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 18 
Abstract 19 

Although several hypotheses have been proposed to explain the function of fresh green 20 

plants in nests of many avian species, the consequences of this behavior on fitness 21 

remains poorly understood. In accordance with the nest protection and drug hypotheses, 22 

adding greenery to nests should be naturally selected to facilitate positive fitness effects 23 

on offspring. Alternatively, the courtship hypothesis postulates that green plants 24 

function as a sexually selected signal of male attractiveness that might promote female 25 

competition for preferred males. We conducted a long-term study by experimentally 26 

increasing the amount of green plants in nests of a wild population of spotless starlings 27 

(Sturnus unicolor). We experimentally decoupled the natural carrying behavior of males 28 

in half of the population and explored the consequences of this manipulation on 29 

offspring condition and their rate of local recruitment. Treatment did not affect the 30 

number of fledglings, but it did affect body mass and tarsus in a sexually antagonistic 31 

way: a positive effect on female tarsus length and negative on male body mass. The 32 

addition of greenery reduced the probability of local recruitment of both males and 33 

females. Our results suggest that the addition of green plants induces maternal response 34 

with complex short- and long-term consequences on the offspring body condition and 35 

recruitment success. 36 

 37 

Keywords:  courtship display, recruitment rate, green plants carrying, natural selection, 38 

male ornaments, sexual selection, Sturnus unicolor 39 

 40 

Lay summary 41 

Why some bird species add green plants to their nests has long puzzled biologists. Some 42 

studies suggest that this behavior is promoted by natural selection because of its positive 43 
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effects on nestling health. However, if greenery functions as a sexually selected signal 44 

of male attractiveness, it may promote female competition for preferred males and, as a 45 

result, may reduce reproductive success. We experimentally increased the amount of 46 

plants in spotless starling’s nests, causing a reduction in the number of recruits. This 47 

result supports the hypothesis that greenery is a sexually selected trait of males that 48 

entails costs for females in a polygamous bird species. 49 

 50 

INTRODUCTION 51 

 52 

Non-morphologic traits specific to males, may act in sexually-selected signaling 53 

processes during courtship (e.g., Borgia and Gore 1986; Moreno et al. 1994; Duffy and 54 

Ball 2002; Polo et al. 2004; Veiga et al. 2006; Polo et al. 2010). For example, many 55 

avian species adorn their nests with a variety of materials, which can act as an extended 56 

phenotype that indicates quality (see Dubiec et al. 2013 for a review). Green plants are 57 

one of the materials commonly used by bird species such as storks, ibises, raptors and 58 

herons (Wimberger 1984; Rodgers et al.1988; Baxter 1996; Smits et al. 2010; Dubiec et 59 

al. 2013). The function of this green plants carrying behavior has long puzzled 60 

biologists (Clark 1991; Hansell 2000) and some hypotheses have been proposed to 61 

explain the functional and evolutionary significance of the trait (Wimberger 1984; Clark 62 

and Mason 1985; Rodgers et al. 1988; Clark 1991; Roulin et al. 1997; Lambrechts and 63 

Dos Santos 2000). Some studies support the idea that green plants in nests have positive 64 

effects on nestling health because they reduce the load of ectoparasites in the nest (i.e., 65 

The Nest Protection Hypothesis), or because they directly improve nestling growth and 66 

immune response (i.e., The Drug Hypothesis) (e.g., Wimberger 1984; Clark 1991; 67 

Menneral et al. 2009; Tomas et al. 2012). Furthermore, evidence in some bird species 68 
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suggests that the transport of green plants to nests has an important function in sexual 69 

signaling and courtship (e.g., Feare 1984; Fauth et al. 1991; Brower and Komdeur 2004; 70 

Tomas et al. 2013).   71 

 In the Sturnidae family, the addition of plants to nests is an ancient behavior that 72 

exists across many phylogenetic groups (J.P. Veiga, V. Polo and J.G. Rubalcaba, 73 

unpublished data).  Males of the European (Sturnus vulgaris) and spotless starling 74 

(Sturnus unicolor), two related hole-nesting species, carry fresh aromatic herbs, small 75 

branches and flowers into their nests during nest building and before the onset of egg-76 

laying (Fauth et al 1991; Gwinner 1997; Veiga et al. 2006). However, evidence 77 

regarding the function of this carrying behavior is scarce and controversial in these 78 

species. Some studies on the European starling suggest that greenery has a sanitary 79 

effect on nestling growth and body condition (Gwinner et al. 2000; Gwinner and Berger 80 

2005). However, other studies in the same species and in the spotless starling suggest 81 

that green plants carried by males to nests are mainly related to mate attraction (Fauth et 82 

al. 1991; Brower and Komdeur 2004; Veiga et al. 2006). 83 

 In the spotless starling, green nest material conveys important behavioral and 84 

physiological effects on female owners. First, the experimental addition of plants to 85 

nests increased the rate of female to female aggressive encounters and their level of 86 

circulating testosterone (Polo et al. 2010). Second, females examined the greenery 87 

carried by males and immediately removed all of this material from their nests (Veiga 88 

and Polo 2012). Therefore, the presence of green plants in the nests may be involved in 89 

a sexual conflict. That is, while greenery might be used by males to attract females, 90 

females on the other hand might be inclined to remove greenery to prevent female-91 

female competition and thus loss of fitness.  This female removal behavior supports the 92 

idea that green plants mainly function as sources of mate attraction and mostly serve to 93 
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convey information on male quality (Feare 1984; Fauth et al. 1991; Brouwer and 94 

Komdeur 2004; Polo and Veiga 2006; Polo et al. 2010; Veiga and Polo 2012). Thus, the 95 

greenery itself and their volatile compounds possibly never enter into direct contact 96 

with the nestlings, which will appear two or three weeks later. Therefore, the possible 97 

sanitary function of nest green material is not well supported for the spotless starling. 98 

Avian females may adjust their offspring sex ratio in response to individual 99 

differences in male sexual traits or displays (e.g., Ellegren et al. 1996; Sheldon et al. 100 

1999). Additionally, females may enhance their levels of circulating androgens as a 101 

consequence of the increase in intrasexual competition generated by the presence of 102 

more attractive males (Wingfield et al. 1990; Ketterson et al. 2005; Goymann et al. 103 

2007). Our work with starlings has shown that the male plant-carrying behavior is one 104 

such male trait that can illicit female responses such as adjustment of offspring sex ratio 105 

(Polo et al. 2004), the level of circulating testosterone of females during laying (Polo et 106 

al. 2010), and their contribution to the decoration of nests by using big foreign feathers 107 

during the incubation period (Polo and Veiga 2006). These results suggest a complex 108 

functional relationship between endocrinology and behavior and support the idea that 109 

male plant-carrying behavior is a sexually selected display with different consequences 110 

for males and females. In this respect, the implication on fitness is of great relevance. 111 

 In this study, we present the first experimental evidence that the provisioning of 112 

green plants to nests by male spotless starlings influences their rate of offspring local 113 

recruitment (using the offspring rate of local recruitment as a measure of fitness). We 114 

used this species because of their high philopatry (see Veiga and Polo 2002) which 115 

allows to discern the future recruitment of fledglings in natal or in surrounding colonies. 116 

Here, we increased the amount of aromatic fresh green plants in nests, and examined the 117 

effects on number and condition of male and female fledglings and their future 118 
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recruitment success. An increase of fitness return would be expected if greenery played 119 

a primarily sanitary function that benefits both sexes, but the greenery-fitness 120 

relationship would be unclear (or there would be a negative relationship) if the main 121 

function of the male plant-carrying behavior plays a different role on sexual selection 122 

for males and females. 123 

 124 

MATERIAL AND METHODS 125 

 126 

a) Study area and species 127 

 128 

The spotless starling is a medium-sized, facultatively polygynous and relatively long 129 

lived passerine (Cramp et al. 1983; Feare and Craig 1999; Moreno et al. 1999; Veiga et 130 

al. 2002; Veiga and Polo 2002). Females commonly lay two clutches per season; the 131 

first by mid-April and the second near the end of May. During both reproductive 132 

periods, male spotless starlings, like those of the related European starling, carry 133 

herbaceous fresh plants, leaves of trees and flowers into their nests during the 7-10 days 134 

before the beginning of laying (Gwinner 1997; Veiga et al. 2006). Males use this 135 

material during courtship (Brouwer and Komdeur 2004; Veiga et al. 2006). 136 

 The experimental study was conducted over four years (2002, 2004, 2005 and 137 

2006) in a colony of spotless starlings in Manzanares el Real (40º 45' N; 3º 50' W 138 

Madrid province, central Spain). The breeding habitat is a pasture at 1000 m a.s.l. with 139 

scattered trees (ashes, Fraxinus angustifolia, oaks, Quercus pyrenaica, and Holm oaks, 140 

Quercus rotundifolia) with 54 nest boxes, spaced 30-60 m from one another, which 141 

have been established since 1997. Most nest boxes remained occupied during the entire 142 

breeding season. Most breeders were banded with an aluminum ring and an individual 143 
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combination of plastic color rings to allow future identification. 144 

 145 

b) Experimental procedures 146 

 147 

We experimentally manipulated the amount of greenery in a total of 27 nest boxes 148 

during 2002, 2004, 2005 and 2006. The same amount of next boxes was used as 149 

controls during each year. Experimental and control nest boxes were randomly allocated 150 

each year, and the assignment of a given nest box was maintained over consequtive 151 

clutches within the same year. We monitored nest construction to estimate the 152 

beginning of laying in the colony each year and, thus, to establish when to start the 153 

experimental protocol (see Polo et al. 2010). For first clutches, we started adding 154 

greenery approximately 10 days before the onset of laying (mean 8.2 days, range 4 - 12 155 

days before laying initiation), and for second clutches, immediately after fledgling of 156 

the first brood (mean 6.3 days, range 3 - 10 days), mimicking the natural behavior of 157 

male starlings. We ceased greenery addition when the first egg appeared in the nest box.  158 

We incorporated daily ca. 10 g of shredded fresh aromatic herbs of the species 159 

added naturally by starlings in this population (mainly Lavandula stoechas, Santolina 160 

rosmarinifolia, Geranium robertianum and Lamium purpureum). The amount of plants 161 

was similar to the highest amount recorded in nests. Therefore, we simulated the 162 

stimulus within the natural range experienced by starlings in natural conditions, which 163 

may prevent complications such as over-stimulation of the immune system (e.g., 164 

allergic reactions). Control nest boxes were checked daily and the natural greenery 165 

added by the male was not removed. We spent the same daily time in the inspection and 166 

the manipulation of the control and experimental nests to prevent differential stress that 167 

could affect pre-laying females during the period of greenery addition (see also 168 
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Mennerat et al. 2009 for a similar procedure). Spotless starling females generally 169 

removed the green nesting material, both the plants added by the researchers and those 170 

carried by males. Therefore, we suspect that the experimental protocol did not affect the 171 

behavior of the males themselves. The number of polygynous and monogamous males 172 

and the number of secondary females were balanced among control and experimental 173 

nests (mean rate of polygyny: 1.21 vs. 1.23 females per male in control vs. experimental 174 

nests; total number of secondary females: 17 vs. 18 females in control vs. experimental 175 

nests). We considered the primary female the one that started breeding earlier among 176 

the nests controlled by the same polygynous male. 177 

Breeders were captured by means of custom-made traps fitted into the nest 178 

boxes. Most males were captured in March, during the beginning of their breeding 179 

activity associated with the acquisition and defense of nest boxes against other males. 180 

Females were captured during feeding when nestlings were five days old to minimize 181 

the probability of nest abandonment by human disturbance. Nestlings were sexed, using 182 

molecular markers from blood taken from chicks at five days old (see Griffiths et al. 183 

1998), and marked with a numbered aluminum ring for individual identification. 184 

When nestlings were 16 days old, they were weighed (to the nearest 0.1 g) and 185 

measured (tarsus-metatarsus length, to the nearest 0.01 mm). We recaptured ca. 5-10% 186 

of all fledged chicks (418 vs. 414 fledglings in control vs. experimental treatments; 187 

Table 1) as breeders in the future years in the natal colony and in two surrounding areas 188 

1 and 2 km apart from the natal colony. These surrounding areas were also provided 189 

with nest boxes (50 and 150 nest boxes, respectively). Both colonies were monitored 190 

until the breeding season of 2014, but no experimental or control individuals were 191 

recruited beyond the spring of 2010. In total, 75 new breeders (25 males and 50 192 

females) were recruited out of the 832 fledglings (Table 1). Fifty four of them bred for 193 
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the first time in the natal colony and 21 (6 males and 15 females) bred in the two 194 

surrounding areas. Most females that were recruited were one year old, while it took 195 

two or more years to recruit males. All of the recruited birds, in the natal or in the 196 

surrounding colonies, were used in the analyses. We did not consider 15 juvenile birds 197 

that were captured in the boxes but were not observed as breeders until the present day. 198 

Results did not differ when those individuals were included in the analyses (effect of 199 

treatment on the offspring rate of recruitment was also significant with 75 recruits + 15 200 

non breeding juveniles: χ2 = 4.83, P = 0.020). 201 

The primary sex ratio was male-biased in the experimental nests in all the years 202 

of the experiment: 2002 (results published in Polo et al. 2004), 2004, 2005 and 2006 203 

(0.50 ± 0.026 vs. 0.43 ± 0.026 mean sex ratio ± SE in control vs. experimental nests; 204 

data corrected for common mothers; F1, 225.7  = 4.77, P = 0.03). The effect of greenery 205 

on increasing the proportion of males is consistent and confirms the previous results 206 

found by Polo et al. (2004).  207 

 208 

c) Data analyses 209 

 210 

We used linear mixed-effect models to explore the effect of the addition of green plants 211 

to the nests (treatment as a fixed factor) on the number of fledglings (generalized linear 212 

mixed models assuming a Poisson distribution) and on the fledgling body mass and 213 

tarsus-metatarsus length (general linear mixed models) of both males and females (sex 214 

as a fixed factor). We consider the mother and the clutch ID as random factors to avoid 215 

pseudoreplication. This structure of random effects allows controlling the non-216 

independence of fledglings from the same clutch or from different clutches of the same 217 

mother. Clutch order (i.e., first or second clutches) and year were included as covariates 218 
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in the analyses. A Box-Cox transformation was applied to body mass and tarsus-219 

metatarsus length to normalize the residuals of the models. The power parameter for the 220 

Box-Cox was estimated using likelihood-based methods. 221 

 The effect of treatment on local recruitment was analyzed by using a binomial 222 

distribution mixed-effects model. We used fledgling body mass, tarsus-metatarsus 223 

length and the number of fledglings in the natal nest as fixed effects. Non-significant 224 

covariates were removed from the model. Previous studies with the spotless starling 225 

showed that the addition of green plants to the nest increased the production of males 226 

and had sex-specific effects on post-fledgling dispersal behavior (Polo et al. 2004 and 227 

V. Polo, J.G. Rubalcaba, and J.P. Veiga, unpublished data). Therefore, the sex of the 228 

fledgling was included as a fixed factor to control for a potential sex-dependent 229 

probability of local recruitment. The structure of random factors described above was 230 

also included in this model. All models were fitted by using the package “lme4” 231 

(generalized mixed-effect models; Bates et al. 2012) in R 3.02.0 software (R 232 

Development Core Team, 2012). 233 

 234 

 235 

RESULTS 236 

 237 

a) Fledgling production 238 

 239 

The experimental addition of green plants did not have significant overall effect on 240 

fledgling body mass (t = -0.47, P = 0.64) or tarsus-metatarsus length (t = 1.11, P = 241 

0.27). However, males from the experimental group had significantly lower body 242 

masses than controls (mean ± SE: 82.2 ± 0.52 g vs. 84.1 ± 0.45; experimental vs. 243 
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control) although females did not show this reduction (79.5 ± 0.49 vs. 79.3 ± 0.44 g; 244 

experimental vs. control; interaction treatment × sex: t = -2.19, P = 0.029; Fig. 1a). 245 

Conversely, experimental females had longer tarsus-metatarsus lengths (30.0 ± 0.06 vs. 246 

29.87 ± 0.05; experimental vs. control) although tarsus-metatarsus length did not differ 247 

in males in relation to treatment (30.4 ± 0.05 vs. 30.4 ± 0.05; experimental vs. control; 248 

interaction treatment × sex: t = -2.14, P = 0.032; Fig. 1b). Clutch order was negatively 249 

correlated with body mass (beta = -0.17, t = -10.30, P < 0.001) and tarsus-metatarsus 250 

length (beta = -0.01, t = -3.30, P = 0.001). 251 

The treatment did not have any significant effect on the number of fledglings per 252 

breeding attempt (2.50 ± 0.15 vs. 2.58 ± 0.16 fledglings, experimental vs. control; z = -253 

0.9, P = 0.367). Treatments were unbiased with respect to the hatching date (z = -0.71, 254 

P = 0.48). 255 

 256 

b) Post-fledgling recruitment 257 

 258 

The probability of local recruitment was significantly lower in the experimental group 259 

(0.065 ± 0.016 vs. 0.118 ± 0.01; experimental vs. control; t = -2.20, P = 0.028; Fig. 2 260 

and Table 1). The probability of recruitment significantly differed between males and 261 

females (0.063 ± 0.012 vs. 0.115 ± 0.015; males vs. females; t = -2.94, P = 0.003), and it 262 

was positively and significantly related with body mass (t = 2.94; P = 0.02). There was 263 

no significant effect of clutch order (t = -2.84, P = 0.41), number of fledglings (t = -264 

0.18; P = 0.85) and tarsus-metatarsus length (t = 0.70, P = 0.48) on the probability of 265 

recruitment. 266 

 267 

DISCUSSION 268 
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 269 

Fitness Consequences of Adding Herbs Treatment  270 

 271 

In this study we provide experimental evidence of a deferred effect of male behavior 272 

(carrying green fresh plants to the nest in days prior to laying) on fitness return 273 

(measured as the success of post-fledgling recruitment) in a wild population of birds. 274 

Our experiment revealed a negative effect of greenery on the rate of offspring 275 

recruitment that was maintained across years (see Fig. 2). This is a counterintuitive and 276 

striking result in the light of the nest protection and drug hypotheses which needs to be 277 

explained. The addition of greenery is a component of male attractiveness in both 278 

starling species (Brouwer and Komdeur 2004; Veiga et al. 2006). Thus, we have 279 

probably decoupled the female perception of the attractiveness of their mates and 280 

increased female-female competition over preferred males (see Polo et al. 2010 for the 281 

increase in female-female competition with the same data of the present study). 282 

Therefore, the negative effect of greenery on the probability of recruitment may be the 283 

consequence of those females unable to withstand higher levels of intra-sexual 284 

competition. Although our experimental design was not intended to discard the presence 285 

of a sanitary effect of greenery on nestlings (Wimberger 1984; Clark and Mason 1985; 286 

Mennerat et al. 2009), our results support the hypothesis that green plants may be seen 287 

as a signal of male attractiveness and condition in the context of the courtship 288 

hypothesis (Brouwer and Komdeur 2004; Veiga et al. 2006; Polo et al. 2010). 289 

The spotless starling, similar to its related species the European starling, is a 290 

hole-nesting bird that routinely reuses the same nest for years. Earlier studies have 291 

proposed that the use of aromatic plants in hole-nesting species has evolved to prevent 292 

high load of parasites and pathogens of their nestlings (e.g., Wimberger 1984; Clark and 293 



13 
 

Mason 1985; Clark 1991; Lambrechts and Dos Santos 2000; Petit et al. 2002; Mennerat 294 

et al. 2009). Supporting this hypothesis, green plants in nests of European starlings have 295 

been shown to reduce bacteria load and to improve fledglings’ immune systems, body 296 

masses and yearlings’ survival (Gwinner et al. 2000; Gwinner and Berger 2005). 297 

However, experimental studies performed with this species failed to prove two 298 

predictions of the nest protection hypothesis: (1) the addition of greenery did not reduce 299 

the load of ectoparasites in the nest; and (2) the addition of parasites did not increase the 300 

male carrying behavior (Fauth et al. 1991; Brouwer and Komdeur 2004). Nevertheless, 301 

they suggested that the fresh plants in the nests of European starlings mainly served a 302 

function in mate attraction in the context of the courtship hypothesis (Pinxten and Eens 303 

1990; Fauth et al. 1991; Brouwer and Komdeur 2004; Polo et al. 2010). This idea is also 304 

suggested by the fact that in the spotless starling, females remove all of this material 305 

from their nests during the days prior to the beginning of laying (Polo et al. 2010; Veiga 306 

and Polo 2012), and thus the nestlings are likely never in contact with the volatile 307 

compounds of these plants. 308 

Several reasons may be suggested to explain the detrimental effect of the fresh 309 

herbs treatment on post-fledgling recruitment. First, greenery is an extended phenotype 310 

of males that indicates quality and attractiveness (e.g., Fauth et al. 1991; Brouwer and 311 

Komdeur 2004). Thus, females of the added green plants group might increase their 312 

level of circulating testosterone to cope with the increased rate of intrasexual aggressive 313 

encounters for the competition for more attractive males (Polo et al. 2010; see also 314 

Langmore et al. 2002 for the intrasexual competition elevating circulating testosterone 315 

in females of Prunella modularis). However, this female response to greenery has a 316 

negative short- and long term consequence: experimental females may have devoted 317 

less parental care to their nestlings, thus provoking detrimental effects on body 318 
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condition and/or in the maturation of the immune system (see Müller et al. 2005 and 319 

proposals in Veiga and Polo 2008), and finally females reduced their number of future 320 

recruits (this study). These arguments are supported by similar detrimental effects on 321 

body mass of nestlings and on fitness return of spotless starling females with 322 

experimentally increased circulating testosterone (Veiga and Polo 2008): their nestlings 323 

paid the cost of the increased ability of females to acquire and maintain a breeding site 324 

and an attractive male. 325 

Second, our study indicates a sex-dependent effect of the addition of green 326 

plants on fledglings’ body condition. That is, the addition of greenery provoked a 327 

detrimental effect on body mass in male fledglings but increased growth (i.e., tarsus- 328 

metatarsus length) in female fledglings, although both males and females had a lower 329 

probability of being recruited in the green plant addition treatment.  These findings on 330 

sex-specific short-term effects should be treated with caution because they result from 331 

an exploratory testing analysis of an experiment designed with a different propose (i.e., 332 

to analyze the long-term effect on recruitment rate). Therefore, further research is 333 

required to elucidate the proximate and ultimate causes of the sex-specific responses to 334 

hormones in this species. 335 

 336 

Reproductive success and body condition of nestlings 337 

 338 

The experimental addition of green plants in spotless starling nests had no effect on the 339 

number of fledglings or on their body condition (contrary to Gwinner et al. 2000 and 340 

Gwinner and Berger 2005). The sex-specific effect found on fledgling size and body 341 

mass could be interpreted in the light of sex-specific proximate responses to hormones 342 

during the early development of chicks and possible asymmetric costs of testosterone to 343 
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the nestlings (Muriel et al. 2013). In a recent study we showed that greenery increases 344 

circulating testosterone of spotless starling mothers (Polo et al. 2010). The level of 345 

circulating testosterone causes an increase of the aggression rate between females, a 346 

decrease of the parental effort devoted to their nestlings and an increase in the level of 347 

androgens transferred to the egg yolk (McGlothlin et al. 2007; Sandell 2007 Veiga and 348 

Polo 2008; López-Rull and Gil 2009). Thus, in a first attempt to explain the antagonistic 349 

sex-specific effects of greenery on fledgling condition, we speculate that maternal 350 

androgens could play an important role, not only reducing the rate of feeding, but 351 

altering the level of androgens transferred by the mother to the egg yolk. 352 

 Yolk androgens in avian eggs have received much attention in recent years 353 

because of their potential role in nestlings' phenotype and future survival (e.g., Hegyi et 354 

al. 2011; López-Rull et al. 2011; Muriel et al. 2013). In particular, several experiments 355 

have found short-term complex and antagonistic effects of androgens on the growth of 356 

sons and daughters (Saino et al. 2006; Muriel et al. 2013). For example, yolk 357 

concentrations of testosterone (T) and androstenedione (A) increased body mass and 358 

tarsus length in sons but reduced those of daughters in chicks of Hirundo rustica, during 359 

the first days of growth (Saino et al. 2006). However, similarly to our findings, the 360 

addition of testosterone to eggs of zebra fiches, Taeniopygia guttata, increased the 361 

growth of daughters and reduced that of sons (von Engelhardt et al. 2006). In a recent 362 

experimental study in the spotless starling (Muriel et al. 2013), the injection of T+A to 363 

the eggs also had an antagonistic effect on the different sexes by increasing the tarsus 364 

length of daughters and reducing those of sons during the first seven days of growth. 365 

However, this sex-specific effect in spotless starlings disappeared at the end of the 366 

growing period (Muriel et al. 2013). Our study showed an antagonistic effect of the 367 

green plants addition on tarsus length and body mass of sons and daughters that 368 
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remained until the end of the growing period (i.e., 16 days after hatching). This lasting 369 

sex-specific effect on chicks suggests a complex long-term influence of mothers on the 370 

phenotype and performance of their offspring in relation to environmental conditions 371 

and paternal quality (Mousseau and Fox 1998; Komdeur et al. 1997; Polo et al. 2004).  372 

 In summary, our results show a clear detrimental effect of greenery on the 373 

fitness return of mothers (i.e., a decrease in the offspring probability of recruitment). 374 

This supports the idea that the green plant-carrying behavior plays a major role in 375 

courtship, rather than benefit nestlings as predicted by the sanitary and the drug 376 

hypotheses. Our results also show a long-term antagonistic sex-dependent influence of 377 

green plants on the phenotype of nestlings, suggesting the existence of a complex 378 

maternal influence with short- and long-term consequences on their offspring. 379 
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  535 

Table 1: Number of male (M) and female (F) fledglings and post-fledgling recruits per 536 

treatment (CTR, control, and EXP, experimental) and year. Rate represents the total 537 

number of recruits per fledged chick. 538 

 539 

 540 

  CTR EXP 
  Fledglings Recruits Rate Fledglings Recruits Rate 

2002 
M 55 2 0.04 57 0 0.00 
F 65 11 0.17 69 5 0.07 

2004 
M 30 3 0.10 39 6 0.15 
F 52 10 0.19 34 4 0.12 

2005 
M 57 7 0.12 58 2 0.03 
F 55 6 0.11 47 5 0.11 

2006 
M 47 4 0.09 55 1 0.02 
F 57 5 0.09 55 4 0.07 

Total 
M 189 16 0.08 209 9 0.04 
F 229 32 0.14 205 18 0.09 

541 
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FIGURE LEGENDS 542 

 543 

Figure 1: Body weight (a) and tarsus-metatarsus length (b) of male and female 544 

fledglings in control and experimental treatments (the figure shows parameter estimates 545 

and their standard errors from a mixed-effect model).   546 

 547 

Figure 2: Average proportion of post-fledgling recruitments ± SEs in control and 548 

experimental treatments each year of the experiment. 549 

550 
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