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The importance of male nest-building effort and 

ability, nests, and male age for reproductive success 
in the Red Bishop (Euplectes orix) 
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Male reproductive effort and mating success 

1 Abstract 
In the highly polygynous and colonially breeding Red Bishop birds, male mating 

success is mainly determined by the number of nests a male builds during a breeding 

season. A detailed analysis of nest-building effort and skills revealed that higher male 

mating success independent of the number of nests built depends on nest-building 

skills in terms of a smaller proportion of unusable nests and a smaller proportion of 

abandoned nest-building attempts. The number of nests built, being the main 

determinant of male mating success, increased with longer territory tenure (more 

weeks a male held a territory), with a shorter time delay between finishing a nest and 

starting a new nest, and with fewer days needed to build a nest. Effects of male 

morphology on mating success and nest-building performance were not apparent. 

Nests were measured and characterised by the density of fibres in the breeding 

chamber and several parameters describing size and deformation. Females 

preferred nests that were more densely woven and nests that had a larger entrance 

roof overlap. The durability of not accepted nests increased with a larger entrance 

roof overlap, thus increasing the number of nests a male had available for females. 

The probability of breeding failure due to a nest becoming squashed while it 

contained eggs or nestlings was reduced when the breeding chamber was denser. 

Mating success in male Red Bishops differed between young and old males due to 

differences in the number of nests built with young males building fewer nests, which 

in turn was related to shorter territory tenure times and longer delays between 

building two consecutive nests in young males. No differences between age classes 

were found with regard to nest-building skills in terms of the proportion of abandoned 

nest-building attempts and the proportion of unusable nests. 

2 Introduction 
Individual reproductive success can be influenced by a wide variety of different 

factors. Such factors could enhance the ability to acquire a high number of mating 

partners in a polygamous mating system. By definition, individual reproductive 

success varies substantially in polygamous species and sexual selection pressure is 

much more pronounced than in monogamous species (Andersson 1994), enhancing 

the influence of certain traits on reproductive success. This pressure can be 
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intersexual selection in the form of, usually, female choice or intrasexual selection. 

Intrasexual selection in birds can act in the form of direct male-male competition 

where males compete for access to females or resources like territories (e.g. Savalli 

1994), or more indirectly through differences in male quality such as endurance 

rivalry (Andersson 1994) or nest-building performance (Friedl & Klump 1999). 

A number of studies in this context focussed on effects of male morphological 

and behavioural traits such as size (e.g. Kruuk et al. 1999, Lindenfors et al. 2002), 

colouration (review in Hill 1999, Pryke et al. 2002) or song (review e.g. Catchpole & 

Slater 1995) on mating success. A similar importance for mating success through 

sexual selection is known for certain structures built by males. A widespread example 

for this function of such structures are nests or nest-like structures of some fish (e.g. 

Sikkel 1995, Ostlund-Nilson 2000, Svensson & Kvarnemo 2003) and bird species 

(e.g. Collias & Victoria 1978, Borgia 1985, Madden 2003). The original and most 

important function of nests is to protect offspring and to guarantee breeding success. 

In species where nests or certain parts of the nest are constructed by one sex only, 

mating success might depend on quantitative (e.g. Savalli 1994, Evans & Burn 1996) 

or qualitative (e.g. Hoi et al. 1994, Madden 2003) aspects of nest structures. Nest 

construction and characteristics in turn can be related to builder quality (e.g. Barber 

et al. 2001, Doucet & Montgomerie 2003). 

The nests of weaverbirds (Passeriformes: Ploceidae) belong to the most 

elaborate nests found in birds in terms of structure and skills required. Furthermore, 

nests or at least initial nest frames are built by males only (Skead 1956, Emlen 

1957). Therefore it seems likely that nests play a role in determining male mating 

success (Collias & Collias 1984). However, there are only few studies that 

investigated the effect of nest quantity or quality on mating success in weaverbirds. 

The number of nests has been shown to be positively related to male mating success 

in the Yellow-shouldered Widowbird Euplectes macrourus (Savalli 1994a), the Red-

shouldered Widowbird Euplectes axillaris (Pryke & Andersson 2003) and the Red 

Bishop Euplectes orix (Friedl & Klump 1999, Lawes et al. 2002). In weaverbirds, 

effects of nest quality on mating success have only been investigated for the Village 

Weaver Ploceus cucullatus. Collias and Victoria (1978) showed in aviary studies that 

females preferred green (i.e. fresh) nests over brown (i.e. old) nests, but since males 

also displayed at higher rates at fresh nests (Collias & Victoria 1978) it remains 

unclear whether the observed female preference was based on nest characteristics 
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or male behaviour. In the same species, external closeness of weave described by 

the frequency and degree of loose loops protruding from the surface of the nest did 

not affect female acceptance behaviour (Collias & Victoria 1978). 

In Red Bishops, male mating success is mainly determined by the number of 

nests a male builds during a breeding season, which varies considerably among 

males (Friedl & Klump 1999, Lawes et al. 2002). Territories defended by male Red 

Bishops in the study colony do not contain food sources, only nest sites, as was 

found for other colonies of Red Bishops (Craig 1974). Male Red Bishops do not 

engage in parental care like incubation of eggs or feeding of nestlings. Thus the sole 

contribution of male Red Bishops to offspring is a nest and genetic material. This 

explains the observed high level of polygyny with one male achieving up to 20 

matings in terms of accepted nests per season. From the female perspective, there 

seem to be no trade-offs in terms of shared contribution to paternal care when mating 

with a male that already has a mate. It is not known why certain male Red Bishops 

build so many more nests than other males. Possible factors can be the ability to 

defend territories for a longer time, to defend larger territories with more potential 

nest sites or the ability to build nests faster. These factors can be summarised as 

reproductive effort. Earlier studies have shown that the number of nests built 

correlated with territory tenure (Friedl & Klump 1999), territory size (Lawes et al. 

2002), and the number of nests built per week (Friedl & Klump 1999).  

Not only quantitative but also qualitative aspects of nest-building might influence 

male mating success in Red Bishops. Such qualitative aspects could be the 

proportion of usable nests built by a male, or the proportion of nest-building attempts 

that actually resulted in a complete nest and were not abandoned before being 

finished. These qualitative aspects allow assessment of sensory and motor skills 

required to build a nest and might represent builder quality. Nest size, density of 

weaving, or nest stability could all be used by females to assess the quality of a nest. 

By choosing nests based on certain nest characteristics, females might be able to 

gain either direct benefits, if certain nest characteristics are related to breeding 

success, or indirect benefits, if nest characteristics indicate male genetic quality, for 

example motor or learning skills. 

Reproductive success varies with age in a number of bird species (e.g. Collis & 

Borgia 1993, Evans 1997, Espie et al. 2000, Penteriani et al. 2003). I investigated 

whether male mating success also varied with age in Red Bishops, and if these 
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differences were related to experience in terms of better nest-building skills or to age-

related reproductive effort. Additionally, I looked for differences in nest characteristics 

in relation to the age of the building male. There are three general explanations for 

age-dependent reproductive performance, first, progressive appearance or 

disappearance of phenotypes, second, improvements of experience and 

competence, and third, optimization of reproductive effort (review in Forslund & Pärt 

1995). The results will be examined for which of the three explanations matches 

them best. 

In summary, the following questions are addressed in this study: (1) how does 

male breeding performance depend on nest-building skills and effort, (2) do females 

show a preference for certain nest characteristics, and if yes, do these nest 

characteristics influence nest durability or breeding success (3) do males of different 

age classes differ with respect to reproductive success, reproductive effort, nest-

building skills or the quality of nests built? 
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3 Methods 

3.1 Study colony 

I studied a colony of Red Bishops in the Addo Elephant National Park in South 

Africa in the Eastern Cape Province (33°26´ S, 25°45´ O) during three consecutive 

breeding seasons (2000/2001, 2001/2002 and 2002/2003). The colony was situated 

at a small pond. Nests are typically suspended in bulrushes (Typha capensis) or 

reeds (Phragmites australis). 50 males established a territory in the season 

2000/2001, compared to 64 males in the season 2001/2002 and 55 males in the 

season 2002/2003. All territorial males were in the typical bright red and black 

breeding plumage. One year old males in non-breeding plumage also built nests and 

showed courtship behaviour, but these nests were not accepted by females. 

3.2 General field methods 

All nests of adult territorial males were individually marked with small tags 

attached to reeds close to the nest. Nests were controlled every other day to check 

for the state of the nest, number of eggs and nestlings in nests and to mark new 

nests. For each nest I recorded the date the male started building it (entrance ring 

detectable), the date of finishing (breeding chamber closed), the date of acceptance 

(occurrence of first egg), and the date on which it became unusable. A nest was 

regarded unusable when it was partially or completely destroyed, for example by 

Cape Weavers (Ploceus capensis) or Masked Weavers (Ploceus velatus) that often 

removed a Red Bishop nest to build their own nest in that place. A nest could also be 

rendered unusable when it was deformed to a degree that it was no longer possible 

for a bird to enter it because of a compressed entrance or an indented breeding 

chamber. Since most nests were accepted within two weeks after they were finished 

(see Chapter 3), the number of unusable nests comprised only nests that became 

unusable within two weeks after they were finished. Birds were caught using mist 

nets and traps baited with commercially available mixed seeds. Each bird was ringed 

with a numbered metal ring obtained from the South African Bird Ringing Unit and a 

unique combination of four coloured plastic rings for individual identification. Previous 

studies have shown that rings with colours similar to secondary sexual traits are able 

to influence male and female mating behaviour (e.g. Burley et al. 1982, Metz & 
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Weatherhead 1991, Johnson et al. 1993, Johnson et al. 1997). Therefore each 

individual was equipped with a red ring to avoid a possible influence of this ring on 

mating behaviour. 

The identity of the male building a given nest was determined by its combination 

of coloured rings and, if a nest was accepted, I tried to identify by which female it was 

accepted, again through its combination of coloured rings. 

As morphological features, wing length, tarsus length and weight of adult birds 

were measured. Sometimes morphological data of a male were not available for a 

particular season. In such cases I used morphological data from the previous or next 

season, assuming that birds stop growing when they are adult, and wing length and 

tarsus length stay constant after reaching adulthood. Weight could vary within males 

and between seasons, depending on food abundance and the time within a season 

when measurements were taken. To test if the recorded morphological data stayed 

constant between seasons, correlations were calculated for morphological data of 14 

males that were caught in two or three of the three analysed seasons. For one male 

that was caught in all three seasons, one randomly chosen season was excluded. 

Thus correlations could be performed between morphological data taken the first 

time and the second time. All data were normally distributed (Kolmogorov-Smirnov: 

all p > 0.12). The correlation between morphological measurements of individual 

males in different seasons was significant for wing length (r = 1.000, B = 0.996, p < 

0.0005), tarsus length (r = 0.999, B = 0.986, p < 0.0005), and weight (r = 0.999, B = 

0.974, p < 0.0005), indicating that male morphology did not vary much between 

seasons. Thus it was safe to use data from the previous or next season if they were 

not available for a particular season and male. 

The exact age of a male was known only if it was ringed as a nestling or one 

year old male during breeding season in non-breeding plumage. The age of males 

which were in full breeding plumage at their first capture could not be estimated 

accurately, only a minimum age of two years in the year of their first capture could be 

determined. For an analysis of differences between age classes two groups were 

formed. The first group comprised males that were two years old, the second group 

comprised at least three years old males. Thus the second group included males 

whose exact age was not known, but who were at least three years old. For 

2000/2001, sample size was 25, but only two males were known to be two years old 

and statistics could not be performed. For 2001/2002, sample size was 25 with 5 
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males of two years of age and for 2002/2003 sample size was 26 with 6 males of two 

years of age; thus statistics could be calculated for both of the two seasons. 

3.3 Mating success, nest-building effort and skills, and nest 

characteristics 

Male mating success was measured as the number of accepted nests, the 

number of eggs, the number of hatchlings, and the number of fledglings. Since all 

four measurements of male mating success correlated significantly with each other 

(Spearman-Rho correlations: all p < 0.0005, all rs > 0.67), I used only the number of 

accepted nests per male as measurement for mating success in the following 

analyses. 

Several parameters were obtained to describe male nest-building activity. The 

number of nests was defined as the number of completed nests per male for the 

whole season. The proportion of abandoned nest-building attempts was defined as 

the number of unfinished nests (abandoned nest-building attempts) divided by the 

total number of nests per male for the whole season including unfinished and finished 

nests. An efficiently building male should have only few abandoned nest-building 

attempts. The proportion of unusable nests was defined as the number of unusable 

nests divided by the total number of completed nests. In the following, nest-building 

skills were defined as the proportion of abandoned nest-building attempts and the 

proportion of unusable nests. Territory tenure was measured in days from the 

beginning of the first nest until the date of the last nest finished or accepted. This was 

a very conservative measure and was probably lower than the actual time of territory 

tenure, but the mere sighting of a male in the colony was regarded as not reliable 

enough to assign territoriality status to it. Nest-building effort was measured as days 

needed to build one nest (building time) and days since finishing the last nest when a 

new nest was started (building delay). Parameters describing nest-building effort 

were recorded for each nest separately; then, median values were calculated for 

each male. 

In Red Bishops, a typical nest consists of an entrance located on the side of the 

upper half of the nest, a short entrance roof overlap and the lower half of the nest 

serving as the main breeding chamber (see schematic drawing in Figure 1). In 

2002/2003, a total of 210 nests were measured from October 2002 to February 2003 

to investigate whether certain nest characteristics affect nest acceptance by females 
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or nest durability. Measurements taken were breeding chamber depth, width and 

height (the breeding chamber was defined as the lower half of the nest), entrance 

ring width and height, and entrance roof overlap (see Figure 1). In addition, I 

measured breeding chamber density by holding a piece of thin wire of 1 cm length on 

the backside of the breeding chamber and counting the number of fibres going 

across this wire. 

 

 

Figure 1 Illustration of the nest measurements taken in 2002/2003. 

 

Nests were measured 4 days after they were started. Most nests were finished 

within 4 days (see Chapter 2), so they should have been in a comparable state. If a 

nest was not yet finished after 4 days (i.e. the breeding chamber was not yet closed) 

it was not measured, but again inspected after two more days. If the nest was 

finished by then it was measured, otherwise it was no longer considered for nest 

measurements. Based on the measurements obtained I calculated the following 

variables. The volume of the breeding chamber was approximated as the volume of a 

half ellipsoid and calculated with V = ⅔ π * r1 * r2 * r3, were r1, r2, r3 are the radii of the 

ellipsoid. The “narrowness” of a breeding chamber (i.e. the ratio of horizontal cross-

sectional area to height) was calculated by narrowness = width * depth / height, with 

large values indicating a broad and low (i.e. “stocky”) nest and small values indicating 

a narrow and high (i.e. “slender”) nest. To describe breeding chamber deformation, I 

used breeding chamber width and depth and divided the larger value by the smaller 

value. An even nest would have a value of one and any deformation would be 

represented by a value larger than 1. Likewise, deformation of the entrance ring was 
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calculated based on the proportion of entrance ring width and height, again dividing 

the larger value by the smaller value. To describe entrance ring size I calculated 

width * height of the entrance ring. This value would of course describe the area of a 

rectangle and not of a circle, but because sizes were all calculated in the same way 

and then compared, it does not matter if all values would be multiplied by a constant 

(1/4 π) or not. 

While the nest frame is built by males only, females modify nests after they 

accepted a nest frame (i.e. laid an egg in it) by lining the inside of the nest frames 

and padding the breeding chamber with reed fibres and soft plant seeds. Nest 

modification by females occurs after eggs were laid into the nest (Skead 1956, Friedl 

2004). 

Only nests measured in the first month were included in the analysis 

investigating effects of nest characteristics on nest acceptance by females, because 

female breeding activity concentrated on the first month in this breeding season (see 

Chapter 2). For nests that were built later the probability of being accepted by a 

female was very low even if the nest characteristics matched possible female 

preferences. Thus, the inclusion of nests built after the breeding peak in the first 

month of the breeding season would have hampered the detection of female 

preferences for certain nest characteristics. 

For the analysis of nest characteristics affecting nest durability I defined 

durability as a nest becoming unusable or not. Nests were considered unusable if 

they became unusable within 14 days after being finished (see definition for the 

proportion of unusable nests per male). Nests that were destroyed by other 

weaverbirds were excluded from this analysis. The aim was to include only nests that 

became unusable because of faults in nest architecture, and compare these to nests 

that lasted longer. 

2.4 Statistical analyses 

For the analysis of reproductive effort (number of nests built) and mating 

success (number of nests accepted), general linear models (GLMs) were calculated. 

All models were saturated based on type III sum of squares. Nest characteristics 

were analysed with binary logistic regressions. Parameter estimates with B 

coefficients were calculated to determine the direction of the influence of independent 

covariables. All tests were performed using statistical software package SPSS 11. 

16 



Male reproductive effort and mating success 

4 Results 

4.1 Variation of breeding activity among seasons 

There were considerable differences between seasons in various parameters 

describing nest-building behaviour and mating success (Table 1). The high 

proportion of destroyed or deformed nests in the last season is probably due to the 

presence of Blackheaded Herons (Ardea melanocephala), which were absent or 

scarce in previous seasons. Many nests were found ripped open and emptied if they 

contained eggs or nestlings, a typical sign for predation by herons. Some parameters 

also showed high variation within seasons, notably the proportion of abandoned nest-

building attempts and the average building time for a nest. 

 

Table 1 Descriptive statistics for parameters describing male nest-building behaviour, reproductive 
effort and mating success. The last column shows p-values of Kruskal-Wallis tests for differences 
between seasons. 

 breeding 
season median interquartile range 

standardised 
variance 

(variance/mean2) 

Kruskal-
Wallis 

p 

2000/2001  12 5.75 - 14.25 1 - 24 0.258 
2001/2002    7.5 5 - 11 1 - 18 0.231 number of nests built 
2002/2003    7 4 - 12 1 - 21 0.314 

0.011 

       
2000/2001    0.063 0 - 0.127 0 - 0.29 1.161 
2001/2002    0.194 0.125 - 0.333 0 - 0.67 0.486 

proportion of 
abandoned nests 
building attempts 2002/2003    0.077 0 - 0.167 0 - 0.5 1.463 

< 0.0005

       
2000/2001    0.200 0.059 - 0.318 0 - 0.5 0.631 
2001/2002    0.118 0 - 0.250 0 - 0.57 0.933 

proportion of 
deformed or destroyed 
nests 2002/2003    0.412 0.333 - 0.563 0 - 1 0.222 

< 0.0005

       
2000/2001    7 3 - 10 0 - 20 0.407 
2001/2002    4 2 - 6 0 - 11 0.400 number of accepted 

nests 
2002/2003    2 1 - 5 0 - 10 0.607 

< 0.0005

       
2000/2001    0.594 0.500 - 0.723 0 - 1 0.102 
2001/2002    0.571 0.400 - 0.709 0 - 1 0.145 proportion of accepted 

nests 
2002/2003    0.333 0.250 - 0.500 0 - 1 0.357 

< 0.0005

       
2000/2001    0.5 0 - 2 0 - 4 1.306 
2001/2002    2 2 - 2 0 - 8 0.447 average building time 

for a nest 
2002/2003    1 0 - 2 0 - 4 1.240 

< 0.0005

       
2000/2001    4 4 - 7 0 - 19 0.387 
2001/2002    4 2 - 6 0 - 19 0.534 

average delay 
between building two 
consecutive nests 2002/2003    4 2 - 6 0 - 22 0.703 

0.23 
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4.2 Male mating success and reproductive effort 

In the following, the influence of the above mentioned aspects of nest-building 

behaviour – the proportion of unusable nests, the proportion of abandoned nest-

building attempts, building time, and building delay – on mating success in terms of 

the number of nests accepted and reproductive effort in terms of the number of nests 

built was investigated. 

4.2.1 Determinants of mating success 

Data were analysed for all seasons combined in a general linear model with 

season as factor and the number of nests built, territory tenure, the proportion of 

unusable nests, the proportion of abandoned nest-building attempts, building time, 

and building delay as covariates. The dependent variable investigated was mating 

success measured in terms of the number of accepted nests. The resulting model 

showed significant effects of the number of nests built, the proportion of unusable 

nests, the proportion of abandoned nests, territory tenure and season (see Table 2). 

This model explained about 82% of the observed variance in mating success 

measured by female nest acceptance. 

 

Table 2 The results of a general linear model with the number of accepted nests as dependent 
variable. 

Source B coefficient sum of squares 
type III 

df F partial 
Eta-square 

p 

corrected model  1691.493 8 97.208 0.830 < 0.001 

intercept 1.735 37.195 1 17.100 0.097 < 0.001 

n nests built 0.663 376.260 1 172.985 0.521 < 0.001 

p unusable nests -5.909 152.806 1 70.252 0.306 < 0.001 

p abandoned nests -2.229 12.228 1 5.622 0.034 0.019 

territory tenure -0.020 21.896 1 10.067 0.060 0.002 

building time 0.093 1.869 1 0.859 0.005 0.355 

building delay 0.028 1.090 1 0.501 0.003 0.480 

season 0.876 / 0.218* 14.867 2 3.418 0.041 0.035 

error  345.841 159    

adjusted r2 = 0.822, N = 168 
*Seasons 2000/2001 and 2001/2002 respectively. B for 2002/2003 is redundant (insufficient degrees 
of freedom). 

 

Parameter estimates of the resulting model indicated a positive relation of the 

number of nests built and a negative relation of the proportion of unusable nests, the 
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proportion of abandoned nests, and territory tenure with the number of accepted 

nests. The negative effect of territory tenure on the number of accepted nests 

indicates that for males with the same number of nests built, males that built their 

nests within a shorter time period (i.e. a shorter territory tenure) were more 

successful than males that built their nests over a longer time period (i.e. longer 

territory tenure). 

4.2.2 Determinants of reproductive effort 

As above (Table 2) and previously shown (Friedl & Klump 1999, Lawes et al. 

2002), the number of nests built is the most important determinant of male mating 

success. The following analysis should reveal determinants of reproductive effort 

(number of nests built). A general linear model was calculated with reproductive effort 

as dependent variable, season as factor and territory tenure, the proportion of 

unusable nests, the proportion of abandoned nest-building attempts, building time, 

and building delay as covariates (see Table 3). The resulting model explained about 

75% and revealed significant effects of territory tenure, building time, building delay 

and season. The effect of the proportion of abandoned nest-building attempts was 

nearly significant. A high number of nests built resulted from long territory tenure, 

short building time and short building delay. As can be seen in Table 1, the number 

of nests built per male was highest in the first of the analysed seasons, also indicated 

by the positive B coefficient in Table 3. 

 

Table 3 The results of a general linear model with the number of built nests as dependent variable. 

Source B coefficient sum of squares 
type III 

df F partial 
Eta-square 

p 

corrected model  2775.137 7 74.156 0.764 < 0.001 

intercept 4.08 289.328 1 54.119 0.253 < 0.001 

p unusable nests 0.318 0.433 1 0.083 0.001 0.774 

p abandoned nests -2.855 20.546 1 3.843 0.023 0.052 

territory tenure 0.101 1621.181 1 303.244 0.655 < 0.001 

building time -0.426 40.935 1 7.657 0.046 0.006 

building delay -0.451 420.963 1 78.742 0.330 < 0.001 

season 1.917 / 1.026* 67.231 2 6.288 0.073 0.002 

error  855.381 160   

adjusted r2 = 0.754, N = 168 
*Seasons 2000/2001 and 2001/2002 respectively. B for 2002/2003 is redundant (insufficient degrees 
of freedom). 
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4.3 Morphological measures 

General linear models with a reduced dataset using only males for which wing 

length, tarsus length and weight were available (N = 57), showed no significant 

effects of any of these morphological measures on the number of accepted nests 

(Table 4) or the number of nests built (Table 5). Significant determinants for mating 

success and reproductive effort were similar to the model with the full dataset, with 

the exception that the determinants with the weakest significance in the full models 

were dropped in the models with the reduced dataset. 

 

Table 4 The results of a general linear model with the number of accepted nests as dependent 
variable, including male morphology. 

Source B coefficient sum of squares 
type III 

df F partial 
Eta-square 

p 

corrected model  599.876 11 21.320 0.839 < 0.001

intercept 4.913 0.524 1 0.205 0.005 0.653

n nests built 0.715 143.201 1 55.983 0.554 < 0.001

p unusable nests -6.277 49.485 1 19.346 0.301 < 0.001

p abandoned nests -1.512 1.725 1 0.674 0.015 0.416

territory tenure -0.037 18.435 1 7.207 0.138 0.010

building time -0.196 1.985 1 0.776 0.017 0.383

building delay -0.020 0.096 1 0.038 0.001 0.847

wing length -0.027 0.111 1 0.044 0.001 0.836

tarsus length 0.076 0.250 1 0.098 0.002 0.756

weight 0.055 0.288 1 0.113 0.002 0.739

season 0.202 / 0.058* 67.231 2 0.037 0.002 0.964

error  115.106 45   

adjusted r2 = 0.800, N = 57 
*Seasons 2000/2001 and 2001/2002 respectively. B for 2002/2003 is redundant (insufficient degrees 
of freedom). 
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Table 5 The results of a general linear model with the number of built nests as dependent variable, 
including male morphology. 

source B coefficient sum of squares 
type III 

df F partial 
Eta-square 

p 

corrected model 1061.909 10 17.444 0.791 < 0.001

intercept -2.397 0.033 1 0.005 < 0.001 0.941

p unusable nests 2.135 5.847 1 0.961 0.020 0.332

p abandoned nests -3.840 11.590 1 1.904 0.040 0.174

territory tenure 0.114 434.011 1 71.297 0.608 < 0.001

building time -0.217 2.445 1 0.402 0.009 0.529

building delay -0.649 150.384 1 24.704 0.349 < 0.001

wing length 0.231 8.242 1 1.354 0.029 0.251

tarsus length -0.494 11.108 1 1.825 0.038 0.183

weight -0.021 0.042 1 0.007 < 0.001 0.934

season 2.258 / 1.149* 22.120 2 1.817 0.073 0.174

error 280.021 46   

adjusted r2 = 0.746, N = 57 
*Seasons 2000/2001 and 2001/2002 respectively. B for 2002/2003 is redundant (insufficient degrees 
of freedom). 

 

4.4 Nest characteristics 

193 nests of 449 nests completed in the season 2002/2003were measured. Of 

all analysed nest characteristics, breeding chamber density and entrance overlap 

showed the largest standardised variance and breeding chamber deformation the 

least variance (Table 6). Males differed in respect to entrance roof overlap and 

breeding chamber narrowness (Table 6). 
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Table 6 Descriptives for the different analysed nest characteristics, and p-values of Kruskal-Wallis-
tests for differences between males (N = 52). 

 
median interquartile Range 

standardised 
variance 

(variance/mean2) 

Kruskal-
Wallis 

p 

entrance deformation 1.20 1.10 - 1.33 1.00 - 3.25 0.0473 0.788 

entrance roof overlap 
(cm) 4.00 3.5 – 4.5 0.5 – 6.0 0.0673 0.016 

entrance size (cm2) 24.75 20.25 – 27.50 10.00 – 39.00 0.0425 0.204 

breeding chamber 
narrowness (cm) 10.23 9.15 – 11.46 5.50 – 16.36 0.0328 0.037 

breeding chamber 
deformation 1.07 1.06 - 1.14 1.00 - 1.60 0.0095 0.581 

breeding chamber 
density (fibres * cm-1) 10.58 8.67 - 12.00 2.00 - 26.00 0.0844 0.192 

breeding chamber 
volume (cm3) 181.43 161.27 - 203.78 87.11 - 283.73 0.0354 0.136 

 

4.4.1 Nest characteristics and nest acceptance by females 

The objective was to analyse nest characteristics that can be ascribed to males 

only, and were not altered or caused by females. Females also engage in nest-

building, although probably only after they accepted a nest frame, i.e. laid an egg in 

it. The inside of these frames gets lined out and the breeding chamber gets 

enhanced and thickened by females. It is unknown, when exactly females start 

modifying the nest frame, some time after laying the first egg, after laying the whole 

clutch or even before laying an egg. Therefore I had to confirm that the analysed nest 

characteristics could be ascribed to males only, even if a nest was already accepted 

when measured or became accepted a few days after being measured. To 

investigate the possibility that females alter a nest before they lay eggs in it, 

correlations between the measured nest characteristics and the number of days 

elapsed between measuring and acceptance in terms of eggs laid were performed. 

The assumption was that nest modification by females prior to egg-laying would be 

detectable if nests were measured immediately before they were accepted, but not 

apparent for nests that were accepted only much later after being measured. Nests 

that contained already one or more eggs when measured were not included in this 

test. None of the measured nest characteristics correlated significantly with the time 

elapsed between measuring and acceptance of a nest (Nonparametric correlations: 

22 



Male reproductive effort and mating success 

all p > 0.18). Thus, no modifications on nests by females prior to egg-laying were 

apparent and measured nest characteristics were fully attributable to males only. 

Some nests were already accepted when measured, and to test if these nests 

could be included in an analysis of effects of nest characteristics on nest acceptance 

by females, I tested if characteristics of nests already accepted when measured were 

altered by females. Two groups of nests were compared, one group comprising 

already accepted nests (N = 20), another group comprising nests that were accepted 

after measuring (N = 45). Nests that were already accepted when measured had a 

narrower and higher breeding chamber (Mann-Whitney-test: Z = -3.02, p = 0.003). 

There were no significant differences between other nest characteristics of already 

accepted and later accepted nests (all p > 0.25). 

To analyse effects of nest characteristics on nest acceptance by females, nests 

were assigned to two categories, with the first group comprising nests that were 

accepted (N = 57), and the second group comprising nests that were not accepted (N 

= 136). 

A binary logistic regression with acceptance as dependent variable showed 

significant effects of breeding chamber density (B = 0.281, Wald = 18.13, p < 

0.0005). A higher breeding chamber density increased the likelihood of a nest 

becoming accepted. Additionally, a larger entrance roof overlap increased the 

likelihood of nest acceptance (B = 0.056, Wald = 8.29, p = 0.004). 

4.4.2 Nest characteristics and nest durability 

As shown above, a higher density of the breeding chamber and a larger 

entrance roof overlap increased the likelihood of a nest to become accepted. This 

result could be explained by female preferences for high nest durability or the fact 

that some nests did not last long enough to become accepted. A higher density of the 

breeding chamber and a larger entrance roof overlap could increase overall nest 

stability and consequently nest durability. 

In a first step, only nests that were never accepted were analysed. To test for 

effects of nest characteristics on nest durability I performed a stepwise binary logistic 

regression with low or high durability as dependent variable and nest measurements 

as independent variables. Low durability was assigned to nests that became 

unusable within two weeks after being finished and high durability was assigned to 

nests that lasted longer than two weeks, equal to the definition of unusable nests 

mentioned in Methods. The only parameter included in the final model was entrance 
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roof overlap (Wald = 3.59, p = 0.058) with a smaller entrance roof overlap increasing 

the likelihood of low durability (B = -0.113). Although the Wald statistic was not 

significant, the omnibus-test for the coefficient of the model was significant (CHI-

square = 4.39, df = 1, p = 0.036), when entrance roof overlap was included. See 

Table 7 for nest characteristics not included in the model. 

 

Table 7 Stepwise binary logistic regression if never accepted nests became unusable within two 
weeks or not. Displayed are scores and p-values of the variables not included in the model after 
entrance roof overlap was included. 

 score p 

entrance deformation 0.381 0.537 

entrance size (cm2) 1.133 0.287 

breeding chamber 
narrowness (cm) 0.037 0.848 

breeding chamber 
deformation 0.640 0.424 

breeding chamber 
density (fibres * cm-1) 1.231 0.267 

breeding chamber 
volume (cm3) 3.376 0.066 

 

In another analysis, only accepted nests were regarded. One group comprised 

nests that became unusable while they contained eggs or nestlings (N = 13), 

whereas the other group of nests lasted at least as long as they contained eggs or 

nestlings (N = 41). Nests that were destroyed by cape or masked weavers while 

containing eggs or nestlings were excluded from this analysis, therefore the number 

of nests in this analysis is smaller than the total number of accepted nests. A 

stepwise binary logistic regression with group assignment as dependent variable and 

nest characteristics as independent variables included only breeding chamber 

density (Wald = 4.57, p = 0.033). Less densely woven nests were more likely to 

become unusable while containing eggs or nestlings resulting in breeding failure (B = 

-0.318). 

See Table 8 for nest characteristics not included in the model. The omnibus-test 

for the coefficient of the model was significant (Chi-square = 5.883, df = 1, p = 0.015), 

when breeding chamber density was included in the model. 
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Table 8 Stepwise binary logistic regression if accepted nests became unusable or not while containing 
eggs or nestlings. Displayed are scores and p-values of the variables not included in the model after 
breeding chamber density was included. 

 score p 

entrance deformation 2.256 0.133 

entrance overlap 
(cm) 0.069 0.793 

entrance size (cm2) 2.123 0.145 

breeding chamber 
narrowness (cm) 1.517 0.218 

breeding chamber 
deformation 1.306 0.253 

breeding chamber 
volume (cm3) 0.204 0.651 

 

4.5 Male age, mating success and reproductive effort 

To investigate effects of age on mating success, reproductive effort and nest-

building behaviour, two year old males were compared with at least three year old 

males. This analysis could only be conducted for the seasons 2001/2002 and 

2002/2003 (see Methods). Results are summarised in Table 9. 

Young males had fewer accepted nests in 2001/2002 and in 2002/2003. To test 

if this effect was still apparent when the influence of the number of nests built was 

excluded, the residuals of the regression of the number of accepted nests against the 

number of nests built for two year old males and older males were compared. No 

difference was found between young and old males with regard to the residuals of 

the regression of the number of accepted nests against the number of nests built. 

Male mating success was influenced by the proportion of unusable nests and 

the proportion of abandoned nest-building attempts. Both parameters describe 

aspects of nest-building skills. For both 2001/2002 and 2002/2003, age classes 

differed neither in the proportion of abandoned nest-building attempts nor in the 

proportion of unusable nests (Mann-Whitney-U tests: all p > 0.07). In 2001/2002, 

young males built fewer nests (Mann-Whitney-U = 16, p = 0.02), as was found in 

2002/2003 (Mann-Whitney-U = 6.5, p = 0.001). 

As shown in 4.2.2, reproductive effort in terms of the number of nests built 

depended on territory tenure, building time and building delay. Two year old males 

had shorter territory tenure times (Mann-Whitney-U = 19.5, p = 0.014) than older 

males in 2002/2003. There was no difference in 2001/2002. Two year old males did 
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not differ in building time from older males (both p > 0.2). In 2001/2002, two year old 

males had longer building delays than older males (Mann-Whitney-U = 12, p = 

0.008), but not in 2002/2003. 

 

Table 9 Comparison between 2 years old males and older males with regard to nest-building 
behaviour and territory tenure for 2001/2002 and 2002/2003. 

     Mann-Whitney 

 season age median range U p 

2 yrs old 4 3 – 11 2001/2002 
> 2 yrs 10 4 – 18 

16.0 0.020 

2 yrs old 4 1 – 6 
n nests built 

2002/2003 
> 2 yrs 10 4 – 21 

6.5 0.001 

2 yrs old 2 1 – 4 2001/2002 
> 2 yrs 6 2 – 10 

8.5 0.004 

2 yrs old 1 0 – 3 
n nests 
accepted 

2002/2003 
> 2 yrs 3.5 1 – 10 

18.5 0.010 

2 yrs old -0.432 -2.515 – 0.662 2001/2002 
> 2 yrs 0.344 -2.151 – 3.120 

32.5 0.234 

2 yrs old -0.291 -1.421 – 1.209 

residuals 
n nests 
accepted 2002/2003 

> 2 yrs 0.653 -3.497 – 2.985 
41 0.247 

2 yrs old 0.167 0 – 0.385 2001/2002 
> 2 yrs 0.087 0 – 0.385 

43.5 0.653 

2 yrs old 0.400 0 – 1 
p unusable 
nests 

2002/2003 
> 2 yrs 0.406 0.200 – 0.700 

52.0 0.625 

2 yrs old 0.250 0.154 – 0.667 2001/2002 
> 2 yrs 0.160 0 – 0.429 

24.0 0.077 

2 yrs old 0.100 0 – 1 
p abandoned 
nests 

2002/2003 
> 2 yrs 0.130 0 – 1 

58.0 0.900 

2 yrs old 68 46 – 89 2001/2002 
> 2 yrs 65 36 – 97 

45.0 0.733 

2 yrs old 19.5 9 – 107 
territory 
tenure 

2002/2003 
> 2 yrs 92.5 12 – 120 

19.5 0.014 

2 yrs old 2 0 – 2 2001/2002 
> 2 yrs 2 0 – 4 

47.5 0.820 

2 yrs old 1.5 0 – 4 
building time 

2002/2003 
> 2 yrs 0 0 – 4 

39.0 0.171 

2 yrs old 7 4 – 14 2001/2002 
> 2 yrs 2.5 0 – 10 

12.0 0.008 

2 yrs old 4.5 0 – 8 
building delay 

2002/2003 
> 2 yrs 4 0 – 6 

51.5 0.599 

2001/2002: N = 5 males 2 years old, N = 20 males older than 2 years 
2002/2003: N = 6 males 2 years old, N = 20 males older than 2 years 

 

To test if young males built nests with different characteristics than nests of 

older males, mean values of nest characteristics were calculated for each male. 
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Because not all nests were measured, nest characteristics for one two year old male 

and one older male were not available, reducing the sample to five two year old 

males and 19 older males. Based on the analysed nest characteristics, nests of 

young males were not distinguishable from nests of older males (Table 10) (all p > 

0.1). 

 

Table 10 Mann-Whitney-U tests for differences between nest characteristics of 5 two year old males 
and 19 older males. 

    Mann-Whitney 

  median range U p 

2 yrs old 1.196 1.056 – 1.375 entrance deformation 
> 2 yrs 1.191 1.081 – 1.750 

42 0.696 

2 yrs old 4.0 3.5 – 5.0 entrance overlap 
(cm) > 2 yrs 3.917 2.6 – 4.6 

38 0.498 

2 yrs old 21.38 17.00 – 33.00 entrance size (cm2) 
> 2 yrs 24.50 13.00 – 29.25 

30 0.214 

2 yrs old 10.67 9.50 – 12.90 breeding chamber 
narrowness (cm) > 2 yrs 9.78 7.40 – 12.10 

26 0.126 

2 yrs old 1.067 1.000 – 1.231 breeding chamber 
deformation > 2 yrs 1.095 1.052 – 1.259 

31 0.241 

2 yrs old 9.667 8 – 12 breeding chamber 
density (fibres * cm-1) > 2 yrs 10.889 8 – 15 

31 0.240 

2 yrs old 187.5 149.7 – 201.1 breeding chamber 
volume (cm3) > 2 yrs 179.3 147.3 – 230.7 

44 0.804 

 

5 Discussion 

5.1 Nest-building effort and skills 

The importance of the number of nests built for reproductive success in male 

Euplectes orix was further confirmed by this study, as established by Friedl & Klump 

(1999) and Lawes et al. (2002). In a closely related species Euplectes macrourus the 

number of nests built was also the best predictor for male mating success (Savalli 

1994a). For the same species Savalli (1994b) found that males with experimentally 

shortened tails were at a disadvantage in male-male competitions over territories. 

Unfortunately, it is not known if territory tenure also influenced the number of nests 

built in Euplectes macrourus as in Euplectes orix. In another closely related 

polygynous species, the Red-shouldered Widowbird (Euplectes axillaris), the number 

of accepted (active) nests was related to the number of nests built (cock’s nests) by a 
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male, and the number of nests built was not related to territory size or quality (Pryke 

& Andersson 2003). Another species with a high level of polygyny is the Wren 

(Troglodytes troglodytes), common in northern temperate regions. The observed 

level of polygyny is much lower (maximum 9 breeding attempts by a male) than in 

Red Bishops (maximum 20 breeding attempts by a male), but nevertheless there are 

some similarities. Direct female choice seems to be absent, instead the number of 

nests built determines male mating success (Evans & Burn 1996). As in Red 

Bishops, the nest frame is built by males only, and the inner lining and padding is 

done by females. It is not known what aspects of nest-building skills determine nest-

building rate in this species, but territory quality in terms of nest survival probability 

was related to male tail length (Evans & Burn 1996). Thus, male-male competition 

over high quality territories might affect male mating success in the Wren. Long-billed 

Marsh Wrens are another polygynous songbird species where only the number of 

nests influenced male mating success (Verner & Engelsen 1970). In this species, 

male mating success varies between 0 and 2 females attracted as mates per season. 

Territory characteristics like size and several vegetational parameters were not 

related to male mating success (Verner & Engelsen 1970). However, quality and 

skills of male nest-building were not investigated and therefore the influence of male 

nest-building quality and skills remain unknown for these species. 

This study demonstrates how nest-building skills and nest-building effort related 

to male reproductive effort and mating success in the Red Bishop. Not only the mere 

number of completed nests, but also some qualitative aspects of nest-building 

behaviour influenced mating success. A smaller proportion of unusable nests and a 

smaller proportion of abandoned nest-building attempts enhanced reproductive 

success independent of the number of nests built by a male and thus reflected some 

aspect of the quality of nests built by a male. A nest was designated unusable if it 

was not accepted and destroyed or deformed within two weeks after completion. 

Thus a smaller proportion of unusable nests increased the number of available nests 

at any given time, independent of the number of nests built. This could explain the 

observed large influence of the proportion of unusable nests on mating success 

independent of the number of nests built. 

A Red Bishop nest could become unusable because a cape weaver destroyed 

that nest, in which case the builder has no influence on the nest quality. If a Cape 

Weaver chooses to tear down a Red Bishop nest and build his own nest in that 
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place, there is nothing a Red Bishop can do against it due to the size difference 

between the two species (Friedl 2004), but choose a nest site in safe distance from a 

Cape Weaver’s territory. Further on, a nest could also become unusable because it 

was squashed. This could happen because the nest was fastened on reed or bulrush 

stems that were too weak to support the nest or the nest itself was to weak to 

withstand the pressure exerted on it by the stems moving in the wind. These events 

were under influence of the builder by choosing the right stems and building a stable 

nest. Thus the proportion of unusable nests partially described male nest-building 

skills. The proportions of nests destroyed by Cape Weavers of all unusable nests 

were 13%, 19%, and 21% for seasons 2000/2001, 2001/2002, and 2002/2003 

respectively. The Cape Weavers at the study colony were all building nests over 

open water, whereas red bishops built nests over open water as well as on dry 

ground on the edge of the pond. Consequently territory location could play some role 

in determining male mating success. After Friedl (in press) nests built above water 

were less likely to be accepted, but chances for a partial or complete clutch or brood 

loss did not differ between nests built on dry ground and nests built on water. Another 

aspect of nest-building skills was the proportion of abandoned nest-building attempts. 

The smaller the proportion of abandoned nest-building attempts the higher was male 

reproductive success. This result could be explained by a male’s ability to fasten the 

first fibres on a reed or bulrush stem. A male encountering difficulties in attaching the 

first fibres might abandon this nest-building attempt and switch to another site. Based 

on the total number of nests, unfinished and finished, a smaller proportion of 

abandoned nest-building attempts would increase the number of completed nests, 

but the positive effect of a smaller proportion of abandoned nest-building attempts 

was apparent even if the influence of the number of completed nests was eliminated. 

Interestingly, the proportion of abandoned nest-building attempts did not influence 

the number of nests built, but it must be cautioned that this result was nearly 

significant (p = 0.052). Because the influence of the proportion of abandoned nest-

building attempts was much stronger on the number of accepted nests, the 

proportion of abandoned nest-building attempts might reflect a general pattern of 

building a nest that is also apparent in completed nests. 

Reproductive effort as the number of nests a male built during a season was 

predicted by territory tenure and nest-building effort in terms of building delay and 

building time. The duration of building delay as well as the time needed to build a 
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nest might depend on the physical fitness of a male. Dolnik (1991) studied energy 

expenditure needed for nest-building in detail and found that energy spent for nest-

building amounts to 1.5 to 4.9 times of the basal metabolism. The energy needed to 

build a nest suffices for the production of 0.5 to 2.7 clutches. The slope of energy 

expenditure per nest is similar to the slope of energy cost of locomotion. This 

matches the observation of Collias & Collias (1984) who stated that energy costs for 

male weaverbirds of building a nest can be high depending on the proximity of nest-

building material to the nest site, and weaker males might need more time to recover 

from the effort spent on nest-building. Collias & Collias (1984) suggested that even 

with close proximity to nest-building material and consequently reduced energy 

expenditure, a male weaverbird needs a time delay between building two 

consecutive nests to restore its energy balance. The number of nests built by a male 

also depended on territory tenure. Territory tenure in turn might depend on a male’s 

fighting ability with regard to its neighbours, since most of male-male interactions 

involve neighbours (Craig 1974). 

I found no significant influence of the measured male morphological 

characteristics on mating success as measured in terms of the number of nests 

accepted or mating effort as measured in terms of the number of nests built. These 

results are in accordance with available data on other closely related species. Both in 

the Red-collared Widowbird (Euplectes ardens) and in the Yellow-shouldered 

Widowbird (Euplectes macrourus) mating success was unrelated to male body size 

or weight (Savalli 1994a, Pryke et al. 2001). In addition, Evans & Burn (1996) found 

that body mass was also unrelated to mating success in the Wren, a polygynous 

species with a mating system similar to the one of the Red Bishop (see above). 

5.2 Nest characteristics 

Of the analysed nest characteristics only nest density in terms of the number of 

fibres per cm in the wall of the breeding chamber and entrance roof overlap proved to 

be important for the acceptance of a nest by a female. Both a denser nest and a 

larger entrance roof overlap might increase nest stability and protection of nestlings 

from rain. These data show that females prefer stronger and more stable nests, 

because nests that became unusable while they still contained eggs or nestlings 

were less densely woven than nests that lasted at least as long as they contained 

eggs or nestlings. This result matches the fact that male mating success was 
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influenced by the proportion of nests that became unusable within two weeks 

independent of the number of nests built. In regard to nest density Red Bishops 

seem to differ from Village Weavers since closeness of weave did not influence 

mating success in the latter species (Collias & Victoria 1978). However, closeness of 

weave as measured by Collias & Victoria (1978) is not equivalent to nest density as 

defined here, because closeness of weave was estimated on the number of loose 

loops projecting from the surface of the nest. A similar result was found for Penduline 

Tits (Remiz pendulinus), a polygynous songbird of northern temperate areas. Larger 

and thicker nests were better insulated and preferred by females (Hoi et al. 1994). 

However, insulation is not likely to play a role in nests subtropical birds. In Red 

Bishops, accepted nests are probably exposed to considerable strain by the weight 

of the incubating female and 2-4 nestlings, and a more densely woven nest might 

better withstand this strain. The significant result that nests that became unusable 

while they still contained eggs or nestlings were less densely woven than nests that 

lasted at least as long as they contained eggs or nestlings is actually surprising. 

Either females did not choose accurately with regard to nest density or sometimes 

lower quality nests are chosen because of limited supply. Since nest density in terms 

of the number of fibres per cm affects the durability of nest containing eggs or 

nestlings, an inaccurate choice by females would be surprising because of its 

consequences for their breeding success. In case of limited supply females could 

compete for good nests, with more aggressive females obtaining better nests. But on 

any given day on which nests were accepted, the number of available nests (not yet 

accepted, still usable and not older than two weeks) was at least double the number 

of accepted nests. Therefore any female competition for good and durable nests, i.e. 

nests with a high density of fibres, could have been of only minor importance. 

Anyway, female competition for nests has not been recorded in literature describing 

the biology and breeding behaviour of Red Bishops (Skead 1956, Emlen 1957, 

Woodall 1971, Craig 1974, Friedl 2004). Therefore I favour the explanation of poor 

accuracy of female choice for nest density in terms of the number of fibres per cm. 

This assumed poor accuracy can be explained by general theories on signal 

detection (e.g. Johnstone & Grafen 1992, De Jaegher 2003). 

The importance of the entrance roof overlap for nest durability could not raise 

questions about the accuracy of female choice for nests, because it had an effect on 

durability only in never accepted nests. Accordingly, females chose accurately with 
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regard to entrance roof overlap and there were always enough nests with a 

sufficiently large entrance roof overlap available. This would explain why no effect of 

entrance roof overlap on the durability of accepted nests was found. A larger 

entrance roof overlap can enhance nest stability and durability because a larger roof 

overlap can be attached to more, additional stems. 

Nests that were already accepted when they were measured had a narrower 

and taller breeding chamber than other nests. This could be attributed to females 

altering the shape of a nest merely by sitting in it. Although females work extensively 

on nests by applying a heavy lining after laying eggs, no changes in nest density as a 

result of female work could be detected. Apparently nests were measured early 

enough, before female work on these nests was detectable. 

The contribution of certain nest characteristics to breeding success has been 

demonstrated earlier for other bird species. In Tree Swallows (Tachycineta bicolor), 

an influence of nest characteristics has been reported by Lombardo (1994), revealing 

a complex relation between breeding success, nest size and insulation and the 

number of nestlings in a nest. Similarly, Alabrundzinska et al. (2003) suggest several 

contradictory pressures on nest size and composition for optimal breeding success in 

Great Tits (Parus major). Nest size and bottom thickness were positively related to 

breeding success in Penduline Tits (Remiz pendulinus), and females prefered larger 

nests (Hoi et al. 1994). 

5.3 Age and reproductive success 

There are three broad groups of hypotheses explaining age-related differences 

in reproductive success (for a review see Forslund & Pärt (1995). The first possible 

explanation for differences in male reproductive success relative to age is given by a 

group of hypotheses that assume a positive link between reproductive success and 

viability, thus selecting for males with higher reproductive success. Consequently, 

older cohorts would have higher reproductive success. The second group of 

hypothesis assumes that males acquire experience with years, enabling them to 

increase reproductive success over seasons. Such experiences could be familiarity 

with food sources in a breeding habitat, improved foraging ability or breeding 

experience, or quality and skills of nest-building. The third general explanation after 

Forslund & Pärt (1995) assumes optimization of reproductive effort with age. If 

survival probability decreases with age, optimal reproductive effort will increase, 
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because there is no reason to save resources for a future that does no longer exist. 

But Forslund & Pärt (1995) caution that this hypothesis would imply rather constant 

reproductive effort in the first years of live, only increasing when survival probability 

becomes markedly smaller in old age. Age-related changes in reproductive success 

are well known for birds (e.g. Evans 1997, Espie et al. 2000, Penteriani et al. 2003), 

but not yet documented for weaverbirds. If age had any influence on reproductive 

effort (number of nests built) and mating success (number of nests accepted), a 

linear relation where reproductive effort and mating success steadily increase with 

age was regarded very unlikely (Forslund & Pärt 1995). Old males could perform 

poorer than younger males because of poorer physical fitness and senescence, 

whereas young, two years old males in their first breeding season could perform 

poorer than older males because of lack of experience, but not because of 

differences in physical fitness. Therefore I compared only young males with older 

males and did not calculate correlations between age and breeding success or 

parameters describing nest-building behaviour. 

Males older than 2 years showed higher reproductive effort in terms of the 

number of nests built and higher mating success than two year old males. To test if 

differences between age classes in Red Bishops with regard to mating success can 

be partially explained by the selection hypothesis assuming a genetic link between 

mating success and viability, the first hypothesis mentioned by Forslund & Pärt 

(1995), several breeding seasons must be compared. Many male Red Bishops return 

to the same colony in following seasons if they successfully established a territory 

(Friedl 2004). Thus, changes in the composition of age cohorts of territorial males 

could be analysed. Young males with low reproductive success would not be 

expected to be found in following breeding seasons, if the selection hypothesis 

applies and reproductive success is linked to viability and survival rate. Some 

evidence against this hypothesis is given by Friedl & Klump (1999), who compared 

presently territorial males that established a territory in the following season with 

presently territorial males that were present in the following season, but failed to 

establish a territory in the following season. Friedl & Klump (1999) found that males 

that established a territory in the following season built more nests and held their 

territory for longer in the current season. Thus, males with lower quality defined as 

the number of nests built, territory tenure and the ability to establish a territory did not 

die because of reduced viability, ruling out a link between viability and male quality. 
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The second hypothesis after Forslund & Pärt (1995), assuming an increase in 

experience and competence, e.g. breeding experience, forage ability, access to 

resources through early arrival or dominance, could explain the observed differences 

between young and old males, although underlying causes for the observed 

difference in the number of nests built were different between seasons. In one 

season, young males held territories for a shorter time and in another season, young 

males had longer building delays than older males. These results were not consistent 

over the two seasons for which statistics could be performed, but might indicate that 

young males are unable to invest much in reproductive effort whereas no differences 

were found between age classes with regard to the analysed aspects of nest-building 

skills in terms of the proportion of unusable nests and the proportion of abandoned 

nest-building attempts. It seems that male Red Bishops do not show an age-related 

increase in nest-building skills in terms of the proportion of unusable nests and the 

proportion of abandoned nest-building attempts, but there might be an increase in 

reproductive effort. 

The difference between two year old males and older males does not match the 

third group of hypotheses discussed by Forslund & Pärt (1995), the assumption of 

optimization of reproductive effort, because this effect would rather be apparent in 

older males and not in males in their first breeding season, as is the case in this 

study. Because of the observed difference between young males in their first 

breeding season and older males, it is rather probable that young males in their first 

breeding season do not invest less in reproductive effort to increase their life 

expectancy, but are less experienced than older males. This lack of experience does 

not apply to nest-building skills, but might rather be the case for other skills like 

foraging ability. Young males would accordingly not hold a territory for a long time, 

but spend their time foraging. 

Clearly, a more detailed analysis is necessary to identify mechanisms leading to 

differences in reproductive success between age classes in male Red Bishops. Most 

importantly, changes in reproductive success, nest-building effort and skills over 

several seasons for individual males must be investigated, as well as between 

seasons within male variance compared with within season between male variance 

in reproductive success and nest-building effort and skills. Nests of one year old, 

non-breeding males look much looser and untidier than nests of breeding males 

(Friedl 2004), indicating that males have to learn how to build a nest in their first 

34 



Male reproductive effort and mating success 

breeding season, similar to Village Weavers (Collias & Collias 1964). However, no 

differences in nest-building skills analysed in this study were found between two year 

old males and older males with more experience. 

Some light was shed on the importance of nest-building effort and skills for 

mating success and reproductive effort. Nest-building effort in terms of time needed 

to build a nest and time delay between finishing a nest and building a new nest 

determines the number of nests built and might increase with age, as was found for 

building delay in one season, whereas nest-building skills and ability determine male 

mating success and do not differ between age classes. The importance of sensory 

and motor skills in terms of the proportion of abandoned nest-building attempts and 

the proportion of unusable nests on male mating success is a result not reported so 

far for weaverbirds. Territory tenure was the strongest determinant of the number of 

nests built and should be addressed in future studies. Considering the ferocity with 

which territories are defended, male-male competition for territories might play a role. 

Fighting ability could influence the outcome of agonistic dyads between males and 

could be related to the duration for which a territory is successfully defended. 
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