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Abstract  
 

Does Reproductive Performance Improve With Age in Female European starlings, 
Sturnus vulgaris? 

Nii T. Obodai 
 
 
      Studies have shown that the most energetically costly event in a bird’s life cycle is 
that of breeding, particularly for females who lay nutrient-rich eggs. Studies also 
show that older males and females are often preferred as mates. Potential reasons 
include older individuals having experience with locating good feeding sites, and 
provisioning offspring, as well as being in better condition or possessing superior 
genes. European Starlings (Sturnus vulgaris) are cavity-nesting passerines with bi-
parental care, and have hackles whose length of iridescence allows classification of 
adults into one of two age categories (Second year, SY, who are breeding for the first 
time; After Second Year, ASY, who likely bred at least once before). The objective of 
my study was to determine if older females had higher reproductive performance 
than younger females, using four years of data. I predicted that ASY females would 
be in better condition than SY females, and that they would have larger clutch sizes, 
a higher mean egg mass, and greater hatching and fledging success. In support of my 
predictions, ASY females were in significantly better condition than SY females, and 
had larger clutch sizes. ASY females also tended to have higher fledging success, 
although mean egg mass and hatching success did not differ between ASY and SY 
females. Condition and reproductive performance in this population of European 
Starlings were higher for older females than first-time breeding females, suggesting 
that these older females might be expected to be preferred as mates.  
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Introduction 
 
       Survival and reproduction are the ultimate goals of life for any animal and plant 

species. Reproductive behaviours have been shaped by natural and sexual selection. 

Sexual selection targets traits concerned with increasing mating success, and it may come 

at a cost of lower individual fitness (Krebs & Davies, 1993).  Sexual selection can be 

categorised into intersexual selection, where traits in one sex attract the opposite sex, or 

intrasexual selection, where usually males compete for the opportunity to mate (Krebs & 

Davies, 1993). In intersexual selection, males, who possess favoured traits such as 

dominance, colour of ornaments, age and breeding experience often have increased 

mating success (Kodric-Brown & Brown 1984, Zahavi 1975, Otter et al., 1997). In the 

case of birds, song complexity and size of song repertoire are also favoured traits shaped 

by sexual selection (Krebs & Davies, 1993).  

        In a field experiment, Mountjoy and Lemon (1996) studied the female choice for 

complex songs in the European starling (Sturnus vulgaris). A long, complex song by the 

males not only attracted females, but also influenced competitive interactions with other 

males. Mountjoy and Lemon (1996) tested the hypothesis that females preferred complex 

songs to quality of territory by comparing older males with complex songs in low quality 

territories to males with less complex songs in high quality territories. They observed 

males with more complex songs acquired mates faster than those in high quality 

territories. Song complexity in European starlings increases with age, as they are open-

ended learners (Feare 1984; Chaiken & Böhner 2007), and males with larger repertoires 

also had higher mating success (Reid et al., 2004). Otter et al. (1997) analyzed honest 

advertisement and song output during the dawn chorus of black-capped chickadees 
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(Poecile atricapillus), more dominant males began singing earlier and on average sang 

longer with higher maximum rates.  

                 In the field of ornithology (study of birds), there has been a rising interest to 

determine whether successful reproductive performance variables increase with parental 

age of small passerine birds. Passerines are perching birds characterized by having four 

toes with three directed forward and the other backward (Ehrlich et al., 1988). Breeding 

in birds is one of the most energetically costly events in their life cycle, especially for 

females as eggs are large and need to be food-rich, requiring more energy to produce and 

can result in a reduced survival or fecundity (Krebs & Davies, 1993). Because of this high 

cost, the more experienced mates, who show their physical signal of fitness through songs 

and colours, are therefore usually selected as mates (Krebs & Davies, 1993).  A positive 

correlation has been observed between age and reproductive variables, at least until ten 

years of age in both males and females when reproductive success can decrease (Reid, 

1988; Martin, 1995; Forslund and Pärt, 1995 reviewed by Angelier et al. 2006). Many 

species can determine age and previous breeding experiences of mates by observing 

features such as size, plumage pattern and colouration, mating calls, song length and 

complexity as well as size of song repertoire (Krebs & Davies, 1993). Goutte et al. (2010) 

found that older birds reproduced earlier in the breeding season, and had higher breeding 

success due to the increased availability. Older birds are believed to have the best 

knowledge of feeding sites, which is directly correlated to better nutrition and higher 

quality of nestlings (Goutte et al. 2010).  

               The European Starling, the focus of this study, is an invasive passerine bird that was 

first introduced to North America in the 1890s, and has since become one of the most 
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successful invasive birds in North America (Linz et al. 2007). Starlings were used in this 

study due to the ease of finding nest boxes, their adaptability, the ability to discriminate 

between Second Year (SY), individuals who hatched the year before and After-Second 

Year (ASY) individuals, and the knowledge that their hackle length increases with age 

(Barber & Wright, 2017) as does their song complexity (Mountjoy & Lemon, 1996). 

Kessel (1951) used iridescent length of hackles (adult throat feathers) to classify starlings 

into Second Year (SY) and After Second Year (ASY) categories. Iridescence is a type of 

structural colouration that is dependent on reflection and refraction of light (Ehrlich et al. 

1988; Barber & Wright, 2017). The SY and ASY males have longer iridescent hackle 

than females of the same category. Starlings are typically socially monogamous and 

exhibit bi-parental care (Linz et al. 2007; Kessel 1957). They may sometimes be 

polygynous when males can defend another nesting cavity. Female starlings are generally 

capable of first breeding when they are in their second year (SY) (Kessel 1957, Feare 

1984, Komdeur et al. 2005, Barber & Wright 2017). Starlings typically have two breeding 

periods, from late spring to mid-summer, producing clutches of three to six pale greenish-

blue eggs, which they begin incubating once the last egg is laid for an average period of 

12 days (Linz et al. 2007, Feare, 1984). After hatching, parents alternate between feeding 

the nestlings for 21 to 23 days until they fledge (Feare, 1984).  

       Reproductive variables in birds, the focus of this study, include clutch size, mean egg 

mass, as well as hatching and fledging success. Reproductive success of younger birds is 

usually lower in comparison to older experienced breeders. Older females have greater 

clutch sizes and heavier eggs and nestlings (Curio, 1983; Blem et al., 1999; Geslin et al. 

2004). In an attempt to verify these studies, a study by Smith (1993) on Marsh Tits, Parus 
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paludtris, showed there was a positive correlation between age and several reproductive 

factors including (1) clutch size, (2) mass of eggs per clutch, (3) hatching success, (4) 

nestling mass and (5) fledging success. Smith (1993) however found no correlation 

between increased age and the mass of eggs, though he concluded that reproductive 

performance was overall lower in first-time breeders. The purpose of this study is to 

therefore determine if reproductive performances: clutch size, mean mass of eggs per 

clutch, hatching success as well as nestling mass and fledging success, increased with the 

age and condition of female European starlings. It is predicted that ASY females will be 

in better condition than SY females, will lay larger clutch sizes, and have higher mean 

egg and nestling masses and greater fledging success than SY females. 

Methods 
 
      This study was conducted on the campus of Saint Mary’s University, Halifax, Nova 

Scotia, Canada (448 370 54.0700 N, 638 340 47.0900 W). The studies on this population of 

European starlings have been ongoing since 2007 when 40 nest boxes were attached onto 

trees, and another five nest boxes were installed in 2009. The data for this study were 

collected by previous Honours students from April-July 2013 (n = 30 female adults), 

2014 (n = 20), 2015 (n = 22) and 2016 (n = 25). Adult female European starlings were 

caught using nest traps (Stutchbury & Robertson, 1986; Barber & Wright, 2017) when 

nestlings were 5-12 days of age, and were identifiable by their light pink lower 

mandibular base (Kessel 1951, Feare 1984).  The adults were banded with a Canadian 

Wildlife Service band, and a unique combination of colour bands for individual 

identification, weighed with a Pesola spring scale to the nearest 0.05 grams, measured for 

tarsus lengths with a digital calipers to the nearest 0.01mm and seven hackles were 
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plucked from the throat region for ageing purposes.  

       The adult females were aged into SY or ASY categories by measuring the iridescent 

length of each of the seven feathers (based on Kessel’s 1951 criteria). Length of 

iridescence increases with age, making iridescence a good determinant of age (Barber & 

Wright, 2017). Hackles were measured to the nearest 0.05mm under a VanGuard 

dissecting microscope and a Schott-Fostec illuminator. A ruler was used to ascertain the 

length of the iridescent section, from the tip of the feather to the midpoint of the barbules 

where iridescence ends, excluding the white tip observed on some hackles. Average 

iridescent length ± SE was calculated from the seven feathers for each female. Mean 

hackle iridescence less than 6.5mm indicated the female was SY while females having 

measurements greater than or equal to 6.5mm were classified as ASY. The ASY category 

comprises a broader range of ages, hence female may be anywhere from three to eight 

years (Kessel, 1951; Barber and Wright, 2017).   

      Female condition, much like how humans derive a Body Mass Index (BMI) value 

using weight and height, often uses mass and tarsus length. A simple linear regression 

was run on female mass vs. tarsus length and the residuals used as an index of condition 

(Green, 2001). For each female the following data was collected: (1) clutch size, (2) 

hatching success, (3) mean egg mass (total egg mass/number of eggs in nest), (4) nestling 

mass and (5) fledging success – when the nestling leaves the nest. Nest boxes were 

checked daily for eggs over the laying period to determine clutch size. Eggs were 

weighed to the nearest 0.1g using a AWS-250 Digital weight scale. Nestlings were 

weighed on days 5 and 11 (day 0 is a hatch day) with a Pesola spring scale to the nearest 

0.05 grams. Hatching success was determined as a proportion of eggs hatched compared 
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to the number of eggs laid. To determine fledging success, nest boxes were inspected at 

about day 24 of the nestling period, after nestlings should have fledged (Feare, 1984). 

Fledging success was calculated as the proportion of nestlings that successfully left the 

nest compared to the number of eggs in the nest.  

      All statistical analyses were performed with the GraphPad Prism 6 software (Graph-

Pad Software Inc., La Jolla, CA, USA), and variables were tested for normality using the 

d’Agostino and Pearson omnibus normality test.  Normally distributed data were analysed 

using parametric statistics, and non-parametric statistics were used for non-normally 

distributed data. Results were considered statistically significant when P ≤ 0.05.  

 

Results 

      ASY females were in significantly better condition than SY females (Mean ± SE: 

0.49 ± 0.48 vs. -1.37 ± 0.58 for ASY and SY females respectively; unpaired t= 2.1, d.f. = 

91, P = 0.039; Fig. 1), laying significantly more eggs per nesting attempts than did SY 

females (Mean±SE: 4.7 ± 0.084 vs. 4.0 ± 0.19; unpaired t = 3.76, d.f. = 93, P = 0.0003 

Fig. 2).   

      There were no significant differences in the mass of eggs per nest box (Mean ± SE: 

7.14 ± 0.069 vs. 7.36 ± 0.12; Mann-Whitney U70, 25 = 707, n1 = 70, n2 = 25, P = 0.16; 

Fig. 3) and the hatching success of ASY females vs. SY females (Mean ± SE: 0.86 ± 

0.022 vs. 0.91 ± 0.03; Mann-Whitney U70, 24 = 734.5, n1 = 70, n2 = 24, P = 0.32). 

Similarly, no significant differences were detected in the mass of nestlings (Mean ± SE: 

67.22 ± 1.17 vs. 65.69 ± 1.81; Mann-Whitney U67, 21 = 602, n1 = 67, n2 = 21, P = 0.32). 

However, ASY females did tend to fledge more nestlings than the SY females (Mean ± 
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SE: 3.58 ± 0.15 vs. 2.91 ± 0.35; Mann-Whitney U66, 21 = 512.5, n1 = 66, n2 = 21, P = 

0.066 Fig. 4).  

 

      
 
 
 
 
 

 

 

 

 

 

 

n = 69 

n = 24 

Figure 1. Condition ± S.E of 69 ASY and 21 SY females as determined from 
the residuals of body mass vs. tarsus length  

Female Age 
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Figure 2. Boxplot displaying the median number of eggs and ranges of clutch 
sizes of 70 ASY and 25 SY females 
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n = 25 

Figure 3. Boxplot illustrating median mass of eggs per clutch laid by 70 
ASY and 25 SY females 
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 n = 66 n = 21 

Figure 4. The number of successful nestlings that left the nest box parented 
by 66 ASY and 21 SY females. 
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Discussion 
 
     As found in similar studies on reproductive variables in small passerine bird species, 

the reproductive performance of European starlings was higher overall in older females 

(Collins, 1966; Gromadzki, 1980 & Smith, 1993). Though not all the variables were 

statistically higher in other studies, clutch size and fledging success were constantly 

decreased in SY females (Collins, 1966; Gromadzki, 1980; Stutchbury & Robertson, 

1988 & Smith, 1993). From my results, a statistically significant difference was observed 

in condition and clutch size, though no effect was seen in the mean mass of eggs and 

nestlings, fledging success and hatching success although the results tended to be higher 

for ASY females. However, hatching and fledging successes were observed to be 

significantly higher in older female Tree swallows (Stutchbury & Robertson, 1988).  

      ASY females were found to be in considerably better condition, which is a factor in 

determining their reproductive performance. Females in better conditions are fitter and 

more likely to produce a greater reproductive output.  

     ASY females produced significantly larger clutches than SY females. This could be 

attributed to older females being in better condition and having the experience in raising 

more nestlings (Pyle et al., 1991 reviewed by Forslund & Pärt, 1995 & Chastel et al., 

1995). In a study by Smith (1993), he observed that clutch size in Marsh Tits was higher 

for pairs with former breeding experience i.e. older females. Perrins and McCleery (1985) 

also observed larger clutches and higher fledgling survival in experienced breeders of the 

Great Tit, Parus major.  
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        Clutch size however did not affect the average mass of eggs, as there was no 

significant difference between the ASY and SY females. Interestingly, despite no 

significant difference in egg mass, the eggs of SY females weighed 7.33g on average 

compared to 7.15g in ASY females, which may be because SY females could invest more 

in their eggs due to fewer a number of eggs. In Great Tits, Perrins (1965) observed that 

larger clutch sizes produced lighter eggs compared to those with smaller clutches.  

      Clutch size can also be used to explain why there was no significant difference in the 

hatching success. ASY and SY females both had a median of 1. As ASY females laid 

more eggs, it would be expected they would have a greater mean hatching success, 

however, this was not so (0.86 eggs for ASY vs. 0.91 eggs for SY). This occurrence can 

be due to the difficulty in incubating more eggs, unlike SY females that have fewer eggs 

to incubate and invest in (Jetz et al., 2008 reviewed by McDonald, 2008). 

      There was no significant difference in the mass of nestlings between ASY and SY 

females, though nestlings of ASY females had a median of 68.6g compared to 65.83g for 

SY females. It can be assumed that ASY females know the best foraging sites from 

previous breeding experience and spend more time foraging, but as they had more 

nestlings to feed, they had to provision more, requiring more trips to foraging sites 

(Robertson & Rendell, 2002). There was no significant difference however as SY females 

did not have to find as much food, as they had fewer nestlings to feed.   

      Fledging success, which is the number of young that leave the nest, is a good 

indicator of the number of young that become part of the population of breeding adults. 

ASY females tended to fledge more nestlings than SY females with a median of four 

nestlings compared to three fledglings of SY females  
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      ASY females were superior in both of these variables, raising larger clutches and 

fledging more nestlings. Studies have assumed SY females typically have smaller 

clutches and therefore fledge fewer young due to their decreased foraging efficiency 

(Stutchbury & Robertson 1988, Perrins 1965, Perrins & McCleery 1985). ASY females 

and SY females had no significant differences in variables such as the average egg and 

nestling masses and hatching success, however, significant differences were observed in 

the main factors contributing to the genetic flow of individuals, the clutch size and the 

number of successful fledglings.   
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