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Summary

Animals exhibit large variations in breeding systems. For the majority of animal species males
compete more strongly amongst themselves to mate with females while females are choosy
about a male to mate with. For species that provide post-zygotic parental care, usually females
provide al or most care. Because it is so common, malemale competition for mates and
predominant female care are sometimes referred to as conventional or typica sex-roles.
However, in a few animal species the sex-roles are reversed, such that females compete more
strongly than males for matings and males provide most or all parental care. Sex-role reversal
is often combined with polyandry and then termed classical polyandry that is amating system
in which afemale pairs with more than one male either simultaneously or sequentially during the

same breeding season.

Despite a great interest to understand which factors are responsible in shaping the evolution of
sex-role reversal, this phenomenon is still poorly understood. Knowing which factors are
responsible in shaping reversed sex-roles is important for understanding sexual selection, mating
systems and parental care. Therefore, despite their rarity, species with reversed sex-roles are of
great importance to test theories which were formulated based mostly on the knowledge from

animals with conventional sex-roles.

Among birds, social monogamy with stronger male-male competition for matings and bi-parental
care with larger female than male contribution to care is the norm. However, about 1% of al bird
species exhibit a complete reversal of sex-roles. that is females are polyandrous and they
compete more strongly for territories or mates and males take sole care of the young. Until 1971,
such classical polyandrous species were known only among shorebirds (Order Charadriiformes).
Because of this, previous studies and hypotheses about the evolution of polyandry and sex-role
reversal focused mostly on shorebirds. The discovery of classical polyandry in black coucals,
which is currently the only known bird species that combines classical polyandry with an altricial
development of young, demonstrated that this behaviour is not restricted to shorebirds only. This
called for further research on black coucals as well as on other coucal species to understand

which factors favoured the evolution and maintenance of classical polyandry in this taxon.



Therefore, the goal of my doctoral research was to collect and analyse empirical data from
coucals to understand proximate factors for the evolution and maintenance of sex-role reversal in
black coucals. In thisthesis, | present the results, interpretations and discussion of the analyses to
test three hypotheses about proximate factors underlying the evolution and maintenance of
classical polyandry in black coucals. Data were collected mostly from two sympatric species of
free living coucals that differ fundamentaly in sex-roles. the African black coucal (Centropus
grillii), which is polyandrous and has male-only parental care, and the white-browed coucal (C.
superciliosus) which is socially monogamous and both parents cooperate in caring for their
young. These two coucal species were subjects of a long-term study in the Usangu Plain of
Southwestern Tanzania from 2001 until to date. Also, a few data were obtained from a third
coucal species, the sociadly monogamous and bi-parental coppery-tailed couca (C.
cupreicaudus), which also shares its breeding habitat with the other two coucal species. Because
of insufficient data, this third coucal species did not form amajor part of my analyses. However,
| try to integrate the scant knowledge of the biology of this third coucal species as well as data

from other coucal species studied elsewhere in discussing the findings.

In Chapter 1 | provided background information relevant to understand the research problem,
the rationale, general and specific objectives, and the significance of the research presented in
this thesis. | also provide a list of existing hypotheses about factors shaping sex-roles of which

some were tested and the findings presented in the data chapters of thisthesis.

In Chapter 2 | provided an empirical analysis of whether parental care in black coucals is less
demanding than in bi-parental white-browed coucals, such that a single black coucal parent can
successfully raise an entire brood but the cooperative effort of both parents is necessary to
successfully raise a brood in white-browed coucals. The results indicated that parental care in
black coucals is not less demanding than in white-browed coucals and therefore, a single white-
browed coucal parent should also be sufficient to raise a clutch. We suggested that monogamy
and bi-parental care is maintained in white-browed coucals not because both parents are required
to successfully raise the brood, but rather because both sexes lack opportunities to become
polygamous dueto amore or less balanced adult s ex ratio.



In Chapter 3 | examined whether the extra-pair paternity rate in black coucals is lower than in
white-browed coucals, such that certainty of paternity could explain the higher male than female
parental investment in black coucals. The results indicated that male black coucals experience a
substantialy higher loss of paternity (50% among broods and 17% among nestlings) than white-
browed coucals (4% among broods and 2% among nestlings), suggesting that male-only parental
care in black coucals is not maintained because the certainty of paternity is high. Further, the
results indicated that extra-pair young were biased towards later-hatched young and these young
were less likely to survive during partial brood loss. We concluded that the rate and pattern of
extra-pair paternity in black coucals may reflect the inability of males to guard and copulate with
the female after the early onset of incubation, and a female mating strategy to demonstrate her
commitment to other males of her socia group.

In Chapter 4 | investigated whether there are any trade-offs between caring and mating in male
black coucals in terms of success in siring extra-pair young when a male is caring for a clutch
relative to when he has no dependent young to care for. The results indicated that male black
coucals were approximately 17% less likely to sire extra-pair young while they were incubating
their own clutches, about 48% less likely to do so while feeding nestlings, followed by 26%
when feeding fledglings, compared to the success of males that currently did not care for
offspring. These results indicate that male black coucals experience only limited damage to their
pursuit of additional mating opportunities even if they perform parenting duties. In this sense,
coucals are more fish-like than the dramatic diff erence in the form of parental care might
suggest. Therefore, the explanation for male willingness to provide care might have similar root

causes of limited (if any) trade-offs between car ing and gaining paternity elsewhere.

In Chapter 5 | presented a synthesis and a general discussion of the findings presented in the
data chapters of thisthesisin light of the overall objective of this study. Also, | highlighted areas

requiring further research.
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Zusammenfassung

Tiere zeigen eine gro e Vielfalt in Bezug auf unter schiedliche Paarungs- und Brutpflegesysteme.
Dabei konkurrieren bel den meisten Tierarten die M nnchen st rker untereinander um den
Zugang zu Weibchen. Die Weibchen hingegen sind oft w hlerisch bel der Auswahl m glicher

Paarungspartner. Bei Arten, die Brutpflege betreiben, sind es typischerweise die Weibchen, die
sich vermehrt oder ausschlie lich um den Nachwuchs k mmern. Weil dieses Muster st rkere

Konkurrenz zwischen den M nnchen und Brutpflege dur ch die Weibchen so weit verbreitet ist,
spricht man oft von konventionellen oder typisch en Geschlechterrollen. Bei einigen
Tierarten sind diese Geschlechterrollen jedoch vertauscht, sodass Weibchen st rker um den
Zugang zu M nnchen oder Revieren konkurrieren und die M nnchen haupts chlich oder v llig

fr die Brutpflege zust ndig sind. Solcherart vert auschte Geschlechterrollen gehen oft mit
Polyandrie einher, das entsprechende Paarungssystem wird dann als klassische Polyandrie
bezeichnet, d.h. ein Weibchen paart sich innerhalb ener Brutsaison gleichzeitig oder

nacheinander mit mehreren M nnchen.

Zwar besteht ein groes Interesse daran, Faktoren zu ermitteln, die zur Evolution von
vertauschten Geschlechterrollen gef hrt haben, aber wirklich gut verstanden ist dieses Ph nomen
bisher noch nicht. Zu wissen, welche Bedingungen f r die Ausprgung vertauschter
Geschlechterrollen f hren, tr gt zu einem besseren Verst ndnis von sexueller Selektion, sowie
dem der Evolution von Paarungssystemen und Brutpflege bei. Daher sind Arten mit vertauschten
Geschlechterrollen trotz ihrer Seltenheit von groer Bedeutung, denn bisher fuen diese

Theorien vor allem auf dem Wissen ber Arten mit ko nventionellen Geschlechterrollen.

Innerhalb der V gel ist die Mehrzahl der Arten sozi a monogam. Die M nnchen konkurrieren
dabei strker um den Zugang zu Weibchen und obwohl sich beide Geschlechter um den
Nachwuchs k mmern, tragen die Weibchen allgemein den gr eren Anteil der Brutpflege. Bel

ca. 1% adler Vogelarten sind die Geschlechterrollen jedoch vertauscht: die Weibchen sind
polyandrisch und konkurrieren um Reviere oder M nnchen, w hrend die M nnchen den
Nachwuchs aufziehen. Bis 1971 waren solcherart klassisch polyandrische Arten nur von der
Gruppe der Watv gel oder Regenpfeiferartigen (Charadriformes) bekannt. Daher beziehen sich

die meisten Hypothesen zur Evolution von Polyandrie und Geschlechterrollentausch auf
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Watv gel. Die Entdeckung von klassischer Polyandrie beim Grillkuckuck, der zur Gruppe der
Spornkuckucke geh rt, zeigte, dass dieses Verhalten nicht auf Watv gel beschr nkt ist und sogar
bei einer nesthockenden Vogelart, dessen Junge ber einen | ngeren Zeitraum im und sp ter
auch au erhalb des Nests gef ttert werden m ssen, v orkommen kann. Diese Entdeckung rief
nach einer vertieften Erforschung des Grillkuckucks sowie weiterer Spornkuckucksarten, um zu
verstehen welche Faktoren die Evolution und Aufrechterhaltung von klassischer Polyandrie bei

diesem Taxon beg nstigten.

Ziel meiner Dissertation war es daher, empirische Daten von Spornkuckucken zu gewinnen, um
proximate Faktoren, die f r die Evolution und Aufre chterhaltung des Geschlechterrollentauschs
beim Grillkuckuck verantwortlich sind, zu untersuchen. Ich stelle die Ergebnisse empirischer
Analysen vor und interpretiere sie im Hinblick auf drei der gegenw rtig bekannten Hypothesen
zur Evolution und Aufrechterhaltung von klassischer Polyandrie. Die Daten wurden vor allem an
2 sympatrischen Spornkuckucksarten im Freiland gewonnen, die sich grundstzlich in ihren
Geschlechterrollen unterscheiden: den Afrikanischen Grillkuckuck (Centropus grillii), der
polyandrisch ist und bel dem ausschlielich die M n nchen Brutpflege betreiben, und dem
Wei brauenkuckuck ( C. superciliosus), der sozial monogam ist und bei dem beide Eltern die
Jungen versorgen. Diese beiden Arten werden seit 2001 bzw. 2005 im Rahmen einer
Langzeituntersuchung in der Usangu-Ebene im S dwest en Tansanias untersucht. Einige wenige
Daten wurden von einer dritten sympatrischen Art erhoben, dem Kupferschwanzkuckuck (C.
cupreicaudus), der ebenso im gleichen Habitat wie die beiden anderen Arten br tet. Weil esvon
dieser dritten Art bisher jedoch nur wenige Daten gibt, habe ich sie nur am Rande ber cksichtigt
und versucht das | ckenhafte Wissen ber diese drit te Art und ber weitere Spornkuckucke in

die Diskussion miteinflie en zu lassen.

Im 1. Kapitel gebe ich detaillierte und notwendige Hintergrundinformationen zum Verst ndis des
Forschungsproblems, und eine Begr ndung f r die Aus wahl der Fragen. Au erdem erl utereich
die algemeinen und die spezifischen Ziele meiner Arbeit und weise auf deren Bedeutung hin.
Zudem gebe ich dle bisherigen Hypothesen ber Faktoren, die unterschiedliche
Geschlechterrollen bedingen, wieder. Einige dieser Hypothesen habe ich im Laufe meiner Arbeit
getestet und stelle siein den n chsten Kapiteln vor.
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Im 2. Kapitel beschreibe ich anhand empirischer Daten, ob die Brutpflege bei Grillkuckucken
weniger aufw ndig ist als beim Wei brauenkuckuck, w o beide Eltern die Jungen versorgen.
Demnach k nnte ein einzelner Grillkuckuckselter eine ganze Brut erfolgreich gro ziehen,
w hrend die Zusammenarbeit von zwe Eltern notwendig ist, um ene Brut von
Wei brauenkuckucken aufzuzuziehen. Die Ergebnisse z eigten jedoch, dass die Aufzucht einer
Grillkuckucksbrut nicht weniger aufw ndig ist als die einer Wei brauenkuckucksbrut. Daher
sollte eigentlich auch ein einzelner Wei brauenkuck uckselter f r die Aufzucht ausreichend sein.
Auf Grundlage dieser Daten vermuten wir, dass Monogamie und gemeinsame Brutpflege beider
Eltern beim Wel brauenkuckuck nicht deshalb aufrech terhalten werden, weil beide Eltern f r die
Aufzucht notwendig sind, sondern well es aufgrund des relativ ausgeglichenen

Geschlechterverh Itnisses der Adulttiere kaum Geleg enheiten f r Polygamie gibt.

Im 3. Kapitel untersuche ich, ob genetische Fremdvaterschaften beim Grillkuckuck seltener sind
als beim Wel brauenkuckuck. Wenn dem so w re, dann k nnte die gr ere Gewissheit ber die
tats chliche Vaterschaft die hohe Investition der G rillkuckucksm nnchen in die Brutpflege
erkl ren. Die Ergebnisse weisen jedoch auf das Gegenteil hin: Grillkuckucksm nnchen verlieren
wesentlich mehr Vaterschaften (in 50% aller Nester und bei 17% der Jungen) as
Wei brauenkuckucke (in 4% adler Nester und be 2% der Jungen). Daher ist es
unwahrscheinlich, dass die alleinige Brutf rsorge d urch Grillkuckucksm nnchen aufgrund der
hohen Gewissheit in die genetische Vaterschaft aufrechterhalten wird. Die Ergebnisse zeigten
zudem, dass Vaterschaftsverluste bel den spter geschl pften Jungen innerhalb eines Nestes
auftreten und dass diese Jungen eine geringere ber lebenswahrscheinlichkeit aufweisen. Die
hohen Vaterschaftsverlustraten und die Rehenfolge der Verluste zeigen, dass
Grillkuckucksm nnchen ihre Weibchen nicht daran hindern k nnen mit anderen M nnchen zu
kopulieren. Diese Kontrolle ist vor allem ab dem Zeitpunkt nicht mehr gegeben, wenn die
M nnchen mit dem Bebr ten der bereits gelegten Eier begonnen haben. Die Weibchen hingegen
verfolgen mit ihrer Paarungsstrategie eine Bindung gegen ber allen M nnchen ihrer Gruppe.

Im 4. Kapitel untersuche ich, ob es Zielkonflikte zwischen Brutpflege- und Paarungsverhalten
bei m nnlichen Grillkuckucken gibt. Genauer gesagt m chte ich wissen, ob es Unterschiede bei
der Erfolgsrate f r Fremdvaterschaften gibt, und zw ar in Abh ngigkeit davon, ob ein M nnchen

gerade selbst Brutpflege betreibt oder ob es selbst gerade keine Nachkommen zu versorgen hat.



Die Ergebnisse zeigten, dass Grillkuckucksm nnchen ungef hr 17% weniger erfolgreich mit
Fremdvaterschaften sind, wenn sie gerade Eier bebr ten. Wenn sie gerade Nestlinge f ttern, geht
ihr Erfolg um 47% zur ck, und wenn sie Junge versor gen, die das Nest bereits verlassen haben,
dann ist ihr Erfolg um 26% geringer as wenn sie gerade frel sind, d.h. keine Nachkommen
versorgen m ssen. Diese Ergebnisse zeigten, dass der m gliche Erfolg f r Fremdvaterschaften

durch die eigene Brutaktivit ten nur bedingt verrin gert wird. In diesem Sinne sind Grillkuckucke
den Fischen hnlicher a's man durch den erheblichen Unterschied in der Qualit t der Brutpflege
annehmen k nnte. Daher k nnen auch hnliche Ursache nf r die Bereitschaft der M nnchen die

Brutpflege zu bernehmen herangezogen werden: der Zielkonflikt zwischen gleichzeitigem
Paarungserfolg und Brutpflege ist kein absoluter, sondern nur ein eingeschr nkter, weil

M nnchen auch w hrend der Brutpflege Fremdvaterscha ften in anderen Nestern erzielen k nnen.

Im 5. Kapitel pr sentiere ich die Synthese meiner D issertation und diskutiere die Befunde der
datenbasierten Kapitel im Hinblick auf die Ziele der Studie. Au erdem gebe ich einen Ausblick
auf offene Fragen und mgliche zuk nftige Forschung sprojekte, die aus meiner Arbeit

hervorgehen.



Chapter 1

General introduction

1.1 Background information

The classical theory of sexual selection suggests that sexual selection should be stronger in males
than in females and that this should result into stronger competition among males for matings,
choosy females, higher variance in mating success among males than among females and higher
female than male care in species that provide post-zygotic parental care (Darwin 1871; Bateman
1948; Trivers 1972; Andersson 1994). Indeed, these theoretical predictions hold true for the
majority of animal species (Reynolds et al. 2002; Kokko & Jennions 2008a; Janicke et al. 2016).
Consequently, because male-male competition for mates and predominant female care are so
common, they are sometimes referred to as conventional or typical sex-roles (Darwin 1871;

Emlen & Oring 1977).

However, in a few animal species the conventional sex-roles are reversed, such that females
compete more strongly for mates than males and males provide more or al parental care. Sex-
rolereversal is often (but not aways) combined with polyandry that is mating system in which

a female pairs with more than one male either simultaneously or sequentialy during the same
breeding season (Oring 1986). When female-female competition for mates is accompanied with
polyandry and exclusive male care, the breeding system is referred to as classical polyandry

(Oring 1986; Ligon 1999; Owens 2002; Andersson 2005).

Although the phrase sex-role reversal may convey unintended stereotypic reflections of what
we as humans consider as an unusual sexual strategy of females and males (Barlow 2005; Ah-
King & Ahneg 2013), it is generaly true that greater male than female care is a rare
phenomenon across the animal kingdom (Reynolds et al. 2002; Janicke et al. 2016). For
example, while male-only parental care is completely absent in mammals and only about 1% of
all bird species express it, exclusive maternal care occurs in 91% of all mammals and 5-10% of
all bird species (Reynolds et al. 2002). Even in the species where both parents care, such asin
most birds, typically females contribute more care than males (Clutton-Brock 1991; Royle et al.
2012).



However, for teleost fish that exhibit parental care, mating competition is typically higher among
males than females but male-only care is more prevaent than female-only care (Taborsky 1998;
Reynolds et al. 2002; Alonzo & Heckman 2010; Sutton & Wilson 2019). Severa causes have
been suggested for this notable exception: Firstly, for teleost fish caring improves rather than
reduces the mating success of males, because females prefer to spawn in nests of males that are
caring for a brood (Forsgren et al. 1996; Ah-King et al. 2005; Lindstrom et al. 2006; Alonzo &
Heckman 2010). Secondly, externa fertilization allows males to have higher control over sperm
competition thus increasing a males confidence in paternity and the potential for paterna care
(Gross & Sargent 1985; Coleman & Jones 2011; Kahn et al. 2013; Sutton & Wilson 2019).
Thirdly, the specific form of parental care exhibited by fish (e.g. protecting and fanning a clutch
of eggs) is less costly and does not increase sharply with the number of offspring in the nest
(Stiver & Alonzo 2009; Kokko & Jennions 2012).

Being an exception from the typical pattern, sex-role reversal has been a controversia topic
among behavioural and evolutionary biologists since Darwin s time (Erckmann 1983; Ligon
1999; Owens 2002; Andersson 2005). Despite a great interest to understand its evolution,
causation, development and survival value, the reversal of sex-roles is still not well understood
(Orians 1969; Erckmann 1983; Oring 1986; Clutton-Brock 1991; Ligon 1999; Andersson 2005).
Understanding which factors are responsible in shaping reversed sex-roles is a key to
understanding sexual selection, mating systems and parental care (Andersson 2004; Kokko &
Jennions 2008a; Alonzo 2010). Therefore, despite thelr rarity, polyandrous species with reversed
sex-roles are of great interest in testing evolutionary theories on sexua selection, mating system
evolution and parental care, most of which were formulated based on knowledge from the
majority of species exhibiting conventional sex-roles (Oring 1986; Owens 2002; Andersson
2004; Maurer et al. 2011).

1.2 Statement of theresearch problem and rationalefor thisthesis

Until 1971, classical polyandry was known only in shorebirds (order Charadriiformes e.g.
jacanas, plovers, sandpipers, phalaropes etc.) all of which produce precocia young and have
small, determinate clutch sizes (Erckmann 1983; Clutton-Brock 1991; Andersson 1995).
Therefore, earlier attempts to identify possible factors that might have favoured the evolution of

polyandry in birds considered only what was known from shorebirds that exhibited such



behaviour (Orians 1969; Jenni 1974; Erckmann 1983; Lenington 1984; Oring 1986; Ligon
1999). Because of the limited knowledge of taxonomic distribution of this behaviour, some
authors suggested that polyandry might have evolved by chance (Selander 1972), while others
considered it very unlikely that chance alone could result in the evolution of such a remarkable
behaviour (Graul et al. 1977; Lenington 1984). It is thus not surprising that precociality and
small, determinate clutch sizes were considered key factors for the evolution of polyandry and
reversed sex-roles in birds (Jenni 1974; Emlen & Oring 1977; Erckmann 1983; Lenington 1984;
Clutton-Brock 1991; Ligon 1999).

The discovery of classical polyandry in black coucals (Vernon 1971; Andersson 1995; Goymann
et al. 2004), which is currently the only known bird species that combines classical polyandry
with an altricia development of young, demonstrated that precociaity and small determinate
clutch sizes are not necessary conditions for the evolution and maintenance of classica
polyandry. This called for further research on black coucals as well as on other coucal speciesto
understand the factors which favoured the evolution and maintenance of classical polyandry in
this taxon (Andersson 1995). Thus, empirical data from coucal species are highly needed to test
the currently emerging theoretical framework regarding the evolution of revered sex-roles
(Queller 1997; Andersson 2005; Kokko & Jennions 2008b; Fromhage & Jennions 2016;
Requena & Alonzo 2017) and the proximate mechanisms driving it, especially in birds that
produce atricial young (see e.g. (Voigt and Goymann 2007; Goymann et al., 2008)).

Therefore, the goal of my doctoral research was to collect and analyse empirical data from
coucals to understand the proximate factors for evolution and maintenance of sex-role reversal in
the black coucal. Data were collected mostly from two sympatric species of free living coucals
that differ fundamentally in sex-roles: the African black coucal (Centropus grillii), which is
polyandrous and has male-only parental care (Figure 1.1a), and the white-browed couca (C.
superciliosus) which is socially monogamous and both parents cooperate in caring for their
young (Figure 1.1b). These coucal species were subjects of a long-term study in the Usangu
Plains of Southwestern Tanzania from 2001 until to date. Also, a few data were obtained from a
third coucal species, the socially monogamous and bi-parental coppery-tailed couca (C.
cupreicaudus) which also shares its breeding habitat with the other two coucal species (Figure
1.1c). All three couca species breed during the same time of the year (wet season, December



until May/June at our field site), have similar clutch and brood sizes (usually 4 eggs; range 1-8),
and feed on similar prey (mostly insects, but they also take frogs and lizards) (Goymann et al.
2015; Goymann et al. 2016). However, because of insufficient data, coppery-tailed coucals did
not form a major part of my analyses. Nevertheless, | try to integrate the scant knowledge of the
biology of thisthird coucal species aswell as data from other coucal species studied elsewherein

discussing the findings.

Figure 1.1a A pair of adult black coucals' Wolfgang Goymann



Figure 1.1k A pair of adult white-browed coucals © Wolfgang Gagnn



