ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/373200547

Female and male body condition in the Whiskered Tern Chlidonias hybrida, a
species with female offspring desertion: a test of the differential parental

capacity hypothesis

Article in Journal of Ornithology - August 2023

DOI: 10.1007/510336-023-02099-2

CITATIONS

0

4 authors:

Mateusz Ledwon
Polish Academy of Sciences

48 PUBLICATIONS 520 CITATIONS

SEE PROFILE

Adam Flis
Institute of Nature Conservation, Polish Academy of Sciences, Krakow, Poland

15 PUBLICATIONS 53 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

roject  Monitoring breeding colonies of Caspian Gull in southern Poland View project

rect  Caspian Gullin Europe: a case study View project

All content following this page was uploaded by Mateusz Ledwon on 18 August 2023.

The user has requested enhancement of the downloaded file.

READS

e

Grzegorz Neubauer
University of Wroclaw

123 PUBLICATIONS 757 CITATIONS

SEE PROFILE

Agata Zmuda
Polish Academy of Sciences

3 PUBLICATIONS 7 CITATIONS

SEE PROFILE


https://www.researchgate.net/publication/373200547_Female_and_male_body_condition_in_the_Whiskered_Tern_Chlidonias_hybrida_a_species_with_female_offspring_desertion_a_test_of_the_differential_parental_capacity_hypothesis?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/373200547_Female_and_male_body_condition_in_the_Whiskered_Tern_Chlidonias_hybrida_a_species_with_female_offspring_desertion_a_test_of_the_differential_parental_capacity_hypothesis?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Monitoring-breeding-colonies-of-Caspian-Gull-in-southern-Poland?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Caspian-Gull-in-Europe-a-case-study?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mateusz-Ledwon?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mateusz-Ledwon?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Polish_Academy_of_Sciences?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mateusz-Ledwon?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Grzegorz-Neubauer?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Grzegorz-Neubauer?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Wroclaw?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Grzegorz-Neubauer?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Adam-Flis?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Adam-Flis?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Adam-Flis?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Agata-Zmuda?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Agata-Zmuda?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Polish_Academy_of_Sciences?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Agata-Zmuda?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mateusz-Ledwon?enrichId=rgreq-78b3e58c1c11ed4cf874492de53f14bc-XXX&enrichSource=Y292ZXJQYWdlOzM3MzIwMDU0NztBUzoxMTQzMTI4MTE4MjU2NzgwN0AxNjkyMzk0NjcyNzk2&el=1_x_10&_esc=publicationCoverPdf

Journal of Ornithology
https://doi.org/10.1007/510336-023-02099-z

ORIGINAL ARTICLE q

Check for
updates

Female and male body condition in the Whiskered Tern Chlidonias
hybrida, a species with female offspring desertion: a test
of the differential parental capacity hypothesis

Mateusz Ledwon'® - Grzegorz Neubauer*® - Adam Flis>® . Agata Banach'’

Received: 16 September 2022 / Revised: 13 July 2023 / Accepted: 1 August 2023
© The Author(s) 2023

Abstract

Offspring desertion by a single parent, mainly the female, occurs in many charadriiform birds. According to the differential
parental capacity hypothesis (DPCH), females are more likely to desert, since they may be in poorer body condition than
males as a consequence of egg-laying costs. This study investigated the body condition of 122 male and 118 female Whisk-
ered Terns. In this species half of females desert during the chick-rearing period, the remainder during the post-fledging
period. Body condition was investigated during the late incubation and early chick-rearing phases during the biparental
care period in: (1) females that deserted during the chick-rearing period, (2) females that did not desert during this time, (3)
males deserted by females, and (4) males not deserted by females. Among females that stayed, body condition during the
pre-hatching period did not vary with relative catching date (clutch/brood age), whereas females that later deserted showed
a very poor body condition when caught around seven days prior to hatching. After hatching, body condition was lower in
both deserting and non-deserting females caught later. Among males whose females stayed, body condition remained nearly
stable, whereas the body condition of males whose females deserted was lower the later they were caught. These results tally
only partially with the DPCH: the pattern of parental body condition changes during breeding is apparently more complex
than assumed by the DPCH and the cost of egg laying may be lower than suggested. Desertion by Whiskered Tern females
is better explained by the sex role differences in parental care. The male’s ability to compensate for the missing female may
be playing a role in the evolution of desertion.

Keywords Parental care - Sexual conflict - Differential parental capacity hypothesis - Brood desertion - Breeding
investment - Charadriiformes

Zusammenfassung

Physische Verfassung von Méinnchen und Weibchen der Weibart-Seeschwalbe Chlidonias hybrida, einer Art, bei
der die Weibchen ihre Brut im Stich lassen: ein Test der Hypothese der unterschiedlichen elterlichen Belastbarkeit
Bei vielen Regenpfeifervogeln kommt es vor, dass ein Elternteil, in der Regel das Weibchen, seine Nachkommen verlésst.
Nach der Hypothese der unterschiedlichen elterlichen Belastbarkeit (DPCH) ist es eher wahrscheinlich, dass die Weibchen
ihre Brut verlassen, da sie wegen der Belastungen durch die Eiablage moglicherweise in einer schlechteren korperlichen
Verfassung als die Ménnchen sind. In dieser Studie wurde die korperliche Verfassung von 122 ménnlichen und 118 weiblichen
WeiBbart-Seeschwalben untersucht. Bei dieser Art verlisst die Hilfte der Weibchen ihre Kiiken wihrend der Aufzucht,
die anderen in der Zeit nach dem Ausfliegen. Die physische Verfassung wurde in der fortgeschrittenen Brutzeit und in
der frithen Aufzuchtphase der Kiiken wihrend der Betreuung noch durch beide Elterntiere untersucht: (1) Weibchen, die
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wihrend der Aufzucht ihre Kiiken verrlieen, (2) Weibchen, die wihrend dieser Zeit bei ihrer Brut blieben, (3) Minnchen,
die von den Weibchen verlassen wurden, und (4) Minnchen, die nicht von den Weibchen verlassen wurden. Bei den
Weibchen, die blieben, variierte ihre physische Verfassung wihrend der Zeit vor dem Schliipfen nicht mit dem relativen
Fangdatum (Gelege-/Brutalter), wihrend die Weibchen, die ihre Brut spéter verlieBen, zum Zeitpunkt ihres Fangs, etwa
sieben Tage vor dem Schliipfen, einen sehr schlechten Korperzustand aufwiesen. Nach dem Schliipfen war die korperliche
Verfassung sowohl der ,,desertierten * als auch der gebliebenen Weibchen schlechter, als sie anschlieBend gefangen wurden.
Bei den Ménnchen, deren Weibchen geblieben waren, blieb die korperliche Verfassung nahezu unveridndert, wihrend der
Korperzustand derjenigen Minnchen, deren Weibchen ,,desertiert *“ waren, umso schlechter war, je spiter sie gefangen
wurden. Diese Ergebnisse stimmen nur teilweise mit der DPCH tiberein: das den Verdnderungen der korperlichen Verfassung
der Elterntiere wihrend der Aufzucht zugrunde liegende Muster ist offenbar komplexer als von der DPCH angenommen, und
die Kosten des Eierlegens sind moglicherweise geringer als bisher gedacht. Das ,,Desertieren “ von Weibchen der Wei3bart-
Seeschwalben lésst sich besser mit geschlechtsspezifischen Unterschieden in der elterlichen Brutpflege erklaren. Die Fahigkeit

der Minnchen, fehlende Weibchen zu ersetzen, spielte moglicherweise bei der Evolution des Desertierens ein Rolle.

Introduction

Natural offspring desertion, not caused by harsh environ-
mental conditions or predation pressure, is a reproductive
strategy where one parent deserts its offspring, shifting on
to the other the burden of raising the offspring until inde-
pendence (Székely et al. 1996; Parker et al. 2002; Webb
et al. 2002; Cockburn 2006; Lessells 2012). The deserter
may primarily increase its fitness via extra offspring which
it may invest in shortly after desertion (Beissinger 1987;
Fujioka 1989; Székely and Williams 1995; Pilastro et al.
2001; Morton et al. 2010; Béziers and Roulin 2016). Leav-
ing the partner could also conserve the deserter’s energy
and enhance its survival probability (Székely et al. 1996;
Lessells 2012). Furthermore, the deserter could benefit by
departing on migration earlier (e.g. Gratto-Trevor 1991; Cur-
rie et al. 2001; Nisbet et al. 2011a, 2011b; Byholm et al.
2022) or moulting earlier (e.g. Ezaki 1988; Urano 1992;
Kloskowski 2003; Hemborg 2004; Mumme 2018). It has
been shown that the mate continuing parental care increases
provisioning rates, in this way compensating the lack of the
mate. Therefore, desertion does not usually have a negative
influence on breeding success (Beissinger 1987; Fujioka
1989; Osorno and Székely 2004; Ledwon and Neubauer
2017; Harrod and Mumme 2021; but see Székely and Wil-
liams 1995).

The decision by one of the mates to desert depends on
several factors: the availability of food, the number of eggs/
nestlings, the probability of remating, the ability of the mate
to compensate for the missing partner, the deserter’s sex,
not to mention the costs and benefits accruing as a result of
desertion (reviewed in Székely et al. 1996; Lessells 2012).
One important factor which could influence desertion is
body condition (Erckmann 1983; McNamara and Houston
1996; Webb et al. 2002; Houston et al. 2005). However, the
relationship between natural desertion and body condition

@ Springer

has rarely been studied. The principal hypothesis explaining
the relationship between natural parental desertion and body
condition is the differential parental capacity hypothesis
(hereafter DPCH), formulated for Charadriiformes by Erck-
mann (1983). In this group of birds, the offspring are more
often deserted by females than by males, but in some species
both males and females are known to desert (Warriner et al.
1986; Székely and Williams 1995; Székely et al. 1996; Amat
et al. 1999; Jamieson 2012; Ledwon and Neubauer 2017).
Erckmann’s hypothesis (Erckmann 1983) assumes that the
female of a charadriiform bird is the sex more vulnerable to
body-reserve depletion during breeding, mostly because of
her high investment in egg production. The DPCH suggests
that egg laying may not stress females so much that they can-
not participate in incubation, but may leave them less able to
undertake the entire, long process of parental care. There-
fore, if the condition of a female declines after laying to
such an extent that her body reserves are no longer sufficient
to ensure parental care, she will desert during incubation
or brooding. Erckmann supported his hypothesis with the
results of his own study (Erckmann 1981), along with those
of Ashkenazie and Safriel (1979) and Maxson and Oring
(1980). They showed that in Semipalmated Sandpipers
Calidris pusilla, Western Sandpipers C. mauri and Spotted
Sandpipers Actitis macularius, the maximum daily amount
of energy expended by females during egg laying was con-
siderably greater (approximately 40% or more — depending
on species) than by males in territory defence. Furthermore,
Erckmann (1981) experimentally mimicked desertions dur-
ing the incubation period of both male and female West-
ern Sandpipers — a species with bi-parental incubation and
female offspring desertion. He found that in response to such
experimental desertion, mates of both sexes abandoned their
nests before the eggs hatched. The mean time from experi-
mental desertion to nest abandonment was significantly
shorter in females, which suggested that they were subjected
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to greater stress than males. Furthermore, body condition
(the ratio of body weight to bill length) in this species was a
much better predictor of females rather than males remain-
ing with the clutch. In addition, deserted females lost weight
more rapidly than deserted males, which again suggests that
females were under greater stress than males. To date, the
DPCH has been tested in three charadriiform species: Little
Auks (Dovekie) Alle alle (Wojczulanis-Jakubas et al. 2012),
among which only females naturally desert; Kentish Plov-
ers Charadrius alexandrinus (Amat et al. 1999, 2000); and
Dunlins Calidris alpina (Jamieson 2012), among which it is
the females that mainly desert. But this hypothesis was not
confirmed in any of these species, since the body conditions
of males and females did not differ.

One of the species from the order Charadriiformes in
which females almost exclusively desert is the Whiskered
Tern Chlidonias hybrida: 97% of females do so (Ledwori
and Neubauer 2017). Desertions start when the chicks
are ~5 days old and no longer require intensive brooding,
but the vast majority of desertions occur after the first week
of the chicks' lives. Slightly more than half of the desertion
events (52%) take place during the chick-rearing period, the
remainder during the post-fledging period. Two weeks after
fledging, which falls around the age of 21 days, there are
no families with female care. Males care for the juveniles
after they have fledged for several more weeks at least: they
feed them and teach them to forage (ML unpublished data).
As in other Charadriiformes, female Whiskered Terns incur
considerable egg-laying costs (Rahn et al. 1975). The weight
of a clutch (usually three eggs) represents about one-third
of the female body mass (ML unpublished data). Moreover,
it has been predicted for Charadriiformes that the energetic
cost of egg production is high and represents approximately
80-130% of the Basal Metabolic Rate (Carey 1996; but see
Williams 2005). Female Whiskered Terns are less resistant
to acute stress than males: female desertion after induced
stress (when temporarily held in captivity) was found to
be more likely if the body condition was poor, whereas the
desertion rate in males was low, irrespective of their body
condition (Ledwor et al. 2019, 2022). This suggests that
natural desertion by female Whiskered Terns may be associ-
ated with the level of their body condition.

If, in line with the DPCH, brood desertion by Whiskered
Tern females is indeed induced by body reserve depletion,
we should expect females to be in worse body condition
than males during both the incubation and chick-rearing
periods. Furthermore, desertion by Whiskered Tern females
can happen almost any time after hatching: during both the
chick-rearing and post-fledgling periods. Males, by con-
trast, invariably continue parental care after the female has
deserted (Ledworn and Neubauer 2017). Hence, the DPCH
leads us to expect earlier-deserting females to be in poorer
body condition (chick-rearing period) than those that stay

and desert later, during the post-fledging period. The main
aim of the present study was to test the DPCH by comparing
body condition (measured as scaled body mass) in relation
to clutch/brood age in four groups of birds: females that (1)
deserted during the chick-rearing period and (2) remained at
the nest during this time (but deserted later, see Ledwori and
Neubauer 2017); males, whose females (3) deserted during
the chick-rearing period or (4) stayed.

Methods
Study species

The Whiskered Tern is a semi-precocial, colonial water-
bird species (Gochfeld et al. 2020). Both males and females
invest heavily in parental care. Males feed females before
and during egg laying (Spina 1982; Betleja 2003; Paillisson
et al. 2007; Ledwon 2010). The rates of extra-pair paternity
and intra-specific brood parasitism are low and involve less
than 8 and 6% of offspring, respectively (Minias et al. 2013;
Ledwon and Szczys 2022). Both parents incubate the eggs
and brood the chicks (Ledwon 2010). Provisioning rates
between pair members differ: females supply ca 25% less
food than males (Ledwon and Neubauer 2017). The timing
of brood desertion varies between females, ranging from ~5
to 40 days after hatching. Each year, 31-61% of nests are
deserted by females during the chick-rearing period (Ledwon
and Neubauer 2017; Ledwon et al. 2023). Following female
desertion, males increase their provisioning rates, but in big-
ger (2- and 3-chick) broods they can only partly compensate
for the loss of female care; only in single-chick broods is
total compensation possible. Despite this, termination of
parental care by females has no effect on fledging success
(Ledwori and Neubauer 2017). Female provisioning rates are
significantly correlated with the chances of nest desertion:
daily desertion rates are lower when females supply more
food (Ledwori and Neubauer 2017). After desertion, only ca
5% of females remate and renest (Ledwon et al. 2023). As a
result of desertion, females probably start migrating earlier
than males (ML unpublished data).

Field work

The study took place in the northern part of the Upper Vis-
tula Valley (49°59'31.5"N, 19°26'12.6"E), southern Poland
(for a detailed description of the study area, see Ledwon
et al. 2013, 2014, 2023; Gwiazda and Ledwon 2015). The
fieldwork, carried out in 16 colonies during eight breeding
seasons (May — August; 2006-2007, 2012-2017), embraced
the whole of the Whiskered Tern's breeding season. The
clutches in all the monitored nests were initiated between
late May and late July. Monitoring of most nests began
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during the early stages of incubation (up to about the 10™
day after egg laying; for a detailed description of the field
methods, see Ledwon and Neubauer 2017). Each colony was
entered 5—12 times per season at 2—4-day intervals. Plastic
mesh fences were erected around the monitored nests with
eggs to prevent the chicks from escaping until they were
able to fly (for a detailed description of the enclosure, see
Ledwon et al. 2015). The enclosure had no adverse effect
on either breeding success or bird behaviour (Ledwon
2010; Ledwon et al. 2015; 2016) and facilitated trapping
and behavioural observations of the birds.

Hatching dates were deduced on the basis of nest visits
(see above) and from observations using spotting scopes
from the pond shore (see below; for a detailed description
of the methods, see Ledwon and Neubauer 2017). The pres-
ence of chicks or eggs in a monitored nest was easy to record
during the observations as the nests were plainly visible. The
hatching date was determined mainly from the presence of
freshly hatched chicks. These could be accurately aged as
they were still wet, having just emerged from the eggshell,
or from the presence of a hatching star on the egg, which
indicates that the chick has started hatching and will emerge
within 24 h. The hatching date of chicks was hereafter coded
as day 0. Hatching dates were also determined by backward
calculation based on a chick’s wing length (Paillisson et al.
2008; Banach et al. 2021) or the presence of freshly laid eggs
(see also Ledwon and Neubauer 2017). The exact hatching
date was known for 82% of nests; for the remaining 18%,
the accuracy was still high at+ 1 day, the middle day being
taken as the hatching date in these nests (see Ledwori and
Neubauer 2017). In all these cases, the first-egg laying date
was calculated on the assumption that incubation lasts for
21 days (Betleja 2003).

Trapping and measurements of adult birds

Nests for trapping adults were selected at random. Trap-
ping took place between the 8" day before hatching and
the 8™ day after hatching with the aid of a roof trap (for
a detailed description of the trapping method, see Ledwon
et al. 2015, 2016). In all the nests examined, both partners
were always present after any capture (of one or both birds),
which was confirmed during behavioural observations after
trapping. Only 3% of females deserted during the first week
of a chick’s life, (Ledwon and Neubauer 2017). So taking
both conditions into account, it can reasonably be assumed
that female trapping during the chick-rearing period was not
biased by female desertion. No birds were caught during the
late-chick or post-fledging periods, as adults did not enter
the trap during this time.

Total head length was measured from the tip of the bill
to the back of the skull to the nearest 0.1 mm with callipers
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(Ledwon 2011). Body mass was measured to the nearest
1 g with a Pesola spring balance. All the measurements
were taken by one person. Each trapped bird was uniquely
marked with hair dye applied to small areas of the wing
and tail feathers so that it could be identified from a dis-
tance (Ledwon and Neubauer 2017). Blood was taken from
208 birds (87% of trapped individuals) for molecular sexing
(Ledwon et al. 2015; Gotawski et al. 2016). The remaining
birds were sexed on the basis of sexual size dimorphism
(Ledwoni 2011).

Behavioural observations

On the first observation day after trapping, both parents were
present in all the nests (see Ledwon and Neubauer 2017).
Thereafter, all nests with trapped birds were observed in
order to determine the occurrence of natural desertion dur-
ing the chick-rearing period (up to the 21st day of a chick’s
life). The focal nests were monitored during observation ses-
sions in each colony with marked individuals from the pond
shore at distances from several tens of metres to ca 100 m
using binoculars (1042, 15x56) and spotting scopes
(x30,x%x50), every 1-4 days in the morning, for an average
of 190 min per observation session (Ledwor and Neubauer
2017). The nests were clearly visible because they had been
built on the floating leaves of aquatic plants. During each
observation session, the number of chicks and the presence
or absence of each parent were noted. The female desertion
event could thus be established precisely for each individual
nest. Because adult birds were never again recorded at nests
following their absence during two consecutive observation
sessions on different days, desertion was defined as hav-
ing occurred when one parent did not attend the chicks on
two consecutive days of behavioural observations, i.e. it
was assumed to have taken place midway between the dates
on which the bird was seen for the last time and the next
observation session (Székely and Lessells 1993). Because
the majority of fledglings disperse, observation of most nests
with marked birds was not possible during the post-fledging
period. For a further description of the field observation
methods and the determination of desertion, see Ledwon
and Neubauer 2017.

The data set

As only 7% of the birds were caught in two or more years,
only one, randomly selected trapping event per bird was
included; hence, each adult involved in the analysis was con-
sidered just once. In total, 240 birds from 188 nests were
trapped in 16 colonies during 8 years. In 136 nests only one
parent was trapped. Among the 52 nests where both parents
were trapped, both were trapped on the same day in 40 (78%)
nests, while the difference in the other nests between the
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dates of trapping the mates varied between 2 and 8 days.
Observations of the marked birds, where at least one mate
was caught and uniquely marked with hair dye, enabled each
individual to be assigned to one of the following groups:
(1) females that deserted during the chick-rearing period
(n=153), (2) females that did not desert during the chick-
rearing period (n =65), (3) males whose females deserted
(n=158) and (4) males whose females did not desert (n = 64).

Statistical analysis

Body condition was estimated as residuals of body mass
regressed on total head length. The body condition calcu-
lated in this way was then treated as a normally distributed
response in the analysis. Body condition and mass were
highly correlated (Pearson »r=0.807, df=238, p<0.001)
but body condition did not correlate with total head length
(Pearson r=—0.001, df=238, p>0.05).

Generalized additive linear mixed models (GAMMs,
Zuur et al. 2014) were used to capture the (possible) non-
linear patterns of body condition over time. Models were
fitted in the gamm4 library (Wood and Scheipl 2014) in
R (R Core Team 2020). Body condition was treated as a
response, modelled as a function of the following factors
in the global model: a ‘category’ factor with four levels,
identifying females that deserted their broods during the
chick-rearing period and those that stayed during this
period, and also males which were or were not deserted
by females, included as interaction terms with smoothing
functions to obtain four separate smoothers illustrating
body condition changes over time; brood size (number of
hatched chicks, factor with three levels, 1, 2 or 3); clutch
initiation date (measured in days numbered from 1st May
each year, with 1st May being day 1); clutch/brood age
— age (date) of the clutch or of the chicks whose parents
were trapped and body condition measured (the hatching
date was coded as day 0, negative values were assigned to
the incubation period (range — 8 to — 1) and positive ones
to the chick-rearing period (range 1 to 8). The number of
hatched chicks, date of clutch initiation and clutch/brood
age were treated as interacting with the ‘category’ factor in
the global model. The data were structured hierarchically,
with nests, colonies, fish pond complexes and years hav-
ing multiple observations: because of their spatiotemporal
correlation, these could not be treated as independent. To
account for this non-independence, the random part of the
models always included four random effects: year (8 lev-
els), fish pond complex (7 levels in total, variable across
years, range 1-4), colony id (16 levels, variable across
years, 2—-3 colonies per year) and nest id (188 levels, 645
nests per year). The last three of these effects were nested,

whereas year was treated separately because the colony
locations changed between ponds annually: as none of
these locations were permanent, the year effect could not
be included in the nested structure. The global model as
well as the nested, reduced model versions were fitted with
the MuMIn library (Barton 2015), resulting in a total of 26
fitted models, including the null one. Model ranking was
based on AIC. Only the top few models received some sup-
port, all of which had nearly identical smooth functions, so
the inferences were based on the two top-supported models
with A AIC <2 (Table 1). The model-averaged parameters
were calculated with the MuMIn library (Barton 2015) and
the model-averaged predictions were obtained manually
with appropriate model weights. Both top-supported mod-
els were nearly identical with respect to the significance of
effects and predicted response values.

Results

There were two well supported models (A AIC <2) among
the 26 fitted to explain the variation in body condition of
males and females in relation to whether a female did or did
not desert (Table 1). No covariates other than group (‘cat-
egory’ factor) were found to affect mean body condition
(deserting and non-deserting females and males deserted
and not deserted by females) except for clutch/brood age
(Table 2). During the biparental care period studied here,
the variation in body condition and clutch/brood age dif-
fered between the groups (sexes and the occurrence of deser-
tion, Fig. 1A, B). The body condition of females that did
not desert did not vary with relative catching date, but was
lower in females caught later during the chick-rearing phase
(Fig. 1A). The body condition of males not deserted by
females was only slightly negatively correlated with relative
catching date across the whole period considered, i.e. both
prior to and after hatching (Fig. 1A). Variation in the body
condition of females that deserted and of males deserted
by females was strikingly different: the body condition of
females was the poorest of all the groups, on average, when
they were caught around the seventh day prior to hatching
(Fig. 1A, B). When caught around hatching, however, the
condition of deserting females was similar to that of males
and non-deserting females. After hatching, deserting females
were of lower condition when caught later. The condition of
deserted males was more strongly negatively correlated with
relative catching date, but, importantly, these males were in
much better condition than females at the earliest relative
catching date. There was no such difference between the
sexes in the ‘non-desertion’ group.
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Table 1 Generalized linear additive mixed models used to explain
variation in body condition in relation to female desertion events with
respect to sex (Category factor with four levels), date of clutch initia-
tion (Laying date), Brood size (number of chicks), Clutch age (contin-

uous covariate measured in days and modelled with a smooth term)
and their interactions denoted by ‘X’. ‘+’ denotes the presence of a
given effect in the model

Model df AlCc A AIC ® AIC
Fixed effects
Category Laying date Brood size s(Clutch Laying Brood
age) X category date X category size X category
+ + + 17 1342.7 0.0 0.49
+ + + + + 21 13444 1.7 0.21
+ + + + 18 13455 2.8 0.12
+ + + + 25 13455 29 0.12
+ + + + + + 29 1347.6 4.9 0.04
+ + + + + 26 1348.6 59 0.03
+ 8 1357.1 14.4 <0.001
+ + 16 1357.4 14.7 <0.001
+ + 11 1358.4 15.8 <0.001
6 1359.1 16.4 <0.001
+ + + 19 1359.3 16.6 <0.001
+ 9 1359.6 17.0 <0.001
+ + 9 1359.7 17.0 <0.0001
+ + + + 15 1359.9 17.2 <0.0001
+ + + 17 1360.2 17.5 <0.0001
+ + + 13 1360.9 18.2 <0.0001
+ + + 12 1361.1 18.4 <0.0001
+ + + + + 23 1361.2 18.5 <0.0001
+ 14 1361.2 18.5 <0.0001
+ 7 1361.7 19.0 <0.0001
+ + 17 1362.1 19.4 <0.0001
+ + + + 20 1362.2 19.5 <0.0001
+ + 10 1362.3 19.6 <0.0001
+ + + + 21 1363.5 20.8 <0.0001
+ + 15 1363.9 21.2 <0.0001
+ + + 18 1364.9 222 <0.00001

All the models include an intercept and four random effects (see Methods), omitted from the table for clarity

Discussion

The relationship between Whiskered Tern body condition
and brood age was found to vary in relation to parental
sex and to the occurrence of female desertion. It therefore
appears to be more complex than assumed by Erckmann
1983, see Introduction). A potential drawback of the pre-
sent study is the fact that just a single trapping per bird was
used in the analysis; hence, it was not possible to study the
changes in body condition at the individual level (like Jamie-
son 2012). Trapping the same birds multiple times during
the breeding period and both mates on the same day was
avoided so as to minimize disturbance. The present approach
— comparing the condition of randomly trapped males and
females during the incubation and chick-rearing periods — is
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identical to the one reported by Wojczulanis-Jakubas et al.
(2012) in Little Auks, a species in which females desert.
The conclusions remain valid so long as the assumption that
randomly trapped individuals with a single measurement of
condition are representative for the entire population is met.

The DPCH (Erckmann 1983, see also Introduction)
attempts to explain offspring desertion by charadriiform
females as being the result of the energetic limitations
imposed on females by the cost of reproduction, primarily
egg production. The DPCH assumes that females should be
in a worse condition than males and that the condition of
the former should decline after laying. This has been shown
to occur in Cooper's Hawks Accipiter cooperii (Kelly and
Kennedy 1993). But the present results only partially sup-
port this hypothesis. The initial level of body condition of
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Table 2 Model-averaged

. o Parameter Estimate SE z P
coefficients and unconditional
SEs from Generalized linear Intercept -0.522 1.485 0.350 0.726
zgggi;ethméiﬁiiﬁfl;Llljsg'gyto Category: female, no desertion 2.157 4.160 0.516 0.606
condition of Whiskered Terns in Category: male, desertion 0.417 2.257 0.184 0.854
relation to the clutch initiation Category: male, no desertion 2.432 4.158 0.582 0.561
date (Laying date), clutch - Chicks: two -0.571 1.640 0.346 0.729
zgf(‘gzgggyoﬁacc‘t‘gk;i(g}g‘rs)’ Chicks: three 2.193 1.641 1.330 0.184
levels) and clutch age (Clutch Category: female, no desertion X chicks: two -1.365 4.332 0.313 0.754
age, a smooth term) Category: male, desertion X chicks: two 1.235 2.539 0.496 0.620
Category: male, no desertion X chicks: two —1.656 4.336 0.380 0.704
Category female, no desertion X chicks: three —-2.852 4.293 0.661 0.509
Category: male, desertion X chicks: three —-3.137 2.498 1.249 0.212
Category: male, no desertion X chicks: three —-2.850 4.284 0.662 0.508
Laying date 0.077 0.317 0.242 0.809
Category: female, no desertion X laying date 0.154 0.471 0.326 0.745
Category: male, desertion X laying date —0.005 0.394 0.012 0.990
Category: male, no desertion X laying date -0.323 0.636 0.508 0.612
Clutch age (smooth terms) edf P
Female, desertion 2.044 0.217
Female, no desertion 1.808 0.054
Male, desertion 1.135 0.004
Male, no desertion 1.014 0.564

For the smooth term, the effective degrees of freedom (edf) measure the amount of non-linearity of the
smoother as calculated from the top-supported generalized additive mixed model and P (the ‘significance’
of a smoother) is based on comparison of the model with and without the smoother by an F statistic (Zuur
et al. 2014). X’ represents an interaction term

deserting females was indeed lower than in males, but higher
shortly before hatching (Fig. 1B). Furthermore, during the
chick-rearing period, the body condition of deserting and
non-deserting females and deserted males declined with
relative catching date, while only in males that were not
deserted by females did the body condition remain almost
stable. The DPCH failed to explain female desertion in
terms of body condition in three other charadriiform spe-
cies (Amat et al. 2000; Wojczulanis-Jakubas et al. 2012;
Jamieson 2012, see Introduction). The costs of egg produc-
tion in species studied so far may not be as high as Erckmann
(1983) suggested, so that they do not cause any substantial
deterioration of a female’s body condition. It has been sug-
gested recently that the commonly assumed high cost of egg
production incurred by female birds is actually more com-
plex than previously thought and deserves further attention
(Williams 2005; Wojczulanis-Jakubas et al. 2014). Research
on Little Auks, a species in which only females desert, sug-
gests that when food is unlimited during the egg-laying
period, the energetic costs of egg production may simply
be negligible. In such cases, female body condition might
be affected by other costs unrelated to food (Wojczulanis-
Jakubas et al. 2014). As in other larids, egg production in
Whiskered Terns relies mainly on exogenous resources, in
other words, the “income” breeding strategy is employed

(sensu Jonsson 1997). In this species, males deliver food
to their mates during the courtship period (both before and
during egg laying) and to a lesser extent during incubation as
well (Ledwon 2010; Ledwon and Neubauer 2018). Females
spend about 90% of their time on the nesting platform during
incubation, limiting their energy expenditure on foraging
(Ledwon 2010; Ledwon and Neubauer 2017). Furthermore,
the Whiskered Tern population studied here breeds on carp
ponds where food is plentiful. It has been suggested with
regard to the Dunlin, a species with mainly female desertion,
that the high availability of prey on the breeding grounds
ensures that the body condition of females is superior to that
of males (Jamieson 2012). The exact costs of egg produc-
tion by Whiskered Tern females remains unknown, but the
results obtained in this study suggest that they are probably
not high enough to bring about a significant and permanent
difference in body condition between females and males.
The DPCH focuses mainly on the energy costs incurred
by the female when laying eggs, yet ignores those of the
males. This is likely to be one of the reasons why the pre-
sent results do not support the DPCH. Male Whiskered
Terns have high energy costs prior to incubation, as they
spend most of their time foraging and bringing food to
their females, not to mention supplying nesting material
(Ledwon and Neubauer 2018). Therefore, in the Whiskered
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Fig. 1 Predicted model-averaged relationships between body condi-
tion and clutch age (in days, hatching date coded as day 0) in nests
with biparental care: no female desertion until fledging A, with
female desertion prior to fledging B. The lines show the relationships
predicted by the top-supported Generalized linear additive mixed
models (see Table 1; both top-supported models produced nearly
identical relationships), solid lines—females, dashed lines—males, grey
areas—+SE

Tern, the differences in energy expenditure between males
and females prior to incubation might not be as great as the
DPCH assumes. In the Dunlin, by contrast, the high ener-
getic costs of the males’ aerial displays during the courtship
period could be responsible for their poor body condition at
the beginning of incubation (Jamieson 2012).

This study found that during the biparental care period,
the body condition of deserting females, non-deserting
females and deserted males decreased during the chick-
rearing period, and that only in males whose females did not
desert was the body condition almost independent of rela-
tive catching date. One might expect mass loss during the
chick feeding period to be adaptive because flight costs are
reduced (Ricklefs 1974; Freed 1981; Norberg 1981, 2015;
Jones 1994; Cavitt and Thompson 1997; Cichon 2001).
Whiskered Terns forage while flying, catching their prey
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items mainly by plunge diving or picking them off plants
and the water surface (Gwiazda and Ledwon 2015, 2016).
Therefore, the loss of mass and thus body condition in adults
of this species during the chick-rearing period can reduce
flight costs. Furthermore, it is assumed in larids that first part
of the chick-rearing period is the most demanding energeti-
cally, because the adult energy expenditure per hour spent
off the nest is the highest in this period (Moe et al. 2002).
Increased parental care (food provisioning, brooding) may
therefore decrease body condition. This could differ between
the sexes according to their level of investment (Ricklefs
1983; Nur 1984; Salamolard and Weimerskirch 1993; Wen-
deln and Becker 1996; Moe et al. 2002; Lormée et al. 2003;
Williams 2012). However, neither of these predictions are
mutually exclusive (Moreno 1989).

The body condition of males not deserted by females did
not vary with relative catching date significantly as it did in
other birds during the chick-rearing period. This probably
indicates that males, whose females stayed longer, worked
less, whereas the body condition of males that were deserted
decreased throughout the period of biparental care. This
strong decrease in the condition of deserted males during
both the incubation and chick-rearing periods suggests a high
investment in parental care on their part. The relatively small
contribution to parental care by these females is confirmed
by the probability of female desertion increasing with her
declining provisioning rate (Ledwori and Neubauer 2017).
During biparental care in this species, both mates feed the
chicks, but males deliver a quarter more food in terms of
energy (kJ/h) than females, irrespective of the clutch size
(Ledwon and Neubauer 2017, see Introduction). The present
results suggest that even though males bring more food (see
above), the cost of parental care (feeding chicks) is higher
for females that did not desert. It is difficult to state exactly
why these females do not desert prior to fledging but do so
later, during the post-fledging period. The desertion of a
female can be affected not only by her own condition, but
also by her mate’s condition, his investment in parental care
and the cost to her mate or the brood that has been deserted
(McNamara et al. 1999; Lessells 2012).

The brood desertion phenomenon in Charadriiformes
appears to be much more complex (Jamieson 2012; Amat
et al. 2000; Wojczulanis-Jakubas et al. 2012) than Erck-
mann (1983) realised. The roles of both sexes in parental
care during the chick-rearing and post-fledging periods,
as well as other conditions, may offer a better explanation
of offspring desertion by female Whiskered Terns than
the DPCH. Male Whiskered Terns deliver more food than
females, irrespective of brood size. The considerable sex-
ual size dimorphism in Whiskered Terns (Ledwon 2011)
could be responsible for the male’s superior feeding abil-
ity (Gwiazda and Ledwon 2015). In the present Whisk-
ered Tern population, female desertion did not lead to
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additional chick mortality because the males, having been
deserted, delivered larger amounts of food to the brood
(Ledwon and Neubauer 2017). In this situation, the costs
for a brood suffering female desertion, while not seeming
high in terms of breeding success, can still be so for males.
Furthermore, males of this species are more resistant to
stressors (Ledwon et al. 2019, 2022) and, if deserted, are
more than capable of raising the brood successfully on
their own (Ledwon and Neubauer 2017). It seems likely
that the female is probably not necessary to maintain a
level of parental care that ensures breeding success (Les-
sells 2012), but the costs to the male remain to be studied.

To conclude: this study has shown that the relationship
between Whiskered Tern body condition and brood age dif-
fered between sexes, and also varied according to whether
the female deserted. The results offer only partial support to
the DPCH; the body condition of females that deserted was
indeed poorer than that of males, but shortly before hatch-
ing was higher than the males’ levels. Furthermore, soon
after hatching, body condition decreased in both deserting
and non-deserting females, and also in males deserted by
females. In males whose females did not desert, the decline
in body condition was weak, suggesting an important role
of the female in raising the offspring, despite their contri-
bution to food provisioning being smaller than that of the
males. Therefore, the pattern of parental body condition
changes during breeding is apparently more complex than
assumed by the DPCH. It is likely that the costs incurred by
females to produce and lay eggs are not as high as the DPCH
assumes and do not result in significant and permanent dif-
ferences in body condition between males and females
during the period under scrutiny. Female desertion is most
likely better explained by the sex role differences in parental
care during the chick-rearing and post-fledging periods. The
male’s ability to compensate for the missing female and, in
consequence, the absence of any detectable costs of female
desertion in terms of chick survival, may be playing a role
in the evolution of desertion. However, the costs incurred by
the male remain unexplored.
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