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We hypothesized that mate choice decisions in female Japanese Quail (Coturnix 
coturnix  japonica) were made on the basis of the nutritional condition of the male, 
which could be measured with the help of ptilochronology. For this, individually 
caged males were allowed to grow their rectrices in different temperature 
conditions. Experiments showed that males reared in comparatively lower 
temperature, with wider growth bars were the interest of the females. These results 
indicate that the females consider the overall nutritional condition of the male while 
selecting a mate. 
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Introduction:  

Females use multiple signals or cues for mate choice (Candolin, 2003) while, 
males display individual quality through their ornamentation depending on their body 
condition, which facilitates the females to make mate choice (Zahavi, 1975). Bird 
plumage is useful to study the correlation between the body condition and behavioral 
process like mate selection. Mate choice is influenced by the interaction of plumage 
coloration with the signaling environment along with the inherent properties of the 
sender (Heindl and Winkler, 2003). Brighter feathers demonstrate better nutritional 
condition in male House Finches, Carpodacus mexicanus (Hill and Montgomeric, 
1994). The trait demonstrating male quality during sexual selection must be its honest 
signal to be an useful indicator (Grafen, 1990). Structural plumage coloration is also 
proved to be an honest indicator of male quality in Blue-black Grassquit, Volatinia 
jacarina (Doucet, 2002). Siefferman and Hill  (2007) provided empirical evidence 
that environmental quality can influence the development of the structural coloration 
of feathers in Eastern bluebirds (Sialia sialis) and that males may be more sensitive to 
environmental fluctuations than females.  

Ptilochronology (Grubb, 1987) has been proved to be an effective tool to 
know the overall nutritional condition of the birds. A fundamental assumption behind 
the logic of ptilochronology is that there is a positive relation between the nutritional 
condition of a bird, as indexed by the growth rate of its feathers, and its biological 
fitness (Grubb, 2006). The method is a non-invasive technique wherein by plucking 
the central rectrix the birds are allowed to grow a replacement feather, also known as 
the ‘induced feather’. The induced feather is also plucked for evaluating data (i.e. 
average daily growth bar width, number of fault bars, total length). The feather 
comprises alternate light and dark bands. A pair of consecutive dark and light bands 
represents 24 hours of growth, termed as a ‘growth bar’ (Michener and Michener, 
1938); which represents the nutritional condition of the bird during those 24hrs. of 
feather growth (Wood, 1950). Sometimes there appear translucent bands produced by 
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stressful events during feather formation called ‘fault bars’. They weaken feathers and 
increase their probability of breakage, and thus could compromise bird fitness by 
lowering flight performance (Serrano and Jovani, 2005). 

Male characteristics are considered to be an honest signal of male quality, that 
(signals) can be used by the females for mate selection. Ptilochronology (growth bar 
width) has proved to be a potentially honest signal of bird quality (here ‘quality’ 
refers to ability to confer genes to the next generation by attracting one or more mates 
per breeding season, by surviving for many breeding seasons, or both; Grubb 2006). 
Growth bar width in males is positively correlated with individual quality and hence 
total reproductive success in a season (Takaki et al., 2001). 

A vast range of studies have been done explaining the factors responsible for 
the growth of feathers and fault bars. We considered that since growth bars are the 
honest indicators of male quality (Takaki et al., 2001), they might help females to 
select their mates qualitatively. Hence, we hypothesized that growth bar width, i.e., 
the nutritional condition, would affect mate choice in Japanese Quail. In this context, 
we implemented ptilochronology to study sexual selection in Japanese Quail. 
Ambient temperature was evaluated in order to elucidate its influence on the 
nutritional condition of the quail. This nutritional condition data was then correlated 
with the sexual selection trials in captive Japanese Quail. In paired trials, females 
showed their preference between a control and a treated/manipulated male. 

Materials and Methods:  
Forty-five females and 40 males of Japanese quail approaching maturity (3-4 

weeks) were obtained from Chandrapur Quaillary, India. The males and females were 
housed separately in groups of 10-12 for acclimatization in a well ventilated room 
(20ft. x 20ft), at Sevadal Research Centre, Nagpur (21.070 N, 79.270E), located 
centrally in India. During the acclimatization process, the birds had access to ad 
libitum control feed (Table 1) with balanced composition and water, light: dark (L: D) 
15: 9 and temperature approximately 300C (±5°C); for 8 days (Recommended by 
Central Avian Research Institute, (CARI), Izatnagar, India). We measured body mass, 
body temperature, length of tail feather and daily consumption of feed of the birds.  

For experimentation, the males were caged individually in specially designed 
cages (1 x 1.5 x 2 ft), arranged in two rows, such that control (C) and experimental 
(E) birds faced each other. Each cage was partitioned with removable aluminium 
sheets to form five compartments for individual accommodation of experimental 
birds. These cages composed of four separate sides.  

a. Front (facing opposite cage) is of transparent glass for direct 
observation of each other (i.e., male and female) during the selection 
experiment. During the non-trial periods it was covered with a curtain.  

b & c. The two lateral sides (2nd and 4th) are opaque for separation and 
isolation purpose of males from all others. 

d.  The back side has a door with a net. 
The central passage (7.5 x 1.5 x 2 ft), created by placing the cages in two rows  

was used only by females during the selection experiments. Feed for quails was 
prepared by mixing the ingredients (Table 1).  After acclimatization, control and 
experimental males were exposed to different temperature conditions. An ambient 
temperature of 30°C (±2°C) was maintained for the control males but was raised to 
35°C (±2°C) for the experimental males. These birds were fed with same quality food 
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with a same quantity of 30 gm each, since their daily feed consumption was 20 gm 
(±3 gm) and same photoperiod of L: D=15:9. After the full growth of the feathers, 
selection trials were conducted and feathers were plucked for ptilochronology. 

A female was placed in the passage of the experimental area and exposed 
simultaneously to a control and experimental male. The female was allowed to remain 
10 to 20 min with each of the males. The time allocated was on the basis of the time 
the female spent with each/either of the males. The greater the amount of time spent 
by the female with a male, greater was the chances of mating between them. This 
allowed us to interpret her selection of a particular male for mating. In a similar 
fashion, sequentially six females were introduced to the same pair of males. 

Table 1: Composition of 1 kg of feed as per requirements of the experiment 
 

 Feed Ingredients Concentration (in gms) 

CONTROL -  Concentrate              500 

 Wheat Bran  100 

 Maize                        300 

 Broken Rice  100 
LAYER -  Concentrate              350 

 Wheat Bran  50 

 Maize                        340 

 Calcium Powder  60 

 Broken Rice  200 
 

This was repeated for each of the ten pairs of males, i.e., a total of 60 sexual 
selection experiments. These observations were recorded by using closed circuit 
television (CCTV) camera.  After the completion of the sexual selection experiments, 
the fully grown central rectrices of the control and experimental males were 
simultaneously plucked. These feathers were stored in separate, individually marked, 
zip-lock plastic bags (2"x3") in deep freezer to prevent feather damage by bacterial or 
parasitic growth. Ptilochronology was done by holding the feather from both of its 
ends on a background of black color, below which a card is kept for documenting and 
indexing the growth bars. With the help of a small, thin mounting pin we pierce 
through the feather the underlying card. Initially, the length of the feather is measured 
by marking both the tips of the feather; then we pierce ten consecutive dark-and-light 
bands from the distal edge of the feather. By taking an average of the ten readings, an 
average growth bar width is calculated with the help of Electronic Digital Caliper (0-
150 mm/0-6"; ±0.01mm/0.001"). Thus, the average growth bar width for all the males 
was calculated. The fault bars in all the feathers were also identified and counted. 

Results and Discussion   
   Females when released for sexual selection trials were allowed to spend  15 

min (±5 min) in the central passage. During the first two minutes they walked the 
length of the passage looked at both males and then displayed their choice by either 
crouching near the chosen male or, if excited, hit the glass in order to try and reach 
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the selected male. Ambient temperature played a significant role in making mate 
choice decisions in female Japanese Quail (t = 2.572, P = 0.015, n = 10) (Table 2). 
After experimentation, the average growth bar widths of the central rectrices plucked 
of control (1.02±0.141) and manipulated males (0.97±0.141) suggested that 
ptilochronology is an independent function of ambient temperature (Paired t-test, t = 
0.794, P = 0.218, n = 10) (Table 2).     

As per the results of selection experiments, 100% selection of control males 
reared in comparitively cooler temperature was done in 3 pairs, 67% selection of 
experimental males in 5 pairs and 34% selection in 2 pairs. The females preferred the 
control males over the experimental males.  

Table 2: Results of selection experiment and average growth bar widths (X1) of 
right central rectrices (R1) of control (C) and experimental (E) males. 

 
 
Fig 1: Selection of Control (C) or Experimental (E) Males by Females. 

S. 
N. 

Pairs of 
males for 
selection 

Number of females 
introduced per pair 

of males (n=6) 
PTILOCHRONOLOGY 

Control 
Experime

ntal ID X1 ID X1 Difference 

1 C1-E1 4 2 E1 0.883 C1 0.931 0.048(-) 

2 C2-E2 4 2 E2 0.895 C2 1.089 0.194(-) 

3 C3-E3 4 2 E3 0.816 C3 1.173 0.357(-) 

4 C4-E4 6 0 E4 0.846 C4 1.262 0.416(-) 

5 C5-E5 6 0 E5                              1.095 C5                         0.929                                             0.834(-) 

6 C6-E6 4 2 E6 1.162 C6 0.839 0.323(+) 

7 C7-E7 2 4 E7 0.808 C7 1.020 0.212(-) 

8 C8-E8 4 2 E8 0.877 C8 0.959 0.082(-) 

9 C9-E9 6 0 E9 1.088 C9 0.930 0.158(+) 

10 C10-E10 2 4 E10 1.230 C10 1.054 0.176(+) 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-III, Issue-V, Sept-Oct 2013 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  Page 163 

 
The feather growth bars of control males were wider than that of the 

experimental males. The difference in between the growth bar widths of control and 
experimental males showed that the controls, that is the males in cooler tempeartures 
grew wider growth bars. 

 

 
 
Fig 2: Comparative Growth Bar Width of Control (C) and Experimental (E) 

Males. 
 Ambient temperature is involved in the mechanism controlling annual 

reproductive cycle in Japanese Quail (Visser et al, 2009). Ambient temperature also 
significantly affected the photoperiodically induced gonadal development and 
regression in mountain White-crowned Sparrow, Zonotrichia leucophrys oriantha . 
Day-to-day variation in temperature, as well as mean temperature, affects energy 
expenditure, which have consequences for egg production in Japanese Quail 
(Pendlebury et al. 2004). Temperature also influenced the breeding phenology of arid 
species such as the Trumpeter Finch, Bucanetes githagineus. These studies revealed 
that temperature plays an important role in avian lifecycle including their 
morphology, phenology, embryology and most importantly their breeding biology. In 
parallel to all these studies, our study has also demonstrated a significant effect of 
ambient temperature on sexual selection in Japanese Quail.  

Ptilochronology,  a technique to quantify feather growth in terms of daily 
growth bars has been incorporated to study a diverse range of subjects (Grubb 1989), 
was used in our study. In this study where ambient temperature was manipulated, 
feather growth was unaffected. This concurs with Zuberbier and Grubb (1992) who 
found no significant effect of either wind, temperature or their interaction on the rate 
of induced rectrices of White-breasted Nuthatches maintained on ad libitum food.  

According to the hypothesis, it was considered that feather growth bars are 
the predictors of mate choice decisions in females (Takaki et al, 2001). According 
to the results, males reared in relatively cool temperatures were selected by the 
females for pairing. These males had wider growth bars as compared to the males 
exposed to higher temperature (Table 2). Thus concurring with the findings of 
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Takaki et al. (2001), growth bar width were found to be an effective measure while 
taking mate choice decisions by females. Thus, results proved the hypothesis 
correct showing that the feather growth rate is a reliable indicator of male quality 
during female choice, and allows us to better understand the sexual selection in 
Japanese Quail. Experiments showed that males reared in comparatively lower 
temperature, with wider growth bars were the interest of the females. These results 
indicate that the females consider the overall nutritional condition of the male 
while selecting a mate. 
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