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Abstract. Lelono A, Riedstra B, Groothuis T. 2024. The female red jungle fowl (Gallus gallus gallus) reproductive investment stimulated 
by male attractiveness. Biodiversitas 25: 2931-2936. To maximize their capacity for reproduction, mothers are expected to modify their 
investment in offspring based on the quality of their mates. A recent study showed that females in female-care only species do so by 
investing more in egg mass when mated with attractive males rather than in other reproductive traits. In our study, we investigated how 

red jungle fowl (Gallus gallus gallus) mothers invest in clutch production based on the size of the male's comb, a trait signaling 
attractiveness. We randomly paired 14 females with 14 males of either large or small combs and monitored their egg-laying, clutch 
completion, and brood rearing. Following the initial clutch, we exchanged male partners and permitted females to establish up second 
generation. We found that females who were partnered with males who had bigger combs laid down their eggs earlier after pairing 
compared to those paired with males with smaller combs. However, there were no variations in egg mass or clutch size that we could 
find. Furthermore, the size of the male's comb influenced the growth and body condition of female chicks, with those sired by males 
with larger combs being heavier and in better condition at twenty-four weeks old. These data support the premise of the positive 
Differential Allocation (DA) hypothesis, where maternal investment varies with mate quality, rather than the negative DA, where 
females more investment in offspring from lower quality mates.  

Keywords: Differential allocation hypothesis, female reproductive investment, male attractiveness  
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INTRODUCTION  

In line with life history theory, reproductive strategies 

are expected to evolve to enable individuals to modify their 

investment in reproduction following predicted fitness 
returns, particularly in response to variation in partner 

quality (Kobayashi 2017; Cutting et al. 2021; Laskowski et 

al. 2021). Females typically face constraints on how many 

eggs they are able to lay and allocate more resources 

toward developing zygotes, embryos, and offspring 

(Krištofík et al. 2014; Watson et al. 2015). This includes a 

larger investment in the ovum compared to males' 

investment in spermatozoa, either through gestation or 

incubation (Krištofík et al. 2014; Carleial et al. 2020a). 

This holds true even though males in many species invest 

differently in reproduction through by acquiring and caring 
for mates and territories (Tan et al. 2017; Carleial et al. 

2020a). 

With the intention of optimizing both present and future 

reproductive performance, reproductive strategies entail 

making decisions about "when to reproduce", "how many 

offspring to produce", and "how much to invest in the 

offspring". If females with equal reproductive potential end 

up mating with male of different quality, a contradiction in 

reproductive strategies will arise: either she invests more in 

her present progeny when she mates with high-quality 

males because the offspring will likewise be of high-quality 

(Differential Allocation (DA) hypothesis) (Krištofík et al. 

2014; Parker and Pizzari 2015; Watson et al. 2015; Wilson 

and Burley 2021) or to make up for the offspring's low-
quality father, invest more in the present offspring when 

coupled with low-quality male. (the compensation 

hypothesis) (Song et al. 2020; Foo et al. 2023). Various 

factors, including how males and females share the 

responsibility of raising offspring within a species, can 

influence the chosen reproductive method (McDonald et al. 

2019; Song et al. 2020; Wilson and Burley 2021). 

Currently, these two theories are considered as a unified 

continuum, commonly known as positive and negative DA. 

Positive DA appears to be prevalent among avian species, 

according to recent research (Haaland et al. 2017; 
Kindsvater and Alonzo 2014; Laskowski et al. 2021). 

To investigate whether female investment in current 

reproduction varies based on mate quality, this study aims 

to provide novel insights. Various characteristics, including 

behavioral traits like food provisioning and vigilance, may 

serve as indicators of male quality (Cerit and Avanus 2007; 

Alvarez-Fernandez et al. 2019; Carleial et al. 2020a) along 

with morphological traits such as comb size. Jungle fowl 

(Gallus gallus gallus) exhibit comb size, which positively 

influences female mate choice (Carleial et al. 2020a). 

Additionally, comb size is inherited and associated with 
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social dominance (Desta 2019; Carleial et al. 2020a). 

Furthermore, a smaller comb is linked to a lower level of 

immune-competence, suggesting that only high-quality 

males can afford the cost of reduced immune competence 

(Łukaszewicz et al. 2017; Lelono et al. 2019c; Foo et al. 

2023). These correlations suggest a relationship between 

attractiveness and phenotypic quality, where males with 

larger combs are considered of higher quality due to their 

dominance and lower levels of circulating lymphocytes 

(Carleial et al. 2020a; 2020b) rendering them more 
appealing to females than those with smaller combs. To 

assess whether rooster quality influences investment in 

female reproduction in the clutch, we initially paired hens 

randomly with either large-combed or small-combed 

roosters and allowed them to produce a clutch. 

MATERIALS AND METHODS  

Animals model  

In this study, we employed 14 pairs of sexually 

inexperienced red jungle fowl (Gallus gallus gallus), which 

were bred in captivity and obtained from our own breeding 

stock at the University of Groningen, The Netherlands. All 
hens and 10 of the roosters were aged between two and 

three years, while the remaining 4 roosters were one year 

old. Male combs typically mature at one year old, with 

subsequent alterations in size influenced by environmental 

factors. Prior to the commencement of the experiment, 

roosters and hens were separated into two distinct groups 

based on sex and housed in separate outdoor aviaries. 

Experimental design  

To assess male quality and ensure balanced distribution 

of hens across the experimental groups, we conducted two 

rounds of biometric measurements on all parent birds at the 
outset of the pairing process. We measured body weight to 

the nearest gram and comb dimensions, specifically comb 

length and comb area. To determine the dimensions of the 

combs, we attached a circular sticker with a diameter of 0.8 

cm to each male's comb. We then took photographs of all 

the combs using a digital camera (Canon SX 500 IS: focal 

length 4.3-129.0 mm), focusing specifically on the left side 

of the rooster heads. Afterwards, we imported these images 

into GIMP 4.8, where we manually outlined the combs and 

calculated the number of pixels within the outlined area. By 

comparing this pixel count with that of the sticker, which 

had a known surface area and was captured in the same 

photograph, we determined the size of the combs. 

Furthermore, we evaluated the coloration of the combs 

using a spectrophotometer. 

The roosters were subsequently ranked based on comb 

size, serving as the primary indicator of quality. The 7 birds 

with the largest combs were categorized as "large combed" 

roosters, while the remaining 7 with smaller comb sizes 
were designated as "small combed" roosters. Details of 

male phenotypic traits are provided in Table 1. In the first 

round of reproductive attempt, we paired 7 large comb size 

males with 7 randomly selected females and 7 small comb 

size males with another 7 randomly selected females. In the 

second round of mating, we used the same method, where 7 

large comb size males were paired with 7 females that had 

previously mated with small comb size males. The pairings 

were chosen randomly to avoid any bias from the assessor. 

To maintain consistency in the two categories of 

females' average body mass, reference Table 2. These pairs 
were then accommodated together in one of 14 identical 

aviaries, each measuring 1.5×3×2.5 m 

(length×width×height). Inside these aviaries, the pairs had 

continuous access to water and standard chicken pellets as 

their diet, along with facilities such as a dust bathing area, 

perch, and nest site. Daily inspections were carried out to 

monitor egg production, and upon laying, eggs were 

weighed, marked with a non-toxic felt-tipped pen for 

identification, and placed back in the nest for incubation, 

hatching and raising their chicks. Once their chicks reached 

one month of age, they were removed and placed in 
separate cages. The female and male parents were then 

separated to allow for recovery. Once the birds had 

recovered, we reversed the procedure to eliminate the 

impact of the initial pairing: females that were initially 

paired with a male with a large comb were now paired with 

a small comb male, and vice versa. This adjustment was 

made after the first clutch was produced and removed. 

Following this change, we repeated the same process to 

measure the biometric characteristics of the males once 

again. Because females initially paired with males with 

large combs began laying eggs a week earlier than those 

paired with males with small combs, they had an extra 
week to recuperate from their initial reproductive effort. 

 

 

 
Table 1. Phenotypic characteristics (mean and s.e.m. in brackets) of large - (N=7) and small combed roosters (N=7)  

 

Male comb size 
First clutch 

  
Second clutch 

  Large Small t p Large Small t p 

male body mass (gr) 1232.3 (68.5) 1043.3 (42.0) 5.06 0.046 1131.0 (61.6) 1005.2 (27.3) 0.137 0.084 
comb size (cm2) 18.9 (0.98) 10.5 (1.09) 32.00. <0.001 19.0 (0.89) 10.0 (1.20) 37.04 <0.001 

brightness 9.4 (0.71) 9.3 (0.93) 00.02 0,614 9.3 (0.52) 11.2 (1.61) 01.45 0.175 
Chroma (dimensionless) 1.29 (0.14) 1.41 (0.16) 00.32 0,402 1.32 (0.08) 1.36 (0.21) 0.03 0.596 
Hue (nanomeers) 624.6 (3.41) 611.9 (8.83) 02.01 0,127 612.6 (5.93) 597.7 (14.02) 1.11 0.215 
female body mass (gr) 874.1(29.2) 828.8(36.9) 0.066 0.243 833.4 (19.5) 859.3 (20.0) 0.059 0.256 

Note: Body mass is measured in grams, comb size in cm2, brightness as a percentage of reflectance, chroma is dimensionless, and hue is 
expressed in nanometers 
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Table 2. Reproductive performance (values ± standard error of the mean, sample size indicated in parenthesis) of females initially 
paired with large-combed roosters and subsequently with small-combed roosters, or vice versa, is reported 
 

Male comb size 
First clutch Second clutch 

Large Small Small Large 

CIT (days) 10.1 ± 2.2 (7) 17.6 ±1.6 (5) 15.7 ± 3.5 (7) 8.2± 2.01 (4) 
clutch size (numbers) 6.0 ± 0.6 (7) 6.6 ± 1.2 (5) 5.7 ± 0.7 (7) 6.0 ± 0.4 (4) 
average egg mass (g) 30.8 ± 1.2 (7) 31.8 ± 0.8 (5) 32.4 ± 1.2 (7) 33.5 ± 0.6 (4) 
hatching success (%) 63.6 ± 10.9 (5) 71.1 ± 8.5 (5) 64.7 ± 10.3 (5) 50.0 ± 9.5 (4) 
hatching mass (g) 23.3 ± 1.2 (22) 24.0 ± 0.8 (22) 21.0 ± 1.1 (16) 22.8 ± 0.5 (12) 

Note: Mass is measured in grams, hatching success is measured in percentage, clutch size is measured by numbers, while CIT (clutch 
initiation time) is recorded in days 

 

 

 

Chick rearing and development  

On the day the chicks hatched, each was weighed and 

marked with a unique color using flexible rubber leg bands. 

They were then kept in the home cage with both parents for 

five weeks. This setup was chosen because male physical 

traits could influence the hens' reproductive decisions 

during incubation and chick rearing. Although female red 

jungle fowl and feral chickens (Gallus gallus domesticus) 

usually raise their chicks alone in the wild, they may 

encounter males or other brooding females while foraging 

due to overlapping territories. Males have been observed to 
occasionally feed chicks, a behavior we also noted 

occasionally. Informal observations indicated that the 

males in our study generally kept their distance from the 

brooding hen and her chicks, showing minimal interaction. 

For permanent identification, three weeks later, metal 

wing tags with numbers were used in place of the rubber 

leg bands. All of the first clutch's offspring were housed in 

a single, when they were five weeks old, and the second 

clutch's offspring were housed in a separate, identical 

aviary. The male and female chicks from the first clutch 

were divided and placed in two aviaries when they were 

three months old. To prevent aggressiveness between males 
from different clutches, the males from the second clutch 

were kept in a separate aviary while the females from the 

clutch were merged with the first clutch. At 24 weeks old 

(approximately five and a half months), we measured the 

body mass and tarsus length of all offspring using sliding 

calipers. 

Data analysis  

We used parametric tests of all statistical analyses 

based on the normal distribution of raw data and model 

residuals. First, we assessed whether our grouping of males 

into large and small combed categories resulted in two 
groups with significantly different comb sizes (surface 

area), and whether other phenotypic traits such as comb 

color and body mass varied between these groups using 

independent t-tests (Table 1). Similarly, we analyzed 

whether female body mass differed between the two 

treatments at the beginning of both the first and second 

reproductive attempts using multivariate tests (Table 1). 

To examine female reproductive performance, 

including Clutch Initiation Time (CIT), clutch size, and 

average egg mass, we conducted a multivariate test 

comparing these variables between reproductive attempts 

with large combed males and those with small combed 

males is using a general linear model. Additionally, we 

assessed differences in hatching success (as our primary 

interest lay in CIT, clutch size, and average egg mass) 

using a one-sample T-test. It's worth noting that two 

females—one initially paired with a small combed male 

and the other with a large combed male—failed to 

reproduce in both conditions and were consequently 

excluded from all analyses on reproductive investment due 

to lack of data beyond clutch size (which was zero). 

Chick body mass at hatching and 24 weeks post-

hatching was assessed through generalized linear mixed 
models, where body mass was averaged per mother for 

same-sex siblings. Mother was considered a random factor, 

while male quality, offspring sex, and the interaction 

between male quality and offspring sex were regarded as 

fixed variables. Furthermore, we conducted two post-hoc 

tests (one-sample T-test) first within female chicks and two 

within male chicks, owing to the notable interaction effect 

on growth (body mass and condition) between offspring 

sex and male quality. 

RESULTS AND DISCUSSION 

Phenotypic differences between males and females  

Our analysis of comb size revealed substantial 
disparities between the two male groups (Table 1). 

Specifically, large combed males exhibited comb surface 

areas approximately twice as large as those of small 

combed males. Moreover, during the initial reproductive 

attempt, large combed males were notably heavier than 

their small combed counterparts, with a similar trend 

observed in the subsequent attempt. Notably, there were no 

discernible variations in comb color characteristics between 

the groups (Table 1). Additionally, neither treatment nor 

reproductive stage (first or second clutch) exerted any 

noticeable effect on female body mass (Table 1, first row). 

Female investment in reproduction 

Male comb size did not influence clutch size 

(F1,11=0.02, P=0.91) or egg mass (F1,11=0.15, P=0.71). 

However, hens began laying eggs approximately one week 

earlier when paired with a large-combed rooster compared 

to a small-combed one (Figure 1; multivariate GLM: 

F1,11=5.05, P=0.05). Hatching success did not vary 

significantly (one-sample T-test T=0.583, P=0.576). Refer 

to Table 2 for details on reproductive variables. 
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Figure 1. The average clutch initiation time (in days, presented as 

mean ± standard error of the mean) for hens initially paired with a 
large combed male followed by a small combed male is depicted by 
closed dots. Conversely, the reverse treatment is illustrated by open 
dots 

 

 

 
 

Figure 2. Average body mass (in gram ± s.e.m.) of males and 
females chicks sired by large - (open bars) or small combed roosters 
(dark bars) 24 weeks after hatching 

 

 

 

Chick growth  

There were no effects observed for male comb size 

(F1.16=0.384, p=0.538), offspring sex (F1.16=0.544, 

p=0.463), or their interaction on body mass at hatching 

(GLMM: F1,16=1.44, p=0.706). However, by twenty-four 

weeks after hatching, male chicks had surpassed female 

chicks in body size (GLM, F1,16=37.3, p<0.001). While 
there was no direct impact on male comb size (F1,15.1=0.29, 

p=0.599), there was an association in body mass between 

the sex of the offspring and the size of the male comb. 

(F1,15=5.29, p=0.036). 

Male chicks from large-combed males did not 

significantly differ from male chicks from small-combed 

males (N=13 vs. N=19; Figure 2; GLMM; F1,2.4=6.66, 

p=0.101). However, female chicks from large-combed 

males (N=13) outweighed female chicks from small-

combed males (N=14; F1,11=11.82, p=0.006; Figure 2). 

Furthermore, physical condition was affected by a 

relationship between male comb size and offspring sex 

(body mass/tarsus length; N=59, F1,15.4=7.98, p<0.013): 

female chicks of small-combed fathers exhibited lower 

condition scores compared to female chicks of large-

combed fathers (12.3 ± 0.19 vs. 14.1 ± 0.47; N=27, 

F1,11=13.82, p=0.003), while no difference was observed in 

male chicks (13.9 ± 0.78 vs. 13.3 ± 0.47; N=32, 

F1,3.6=0.881 p=0.406). 

Discussion 
In this study, we assessed if red jungle fowl roosters' 

comb sizes have an impact on female reproductive 

investment and the development of their offspring. Comb 

size serves as a proxy for male quality, as it is a proven 

indicator of male attractiveness, correlates with social 

dominance, reduces immune competence (a cost only high-

quality individuals can bear), and is heritable (Carleial et 

al. 2020a; 2020b; Song et al. 2020). In our population, 

roosters with larger combs (both in maximum length and 

size) were heavier but did not differ in comb color from 

those with smaller combs (indicative of lower quality). 
Based on the assumption that birds frequently demonstrate 

positive differential allocation (Khwaja et al. 2018; Wilson 

and Burley 2021) and that when paired with attractive 

males, females of species that only care by herself invest in 

egg size or large quantities (Lelono et al. 2019b), the 

reasoning makes it reasonable that females that mated with 

large-combed males would lay larger eggs. We did not see 

this influence on clutch size or egg mass, though. Indeed, 

we discovered that hens matched with large-combed males 

began laying eggs earlier, which is typically preferable in 

areas with varying seasons (Laskowski et al. 2021; 
Węgrzyn et al. 2023).  

Our findings align with both a) the parental quality 

hypothesis, which suggests that the earliest breeders may 

be of the highest quality (Watson et al. 2015; Węgrzyn et 

al. 2023), and b) the positive differential allocation 

hypothesis, which proposes that partner attractiveness 

stimulates reproductive investment (Laskowski et al. 2021; 

Watson et al. 2015; Węgrzyn et al. 2023). Despite potential 

behavioral differences between males with varying comb 

sizes (Tan et al. 2017; Carleial et al. 2020a), the females in 

the two treatment groups did not invest in egg mass or 

clutch size differently, and there were not any noticeable 
morphological variations between them. As a result, we can 

presume that these behaviors varied randomly among our 

treatments, which could have influenced the accuracy of 

our findings. However, the main factor affecting clutch 

initiation time appears to have been assessed male quality 

(comb size). 

This study aimed to investigate the influence of red 

jungle fowl roosters' comb size on female reproduction 

investment and the offspring development. Comb size is a 

well-established proxy for male quality, indicating male 

attractiveness, correlating with social dominance, and 
impacting immune competence (Parker and Pizzari 2015; 

McDonald et al. 2019; Carleial et al. 2020a;). Larger comb 

roosters in our population were heavier than smaller comb 

roosters, but their comb colors were the same. Based on the 
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theory that birds often demonstrate positive differential 

allocation (Kindsvater and Alonzo 2014; Wilson and 

Burley 2021) and that, when paired with attractive males, 

females of species with female-only care is provided more 

in egg size or mass. (Lelono et al. 2019b), it's reasonable 

that females that mated with large-combed males would lay 

larger eggs. However, we did not observe this effect on egg 

mass, nor did we find an effect on clutch size. However, we 

identified that hens that were paired with large-combed 

males began laying eggs earlier. In seasonal conditions, 
early breeding generally generates greater outcomes 

(Węgrzyn et al. 2023).  

Our findings support both a) the parental quality 

hypothesis, which posits that the earliest breeders are often 

of higher quality (Senécal et al. 2021; Węgrzyn et al. 

2023), and b) the positive differential allocation hypothesis, 

which suggests that partner attractiveness stimulates 

reproductive investment (Watson et al. 2015; Song et al. 

2020; Senécal et al. 2021). We did not find any phenotypic 

variations between females in the two treatment categories, 

nor did they invest differently in egg mass or clutch size, 
despite possible behavioral differences between males with 

differing comb sizes. Nonetheless, perceived male quality 

(comb size) appears to be the primary factor influencing 

clutch initiation time. Additionally, females paired with 

large-combed males produced female chicks with greater 

weight and higher condition scores; although no parallel 

effects were observed in male chicks. The lack of effects in 

male chicks was surprising, suggested that paternal 

genetics might contribute to developmental differences but 

couldn't exclude non-genetic paternal effects.  

The study proposed that such non-genetic paternal 
effects might be transmitted through the chemical 

compounds present (such as various steroid hormones in 

the roosters' ejaculates (Alvarez-Fernandez et al. 2019; 

Lelono et al. 2019a), while the oviduct of hens has steroid 

receptors. (Hrabia and Le 2014) and also deposit androgens 

to the eggs (Hsu et al. 2022). Recent research suggests that 

testosterone concentrations in the ejaculate differ between 

large and small combed males (Lelono et al. 2019a). 

There's a possibility that testosterone from the ejaculate 

penetrates the egg when fertilization occurs, potentially 

impacting chick development. However, this influence 

would likely be sex-specific, considering the typical 
behavior of maternal hormones (Groothuis et al. 2019). 

Males status also reflected on their testosterone hormone 

both in ejaculate and circulation (Lelono et al. 2019a, 

2019b). 

Our experimental setup did not differentiate between 

the paternal effects and maternal responses. Consequently, 

maternal factors which includes the quantity of testosterone 

deposited in the yolk according to sex, could explain our 

results a) This is supported by evidence that testosterone 

enhances early growth (Groothuis et al. 2019), b) there is a 

difference in hormone deposition based on paternal quality 
in avian species (Hsu et al. 2022), b) that depending on the 

sex of the embryo, avian mothers can add testosterone to 

the yolk (Lelono et al. 2019b). This provides the intriguing 

theory that maternal hormone deposition is important, and 

may be influenced by cryptic paternal characteristic like the 

hormone composition of the father's ejaculate (Borziak et 

al. 2016; Lelono et al. 2019a). 

In conclusion, our research confirms other studies that 

indicate female reproductive investment and offspring 

development in red jungle fowl are influenced by the 

father's attractiveness. Currently, we are investigating 

whether this effect is solely based on the way that females 

interpret a male comb physically or involves chemical 

substances in male ejaculates. We found no evidence that 

females of red jungle fowl, a species that has only female 
care, invest more in egg mass, even though our results 

support the positive differential allocation hypothesis, as 

evidenced by the fact that females mated with large-

combed males laid eggs earlier than those mated with 

small-combed males. These results provide validity to the 

hypothesis that, in female-care-only species, when 

partnered with attractive male, females invest more in egg 

mass. 

ACKNOWLEDGEMENTS 

This work was funded by a DIKTI scholarship from the 

Ministry of Education of the Republic of Indonesia and by 
the University of Groningen, the Netherlands, awarded to 

Asmoro Lelono and Ton Groothuis. The completion of the 

manuscript was also supported by an International 

Cooperation Grant 2024 from the Universitas Jember 

Research Centre, Indonesia. Special thanks to Saskia 

Helder for her help with animal care.  

REFERENCES 

Alvarez-Fernandez A, Borziak K, McDonald GC, Dorus S, Pizzari T. 

2019. Female novelty and male status dynamically modulate ejaculate 

expenditure and seminal fluid proteome over successive matings in 

red junglefowl. Sci Rep 9: 5852. DOI: 10.1038/s41598-019-41336-5. 

Borziak K, Álvarez-Fernández AL, Karr T, Pizzari T, Dorus S. 2016. The 

seminal fluid proteome of the polyandrous red junglefowl offers 

insights into the molecular basis of fertility, reproductive ageing and 

domestication. Sci Rep 6: 35864. DOI: 10.1038/srep35864. 

Carleial R, McDonald GC, Pizzari T. 2020a. Dynamic phenotypic 

correlates of social status and mating effort in male and female red 

junglefowl, Gallus gallus. J Evol Biol 33 (1): 22-40. DOI: 

10.1111/jeb.13541. 

Carleial R, McDonald GC, Spurgin LG, Fairfield EA, Wang Y, 

Richardson DS, Pizzari T. 2020b. Temporal dynamics of competitive 

fertilization in social groups of red junglefowl (Gallus gallus) shed 

new light on avian sperm competition: Avian sperm competition 

dynamics. Philos Trans R Soc B 375 (1813): 20200081. DOI: 

10.1098/rstb.2020.0081. 

Cerit H, Avanus K. 2007. Sex identification in avian species using DNA 

typing methods. World's Poult Sci J 63 (1): 91-100. DOI: 

10.1017/S0043933907001316. 

Cutting KA, Rotella JJ, Waxe JA, O’Harra A, Schroff SR, Berkeley L, 

Szczypinski M, Litt AR, Sowell BF. 2021. Resource allocation effects 

on the timing of reproduction in an avian habitat specialist. Ecosphere 

12 (8): e03700. DOI: 10.1002/ecs2.3700. 

Desta TT. 2019. Phenotypic characteristic of junglefowl and chicken. 

World's Poult Sci J 75 (1): 69-82. DOI: 10.1017/S0043933918000752. 

Foo YZ, Lagisz M, O’Dea RE, Nakagawa S. 2023. The influence of 

immune challenges on the mean and variance in reproductive 

investment: A meta-analysis of the terminal investment hypothesis. 

BMC Biol 21 (1): 107. DOI: 10.1186/s12915-023-01603-4. 

Groothuis TGG, Hsu B-Y, Kumar N, Tschirren B. 2019. Revisiting 

mechanisms and functions of prenatal hormone-mediated maternal 



 BIODIVERSITAS 25 (7): 2931-2936, July 2024 

 

2936 

effects using avian species as a model. Philos Trans R Soc Lond B 

Biol Sci 374 (1770): 20180115. DOI: 10.1098/rstb.2018.0115. 

Haaland TR, Wright J, Kuijper B, Ratikainen II. 2017. Differential 

allocation revisited: When should mate quality affect parental 

investment? Am Nat 190 (4): 534-546. DOI: 10.1086/693484. 

Hrabia A, Leśniak-Walentyn A, Sechman A, Gertler A. 2014. Chicken 

oviduct — the target tissue for growth hormone action: Effect on cell 

proliferation and apoptosis and on the gene expression of some 

oviduct-specific proteins. Cell Tissue Res 357 (1): 363-372. DOI: 

10.1007/s00441-014-1860-6. 

Hsu B-Y, Pakanen, V-M, Boner W, Doligez B, Eva T, Groothuis TGG, 

Korpimäki E, Laaksonen T, Lelono A, Monaghan P, Sarraude T, 

Thomson RL, Tolvanen J, Tschirren B, Vásquez RA, Ruuskanen S, 

2022. Maternally transferred thyroid hormones and life‐history 

variation in birds. J Anim Ecol 91 (7): 1489-1506. DOI: 

10.1111/1365-2656.13708. 

Khwaja N, Preston SAJ, Briskie JV, Hatchwell BJ. 2018. Testing the 

predictions of sex allocation hypotheses in dimorphic, cooperatively 

breeding riflemen. Ecol Evol 8 (7): 3693-3701. DOI: 

10.1002/ece3.3934. 

Kindsvater HK, Alonzo SH. 2014. Females allocate differentially to 

offspring size and number in response to male effects on female and 

offspring fitness. Proc R Soc B 281 (1779): 20131981. DOI: 

10.1098/rspb.2013.1981. 

Kobayashi K. 2017. Sex allocation promotes the stable co-occurrence of 

competitive species. Sci Rep 7: 43966. DOI: 10.1038/srep43966. 

Krištofík J, Darolová A, Majtan J, Okuliarová M, Zeman M, Hoi H, 2014. 

Do females invest more into eggs when males sing more attractively? 

Postmating sexual selection strategies in a monogamous reed 

passerine. Ecol Evol 4 (8): 1328-1339. DOI: 10.1002/ece3.1034. 

Laskowski KL, Moiron M, Niemelä PT. 2021. Integrating behavior in 

life-history theory: Allocation versus Acquisition? Trends Ecol Evol 

36 (2): 132-138. DOI: 10.1016/j.tree.2020.10.017. 

Lelono A, Riedstra B, Groothuis T. 2019a. Ejaculate testosterone levels 

affect maternal investment in red junglefowl (Gallus gallus gallus). 

Sci Rep 9 (1): 12126. DOI: 10.1038/s41598-019-48563-w. 

Lelono A, Riedstra B, Groothuis TGG. 2019b. The relationship between 

male social status, ejaculate and circulating testosterone concentration 

and female yolk androgen transfer in red junglefowl (Gallus gallus). 

Hormones and Behavior 116: 104580. DOI: 

10.1016/j.yhbeh.2019.104580. 

Lelono A, Robledo-Ruiz DA, Berghof TVL, Parmentier HK, Riedstra B, 

Groothuis TGG. 2019c. Does paternal immunocompetence affect 

offspring vulnerability to maternal androgens? A study in domestic 

chickens. Biol Open 8 (11): bio045096. DOI: 10.1242/bio.045096. 

Łukaszewicz E, Bagińska P, Lasoń M. 2017. Can roosters′ head 

ornaments serve as a criterion for their selection as a valuable 

reproducers? Ann Anim Sci 17 (3): 747-755. DOI: 10.1515/aoas-

2016-0081. 

McDonald GC, Spurgin LG, Fairfield EA, Richardson DS, Pizzari T. 

2019. Differential female sociality is linked with the fine-scale 

structure of sexual interactions in replicate groups of red junglefowl, 

Gallus gallus. Proc R Soc B 286 (1913): 20191734. DOI: 

10.1098/rspb.2019.1734. 

Parker GA, Pizzari T. 2015. Sexual selection: The logical imperative. In 

History, Philosophy and Theory of the Life Sciences (Vol. 9). DOI: 

10.1007/978-94-017-9585-2_7. 

Senécal S, Riva J C, O’Connor RS, Hallot F, Nozais C, Vézina F. 2021. 

Poor prey quality is compensated by higher provisioning effort in 

passerine birds. Sci Rep 11 (1): 11182. DOI: 10.1038/s41598-021-

90658-w. 

Song Z, Lin X, Que P, Halimubieke N, Huang Q, Zhang Z, Székely T, Liu 

Y. 2020. The allocation between egg size and clutch size depends on 

local nest survival rate in a mean of bet-hedging in a shorebird. Avian 

Res 11 (1): 1-10. DOI: 10.1186/s40657-020-00225-6. 

Tan CKW, Doyle P, Bagshaw E, Richardson DS, Wigby S, Pizzari T. 

2017. The contrasting role of male relatedness in different 

mechanisms of sexual selection in red junglefowl. Evolution 71 (2): 

403-420. DOI: 10.1111/evo.13145. 

Watson DM, Anderson SE, Olson V. 2015. Reassessing breeding 

investment in birds: Class-wide analysis of clutch volume reveals a 

single outlying family. PLoS ONE 10 (1): e0117678. DOI: 

10.1371/journal.pone.0117678. 

Węgrzyn E, Leniowski K. 2023. Hatching asynchrony as a parental 

reproductive strategy in birds: A review of causes and consequences. 

J Ornithol 164 (3): 477-497. DOI: 10.1007/s10336-023-02066-8. 

Wilson KM, Burley NT. 2021. Female differential allocation in response 

to extrapair offspring and social mate attractiveness. Ecol Evol 11 

(12): 7278-7291. DOI: 10.1002/ece3.7560. 

 


