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Extrapair Fertilization and Genetic Similarity of Social Mates in 
the Mexican Jay 
 
Post Print 
 
ABSTRACT: Inbreeding depression should favor the ability of females to avoid 
inbreeding or minimize its effects. We tested for a relationship between genetic 
similarity of social pairs and the occurrence of extrapair fertilization (EPF) in the 
Mexican jay (Aphelocoma ultramarina). Multilocus minisatellite and microsatellite 
DNA fingerprinting was used to detect extrapair young and measure genetic 
similarity between social parents. We found that 12 of 31 (39%) nests had at least 
one EPF and 15 of 93 (16%) young were the result of EPF. The mean DNA 
fingerprinting band sharing score between social mates who had at least one EPF 
was significantly higher than the mean band sharing score between mates who did 
not (0.35 versus 0.25). The mean band sharing score for non-EPF dyads (0.25) was 
similar to the background band sharing among nonrelatives (0.23). The mean band 
sharing score for mates that had an EPF was significantly higher than that of 
nonrelatives (background) and was significantly lower than that of half-siblings 
(0.52). Our results showed a highly significant relationship between genetic similarity 
of social mates and incidence of EPF. 
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Mating behavior mediates the transmission of genes from one generation to the 
next, but the role of selection on mating behavior is still poorly understood. It has 
long been felt that females favor male sexual partners that exhibit attributes that act 
as quality indicators (Darwin, 1871; Williams, 1975). These attributes have been 
interpreted as being ‘‘condition sensitive’’ (Andersson, 1986; Emlen, 1973), thus 
indicating the presence of a male’s ‘‘good genes’’ (Arnold, 1983; Hamilton, 1990; 
O’Donald, 1983; Williams, 1966). In contrast, the increasingly frequent observation 
that females in many species, even those thought previously to be monogamous, 
mate with more than one male (Birkhead, 2000; Griffith et al., 2002; Jennions, 1997; 
Stockley et al., 1993; Tregenza and Wedell, 2000; Zeh JA and Zeh DW, 1996, 1997) 
suggests that more may be involved in a female’s choice than picking the one male 
with the most extreme condition indicators, especially in those species that do not 
have extreme sexual dimorphism. Females may choose males for reasons other 
than good genes revealed by male condition indicators. One possibility is that 
females choose males based on less obvious indicators of genotype, such as some 
attribute associated with genetic similarity between themselves and the potential 
mate and thus prefer males that are genetically dissimilar to themselves, resulting in 
greater heterozygosity among their offspring. Thus, in the offspring-heterozygosity 
hypothesis females ‘‘are predicted to value heterozygosity in their offspring’’ (Brown, 
1997), thus minimizing the dangers of homozygosity of deleterious alleles and 
increasing heterozygosity at other loci that might be important for condition. 

The negative fitness consequences associated with inbreeding are well 
documented (Crnokrak and Roff, 1999; Keller and Waller, 2002; Keller et al., 1996; 
Slate et al., 2000), but heterozygosity might also be valued for other reasons, 
possibly involving disease resistance and the major histocompatibility complex 
(Brown and Eklund, 1994; Potts and Wakeland, 1994; Tregenza and Wedell, 2000). 
In this perspective, developmental problems caused by homozygosity in the 
offspring create selection pressures for female tactics, such as pursuit of extrapair 
fertilization (EPF), that favor heterozygosity in some offspring. Following this 
reasoning, Blomqvist et al. (2002) showed a positive relationship between genetic 
similarity of social mates and incidence of EPF in three species of shorebirds. It is 
unclear, however, whether they had sufficient resolution to support this conclusion 
(Griffith and Montgomerie, 2003). Also, as Griffith and Montgomerie (2003) pointed 
out, the species of shorebirds studied by Blomqvist et al. (2002) have low natal 
philopatry, suggesting that the risk of inbreeding is minimal. 

We suggest that the Mexican jay (Aphelocoma ultramarina) is a more appropriate 
avian species with which to test the increased heterozygosity hypothesis. Mexican 
jays are nonmigratory, have extremely conservative dispersal (Brown JL and Brown 
ER, 1984), live in groups of 5 to 25 that are known to contain close relatives (Brown 
JL and Brown ER, 1981), and have moderate levels of inbreeding and inbreeding 
depression (Brown JL and Brown ER, 1998). Reproduction is delayed until 3 years 
of age or later, and all social group members may help in the feeding of nestlings at 
different nests within the group (cooperative or communal breeding). Unlike most 
species that have helpers, in this species there are typically two to four breeding 
adults of each sex within a single group, a situation that increases opportunities for 
females to pursue EPF with males within the social group. Multiple paternity within 
broods of single females has already been reported in Mexican jays (Bowen et al., 



1995), and it has been shown that most (at least 93%) EPFs involve intragroup 
males (Li and Brown, 2000). In this study we tested for a positive relationship 
between genetic similarity of social mates and incidence of EPF in the Mexican jay. 

 
 

METHODS 
 
Study population 
 
Behavioral data were collected from a population of Mexican jays near Portal, 
Arizona, USA, at the Southwestern Research Station of the American Museum of 
Natural History and the surrounding Coronado National Forest. Geographical 
coordinates were 318839 N, 1092039 W. This population has been studied annually 
since 1969. We used ground and pole traps baited with peanuts and sunflower 
seeds to trap birds. Most birds are color banded for individual identification, and 
blood samples have been collected for all banded birds since 1990. For this study, 
we used behavioral and genetic data collected over 10 years (1993–1995, 1997–
2003) for nests for which we had identification and preserved blood samples of both 
parents as well as chicks that were alive at banding age (usually 14 days after 
hatching). Data from 10 different social groups (flocks) were used in this study 
(Table 1). 

Adults were identified as nest owners (mated pairs) if they were seen bringing nest 
material to the nest site, building the nest, or incubating eggs (only females incubate 
eggs). Males were usually identified during the nest-building phase. Males were also 
assigned to a female if they were observed closely following the female when 
returning to or leaving a completed nest, chasing other males away from the female, 
and/or perching at the nest while the female was in the nest. Males were only 
assigned to a nest if the preceding behaviors were observed before egg laying was 
complete. No males were assigned to nests that were found after the female was in 
the incubating phase. 
 



 
Figure 1 
(A) Distributions of band sharing values for three types of relationships: parent to offspring, n 
= 242; half-siblings, n = 31; unrelated, n = 46. (B) Distributions of band sharing values for 
social pairs with at least one EPF in the nest (n = 12) and pairs with no EPF (n = 19). 
 

 
DNA fingerprinting 

 
For this study we used multilocus minisatellite DNA fingerprinting (Jeffreys et al., 
1985; Rabenold et al., 1990, 1991) and data from a previous study using 
microsatellites (Li and Brown, 2000). Blood samples of approximately 100 ll were 
taken from birds either when they were chicks or when trapped as juveniles or 
adults, by venipuncture of the major wing vein. Genomic DNA was extracted from 
blood using a standard proteinase K and phenol/chloroform/isoamylalcohol 
procedure followed by ethanol precipitation (Sambrook et al., 1989). Five 
micrograms of DNA was cut using the restriction enzyme HaeIII. After digestion, the 
fragments were separated on 0.8% agarose gels for 65 h at 20 V. After Southern 
blotting, the DNA was hybridized using Jeffreys’ probe 33.15 (Jeffreys et al., 1985; 
Rabenold et al., 1990). The probe was radiolabeled with [32P]dCTP and visualized 
using phosphor-imaging. 

Extrapair young for nests from 1990 to 1996 were identified in a previous study 
using microsatellites (Li and Brown, 2000). All other genetic data for this study were 
generated using minisatellites. We tested whether results using minisatellites were 
consistent with those using microsatellites by comparing results using both 
molecular markers for parental exclusions from 17 nests from the years 1993 
through 1995. We found one additional paternal exclusion using minisatellites. 



Results from the two methods were highly correlated: 14 of 15 (93%) paternal 
exclusions matched and 44 of 45 (98%) nonexclusions matched. Together, 59 of 60 
(98.3%) chick assignments of EPF or non-EPF matched between the two molecular 
markers. Confidence limits were generated for this proportion based on the binomial 
distribution and the F distribution (Zar, 1999). The 95% confidence interval was 
0.9108–0.9996. 

Fingerprints of social mate pairs were scored by J.A.E. blind with respect to 
whether a dyad had an EPF in the nest. Scores were confirmed by an independent 
scorer also scoring dyads blind with respect to the tested hypothesis. Individuals 
were not scored across gels, and dyad lanes were never more than three lanes 
apart. Band sharing values (Dice’s index, D) were calculated using the formula D = 
2S/(A +  B +  2S), where S equals the number of bands shared between a dyad, A 
equals the number of bands unique to the first individual, and B equals the number 
of bands unique to the second individual (Lynch, 1988, 1991; Rabenold et al., 1990). 

Using minisatellite markers we generated distributions of genetic similarity for three 
classes of kin (Figure 1A), nonrelatives (background genetic similarity), half-siblings, 
and parent-offspring, and we derived inferences of other levels of genetic similarity 
from them. The distribution of band sharing values for parent-offspring was 
calculated from dyads of parents and offspring in which there were no unattributable 
bands. The distribution of band sharing scores for nonrelatives was generated by 
scoring dyads of individuals from different flocks that were not adjacent to each 
other. The distribution of band sharing scores for half-siblings was calculated from 
dyads of chicks from the same nest that shared the putative mother but had different 
fathers. 

Extrapair young were detected by identifying bands in offspring lanes that are 
unattributable to either parent. In this study, putative fathers were excluded from 
parentage using two criteria: if a chick had more than one band that was 
unattributable to either parent and if the putative father and chick had a band sharing 
value less than the lower 95% confidence interval of the distribution of band sharing 
values for parent-offspring (0.52). In generating the reference distributions, some 
adults were used in the nonrelative analysis and in the social pair analysis. In no 
cases were chicks that were used in the parent-to-offspring or half-sibling kin 
distributions used again (as adults) as a part of the social mate EPF/non-EPF 
analysis. 

Because Mexican jays are not socially monogamous over their lifetime (Brown, 
1994), we used some individuals more than once in the data set; however, we used 
only one nesting attempt from each pair, regardless of how many times they nested 
together. Nests from these five repeat pairs were chosen randomly. To make sure 
we were not choosing the nests that best fit our prediction, a counterbias sampling 
method was employed. From the two repeat nesting pairs that never had an EPF, 
we randomly selected a single nest. For the three pairs that had multiple nests and 
had EPF in one nest but not in any other nests, we chose the nesting event that 
contradicted the major prediction of the inbreeding avoidance hypothesis. There 
were three cases where there were three nests for a mate pair (each with band-
sharing values of 0.31, 0.35, and 0.42) and two non-EPF nests. We used a nonEPF 
case each time, thus skewing our data toward the null hypothesis. We report results 
of both random sampling and counterbias sampling. 



To test for independent segregation of DNA fragments (linkage) we used seven 
families of five offspring with no EPFs and checked for band combinations that 
always transferred from parent to offspring as a pair or not at all. We found no such 
linked band combinations. 

To test for a significant difference between EPF and nonEPF social pairs we used 
a Mann-Whitney U test. We also tested for a positive correlation between EPF 
occurrence and genetic similarity by dividing all nests into three categories of genetic 
similarity using minisatellite band sharing values, A, 0–0.2; B, 0.21–0.34; and C, 
0.35–1.0, and performed a chi-square test with a 2 (EPF and non-EPF dyads) 3 3 
(the genetic similarity categories) contingency table. We employed the same 
chisquare contingency table to test if the proportion of EPF young was positively 
correlated to genetic similarity of social mates. All means are reported as mean ± 
standard error (SE). 

 
 

RESULTS 
 

In 31 nests sampled we found that 12 of 31 (39%) nests had at least one EPF and 
15 of 93 (16%) young were the result of EPF. Comparing the band sharing values of 
mated pairs with EPF to those with no EPF, we found that most of the band sharing 
values for EPF dyads fall between and overlap the distributions of nonrelatives and 
those of half-siblings (Figure 1A,B). The band sharing score for non-EPF social pairs 
(mean = 0.25 ± 0.003) was not significantly different from that of nonrelatives (mean 
= 0.23 ± 0.011) (normal approximation to Mann-Whitney U test, sample size > 40, U 
(23) (46) = 495, Z = 0.163, p > .5, Zar, 1999). Band sharing scores for social pairs 
with EPF (mean = 0.35 ± 0.004) were significantly lower than those of half-siblings 
(mean = 0.52 ± 0.010, U (15) (31) = 228, .005 < p > .01) and significantly higher than 
those of nonrelatives (mean = 0.23 ± 0.011, normal approximation to Mann-Whitney 
U test: U (15) (46) = 597, Z = 4.81, p < .001). The mean band sharing value for 
parent to offspring of 0.65 ± 0.004 was nearly identical to the predicted value of 0.63 
calculated from the mean background band sharing value of 0.23 ± 0.011 (Georges 
et al., 1988). 

 
 



 
 
Figure 2 
Correlation of EPF occurrence and band sharing values of social pairs, and proportion of 
nestlings that were EPF in each band sharing category. Band sharing categories were 
generated by dividing the distribution of all social pairs in the data set into three categories of 
band sharing: 0.05–0.20, 0.22–0.34, and 0.35–1.0. 
 

There was a positive relationship between genetic similarity of social mates and 
the occurrence of EPF: Mann-Whitney calculated U (12) (19) = 188, .005 > p > .001. 
The mean band sharing value of 0.23 ± 0.011 for unrelated individuals was similar to 
that for non-EPF pairs (mean = 0.25 ± 0.003). 

The results from the chi-square contingency table comparing EPF to non-EPF 
nests showed a positive correlation between genetic similarity of social mates and 
occurrence of EPF: .0025 > p > .001 (Figure 2). The same test also showed a 
positive correlation between the proportion of EPF young and the genetic similarity 
of social mates (Figure 2): p < .001. 

The results from the counterbias sampling method described above showed that 
mated pairs with EPF were more genetically similar than non-EPF mate pairs, p = 
.025, which was consistent with the results from the random sampling method (.005 
> p > .001). 
 
 
DISCUSSION 

 
Our finding that EPF was positively correlated to genetic similarity of social mates is 
consistent with theories of EPF based on increasing heterozygosity of offspring 
(Brown, 1997, 1999) as well as those based on genetic compatibility (Griffith et al., 
2002; Kempenaers et al., 1999; Tregenza and Wedell, 2000). More specifically, our 
results agreed with the inbreeding avoidance hypothesis proposed for Mexican jays 
(Brown, 2001). Inbreeding is more likely when dispersal is reduced, and in the 
Mexican jay dispersal is more conservative than that of any other known continental 
bird species in North America (Brown, 1994). Many individuals of both sexes breed 
on their natal territory, and individuals that do disperse usually emigrate to a 
neighboring flock (Brown JL and Brown ER, 1984). Approximately 5% of broods are 
inbred on our pedigrees, and the costs of inbreeding are severe; inbred pairs have 
smaller broods, and their young have lower rates of survival through their first year 
(Brown JL and Brown ER, 1998). 



Although our results were consistent with inbreeding avoidance and increased 
offspring heterozygosity by preinsemination mechanisms, kin recognition and female 
choice are not necessary to explain them. Postinsemination mechanisms could also 
explain our findings. If all females in the study population were equally promiscuous, 
our results could be explained by female cryptic choice (Birkhead and Pizzari, 2002; 
Pilastro et al., 2004; Pizzari and Birkhead, 2000; Sakaluk and Eggert, 1996; Ward, 
2000; Wedell, 1996) or sperm competition (Birkhead et al., 1988; Pizzari et al., 2003; 
Shimmin et al., 2000; Stockley and Preston, 2004). Sperm from males more 
genetically similar to the female might be less successful than sperm from less 
similar males. In this scenario, females need not assess genetic similarity of 
potential mates prior to insemination. 

Although offspring heterozygosity and/or genetic compatibility appeared to be 
possible factors contributing to EPF occurrence in Mexican jays, they are probably 
not the only ones; EPFs were identified in broods of some genetically dissimilar 
mated pairs (band sharing scores near the background of 0.23). It is possible that in 
some situations female Mexican jays pursued good genes for their offspring 
(Frederick, 1987; Westneat et al., 1990) by using unknown phenotypic cues 
correlated to overall fitness. The Mexican jay, however, lacks significant sexual 
dimorphism (Brown and Bhagabati, 1998; Pitelka, 1945) and has no advertising 
song (Brown, 1994). Thus, song repertoire (Hasselquist et al., 1996) and plumage 
brightness (Moller and Birkhead, 1994) are unlikely cues to good genes in this 
species. Age (Richardson and Burke, 1999) and dominance might be possible cues, 
but the EPF fathers tended to be unmated (Li and Brown, 2000). Unmated males 
tended to be subordinate and younger (Brown et al., 1997), and there is no known 
phenotypic correlate of age in this species after the age of first breeding. 

Our results are similar to those reported by Blomqvist et al. (2002) in that both 
studies showed a positive correlation between minisatellite band sharing and 
occurrence of EPF. Our study differs from theirs by providing empirically generated 
band sharing distributions for different classes of kin (Figure 1A) and comparing 
them to the band sharing distributions of mated pairs (Figure 1B). These distributions 
allowed us to infer levels of relatedness of individuals of unknown pedigree, such as 
social mates. Figure 2 illustrates that EPFs occurred more often when genetic 
similarity of social mates is substantially high (.0.35) and, indeed, five of the eight 
EPF nests in the third category of genetic similarity (0.35–1.0) had band sharing 
values at or above 0.40. 
We wish to thank the many field assistants that worked on this project over the last 10 years. 
We thank Piotr Jablonski and his staff for their assistance and advice in the field. We thank 
two anonymous reviewers for their suggestions and support. We thank the Southwestern 
Research Station (American Museum of Natural History) and various surrounding private 
landowners near Portal, Arizona, USA, for use of their land and facilities. This study was 
funded by the National Science Foundation (grant number IBN-9982540). 
 
 
REFERENCES 

 
Andersson M, 1986. Evolution of condition-dependent sex ornaments and mating 

preferences: sexual selection based on viability differences. Evolution 40:804–816. 



Arnold S, 1983. Sexual selection: the interface of theory and empiricism. In: Mate choice 
(Bateson P, ed). Cambridge: Cambridge University Press; 67–107. 

Birkhead TR, 2000. Promiscuity: an evolutionary history of sperm competition and sexual 
conflict. London: Faber and Faber. 

Birkhead TR, Pellatt J, Hunter FM, 1988. Extra-pair copulation and sperm competition in the 
zebra finch. Nat Rev Gen 334:60–62. 

Birkhead TR, Pizzari T, 2002. Evolution of sex: postcopulatory sexual selection. Nature Rev 
Gen 3:262–273. 

Blomqvist D, Andersson M, Kupper C, Cuthill I, Kis J, Lanctot R, Sandercock B, Szekely T, 
Wallander J, Kempenaers B, 2002. Genetic similarity and extra-pair parentage in three 
species of shorebirds. Nature 419:613–615. 

Bowen B, Koford RR, Brown JL, 1995. Genetic evidence for hidden alleles and unexpected 
parentage in the gray-breasted jay. Condor 97:503–511. 

Brown JL, 1994. Mexican jay (Aphelocoma ultramarina). In: The birds of North America, no. 
118 (Poole A, Stettenheim P, Gill F, eds). Washington, D.C.: The American Ornithologists’ 
Union; 1–16. 

Brown JL, 1997. A theory of mate choice based on heterozygosity. Behav Ecol 8:60–65. 
Brown JL, 1999. The new heterozygosity theory of mate choice. Genetica 104:215–221. 
Brown JL, 2001. The Mexican jay as a model system for the study of large group size and its 

social correlates in a territorial bird. In: Model systems in behavioral ecology (Dugatkin L, 
ed). Princeton, New Jersey: Princeton University Press; 338–358. 

Brown JL, Bhagabati N, 1998. Variation in mass, wing and culmen with age, sex and season 
in the Mexican jay (Aphelocoma ultramarina). J Field Ornithol 69:18–29. 

Brown JL, Brown ER, 1981. Extended family system in a communal bird. Science 211:959–
960. 

Brown JL, Brown ER, 1984. Parental facilitation: parent-offspring relations in communally 
breeding birds. Behav Ecol Sociobiol 14: 203–209. 

Brown JL, Brown ER, 1998. Are inbred offspring less fit? Survival in a natural population of 
Mexican jays. Behav Ecol 9:60–63. 

Brown JL, Brown ER, Sedransk J, Ritter S, 1997. Dominance, age and reproductive success 
in a complex society: a long-term study of the Mexican jay. Auk 114:279–286. 

Brown JL, Eklund A, 1994. Kin recognition and the major histocompatibility complex: an 
integrative review. Am Nat 143: 170–196. 

Crnokrak P, Roff DA, 1999. Inbreeding depression in the wild. Nature 83(30):260–270. 
Darwin C, 1871. The descent of man and selection in relation to sex. New York: Random 

House. 
EmlenJM,1973.Ecology: an evolutionaryapproach. Reading, Massachusetts: Addison-

Wesley. 
Frederick PC, 1987. Extrapair copulations in the mating system of white ibis (Eudocimus 

albus). Behavior 100:170–201. 
Georges M, Lequarre AS, Castelli M, Hanset R, Vassart G, 1988. DNA fingerprinting in 

domestic animals using four different minisatellite probes. Cytogenet Cell Genet 47:127–
131. 

Griffith SC, Montgomerie R, 2003. Why do birds engage in extra-pair copulations? Nature 
422:833–834. 

Griffith SC, Owens IP, Thuman KA, 2002. Extra pair paternity in birds: a review of 
interspecific variation and adaptive function. Mol Ecol 11:2195–2212. 

Hamilton WD, 1990. Mate choice near and far. Am Zool 30:341–352. 
Hasselquist D, Bensch S, von Schantz T, 1996. Correlation between male song repertoire, 

extra-pair paternity and offspring survival in the great reed warbler. Nature 381:229–232. 



Jeffreys AJ, Wilson V, Thein S, 1985. Individual-specific ‘fingerprints’ of human DNA. Nature 
316:76–79. 

Jennions MD, 1997. Female promiscuity and genetic incompatibility. Trends Ecol Evol 
12:251–253. 

Keller LF, Arcese P, Smith JNM, Hochachka WM, Stearns C, 1996. Selection against inbred 
song sparrows during a natural population bottleneck. Nature 372:356–357. 

Keller LK, Waller DM, 2002. Inbreeding effects in wild populations. Trends Ecol Evol 
17:230–241. 

Kempenaers B, Congdon B, Boag P, Robertson RJ, 1999. Extra-pair paternity and egg 
hatchability in tree swallows: evidence of the genetic compatibility hypothesis? Behav Ecol 
10:304–311. 

Li S, Brown JL, 2000. High frequency of extrapair fertilization in a plural breeding bird, the 
Mexican jay, revealed by DNA microsatellites. Anim Behav 60:867–877. 

Lynch M, 1988. Estimation of relatedness by DNA fingerprinting. Mol Biol Evol 5:584–599. 
Lynch M, 1991. The similarity index and DNA fingerprinting. Mol Biol Evol 7:478–484. 
Moller AP, Birkhead TR, 1994. The evolution of plumage brightness in birds is related to 

extrapair paternity. Evolution 48:1089–1100. 
O’Donald P, 1983. Sexual selection by female choice. In: Mate choice (Bateson P, ed). 

Cambridge: Cambridge University Press; 53–66. 
Pilastro A, Simonato M, Bisazza A, Evans JP, 2004. Cryptic female preference for colorful 

males in guppies. Evolution 58:665–669. Pitelka FA, 1945. Pterylography, molt, and age 
determination of American jays of the genus Aphelocoma. Condor 47:229–260. 

Pizzari T, Birkhead TR, 2000. Female feral fowl eject sperm of subdominant males. Nature 
405:787–789. 

Pizzari T, Cornwallis CK, Lovlie H, Jakobsson S, Birkhead TR, 2003. Sophisticated sperm 
allocation in male fowl. Nature 426:70–74. 

Potts WK, Wakeland EK, 1994. Evolution of MHC genetic diversity: a tale of incest, 
pestilence and sexual preference. Trends Genet 9: 408–412. 

Rabenold PP, Rabenold KN, Piper WH, Decker MD, Haydock J, 1991. Using DNA 
fingerprinting to assess kinship and genetic structure in avian populations. In: The unity of 
evolutionary biology: Proceedings of the IV International Congress on Systematics and 
Evolutionary Biology (Dudley EC, ed). Portland: Dioscorides Press; 611–620. 

Rabenold PP, Rabenold KN, Piper WH, Haydock J, Zack SW, 1990. Shared paternity 
revealed by genetic analysis in cooperatively breeding tropical wrens. Nature 348:538–
540. 

Richardson DS, Burke T, 1999. Extra-pair paternity in relation to male age in Bullock’s 
orioles. Mol Ecol 8:2115–2126. 

Sakaluk SK, Eggert AK, 1996. Female control of sperm transfer and intraspecific variation in 
sperm precedence: antecedents to the evolution of a courtship food gift. Evolution 50:694–
703. 

Sambrook J, Fritch EF, Maniatis T, 1989. Molecular cloning: a laboratory manual, 2nd ed 
(Nolan C, ed). Cold Spring Harbor, New York: Cold Spring Harbor Laboratory Press. 

Sheldon BC, 1994. Male phenotype, fertility, and the pursuit of extrapair copulations by 
female birds. Proc R Soc Lond B 257:27–30. 

Shimmin GA, Taggart DA, Temple-Smith PD, 2000. Sperm competition and genetic diversity 
in the agile antechinus (Dasyuridae: Antechinus agilis). J Zool 255:343–350. 

Slate J, Kruuk LEB, Marshall TC, Pemberton JM, Clutton-Brock TH, 2000. Inbreeding 
depression influences lifetime breeding success in a wild population of red deer (Cervus 
elaphus). Proc R Soc Lond B 267:1652–1657. 

Stockley P, Preston BT, 2004. Sperm competition and diversity in rodent copulatory 
behaviour. J Evol Biol 17:1048–1057. 



Stockley P, Searle JB, McDonald DW, Jones CS, 1993. Female multiple mating behavior in 
the common shrew as a strategy to reduce inbreeding. Proc R Soc Lond B 254:173–179. 

Tregenza T, Wedell N, 2000. Genetic compatibility, mate choice and patterns of parentage: 
an invited review. Mol Ecol 9:1013–1027. 

Ward PI, 2000. Cryptic female choice. Evolution 54:1680–1686. 
Wedell N, 1996. Mate quality affects reproductive effort in a paternally investing species. Am 

Nat 148:1075–1088. 
Westneat DF, Sherman PW, Morton ML, 1990. The ecology and evolution of extra-pair 

copulations in birds. In: Current ornithology (Power DM, ed). New York: Plenum Press; 
331–369. 

Williams GC, 1966. Adaptation and natural selection. Princeton, New Jersey: Princeton 
University Press. 

Williams GC, 1975. Sex and evolution. Princeton, New Jersey: Princeton University Press. 
Zar JH, 1999. Biostatistical analysis (Ryu T, ed). Upper Saddle, New Jersey: Prentice-Hall. 
Zeh JA, Zeh DW, 1996. The evolution of polyandry I: intragenomic conflict and genetic 

incompatibility. Proc R Soc Lond B 263:1711– 1717. 
Zeh JA, Zeh DW, 1997. The evolution of polyandry II: post-copulatory defences against 

genetic incompatibility. Proc R Soc Lond B 264: 69–75. 


	University of Missouri-St. Louis
	From the SelectedWorks of Patricia Parker
	March 1, 2005

	Extrapair Fertilization and Genetic Similarity of Social Mates in the Mexican Jay
	METHODS
	Study population
	DNA fingerprinting
	RESULTS
	DISCUSSION
	REFERENCES

