the non-breeding season (Zhao 
2001). Their courtship begins in early March, and their 
nesting and egg-laying season lasts from early April to 
late June. Both male and female birds participate in nest-
ing in low bushes or small shrubs. Nests have an irregu-
lar spherical shape, sitting approximately 1 m above the 
ground, with a side-opening hole in the upper part of the 
nest. Their eggs are mostly red (many different shades of 
red in different individuals or nests), usually oval. Nest 
construction by both parents lasts for 5–7 days, and egg 
laying occurs at the next day of finishing the nest-build-
ing or at intervals. Once egg laying starts, the Yellow-
bellied Prinia lays eggs at 6:00–8:00 a.m. every day until 
finished. Clutch size of the Yellow-bellied Prinia is usu-
ally five, incubation period lasts for 11–14 days, and their 
brood period lasts for 11–12  days. The chickens of the 
Yellow-bellied Prinia are altricial (Ding et al. 2007, 2016, 
2017; Yang et al. 2013, 2014; Wang et al. 2016).

Field data collection
Once an egg was found in a nest, the nest was observed 
every other day to monitor it for hatching. The location 
and elevation of each nest were recorded using a GPS. 
We sampled nestlings from nests when they were 9 days 
old and used mist nets to capture parental birds at the 
same time. Immediately after capture in the mist net the 
adult birds were quickly removed to avoid injuring them. 
We used disposable lancets to collect samples from bra-
chial veins on the underside of the birds’ wings. Blood 
was collected using medical cotton swabs, placed in 
freezing vials with 96% analytical ethanol, and stored fro-
zen in preparation for DNA extraction in the lab. A total 
of 31 families involving 62 adults and 132 offspring were 
used for the sex ratio analysis. Further, physical charac-
teristics of indicators in 17 nests (32 adults belonging to 
16 nests and 72 offspring belonging to 17 nests) were col-
lected. Specifically, we collected data on body weight (g), 
tarsal length (mm), wing length (mm), tail length (mm), 
and gape (mm) and body length (mm) of parental birds, 
and also collected data on body weight (g) and tarsal 
length (mm) of the nestlings.

Sex determination
We confirmed the sex of parents and nestlings using 
established PCR testing methods. Sex was determined 
using PCR amplification from the whole-genome 

DNA extracted from blood. Whole-genome DNA was 
extracted using a reagent kit (E.Z.N.A.™ Micro Elute 
Genomic DNA Kit, OMEGA, USA). We then ampli-
fied a linked gene, CHD-W, in the W chromosome and 
linked gene, CHD-Z, in the Z chromosome using a uni-
versal primer pair for non-ratite birds P2 (5′-TCTG 
CATCGCTAAATCCTTT-3′) and P8 (5′-CTCCCAAG 
GATGAGRAAYTG-3′; Griffiths et  al. 1998). Amplifica-
tion conditions were as follows: denaturation at 94 °C for 
2 min; 30 cycles of denaturation at 94 °C for 1 min; repli-
cation at 50 °C for 30 s; extension at 72 °C for 1 min; final 
extension at 72  °C for 10  min. Each 25  μL PCR aliquot 
contained 12.5 μL of PCRMix (GoTaq Green Master Mix, 
Promega, USA), 0.5 μL of each primer, 5 μL of DNA tem-
plate, and 6.5 μL of  ddH2O. Amplification products were 
electrophoresed on 2% agarose gel for 1 h. To determine 
the gender of nestlings, the appearance of two bands 
indicated the bird was a female and one band indicated 
a male.

Data analysis
At the population level, sex ratio is expressed as the 
number of male nestlings versus the number of female 
nestlings. That is, sex ratio (SR)  =  male/female (♂:♀). 
We used Chi-squared (χ2) test to determine the differ-
ence between measured sex ratios and the theoretical 
value of 1:1. At the nest level, the sex ratio is the pro-
portion of male fledglings in broods. And the difference 
from the theoretical value (0.5) was also analyzed with 
Chi-squared (χ2) test. When determining the brood sex 
ratio at the nest level, the proportion of male fledglings in 
each nest was considered a dependent variable, and each 
nest was treated individually. A generalized linear model 
with binomial error structure and a general linear mixed 
model (when the response has a normal distribution) 
were used to analyze the effects of different factors (body 
weight, tarsal length, wing length, tail length, gape and 
body length of parental birds) on the secondary sex ratio, 
brood body weight and tarsus length. A t test was used to 
analyze the difference of sex ratios of fledglings born in 
May and in June (the relationship between the nest-level 
hatching time and the proportion of males). In this analy-
sis, the time period was divided into May and June. All 
parameters are presented as the mean ± standard devia-
tion (SD). GLM analysis was carried out using the stats 
package in R 3.0.1 (R Development Core Team 2011), and 
other analyses by SPSS 19.0.

Results
Population‑level brood sex ratio
Based on the 132 fledglings sampled, the population sex 
ratio was 1:1 (♂:♀), and the ratio was 1.39:1 in May and 
0.79:1 in June. These sex ratio did not significantly deviate 
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from a 1:1 ratio (χ2 = 1.157, p = 0.282 in May; χ2 = 0.76, 
p = 0.383 in June). From the collected samples, 72 indi-
vidual fledglings from 17 nests were further used in the 
analysis of sex ratio and parental index. The sex ratio 
for these 17 nests was 1.12:1, and this ratio did not sig-
nificantly deviate from a 1:1 ratio (χ2 = 0.163, p = 0.686). 
There was no significant difference in female and male 
body weight ratio (1:1.02, χ2 = 0.023, p = 0.879), and tar-
sal length ratio (1:1.1, χ2 = 0.032, p = 0.858) of fledglings 
in these 17 nests.

Nest‑level brood sex ratio
At the nest level, the brood sex ratio is represented by 
the proportion of males in each nest; the sex ratio was 
0.509 ± 0.263, and this secondary sex ratio did not sig-
nificantly deviate from 0.5 (χ2 =  0.003, p =  0.96). The 
sex ratio of fledglings born in May was 0.578 ±  0.281, 
and in June was 0.459  ±  0.244. These ratios did not 
significantly deviate from 0.5 (χ2  =  0.015, p  =  0.903; 
χ2 = 0.011, p = 0.916, respectively), and the difference 
sex ratios of fledglings born in May and in June was not 
significant (t =  1.244, df =  28, p =  0.224). Nests with 
different nest sex ratios were evenly distributed spatially 
(Fig. 1).

Correlation between parental body conditions
Pearson correlation analysis showed that wing, body, and 
tail lengths of parent Yellow-bellied Prinia were posi-
tively correlated to each other while other characteristics 
were not correlated (Table  1). The relationship between 
parental quality and brood sex ratio was not correlated 
(Table  2). Only negative correlations existed between 
female tarsal length and nestlings weight (p  =  0.0268; 
Table  3), and other factors such as body weight, wing 
length (mm), etc. of parental birds did not affect nest-
ling weight. Also, negative correlations existed between 
tarsal length of females and tarsus length of nestlings 
(p  =  0.0228; Table  4), and other factors such as body 
weight, wing length (mm), etc. of parental birds did not 
affect nestling tarsus length.

Discussion
The present study showed that the brood sex ratio of the 
Yellow-bellied Prinia is 1:1, the parental body condition 
were not correlated with the brood sex ratio. Sex ratios 
of different nests were diffusely distributed within the 
study area, but the brood sex ratio was coincident with 
the sex allocation theory. Our results suggest that the 
relationship among brood sex ratio, parental quality and 

Fig. 1 Nest distribution of the Yellow-bellied Prinia (Prinia flaviventris). Blue, black, and red dots denote nest sex ratios of <0.5, =0.5, and >0.5, respec-
tively
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nest distribution in the prinia may be context-dependent, 
highlighting the complexity of sex ratio adjustment in 
birds.

Previous work with other species revealed that the 
brood sex ratio is expected to increase inclusive fitness 
of birds in varying conditions (Howe 1977; Dijkstra et al. 
1990; Smallwood and Smallwood 1998; Korpimaki et  al. 
2000; Szekely et  al. 2004). For example, investigations of 
Quiscalus quiscula (Howe 1977), Charadrius alexandri-
nus (Szekely et al. 2004), and small falcons (Dijkstra et al. 
1990; Smallwood and Smallwood 1998; Korpimaki et  al. 
2000) have shown that the proportion of male offspring 
decreases later in the period of reproduction, while in 
large falcons, the proportion of male offspring gradually 
increases later in the period of reproduction (Daan et al. 
1996; Olsent and Cockburn 2004). This type of seasonal 
change is correlated with the environment and the abun-
dance of food. In size-dimorphic species, environmen-
tal sensitivity can indeed be sex-dependent (Jones et  al. 
2009), with evidence of direct male-specific toxic effects 
of diverse pollutants in a number of bird species (Cichoń 
et al. 2005; Svenson et al. 2007). It is generally believed that 
the gender with relatively a larger body is more sensitive to 

Table 1 Relationship between parental bird body indicators (n = 32 nests)

* Pearson correlation is significant at the 0.01 level (two-tailed)

Weight (g) Tarsus length (mm) Wing length (mm) Tail length (mm) Gape (mm) Body length (mm)

Body weight (g) 1 0.119 0.141 0.142 0.141 0.164

Tarsus (mm) 1 0.257 0.297 0.109 0.349

Wing length (mm) 1 0.481* −0.149 0.225

Tail length (mm) 1 0.220 0.691*

Gape (mm) 1 0.349

Body length (mm) 1

Table 2 Brood sex of  the Yellow-bellied Prinia (Prinia fla-
viventris) in relation to parental quality (n = 72 fledglings 
from 16 nests)

The best fitting model was shown above. The weight, tarsal length, wing length, 
tail length, gape and body length of parental birds were included in the model 
as random factors, sex ratio as independent variable

Factors Estimate Error df F p

Weight −0.900723 1.674572 31 −0.538 0.591

Body length 0.014415 0.064103 31 0.225 0.822

Tail length −0.000361 0.115028 31 −0.003 0.997

Wing length 0.017930 0.350397 31 0.051 0.959

Tarsus −0.020326 0.515573 31 −0.039 0.969

Gape 0.027883 0.788965 31 0.035 0.972

Table 3 Mean body weight of fledglings of the Yellow-bel-
lied Prinia (Prinia flaviventris) in relation to parental qual-
ity

The best fitting model was shown above. The weight, tarsal length, wing length, 
tail length, gape and body length of parental birds were included in the model 
as random factors, body weight of fledglings as independent variable

* Positive and negative effective factors represent heavier or lighter mean nest 
weight at p < 0.05, respectively

Predictor Estimate SE df F p

Weight (♂) 1.41813 2.08176 15 0.681 0.513

Wing length (♂) 0.10042 0.37692 15 0.266 0.796

Tail length (♂) 0.10144 0.13138 15 0.772 0.460

Tarsus (♂) −0.12486 0.57575 15 −0.217 0.833

Gape (♂) −1.22274 0.89775 15 −1.362 0.206

Body length (♂) 0.02410 0.09502 15 0.254 0.805

Weight (♀) 2.81313 1.28387 15 2.191 0.0561

Wing length (♀) 0.74688 0.42973 15 1.738 0.1162

Tail length (♀) −0.04932 0.10551 15 −0.467 0.6513

Tarsus (♀) −1.67433 0.63368 15 −2.642 0.0268*

Gape (♀) 1.43417 0.77106 15 1.860 0.0958

Body length (♀) −0.15664 0.11699 15 −1.339 0.2134

Table 4 Mean tarsus of  fledglings of  the Yellow-bellied 
Prinia (Prinia flaviventris) in relation to parental quality

The best fitting model was shown above. The weight, tarsal length, wing length, 
tail length, gape and body length of parental birds were included in the model 
as random factors, tarsal length of fledglings as independent variable

* Positive and negative effective factors represent longer or shorter mean tarsus 
length at p < 0.05, respectively

Factor Estimate SE df F p

Weight (♂) 2.32292 5.69813 15 0.408 0.693

Wing length (♂) 0.35965 1.03168 15 0.349 0.735

Tail length (♂) 0.29032 0.35960 15 0.807 0.440

Tarsus (♂) −0.12749 1.57592 15 −0.081 0.937

Gape (♂) −3.10323 2.45729 15 −1.263 0.238

Body length (♂) 0.04211 0.26009 15 0.162 0.875

Weight (♀) 7.75522 3.46074 15 2.241 0.0518

Wing length (♀) 1.99550 1.15836 15 1.723 0.1190

Tail length (♀) −0.09771 0.28442 15 −0.344 0.7391

Tarsus (♀) −4.68197 1.70813 15 −2.741 0.0228*

Gape (♀) 3.93638 2.07844 15 1.894 0.0908

Body length (♀) −0.44973 0.31534 15 −1.426 0.1876
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poor environmental conditions because they require more 
energy during growth (Pérez et al. 2006; Barros et al. 2013), 
and the gender with a relatively larger body has a com-
petitive advantage within the nest, and thus can survive 
in adverse conditions (Oddie 2000). The Yellow-bellied 
Prinia has no obvious sexual dimorphism, and differences 
between female and male fledglings are not significant. 
In our results, the ratio of male fledglings also decreased 
slightly later in the reproductive period (the population sex 
ratio in May was 1.39:1, and in June was 0.79:1), possibly 
caused by the following factors: (1) difference of parental 
condition between May and June, and (2) changes in habi-
tat quality between May and June. Possibly, there exist dif-
ferences in habitat quality between May and June; besides, 
the Yellow-bellied Prinia finishes spring moulting in the 
end of May (Ding et al. 2015), and time overlaps between 
spring moulting and breeding activities that occur in May, 
so parental condition of the Yellow-bellied Prinia might 
have difference between May and June.

This can also explain why the number of females 
increases slightly later in the period of reproduction. 
Since resource abundance is not in the scope of this study 
and we still lack direct evidence to favor one or more of 
the processes discussed above, we do not exclude that 
these explanations are not exclusive and the observed 
bias in sex-ratio may also accumulate from fertilization 
to fledging. The attractiveness and quality of partners 
have been acknowledged as key factors of sex ratio vari-
ation during pre- or post-parturition offspring devel-
opment (Becker et  al. 2008; Taff et  al. 2011; Pryke and 
Rollins 2012). Our results may not concur with such 
expectations as our estimates of partners’ body condition 
(weight, tarsal length, wing length, tail length, gape and 
body length) were not significant predictors of brood sex 
ratio. Our results showed that the quality of the male Yel-
low-bellied Prinia was not correlated with the sex ratio or 
quality of the offspring. We also found that the maternal 
tarsal length was negatively correlated with body weight 
and tarsal length of fledglings. Thus, in the Yellow-bellied 
Prinia, tarsal length is a heritable feature, which is only 
correlated with the female of the species but is unrelated 
to the sex ratio of fledglings. Perhaps, our sample size for 
adult body condition was low, and we need more data to 
test the relationships.

Conclusions
In conclusion, our results showed that the brood sex 
ratio of the Yellow-bellied Prinia was 1:1, and the paren-
tal quality was not correlated with the sex ratio of the 
offspring. Our results indicated no brood sex ratio bias 
in this bird species, highlighting the complexity of sex 
ratio adjustment in birds. In spite of our negative results, 
the lack of an association between brood sex ratio and 

parental quality and environmental factors in the Yellow-
bellied Prinia may provide valuable information on the 
adjustment of sex ratios in birds.
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