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Safran et al. (2016a) manipulated two sexual traits (ventral plumage coloration and tail streamer length) in male barn swallows

(Hirundo rustica) and reported divergent effects on paternity change between two study populations, in Colorado and Israel.

They concluded that geographical variation in the two phenotypic traits is maintained by divergent sexual selection. However, the

response variable they used, the longitudinal change in paternity from a pre-treatment clutch to a post-treatment clutch, does not

reflect an unbiased effect of the treatment. Here, I show that the magnitude of the change in paternity is influenced by variation

in the initial paternity score among the treatment groups, which is presumably due to stochastic variation from low sample sizes

in the treatment groups. When the bias was accounted for in re-analyses of the Israeli dataset, the statistical significance of one

of two treatment effects disappeared. Similar re-analyses of the American population were not possible due to inaccessibility of

raw data for individual clutches, but an assessment of the mean scores indicates that the two significant treatment effects in this

population were similarly biased in their initial paternity scores. The conclusion of divergent sexual selection on male phenotypic

traits between the two populations does not seem to be supported.
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Safran et al. (2016a) reported a field experiment designed to test

the role of male secondary sexual traits for paternity success in

a socially monogamous passerine bird with frequent extrapair

fertilization, the barn swallow Hirundo rustica. The study ma-

nipulated male ventral plumage coloration and the length of the

outermost tail feathers (streamers) in two widely separated study

populations; in Colorado, USA, and in Israel (the results from

the Israeli population were also published previously by Vortman

et al. 2013a). The authors found that the phenotypic manipula-

tions caused different paternity changes in the two populations,

and they interpreted the results as evidence for divergent sexual

selection maintaining geographical variation in these traits.

The experimental procedure was to manipulate male phe-

notypes after the first clutch was laid, then remove the clutch,

and let the pair initiate a second clutch. Molecular paternity anal-

ysis identified how many eggs in the two clutches were sired

by the male nest owner. The response to the treatment was

measured as the change in paternity from the first to the second

clutch. Male phenotype was manipulated in five ways: darkened

plumage, streamer elongation, streamer shortening, and the com-

bined treatment of darkened plumage with either elongated or

shortened streamers. The experiment also had a control group

with no phenotype manipulations. In the American population,

males with a darkened plumage and males with shortened stream-

ers showed a significant increase in paternity, whereas the four

other groups (including controls) showed no significant changes.

In the Israeli population, males with the combination of dark-

ened plumage and elongated streamers showed increased pater-

nity, while males with the combination of darkened plumage

and shortened streamers had a significant decrease in paternity.

The other groups, with a single manipulation, or no manipulation

(controls), showed no significant change in paternity. When an-

alyzing the data from the two populations together, Safran et al.

(2016a) found a significant interaction of country and treatment.
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A COMMENT ON SAFRAN ET AL.

Figure 1. Treatment effects in the two phenotype manipulation experiments (in Colorado, USA, and Israel) on male barn swallows

reported by Safran et al. (2016a). The paternity change for the six treatment groups is plotted as a function of paternity in the pre-

manipulation clutch for each of three paternity measures: (a) proportion of withinpair young (WPY) in the clutch, (b) number of WPY,

and (c) number of extrapair young (EPY). The treatment groups are annotated as D = darkened plumage, S = shortened streamers,

E = elongated streamers, DS = darkened plumage and shortened streamers, DE = darkened plumage and elongated streamers, and

CC = controls. Linear regression lines are indicated for each population with R2 for the relationships. The group means were calculated

from Vortman et al. (2013b) for the Israeli population and from Safran et al. (2016b) for the paternity changes in the American population.

The group means for the first clutches in the American population were fitted by eye from Figure 1 in Safran et al. (2016a).

This led to the conclusion that there is divergent sexual selection

on the two male traits and that sexual selection favors different

combinations of the same traits in the two populations. Vortman

et al. (2013a) also concluded that sexual selection acts specifi-

cally on multiple signals in the Israeli population, favoring the

combination of dark plumage and long streamers as a mecha-

nism of reproductive isolation from nearby divergent populations

of other subspecies.

I find the use of the longitudinal change in paternity as the

response variable statistically questionable. The paternity change

is not only an effect of the treatment, but is influenced by varia-

tion in the initial paternity score, that is, before the manipulation

of male phenotypes. This non-treatment effect is visualized in

Figure 1, for both populations and all three proxies for paternity

used by Safran et al. (2016a): the proportion of withinpair young

(WPY) in the clutch, the number of WPY, and the number of ex-

trapair young (EPY), that is, eggs not sired by the resident male.

In all cases, the paternity score for the first clutch explained more

than 60% of the variation in paternity change among the treat-

ment groups. Hence, the measured responses cannot be attributed

to post-treatment effects alone.

The variation in paternity of first clutches among experimen-

tal groups does not necessarily imply any bias in the initial allo-

cation of males to the different treatments. Instead, the variation

is probably due to the small sample sizes with large standard er-

rors around the mean estimates, as exemplified by the paternity

data for the Israeli population (Fig. 2, raw data from Vortman

et al. 2013b). Treatment groups contained only six to nine males

in the American population and six to eight males in the Israeli

population. A randomization test of the paternity data from the

Israeli population, sampling six clutches at random from first and

second clutches, revealed negative correlation coefficients in the

range of −0.65 to −0.70 for the relationship between paternity

change and initial paternity (Supporting Information). It suggests

that the observed negative relationships in Figure 1 just follow

from a stochastic variation in mean estimates when the group

sample size is small.

The error bars for the group means in Figure 2 are large

and overlapping, both for first and second clutches, which indi-

cates no apparent cross-sectional group differences either before

or after treatment. Figure 2 also reveals how the two groups with

a reported significant change in paternity in the Israeli popula-

tion were biased by differences in initial paternity. The “Dark-

ened + Shortened” group had a significant decrease in paternity,

but it also had almost full paternity in the first clutch with only

one egg lost to extrapair paternity across six nests. The poten-

tial for an increase in paternity is, therefore, extremely marginal

and a decrease is more likely. Similarly, the “Darkened + Elon-

gated” group had a significant increase in paternity, but it started

out with the lowest paternity score for the first clutches of all

groups, and thus, an increase is expected. Other groups ended up

with a higher mean paternity score after treatment (i.e., in second

clutches), which does not indicate any strong treatment effect for

the “Darkened + Elongated” group.

A statistical test must, therefore, be used to account for the

variation in the initial paternity score among the test groups. I

re-analyzed the data from the Israeli population in two differ-

ent ways. First, I performed a randomization test comparing the
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Figure 2. Paternity scores (mean ± SE) in first and second clutches of the six experimental groups of male barn swallows in the Israeli

population reported by Vortman et al. (2013a, b). The three panels show the three different proxies for paternity analyzed by Safran

et al. (2016a): (a) the proportion of within-pair young (WPY), (b) the number of WPY, and (c) the number of extrapair young (EPY).

observed change in paternity for a given treatment group against a

random distribution of possible paternity changes for that group,

using paternity data for all males in the data set (N = 39). More

specifically, I sampled n of the 39 second clutches, where n is

the sample size of the given treatment group, calculated the mean

paternity score for the sampled clutches, and subtracted the mean

observed paternity for the first clutches of the treatment group.

This gives a randomly expected paternity change. The procedure

was repeated 9999 times, which resulted in a collection of 10,000

randomly generated paternity changes for the particular treat-

ment group. The rank of the observed paternity change within the

ranked distribution of random changes gives the one-tailed prob-

ability of the observed change in the direction predicted by the

type of treatment. Table 1 summarizes the results of the random-

ization tests for the three paternity proxies. Only the “Darkened

+ Shortened” group had a significant change (decrease) in pater-

nity scores. This means that the decrease was significantly larger

than expected from the distribution of random changes. While

Safran et al. (2016a) and Vortman et al. (2013a) concluded that

the “Darkened + Elongated” group also had a significant pater-

nity change (increase), the randomization tests revealed no sta-

tistical significance for any of the three paternity proxies for that

group, nor for any of the other groups (Table 1).

In the second statistical approach, I ran a generalized linear

mixed model of the variation in clutch paternity expressed as the

number of WPY over clutch size (i.e., WPY + EPY) with a bino-

mial error distribution. I treated clutch identity and male identity

as random factors, and analyzed the paternity of the first brood

and the interaction term between the two broods (i.e., the slope)

as fixed factors for each treatment group. The control group was
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Table 1. Treatment effects in the Israeli population based on randomization tests of expected paternity changes for each treatment

group (for details see text).

Randomization tests (one-tailed p)

Treatment group (sample size) Predicted paternity change Prop. WPY No. WPY No. EPY

Darkened (N = 8) Increase 0.061 0.22 0.083
Elongated (N = 6) Increase 0.79 0.84 0.88
Shortened (N = 6) Decrease 0.84 0.65 0.89
Darkened & Elongated (N = 6) Increase 0.21 0.25 0.31
Darkened & Shortened (N = 6) Increasea 0.99 0.97 0.99

Decreasea 0.016 0.055 0.018
Control (N = 7) Increasea 0.71 0.38 0.61

Decreasea 0.31 0.72 0.52

a
Predicted change can go either way.

A predicted increase in paternity implies an increase in the proportion and number of withinpair young (WPY) and a decrease in the number of extrapair

young (EPY). Significant treatment effects are indicated in bold.

Table 2. Generalized linear mixed model on the variation in paternity among treatment groups in the Israeli population.

Fixed effect Estimate SE z P

Intercept 1.3356 0.8151 1.639 0.101
Paternity change (reference level = first clutch) 0.4507 0.8937 0.504 0.614
Paternity first clutch
Darkened 1.6074 1.2000 1.339 0.180
Elongated 1.0588 1.2289 0.862 0.389
Shortened 1.7291 1.3030 1.327 0.185
Darkened & Elongated −0.7863 1.1541 -0.681 0.496
Darkened & Shortened 2.6994 1.5736 1.756 0.079
Paternity change (interaction)
Darkened 0.1904 1.4390 0.132 0.895
Elongated −1.6508 1.3180 −1.253 0.210
Shortened −0.3651 1.5133 −0.241 0.809
Darkened & Elongated 1.9013 1.3735 1.384 0.166
Darkened & Shortened −4.3269 1.6248 −2.663 0.0077

Dependent variable is the paternity proportion expressed as the number of eggs sired (WPY) over the total number of eggs in the clutch (WPY + EPY) and

a binomial error distribution. The reference group is the control group. Random factors: male identity; clutch identity. Significant fixed effects are indicated

in bold.

used as the reference group, with paternity of the first clutch as

the reference level. The results were similar to the randomiza-

tion test: there was a significant paternity decrease for the “Dark-

ened + Shortened” group, but no other significant changes for

any of the other treatments (Table 2). Taken together, these two

tests show that the “Darkened + Shortened” males had a signifi-

cant paternity decrease, both when compared to the control males

(Table 2) and when compared to the overall changes for all males

in the dataset (Table 1). However, the paternity increase for the

“Darkened + Elongated” males was not confirmed.

Unfortunately, a similar re-examination of the American

population is not feasible due to lack of access to the correct

raw data to date. The initial data file uploaded to the Dryad Data

Repository (Safran et al. 2016b) only gives the calculated pater-

nity change for each male, not the number of eggs sired in each

clutch. A revised raw data file uploaded on May 18, 2021 con-

tains several inconsistencies and cannot resolve this issue. How-

ever, an assessment of the paternity patterns for the American

population depicted in Figure 1 can give some indication as to

whether the reported significant paternity increases for the “Dark-

ened” and the “Shortened” groups make statistical sense. Clearly,

the “Darkened” and “Shortened” groups had the largest increases

in paternity (see the high scores on the y-axis in Fig. 1 A and B)

and corresponding decreases in the number of EPY (low scores
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on the y-axis in Fig. 1C). But they also had the lowest paternity

and the highest number of EPY in the first clutch, and therefore,

a larger paternity increase would be expected than for the other

groups. It is also evident that the control group had relatively high

paternity scores for the first clutch and the largest decrease in

paternity among all groups. A comparison of the changes, espe-

cially with the control group, would, therefore, yield a false im-

pression of different treatment effects, since the initial paternity

scores were so different. Safran et al. (2016a) made the point that

there was no statistically significant variation in paternity among

groups for the first clutches, but they did not present a similar

test for the second clutches. Any treatment that is predicted to

increase or decrease paternity should lead to larger among-group

heterogeneity in paternity scores for the second clutches. Overall,

the initial paternity scores explained more of the variation in pa-

ternity changes among the treatment groups in the American pop-

ulation than they did in the Israeli population (cf. the R2-values

of the correlations in Fig. 1). This suggests that a statistical re-

analysis of the American population with correction for the vari-

ation in initial paternity would remove more of the among-group

variance in paternity change, and thus make any significant treat-

ment effects less likely.

I conclude that the statistical approach used in the study

by Safran et al. (2016a) casts doubts about their conclusions. In

the Israeli population, only the “Darkened + Shortened” group

showed a significant decrease in paternity, whereas there was no

evidence for a paternity increase for the “Darkened + Elongated”

group. The paternity increases for “Darkened” and “Shortened”

males in the American population remain elusive, leaving the

issue of divergent sexual selection between the two populations

inconclusive.

In general, the use of a longitudinal response variable in ex-

periments may seem appealing because it measures responses

within the individual and is not concerned with variation among

individuals. However, researchers should always be aware of po-

tential biases due to various sources of error. Large measure-

ment errors or low repeatability could lead to biases like the

well-known “regression to the mean” effect, where more extreme

scores tend to move toward the sample mean when repeated (Gal-

ton 1886; Kelly and Price 2005). In the current case, low sam-

ple sizes in each treatment group gave large errors for the esti-

mated group means, and the groups with the more extreme initial

scores tended to show the largest changes as a statistical artifact.

In a longitudinal experiment, unbiased groups can be ensured by

randomly allocating subjects with similar initial scores to dif-

ferent treatment groups. Such a randomized-block design was

successfully adopted in the famous tail-manipulation experiment

on long-tailed widowbirds Euplectes progne (Andersson 1982),

where allocation of males to different treatments was done within

groups of males with similar pre-treatment mating success. Al-

ternatively, if information about the initial score is unknown at

the time of treatment (e.g., when subsequent paternity testing is

required), researchers need to check for any pre-treatment bias

among experimental groups post-hoc and correct for them ac-

cordingly in the statistical analysis as suggested here.

AUTHOR CONTRIBUTIONS
JTL analyzed the data and wrote the article.

ACKNOWLEDGMENTS
I thank Becky Cramer for statistical advice.

LITERATURE CITED
Andersson, M. (1982) Female choice selects for extreme tail length in a wid-

owbird. Nature, 299, 818-820.
Galton, F. (1886) Regression towards mediocrity in hereditary stature.

Journal of the Anthropological Institute, 15, 246-263.
Kelly, C. & Price, T. D. (2005) Correcting for regression to the mean in be-

havior and ecology. Am Nat 166, 700-707. PMID: 16475086
Safran, R. J., Vortman, Y., Jenkins, B. R., Hubbard, J. K., Wilkins, M. R.,

Bradley, R. J. & Lotem, A. (2016a) The maintenance of phenotypic di-
vergence through sexual selection: An experimental study in barn swal-
lows Hirundo rustica. Evolution 70, 2074-2084.

Safran, R. J., Vortman, Y., Jenkins, B. R., Hubbard, J. K., Wilkins, M. R.,
Bradley, R. J. & Lotem, A. (2016b) Data from: the maintenance of phe-
notypic divergence through sexual selection: an experimental study in
barn swallows Hirundo rustica. Dryad Data Repository http://doi.org/
10.5061/dryad.5865f.

Vortman, Y., Lotem, A., Dor, R., Lovette, I. & Safran, R. J. (2013a) Multi-
ple sexual signals and behavioral reproductive isolation in a diverging
population. Am. Nat 182, 514-523.

Vortman, Y., Lotem, A., Dor, R., Lovette, I. & Safran, R. J. (2013b) Data
from: Multiple sexual signals and behavioral reproductive isolation in
a diverging population. Dryad Data Repository. http://doi.org/10.5061/
dryad.g8n63.

Associate Editor: R. Fuller
Handling Editor: T. Chapman

Supporting Information
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Supplementary Fig. S1.docx. Random distribution of the relationship between paternity change and the paternity score for first clutch in the Israeli
population for a sample size of 6 males.
Supplementary Table S1.xlsx: The random distributions from which the P-values in Table 1 were derived.
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