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Appendix D from J. E. Brommer et al., “Passerine Extrapair Mating
Dynamics: A Bayesian Modeling Approach Comparing Four Species”
(Am. Nat., vol. 176, no. 2, p. 178)

Fitting Population-Specific Parameters
In the main text, we considered the combined data set for all 18 populations. Here we provide a more detailed
investigation of population-specific estimates. In general, researchers interested in fitting our model to their data
will employ a population-specific approach. Hence, this appendix also serves as an outline of relevant aspects
that one can encounter when fitting the model to one’s data. In addition, the population-specific values that we
report here can be used in further comparative studies.

Goodness of Fit

One of the core interests in fitting a model to a distribution of extrapair young (EPY) is that it can inform
researchers whether some nonrandom process underlies the observed EPY distribution (Griffith et al. 2002).
Brommer et al. (2007) showed that the model we consider here provides an adequate fit to the EPY distribution
in five out of seven species.

We here calculate a goodness-of-fit statistic for our model for each population as the x2 discrepancy for the
observed data and the replicated data generated by posterior predictive simulations (Gelman et al. 2003). Fit was
assessed by the Bayesian p value, that is, the probability that the replicated data would be more extreme than the
observed data (Gelman et al. 2003).

Results

The initial analyses revealed that goodness of fit was below 5% in five populations, including at least one
population of each species (table D1). Inspection of the deviation between modeled and observed data revealed
that broods that consisted entirely of EPY contributed largely to the poor model fit. We considered such broods
to be statistical outliers (possibly because of infertility of the social mate or later remating with another male)
and omitted these broods from the analyses. Exclusion of these relatively few (1.7%; 40 of 2,346) broods
dramatically improved the model fit (table D2) but did not markedly change the parameter estimates (correlation
[rp] between parameter estimates in tables D1 and D2 was 0.97 and 0.92 for m and s, respectively; forP ! .001
both correlations). Although parameter estimates changed consistently, exclusion did, however, lower the estimate
for EPF (parameter s, paired t-test: ; , ) but did not affectchange � SE p �0.036 � 0.008 t p �4.4 P p .000417

the fitted extrapair copulation (EPC) distribution (parameter m; paired t-test: , ). Importantly,t p 1.1 P p .2717

exclusion of broods that consisted entirely of EPY markedly improved the goodness of fit (paired t-test between
Bayesian p values in tables D1 and D2: , , ), such that anchange � SE p 0.20 � 0.035 t p 5.9 P ! .00117

adequate model fit was achieved for all populations (table D2).
Note that the conclusions in the main text regarding the modeling of the entire data set do not change when

only the restricted data set was considered (table D3). Constraining EPC probability (m) to vary above the
species level (tits vs. flycatchers) introduces a serious decline in model fit (DDIC of 18, compared with the
model with the lowest DIC).

Discussion

We found that goodness of fit dramatically improved when omitting broods that entirely consisted of EPY
(forming 1.7% of the total) from the analyses. Inclusion of these broods was associated with a higher estimate of
the EPF probability (parameter s). However, removal of these observations did not qualitatively change other
aspects (parameter estimates or results of model selection). Broods that entirely consist of EPY may indicate that
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the social male is infertile or has an extremely low copulation prowess. Infertile extrapair males are automatically
excluded (as they leave no forensic trace), and any infertility of males therefore biases the estimate of EPF
probability upward. We indeed found that only the EPF parameter is affected by omitting broods that entirely
consist of EPY whereas the estimate of the average number of EPCs remains unchanged. On the other hand,
several other processes may produce a dichotomy in the distribution of EPY. For example, female preference for
highly ornamented males predicts that females mated with poorly ornamented males should try and obtain as
much paternity as possible from highly ornamented males. Hence, biologically interesting processes may produce
a poor model fit (see also Brommer et al. 2007 for a discussion on what constitutes a proper null model for the
distribution of EPY).

In our case, there is a clear qualitative agreement between models with and without broods that entirely
consist of EPY. Although such broods present a relatively small fraction of the total data, excluding them
massively improves model fit without any strong effects on the estimated parameters. We therefore view omitting
broods that entirely consist of EPY as an acceptable balance between achieving a decent model fit (given our
modeling assumptions) and reducing the data. We recommend that researchers that find that our model does not
fit their data check whether exclusion of broods that entirely consist of EPY changes this conclusion. Finding
that our Bayesian model does not fit the data sufficiently, despite the exclusion of broods that entirely consist of
EPY can be considered strong evidence for the occurrence of a nonrandom process or violation of one of the
model assumptions. Closer inspection of the observed and expected frequencies of EPY in relation to, for
example, ornamentation of the social male could in such cases provide additional information. Formally, this
could be included in our model by considering the parameters m and s as functions of the ornamentation of the
social male. A further possible worthwhile extension of our model would be to explicitly model the actions of
the social male in the “dilution function” (eq. [3]), and thereby relaxing the (strong) assumption that the social
male’s mating effort is constant. See main text for a further discussion of possible model extensions and tests.
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Table D1
Model Bayesian P value (indicating significance of model fit) and
estimated parameters m and s, with their 95% credible intervals, for
the 18 study populations

Population Speciesa P

m s

Mean Lower Upper Mean Lower Upper

1 BT .141 .63 .47 .82 .23 .18 .28
2 BT .183 .39 .23 .59 .25 .18 .33
3 BT .003 .85 .63 1.10 .23 .18 .28
4 BT .333 1.02 .47 2.12 .19 .08 .30
5 BT .385 2.58 1.22 5.63 .14 .06 .24
6 BT .169 .69 .50 .91 .23 .18 .29
7 BT .041 .98 .83 1.15 .19 .16 .21
8 BT .568 .62 .43 .88 .13 .09 .17
9 BT .628 .96 .55 1.63 .14 .08 .21
10 GT .356 .76 .56 1.01 .12 .09 .16
11 GT .165 .45 .27 .70 .18 .11 .27
12 GT .197 1.24 .93 1.64 .17 .13 .22
13 GT .006 .62 .53 .73 .19 .16 .22
14 CF .464 .97 .64 1.39 .27 .19 .35
15 CF .021 .55 .35 .81 .39 .29 .50
16 CF .090 .42 .31 .55 .46 .39 .53
17 PF .047 .16 .10 .24 .31 .22 .41
18 PF .351 .18 .10 .28 .29 .18 .42

Note: A significant lack of fit ( ) is indicated by a P value in boldface. See table 1 for codingP ! 5%
of populations.

a BT p blue tit; GT p great tit; CF p collared flycatcher; PF p pied flycatcher.



App. D from J. E. Brommer et al., “Extrapair Mating Dynamics”

4

Table D2
Model Bayesian P value (indicating significance of the model fit) and estimated
parameters m and s, with their 95% credible intervals, for the 18 study populations,
excluding broods consisting entirely of extrapair young

Population Species

Broods omitted

P

m s

% n Mean Lower Upper Mean Lower Upper

1 BT 1.63 2/123 .346 .62 .46 .82 .21 .16 .26
2 BT 1.59 1/63 .512 .37 .21 .58 .22 .14 .30
3 BT 6.67 6/90 .561 .94 .60 1.46 .12 .07 .17
4 BT 3.70 1/27 .580 1.17 .47 2.63 .14 .05 .26
5 BT 4.44 2/45 .583 4.61 1.45 13.51 .08 .02 .18
6 BT 1.92 2/104 .478 .67 .48 .91 .21 .16 .26
7 BT 1.42 4/282 .237 .99 .83 1.17 .17 .15 .20
8 BT .00 0/138 .572 .62 .43 .87 .13 .09 .17
9 BT .00 0/43 .630 .93 .54 1.52 .14 .08 .21
10 GT .40 1/250 .485 .80 .59 1.11 .11 .08 .14
11 GT 1.14 1/88 .340 .47 .27 .78 .16 .09 .24
12 GT 2.34 3/128 .500 1.33 .95 1.84 .14 .10 .19
13 GT 1.46 6/412 .155 .65 .53 .78 .15 .13 .18
14 CF .00 0/60 .459 .97 .65 1.41 .26 .18 .35
15 CF 7.27 4/55 .314 .50 .29 .81 .27 .16 .38
16 CF 2.82 4/142 .359 .39 .28 .52 .42 .34 .49
17 PF 1.32 2/152 .348 .16 .09 .26 .24 .15 .34
18 PF .69 1/144 .342 .18 .10 .29 .29 .18 .41

Total 1.71 40/2,346

Note: Species abbreviations as in table D1. Broods that consisted entirely of extrapair young were omitted; the percentage
and number are reported under “Broods omitted.”

Table D3
Repeat of hierarchical analysis reported in table 3, omitting broods
that consisted entirely of extrapair young

Model m s D pD DIC DDIC

1 Species Above-species 3,294 3 3,297 . . .
2 Population Above-species 3,293 6 3,299 2
3 Above-species Above-species 3,311 4 3,315 18
4 Species Species 3,310 5 3,315 18
5 Population Species 3,311 8 3,319 22
6 Constant Above-species 3,344 2 3,346 49
7 Population Population 3,343 18 3,361 64
8 Species Constant 3,361 2 3,363 66
9 Population Constant 3,361 3 3,364 67
10 Species Population 3,359 24 3,383 86
11 Above-species Species 3,382 6 3,388 91
12 Above-species Constant 3,388 3 3,391 94
13 Constant Species 3,399 6 3,405 108
14 Constant Constant 3,406 1 3,407 110
15 Above-species Population 3,422 23 3,445 148
16 Constant Population 3,429 21 3,450 153

Note: Parameters m and s were allowed to vary on the level of tits versus flycatchers (above-
species level), the species level, and the population level or were assumed to be constant. The
model’s Deviance Information Criterion (DIC) was calculated as the sum of the model’s deviance
D and the effective number of parameters (pD). A lower DIC indicates a better model fit. Results
are ranked according to DIC, with model 1 indicating the most parsimonious model; DDIC indicates
the difference in DIC from that of model 1. indicates a serious deterioration in modelDDIC ≥ 10
fit (Spiegelhalter et al. 2002).


