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Abstract 24 

Because specialist species evolved in more temporally and spatially homogeneous environments 25 

than generalist species, they are supposed to experience less fluctuating selection. For this reason, 26 

we expect specialists to show lower overall genetic variation as compared to generalists. We also 27 

expect populations from specialist species to be smaller and more fragmented, with lower neutral 28 

genetic diversity. We tested these hypotheses by investigating patterns of genetic diversity along a 29 

habitat specialization gradient in wild birds, based on estimates of heritability, coefficients of 30 

variation of additive genetic variance, and heterozygosity available in the literature. We found no 31 

significant effect of habitat specialization on any of the quantitative genetic estimators but 32 

generalists had higher heterozygosity. This effect was mainly a consequence of the larger 33 

population size of generalists. Our results suggest that evolutionary potential does not differ at the 34 

population level between generalist and specialist species, but the trend observed in 35 

heterozygosity levels and population sizes may explain their difference in susceptibility to 36 

extinction.  37 
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Introduction 48 

Native specialist species are becoming less abundant in disturbed landscape to the benefit of 49 

generalist species (Shultz et al. 2005, Le Viol et al. 2012). There is some evidence that 50 

climate (Davey et al. 2013) and land use (Devictor et al. 2008a, b) changes are driving this 51 

decline of specialization in wild communities, leading to a functional biotic homogenization 52 

(Clavel et al. 2011). The higher sensitivity of specialists to global changes is expected to 53 

result from their narrower ecological niche, which is associated with smaller and more 54 

fragmented populations, more vulnerable to the destruction of their habitat. The persistence of 55 

species will ultimately depend upon two mechanisms: range shift or adaptation to 56 

environmental changes, through phenotypic plasticity or microevolution (Lynch and Lande 57 

1993). Anthropogenic changes are now considered as the greatest evolutionary force (Palumbi 58 

2001, Steffen et al. 2011) and it therefore becomes crucial to determine how specialist and 59 

generalist species differ in their ability to respond to these changes. Assessing whether 60 

generalist and specialist species differ in terms of evolutionary potential should give valuable 61 

information on their respective ability to defer extinction through evolution. 62 

 The two alternative strategies (specialist vs generalist) are generally thought to arise 63 

depending on fitness trade-offs between alternate phenotypes across environments (Richmond 64 

et al. 2005, Poisot et al. 2011): spatially and temporally variable environments should favour 65 

generalist strategies, because generalists can achieve higher average performance than 66 

specialists across multiple environments. In turn, stable environments should favour 67 

specialists which are able to exploit more efficiently a single resource (see Moran 1992 for 68 

theoretical evidence, and Kassen 2002 for experimental evidence). Expressed in terms of 69 

selection pressures, heterogeneous environments generate fluctuating selection, while in a 70 

homogeneous or stable environment, selection is more likely to be stabilising, or persistently 71 

directional (Keightley and Hill 1988). Additionally, generalist strategies may become less 72 





hereafter h², and the additive genetic coefficient of variation, hereafter CVA, are the two 98 

standardized estimates of genetic variance we used).  99 

We also reviewed estimates of heterozygosity (hereafter Hz), a widely available 100 

measure of genetic diversity known to depend on demographic processes such as inbreeding 101 

level, drift and population size (Soulé 1976, Frankham et al. 2002). Hz is not a direct 102 

estimator of evolutionary potential, as it does not relate to additive genetic variance, but rather 103 

a proxy for overall genetic diversity, which is often considered in conservation study as an 104 

indicator of population health. More specifically, Hz has been correlated with extinction risks 105 

(Evans and Sheldon 2008) and population fitness (Reed and Frankham 2003). On this topic 106 

again, little empirical work can be found, but a study carried out on the bark beetle (Kelley et 107 

al. 2000) indicated that specialist sister-species indeed had reduced levels of Hz when 108 

compared to generalist ones. Simply because of a narrower ecological niche, specialist species 109 

have access to a more limited range of habitats than generalist ones. For this reason, 110 

populations of specialists may be smaller and more fragmented which is likely to negatively 111 

impact genetic diversity by limiting effective population size and gene flow (Whitlock and 112 

Barton 1997). We therefore predict that specialists should have lower Hz than generalists, 113 

mainly as a result of smaller population size.  114 

 115 

  116 







Population size 166 

Information on local population size was not available so the population size data we used 167 

was extracted from the BirdLife International website in May 2014 (http://www.birdlife.org/). 168 

Population sizes correspond to the total number of individuals in the world according to the 169 

censuses published by BirdLife (2005, 2008). 170 

 171 

Quantitative data: heritability and coefficient of additive genetic variance 172 

We chose the bird taxon because it gathers the greatest number of quantitative estimators 173 

across all taxa (Postma, 2014). In order to gather estimates of evolutionary potential (h² and 174 

CVA) in bird populations, we performed a search in the Web Of Knowledge research engine. 175 

We used the key-words: Topic= (« bird* ») AND (« heritabil* » OR « genetic* estimate* ») 176 

and the search was performed in February 2013. When studies aimed at quantifying the 177 

response of quantitative parameters to different environmental conditions (e.g. food quality), 178 

only parameters estimated under natural conditions were used. These references were further 179 

checked against the list gathered by Postma (2014), in order to maximize the number of 180 

references providing estimates of heritability and coefficients of additive genetic variance. h² 181 

and CVAs can be estimated with two different methods: the parent offspring regression and 182 

the animal model. The former is the earliest method and has been used since the end of the 183 

19th century. It estimates heritability by the phenotypic correlation between parents and 184 

offspring (Lynch and Walsh 1998). The latter, the animal model, has been applied in ecology 185 

for merely more than a decade. The animal model is a mixed model using information about 186 

relatedness among individuals to infer the part of phenotypic variance due to additive genetic 187 

variance (Henderson 1973, Kruuk 2004). Because parent offspring regression may 188 

overestimate heritability (shared environments increase the resemblance between parents and 189 

offspring), the method used to estimate quantitative parameters was specified in our dataset 190 

and subsequent analyses. 191 
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higher evolutionary potential in generalists as compared to specialists, based on the different 316 

selection pressures their ecology suggests they are exposed to. In contrast with this, across 36 317 

wild bird populations and using two different specialization indexes, we found no significant 318 

effect of specialization on evolutionary potential -as estimated by quantitative genetics 319 

estimates, h² and CVA. Specialization did not correlate with genetic diversity measured by Hz 320 

either, but we found a significant positive relationship between population size and 321 

heterozygosity. In turn, population size correlates positively with niche width (but not with 322 

the SSI index), indicating that species with larger niches (generalists) also tend to exhibit 323 

more genetic diversity, as a consequence of their larger population sizes. The fact that 324 

populations of generalist species are larger than populations of specialist species can be 325 

explained by several factors, such as larger available habitat patches, better connectivity 326 

between patches, or higher dispersal rates (Kattan 1992, Stireman 2005). In turn, higher 327 

genetic diversity in larger populations is in line with theoretical and empirical expectations  328 

(Soulé 1976, Frankham 1996). Our results thus suggest that the effect of specialization on 329 

genetic diversity results from demographic processes rather than evolutionary processes such 330 

as long-term differences in selection pressures. Indeed, we found that specialization had an 331 

effect on heterozygosity through population size, but not on quantitative genetic estimates: 332 

neutral markers are tightly linked to demography, migration, drift and mutation while 333 

selection is expected to shape variance of quantitative traits (Sgrò et al. 2011).  334 

The prediction that specialists should have in general lower evolutionary potential than 335 

generalists due to stronger and more consistent selection pressures was not confirmed by this 336 

study. So far, the empirical support for this hypothesis was limited, to our knowledge, to two 337 

local scale study in insects (Hagele & Rowell-Rahier 2000 and Kelley et al. 2000) and to 338 

experimental evolution in bacteria, as reviewed by Kassen (2002). Several reasons (outlined 339 
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 593 

Table S3  Estimators (Post.mean), confidence intervals (CI) and critical probabilities (Pc) for the fixed and random effects of the three mixed 594 

models corresponding to each estimator of evolutionary potential: heritability, CVa and Heterozygosity. For weakly informative priors. 595 

 Response var. Heritability CVa Heterozygosity 

 Effect Post.mean CI 95% pMCMC Post.mean CI 95% Pc Post.mean CI 95% pMCMC 

Fi
xe

d 

Intercept 0.050 -0.210/0.309 0.680 9.21 -1.63/20.1 0.088** 0.657 0.419/0.887 <10-5*** 

SSI 0.046 -0.023/0.117 0.139 0.740 -2.24/3.82 0.607 -0.003 -0.047/0.041 0.158 

Type of Trait : 

morphologique 
0.198 0.140/0.256 <10-5*** -7.77 -11.28/-4.24 2.10-5*** 

 
Calcul method : 

regression 
0.046 0.005/0.088 0.030* -1.40 -4.36/1.61 0.355 

R
an

do
m

 

Phylogeny 0.008 0.001/0.021 

 

13.7 1.01/39.7 

 

0.025 0.000/0.072  

Population 0.007 0.001/0.014 5.75 1.02/13.53 
 

Trait 0.021 0.015/0.027 18.74 8.18/30.12 

Residual 0.004 0.003/0.006 27.19 19.1/36.2 0.016 0.015/0.031  

 596 

 597 



Table S4  Estimators (Post.mean), confidence intervals (CI) and critical probabilities (Pc) for the fixed and random effects of the three mixed 598 

models corresponding to each estimator of evolutionary potential: heritability, CVa and Heterozygosity. For parameter expanded prior. 599 

 Response var. Heritability CVa Heterozygosity 

 Effect Post.mean CI 95% pMCMC Post.mean CI 95% Pc Post.mean CI 95% pMCMC 

Fi
xe

d 

Intercept 0.053 -0.162/0.270 0.579 9.59 -0.194/19.9 0.057. 0.695 0.411/0.980 <10-5*** 

SSI 0.044 -0.018/0.103 0.136 0.656 --2.05/3.37 0.583 -0.012 -0.078/0.052 0.704 

Type of trait : 

morphological 
0.198 0.142/0.255 <10-5*** -7.93 -11.2/-4.49 <10-5*** 

 Estimation 

method : 

regression 

0.048 0.007/0.090 0.022* --1.17 -4.05/1.74 0.426 

R
an

do
m

 

Phylogeny 0.004 0.000/0.017 

 

14.8 0.000/55.8 

 

0.007 0.000/0.026  

Population 0.005 0.000/0.013 2.03 0.000/7.81 
 

Trait 0.022 0.015/0.028 19.6 9.03/31.6 

Résidual 0.004 0.002/0.006 26.6 18.8/35.3 0.052 0.030/0.077  

 600 

 601 
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