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Abstract
Patterns of extra pair paternity (EPP) and intraspecific brood parasitism (IBP) were studied in a Whiskered Tern Chlidonias 
hybrida population characterized by female brood desertion, a high level of extra pair courtship feedings (10%) and a low 
level of extra pair copulation (EPC; 0.6%). In this study, we used a set of microsatellite loci to analyse parentage in 56 Whisk-
ered Tern families from southern Poland. Depending on the method, we detected that 1.4%–3.6% of chicks were sired by an 
extra-pair male, and extra-pair chicks were present in 3.6%–8.9% of broods. IBP was observed in 8.9%–14.3% of broods, 
corresponding to 3.6%–6.4% of the chicks. The low rate of EPP is in agreement with the hypothesis that in species with high 
male parental investment, females should avoid EPC. The low level of IBP indicates that intraspecific egg dumping is not a 
common female strategy in Whiskered Tern, similar to many other colonial waterbird species.
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Zusammenfassung
Fremdvaterschaften bei einer Vogelart mit häufigen Fremdbalzfütterungen, wenigen Fremdkopulationen und bei 
der die Männchen den Großteil der Jungenaufzucht übernehmen
Wir untersuchten die Verteilung von Fremdvaterschaften (engl.: extra-pair paternity, EPP) und innerartlichem 
Brutparasitismus (engl.: intraspecific brood parasitism, IBP) bei einer Population der Weißbart-Seeschwalbe Chlidonias 
hybrida, einer Vogelart, bei der die Weibchen die Gelege verlassen und welche sich durch häufige Fremdbalzfütterungen 
(10 %) sowie ein geringes Maß an Fremdkopulationen (0,6 %; engl.: extra-pair copulation, EPC) auszeichnet. Für diese 
Studie nutzen wir eine Reihe von Mikrosatelliten-Loci, um die Verwandtschaftsverhältnisse von 56 Weißbart-Seeschwalben-
Familien aus Südpolen zu analysieren. Abhängig von der Methode stellten wir fest, dass 1,4-3,6 % der Küken von einem 
fremden Männchen stammten und dass 3,6-8,9 % der Bruten Küken fremder Väter enthielten. IBP konnte bei 8,9-14,3 % 
der Bruten beobachtet werden und entsprach 3,6-6,4 % der Küken. Die niedrige Rate von EPP steht im Einklang mit der 
Hypothese, dass bei Arten mit hoher Beteiligung der Männchen an der Jungenaufzucht die Weibchen EPC vermeiden sollten. 
Das geringe Maß an IBP deutet darauf hin, dass das Ablegen von Eiern in die Nester fremder Artgenossen bei der Weißbart-
Seeschwalbe keine verbreitete weibliche Strategie ist, ähnlich wie bei vielen anderen koloniebrütenden Wasservogelarten.

Introduction

Extra-pair paternity (EPP)—paternity by any male other 
than the mother’s pair-bonded male and intraspecific brood 
parasitism (IBP)—brood parasitism in which parasite and 
host are of the same species, are common in birds. These 
concepts have led to a paradigm shift in our understand-
ing of the evolution of reproductive strategies (Petrie and 
Møller 1991; Chaine et al. 2015). Now, evidence has accu-
mulated that the social and genetic mating systems of many 
species are different. EPP has been found in more than 75% 
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of surveyed socially monogamous bird species (Wink and 
Dyrcz 1999; Neudorf 2004; Griffith et al. 2002). In monoga-
mous birds, the average rate of EPP is on the order of 10% 
of offspring and 20% of broods (Griffith et al. 2002), but 
in some passerines the EPP rate exceeds 50% of all off-
spring (Dixon et al. 1994). However, extensive variation in 
EPP among species and populations within species is well 
documented (Arnold and Owens 2002; Griffith et al. 2002). 
Intraspecific brood parasitism (IBP) has been reported in 
more than 200 species, but is likely to be higher, as it can 
often only be detected by genetic analyses (Yom-Tov 2001). 
IBP is highest in precocial species but is also common in 
colonial breeders (Yom-Tov 1980, 2001; de Valpine and 
Eadie 2008). In some species, it is a widespread behaviour: 
in American Coot Fulica americana 41% of pairs are para-
sitized (Lyon 2003), and in colonially breeding Cliff Swal-
low Petrochelidon pyrrhonota, the percentage of nests with 
parasitic eggs may be as high as 33% (Brown and Bomberger 
Brown 1996).

Although many hypotheses have been proposed to explain 
variation in EPP and IBP (e.g. Arnold and Owens 2002; 
Griffith et al. 2002; Neudorf 2004) among species and popu-
lations, the mechanisms driving these behaviours are still 
being debated (Hsu et al. 2014; Forstmeier et al. 2014). Phy-
logenetic analysis has shown that majority of interspecific 
variation in EPP and IBP can be explained by phylogeny 
(Arnold and Owens 2002). High EPP rates are associated 
with high rates of adult mortality and reduced parental care, 
whereas high IBP rates are connected with high fecundity 
rates and inexpensive parental care. Variation at the popula-
tion or individual level in EPP and IBP is more likely to be 
based on differences in current ecological and genetic factors 
(Petrie and Kempenaers 1998; Andersson and Åhlund 2000, 
2001). With regard to ecological factors, breeding density 
may be an important factor at the species level (Westneat 
and Sherman 1997).

At the level of the individual, by siring extra-pair young, 
males increase their reproductive success without incurring 
the costs of parental care. The benefit of EPP to females 
is less clear, however; while not increasing the number of 
offspring that they produce, it may include (1) indirect fit-
ness benefits through better genes, and (2) direct material 
benefits by trading copulation for food with extra-pair males 
(e.g. Tryjanowski and Hromada 2005). Indirect genetic ben-
efits could be good paternal genes and genetic compatibil-
ity of maternal and paternal genomes (Kempenaers 2007; 
Puurtinen 2009; Arct et al. 2015). More intriguingly, the 
adaptiveness of EPP has been questioned in some compara-
tive analyses, with a maladaptive or random scenario pro-
posed as alternative (Forstmeier et al. 2014).

Intraspecific brood parasitism has been viewed as an 
alternative reproductive strategy used by females to enhance 
their breeding success without incurring the costs of parental 

care. In some species, females are capable of doubling their 
reproductive success by combining brood parasitism with 
normal nesting (Andersson and Åhlund 2000, 2001).

Gulls and terns, i.e. the family Laridae (order Charadrii-
formes), are colonial waterbirds. EPP and/or IBP has been 
examined in only 7 (7%) of the 97 species in this family. 
Despite the fact that they breed in large and dense colonies, 
the EPP rate in these birds is usually low. In Western Gull 
Larus occidentalis, Black-legged Kittiwake Rissa tridactyla, 
and Black Tern Chlidonias niger, no EPP was found (Gilbert 
et al. 1998; Helfenstein et al. 2004; Shealer et al. 2014). 
However, in Common Gull Larus canus and Whiskered Tern 
Chlidonias hybrida, EPP involved 8% and 12% of broods, 
respectively (Bukacińska et al. 1998; Minias et al. 2014). 
Studies of EPP involving more than one population of the 
same species are rare. In two populations of Common Tern 
Sterna hirundo, the EPP rate in broods was very low—0% 
and 3% (González-Solis et al. 2001; Griggio et al. 2004). 
Interestingly, two European populations of Black-headed 
Gull Chroicocephalus ridibundus differed significantly in 
EPP rate—0% and 33% of broods (Ležálová-Piálková 2011; 
Indykiewicz et al. 2017). The IBP rate in larids is rather 
low and was not found in three of seven studied species 
(Bukacińska et al. 1998; González-Solis et al. 2001; Griggio 
et al. 2004; Helfenstein et al. 2004; Indykiewicz et al. 2017). 
In Whiskered Tern, the IBP rate was 10% of broods (Minias 
et al. 2014). Three populations of Black-headed Gull differed 
strongly in terms of the IBP rate—10%, 17% and 34% of 
the brood (Duda et al. 2008; Ležalová-Piálková and Honza 
2008; Indykiewicz et al. 2017).

Whiskered Tern is a semi-precocial, socially monoga-
mous, colonial waterbird species, with a high level of paren-
tal investment (Gochfeld et al. 2016; Ledwoń and Neubauer 
2017; Chambon et al. 2020). Both mates incubate, brood and 
feed their chicks. Among the Laridae, Whiskered Tern has 
a unique system of parental care. Almost all females in this 
species desert their offspring during the chick-rearing and 
post-fledging periods (Ledwoń and Neubauer 2017). After 
female desertion, males continue parental care for the next 
few weeks at least. Males intensify their deliveries of food 
to their offspring to compensate for the female’s absence. 
To date, EPP and IBP in Whiskered Tern have been studied 
molecularly in only one population, in central Poland, where 
the EPP rate was 8% of the offspring (Minias et al. 2014). 
However, that study was based on only a small sample; 
furthermore, it was not known whether female desertions 
occurred in that population, and other behavioural traits 
were not studied (see below).

We studied a population breeding in southern Poland 
exhibiting a high frequency of Extra Pair Courtship Feed-
ings (EPCFs). Visits of extra-pair males that attempted to 
exchange food for copulation were 10% of all male visits. 
However, in most cases females did not trade copulation for 
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food with them, instead attempting to snatch or swindle food 
from extra-pair males (Ledwoń and Neubauer 2018). Only 
two copulations (0.6%) were observed between an extra-
pair male and a visited female. Therefore, we hypothesize 
that due to the high investment by males in parental care in 
our population (Ledwoń and Neubauer 2017), the potential 
loss of paternal care should be a reason why females do not 
engage in EPCs (Pierce and Lifjeld 1998; Blomqvist et al. 
2002; Küpper et al. 2004, but see Houston and McNamara 
2002). However, some studies at the within-species level 
have shown that the observed intensity of EPC does not cor-
relate with the EPP rate (Birkhead and Møller 1995; Birk-
head and Pizzari 2002). For example, individuals of both 
sexes can choose more secluded spots for extra-pair than 
for within-pair copulations so as to avoid the costs of being 
discovered by their partner—physical punishment, reduced 
parental investment or divorce (Valera et al. 2003; Tryjanow-
ski et al. 2007). In this study, we analyse the parentage of 
Whiskered Tern to compare the effective EPP with the low 
level of EPC in a population with female offspring desertion. 
We also studied the rate of IBP in this species.

Methods

Field work

Fieldwork was conducted between June to mid-August in 
2006–2010 and 2013–2015, in Whiskered Tern breeding 
colonies on carp pond complexes in the northern part of 
the Upper Vistula Valley (50.000198, 19.435818), south-
ern Poland (for a detailed description of the study area, 
see Ledwoń et al. 2013, 2014). From 2 to 16 families were 
studied for EPP and IBP in 1 year, on average it was seven 
families per year. The birds were studied in 14 colonies, in 
each colony from one to seven randomly chosen families 
were inspected. In studied colonies from about 5%–20% of 
nests were tested for EPP and IBP. The most distant colo-
nies were 26 km apart. The number of nests in the colonies 

varied between 20 and 60. All the colonies were situated in 
open habitats since the majority of nests were constructed 
on floating leaves of Fringed water lily Nymphoides peltata. 
The nests were located close to each other, usually around 
one to several metres apart.

Monitoring of all the nests started during the early stages 
of incubation (up to about the 10th day after egg laying). 
We erected plastic mesh fences around the monitored nests 
with eggs to prevent the chicks from escaping until they had 
fledged (for a detailed description of the enclosure and trap, 
see Ledwoń et al. 2015, 2016). Colonies were visited twice 
a week to study breeding success, trap adults and take blood 
samples from chicks and adults. Adults were trapped with a 
roof trap, on nests from about the 10th day after clutch com-
pletion to the downy chick period (around 5th day of chicks 
life). We tried to catch both parents of each nest. A blood 
sample (c. 0.2 ml) was taken from both adults and chicks 
from the tarsus vein. If a chick died before blood could be 
taken, we took tissue from the carcass. Blood and tissue was 
stored in 98% ethanol at – 20 °C until processing. The mean 
size of the sampled broods was 2.5 ± 0.08 [se] chicks (range 
1–3). In most cases, we sampled entire broods N = 36 (64%), 
but in the remaining broods N = 20 (36%), eggs were lost 
during incubation, chicks were predated before blood could 
be sampled, or DNA extraction was impossible because the 
egg or embryo were in an advanced stage of putrefaction.

Molecular analysis

DNA was extracted using a Qiagen DNEasy Kit (Qiagen, 
Valencia, California, USA) or Blood Mini Kit (A&A Bio-
technology, Poland). A total of 242 individuals compris-
ing 56 broods were genotyped at six autosomal microsatel-
lite loci, previously developed from Red-billed Gull Larus 
novaehollandiae (RBG13, 18, 27, 29; Given et al. 2002) and 
Roseate Tern Sterna dougallii (AAT27, AAC20; Szczys et al. 
2005; Table 1). The polymerase-chain reaction (PCR) was 
conducted in 25 µL reactions containing 2 × Promega GoTaq 
PCR MasterMix, 1.0 µM primers and 5 µL genomic DNA 

Table 1  Microsatellite marker 
characteristics as calculated in 
GenAIEx (Peakall and Smouse 
2012)

Number of adults genotyped (N); number of alleles  (NA); observed heterozygosity  (Ho); expected heterozy-
gosity  (He); inbreeding fixation index (F). CERVUS (Marshall et  al. 1998) calculated the non-exclusion 
probabilities (NE) for the first parent sampled (1P), the second parent sampled (2P) and the parent pair 
(PP), and estimated the frequency of null alleles (fnull)

Locus N NA Ho He F NE-1P NE-2P NE-PP fnull

RBG29 102 6 0.520 0.548 0.052 0.861 0.729 0.582 − 0.0006
RBG27 100 8 0.620 0.658 0.058 0.759 0.592 0.410 0.0802
RBG18 94 10 0.617 0.533 − 0.157 0.849 0.687 0.508 − 0.0880
RBG13 101 7 0.158 0.706 0.776 0.730 0.561 0.380 0.6314
AAT27 100 5 0.550 0.711 0.226 0.681 0.506 0.321 0.1645
AAC20 97 11 0.464 0.790 0.413 0.570 0.392 0.203 0.2258
Mean 99 7.8 0.488 0.658 0.228 – – – –
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extract. The standard thermocycling conditions were: initial 
denaturation step at 94.0 °C for 5 min, followed by 30 cycles 
of 94 °C for 30 s, 50–55 °C for 30 s, 72 °C for 1 min, and a 
final 72 °C extension for 10 min. PCR products were diluted 
in formamide loading dye, and genotypes were resolved on 
a 4300 DNA Analyzer alongside a panel of five individuals 
serving as an inter-gel allele standard and an IRDye infra-
red dye size standard (LiCOR). Alleles were identified by 
SAGA G2 software (LiCOR). Where amplifications failed, 
replicate PCR was conducted—in all cases individual loci 
consistently failed to amplify in those individuals (see null 
alleles below). To ensure that a male and a female were 
always assigned as social parents during the fieldwork we 
molecularly sexed all trapped pairs. For a detailed descrip-
tion of the method, see (Goławski et al. 2016).

Data analysis

Microsatellite diversity (number of alleles, observed and 
expected heterozygosity, inbreeding coefficient) was char-
acterized by GenAIEx 6.5 (Peakall and Smouse 2012) using 
only sampled adults (N = 102). CERVUS 3.0 (Marshall et al. 
1998) was used to estimate deviation from Hardy–Weinberg 
Equilibrium, the frequency of null alleles, and non-exclusion 
probabilities for single parent maternity or paternity and for 
parent-pairs by including all 242 sampled individuals.

We considered a single mismatched locus to be the result 
of mutation or a null allele. Using CERVUS, we conducted 
a parentage simulation using both strict (95%) and relaxed 
(85%) criteria to exclude social parents as genetic parents 
and thus identify EPP or IBP events. This provided an upper-
bound estimate of EPP/IBP frequency. For all chicks mis-
matching at least one parent by at least two loci and with 
negative LOD scores (the natural log of the overall likeli-
hood ratio), we also calculated the cumulative probability 
of resemblance  (PRCum; Eq. 4; Ibarguchi et al. 2004). Nega-
tive LOD scores indicated that the candidate parent was less 
likely to be the true parent than not the true parent (Marshall 
et al. 1998). The index  PRCum was the probability that two 
individuals shared at least one copy of any allele at all loci; 
it provided greater power to probe whether social parents 
and offspring were likely to share multilocus genotypes if 
they were not related. This measure provided a lower-bound 
estimate of EPP/IBP frequency.

Results

The CERVUS parentage simulation analysis involved 140 
chicks and 102 adults. The mean polymorphic information 
content was 0.61 and the non-exclusion probability was 
0.157 for the first parent, 0.033 for the second parent, and 
0.003 for parent pairs. Both social parents were sampled in 

46 broods, only the social father was sampled in 7 broods 
(17 chicks) and only the social mother was sampled in 3 
broods (9 chicks).

Chicks mismatching their social father at two or more loci 
while matching their social mother were considered as EPP, 
and five chicks from five different broods met these criteria 
(Table 2). Chicks mismatching only their social mother at 
two or more loci while matching their social father were 
considered as IBP, and six chicks from six different broods 
met these criteria (Table 2). Three chicks from two broods 
mismatched both social parents at two or more loci; they 
were considered to be the result of IBP through egg-dump-
ing (Table 2).

Implementation of the Ibarguchi method  (PRCum; Eq. 4) 
predicated on Mendelian inheritance and (where appropri-
ate by locus) potential for null alleles (Table 1) showed that 
three out of five EPP chicks had probabilities of resem-
blance with the social father of < 0.008 and should not be 
considered as EPP (Table 2). Four out of nine IBP chicks 
had probabilities of resemblance with social parent(s) rang-
ing from 0.0003 to 0.0098 and were thus not considered as 
IBP (Table 2).

Three chicks that mismatched their social mother at a 
single locus and whose social father was not sampled had 
 PRCum values from 0.006 to 0.02 excluding null alleles and 
from 0.0006 to 0.0016 including null alleles, making it likely 
that these chicks were the biological offspring of their moth-
ers. Similarly, three different chicks that mismatched their 
social father at a single locus and whose social mother was 

Table 2  Summary of extra-pair paternity (EPP), intraspecific brood 
parasitism (IBP), and egg dumping frequency implementing two 
methods

CERVUS (Marshall et  al. 1998) identified mismatched social par-
ents (LOD < 0) and provided an upper limit for EPP/IBP frequency. 
The index  PRCum (Ibarguchi et al. 2004) provided a lower limit EPP/
IBP frequency using the probability of multilocus genotype match-
ing between social parent and offspring (P > 0.0098). A total of 140 
chicks from 56 broods were tested
1 Chicks mismatch social father but match social mother at two or 
more loci
2 Chicks mismatch social mother but match social father at two or 
more loci
3 Chicks mismatch both social parents at two or more loci
4 PRCum method estimates two chicks (one brood) classified as egg 
dump by CERVUS became EPP

n (%) CERVUS n (%)  PRCum

EPP1 chicks 5 (3.6) 2 (1.4); 4 (2.8)4

EPP broods 5 (8.9) 2 (3.6)
IBP2 chicks
(Egg dump  chicks3)

6 (4.3)
3 (2.1)

5 (3.6)
0 (0)4

IBP broods
(Egg dump broods)

6 (10.7)
2 (3.6)

5 (8.9)
0 (0)4



441Journal of Ornithology (2022) 163:437–444 

1 3

not sampled had  PRCum values from 0.008 to 0.01 excluding 
null alleles and from 0.0002 to 0.004 including null alleles, 
making it likely that these chicks were the biological off-
spring of their fathers.

Pooling these results to provide upper- and lower-bound 
estimates, we determined the EPP rate in the studied Whisk-
ered Tern population at between 1.4 and 3.6% of chicks and 
in 3.6%–8.9% of broods, and IBP in 3.6%–6.4% of chicks 
and 8.9%–14.3% of broods (Table 2).

Discussion

In this study, the EPP rate in Whiskered Tern did not exceed 
5% of chicks and 10% of broods. Our findings were similar 
to the EPP rate estimated in a population of Whiskered Tern 
from central Poland, where EPP was found in 8% of chicks 
and in 12% of broods (Minias et al. 2014). So far, between-
population variation in the EPP rate has been reported for a 
small number of avian species, mostly passerines. In most 
studies the differences were not great (e.g. Charmantier and 
Blondel 2003; Maher et al. 2017), as was found in Whisk-
ered Tern (Minias et al. 2014; this study), although in some 
species differences between populations are shown to be 
high—0 vs 33% (Ležálová-Piálková 2011; Indykiewicz 
et al. 2017).

In Black Tern, a species closely related to and co-distrib-
uted with Whiskered Tern in Europe, no EPP was detected 
(Shealer et al. 2014). Thus, EPP rates in the genus Chli-
donias generally appear to be in accordance with average 
estimates found in both larids and a wider group of colonial 
waterbirds, where the EPP rate is rather low (as reviewed by 
Indykiewicz et al. 2017). No evidence for EPP was found in 
almost half of all studied colonial waterbird species, and the 
average EPP rate was estimated at less than 5% of offspring.

The EPP rate in Whiskered Tern found in our study and 
in that by Minias et al. (2014) was only slightly higher than 
in Kentish Plover Charadrius alexandrinus, a species with a 
similar breeding system involving female desertion. In Ken-
tish Plover, the EPP rate studied in different populations was 
found to be between 0 and 4.1% of broods and 0 and 1.6% 
of chicks (Maher et al. 2017). The observed low EPP rate 
in Whiskered Tern stands in agreement with the suggestion 
that in species with high paternal investment, females might 
be constrained by their reliance on male cooperation during 
biparental care, which might discourage them from seeking 
EPCs (Küpper et al. 2004; Arnqvist and Kirkpatrick 2005). 
It was demonstrated that the level of male care during chick 
provisioning was negatively correlated with EPP (Møller 
and Birkhead 1993; Ball et al. 2017). During biparental care 
in Whiskered Tern, males provide their chicks with c. 25% 
more food (kJ) than females (Ledwoń and Neubauer 2017), 
so any reduction of parental care by males could be costly 

for females. Male parental care is important in species with 
female desertion, and the costs of reduced parental care can 
be high when the remaining parent is unable to compensate 
fully (Székely and Williams 1995; Székely and Cuthill 1999; 
Lessells 2012). Therefore, females should avoid EPC if this 
leads to a reduction in care on the part of their social mate. 
However, this behaviour was not studied in Whiskered Tern.

The estimated EPP rate in this study was only slightly 
higher than the EPC rate (0.6%) documented in this popu-
lation—only two of 328 successful copulations were EPC 
(Ledwoń and Neubauer 2017). This difference could be the 
result of postcopulatory sexual selection—the choice of 
sperm by the female and competition of the ejaculates of 
different males over fertilization (Birkhead and Pizzari 2002; 
Wagner et al. 2004). Extra-pair paternity mainly occurs as a 
result of three behaviours: forced EPCs, rapid mate switch-
ing, and unforced EPCs (Birkhead et al. 1990; Birkhead and 
Møller 1995). Since both within-pair and extra-pair copula-
tions are under female control in Whiskered Tern, no suc-
cessful forced EPC occurred, and mate switching close to 
the egg-laying period was not noted (Ledwoń 2010; Ledwoń 
and Neubauer 2018). EPP in this species can therefore be 
assumed to be the result of female EPCs, which they accept 
or solicit, a rather common phenomenon in birds (Birkhead 
1998; but see Adler 2010). Females in our study area have 
plenty of opportunities to engage in EPC, since they remain 
alone on the nesting platform for about 65% of the time 
and visits by extra-pair males are common (Ledwoń 2010; 
Ledwoń and Neubauer 2018). But even though such visits 
are frequent, the majority of females do not engage in EPC. 
In this, as in many other colonial species, frequent copula-
tion is used as a paternity guard, since males spend most of 
their time foraging and delivering food to their females and 
cannot protect their females from EPCs at the same time 
(Birkhead 1998).

As in other larids, our study population experienced 
low rates of IBP: this is usually between 0 and 10% of 
broods, occasionally reaching 20% (Bukacińska et al. 1998; 
González-Solis et al. 2001; Griggio et al. 2004; Helfenstein 
et al. 2004; Duda et al. 2008; Piálková 2008; Minias et al. 
2014; Indykiewicz et al. 2017). Our results are consistent 
with those obtained for other populations of Whiskered 
Tern. IBP was found in 10% of broods in a population breed-
ing in central Poland (Minias et al. 2014), and in a French 
population, IBP was reported in 9% of broods where the 
presence of parasitic eggs was estimated using the analysis 
of intra-clutch variation in egg morphology (Paillisson et al. 
2008). The levels of intraspecific brood parasitism found 
in Whiskered Tern may be facilitated by periods of non-
attendance at nests by both pair members during the pre-
incubation period, as suggested by Paillisson et al. (2008); 
in that French population, nests were unattended for 3% of 
the time. In our population, parents left the nesting platform 
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unattended on average for only 0.9% of the time (ML—
unpublished data). One case of forced IBP was observed 
(ML—unpublished data), when a parasitic female pushed 
the host female off the nest and laid an egg, which means 
that the absence of both mates is not necessary for IBP to 
occur in Whiskered Tern. In all nests with IBP, three eggs 
were present, which is the typical clutch size in this spe-
cies. Thus, it is likely that parasitic females dump their egg 
before the clutch in the host nest is completed so that the 
host females stop laying when the total clutch size reaches 
the normal, as typical behaviour in indeterminate layers (e.g. 
Andersson and Eriksson 1982). A male and a female were 
present in all the nests with IBP, which indicates that there 
were no female-female pairs.

By determining parentage in two ways, this study pro-
duced a range estimate of EPP and IBP. CERVUS (Marshall 
et al. 1998) is a powerful tool for genetic mating system 
studies, especially those for which parentage is unknown, 
where parental care is handled by mothers only, and where 
the aim is to assign paternity from a large pool of potential 
candidates. In our study, we sampled both social parents for 
most broods and aimed to exclude social fathers or moth-
ers using the complementary approach of Ibarguchi et al. 
(2004).  PRCum calculated the probability that the social par-
ent and offspring share the documented alleles (including 
null alleles when frequent) if they were not actually related. 
Chicks designated as EPP or IBP occurred when that prob-
ability was relatively high (P > 0.0098). Thus, in our study, 
fourteen chicks mismatched one or more social parents at 
two or more loci and had negative LOD scores thus were 
designated as EPP or IBP under the CERVUS criteria but 
those numbers decreased to nine using the Ibarguchi method.
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