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Abstract: Hybridization and subsequent genetic introgression are now known to be common 15 
features of the histories of many species, including our own. Following hybridization, selection 16 
often purges introgressed DNA genome-wide. While mate choice can limit hybridization in the 17 
first place, it is also known to play an important role in post-zygotic selection against hybrids, and 18 
thus the purging of introgressed DNA. However, this role is usually thought of as a direct one: a 19 
mating preference for conspecifics reduces the sexual fitness of hybrids, reducing the transmission 20 
of introgressed ancestry. Here, we explore a second, indirect role of mate choice as a post-zygotic 21 
barrier to gene flow. Under assortative mating, parents covary in their ancestry, causing ancestry 22 
to be “bundled” in their offspring and later generations. This bundling effect increases ancestry 23 
variance in the population, enhancing the efficiency with which post-zygotic selection purges 24 
introgressed DNA. Using whole-genome simulations, we show that the bundling effect can 25 
comprise a substantial portion of mate choice’s overall effect as a post-zygotic barrier to gene 26 
flow. We then derive a simple method for estimating the impact of the bundling effect from 27 
standard metrics of assortative mating. Applying this method to data from a diverse set of hybrid 28 
zones, we find that the bundling effect increases the purging of introgressed DNA by between 1.2-29 
fold (in a baboon system with weak assortative mating) and 14-fold (in a swordtail system with 30 
strong assortative mating). Thus, the bundling effect of mate choice contributes substantially to 31 
the genetic isolation of species. 32 
 33 
Significance statement: Interspecific hybridization is now known to be common, raising the 34 
question of how species are maintained in the face of gene flow. Mate choice can limit 35 
hybridization in the first place, and can also help purge introgressed DNA if hybrids have reduced 36 
mating success. Here, we explore a further, indirect role of mate choice as a barrier to gene flow. 37 
Under assortative mating, parents covary in their ancestry, and therefore “bundle” ancestry 38 
together in their offspring. This increases the population’s ancestry variance, allowing selection to 39 
purge introgressed DNA more efficiently. Using theoretical and empirical analyses, we show that 40 
the bundling effect of mate choice can greatly increase the purging of introgressed DNA, 41 
contributing substantially to the maintenance of separate species. 42 
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Introduction 43 
 44 
The preference for mating with conspecifics is an important barrier to gene flow between species 45 
[1]. In this capacity, mate choice can act pre-zygotically, preventing the formation of hybrid 46 
offspring, and post-zygotically, with hybrids being unattractive to the majority of potential mates 47 
[2-4]. Following admixture, post-zygotic factors can cause deleterious effects in hybrids, leading 48 
to selection against introgressed DNA. Alongside mate choice, these factors include 49 
incompatibility of genetic variants from the two parent species [5-7], maladaptation of introgressed 50 
alleles to the recipient species’ ecology [8], and higher genetic load in the donor species [9,10]. 51 
Recent evidence suggests that the deleterious effect of post-zygotic factors can often be spread 52 
across a large number of genomic loci [10-12] (e.g., ~1,000 loci for Neanderthal-human 53 
introgression [10]). 54 
 55 
When introgressed ancestry is deleterious at many loci throughout the genome, the rate at which 56 
it is purged by selection is proportional to the variance across individuals in how much introgressed 57 
DNA they carry [9,13,14] (Methods). In light of this, we reasoned that, while mate choice 58 
contributes directly to the purging of introgressed DNA in a given generation—via the reduced 59 
sexual fitness of hybrids—it can also contribute indirectly to purging in the next and later 60 
generations, by altering how introgressed DNA is packaged among offspring. Specifically, 61 
positive assortative mating “bundles” like-with-like ancestry in the formation of offspring, 62 
increasing population-wide ancestry variance in offspring and later generations [15,16] (Fig. 1). 63 
This increased ancestry variance enhances the efficiency with which post-zygotic selection of 64 
various kinds purges introgressed DNA in these later generations. Therefore, there exist two 65 
mechanisms by which mate choice acts as a barrier to gene flow between species: a direct, “sexual 66 
selection” mechanism and an indirect, “bundling” mechanism. 67 
 68 
Results 69 
 70 
To study the contribution of these two mechanisms to the genetic isolation of species, we 71 
considered a model in which a recipient and donor species experience a single pulse of admixture, 72 
resulting in a fraction of donor DNA admixing into the recipient species’ gene pool. Introgressed 73 
alleles at many loci are assumed to reduce viability in the recipient species, such that an individual 74 
with introgressed genomic fraction 𝐼 has relative viability fitness 1 − 𝐼𝑆, where 𝑆 is the strength 75 
of viability selection against introgressed ancestry. (This situation could arise, for example, if the 76 
donor species is poorly adapted to the recipient species’ local environment.)  77 
 78 
The bundling effect outlined above is a consequence of positive assortative mating, which can 79 
arise by a number of distinct mechanisms [17-20]. Later, we develop calculations to measure the 80 
importance of the bundling effect that are agnostic with respect to the mechanisms driving 81 
assortative mating, but for now we assume that assortative mating is induced by active mate choice. 82 
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While both males and females can exercise mate choice, for simplicity in our models, females are 83 
assumed to be the choosy sex (our results do not depend on this assumption). Mate choice occurs 84 
according to a fixed relative preference model [21] based on ancestry, with a female preferring to 85 
mate with males from the species that matches her majority ancestry. Specifically, if a female’s 86 
introgressed fraction is 𝐼!, then her probability of mating with a given male of introgressed fraction 87 
𝐼" is proportional to 88 

𝛼#$
!
"	&	'#($

!
"	&	'$(,   (1) 89 

where 𝛼 > 1 quantifies the overall strength of mate choice in the system. Thus, if a female is of 90 
100% recipient-species ancestry (𝐼! = 0), she prefers males of 100% recipient-species ancestry 91 
(𝐼" = 0) over fully hybrid males (𝐼" = 1/2) by a factor of 𝛼, and over 100% donor-species males 92 
(𝐼" = 1) by a factor of 𝛼). In contrast, fully hybrid females (𝐼! = 1/2) are indiscriminate in mate 93 
choice. We consider alternative specifications of mate choice later.   94 

 95 

 96 
 97 
Figure 1. Assortative mating bundles introgressed DNA together, increasing the efficiency 98 
with which it is purged by selection. Introgressed alleles initially appear in the population in 99 
perfect cis linkage disequilibrium (cis covariance) with one another; recombination subsequently 100 
breaks down these cis covariances over time. A mating preference for conspecifics generates 101 
positive ancestry correlations between mating pairs, so that offspring inherit maternal and paternal 102 
genomes that covary in their proportions of introgressed DNA—i.e., that covary “in trans”. These 103 
trans covariances are subsequently converted to new cis covariances, as covarying maternal and 104 
paternal genomes recombine into the same gametes. The result is that, relative to random mating, 105 
assortative mating causes introgressed DNA to become more densely concentrated in a smaller 106 
number of individuals. This “bundling” effect increases the variance across individuals in how 107 
much deleterious introgressed DNA they carry, and therefore increases the rate at which 108 
introgressed DNA is purged by selection. 109 
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We performed whole-genome simulations of this model [22], and observed rapid purging of 110 
introgressed ancestry following the initial admixture pulse (Fig. 2). This purging is due to (i) 111 
viability selection, (ii) sexual selection induced by the direct effect of mate choice, and (iii) the 112 
enhancement of (i) and (ii) by the bundling effect of mate choice. To isolate the contributions of 113 
mate choice’s sexual selection and bundling effects, we used simulation experiments to artificially 114 
eliminate the bundling effect while preserving the fitness consequences of mate choice for males. 115 
Each generation, we calculated the sexual fitness of every adult male under the model of mate 116 
choice described above (averaged over the population of adult females), and reassigned these 117 
sexual fitnesses to viability fitnesses that took effect in an additional round of viability selection. 118 
Mating pairs were then formed at random among surviving males and females. This procedure 119 
preserves the sexual selection effect of mate choice, since attractive males still enjoy the same 120 
higher fitness, but it eliminates the bundling effect of mate choice because the offspring generation 121 
is produced by random mating. 122 
 123 
We found that, in simulations with this unbundling procedure, substantially less introgressed DNA 124 
was purged than in simulations with unmanipulated mate choice. Consider the case displayed in 125 
Fig. 2A, where all loci are unlinked. In the absence of mate choice, the introgressed fraction would 126 
be reduced by viability selection alone from 20% to 16% after 25 generations (Fig. 2A). In the 127 
presence of mate choice, the introgressed fraction is in fact reduced to just 3%, so that the overall 128 
effect of mate choice is an additional 13 percentage points of purging. However, if we remove the 129 
bundling effect of mate choice, the additional purging across 25 generations is just 8.5 percentage 130 
points (Fig. 2A). Therefore, in this case, the bundling effect accounts for more than one third of 131 
mate choice’s overall effect. Put differently, viability selection would need to be 6.8-fold stronger 132 
to match the amount of purging after 25 generations under full mate choice, but only 4.5-fold 133 
stronger if the bundling effect of mate choice is removed (Fig. S1). Thus, bundling amplifies mate 134 
choice’s effect on the strength of selection against introgressed DNA by ~50% in this case. As 135 
expected, the contribution of bundling increases with the strength of assortative mating (Fig. S2). 136 
 137 
The results described above are for a highly stylized genome, where all loci are unlinked. To see 138 
if the bundling effect of mate choice can be important in more realistic genomes, we repeated our 139 
simulations using linkage maps for a high-recombination species (humans [23]) and a low-140 
recombination species (Drosophila melanogaster [24]) (Methods). We found that the bundling 141 
effect constitutes a large proportion of mate choice’s overall effect in the human case, and a smaller 142 
proportion in D. melanogaster (Fig. 2B). This implies that recombination plays an important role 143 
in the bundling effect, which in turn highlights a role for linkage disequilibria among introgressed 144 
alleles. 145 
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 147 
 148 
Figure 2. The bundling effect of mate choice is an important contributor to the genetic 149 
isolation of species.  A. In our model, introgressed ancestry is purged as a result of viability 150 
selection and sexual selection, and their enhancement by the bundling effect of mate choice. These 151 
three effects can be distinguished using simulation experiments that artificially preserve the sexual 152 
selection induced by mate choice but remove its bundling effect. In the absence of the bundling 153 
effect, the purging of introgressed ancestry (yellow line) is substantially slower and ultimately less 154 
profound than in the presence of the bundling effect (purple line). The simulations here assume 155 
that all loci are unlinked (𝑟 = 1/2), 𝛼 = 4, 𝑆 = 0.1, and an initial admixture proportion of 20%. 156 
The y-axis is log-scaled, so that trajectory slopes represent rates of purging.  B. The bundling effect 157 
contributes substantially to mate choice’s overall effect in cases of realistic recombination 158 
processes. Its contribution is especially large in the case of humans, a high-recombination species. 159 
 160 
The increase in the rate of purging due to the bundling effect derives from increased ancestry 161 
variance in the population caused by assortative mating (Fig. 3A). In our unbundling simulations, 162 
which impose random mating, the population ancestry variance—normalized for the overall 163 
proportion of introgressed ancestry—matched that observed in simulations without mate choice 164 
(Fig. 3A). In contrast, when the bundling effect of mate choice is preserved, the ancestry variance 165 
substantially exceeds this random-mating expectation (Fig. 3A). 166 
 167 
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 168 
 169 
Figure 3. The bundling effect of mate choice increases ancestry variance by generating 170 
ancestry covariance between and within maternally and paternally inherited genomes.  171 
Evolution of the population’s overall ancestry variance, trans-covariance, and cis-covariance, 172 
under the three scenarios of no mate choice, full mate choice, and mate choice with its bundling 173 
effect removed. Since introgressed ancestry is purged at different rates in the three cases, and since 174 
the overall introgressed fraction 𝐼* influences the range of possible ancestry variances and 175 
covariances, we normalize each variance and covariance trajectory by the variance expected from 176 
the introgressed fraction alone, absent any linkage disequilibria: 𝐼*(1 − 𝐼*).  A. Recombination 177 
rapidly breaks down the initial ancestry variance in the population. The decay of the variance is, 178 
however, substantially slower with mate choice (purple line) than without mate choice (blue line). 179 
This increased variance is due to mate choice’s bundling effect: the normalized trajectory under 180 
mate choice with its bundling effect removed is the same as that under no mate choice.  B. One 181 
component of the increased variance caused by the bundling effect is due to ancestry covariances 182 
across maternally and paternally inherited genomes, which arise because mate choice causes 183 
mating pairs to have correlated ancestries. Without mate choice, or with its bundling effect 184 
removed, the trans covariance is zero (except in the first generation where individuals are all of 185 
one species or the other).  C. The second component of the bundling effect is its effect on ancestry 186 
covariances within haploid genomes. Cis covariances are initially large in all scenarios (since 187 
introgressed alleles appear in the population in perfect linkage disequilibrium), but they are rapidly 188 
broken down over time by recombination. Mate choice decelerates this decay, by generating trans 189 
covariances which recombination converts into cis covariances. Parameters as in Fig. 2A. 190 
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We formalized this intuition by decomposing the overall population ancestry variance into three 191 
components (Methods): (1) a small component due to heterozygosity at different loci; (2) a 192 
component due to ancestry covariance between individuals’ maternally and paternally inherited 193 
genomes (trans-linkage disequilibrium, or trans-LD; Fig 1); (3) a component due to ancestry 194 
covariance within individuals’ maternally and paternally inherited genomes (cis-linkage 195 
disequilibrium, or cis-LD; Fig 1). (These covariances have been given various names in the 196 
literature, e.g., gametic phase disequilibrium for cis-LD and non-gametic LD for trans-LD [25]. 197 
The sum of cis- and trans-LD has been referred to as “composite” LD [25].) In the first generation 198 
after admixture, all introgressed alleles have been inherited from donor-species parents, and 199 
therefore lie in perfect cis-LD with one another. Recombination breaks down this initial cis-LD 200 
quickly over subsequent generations (Fig. 3C), reducing ancestry variance and thus slowing the 201 
rate of purging (e.g., [9,14]). If mating were random, trans-LD would be zero in all generations 202 
after the initial admixture event (Fig. 3B), and so the rate of decay of overall ancestry variance 203 
would depend only on the changing frequencies of introgressed alleles (component 1 above) and 204 
the reduction in their cis-LD by recombination (component 3).The bundling effect of mate choice 205 
impedes the decay of ancestry variance in two ways: by generating trans-LD (component 2; Fig. 206 
3B) and by slowing down the decay of cis-LD (component 3; Fig. 3C).  207 
 208 
The “trans channel” of the bundling effect is a direct consequence of mate choice: mating pairs 209 
have disproportionately similar ancestry, so offspring inherit maternal and paternal genomes with 210 
correlated ancestry—i.e., trans-LD (Fig. 1, S3). While the degree of trans-LD in a given 211 
generation, and thus the strength of the trans channel, does not depend on recombination in the 212 
previous generation, the “cis channel” is driven largely by recombination converting trans-LD 213 
from the previous generation into cis-LD (Fig. 1) (as shown in previous models of mate choice 214 
[26-28]).  215 
 216 
Our results thus far have excluded sex chromosomes, which are of particular interest as they are 217 
enriched for genes involved in mate choice [29] and show distinct patterns of cis-LD and trans-218 
LD in models of sexual selection [28,30]. Incorporating sex chromosomes into our model, we first 219 
consider the case where there is autosomal recombination in the heterogametic sex. In this case, 220 
sex chromosomes tend to purge introgressed ancestry at a higher rate than autosomes (Fig. S4A,B), 221 
because sex chromosomes do not recombine in the heterogametic sex and therefore maintain 222 
longer, more deleterious introgressed linkage blocks than autosomes [14]. Interestingly, we find 223 
that Z chromosomes (in female-heterogametic taxa, such as birds) purge more introgressed DNA 224 
than X chromosomes (in male-heterogametic taxa, such as mammals) (Fig. S4), with the 225 
importance of the bundling effect concomitantly larger for Z chromosomes. This difference can 226 
be explained by the fact that, under an even sex ratio, two thirds of Z chromosomes each generation 227 
are in males, on whom selection against introgressed ancestry is stronger than in females because 228 
of the additional effect of sexual selection. In contrast, under male heterogamety, two thirds of X 229 
chromosomes are in females, on whom selection against introgressed ancestry is weaker.  230 
 231 
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Consistent with this logic, when we consider the case where there is no autosomal recombination 232 
in the heterogametic sex (as in male Drosophila and female Lepidoptera), we find that the X 233 
chromosome purges less introgressed DNA than the autosomes, while the Z chromosome purges 234 
more. In this case, the X and Z chromosomes recombine more than the autosomes because they 235 
spend two thirds of the time in the recombining sex (versus one half for autosomes). This promotes 236 
slower purging of introgressed ancestry [14]. Counteracting this force in female-heterogametic 237 
systems, the Z chromosome spends more time than autosomes do in the more strongly selected sex 238 
(males); in contrast, the X chromosome spends less time in the more strongly selected sex.  239 
 240 
Our model assumes female mate choice. While male mate choice is known to play an important 241 
role in many systems [31], sexual selection tends to be stronger for males than for females [32]. 242 
Therefore, all else equal, our results show that the influence of mate choice—and concomitantly 243 
its bundling effect—on the purging of sex-linked introgressed ancestry is stronger in female-244 
heterogametic species than in male-heterogametic species.  245 
 246 
Throughout, we have assumed a simple model in which genome-wide ancestry determines the 247 
mating preferences of females, the attractiveness of males, and viability. In a genetically more 248 
realistic model, separate loci would underlie these three distinct traits. To check that our results 249 
are robust to consideration of this more realistic scenario, we augmented our model to include 250 
female preference loci, male trait loci, and loci at which introgressed alleles reduce viability. We 251 
found that the degree of purging of introgressed ancestry and the importance of mate choice’s 252 
bundling effect were similar to our baseline simulations (Fig. S5). This can be explained by the 253 
fact that most purging of introgressed DNA happens extremely quickly after admixture [9,14], 254 
before the preference, trait, and ancestry loci have a chance to become fully dissociated by 255 
recombination. 256 
 257 
We have considered a particular model of assortative mating in which a female prefers to mate 258 
with males of the species matching her majority ancestry. In an alternative model, a female most 259 
prefers males with the same ancestry as her [33], which might occur, for example, when mating is 260 
based on matching a polygenic trait like body size [34]. Under this model of assortative mating 261 
(Methods), we find that the relative importance of the bundling effect is even greater than under 262 
our baseline “preference for conspecifics” model (Fig. S6B). This is because, in a model where 263 
hybrid females prefer hybrid males, the ancestry covariance among mating pairs (and therefore the 264 
trans-LD in offspring) is especially large. However, despite the increased importance of the 265 
bundling effect in this model, introgressed ancestry is not purged at an especially high rate (Fig. 266 
S6B), because hybrid males are not of especially low fitness—being favored in mating by hybrid 267 
females [33]. Similar results are observed for “sexual imprinting” models in which a female prefers 268 
to mate with males who have similar ancestry fractions to her father (Fig. S6C) or mother (Fig. 269 
S6D) [35,36]. 270 
 271 
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Thus far, we have considered only additive viability selection against introgressed ancestry. An 272 
alternative possibility is that the deleterious viability effects of introgressed alleles are largely 273 
recessive [9]. In that case, we might predict the bundling effect of mate choice—and in particular 274 
its trans channel—to have an especially large influence on the rate of purging of introgressed 275 
ancestry, as it generates an excess of homozygosity. In fact, in simulations of this scenario, we 276 
observe only a modest increase in the importance of the bundling effect (Fig. S7) relative to the 277 
additive case. The reason is that the overall influence of the trans channel is dominated by its effect 278 
on the 𝐿(𝐿 − 1) ≈ 𝐿) possible trans associations across locus pairs, rather than its effect on the 𝐿 279 
possible within-locus trans associations (for which dominance is relevant) [37]. 280 
 281 
Another possible model of selection against introgression is that introgressed alleles reduce 282 
viability because of deleterious epistatic interactions with recipient-species alleles [5,6]. By 283 
promoting the association of like-with-like ancestry, assortative mating is expected to reduce the 284 
efficiency of selection against such cross-species Dobzhansky-Muller incompatibilities (DMIs). 285 
In the presence of other forms of selection against introgressed ancestry (e.g., sexual selection 286 
induced by mate choice), the overall impact of the bundling effect will depend on whether these 287 
other forms of selection outweigh selection against introgressed ancestry due to DMIs. Consistent 288 
with this logic, when we alter our model to include a large number of DMIs and begin our 289 
simulations with an introgressed fraction near 1/2 (so that sexual selection against introgressed 290 
ancestry is initially weak), we find that the purging of introgressed ancestry is initially slowed by 291 
ancestry bundling, as assortative mating reduces the efficiency of selection against incompatible 292 
introgressed alleles (Fig. S8). However, as the introgressed fraction declines and sexual selection 293 
against introgressed ancestry intensifies, the bundling effect switches to accelerating the purging 294 
of introgressed ancestry (Fig. S8). It has been argued that persistent introgression of donor-species 295 
alleles should often cause the recipient-species alleles with which they are incompatible to be 296 
eliminated by selection, collapsing the post-zygotic barrier to gene flow [38,39]. By accelerating 297 
the wholesale purging of introgressed alleles, the bundling effect can dampen their impact on the 298 
frequencies of recipient-species incompatible alleles, promoting the maintenance of 299 
incompatibility-based post-zygotic barriers and thus species boundaries.  300 
 301 
The strength of ancestry-based assortative mating can be quantified by the correlation coefficient 302 
of ancestry proportion between mates, 𝜌. In the Methods, we show that, if the ancestry correlation 303 
among mating pairs is 𝜌, then the bundling effect causes a factor 1 + 𝜌 more introgressed ancestry 304 
to be purged in the generation immediately following assortative mating, and a factor ~1/(1 − 𝜌) 305 
more introgressed ancestry to be purged in the long run. The latter calculation relies on some 306 
potentially unrealistic assumptions, notably that selection does not alter ancestry variance 307 
appreciably within each generation, but we may conservatively treat 1 + 𝜌 and 1/(1 − 𝜌) 308 
respectively as lower and upper bounds for the overall impact of the bundling effect. 309 
 310 
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The most direct way to measure 𝜌 is to estimate the ancestry proportions of mates. This requires 311 
detailed knowledge of mating pairs. One system where this is possible is the long-term study of 312 
baboons in Kenya’s Amboseli basin [40]. There, yellow baboons (Papio cynocephalus) and anubis 313 
baboons (P. anubis) hybridize [40,41], and genomic analyses indicate that the minor anubis 314 
ancestry has been purged over time [42]. Tung et al. [43] used long-term observations of mating 315 
behavior in this system to investigate the determinants of mating success and mate pair 316 
composition, revealing ancestry-based assortative mating. Using data from Tung et al. [43], we 317 
calculate an ancestry correlation of 𝜌 = 0.195 among putative mating pairs (Methods; Fig. S9A). 318 
If anubis ancestry is deleterious, this estimate translates to a ~20-24% increase in the purging of 319 
anubis ancestry due to the bundling effect. 320 
 321 
Even in cases where mating is not observed, 𝜌 can still be measured by estimating the ancestry 322 
fractions of mothers and offspring. In a hybrid population of the swordtail fishes Xiphophorus 323 
birchmanni and X. cortezi in Hidalgo, Mexico, genomic evidence suggests that the minor-parent 324 
ancestry (birchmanni) is deleterious to individuals of predominantly major-parent ancestry 325 
(cortezi) [44]. Powell et al. [45] measured mother-offspring ancestry differences to infer paternal 326 
ancestry, finding evidence for strong ancestry-based assortative mating in this system (consistent 327 
with other swordtail systems [46,47]). Using the mother-offspring data of Powell et al. [45], we 328 
calculate an ancestry correlation among mating pairs of 𝜌 = 0.928 (Methods; Fig. S9B). This 329 
estimate corresponds to a ~2-14 fold increase in the purging of introgressed ancestry, revealing 330 
that in systems with strong but imperfect premating isolation, any ancestry that does introgress 331 
across the pre-zygotic barrier will experience much more rapid post-zygotic purging because of 332 
the bundling effect of mate choice. 333 
 334 
Finally, to obtain a broad sense of the quantitative importance of the bundling effect, we turn to a 335 
meta-analysis of assortative mating in avian hybrid zones, which found an average correlation 336 
coefficient between mates of 0.44 [33,48] (Methods). Substituting this value into our calculations 337 
above, we estimate that the bundling effect of mate choice increases the purging of introgressed 338 
DNA by 44-80%.  339 
 340 
 341 
Discussion 342 
 343 
When two species come into secondary contact and hybridize, DNA introgressed from one species 344 
into the other is often deleterious in the recipient species’ genomic and environmental backgrounds 345 
at many loci across its genome, and is therefore purged over time by selection [49]. This purging 346 
inhibits the genomic collapse of the two species into one. Here, we have shown that mate choice, 347 
in addition to the direct effects it can have in reducing gene flow between species—i.e., limiting 348 
hybridization and reducing the sexual fitness of hybrids—also has an important indirect effect. By 349 
inducing assortative mating, mate choice “bundles” introgressed ancestry in offspring and later 350 
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generations, increasing ancestry variance in the population and thus improving the efficiency with 351 
which selection purges deleterious introgressed DNA. We have used simulations, analytical 352 
calculations, and empirical measurements from natural hybrid systems to show that this indirect 353 
“bundling” effect can account for a substantial portion of mate choice’s overall effect as a barrier 354 
to gene flow. 355 
 356 
Positive assortative mating can be generated through a variety of mechanisms, including active 357 
preference-trait mate choice, physiological constraints on the compatibility of mates, and spatial 358 
or temporal segregation of the population [17-20], with important consequences for the speciation 359 
process [20, 50]. In our simulations, we modeled assortative mating as arising from an active 360 
preference for mating with conspecifics. We found that the importance of the bundling effect was 361 
relatively insensitive to behavioral and genetic details of the preference-trait system, as long as the 362 
preference and trait were sufficiently polygenic. This suggests that our results should extend to 363 
other kinds of mate choice, active or not. 364 
 365 
While our simulations employed specific models of mate choice, our analytical calculations 366 
revolve around a general metric for assortative mating: the ancestry correlation between mates, 𝜌. 367 
These calculations therefore apply broadly to any system of assortative mating, regardless of the 368 
underlying mechanism. We applied these calculations to two empirical situations where 𝜌 could 369 
be estimated. We found, in a swordtail system with extremely strong assortative mating, that the 370 
bundling effect might greatly enhance the purging of alleles that introgress across the strong pre-371 
zygotic barrier. In a baboon system with weaker assortative mating, we found that the bundling 372 
effect might increase the amount of purging by as much as 20-25%. As the corpus of genomic data 373 
from hybrid zones and other systems of introgression continues to grow, measurements of 𝜌 from 374 
diverse taxa will become available, allowing for a broad view of the importance of the bundling 375 
effect in the purging of introgressed ancestry.  376 
 377 
In the scenario we considered, there is a fitness cost to individuals with hybrid ancestry, which the 378 
bundling effect exacerbates. In the particular models of mate choice that we simulated, mate choice 379 
also led to hybrid individuals suffering a further reduction in fitness due to sexual selection, being 380 
disfavored in mate choice by all or the majority of the population. In contrast, other systems of 381 
mate choice could favor individuals with hybrid ancestry, if the number of matings they lose from 382 
their major ancestry population is more than compensated for by the number of matings they gain 383 
from their minor ancestry population. However, importantly, the operation of the bundling effect 384 
does not depend on the assumption that hybrids suffer reduced sexual fitness—as long as they 385 
suffer a net fitness cost overall, the bundling mechanism will enhance selection against hybrid 386 
ancestry. Indeed, as revealed in our simulations, the overall effect of mate choice can, in general, 387 
be partitioned into a direct sexual selection effect and the bundling effect, which is therefore 388 
separable in principle from any sexual selection induced by mate choice.  389 
 390 
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In some situations, however, mate choice can actually facilitate gene flow between species, for 391 
example, if it increases the sexual fitness of hybrids and does so sufficiently to compensate for 392 
their reduced fitness due to natural selection. For example, there are a number of cases where 393 
sexual selection has favored the asymmetric introgression of display traits across species 394 
boundaries [51,52]. Additionally, the introgression of preference alleles from one population into 395 
the other can facilitate the subsequent introgression of the preferred trait via sexual selection [53-396 
55]. Such scenarios involve more complicated dynamics than we have modeled, including 397 
situations where selection favors introgression of certain parts of the genome but not others. It 398 
would be interesting to understand how ancestry bundling induced by assortative mating affects 399 
these dynamics. 400 
 401 
Under the scenario of polygenic selection against introgressed DNA, most purging occurs—and 402 
many of the genomic signatures of introgression are set up—in the first few generations after initial 403 
hybridization, when introgressed blocks are large and variably sized [9,14,49]. The influence of 404 
the bundling effect is concomitantly most acute in these early generations (Fig. 2, 3). These 405 
observations suggest that we can learn about the long-term consequences of hybridization—and 406 
how these consequences are affected by factors such as the recombination process and the mating 407 
system—from the synthesis of theory and empirical field studies of the viability and mating 408 
success of early generation hybrids.   409 
 410 
 411 
Conclusion 412 
 413 
Models of speciation with gene flow, and the maintenance of species after secondary contact, have 414 
revealed these processes to be highly sensitive to the degree of gene flow between the species 415 
involved [1,17,50,56]. Any mechanism that reduces gene flow between species therefore can 416 
contribute meaningfully to their isolation. We have shown that the bundling effect of mate choice 417 
can substantially accelerate the purging of introgressed DNA. By thus reducing gene flow, the 418 
bundling effect could play an important role in the genetic isolation of hybridizing species. 419 

420 
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Materials and methods: 421 
 422 
Admixture pulse. 423 
 424 
The model organism is a diploid sexual with a genome of length 𝐿 = 1,000 loci. In our 425 
simulations, the “recipient species” population is of size 𝑁 = 100,000, and experiences a sudden 426 
pulse of introgression such that a fraction 𝐼+ = 0.2 of the generation-0 population are of 100% 427 
donor species ancestry. Using the SLiM 3.3 simulation software [22], we track the overall 428 
introgressed fraction in subsequent generations, 𝐼*. The results displayed in the figures are averages 429 
across 100 trials.  430 
 431 
Viability selection. 432 
 433 
Introgressed alleles across the genome reduce viability in the recipient species, with the deleterious 434 
effect equal and additive across and within loci. Thus, if a fraction 𝐼 of an individual’s diploid 435 
genome is introgressed, the individual’s viability is 1 − 𝐼𝑆, where 𝑆 is the strength of selection. In 436 
our simulations, 𝑆 = 0.1. 437 
 438 
Mate choice. 439 
 440 
In our initial model, females engage in mate choice based on ancestry. All the models of mate 441 
choice that we consider are fixed relative preference models [21]: each adult female has a strength 442 
of preference for every adult male in the population, and chooses to mate with a given male with 443 
probability proportional to her strength of preference for him. The expected number of matings is 444 
the same for each adult female, so that only viability selection operates among females. In contrast, 445 
some males have a higher expected number of matings than others, so that both viability and sexual 446 
selection operate in males. Our baseline “preference for conspecifics” model for the strength of a 447 
female’s mating preference is 448 
 449 

𝛼#$
!
"&'#($

!
"&'$(, 450 

 451 
where is 𝐼! is the female’s introgressed fraction, 𝐼" is the male’s introgressed fraction, and 𝛼 is the 452 
overall strength of mating preferences in the population. In the simulations displayed in the Main 453 
Text, 𝛼 = 4; we explore various values of 𝛼 in Fig. S2. 454 
 455 
The first alternative assortative mating model that we consider (Fig. S6B) is 456 
 457 
𝛼&),'#&'$,. 458 
 459 
The “sexual imprinting” models that we consider (Fig. S6C,D) are 460 
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 461 
𝛼&),'%&'()*&'$,, 462 
 463 
where 𝐼-./01* is the introgressed fraction of the female’s father (Fig. S6C) or mother (Fig. S6D). 464 
 465 
The rate of purging is proportional to the population ancestry variance. 466 
 467 
Treating the ancestry proportion of an individual as a phenotype, the change in mean ancestry (𝐼*) 468 
from one generation to the next can be written, using the breeder’s equation, as 469 
 470 
𝐼*23 − 𝐼* = 𝛽𝑉*	, 471 
 472 
where 𝑉* is the variance in ancestry proportion across individuals, as the ancestry proportion is a 473 
perfectly additive phenotype, and 𝛽 is the directional selection gradient on ancestry. Under our 474 
additive model of viability selection against introgression, with no mate choice, 𝛽 = − 4'*

3&4'*
≈475 

−𝑆𝐼* [14], and so the decrease in introgressed ancestry is proportional to the variance in ancestry 476 
proportion. Under more complex models of selection, e.g., viability selection due to Dobzhansky-477 
Muller incompatibilities and sexual selection due to ancestry-based mate choice, our selection 478 
gradient would no longer take this simple form. However, the selection gradient can always be 479 
empirically calculated as the slope of fitness regressed on individual ancestry proportion; it will 480 
then naturally include fitness components due to mate choice and may depend on the ancestry 481 
composition of the population. The breeder’s equation will always predict the change in mean 482 
ancestry in the next generation as the product of the selection gradient and the population variance 483 
in ancestry. Thus, in a generation, we can always conceptualize the effect of mate choice in terms 484 
of its effect on ancestry variance and its effect on the strength of directional selection.      485 
 486 
Decomposition of the population variance in ancestry. 487 
 488 
An individual’s introgressed fraction 𝐼 can be decomposed into maternal (m) and paternal (p) 489 
contributions: 490 
 491 
𝐼 = 3

)
(𝐼" + 𝐼-) = 3

)
=3
5
∑ 𝑖6"5
673 + 3

5
∑ 𝑖6-5
673 @ = 3

)5
∑ (𝑖6" + 𝑖6-)5
673 , 492 

 493 
where 𝐼" and 𝐼- are the introgressed fractions of, respectively, the maternally and paternally 494 
inherited genomes of the individual, and 𝑖6" and 𝑖6- are indicator variables for whether the 495 
maternally and paternally inherited alleles at locus 𝑙 are introgressed.  496 
 497 
The ancestry variance across all individuals is 498 
 499 
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𝑉𝑎𝑟(𝐼) = 3
#
C 3
5"
∑ 𝑉𝑎𝑟(𝑖6")5
673 + 3

5"
∑ 𝑉𝑎𝑟(𝑖6-)5
673 + 3

5"
∑ 𝐶𝑜𝑣(𝑖6", 𝑖6+

")686+ +500 
3
5"
∑ 𝐶𝑜𝑣(𝑖6-, 𝑖6+

-)686+ + 2𝐶𝑜𝑣(𝐼", 𝐼-)G.		       (1) 501 
 502 
The term 𝐶𝑜𝑣(𝐼", 𝐼-) in Eq. (1) is the ancestry covariance between maternally and paternally 503 
inherited genomes, i.e., the overall trans-linkage disequilibrium (trans-LD). The terms 504 
3
5"
∑ 𝐶𝑜𝑣(𝑖6", 𝑖6+

")686+  and 3
5"
∑ 𝐶𝑜𝑣(𝑖6-, 𝑖6+

-)686+  in Eq. (1) are the ancestry covariances within 505 
maternal and paternal genomes, i.e., the cis-linkage disequilibrium (cis-LD). In the absence of 506 
trans-LD and cis-LD, ancestry variance would simply be a function of the allele frequencies at 507 
different loci: 3

#5"
[∑ 𝑉𝑎𝑟(𝑖6")5

673 + ∑ 𝑉𝑎𝑟(𝑖6-)5
673 ] in Eq. (1).  508 

 509 
The variance, trans-LD, and cis-LD values displayed in Fig. 3 were calculated as above, and 510 
normalized by dividing through by a factor of 𝐼*	(1 − 𝐼*)	, where 𝐼* = 𝐸[𝐼] is the population’s 511 
introgressed fraction in generation 𝑡. This normalization accounts for the fact that the variances 512 
and covariances scale with the overall frequency of introgressed ancestry; under this 513 
normalization, the overall variance, trans-LD, and cis-LD are the same for the “no mate choice” 514 
and “mate choice with bundling removed” cases in Fig. 3, despite introgressed ancestry being 515 
purged at a higher rate in the latter case owing to the additional effect of sexual selection.  516 
 517 
Sex chromosomes. 518 
 519 
In the configurations of our model that involve sex chromosomes, the ancestry fraction of a 520 
heterogametic individual is calculated as 𝐼	 = (𝐴𝐼9 + 𝑋𝐼:)/(𝐴 + 𝑋), where A and X are the 521 
autosomal and X-linked (or Z-linked) fractions of total haploid genome length, respectively, and 522 
𝐼9 and 𝐼: are the individual’s autosomal and X-linked introgressed fractions. Notice that, in 523 
treating the hemizygous X equivalently to the autosomes in this calculation, we are assuming full 524 
dosage compensation. For the stylized genomes we consider in Fig. S4, 𝐴 = 𝑋 = 1/2.  525 
 526 
Recombination maps. 527 
 528 
Loci were assumed to be spaced evenly along the physical (bp) genome. For stylized 529 
recombination processes, we assumed that all loci were unlinked (e.g., Figs. 2A, 3) or that the rate 530 
of recombination between adjacent locus pairs on the same chromosome was constant (Fig. S4). 531 
In the case of realistic recombination processes (Fig. 2B), we interpolated empirical linkage maps 532 
along our evenly spaced loci. For humans, we used the male and female maps generated by Kong 533 
et al. [23]; for D. melanogaster, we used the female linkage map produced by Comeron et al. [24]. 534 
We ignored crossover interference in our simulations. 535 
 536 
 537 
 538 
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Dobzhansky-Muller incompatibilities. 539 
 540 
We considered only pairwise Dobzhansky-Muller incompatibilities (DMIs) between donor and 541 
recipient species alleles (i.e., no higher-order epistasis). Our simulations involved 𝐿 = 1,000 loci, 542 
harboring 𝐷 = 100 non-overlapping DMI locus pairs, and 800 “ancestry loci”. 543 
 544 
Suppose that the incompatible alleles at loci 𝑙3 and 𝑙) are A and B, with a and b being the alternative 545 
alleles at these loci, respectively. We considered two dominance cases for our DMIs [57]. In the 546 
first case, all DMIs are of intermediate epistatic dominance, so that the genotypes AaBb, AABb, 547 
AaBB, and AABB suffer viability reductions 𝑠/2, 3𝑠/4, 3𝑠/4, and 𝑠. In the second case, all DMIs 548 
are epistatically fully recessive, so that only the genotype AABB suffers a viability reduction, of 549 
relative size 𝑠. In our simulations, 𝑠 = 0.02, with fitness effects combining multiplicatively across 550 
DMIs. While viability selection in this model is based on epistasis across the 𝐷 DMI locus pairs, 551 
mate choice is based on ancestry at all 𝐿 loci. 552 
 553 
If introgressed ancestry were to start at a low frequency, it would be strongly disfavored in mate 554 
choice, and sexual selection based on overall ancestry would overwhelm viability selection based 555 
on DMIs. In this case, the trajectories would resemble those for additive viability selection, as 556 
considered elsewhere in this paper. Therefore, to better isolate the role of DMIs themselves, we 557 
begin our simulations with a high fraction of introgressed ancestry (47.5%). In this case, sexual 558 
selection against introgressed ancestry is initially weak and most selection is due to DMIs. We 559 
track the overall fraction of introgressed ancestry through time, as well as the fraction of 560 
introgressed alleles at loci where the introgressed allele is involved in an incompatibility. 561 
 562 
Separate preference, trait, and ancestry marker loci. 563 
 564 
In the simulations that distinguished the loci underlying the female preference, the sexually 565 
selected male trait, and ancestry/viability fitness, we considered two architectures: (i) 𝑃 = 100 566 
preference loci, 𝑇 = 100 trait loci, and 𝐴 = 800 ancestry loci; (ii) 𝑃 = 10 preference loci, 𝑇 =567 
10 trait loci, and 𝐴 = 980 ancestry loci. The strength of a female’s preference for a male was 568 
calculated as 569 
 570 

𝛼#;
!
"	&	
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",<$

!
"	&	
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 572 
where 𝑃! is number of introgressed preference alleles carried by the female and 𝑇" is the number 573 
of introgressed trait alleles carried by the male. Both viability fitness and the overall introgressed 574 
fraction were determined according to the fraction of introgressed alleles at ancestry loci.    575 
 576 
 577 
 578 
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Relating ancestry correlations between mates to increased population variance. 579 
 580 
Since there are many more locus pairs than individual loci (~𝐿) vs. 𝐿) and introgressed alleles 581 
initially appear in perfect cis-LD with one another, the initial population ancestry variance, 𝑉+, is 582 
almost entirely tied up in cis-LD between introgressed alleles, with heterozygosity at the 𝐿 583 
individual loci in the genome contributing negligibly. For the same reason, the ancestry variance 584 
in generation 𝑡 can be written as a sum of the total cis-LD and the total trans-LD: 585 
 586 
𝑉* 	= 	𝐶* + 𝑇*. 587 
 588 
We will assume that all loci are unlinked (𝑟 = 1/2), which, for our purposes (short timescales), is 589 
approximately the case for most species [58,59]. In the construction of generation 𝑡 + 1, 590 
recombination reduces the cis-LD from generation 𝑡 by a factor of 1/2 and converts the trans-LD 591 
in generation 𝑡 to new cis-LD at rate 1/2. If assortative mating among generation-𝑡 parents 592 
generates an ancestry correlation between mates of 𝜌, then an amount 𝜌𝑉*/2 of trans-LD is present 593 
in generation 𝑡 + 1 (e.g., [27]). Therefore, 594 
 595 
𝑉*23 	= 	𝐶*23 + 𝑇*23 =

=*
)
+ >*

)
+ ?@*

)
= 32?

)
𝑉*.      (2) 596 

 597 
The amount of introgressed DNA purged in generation 𝑡 is 598 
 599 
𝐼* − 𝐼*23 =

4'*
3&4'*

𝑉*,          (3) 600 

 601 
where 𝐼* is the introgressed fraction in generation 𝑡 and 𝑆 is the overall strength of selection against 602 
introgressed ancestry [14]. In the absence of assortative mating (𝜌 = 0), 𝑉S*23 =

3
)
𝑉*. The amount 603 

of introgressed DNA purged in generation 𝑡 + 1, given assortative mating in generation 𝑡, is 𝐼*23 −604 
𝐼*2) =

4'*.!
3&4'*.!

𝑉*23 =
4'*.!

3&4'*.!

32?
)
𝑉*, while the amount that would have been purged in the absence 605 

of the bundling effect of mate choice (same 𝑆 but 𝜌 = 0) is 𝐼*23 − 𝐼T*2) =
4'*.!

3&4'*.!
𝑉S*23 =606 

4'*.!
3&4'*.!

3
)
𝑉*. Therefore, the additional amount of introgressed DNA that is purged in generation 𝑡 +607 

1 because of ancestry bundling induced by assortative mating in generation 𝑡 is 608 
 609 
(𝐼*23 − 𝐼*2)) − (𝐼*23 − 𝐼T*2)) =

4'*.!
3&4'*.!

?
)
𝑉*, 610 

 611 
so that the bundling effect has increased purging by a factor of  612 
 613 
('*.!&'*.")&('*.!&'C*.")

'*.!&'C*."
= 𝜌.         (4) 614 
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 615 
To understand how such effects compound over generations, we assume that natural and sexual 616 
selection are weak, such that nearly all dissipation of variance is due to recombination rather than 617 
selection. We further assume that the ancestry correlation within mating pairs is a constant value 618 
𝜌 each generation. Under these assumptions, we may iterate Eq. (2), yielding 619 
 620 

𝑉* = =32?
)
@
*
𝑉+.          (5) 621 

 622 
The amount of introgressed DNA purged in generation 𝑡 is 623 
 624 
𝐼* − 𝐼*23 =

4@*'*
3&4'*

≈ 𝑆𝑉*𝐼*, 625 

 626 
since 𝑆 is assumed to be small. The total proportion of introgressed ancestry purged up to 627 
generation 𝑡 can therefore be written 628 
 629 
'/&'*
'/

= ('/&'!)2('!&'")2	…	2('*0"&'*0!)2('*0!&'*)
'/

 	630 

									= 4@/'/24@!'!2	...24@*'*
'/

.  631 

  632 
Since selection is assumed to be weak, 𝐼* changes slowly, so that 633 
 634 
'/&'*
'/

≈ 4@/'/24@!'/2	...24@*'/
'/

= 𝑆(𝑉+ + 𝑉3+	. . . +𝑉*).      (6) 635 

 636 
In the presence of mate choice, we substitute (5) into (6) to find 637 
 638 
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32?
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32?
)
@
)
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32?
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*
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 640 
while, in the absence of the bundling effect of mate choice (same 𝑆 but 𝜌 = 0), the total proportion 641 
of introgressed ancestry purged up to generation 𝑡 would instead be 642 
 643 
'/&'*
'/

≈ 2𝑆𝑉+ =1 −
3
)*
@.          (8) 644 

 645 
The excess fraction of purging due to the bundling effect of mate choice is therefore given by 646 
[Eq.(7) – Eq.(8)] / Eq.(8): 647 
 648 
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 650 
As 𝑡 grows large, and assuming 𝜌 < 1, this expression converges to 𝜌/(1 − 𝜌). Thus, eventually, 651 
overall purging has been increased by a factor of  652 
 653 
1 + 𝜌/(1 − 𝜌) = 1/(1 − 𝜌).         (9) 654 
 655 
When selection is strong, ancestry variance will decay not only because of recombination, but 656 
because of selection as well; this will act to diminish the effect of assortative mating in decelerating 657 
the decay of ancestry variance. 658 
 659 
Empirical examples. 660 
 661 
Hybrid zone between yellow and anubis baboons. In this hybrid zone, rank and other social 662 
factors have been shown to play an important role in mate choice [43]. In addition, Tung et al. [43] 663 
found that males with more anubis ancestry are favoured in mate choice overall, and that there is 664 
also ancestry-based assortative mating. If, as genomic evidence suggests [42], the minor parent 665 
ancestry (anubis) has historically been deleterious in this population, then our calculations above 666 
imply that it is the ancestry correlation coefficient within mating pairs that determines the impact 667 
of ancestry bundling on the purging of anubis ancestry. In particular, while there is a directional 668 
mating advantage of anubis ancestry, this is part of overall direct selection on ancestry, and 669 
therefore included in the selection gradient along with other factors, while assortative mating 670 
increases ancestry variance (see section “The rate of purging is proportional to the population 671 
ancestry variance” above). 672 
 673 
To calculate the correlation coefficient among putative mating pairs, we filtered the data of Tung 674 
et al. [43] to include only those male-female pairs where consortship behaviour (mate guarding) 675 
was observed in a period when the female conceived—these are putative mating pairs. In cases 676 
where multiple males consorted the same female in a single conceptive period, we randomly 677 
selected one of the males, and then calculated the ancestry correlation coefficient among 678 
consorting male-female pairs. Repeating this male-sampling procedure 100,000 times, we 679 
calculated an average ancestry correlation coefficient within mating pairs of 𝜌 = 0.195. This value 680 
is consistent with a 19.5% increase in purging of anubis ancestry in the generation after assortative 681 
mating [Eq. (4)], and a ~24.2% increase in long-term purging [Eq. (9)]. 682 
 683 
Swordtail fish. In a hybrid population between Xiphophorus birchmanni and X. cortezi, Powell et 684 
al. [45] measured genome-wide ancestry fractions in mothers and their embryos. We use these 685 
measurements to calculate the correlation coefficient between mating pairs, 𝜌. Let 𝑀, 𝐹, and 𝑂 be 686 
minor-parent ancestry (birchmanni) fractions of a mother, father, and offspring respectively. Then 687 
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 688 
𝑂 = H2I

)
+ 𝜀,           (10) 689 

 690 
where 𝜀 is a noise term due to random segregation in the maternal and paternal meioses, with 691 
𝐶𝑜𝑣[𝑀, 𝜀] = 0. From Eq. (10), 692 
 693 
𝐶𝑜𝑣(𝑀,𝑂) = 𝐶𝑜𝑣 =𝑀,H2I

)
+ 𝜀@ = 	 3

)
[𝐶𝑜𝑣(𝑀,𝑀) + 𝐶𝑜𝑣(𝑀, 𝐹)] + 𝐶𝑜𝑣(𝑀, 𝜀) = 3

)
[𝑉𝑎𝑟(𝑀) +694 

𝐶𝑜𝑣(𝑀, 𝐹)].           (11) 695 
 696 
Using Eq. (11), the slope of the regression of offspring ancestry on maternal ancestry is 697 
 698 

𝛽HJ =
=KL(H,J)
@./(H)

= 3
)
C1 + =KL(H,I)

@./(H)
G = 3

)
C1 + =KL(H,I)

N4N5
G = 3

)
[1 + 𝜌],    (12) 699 

 700 
where 𝜎H and 𝜎I are the ancestry standard deviations of mothers and fathers, which we assume to 701 
be equal (such that 𝑉𝑎𝑟(𝑀) = 𝜎H𝜎I). Rearranging Eq. (12), 702 
 703 
𝜌 = 2𝛽HJ − 1.          (13)	704 
 705 
Since some mothers have multiple embryos in the data of Powell et al. [45], we calculated 𝛽HJ 706 
using the average ancestry fraction of each mother’s offspring, yielding an estimate of 𝛽HJ =707 
0.964 (note that the same value would be obtained asymptotically if we averaged over iterations 708 
in which we randomly choose one embryo per mother and calculate 𝛽HJ for the reduced dataset). 709 
From Eq. (13), our estimate of 𝛽HJ = 0.964 corresponds to a correlation coefficient among mating 710 
pairs of 𝜌 = 0.928. This value is consistent with a 1.928-fold increase in purging of minor parent 711 
ancestry in the generation after assortative mating [Eq. (4)], and a 13.80-fold increase in long-term 712 
purging [Eq. (9)]. 713 
 714 
Meta-analysis in birds.  Randler [48] carried out a meta-analysis of assortative mating in avian 715 
hybrid zones, and found an average 𝑧-score of 0.44, which, by Fisher’s 𝑧-transformation, 716 
corresponds to a correlation coefficient of 𝜌 = 0.44 [33,60]. Randler’s [48] meta-analysis covered 717 
cases of assortative mating based on species-diagnostic phenotypes and on genetic ancestry. If the 718 
calculated correlation coefficient applies to ancestry-based assortative mating, then it is consistent 719 
with a 44% increase in purging of minor parent ancestry in the generation after assortative mating 720 
[Eq. (4)], and a 79% increase in long-term purging [Eq. (9)].  721 
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