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Abstract

Avian social and genetic mating systems are influenced by parental care roles as well as by reproductive opportunities. Alter-
native reproductive tactics, including conspecific brood parasitism and extra-pair mating, are predicted to be most common
when females have access to potential host nests and when adults have access to potential mating partners, respectively. We
tested these predictions in the facultatively colonial Hispaniolan woodpecker (Melanerpes striatus), a socially monogamous
species with biparental care. Up to 12 pairs may nest concurrently in the same tree or, less frequently, two adjacent trees,
potentially facilitating both conspecific brood parasitism and extra-pair mating. Contrary to our predictions, genotyping with
single-nucleotide polymorphisms (SNPs) revealed no evidence of extra-pair paternity in either solitary or colonial nests: all
307 nestlings in 101 broods were matched to their social parents. Two instances of apparent conspecific brood parasitism
were detected via changes in clutch size, but these could not be confirmed genetically since none of the apparently parasitic
eggs survived to hatching. Therefore, if conspecific brood parasitism did occur, it was not a successful route to reproduc-
tion: parents fledged only their genetic offspring. These results suggest that reproductive opportunities alone are insufficient
to favor alternative reproductive tactics, and that genetic monogamy can persist despite locally high densities of breeding
pairs. Other life-history traits, including high levels of nest attendance and male parental care, may constrain parasitism and
extra-pair mating in this long-lived tropical species.

Significance statement

High breeding density, a feature of colonial nesting, should increase opportunities for infidelity and conspecific brood para-
sitism because of the close proximity of potential extra-pair mates and parasitic females. Yet, we found that Hispaniolan
woodpeckers, which nest both solitarily and colonially (two or more pairs in the same tree) in the same population, were
genetically monogamous and lacked successful brood parasitism. Colonial nesting is exceptionally rare in the woodpecker
family, which is also characterized by high investment in male parental care, including nocturnal incubation. The essential
role of paternal care for successful reproduction in the Hispaniolan woodpecker might have selected against extra-pair mating
and conspecific brood parasitism despite the apparent ample opportunities provided by nesting so close to others.
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2019) and may be viewed as an alternative mating tactic
from the perspective of either sex (Griffith et al. 2002; Elias-
sen and Kokko 2008; Arct et al. 2015). Conspecific brood
parasitism (CBP), in which females lay parasitic eggs into
conspecific host nests, is a female alternative reproductive
tactic that is also widespread but more difficult to detect
(documented in ~ 250 bird species; Lyon and Eadie 2008).
Both tactics occur in many lineages across the avian phy-
logeny, but their frequencies vary widely across and within
species (Lyon and Eadie 2017; Brouwer and Griffith 2019).
This variation, especially intraspecific variation, provides
rich opportunities to test adaptive hypotheses for the origins
and maintenance of avian mating behaviors and the selective
pressures favoring and constraining parasitic reproduction.
One prominent hypothesis to explain variation in the
occurrence of alternative reproductive tactics posits that
they are constrained by opportunity, since both EPM and
CBP are limited by the availability of local breeding pairs.
Both EPM and CBP are therefore predicted to be more fre-
quent in areas with high breeding densities (Rohwer and
Freeman 1989; Westneat et al. 1990) and/or locally high syn-
chrony among breeding pairs (Stutchbury and Morton 1995).
Empirical support for this prediction is mixed: while some
studies have found positive correlations between EPM and
breeding density or synchrony (Stewart et al. 2010; Mayer
and Pasinelli 2013), many have not (reviewed in Westneat
and Sherman 1997; Casey et al. 2011; Ferretti et al. 2019).
A recent meta-analysis of EPM rates across species failed
to find a strong link with breeding density—or any other
ecological predictor—and concluded that studies of dif-
ferent populations within the same species might be more
fruitful than comparisons across species (Brouwer and Grif-
fith 2019). Similarly, although breeding density is the most
frequently reported correlate of CBP, phylogenetic patterns
are typically stronger than environmental factors and much
variation remains unexplained (Lyon and Eadie 2017).
Colonial and facultatively colonial species offer prom-
ising opportunities to examine the influence of breeding
density on alternative reproductive tactics since clear pre-
dictions can be made regarding intraspecific variation. In
theory, dense breeding aggregations could facilitate both
EPM and CBP in at least two, non-mutually exclusive ways.
First, both the number of potential extra-pair mates (of either
sex) and the number of potential host nests should increase
with colony size (Morton et al. 1990; Gowaty and Bridges
1991; Richardson and Burke 1999, 2001). Second, relative
to solitary nests, colonies are predicted to be more conspicu-
ous and attractive to floater (non-nesting) males and females
who could act as extra-pair mates and parasites, respectively
(Gowaty and Bridges 1991). All else being equal, therefore,
EPM and CBP should increase with colony size, and, in
facultatively colonial species, should be more frequent in
colonies than in solitary nesting pairs (Brown and Brown
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1988; Brown and Bomberger Brown 1989; Hoi and Hoi-
Leitner 1997).

Alternatively, EPM and/or CBP might be constrained by
life history, such that colony size is not obviously corre-
lated with the frequency of either tactic. Parents who invest
heavily in their young suffer greater costs from being para-
sitized, as do cuckolded males who raise extra-pair young
(Yom-Tov 2001; Griffin et al. 2013; Hauber et al. 2020),
and should be under stronger selection to resist rearing
unrelated nestlings (Rohwer and Freeman 1989). Species
with high levels of parental investment should therefore be
characterized by strong pair bonds, vigilance at the nest,
and decreased investment in alternative reproductive tactics
(both EPM and CBP; Arnold and Owens 2002). By contrast,
uncertainty over parentage should select for reduced paren-
tal investment. In the context of EPM, this argument has
been formalized in game theory models hypothesizing that
paternity is the result of transactional negotiations between
partners (Shellman-Reeve and Reeve 2000). According to
these models, the social mate’s paternity (within-pair pater-
nity) is expected to increase as the value of male parental
care increases. If males reduce parental care in response to
female infidelity but male care is essential for successful
reproduction (Dixon et al. 1994; Suter et al. 2009), infidelity
should be selected against because females cannot afford to
lose the social father’s care (Mgller 2000). This combina-
tion of life-history traits—energetically expensive offspring,
high levels of male parental care, and strong and long-lasting
pair bonds—may help explain the near-absence of alterna-
tive reproductive tactics in some colonial lineages, such as
seabirds (Quillfeldt et al. 2001, 2012).

In this study, we investigated the frequency of extra-pair
paternity (EPP) and conspecific brood parasitism in the
Hispaniolan woodpecker (Melanerpes striatus), a socially
monogamous bird with biparental care. Hispaniolan wood-
peckers are endemic to Haiti and the Dominican Republic
and are facultatively colonial: pairs may nest singly or in
small colonies of 2-26 pairs in separate cavities in the same
tree or in two adjacent (~ 1 m apart) trees (Wallace 1969;
Short 1974; LaPergola 2018). This provides an opportu-
nity to test whether alternative reproductive strategies are
more frequent in colonies than in solitary nests in the same
population. Like the other species in the woodpecker family
(Picidae) (Ligon 1993; Winkler et al. 1995), male Hispan-
iolan woodpeckers provide extensive parental care, includ-
ing nocturnal incubation (JBL, personal observations). The
young are altricial and remain dependent on their parents
until fledging at~32 days of age, and both sexes contrib-
ute to incubation, nest sanitation, nestling provisioning,
and nest defense (Short 1974). Pairs may remain together
for multiple breeding seasons (up to 5; JBL, unpublished
data). Several aspects of their life history, therefore, suggest
that alternative reproductive tactics may be constrained by
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high levels of parental investment. In addition, nesting pairs
aggressively defend their cavities against extra-pair conspe-
cifics, which could further limit opportunities for alternative
tactics, particularly parasitism. However, the Hispaniolan
woodpecker is one of the only colonial woodpeckers (N=3
of 254 species), and, in addition to being one of the most
abundant birds on Hispaniola (Latta et al. 2006), it exhibits
a high breeding density compared to most woodpecker spe-
cies (Selander 1966; Winkler et al. 1995). Therefore, we
predicted that, if alternative reproductive tactics are limited
by opportunities, both EPP and conspecific brood parasit-
ism should be more frequent in colony-nesting birds than in
solitary pairs in this population.

Methods
Study population and field methods

We studied Hispaniolan woodpeckers in Piedra Blanca,
Dominican Republic (19°07'09.5"N, 70° 34’ 54.8" W),
between April 2012 and July 2017. This region is seasonal
with two dry seasons and two wet seasons per year (Climate-
data.org 2021); Hispaniolan woodpecker breeding encom-
passes the long wet season and the short dry season, with
clutch initiation beginning in March, peaking in May, and
tapering off in July (JBL, unpublished data). Vegetation at
the site consists of pine (Pinus occidentalis and Pinus carib-
aea) and broadleaf wet forest fragments in a matrix of cattle
pastures with isolated or clustered royal palms (Roystonea
hispaniolana) and small fragments of secondary vegetation
and “living tree” (predominantly Gliricidia sepium) fences.
At our site, Hispaniolan woodpeckers nested overwhelm-
ingly in royal palms (96% of nesting pairs, N=176) and
occasionally in other substrates (e.g., Cocos nucifera, Sabal
spp., Syzygium jambos, and fence posts: 4% of nesting pairs).
Pairs typically raise one or two broods per year but might
have up to four nesting attempts if first broods are unsuc-
cessful, and the mean (& standard error, SE) clutch size in
this population was 4.4 +0.1 eggs (range =1-7; LaPergola
2018). Nests were located by searching for cavities and vis-
ible woodpecker activity. We inspected cavities using a pen-
light and small inspection mirror while climbing or with a
wireless camera attached to a 15.2 m telescoping pole that
broadcast images to a portable digital television (Huebner
and Hurteau 2007; Waldstein 2012). We typically checked
clutches every 3-5 days and, when possible, daily if we did
not know the clutch completion date. Incubation typically
lasted 11 days (range =9-14 days).

We captured adult woodpeckers by “ambushing” adults
in nest cavities (Stanback and Koenig 1994) or by mist-net-
ting with an elevated dual-tower system (LaPergola 2018).
Ambushing involved using light weight, hollow plastic balls

(Wiffle balls) covered in duct tape and tied to monofilament
nylon line to cover cavity entrances after birds entered to
feed nestlings, or pre-dawn if birds roosted the previous
night. To reduce nest abandonment, we ambushed adults one
or more weeks before egg-laying or >22 days post-hatch.
The mist net tower system involved erecting two 15.2 m
tower poles supported with a series of guy lines and, using
pulleys and ropes, raising two stacked 12 m mist nets in front
of nesting trees. This method increased sampling to include
woodpeckers nesting in substrates too unstable to climb.

Once captured, each bird received a unique combination
of color and numbered aluminum leg bands. We banded a
total of 186 adults (89 females, 97 males) and 363 nest-
lings. For some nests, the cavity entrance was large enough
to manually remove nestlings, but for cavities with small
entrances, we used a manual or handheld portable power
saw to cut a triangular or rectangular door that could be held
in place with nails or screws and occasionally reinforced
with wood glue (Stanback and Koenig 1994). Hispaniolan
woodpeckers typically returned to normal activity (feeding
young, roosting, etc.) after alterations and continued to re-
use such cavities within and across breeding seasons. During
capture of adults and nestlings, we collected ~ 50 pL of blood
via ulnar venipuncture and stored samples in 2% SDS lysis
buffer solution (100 mM Tris pH 8, 100 mM Na 2 EDTA,
10 mM NaCl). For nestlings sampled from 2012-2015, we
took blood samples and banded nestlings with the aluminum
band at ~ 14 days post-hatch, and at~21 days post-hatch, we
color-banded nestlings and took additional blood samples
for individuals that yielded little blood the first time. Start-
ing in 2016, we started metal banding and blood sampling
nestlings at~7 days post-hatch because partial brood loss
was common in the population (see below). When possi-
ble, we also collected broken eggshells, intact eggs if they
remained > 2 days after the last chick was known to hatch,
and dead nestlings; however, of these samples, only two dead
nestlings and one unhatched egg containing a dead embryo
yielded DNA of sufficiently high quality to be included in
genetic analyses. The remaining 99% of offspring samples
(N=348) were derived from blood.

We assigned social parents to nests using 2- or 3-h-long
nest watches during the incubation and/or nestling phases
of the nesting cycle. Nests were observed from burlap hides
10-15 m from the nest tree, and males and females were
distinguished visually by plumage dimorphism. Observers
recorded the identity of attending parents based on color-
band combinations (or lack thereof). Only individuals that
incubated eggs or young or provisioned nestlings were con-
sidered social parents. Additional birds occasionally visited
cavities, but all of these visits were brief and appeared to
be antagonistic rather than cooperative (i.e., the individual
looked into the cavity but never entered, and, in some cases,
they attacked parents and/or nestlings).
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We defined nesting attempts as “solitary” or “colo-
nial” based on the spatial clustering of pairs. The distribu-
tion of nearest-neighbor distances (NND) among nests in
the population was highly bimodal, with nests in colonies
being much closer together (mean+SD NND=1.2+1.2 m,
range =0.1-4.9 m, N=142 nests) than solitary nests
(mean+ SD NND =57.2+34.1 m, range = 18.0-208.4 m,
N =39 nests). Thus, solitary nesting attempts were defined
as nests with no other pairs on the same tree. Colonial nest-
ing attempts were defined as nests where two or more nest-
ing pairs used the same tree (or, in one case, in two adjacent
trees ~ 1 m apart).

Over 6 years, we documented 343 nesting attempts and
genotyped 348 offspring from 116 broods (95 offspring
from 30 solitary broods and 253 offspring from 86 colonial
broods; see Table S1 for summary of sampling by year). Of
these, one or both social parents were genotyped for 307
offspring from 101 broods (86 offspring from 26 solitary
broods and 219 offspring from 75 colonial broods; Table 1).
These 101 broods included 65 unique parent pairs, including
46 pairs where both parents were banded (40 social mothers
and 42 social fathers), 7 pairs where only the social mother
was banded, and 14 pairs where only the social father was
banded. The mean (+ SD) colony size of sampled colonies
was 4.2 + 3.2 pairs (range =2-12 pairs, N=27 colony years:
14 colony trees sampled for a mean+ SD of 1.9+ 1.1 years,
range = 14 years).

It was not possible to sample the entire pool of offspring
for all nests because hatch failure and partial brood loss
occurred in, respectively, 58% and 65% of nests in the study
population (LaPergola 2018). Consequently, we sampled
67% (N=393 eggs) of possible eggs across broods of known
clutch sizes (mean + SD clutch size=4.5+1.0 eggs, N=_88
broods), and a mean (+ SD) of 69 +23% of possible eggs
per brood (range = 17-100%; 20% of these represented full
broods). We sampled 86% (N =308 offspring) of hatched
offspring across broods with known hatching success (N =85
broods) and a mean (+ SD) of 87 + 18% of hatched offspring
per brood (range =33-100%; 60% of these represented full
broods). We were unable to record data blind because our
study involved focal animals in the field.

Molecular analyses

We used the ddRAD-seq protocol described in Thrasher
et al. (2018), which was modified from Peterson et al.
(2012). Briefly, we first extracted genomic DNA from all
samples using the Qiagen DNeasy® Blood and Tissue kit
(Qiagen, Inc., Valencia, CA) and quantified sample concen-
trations via Qubit dsDNA BR assay kit (Life Technologies,
USA). Sample extractions averaged (+SD) 28.7+12.5 ng
DNA/uL (range =2.54-67.6 ng/uL). For each individual,
100-500 ng of DNA was digested with Sbfl and Mspl and
ligated with one of 20 P1 adapters, each adapter having a
unique inline barcode. Samples were pooled into groups of
20, purified with Sera-Mag Magnetic Speed-beads (Fisher-
Sci), and size selected (450-600 bp) using BluePippin (Sage
Science). Index groups (P2 adapters) and Illumina sequenc-
ing adapters were added using 11 PCR cycles, and cleaned
reaction products were pooled in equimolar ratios to create
a single library for sequencing on one lane of the Illumina
HiSeq 2500 (100 bp single end).

We assessed read quality using FASTQC version 0.11.5
(www.bioinformatics.babraham.ac.uk/projects/fastqc) and
then trimmed all sequences to 97 bp using fastX_trimmer
(FASTX-Toolkit), excluding low-quality calls near the 3’ of
the reads. We then removed reads containing at least a single
base with a Phred quality score < 10 (using fastq_quality_fil-
ter), or if > 5% of the bases had a Phred quality score < 20.
We used the STACKS version 1.37 pipeline (Catchen et al.
2013) to demultiplex reads and assemble sequences de
novo. Following the same STACKS protocol in Thrasher
et al. (2018), we used denovo_map.pl to assemble and filter
RAD loci and the populations module to further filter and
export SNPs.

Parentage analyses

We used CERVUS version 3.0.7 (Kalinowski et al. 2007) to
assign parentage for all nestlings for each year separately.
We ran separate allele frequency and parentage simulation
analyses (parent-pair, sexes known) for each year, includ-
ing nestlings and candidate parents in the allele frequency

Table 1 Results of parentage assignments for Hispaniolan woodpeckers using 147 SNPs. For the cases when neither social parent was sampled,
none of these offspring were assigned to other adults in the population known to be nesting elsewhere that year

Sample sizes

Assigned to social mother ~ Assigned to social father

Solitary Colonial Solitary Colonial Solitary Colonial
Both social parents sampled 71 nestlings (21 broods) 175 nestlings (56 broods) 71 (100%) 175 (100%) 71 (100%) 175 (100%)
Female sampled, not male 3 nestlings (1 brood) 19 nestlings (7 broods) 3 (100%) 19 (100%) — —
Male sampled, not female 12 nestlings (4 broods) 27 nestlings (12 broods) — — 12 (100%) 27 (100%)

Neither social parent sampled
Total

9 nestlings (4 broods)

95 (30) 253 (86)

32 nestlings (11 broods) — — — —

@ Springer


http://www.bioinformatics.babraham.ac.uk/projects/fastqc

Behavioral Ecology and Sociobiology (2022) 76: 72

Page50f10 72

calculations. For each year’s allele frequency analysis, we
included only adults known to be alive that year, all nestlings
sampled that year, and any nestlings that had been resighted
after fledging in previous years (see Table S2 for allele fre-
quency results broken down by year). For parentage simula-
tion analyses, we used the following parameters: 10,000 off-
spring, 95% of candidate parents sampled, 85% of loci typed,
and minimum number of loci typed was 74. We used the
parent pair approach in CERVUS to identify the most likely
parent pair, including as candidate parents all adults banded
in the year that the nestlings were sampled or in previous
years. Because Hispaniolan woodpeckers can be aged using
molt limits (Garrod and LaPergola 2018), we also included
as candidate parents those birds that were old enough to be
breeders in the year of nestling sampling but were caught
and sampled in later seasons. For nestlings with both social
parents sampled, we accepted CERVUS’s parentage assign-
ment at the 95% confidence level for the parent pair with the
highest trio LOD score and the lowest number of trio loci
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Results
SNP characteristics

We genotyped 89 adult females, 97 adult males, and 348
nestlings at a total of 147 SNP loci. The mean proportion
of loci typed per individual was 0.970. The mean number
of loci compared for top ranked parents was 140.1 +0.3
for mother—offspring pairs (range =89-147), 138.9+0.7
for father-offspring pairs (range =73-147), and 143.3 +0.3
for trios (range =96-147). This panel of SNPs had a
polymorphic information content (PIC) of 0.349 (mean
Hp=0.452; mean H,=0.427) and high power for assign-
ing parentage (mean non-exclusion probability for first
parent, NEP, = 1.2 x 10~7; mean non-exclusion probability
for second parent, NEP,=5.8 X 10~'3; mean non-exclusion
probability for parent pair, NEPP=2.0x 10729).

Genetic parentage

There was no genetic evidence for conspecific brood para-
sitism or extra-pair paternity in any of the broods sam-
pled, in either solitary or colonial nests (Table 1). In all
broods for which one or both social parents was genotyped
(N=307 nestlings in 101 broods), CERVUS assigned
100% of sampled nestlings to the social parent(s). For
broods in which the social father was not sampled, CER-
VUS did not assign any extra-pair males as the genetic
father, and for broods in which the social mother was not
sampled, CERVUS did not assign any other females as the
genetic mother. In addition, there were 7 nestlings from
3 solitary broods and 17 nestlings from 6 colonial broods
for which CERVUS assigned parentage, even though the
social parents had not been genotyped at the time of nest-
ing. In all of these cases, the assigned genetic parents
were apparently the social parents, but they were trapped
and sampled after the nesting attempt (either later in the
same breeding season, or in subsequent years; Table S3).
Therefore, these assignments were consistent with within-
pair parentage. For example, in one colonial nest when the
social father had not been sampled during nesting, CER-
VUS assigned all three nestlings to a male that was banded
the next year but mated to the same social mother that had
been assigned (suggesting that the same pair had remained
together for 2 years and CERVUS correctly identified the
social father as the genetic father).

Although we identified no instances of CBP or EPP,
we estimated 95% confidence intervals in order to place
upper bounds on the frequency of each tactic in our popu-
lation, given our sample sizes. Pooling offspring for which
both parents were banded and sampled with offspring for
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which only the social mother was banded and sampled, the
overall 95% confidence interval for CBP was 0.0+ 1.7%;
N=268. These estimates were similarly low for solitary
nests (0.0 +5.8%; N=76) and colonial nests (0+2.3%;
N=194). At the brood level, the overall 95% confidence
interval for CBP was 0.0 +5.1%; N =86 (solitary nests:
0.0+ 16.9%; N=22; colonial nests: 0.0+ 6.9%; N=63).

Estimates of extra-pair paternity were also low. Pooling
offspring for which both parents were banded and sampled
with offspring for which only the social father was banded
and sampled, the overall 95% confidence interval for EPM
was 0.0+ 1.6%; N=285 (solitary nests: 0.0+5.3%, N=83;
colonial nests: 0+2.2%, N=202). At the brood level, the
overall 95% confidence interval for EPM was 0.0 +4.8%;
N=093 (solitary nests: 0.0+ 15.8%, N=25; colonial nests:
0.0+ 6.4%, N=068).

Non-genetic evidence for parasitic egg-laying

Only 4% of nesting attempts were followed closely enough
to detect brood parasitism via changes in clutch size (N =14
of 343 nests), due to time constraints in the field. Since
Hispaniolan woodpeckers lay at most one egg per day, the
appearance of more than one egg in a day is suggestive of
CBP (an “irregular sequence of appearance of eggs” is com-
monly inferred to indicate parasitism; Yom-Tov 1980, p. 95).
We detected such irregularities at 2 of 14 nests (14.3%). In
one solitary nest, five eggs appeared in 3 days, but only two
eggs hatched; the other three eggs remained in the cavity
intact for 4 days, at which point we collected them. Unfor-
tunately, we were unable to sample either of the nestlings
from this nest, and we did not attempt to genotype the failed
egg samples. At a second nest in a colony of two pairs, five
eggs appeared in 4 days. From this second nest, four of the
eggs hatched on 18 May 2015; four chicks and no eggs were
present on 26 May 2015; and on 27 May 2015, the nest cav-
ity had filled with water, killing all the chicks and preventing
sampling. Observations from a third nest in a colony of three
pairs were also suggestive of CBP. For this nest, a clutch of
three eggs was completed on 14 April and still comprised
three eggs on 15 April, but a fourth egg was present in the
nest at the next check on 18 April. Only three of the eggs in
this nest hatched, all three of which were sampled as nest-
lings and assigned to their social parents. We sampled the
unhatched egg, which contained a mostly developed chick,
but this sample yielded no usable SNPs.

Discussion
We found no difference in the frequency of EPP or CBP

in solitary vs. colonial pairs of Hispaniolan woodpeckers.
Genetic analyses failed to identify any offspring in either
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solitary or colonial nests that were produced by extra-pair
birds, although irregularities in the laying sequence at two
(possibly three) nests were suggestive of attempted parasit-
ism. These results indicate that, despite facultative coloni-
ality and a locally high breeding density that should enable
access to extra-pair mates and potential hosts, Hispaniolan
woodpeckers did not successfully achieve extra-pair ferti-
lizations or parasitic laying.

Several potential mechanisms could explain the appar-
ent rarity of alternative reproductive tactics in this popula-
tion. The relatively high levels of parental investment and
nest attendance observed in this species appear to result
from both life-history and ecological factors, and may
constrain both EPM and CBP. For example, Hispaniolan
Woodpeckers exhibit some life-history characteristics that
should reduce selection for alternative reproductive behav-
iors, such as altricial young and high levels of male paren-
tal care, including essential male nocturnal incubation
(similar to other woodpeckers, discussed below). Nestling
Hispaniolan Woodpeckers hatch naked and remain ther-
mally dependent on their parents until ca. 21 days post-
hatch (JBL, personal observations). Ecologically, the high
population densities of Hispaniolan woodpeckers may lead
to intense competition for nest sites, which could also favor
investment in cavity defense and high levels of nest attend-
ance (but see Semel and Sherman 2001). Colonial nesting
could therefore reduce, rather than increase, opportunities
for alternative mating. This hypothesis is plausible in this
study population because Hispaniolan woodpeckers prefer-
entially nest in dead royal palms, which are rare relative to
live royal palms (LaPergola 2018). Cavities in live palms
are prone to flooding, and cavities in dead trees tend to
erode and be lost comparatively quickly, creating competi-
tion for nest sites in the few available dead palms. In fact,
concurrent analyses suggest that nest site limitation is a
main driver of coloniality in this species and that pairs
aggressively compete for existing cavities (JBL unpub-
lished data). Pairs, and possibly unmated males, attempt
to usurp occupied cavities by evicting the residents, which
involves attacking nestlings and male (but not female)
egg-tossing (JBL personal observations). If competition
over cavities necessitates high levels of nest attendance,
this could prevent male and female breeders from seeking
alternative reproductive opportunities and simultaneously
facilitate detection of would-be extra-pair sires and brood
parasites by social parents. With regard to CBP, it is also
possible that the fitness payoffs of parasitism are simply
too low for it to be a profitable strategy for females to
pursue, even as a best-of-a-bad-job. The high fecundity of
woodpeckers in this population (up to 4 nesting attempts
per year) suggests that the energetic costs of providing
parental care are not the primary limit on reproductive

output, so the marginal benefits of parasitic laying may
fail to outweigh the costs.

Finally, it is possible that limitations in our field sampling
methods reduced detection of alternative reproductive tac-
tics, particularly CBP. We were unable to sample approxi-
mately 33% of eggs in sampled nests, primarily due to hatch-
ing failure and partial brood loss. Hatching success in this
population was relatively low (mean+SE=281.9 + 1.8%;
LaPergola 2018) compared to the mean hatching success
reported for a sample of 133 bird species (90.6%; Koenig
1982). Hatching failure could, in part, represent failed
attempts at brood parasitism, since parasitic eggs that are
laid late (after clutch completion and incubation initia-
tion) are substantially less likely to hatch than host eggs
(Lyon 1993; Roy Nielsen et al. 2006). Consistent with this
hypothesis, irregularities in the laying sequence at one nest
suggested CBP, but the apparently parasitic egg failed to
hatch despite the rest of the clutch hatching. Although we
collected unhatched eggs for genetic analysis, degradation of
DNA of all but one prevented genotyping, so genetic identi-
fication of parasitic unhatched eggs was not possible. Never-
theless, the absence of parasitic nestlings is strong evidence
that successful parasitism was rare. For unhatched eggs to
have significantly affected our estimates of CBP, parasitic
eggs or offspring would have experienced higher mortality
before sampling than genetic offspring. This could happen
via recognition and discrimination (Lyon 2003; Shizuka and
Lyon 2010), but Hispaniolan woodpecker eggs are immacu-
late white so discrimination through visual cues is unlikely.
The more likely explanation is simply that unhatched eggs
are not disproportionately parasitic and that the relatively
high hatch failure observed is driven by some other factor(s)
(Koenig 1982; Assersohn et al. 2021).

Similarly, it is possible that we failed to detect some
instances of EPM since some (14%) nestlings hatched
but were depredated or disappeared before sampling; but
in this case, there is no reason to suspect that this should
have biased our estimates of the overall frequency of EPM.
As with CBP, the absence of genotyped extra-pair young
suggests that EPM is rarely a successful alternative mating
tactic. This point is underscored by the fact that we used a
conservative exclusion criterion (i.e., 95% confidence cut-
off), which translates to a greater chance of excluding true
parents, and thus the absence of genetically detected EPM
and CBP is even more compelling.

The 254 species in the woodpecker family (Picidae) are
predominantly socially monogamous, although the natural
history of many species remain undescribed. A minority
of species are known to nest in cooperatively polygamous
groups in which multiple males and females reproduce
in a single nest and share parental care (Dias et al. 2013;
Koenig et al. 2016) or cooperatively breeding families
in which a breeding pair is assisted by related and (less
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commonly) unrelated non-breeding helpers (Walters 1990;
Haig et al. 1994). Despite this variation in breeding group
composition, all these woodpeckers exhibit high levels
of male parental care and nocturnal incubation by males
(Ligon 1993; Winkler et al. 1995). This trait is predicted
to reduce the frequency of EPM by nesting males (Li et al.
2009) but potentially facilitate CBP or quasi-parasitism
(in which an extra-pair female mates with a nesting male
and lays her egg in his nest), since male-biased incuba-
tion should theoretically enable nesting females to pursue
reproduction elsewhere (Vehrencamp 2000). Although
genetic parentage has been examined for only 9 wood-
pecker species (Table S4), the data available are generally
consistent with this hypothesis. Genetic monogamy or low
extra-pair paternity is reported in the socially monoga-
mous species (Haig et al. 1994; Michalek and Winkler
2001; Pechacek et al. 2005; Wiebe and Kempenaers 2009)
and zero or low extra-group paternity in the cooperatively
polygamous species (Dickinson et al. 1995; Haydock et al.
2001; Dias et al. 2013). Rates of CBP are similarly low in
most species (e.g., Haig et al. 1994; Michalek and Win-
kler 2001), but moderately higher in others (e.g., Wiebe
and Kempenaers 2009; Dias et al. 2013). The reasons for
interspecific variation in CBP rates among woodpeckers
remain unknown. Wiebe and Kempenaers (2009) specu-
lated that the combination of high breeding density, large
clutch sizes, and relatively small, cheap eggs facilitate
CBP in the Northern Flicker (Colaptes auratus), which
exhibits the highest CBP (17% of broods) known among
woodpeckers. Our study, the first to examine parentage
in a colonial woodpecker, provides a valuable addition to
this literature by revealing that high breeding densities
are apparently insufficient to promote EPM in this clade.
However, more data are needed on the other members of
this family, particularly the two other colonial species, to
enable robust comparative studies.

More broadly, our results are consistent with an emerg-
ing consensus that patterns of EPM across birds are more
strongly influenced by phylogeny than by proximate con-
straints, and that high rates of EPP are not necessarily
characteristic of non-passerines (Macedo 2008; Brouwer
and Griffith 2019; Riehl 2020). Despite the seemingly
obvious opportunities for alternative reproduction in col-
onies, colonially nesting birds do not have consistently
higher rates of either EPM or CBP than non-colonial spe-
cies (Griffith et al. 2002; Brouwer and Griffith 2019), nor
did our study find support for such a difference intraspecif-
ically. We suggest that the lack of alternative reproductive
behaviors observed in this study may be better explained
by a suite of life-history traits—including high levels of
parental investment, male parental care, and pair bonds
that can persist for multiple breeding seasons—than by
immediate opportunities.

@ Springer

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00265-022-03178-6.

Acknowledgements The following people provided invaluable assis-
tance in the field: M. Angelucci, H. Boyle, C. Cerrilla, W. Coleman, A.
Diaz, L. Emerson, N. Gilbert, A. Janik, K. Kauffman, T. Lacerda, A.
Lascher-Posner, M. Larrieu, K. Larsen, C. Mathers-Winn, K. Nelsen,
A. Occhialini, S. Schubert, H. Stapleton, M. Walters, A. Waterman-
Snow, P. Werner, and A. Wichtendahl. JBL is greatly indebted to
B.G. Butcher for assistance with genetic work, and B.G. Butcher, L.
Campagna, and D. Thrasher for assistance with bioinformatics. W.D.
Koenig, J.L. Dickinson, P.W. Sherman, M.S. Webster, H.K. Reeve, and
LJ. Lovette provided feedback on the project and various drafts of the
manuscript. We also thank A. Pilastro, J.M. Eadie, and an anonymous
reviewer for constructive comments on the manuscript. We also thank
R. Ortiz, J. Goetz, and various members of the Muséo Nacioal de His-
toria Natural en Santo Domingo for assistance with local permitting.

Funding Financial support was provided by the American Ornitho-
logical Society Wetmore Award, Cornell Lab of Ornithology Athena
Fund, Department of Neurobiology Animal Behavior Research Grant,
Society for the Study of Evolution Rosemary Grant Award, Society
for Comparative & Integrative Biology Grant-in-aid of Research, and
Sigma Xi Grant in Aid of Research. JBL was also supported by the
following fellowships during fieldwork: Charles Walcott Graduate Fel-
lowship, Linda and Samuel Graduate Student Fellowship, Eleanore
Stuart Graduate Fellowship, Andrew’78 and Margaret Paul Graduate
Fellowship, Kramer Graduate Fellowship, Halberstadt Graduate Fel-
lowship, Anne Marie Brown Summer Graduate Fellowship, and Lab
of Ornithology Summer Graduate Fellowship.

Declarations

Ethics statement All research activities described here were approved
by the Dominican Republic’s Ministerio de Medio Ambiente y Recur-
sos Naturales and conducted in accordance with IACUC protocol
2008-0185 at Cornell University.

Conflict of interest The authors declare no competing interests.

Data availability statement The genotype data and parent and offspring
ID data are available at https://doi.org/10.17605/0OSF.IO/FNU5SK.

References

Agresti A, Coull BA (1998) Approximate is better than “Exact” for
interval estimation of binomial proportions. Am Stat 52:119-126.
https://doi.org/10.1080/00031305.1998.10480550

Arct A, Drobniak SM, Cichon M (2015) Genetic similarity between
mates predicts extrapair paternity-a meta-analysis of bird studies.
Behav Ecol 26:959-968. https://doi.org/10.1093/beheco/arv004

Arnold KE, Owens IPF (2002) Extra-pair paternity and egg dump-
ing in birds: life history, parental care and the risk of retaliation.
Proc R Soc Lond B 269:1263-1269. https://doi.org/10.1098/rspb.
2002.2013

Assersohn K, Marshall AF, Morland F, Brekke P, Hemmings N (2021)
Why do eggs fail? Causes of hatching failure in threatened popula-
tions and consequences for conservation. Anim Conserv 24:540—
551. https://doi.org/10.1111/acv.12674


https://doi.org/10.1007/s00265-022-03178-6
https://doi.org/10.17605/OSF.IO/FNU5K
https://doi.org/10.1080/00031305.1998.10480550
https://doi.org/10.1093/beheco/arv004
https://doi.org/10.1098/rspb.2002.2013
https://doi.org/10.1098/rspb.2002.2013
https://doi.org/10.1111/acv.12674

Behavioral Ecology and Sociobiology (2022) 76: 72

Page90of10 72

Berger I, Dvir Y, Leshem Y, Yom-Tov Y, Markman S (2014) Extra-pair
copulations, intra-specific brood parasitism, and quasi-parasitism
in birds: a theoretical approach. Acta Ethol 17:131-140. https://
doi.org/10.1007/s10211-013-0170-4

Brouwer L, Griffith SC (2019) Extra-pair paternity in birds. Mol Ecol
28:4864-4882. https://doi.org/10.1111/mec.15259

Brown CR, Bomberger Brown M (1989) Behavioural dynamics of
intraspecific brood parasitism in colonial cliff swallows. Anim
Behav 37:777-796. https://doi.org/10.1016/0003-3472(89)
90063-8

Brown CR, Brown MB (1988) A new form of reproductive parasit-
ism in cliff swallows. Nature 331:66—68. https://doi.org/10.1038/
331066a0

Casey AE, Sandercock BK, Wisely SM (2011) Genetic parentage and
local population structure in the socially monogamous Upland
Sandpiper. Condor 113:119-128. https://doi.org/10.1525/cond.
2011.100100

Catchen J, Hohenlohe PA, Bassham S, Amores A, Cresko WA (2013)
Stacks: an analysis tool set for population genomics. Mol Ecol
22:3124-3140. https://doi.org/10.1111/mec.12354

Climate-data.org (2021) Climate Jarabacoa (Dominican Republic).
https://en.climate-data.org/north-america/dominican-republic/
la-vega/jarabacoa-766532

Cockburn A (2006) Prevalence of different modes of parental care
in birds. Proc R Soc Lond B 273:1375-1383. https://doi.org/10.
1098/rspb.2005.3458

Dias RI, Macedo RH, Goedert D, Webster MS (2013) Cooperative
breeding in the Campo Flicker II: patterns of reproduction and
kinship. Condor 115:855-862. https://doi.org/10.1525/cond.2013.
120143

Dickinson J, Haydock J, Koenig W, Stanback M, Pitelka F (1995)
Genetic monogamy in single-male groups of acorn woodpeckers,
Melanerpes formicivorus. Mol Ecol 4:765-770. https://doi.org/
10.1111/5.1365-294X.1995.tb00277.x

Dixon A, Ross D, O’Malley SLC, Burke T (1994) Paternal investment
inversely related to degree of extra-pair paternity in the reed bunt-
ing. Nature 371:698-700. https://doi.org/10.1038/371698a0

Eliassen S, Kokko H (2008) Current analyses do not resolve whether
extra-pair paternity is male or female driven. Behav Ecol Socio-
biol 62:1795-1804. https://doi.org/10.1007/s00265-008-0608-2

Ferretti V, Massoni V, Liljesthrom M, Lacoretz MV, Winkler DW
(2019) Temperate-tropical variation in breeding synchrony and
extra-pair paternity among new world Tachycineta swallows. Sci
Rep 9:12713. https://doi.org/10.1038/541598-019-48980-x

Garrod HM, LaPergola JB (2018) Overlap in molt and breeding phe-
nology in the Hispaniolan Woodpecker (Melanerpes striatus).
Ornitol Neotrop 29:5S29-S36

Gowaty PA, Bridges WC (1991) Nestbox availability affects extra-pair
fertilizations and conspecific nest parasitism in eastern bluebirds,
Sialia sialis. Anim Behav 41:661-675. https://doi.org/10.1016/
S0003-3472(05)80904-2

Griffin AS, Alonzo SH, Cornwallis CK (2013) Why do cuckolded
males provide paternal care? PLoS Biol 11:e1001520. https://
doi.org/10.1371/journal.pbio.1001520

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

Haig SM, Walters JR, Plissner JH (1994) Genetic evidence for monog-
amy in the cooperatively breeding red-cockaded woodpecker.
Behav Ecol Sociobiol 34:295-303. https://doi.org/10.1007/BF001
83480

Hauber ME, Abolins-Abols M, Kim CR, Paitz RT (2020) Inter-indi-
vidual variation in anti-parasitic egg rejection behavior: a test of
the maternal investment hypothesis. Integr Org Biol 2:0baa014.
https://doi.org/10.1093/iob/obaa014

Haydock J, Koenig WD, Stanback MT (2001) Shared parentage and
incest avoidance in the cooperatively breeding acorn woodpecker.
Mol Ecol 10:1515-1525. https://doi.org/10.1046/j.1365-294X.
2001.01286.x

Hoi H, Hoi-Leitner M (1997) An alternative route to coloniality in the
bearded tit: females pursue extra-pair fertilizations. Behav Ecol
8:113-119. https://doi.org/10.1093/beheco/8.2.113

Huebner DP, Hurteau SR (2007) An economical wireless cavity-nest
viewer. J Field Ornithol 78:87-92. https://doi.org/10.1111/j.1557-
9263.2006.00089.x

Kalinowski ST, Taper ML, Marshall TC (2007) Revising how the
computer program CERVUS accommodates genotyping error
increases success in paternity assignment. Mol Ecol 16:1099—
1106. https://doi.org/10.1111/j.1365-294X.2007.03089.x

Koenig WD (1982) Ecological and social factors affecting hatchability
of eggs. Auk 99:526-536

Koenig WD, Walters EL, Haydock J (2016) Acorn woodpeckers: help-
ing at the nest, polygynandry, and dependence on a variable acorn
crop. In: Koenig WD, Dickinson JL (eds) Cooperative breeding
in vertebrates: Studies of ecology, evolution and behavior. Cam-
bridge University Press, Cambridge, pp 217-236

LaPergola JB (2018) Behavioral ecology of coloniality in the Hispan-
iolan Woodpecker. Dissertation, Cornell University

Latta S, Rimmer C, Allan K, Wiley J, Raffacle H, McFarland K, Fer-
nandez E (2006) Birds of the Dominican Republic and Haiti.
Princeton University Press, Princeton

Li MH, Viliméki K, Piha M, Pakkala T, Merild J (2009) Extrapair
paternity and maternity in the three-toed woodpecker, Picoides
tridactylus: Insights from microsatellite-based parentage analysis.
PLoS ONE 4:e7895. https://doi.org/10.1371/journal.pone.00078
95

Ligon JD (1993) The role of phylogenetic history in the evolution of
contemporary avian mating and parental care systems. Curr Orni-
thol 10:1-46

Lyon BE (1993) Tactics of parasitic American coots: host choice and
the pattern of egg dispersion among host nests. Behav Ecol Socio-
biol 33:87-100. https://doi.org/10.1007/BF00171660

Lyon BE (2003) Egg recognition and counting reduce costs of avian
conspecific brood parasitism. Nature 422:495-499. https://doi.org/
10.1038/nature01505

Lyon BE, Eadie JM (2008) Conspecific brood parasitism in birds:
a life-history perspective. Annu Rev Ecol Evol S 39:343-363.
https://doi.org/10.1146/annurev.ecolsys.39.110707.173354

Lyon BE, Eadie JM (2017) Why do birds lay eggs in conspecifics’
nests? In: Soler M (ed) Avian Brood Parasitism. Springer, Cham,
pp 105-124

Macedo RH (2008) Neotropical model systems: social and mating
behavior of birds. Ornitol Neotrop 19:85-93

Mayer C, Pasinelli G (2013) New support for an old hypothesis: density
affects extra-pair paternity. Ecol Evol 3:694—705. https://doi.org/
10.1002/ece3.489

Michalek KG, Winkler H (2001) Parental care and parentage in
monogamous Great Spotted Woodpeckers (Picoides major) and
Middle Spotted Woodpeckers (Picoides medius). Behaviour
138:1259-1285

Mgller AP (2000) Male parental care, female reproductive success,
and extrapair paternity. Behav Ecol 11:161-168. https://doi.org/
10.1093/beheco/11.2.161

Morton ES, Forman L, Braun M (1990) Extrapair fertilizations and the
evolution of colonial breeding in Purple Martins. Auk 107:275-
283. https://doi.org/10.2307/4087610

Pechacek P, Michalek KG, Winkler H, Blomqvist D (2005) Monogamy
with exceptions: Social and genetic mating system in a bird spe-
cies with high paternal investment. Behaviour 142:1093-1114.
https://doi.org/10.1163/156853905774405281

@ Springer


https://doi.org/10.1007/s10211-013-0170-4
https://doi.org/10.1007/s10211-013-0170-4
https://doi.org/10.1111/mec.15259
https://doi.org/10.1016/0003-3472(89)90063-8
https://doi.org/10.1016/0003-3472(89)90063-8
https://doi.org/10.1038/331066a0
https://doi.org/10.1038/331066a0
https://doi.org/10.1525/cond.2011.100100
https://doi.org/10.1525/cond.2011.100100
https://doi.org/10.1111/mec.12354
https://en.climate-data.org/north-america/dominican-republic/la-vega/jarabacoa-766532
https://en.climate-data.org/north-america/dominican-republic/la-vega/jarabacoa-766532
https://doi.org/10.1098/rspb.2005.3458
https://doi.org/10.1098/rspb.2005.3458
https://doi.org/10.1525/cond.2013.120143
https://doi.org/10.1525/cond.2013.120143
https://doi.org/10.1111/j.1365-294X.1995.tb00277.x
https://doi.org/10.1111/j.1365-294X.1995.tb00277.x
https://doi.org/10.1038/371698a0
https://doi.org/10.1007/s00265-008-0608-2
https://doi.org/10.1038/s41598-019-48980-x
https://doi.org/10.1016/S0003-3472(05)80904-2
https://doi.org/10.1016/S0003-3472(05)80904-2
https://doi.org/10.1371/journal.pbio.1001520
https://doi.org/10.1371/journal.pbio.1001520
https://doi.org/10.1007/BF00183480
https://doi.org/10.1007/BF00183480
https://doi.org/10.1093/iob/obaa014
https://doi.org/10.1046/j.1365-294X.2001.01286.x
https://doi.org/10.1046/j.1365-294X.2001.01286.x
https://doi.org/10.1093/beheco/8.2.113
https://doi.org/10.1111/j.1557-9263.2006.00089.x
https://doi.org/10.1111/j.1557-9263.2006.00089.x
https://doi.org/10.1111/j.1365-294X.2007.03089.x
https://doi.org/10.1371/journal.pone.0007895
https://doi.org/10.1371/journal.pone.0007895
https://doi.org/10.1007/BF00171660
https://doi.org/10.1038/nature01505
https://doi.org/10.1038/nature01505
https://doi.org/10.1146/annurev.ecolsys.39.110707.173354
https://doi.org/10.1002/ece3.489
https://doi.org/10.1002/ece3.489
https://doi.org/10.1093/beheco/11.2.161
https://doi.org/10.1093/beheco/11.2.161
https://doi.org/10.2307/4087610
https://doi.org/10.1163/156853905774405281

72 Page 100f 10

Behavioral Ecology and Sociobiology (2022) 76: 72

Peterson BK, Weber JN, Kay EH, Fisher HS, Hoekstra HE (2012)
Double digest RADseq: An inexpensive method for de novo SNP
discovery and genotyping in model and non-model species. PLoS
ONE 7:e37135. https://doi.org/10.1371/journal.pone.0037135

Quillfeldt P, Masello JF, Segelbacher G (2012) Extra-pair paternity in
seabirds: a review and case study of thin-billed prions Pachyp-
tila belcheri. J Ornithol 153:367-373. https://doi.org/10.1007/
$10336-011-0751-9

Quillfeldt P, Schmoll T, Peter H-U, Epplen JT, Lubjuhn T (2001)
Genetic Monogamy in Wilson’s Storm-Petrel Auk 118:242-248.
https://doi.org/10.2307/4089775

Richardson DS, Burke T (1999) Extra-pair paternity in relation to male
age in Bullock’s orioles. Mol Ecol 8:2115-2126. https://doi.org/
10.1046/j.1365-294X.1999.00832.x

Richardson DS, Burke T (2001) Extrapair paternity and variance in
reproductive success related to breeding density in Bullock’s
orioles. Anim Behav 62:519-525. https://doi.org/10.1006/anbe.
2001.1778

Riehl C (2020) Do temperate and tropical birds have different mat-
ing systems? In: Dobson A, Holt RD, Tilman D (eds) Unsolved
Problems in Ecology. Princeton University Press, Princeton, pp
115-123

Rohwer FC, Freeman S (1989) The distribution of conspecific nest
parasitism in birds. Can J Zool 67:239-253. https://doi.org/10.
1139/289-035

Roy Nielsen C, Parker PG, Gates RJ (2006) Intraspecific nest para-
sitism of cavity-nesting wood ducks: costs and benefits to hosts
and parasites. Anim Behav 72:917-926. https://doi.org/10.1016/j.
anbehav.2006.03.004

Selander RK (1966) Sexual dimorphism and differential niche utiliza-
tion in birds. Condor 68:113-151. https://doi.org/10.2307/13657
12

Semel B, Sherman PW (2001) Intraspecific parasitism and nest-site
competition in wood ducks. Anim Behav 61:787-803. https://doi.
org/10.1006/anbe.2000.1657

Shellman-Reeve JS, Reeve HK (2000) Extra-pair paternity as the result
of reproductive transactions between paired mates. Proc R Soc
Lond B 267:2543-2546. https://doi.org/10.1098/rspb.2000.1318

Shizuka D, Lyon BE (2010) Coots use hatch order to learn to recognize
and reject conspecific brood parasitic chicks. Nature 463:223-226.
https://doi.org/10.1038/nature08655

Short LL (1974) Habits of three endemic West Indian woodpeckers
(Aves, Picidae). Am Mus Novit 2549:1-44

Stanback MT, Koenig WD (1994) Techniques for capturing birds inside
natural cavities. J Field Ornithol 65:70-75

Stewart SLM, Westneat DF, Ritchison G (2010) Extra-pair paternity in
eastern bluebirds: Effects of manipulated density and natural pat-
terns of breeding synchrony. Behav Ecol Sociobiol 64:463-473.
https://doi.org/10.1007/s00265-009-0862-y

@ Springer

Stutchbury BJ, Morton ES (1995) The effect of breeding synchrony on
extra-pair mating systems in songbirds. Behaviour 132:675-690.
https://doi.org/10.1163/156853995X00081

Suter SM, Bielanska J, Rothlin-Spillmann S, Strambini L, Meyer DR
(2009) The cost of infidelity to female reed buntings. Behav Ecol
20:601-608. https://doi.org/10.1093/beheco/arp037

Thrasher DJ, Butcher BG, Campagna L, Webster MS, Lovette 1J (2018)
Double-digest RAD sequencing outperforms microsatellite loci at
assigning paternity and estimating relatedness: A proof of concept
in a highly promiscuous bird. Mol Ecol Resour 18:1-13. https://
doi.org/10.1111/1755-0998.12771

Vehrencamp SL (2000) Evolutionary routes to joint-female nesting in
birds. Behav Ecol 11:334-344. https://doi.org/10.1093/beheco/
11.3.334

Waldstein AL (2012) An inexpensive camera system for monitoring
cavity nests. J Field Ornithol 83:302-305. https://doi.org/10.
1111/5.1557-9263.2012.00379.x

Wallace RA (1969) Sexual dimorphism, niche utilization, and social
behavior in insular species of woodpeckers. Dissertation, Univer-
sity of Texas at Austin

Walters JR (1990) Red-cockaded Woodpeckers: a ‘primitive’ coop-
erative breeder. In: Stacey PB, Koenig WD (eds) Cooperative
breeding in birds: long-term studies of ecology and behavior.
Cambridge University Press, Cambridge, pp 69-101

Westneat DF, Sherman PW (1997) Density and extra-pair fertilizations
in birds: a comparative analysis. Behav Ecol Sociobiol 41:205-
215. https://doi.org/10.1007/s002650050381

Westneat DF, Sherman PW, Morton ML (1990) The ecology and evolu-
tion of extra-pair copulations in birds. Curr Ornithol 7:331-369

Wiebe KL, Kempenaers B (2009) The social and genetic mating sys-
tem in flickers linked to partially reversed sex roles. Behav Ecol
20:453-458. https://doi.org/10.1093/beheco/arn138

Winkler H, Christie DA, Nurney D (1995) Woodpeckers: an identifi-
cation guide to the woodpeckers of the world. Houghton Mifflin,
Boston

Yom-Tov Y (1980) Intraspecific nest parasitism in birds. Biol Rev
55:93-108. https://doi.org/10.1111/j.1469-185X.1980.tb00689.x

Yom-Tov Y (2001) An updated list and some comments on the occur-
rence of intraspecific nest parasitism in birds. Ibis 143:133-143.
https://doi.org/10.1111/j.1474-919X.2001.tb04177.x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1371/journal.pone.0037135
https://doi.org/10.1007/s10336-011-0751-9
https://doi.org/10.1007/s10336-011-0751-9
https://doi.org/10.2307/4089775
https://doi.org/10.1046/j.1365-294X.1999.00832.x
https://doi.org/10.1046/j.1365-294X.1999.00832.x
https://doi.org/10.1006/anbe.2001.1778
https://doi.org/10.1006/anbe.2001.1778
https://doi.org/10.1139/z89-035
https://doi.org/10.1139/z89-035
https://doi.org/10.1016/j.anbehav.2006.03.004
https://doi.org/10.1016/j.anbehav.2006.03.004
https://doi.org/10.2307/1365712
https://doi.org/10.2307/1365712
https://doi.org/10.1006/anbe.2000.1657
https://doi.org/10.1006/anbe.2000.1657
https://doi.org/10.1098/rspb.2000.1318
https://doi.org/10.1038/nature08655
https://doi.org/10.1007/s00265-009-0862-y
https://doi.org/10.1163/156853995X00081
https://doi.org/10.1093/beheco/arp037
https://doi.org/10.1111/1755-0998.12771
https://doi.org/10.1111/1755-0998.12771
https://doi.org/10.1093/beheco/11.3.334
https://doi.org/10.1093/beheco/11.3.334
https://doi.org/10.1111/j.1557-9263.2012.00379.x
https://doi.org/10.1111/j.1557-9263.2012.00379.x
https://doi.org/10.1007/s002650050381
https://doi.org/10.1093/beheco/arn138
https://doi.org/10.1111/j.1469-185X.1980.tb00689.x
https://doi.org/10.1111/j.1474-919X.2001.tb04177.x

	Opportunity is not everything: genetic monogamy and limited brood parasitism in a colonial woodpecker
	Abstract 
	Significance statement
	Introduction
	Methods
	Study population and field methods
	Molecular analyses
	Parentage analyses

	Results
	SNP characteristics
	Genetic parentage
	Non-genetic evidence for parasitic egg-laying

	Discussion
	Acknowledgements 
	References


