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Abstract Both adaptive and neutral trait evolution can
contribute to divergence, but the relative contributions
of the two remain unclear. Oviposition preference, a
trait that has been demonstrated to contribute to divergence among populations, is often presumed to be an
adaptive trait. Few studies explicitly test this assumption, however, and several researchers have demonstrated non-adaptive oviposition preferences in wildlife populations. In this study, we test whether adaptive divergence can explain current differences in the oviposition
preferences of two sister species. In 2012 and 2013, we
conducted a demographic study of sympatrically breeding populations of two sparrow species (Ammodramus
caudacutus and Ammodramus nelsoni) and measured
vegetation characteristics at nest and non-nest points.
We found evidence for oviposition preference in both
species and significant differences between the species’
preferences. The vegetation characteristics that vary between species did not predict nest survival or offspring
production, however. Our results provide an example of
oviposition preference at a population level that appears
non-adaptive as measured by productivity. We discuss
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other mechanisms by which oviposition preference can
be adaptive, and make a case for the role of neutral
evolution in shaping the oviposition preferences of these
species. If divergence in oviposition preference is at
least periodically neutral, as we hypothesize, such differences could provide fodder for future adaptation or
reproductive isolation among populations.
Keywords Non-adaptive . Neutral evolution . Oviposition
preference . Nest site selection . Speciation . Sympatry .
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Introduction
Both adaptive and neutral trait evolution can contribute to
divergence among populations, but the relative contributions
of the two mechanisms remain unclear. Though genetic drift is
acknowledged to contribute to divergence between populations in allopatry (Lenski and Travisano 1994; Gavrilets
2003; Papke et al. 2003; Coyne and Orr 2004; Petren et al.
2005; Comes et al. 2008), much work on sympatric speciation
centers on selective forces promoting divergence, such as in
the model stickleback system (Rundle et al. 2000; Coyne and
Orr 2004). However, some authors argue that most evolution
is neutral or nearly so. They suggest that populations evolve
along relatively flat planes within a highly dimensional niche
space and have demonstrated these results with modeling experiments (Kimura 1983; Gavrilets 2003, 2004).
Oviposition preference, specifically where an organism chooses to lay and keep its eggs, has been observed
to contribute to divergence and is often presumed to be
adaptive. Oviposition preference has contributed to divergence among populations in a wide range of taxa
(Brykov et al. 1996; Etges 1998; Hawthorne and Via
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2001; Friesen et al. 2007). In fact, the most convincing
cases of sympatric speciation in animals are related to
divergence in oviposition preferences (Sorenson et al.
2003; Coyne and Orr 2004; Machado 2005; Rønsted
et al. 2005; Althoff et al. 2006). Oviposition preference
is often presumed adaptive for good reason; it can dramatically affect individual fitness via both fecundity
(Resetarits 1996) and adult survival (Scheirs et al.
2000; Spencer 2002; Miller et al. 2007). Many ecological studies, however, presume oviposition preference is
adaptive without explicitly testing for a relationship between oviposition behaviors and fitness (Arlt and Pärt
2007).
In a review of bird nest site preferences, Clark and
Shutler (1999) found that only 54 % of oviposition
studies related preferences to nest success and only
10 % of studies examined found evidence for adaptive
oviposition preference. Finally, several researchers who
have explicitly examined the relationship between oviposition preference and fecundity across a wide range of
taxa have reported oviposition preferences that are not
adaptive (review—Robertson and Hutto 2006; birds—
Dwernychuk and Boag 1972; Filliater et al. 1994; Arlt
and Pärt 2007; Chalfoun and Schmidt 2012; insects—
Rausher 1979; Thompson 1988; Kriska, Horváth, and
Andrikovics 1998; Ries and Fagan 2003; reptiles—
Kamel and Mrosovsky 2005).
There are many reasons why oviposition preference,
or any trait that impacts fitness, can be non-adaptive. In
this study, we define non-adaptive as a trait that does
not increase an organism’s fitness. This definition includes both neutrality and maladaptation. A characteristic is neutral if it confers no benefit or disadvantage to
its carrier, whereas a trait is maladaptive if it decreases
an organism’s fitness. Gould and Lewontin’s (1979)
classic Bnon-exhaustive list^ of causes for lack of adaptation includes evolutionary constraints, methodological
shortcomings, and neutral evolution. It is important to
understand the non-adaptive forces behind the evolution
and divergence of oviposition preferences because differences in these traits appear to be important for multiple modes of speciation (e.g., allopatric, sympatric, and
ecological).
In this study, we explicitly test for adaptive differences in the oviposition preferences of two Emberizid
sparrows, saltmarsh (Ammodramus caudacutus) and
Nelson’s (Ammodramus nelsoni) sparrows. These sister
species are known collectively as sharp-tailed sparrows.
Together, they provide an exemplary study system for
exploring the adaptive versus non-adaptive evolution of
oviposition preferences because their distinctive life history sets the stage for non-adaptive divergence in a
number of ways.
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First, the characteristics of the tidal marsh where sharptailed sparrows breed may weaken selective pressure.
Bayard and Elphick (2010) observed that saltmarsh sparrow nest placement was spatially random in Connecticut,
and they suggested this random nest placement developed
as a result of a lack of opportunity for adaptation. Female
sharp-tailed sparrows nest a few centimeters above the
ground in the high marsh zone, which is characterized
by flooding events each month (Tiner 2013). As a result,
the majority of sharp-tailed sparrow nest failure is isolated
in time, but spatially widespread. The spatial homogeneity
of nest failure in tidal marshes thus leaves little meaningful
variation in oviposition preference upon which selection can
act. Previous research supports this hypothesis; saltmarsh
sparrow oviposition preferences have not been predictive of
nest success in multiple studies of the species across New
England (Gjerdrum et al. 2005; Shriver et al. 2007).
Second, the evolutionary history and breeding biology of
sharp-tailed sparrows eliminate many mechanisms that would
cause adaptive trait evolution. There is no evidence for
competitive exclusion between these species. Males and
females of both species are non-territorial, and the home
ranges of both species overlap widely with both conspecifics and heterospecifics (Greenlaw and Rising 1994;
Shriver et al. 2011). Because males of both species do
not contribute parental care, oviposition preferences and
female fecundity are not constrained by territory availability,
dominance hierarchies, or male behavior. Given their overlapping home ranges, similar mating systems, and the spatial
homogeneity of nest failure, saltmarsh and Nelson’s sparrows
breeding in sympatry are subject to similar, if not equivalent,
local selection for oviposition preference.
Finally, evolutionary and developmental constraints
are unlikely to be the cause of divergence between the
taxa. As sister species that became reproductively isolated as recently as 600,000 years ago (Rising and
Avise 1993), saltmarsh and Nelson’s sparrows share
most of their evolutionary history and the accompanying
phylogenetic constraints. The two species also interbreed
readily where their ranges overlap (Greenlaw and Rising
1994; Walsh et al. 2011), illustrating that they share
most developmental constraints. Through the process
of elimination, we are left with genetic drift as one of
the most likely drivers for the development, or at least
maintenance, of divergence in oviposition preferences.
In this study, we use sympatrically breeding populations of sharp-tailed sparrows as a case study to investigate selection versus drift as major drivers of divergence in oviposition preferences. We first confirm
whether, consistent with previous studies, sharp-tailed
sparrows exhibit oviposition preferences. We then test
whether oviposition preference differs between saltmarsh
and Nelson’s sparrows with broadly overlapping home
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ranges. Finally, we test whether any observed differences in oviposition preference between the species are
positively related to fecundity and therefore are potentially adaptive.

Methods
Study site and field methods
We compared oviposition preferences of saltmarsh and Nelson’s
sparrows in Scarborough Marsh, Cumberland County, Maine,
USA, located in the sympatric sharp-tailed sparrow range
(Hodgman et al. 2002). We surveyed two, 10-ha study sites that
are separated by 2.5 km, including a wide river and active train
tracks. In 2 years of study, we have captured over 450 unique
individuals, only one of which was captured at both of these
study sites. Thus, we consider the populations to be largely
independent.
We searched for nests once or twice per week from
May through August, 2012–2013. Following discovery,
we revisited nests every 1 to 3 days until the nesting
attempt was completed via fledging or failure. We captured
attending females at the nest site with mist nets to determine
species. Each female was uniquely marked with a numbered
aluminum leg band from the United States Geological Survey
to track multiple nesting attempts throughout the breeding
season and across multiple years.
In Scarborough Marsh, saltmarsh and Nelson’s sparrows
interbreed readily. Based on morphology, they exhibit a gradient of introgression. Genetic analysis of sharp-tailed sparrows captured in northern New England indicates high levels
of introgression, suggesting that the species have interbred
extensively (Rising and Avise 1993; Shriver et al. 2005;
Walsh et al. 2011). Samples collected in southern Maine in
the late nineteenth century show characteristics of hybridization, suggestive that the species have interbred at our study
site for at least 150 years (KJR unpublished data).
Because of the extensive introgression between these
species, we treated species as a continuous variable as
measured by plumage (sensu Shriver et al. 2005) rather
than using a binary species assignment. For each of 13
plumage characteristics (e.g., color and definition of breast
streaking, width of crown stripes), we assigned each adult
sparrow a score ranging from 1 to 5. Low scores represent
traits typical of Nelson’s sparrows, while high scores represent traits typical of saltmarsh sparrows. The scores in
the 13 categories are then summed to produce an integrated
species index ranging from 13 to 65. Previous studies have
found general concordance between plumage and genetic
hybrid status (Shriver et al. 2005; Walsh et al. 2015). To
minimize observer subjectivity, we averaged the summed
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plumage score of each female across all captures within a
single breeding season.
At each nest site, we measured 16 characteristics. These
included four characteristics of the built nest structure and
12 vegetation characteristics within a square 1-m2 plot centered on each nest. Nest structure measurements included total
nest height (lip of nest bowl to ground), nest depth, distance
from bottom of the nest to the ground, and amount of nest
canopy as measured by estimating the percentage of the nest
bowl that was visible through the canopy while viewing the
nest from directly above. For vegetation characteristics, we
measured thatch depth and maximum vegetation height, and
we visually estimated average vegetation height at the center
(at the nest) and midpoints of the 1-m2 plot sides. We also
visually estimated percent cover of all species present within
the 1-m2 plot (Table 1), with all cover classes summing to
100 %. We chose characteristics based on previous research
on sharp-tailed sparrows (Gjerdrum et al. 2005; Shriver et al.
2007) and the predominant vegetation at our site (Table 1).
We recorded the four nest structure characteristics upon
discovery of the nest and the remaining vegetation characteristics upon nest completion (fledging or failure) to minimize
disturbance to the nesting female. We measured the same suite
of vegetation structure and cover characteristics within a 1-m2
plot centered at non-nest points that we randomly selected
within the study sites using the BCreate Random Points^ tool
in the BData Management^ toolbox of ArcGIS version 10.0
(Environmental Systems Research Institute, Redlands, USA).
We surveyed non-nest points throughout the breeding season,
within a week of the completion of a paired nest site to control
for plant phenology over the study period. We excluded
randomly selected points that were located in standing
water during field surveys.
Statistical analysis
Statistical analyses were performed using R 3.0.2 (R Core
Team 2014). We first used a multiple analysis of variance to
test whether sharp-tailed sparrows as a whole exhibit an oviposition preference as measured by 12 vegetation characteristics (Table 1). We used one-way analyses of variance to identify whether mean vegetation characteristics differed significantly between nest and non-nest points. To ensure that both
species exhibit a preference, we performed a multiple analysis
of variance on saltmarsh and Nelson’s sparrows separately as
well. We separated the dataset into two subsets based on plumage score limits. We defined saltmarsh sparrows as females
with summed plumage scores of 45 or greater, which is the
95th percentile of birds captured in Connecticut. This is the
closest breeding population outside of the hybrid zone where
we collected plumage score data (Hodgman et al. 2002; Walsh
et al. 2011). We defined Nelson’s sparrows as females with a
summed plumage score of 31 or less based on the limit

1642

Behav Ecol Sociobiol (2015) 69:1639–1647

Table 1 Vegetation characteristics (mean±SD) at nest and non-nest points in current and previous studies of sharp-tailed sparrows in New England
saltmarshes, USA
Vegetation characteristic

Nest site

Non-nest point

P value

Gjerdrum (2005)a

Shriver (2007)b

9.2±3.7

6.4±4.4

<0.001

–

sig.

Thatch depth at center (cm)
Maximum vegetation height at 1-m2 quadrat midpoints (cm)
Maximum vegetation height at center (cm)

16.3±5.7
54.3±10.7

6.9±6.0
45.8±13.8

<0.001
<0.001

sig.
sig.

–
–

61.7±12.4

46.3±15.4

<0.001

–

–

Average vegetation height at 1-m2 quadrat midpoints (cm)
Average vegetation height at center (cm)
Water (% cover)

37.5±8.9

33.7±11.6

<0.01

–

–

41.4±9.9
2.2±5.7

33.6±12.6
3.7±12.5

<0.001
0.29

–
–

–
–

Spartina patens (% cover)
Spartina alterniflora (% cover)

56.2±26.2
27.4±24.4

33.9±37.9
22.1±30.4

<0.001
0.15

sig.
non-sig.

sig.
non-sig.

Distichlis spicata (% cover)

9.9±20.3

9.8±19.9

0.97

sig.

non-sig.

Juncus gerardii (% cover)
Other species (% cover)

1.8±9.3
1.8±5.2

10.6±24.7
17.4±28.1

0.01
<0.001

sig.
–

non-sig.
–

Thatch depth at 1-m2 quadrat midpoints (cm)

The means shown are averages among the midpoints of four sides on a 1-m2 quadrat. For the present study, we show mean±standard deviation of
vegetation characteristics for nest site and non-nest points. Reported P values are derived from post hoc one-way comparisons of variance between nest
and non-nest points. We also include indications of vegetation characteristics found to be significantly related to nest sites in these species in previous
studies. Dashes indicate that a characteristic was not measured in the previous study.
a

Gjerdrum et al. (2005)

b

Shriver et al. (2007)

established by Shriver et al. (2005). Hybrids were thus excluded from both subsets of data. We tested for oviposition preferences in both species with the full analysis of variance model on each of these subsets.
We then created a general linear model to test whether the
species identity of nesting females (as measured continuously
by summed plumage score, using all females) covaried with
the same 12 vegetation characteristics and four additional nest
characteristics. We also included covariates to control for
year and study site. We used stepwise AIC model selection
(R package MASS, Ripley et al. 2014) to choose the most
parsimonious suite of nest and vegetation characteristics
that predicted the species of nesting females as measured
by summed plumage score.
Finally, we modeled the relationship between the vegetation
characteristics that best predicted species of a nesting female
and two estimates of fecundity, daily nest survival probability,
and brood size (number of nestlings produced by a successful
nest). First, we used the program MCestimate to generate daily
nest survival probabilities. MCestimate estimates daily nest
survival probabilities similarly to the logistic exposure method
(Mayfield 1975; Dinsmore et al. 2002; Rotella et al. 2004;
Shaffer 2004), but within a Markov-Chain framework
(Environmental Protection Agency Mid-continent Ecology
Division, Duluth, USA; see Etterson et al. 2007, 2014;
Jackson et al. 2011). For all nests, we estimated daily nest
survival probability as a function of year and the vegetation
characteristics from the top model for distinguishing among
species as measured by summed plumage score from

the previous step. We created a null model in which
daily nest survival rate was held constant among all nests.
We compared the top model to the null model using Akaike’s
Information Criterion (Akaike 1974; Burnham and Anderson
2002) to test whether differences in oviposition preferences
can lead to differences in nest survival between saltmarsh
and Nelson’s sparrows. To estimate local variation in nest
survival, we also used MCestimate to estimate daily nest
survival rate as a function of study site. Second, we used
a Poisson regression to estimate brood size, an alternate
estimate of fecundity, as a function of year and the nine
vegetation characteristics from the top model for distinguishing
among species as measured by summed plumage score
(R base package, R Core Team 2014).
Finally, we created two Poisson regression models to test
for differences in additional fecundity parameters along the
species gradient as measured by summed plumage score.
In separate models, we estimated number of nesting attempts
and clutch size as functions of the summed plumage score of
associated females (R base package, R Core Team 2014).
Goodness-of-fit tests indicated that for brood size, clutch
size, and number of nesting attempts, the data fit the assumptions of Poisson regressions.

Results
We compared vegetation characteristics at 190 randomly selected points to 92 sharp-tailed sparrow nest sites. Of these,
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27 nest sites were chosen by Nelson’s sparrow females, 47
by saltmarsh sparrows, and 18 by females within the hybrid
range according to the plumage limits described. With a total
of 1159 exposure days, we observed daily nest survival
probabilities of 0.9402±0.01 (mean±SE; n=33 nests) and
0.9486±0.01 (mean±SE; n=59 nests) by study site.
Vegetation structure and cover characteristics reliably distinguished between nest and non-nest points (Table 1; n=282,
approximate F=18.712,269, P<0.001). This pattern persisted
in the subsets of data that included only saltmarsh (n=47 nests
and 47 randomly selected points; F=8.612,81, P<0.001) and
Nelson’s sparrows (n=27 nests and 27 randomly selected
points; F=4.612,41, P<0.001), demonstrating that both species
exhibit an oviposition site preference. We found that nine of
the vegetation characteristics examined had population means
that significantly differ between nest and non-nest points
(Table 1).
Our results also indicated that nest and vegetation characteristics varied across the sharp-tailed sparrow species gradient (n=92, R2 =0.28, F=3.117,74, P<0.001; Table 2). The best
model included nine of the 16 measured nest and vegetation
characteristics and the year covariate (n=92, R2 =0.33, F=
5.510,81, P<0.001). The best model did not include study
site, indicating that nest site preferences did not vary
based on local habitat availability.
Using year and the nine characteristics included in the best
model for predicting species as measured by summed plumage score, oviposition site did not predict daily nest survival
probability (Table 3). The nest characteristics that best predicted species performed worse than the null model for predicting
daily nest survival probability (ΔAIC c = +3.14, model
weight=0.17). Using year and the nine characteristics included in the best model for predicting species, oviposition site
also did not predict brood size (χ2(10, n=30), P=0.82).
Individual females nested an average of 1.26±0.06 times
per year (mean±SE; n=73). Mean clutch size across all nests
was 3.65±0.09 eggs or nestlings per nest (mean±SE; n=92).
Among successful nests, mean brood size was 2.53±0.19

Table 2 Predictors of female
species as measured by summed
plumage score in Scarborough,
ME, USA (positive beta values
correspond to vegetation
characteristics with higher values
for females toward the saltmarsh
sparrow end of the plumage
gradient) for vegetation
characteristics chosen in the top
model
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nestlings per nest (mean±SE; n=30). We found no evidence
that number of nesting attempts (χ2(71, n=73), P=0.50) or
clutch size (χ2(92, n=90), P=0.61) varied by species as measured by summed plumage score.

Discussion
Differences in oviposition preference have been often cited as
mechanisms of reproductive isolation and a driver of ecological speciation between sister taxa (Coyne and Orr 2004; Nosil
2012). However, we demonstrate evidence of sympatric sister
taxa with oviposition preferences that are divergent but appear
not to be under current selection pressure for maximizing nest
survival. Alternative mechanisms for maximizing fitness via
oviposition site exist. We present multiple lines of evidence
that suggest that variation in oviposition site between Nelson’s
and saltmarsh sparrows is maintained despite a lack of selective pressure, however.
Similar to the two previous studies that examined smallscale nest-site preference in sharp-tailed sparrows, we found
that both saltmarsh and Nelson’s sparrows breeding in
Scarborough Marsh exhibit oviposition preferences
(Table 1). Previous studies and our own found that both structural and vegetation cover characteristics were important in
distinguishing between nest and non-nest points (Gjerdrum
et al. 2005; Shriver et al. 2007). Moreover, the characteristics
in our best model were similar to those reported by previous
studies. For example, our results agree with those of both
Gjerdrum et al. (2005) and Shriver et al. (2007), who also
found that nest sites were positively associated with percent
cover of Spartina patens and exhibited a deeper thatch layer
compared to randomly selected non-nest points. The
Gjerdrum et al. (2005) study was conducted in southern
New England, and the Shriver et al. (2007) study was conducted in the same marshes as our investigation. Together, this
suggests that the oviposition preferences of sharp-tailed
sparrows are similar across both space (~300 km) and time

Predictor variable

b

SE

T

P value

Year
Distance from bottom of the nest to the ground (cm)
Nest depth (cm)
Thatch depth at center (cm)
Thatch depth at 1-m2 quadrat midpoints (cm)
Maximum vegetation height at 1-m2 quadrat midpoints (cm)
Average vegetation height at center (cm)
Spartina patens (% cover)
Distichlis spicata (% cover)
Juncus gerardii (% cover)

−3.20
0.90
−1.35
0.44
−0.35
−0.18
−0.36
−0.18
−0.18
−0.13

1.82
0.23
0.55
0.17
0.26
0.10
0.12
0.04
0.04
0.09

−1.75
3.84
−2.44
2.61
−1.36
−1.69
−2.95
−4.79
−4.02
−1.50

0.08
<0.001
0.02
0.01
0.18
0.09
<0.01
<0.001
<0.001
0.14

1644
Table 3 Predictors of daily nest
survival probability in
Scarborough, ME, USA for
vegetation characteristics chosen
in the top model
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Predictor variable

b

SE

Year
Distance from bottom of the nest to the ground (cm)

0.67
−0.07

0.33
0.04

Nest depth (cm)

−0.12

0.11

Thatch depth at center (cm)
Thatch depth at 1-m2 quadrat midpoints (cm)

−0.03
0.05

0.03
0.05

Maximum vegetation height at 1-m2 quadrat midpoints (cm)

−0.01

0.02

0.03
0.01

0.02
0.01

−0.004
0.002

0.01
0.01

Average vegetation height at center (cm)
Spartina patens (% cover)
Distichlis spicata (% cover)
Juncus gerardii (% cover)

(~a decade). Additionally, we found that compared to randomly selected points, the 1-m2 plot surrounding nest sites
included less water, a trait that was not examined by the
two previous studies.
Saltmarsh and Nelson’s sparrow females exhibit consistently different oviposition preferences as measured by vegetation characteristics. For example, females with plumage
more typical of saltmarsh sparrows built nests that were higher
above the ground, had shallower nest bowls, and placed them
in areas with less Spartina patens compared to females that
exhibited plumage more typical of Nelson’s sparrows.
Because these species interbreed in sympatry, the observed
differences in oviposition preferences between them in this
population are conservative underestimates for the species in
general because some degree of convergence is expected from
genetic introgression.
The nest characteristics that differed by species did not
predict either of two estimates of fecundity, however.
Though the oviposition preferences of saltmarsh and
Nelson’s sparrows vary consistently across study sites, they
do not appear to confer any adaptive advantage in terms of
fecundity as measured by nest survival or brood size during
the years of our study. In fact, the nest traits that together
explain 33 % of the observed variance in female species perform worse at predicting nest survival than an intercept-only
null model. Our findings are consistent with previous research, which has found no placement differences between
successful and unsuccessful nests (Gjerdrum et al. 2005;
Shriver et al. 2007). Furthermore, we found no evidence that
saltmarsh and Nelson’s sparrows exhibit differences in two
life history traits that could result in patterns of fecundity that
differ from those observed in nest survival probabilities
(renesting rate and clutch size). Thus, nest survival is likely
a reasonable index of the fitness consequences of oviposition
divergence in this system and a better index than has been
reported in other songbirds (Streby and Andersen 2013;
Streby et al. 2014).

Here, we show direct evidence that two estimates of fecundity are not related to divergent oviposition preferences of
saltmarsh and Nelson’s sparrows. However, oviposition preference can maximize fitness in a number of other ways.
Refsnider and Janzen (2010) review nest survival (more generally, embryo survival) in addition to five alternative hypotheses for how oviposition site can maximize fecundity. Sharptailed sparrows provide an ideal system that offers good reason to eliminate the alternative hypotheses, however, suggesting that the divergent oviposition preferences between
saltmarsh and Nelson’s sparrows are currently non-adaptive.
We can rule out four of Refsnider and Janzen’s (2010)
hypotheses because of the unique mating systems and life
histories of saltmarsh and Nelson’s sparrows. First,
Refsnider and Janzen describe a hypothesis that oviposition
site can indirectly maximize fitness through mate choice, but
both saltmarsh and Nelson’s sparrows are promiscuous and
non-territorial, and males do not contribute to parental care
(Greenlaw and Rising 1994; Shriver et al. 2010). Second,
the authors propose that oviposition site can impact fitness
through offspring phenotype, usually via microclimatic conditions. This hypothesis is commonly invoked for species that
do not exhibit parental care, such as fish, amphibians, and
reptiles. In most bird species, including sharp-tailed sparrows,
adults mediate the environmental conditions at the oviposition
site through incubation and nest attendance. Nonetheless, this
idea has been applied to several avian systems, providing
mixed results as to whether differences in nest microclimates
are typically ameliorated by parental behavior (Rauter et al.
2002; Amat and Masero 2004; Dawson et al. 2005; Robertson
2009; Tieleman et al. 2014). Sharp-tailed sparrow females nest
under natural or woven grass canopies, which create shade
and moderate the nest microclimate. Thus, we think microclimate is unlikely to affect offspring phenotype in this system,
but future studies should measure microclimatic conditions at
the nest site to address this possibility. Third, oviposition site
can also maximize fitness via juvenile survival, for example
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by proximity to suitable habitat for juveniles after leaving the
nest. Sharp-tailed sparrow juveniles roam the marsh after leaving the nest, however, in home ranges that overlap with nonparental adults and parental adults, conspecifics, and
heterospecifics (Shriver et al. 2010; KJR unpublished data).
Therefore, juvenile habitat use and any consequent differences
in juvenile survival are not likely to result from any differences in oviposition preference between the species. Instead,
juveniles of both of these non-territorial species are exposed to
similar post-fledging risks to survival that are independent of
oviposition site. Fourth, oviposition preference is hypothesized to maximize fitness by maintaining natal philopatry in
some systems. Both saltmarsh and Nelson’s sparrows exhibit
natal philopatry, but on the larger spatial scale of marsh habitat
patches, which is on the order of hectares rather than within 1m2 plots that were examined in this study (Greenlaw and
Rising 1994; DiQuinzio et al. 2001; KJR unpublished data).
The fifth and final alternative hypothesis described by
Refsnider and Janzen (2010) is that oviposition site can maximize fitness via female survival. We cannot conduct a survival analysis with only 2 years of data, and we observed too few
females that nested in both years of this study to make any
inferences about female survival based on species (two within
the saltmarsh sparrow plumage limit, one Nelson’s sparrow,
and two apparent hybrids). However, we also conducted systematic mist-netting at these study sites for another project,
and we detected similar proportions of saltmarsh and
Nelson’s sparrow females captured in 2012 that returned in
2013 (8.7 % of Nelson’s sparrow females, 5.5 % of saltmarsh
sparrow females; KJR unpublished data). Additionally, adult
survival estimates calculated from systematic mist-netting at
these and additional sites demonstrated that saltmarsh and
Nelson’s sparrow females exhibit equivalent adult survival
rates across northern New England (CR Field unpublished
data). Moreover, Sillett and Holmes (2002) observed that
monthly rates of mortality were 15 times greater during migration months than in the breeding season for another songbird species. While oviposition site may influence female survival in sharp-tailed sparrows, in these and many songbirds,
adult mortality related to oviposition site is likely small relative to migration-related mortality. Nonetheless, future studies
should include explicit tests for female survival and more
robust estimates of fecundity that include juvenile survival.
Despite the limitations of our study, our findings are consistent with the hypothesis that neutral processes have shaped
or currently maintain species-level differences in oviposition
preference. The two sharp-tailed sparrow species in
Scarborough Marsh share evolutionary history, sympatric
habitat, a unique mating system, and developmental constraints, and thus we can reject many mechanisms for adaptive
divergence. We are left with drift as a likely driver of the
maintenance of the observed divergence between saltmarsh
and Nelson’s sparrow oviposition preferences. The possibility
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that either species currently exhibits an oviposition preference
that arose through adaptive selection elsewhere in space or
time is impossible to eliminate. At the very least, we can
conclude that the current divergence in saltmarsh and
Nelson’s sparrow oviposition preferences is maintained without strong selection in sympatry. Should these traits become
important for reproductive isolation between the species in the
future, that outcome will have been shaped at least partly by
periods of neutral evolution.
These results challenge the often-assumed paradigm that
traits, particularly those related to survival, fecundity, and reproductive isolation, are optimized. In light of these and other
similar findings, researchers should explicitly measure the fecundity consequences of variation in oviposition preferences.
In particular, wildlife managers should consider that observed
preferences and behaviors in wildlife are not necessarily adaptive when planning for conservation action such as habitat
restoration. Otherwise, they may take conservation action that,
while based on observed habitat use, will not result in increased population growth.
Our results suggest that, as with all traits, oviposition preference can vary neutrally and is perhaps a work in progress.
Oviposition preference is not perfectly optimized to the environment, nor is it without superfluity. This standing variation
in oviposition preference, which exists not just at the individual but at the population level, provides fodder for divergence
and ultimately could increase the probability of ecological
speciation. More research should address how common neutral variation in oviposition preferences is in nature, and its
relative importance in the speciation process.

Ethical approval
All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.
All procedures performed in studies involving animals were
in accordance with the ethical standards of the institution or
practice at which the studies were conducted (Institutional
Animal Care and Use Committee of the University of Maine
under approval A2011-04-02).

Acknowledgments This work was funded by a Competitive State
Wildlife Grant (# U2-5-R-1) via Federal Aid in Sportfish and Wildlife
Restoration to the states of Maryland, Delaware, Connecticut, and Maine
and the National Science Foundation (Grant # DEB-1340008). Logistical
support was generously provided by the Maine Department of Inland
Fisheries and Wildlife and the staff of the Rachel Carson National Wildlife Refuge in Wells, Maine. In particular, we would like to thank K.M.
O’Brien, K. Schwaab, and W. Feurt. Finally, thank you to the two anonymous reviewers for their detailed, thoughtful comments that greatly
improved this work.

1646

References
Akaike H (1974) A new look at the statistical model identification.
Autom Control IEEE T Automat Contr 19:716–723
Althoff DM, Segraves KA, Leebens-Mack J, Pellmyr O (2006) Patterns
of speciation in the yucca moths: parallel species radiations within
the Tegeticula yuccasella species complex. Syst Biol 55:398–410
Amat JA, Masero JA (2004) Predation risk on incubating adults constrains the choice of thermally favourable nest sites in a plover.
Anim Behav 67(2):293–300
Arlt D, Pärt T (2007) Nonideal breeding habitat selection: a mismatch
between preference and fitness. Ecology 88:792–801
Bayard TS, Elphick CS (2010) Using spatial point-pattern assessment to
understand the social and environmental mechanisms that drive avian habitat selection. Auk 127:485–494
Brykov A, Polyakova N, Skurikhina LA, Kukhlevsky AD (1996)
Geographical and temporal mitochondrial DNA variability in populations of pink salmon. J Fish Biol 48:899–909
Burnham KP, Anderson DR (2002) Model selection and multimodel
inference: a practical information-theoretic approach, 2nd edn.
Springer-Verlag, New York
Chalfoun AD, Schmidt KA (2012) Adaptive breeding-habitat selection:
is it for the birds? Auk 129:589–599
Clark RG, Shutler D (1999) Avian habitat selection: pattern from process
in nest-site use by ducks? Ecology 80:272–287
Comes HP, Tribsch A, Bittkau C (2008) Plant speciation in continental
island floras as exemplified by Nigella in the Aegean Archipelago.
Philos T Roy Soc B 363:3083–3096
R Core Team (2014) R: A language and environment for statistical computing, http://www.r-project.org/
Coyne JA, Orr HA (2004) Speciation. Sinauer Associates, Sunderland, MA
Dawson RD, Lawrie CC, O’Brien EL (2005) The importance of microclimate variation in determining size, growth and survival of avian
offspring: experimental evidence from a cavity nesting passerine.
Oecologia 144:499–507
Dinsmore SJ, White GC, Knopf FL (2002) Advanced techniques for
modeling avian nest survival. Ecology 83:3476–3488
DiQuinzio DA, Paton PWC, Eddleman WR (2001) Site fidelity,
philopatry, and survival of promiscuous Saltmarsh Sharp-tailed
Sparrows in Rhode Island. Auk 118:888–899
Dwernychuk LW, Boag DA (1972) Ducks nesting in association with
gulls—an ecological trap? Can J Zool 50:559–563
Etges WJ (1998) Premating isolation is determined by larval substrates in
cactophilic Drosophila mojavensis. Am Nat 152:129–144
Etterson MA, Nagy LR, Robinson TR (2007) Partitioning risk among
different causes of nest failure. Auk 124:432–443
Etterson MA, Greenberg R, Hollenhorst T (2014) Landscape and regional
context differentially affect nest parasitism and nest predation for
Wood Thrush in central Virginia, USA. Condor 116:205–214
Filliater TS, Breitwisch R, Nealen PM (1994) Predation on Northern
Cardinal nests: does choice of nest site matter? Condor 96:761–768
Friesen VL, Smith AL, Gomez-Diaz E, Bolton M, Furness RW,
Gonzalez-Solis J, Monteiro LR (2007) Sympatric speciation by
allochrony in a seabird. P Natl Acad Sci USA 104:18589–18594
Gavrilets S (2003) Models of speciation: what have we learned in 40
years? Evolution 57:2197–2215
Gavrilets S (2004) Fitness landscapes and the origin of species. Princeton
University Press, Princeton, NJ
Gjerdrum C, Elphick CS, Rubega M (2005) Nest site selection and
nesting success in saltmarsh breeding sparrows: the importance of
nest habitat, timing, and study site differences. Condor 107:849–862
Gould SJ, Lewontin RC (1979) The spandrels of San Marco and the
Panglossian paradigm: a critique of the adaptationist programme.
Proc R Soc Lond B 205:581–598

Behav Ecol Sociobiol (2015) 69:1639–1647
Greenlaw JS, Rising JD (1994) Saltmarsh Sparrow (Ammodramus
caudacutus). Birds North Am Online, http://bna.birds.cornell.edu/
bna/species/112
Hawthorne DJ, Via S (2001) Genetic linkage of ecological specialization
and reproductive isolation in pea aphids. Nature 412:28–31
Hodgman TP, Shriver WG, Vickery PD (2002) Redefining range overlap
between the sharp-tailed sparrows of coastal New England. Wilson
Bull 114:38–43
Jackson AK, Evers DC, Etterson MA, Condon AM, Folsom SB,
Detweiler J, Schmerfeld J, Cristol DA (2011) Mercury exposure
affects the reproductive success of a free-living terrestrial songbird,
the Carolina Wren (Thryothorus ludovicianus). Auk 128:759–769
Kamel SJ, Mrosovsky N (2005) Repeatability of nesting preferences in
the hawksbill sea turtle, Eretmochelys imbricata, and their fitness
consequences. Anim Behav 70:819–828
Kimura M (1983) The neutral theory of molecular evolution. Cambridge
University Press, New York, NY
Kriska G, Horváth G, Andrikovics S (1998) Why do mayflies lay their
eggs en masse on dry asphalt roads? Water-imitating polarized light
reflected from asphalt attracts Ephemeroptera. J Exp Biol 201:2273–
2286
Lenski RE, Travisano M (1994) Dynamics of adaptation and diversification: a 10,000-generation experiment with bacterial populations. P
Natl Acad Sci USA 91:6808–6814
Machado CA (2005) Critical review of host specificity and its coevolutionary implications in the fig/fig-wasp mutualism. P Natl Acad Sci
USA 102:6558–6565
Mayfield HF (1975) Suggestions for calculating nest success. Wilson J
Ornithol 87:456–466
Miller DA, Grand JB, Fondell TF, Anthony RM (2007) Optimizing nest
survival and female survival: consequences of nest site selection for
Canada geese. Condor 109:769–780
Nosil P (2012) Ecological speciation. Oxford University Press, New
York, NY
Papke RT, Ramsing NB, Bateson MM, Ward DM (2003) Geographical
isolation in hot spring cyanobacteria. Environ Microbiol 5:650–659
Petren K, Grant PR, Grant BR, Keller LF (2005) Comparative landscape
genetics and the adaptive radiation of Darwin’s finches: the role of
peripheral isolation. Mol Ecol 14:2943–2957
Rausher MD (1979) Larval habitat suitability and oviposition preference
in three related butterflies. Ecology 60:503–511
Rauter CM, Reyer HU, Bollmann K (2002) Selection through predation,
snowfall and microclimate on nest-site preferences in the Water Pipit
Anthus spinoletta. Ibis 144:433–444
Refsnider JM, Janzen FJ (2010) Putting eggs in one basket: ecological
and evolutionary hypotheses for variation in oviposition-site choice.
Annu Rev Ecol Evol S 41:39–57
Resetarits WJ Jr (1996) Oviposition site choice and life history evolution.
Am Zool 36:205–215
Ries L, Fagan WF (2003) Habitat edges as a potential ecological trap for
an insect predator. Ecol Entomol 28:567–572
Ripley B, Venables B, Bates DM, Hornik K, Gebhardt A, Firth D (2014)
Package BMASS.^ R Package, http://cran.r-project.org/web/
packages/MASS/index.html
Rising JD, Avise JC (1993) Application of genealogical-concordance
principles to the taxonomy and evolutionary history of the Sharptailed Sparrow (Ammodramus caudacutus). Auk 110:844–856
Robertson BA (2009) Nest-site selection in a postfire landscape: do parents make tradeoffs between microclimate and predation risk? Auk
126: 500–510
Robertson BA, Hutto RL (2006) A framework for understanding ecological traps and an evaluation of existing evidence. Ecology 87:
1075–1085
Rønsted N, Weiblen GD, Cook JM, Salamin N, Machado CA, Savolainen
V (2005) 60 million years of co-divergence in the fig–wasp symbiosis. Proc R Soc Lond B 272:2593–2599

Behav Ecol Sociobiol (2015) 69:1639–1647
Rotella JJ, Dinsmore SJ, Shaffer TL (2004) Modeling nest-survival data:
a comparison of recently developed methods that can be implemented in MARK and SAS. Anim Biodivers Conserv 27:187–205
Rundle HD, Nagel L, Boughman JW, Schluter D (2000) Natural selection
and parallel speciation in sympatric sticklebacks. Science 287:
306–309
Scheirs J, De Bruyn L, Verhagen R (2000) Optimization of adult performance determines host choice in a grass miner. Proc R Soc Lond B
267:2065–2069
Shaffer TL (2004) A unified approach to analyzing nest success. Auk
121:526–540
Shriver WG, Gibbs JP, Vickery PD (2005) Concordance between morphological and molecular markers in assessing hybridization between
Sharp-tailed Sparrows in New England. Auk 122:94–107
Shriver WG, Vickery PD, Hodgman TP (2007) Flood tides affect
breeding ecology of two sympatric sharp-tailed sparrows. Auk
124:552–560
Shriver WG, Hodgman TP, Gibbs JP, Vickery PD (2010) Home range
sizes and habitat use of Nelson’s and Saltmarsh Sparrows. Wilson J
Ornithol 122:340–345
Shriver WG, Hodgman TP, Hanson AR (2011) Nelson’s Sparrow
(Ammodramus nelsoni). Birds North Am Online, http://bna.birds.
cornell.edu/bna/species/719
Sillett TS, Holmes RT (2002) Variation in survivorship of a migratory
songbird throughout its annual cycle. J Anim Ecol 71:296–308.

1647
Sorenson MD, Sefc KM, Payne RB (2003) Speciation by host switch in
brood parasitic indigobirds. Nature 424:31–32
Spencer R-J (2002) Experimentally testing nest site selection: fitness
trade-offs and predation risk in turtles. Ecology 83:2136–2144
Streby H, Andersen D (2013) Testing common assumptions in studies of
songbird nest success. Ibis 327–337
Streby HM, Refsnider JM, Peterson SM, Andersen DE (2014) Retirement
investment theory explains patterns in songbird nest-site choice.
Proc R Soc B 281:20131834
Thompson JN (1988) Evolutionary ecology of the relationship between
oviposition preference and performance of offspring in phytophagous insects. Entomol Exp Appl 3–14
Tieleman BI, van Noordwijk HJ, Williams JB (2014) Nest site selection
in a hot desert: trade-off between microclimate and predation risk.
Condor 110:116–124
Tiner RW (2013) Tidal wetlands primer: an introduction to their ecology,
natural history, status, and conservation. University of Massachusetts
Press, Amherst, MA
Walsh J, Kovach AI, Lane OP, O'Brien KM, Babbitt KJ (2011) Genetic
barcode RFLP analysis of the Nelson’s and Saltmarsh Sparrow
hybrid zone. Wilson J Ornithol 123:316–322
Walsh J, Shriver WG, Olsen BJ, O’Brien KM, Kovach AI (2015)
Relationship of phenotypic variation and genetic admixture in the
Saltmarsh–Nelson’s sparrow hybrid zone. Auk 132:704–716

