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Parentage and relatedness patterns in the cooperatively breeding southern ant-eating 
chat (Myrmecocichla formicivora). 

Abstract 
Elucidating why birds breed cooperatively requires an understanding of the group 

composition and the mating system. Here thirteen polymorphic microsatellite markers were 

successfully cross amplified in the southern ant-eating chat (Myrmecocichla formicivora). 

Cervus and Kingroup were used to assess the parentage and relatedness of the breeding 

groups. The resolution provided by the markers was sufficient to assign maternity and 

paternity to the majority of offspring with high certainty. The findings of this study are 

consistent with the most frequently found helping behaviour in kindred groups. One group 

however was found to have extra-group paternity, which suggests a more complex breeding 

system in this population. The population mean relatedness (R= -0.049) was much lower than 

the within group mean relatedness (R= 0.1920) suggesting that the cooperative groups were 

kin structured. Group helpers were found to be predominantly male. Moreover male 

relatedness in the population was found to be significantly higher than female relatedness, 

which suggests male biased philopatry and thus higher female dispersal.      

Introduction 
Factors that are conducive to the formation of family groups are still largely debated. 

Consequently the field of social cohesion remains a hot topic for evolutionary biologists. 

Furthermore, group cohesion establishes a foundation for the development of elaborate 

behaviours such as cooperative breeding. In birds, cooperative breeding is defined as more 

than two individuals contributing to the rearing of a brood. The care provided by non-

breeding helpers is termed allo-parental care (Brown 1987). Interestingly, current estimates 

imply that one-quarter of all oscine passerines reproduce in this way (Cockburn 2003). 

Mostly, cooperatively breeding groups are made up of two breeders and a number of retained 

offspring that delay dispersal and ultimately forgo independent reproduction (Emlen 1995). 

However, other mating systems are found including cooperative polyandry (i.e. where several 

males compete for the mating of a single female), and interestingly cooperative groups which 

include non-related individuals (Cockburn 2003).  

As the majority of help comes from retained offspring the impending question is why do 

viable offspring remain philopatric, rather than dispersing and attempting to breed 

themselves?  According to the ecological constraints (EC) hypothesis, there are several non-
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mutually exclusive reasons as to why retained offspring remain philopatric (Emlen 1982, 

Emlen1984, reviewed in Hatchwell and Komdeur 1999): The unavailability of suitable 

territory and habitat saturation; a reduced survival rate associated with dispersal; difficulties 

finding a mate and the high risks associated with reproducing independently (Emlen 1982, 

Emlen1984). Intraspecific observational and experimental studies have found support for the 

EC hypothesis. The most notable experiments have involved providing extra breeding 

territory, which often leads to helpers moving in and initiating independent reproduction 

(Walters 1990, Walters et al 1991, Pruett-Jones and Lewis 1990, Komdeur 1992). Seychelles 

warblers (Acrocephalus sechellensis) were found to only initiate independent reproduction if 

the available territory equalled or bettered their natal territory (Komdeur 1992). Furthermore, 

male superb fairy wrens (Malurus cyaneus) would only leave the natal territory if there was a 

female available (Pruett-Jones and Lewis 1990).These examples suggest that up to several 

factors are likely to be considered, before the decision is ultimately made to either remain 

philopatric or to disperse. 

In addition to the EC hypothesis, the life history hypothesis suggests that life history traits are 

important in the evolution of cooperative breeding in birds (Rowley and Russell 1990, 

reviewed in Hatchell and Komdeur 1999). Notably, cooperative breeding appears to be 

largely confined to families that exhibit life history traits such as low clutch size and reduced 

adult mortality (Arnold and Owen 1998). Furthermore, reduced adult mortality appears to be 

associated with living in less variable environments (i.e. closer to the equator) that facilitate 

year round territoriality (Arnold and Owen 1998) Additionally, a family level analysis 

highlighted a tendency for cooperative breeding to be associated to families with high adult 

survivorship. These findings are consistent with low adult mortality leading to cooperative 

breeding (Arnold and Owen 1998). However, this is not the general consensus as it is widely 

believed that group formation has evolved to counteract predation (Alexander 1974). It is 

therefore considered that socially cohesive groups lead to reduced mortality rather than the 

contrary (Stacey and Ligon 1987).Interestingly, cooperative breeding is the ancestral state for 

several bird lineages. Moreover, the distribution of cooperative breeding amongst families 

appears non-random, implying that the decision to breed cooperatively is partly 

predetermined in evolutionary history (Cockburn 1996, Hatchwell and Komdeur 1999).  

An equally important question to consider is why do helpers provide care, when there is an 

obvious fitness cost to do so? A number of adaptive explanations have been proposed. 
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Hamilton postulated that the proliferation of ones genes can be attained both directly (i.e. 

through independent reproduction) and indirectly (i.e. helping to rear the offspring of a close 

relative) demonstrating an organisms inclusive fitness (Hamilton 1964). Related helpers can 

therefore gain indirect benefits by helping to raise siblings who share genes common by 

descent. Additionally, direct benefits such as protection from predators (Greisser and Ekman 

2004), access to food resource (Ekman 1994); prospects of high quality breeding territory 

(Ekman 1999) and skill enhancement (Komdeur 1996) have been supported by empirical 

studies. All of which could be beneficial to both related and non-related group members 

(Cockburn 1998).  

When considering non-related helpers in particular the question is perhaps more why choose 

to stay and help, rather than why delay dispersal as for related helpers. There are currently 

three non- mutually exclusive theories as to why an individual may choose to help, in return 

for direct benefits: Firstly, group augmentation theorises that individuals do better in terms of 

survival and reproduction as part of a larger group. It is considered that helpers assist in 

recruiting new members with the intent of gaining help from those individuals in the future 

(i.e. delayed reciprocity) (Zahavi 1977, Roberts 1998). Secondly, social prestige suggests that 

the level of help a subordinate provides is indicative of the quality of that individual. It is thus 

proposed that helpers ‘show off’ to gain social standing and gain direct benefits accordingly 

(Ligon and Ligon 1978). Finally, pay to stay proposes that subordinates gain benefits from 

remaining on the dominants territory, and so help as a way of paying for the privilege 

(Gaston 1978). The ultimate benefit for a subordinate is to gain breeding opportunities. A 

number of reproductive skew models have been proposed where unrelated subordinate group 

members gain direct reproduction. A key assumption is often that group dominants exert a 

level of control over group reproduction (Magrath et al. 2004). However, the dominant 

allows a certain amount of subordinate reproduction in exchange for the benefits associated 

with breeding cooperatively (Vehrencamp 1980, Emlen 1982). Other factors such as incest 

avoidance (Emlen 1995) and female choice should also be considered.  

There is a high diversity of mating systems amongst cooperative breeders with some 

individual populations exhibiting up to several simultaneously (Cockburn et al. 2004). 

Differences found between mating systems may arise for a number of reasons such as: Levels 

of extra-group paternity; varying levels of incest avoidance, and the composition of group 

helpers (Cockburn et al. 2004). Furthermore, helpers within groups often adopt very different 

life history strategies because costs and benefits can vary markedly between individuals.  For 
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example, male rather than female helpers are more likely to benefit from territory inheritance 

(Cockburn 1998). For reasons still not completely understood there exists a bias towards 

female dispersal in cooperatively breeding birds. In addition, predominantly female help is 

seldom found (Brown 1987).  

The southern ant-eating chat (Myrmecocichla formicivora) is a facultative cooperative 

breeding bird in the Muscicapidae family. They regularly breed in groups of up to several 

individuals, however pairs are known to rear successful broods (Hoyo et al. 2005).  It is an 

endemic resident of southern Africa and prefers subtropical or tropical dry scrubland and 

grassland habitats. They breed in tunnels which they excavate in the side of Aardvark 

burrows. The nest chamber is situated at the rear of the tunnel where the chats build a nest 

primarily from dried grass. The tunnel length ranges between 300mm and 1500mm and 

usually runs straight and parallel with the surface. Furthermore, the tunnels are also used by 

the birds as overnight roosts. Male and female chats can be distinguished by a white patch on 

the shoulder of the male (Hoyo et al. 2005).   

This is the first time the southern ant-eating chat has been the subject of a detailed genetic 

study. Consequently little is known with regards to the mating system or the composition of 

the cooperative groups. It is therefore a requirement to undergo an accurate parentage and 

group relatedness analysis with an aim to understand further the breeding group dynamics. 

Here microsatellite DNA genotyping and observational data are used to analyse the breeding 

regime and the group composition of the Southern Ant-eating Chat. The following questions 

will be addressed: Which group members reproduce; how related are group members; is there 

a sex bias with regards to helping; does the relatedness of the males in the population differ 

from that of the females and are group members related differently to the breeders? 

Method 

Study site and population 
A population of southern ant-eating chats was observed from the 10th of October to the 20th of 

December 2010 at the Benfontein nature reserve (28°53’S, 24°89’E), South of Kimberley, 

South Africa. Benfontein nature reserve is a mixture of dry Karoo, grassland and Kalahari 

thornveld savannah.  The Ant-eating chat study site consisted of dry Karoo scrubland that 

covers an area of approximately 8km2.  This population has been observed from 2008 since 

when most individuals have been fitted with a unique colour ring combination for 

identification purposes. The site was initially surveyed to locate nesting attempts and active 

http://en.wikipedia.org/wiki/Shrubland
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roosting tunnels, which were subsequently marked on a GPS. Adult data collection 

commenced after the surveying was complete and took place in the evenings. All active chat 

tunnels located were visited at least three times. This ensured a large proportion of the birds 

on the study site were identified. 

Elucidating the composition of each of the chat groups on the study site was of fundamental 

importance to the project. Mornings and early evenings were spent following chat groups on 

the study site, in an attempt to identify breeding groups. The birds were observed using 

binoculars and a spotting scope and were individually identified by their unique colour band 

combination. Often bird identification was tricky; consequently a three tier scoring system 

was implemented. This provided a level of certainty to each observation made. A positive 

sighting was recorded as one (i.e. all rings confirmed in the correct combination), a sighting 

recorded as two indicated a degree of uncertainty (e.g. one ring colour could not be 

confirmed or the combination was unclear); and a three indicated a very low level of certainty 

(i.e. a number of the rings and the combination was unclear). Note that only sightings 

recorded with a certainty of one made it into the final analysis. Furthermore, fifty location 

points were input onto the GPS site map, each bird sighting was therefore referenced to the 

nearest point. For each observation all birds identified within close proximity were recorded 

and considered a group. Further and indeed more solid confirmation of breeding group 

composition came from nest observations. From the onset of egg laying a nest was monitored 

on a daily basis to establish the hatch date. Nest observations would then commence the 

following day. A distance of approximately 80m was found to be sufficient enough so not to 

disturb feeding behaviour. A spotting scope was used for nest observations. It is considered 

that all group members’ help with feeding the nestlings thus further corroborating breeding 

group composition. 

DNA analysis 

Blood was obtained from the brachial vein during data collection and stored in 99% ethanol. 

DNA was then extracted from the blood samples using the high salt purification method 

(Paxton et al. 1996). DNA based identification of individual sex was made prior to the 

analysis using the P2P8 markers (Griffiths et al. 2000). 
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A total of 60 microsatellite markers were tested for cross amplification. The microsatellite 

markers were selected based on level of polymorphism; the species they were developed for 

(i.e. taken from species with a relatively close evolutionary history) or if they were conserved 

amongst various species. Variations of marker sizes were selected in preparation of the 

development of multiplexes. The optimal annealing temperature for microsatellite markers 

can vary and is often found to change between species. With this in mind initial polymerase 

chain reactions (PCR) were performed over a temperature gradient from 52 oC to 60 oC so 

that the optimal annealing temperature could be identified for each marker (Table 1). The 

forward primer for the microsatellite markers were specifically tagged for one of three 

fluorescent dye tags (i.e. FAM, HEX or NED) required for genotyping. Nested PCR was 

therefore performed allowing for the dye to attach to the primer. The nested PCR reaction 

was performed with 1.0µl of DNA; 5µl of 10x Quiagen multiplex mix; 0.5µl (10mM) of 

reverse primer; 0.45µl (10mM) of forward tagged primer; 0.05µl (10mM) of tagged dye and 

3µl of ddH2O giving a total volume of 10µl. Nested PCR amplification included an initial 

denaturizing step at 95 oC for 15 min; followed by 30 cycles of 94 oC for 30s; annealing 

temperature of 56 oC for 60s and extension at 72 oC for 45s and finally the elongation step for 

10 min. All PCR-amplifications were performed on an Eppendorf Master cycler. Genotyping 

was performed on megaBACETM 1000 (GE healthcare) according to the operating guidelines. 

The megaBACETM results were scored on fragment profiler. 

The viability of the microsatellite markers to be used in the analysis was checked using 

several blood samples. Microsatellites that successfully cross amplified were then grouped 

into multiplexes, which allowed for several markers to be run simultaneously for a single 

sample. Multiplexes were developed using markers that were of variable lengths and dye 

colour but had the same optimal annealing temperature. The next step was to test the 

preliminary multiplexes over fifty samples. This identified if the microsatellites were 

sufficiently polymorphic and also to gauge the size range of the alleles (Table 1). All samples 

were run until two comparable runs for each sample were obtained. 

Genotyping errors which are common when using microsatellite markers can perturb kinship 

and parentage estimates. The most common problems associated with high quality DNA are 

null alleles (i.e. allele non amplification due to binding site mutation); mistaking 

amplification artefacts as true alleles and misinterpretation of allele patterns as a consequence 

of stutter bands created by slippage of Taq polymerase during PCR (Hoffman and  
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Table 1. Summarised properties for the 13 loci used in the parentage and relatedness analysis. A total of 166 individuals were genotyped for which the analysis based upon. K is the number of 
alleles per locus; TA is representative of the optimum annealing temperature (0C) used for PCR; Hobs and Hexp are the observed and expected Heterozygosity levels; NE-1P, NE-2P and NE-SI 
are the average non exclusion probabilities for the first and second parent respectively. All 13 loci were clear of null alleles according to microchecker and none of the loci deviated from 
Hardy-Weinberg equilibrium.                       
 

 Species Primers Base repeats k TA Hobs Hexp NE-1P NE-2P  
Fhy458            Pied flycatcher F-GTGACAAGGGAACATAGAAC                           

 R-GTTTATGCAGATGGCTTATAGTCT 
 

4 32       56 0.886 0.943 0.213 0.12  

Fhy224            Pied flycatcher F-TACCTCCTGCATTGTCC                                    
R-GTTTGGCTCTTTCCAGAATCAATC 
 

4 13       56 0.828 0.864 0.43 0.273  

Fhy428         Pied flycatcher 
 

F-CTGTGTGTCCAGTGTTGCTT                          
  R-GTTTCAACTGAGTGCCAGAAATC 
 

4 18    56 0.876 0.867 0.42 0.265  

Mcyu4       Superb-fairy wren F-ATAAGATGACTAAGGTCTCTCTGGTG             
R-TAGCAATTGTCTATCATGGTTTG 
 

4 
 

14    56 0.888 0.882 0.39 0.241  

Fhy452       Pied flycatcher 
 

F-ATATCCAATAGCCGCAAACT                             
R-GTTTGGATGCAGATTATTAGCCTT 
 

4 
 

16    56 0.738 0.743 0.615 0.427  

Fhy359        Pied flycatcher 
 

F-TTCTCCCATTGCTATTCCTG                             
RGTTTGGGACTTCTGCTGACACAAC 
 

3 
 

14    56 0.864 0.882 0.391 0.242  

Fhy326            Pied flycatcher 
 

F-TCAGATTGTGCTGGTAATG                              
 R-GTTTCCTAAAGGGAGTATAAGCAAC 
 

3 
 

6       56 0.562 0.597 0.814 0.667  

Fhy432           Pied flycatcher 
 

F-GTCTTCCTGACGGTTTTGTC                            
R-GTTTAGTGCTCTCTCGATGGAAGT 
 

4 
 

19       56 0.904 0.882 0.391 0.242  

Fhy329           Pied flycatcher 
 

F-AAACTTGAGCTGAGGTTCA                              
R-GTTTAAAGCTACATCGCAGTG 
 

4 
 

8       56 0.651 0.625 0.792 0.647  

Fhy221           Pied flycatcher 
 

F-TCCCTAATAAGCATCAATCT                          
 R-GTTTACCCTTGCTAGTTATCTT 
 

4 
 

14       56 0.787 0.834 0.49 0.321  

Fhy230           Pied flycatcher 
 

F-GGTTAATCCTGGAGAGTAGAA                       
R-GTTTAAAGGTTTGCTGAATATCCAC 
 

2 
 

13       56 0.740 
 

0.811 0.542 0.368  

HrU2              Barn swallow 
 

F-CATCAAGAGAGGGATGGAAAGAGG  
R-GAAAAGATTATTTTTCTTTCTCCC 
 

2 
 

 6       56 0.544 
 

0.515 0.865 0.764  

Fhy415             Pied flycatcher 
 

F-GGAGGCAGTAAAGATGTCAAT 
R-GTTTCTTCAAGGATTCATGCACTAA 
 

4 29       56 0.939 0.935 0.238 0.135  

Total    15.5    4.989^-4 2.7^-6  
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Amos 2005).  Microchecker is a program that tests the markers for null alleles, stuttering and 

large allelic drop out under the assumption that the population is in Hardy Weinberg 

equilibrium (Van Oosterhout et al. 2004). A total of 13 polymorphic microsatellite markers 

were found to be unaffected by null alleles and were subsequently used in the analyses (Table 

1).    

Parentage analysis 

Parentage analysis provides a means to asses the level of reproductive skew in a 

cooperatively breeding group. Cervus version 3.0.3 was used to assign parentage by 

calculating a likelihood ratio at each locus for each possible parent offspring pairing 

(Marshall 2007). Cervus assigns parentage as an LOD score (i.e. the natural log of the overall 

likelihood ratio) and a Delta score (i.e. the difference in LOD scores when comparing the two 

most likely candidate parents). Positive scores usually indicate that the parentage assignment 

is more likely to be true than not. Furthermore, Cervus produces an LOD/Delta criterion or 

critical value by simulating a parentage analysis using the given data. The critical value is 

then used to assess the confidence of each assignment, LOD and Delta scores that exceed the 

critical value are assigned with 95% confidence. Here the LOD score will be used to assign 

parentage. When calculating parentage Cervus incorporates allele frequency information, and 

gives a higher likelihood ratio to shared loci that are rare in the population. Allele frequencies 

for the analysis were based on the whole population. A test for deviations from Hardy 

Weinberg Equilibrium (HWE) was implemented and all 13 loci were found not to 

significantly deviate from HWE (Table 1). The summary characteristics calculated from the 

population allele frequencies indicated that the loci would have sufficient power to identify 

parentage. Average non-exclusion probabilities for the first and second parent were 4.9 x10-4 

and 2.7x10-6 respectively.  

The analysis was run first establishing maternity followed by paternity including known 

mothers. For majority of the breeding attempts a bird was identified on the nest and so a 

putative mother had already been established. If the Cervus results supported the observations 

it was considered with high certainty that this was indeed the mother. The Cervus simulation 

settings were 100 000 offspring for both the maternity and the paternity analysis; 

approximately 6.7% of the 55 candidate mothers were related with an estimated average 

relatedness of R = 0.29; 3.3% of the 74 candidate fathers were related with an estimated 
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average relatedness of R = 0.34 (relatedness was estimated using Kingroup based on the 

calculations Konovalov and Heg 2008). The proportion of typed loci was 0.99 and the 

proportion of mistyped loci was left at the default setting 0.01. A total of 37 offspring from 

2010 were included in the parentage analysis. 

Relatedness analysis 

Kingroup V_09051 was used to establish relatedness between the individuals within the 

family groups (Konovalov et al.2004). The program specifies a hypothesis of pedigree 

relatedness and calculates a probability that a given pair share an allele by direct decent. 

Kinship calculates a ratio between two such hypotheses the primary and the null with higher 

ratios supporting the former. Initially, the primary hypothesis was set at unrelated and was 

compared with a null hypothesis of Parent offspring, full siblings and half siblings. The 

remaining individuals that were considered related were then tested to determine at what 

level (i.e. Parent offspring, full siblings or half siblings). Relatedness (Queller and Goodnight 

1989) is available as part of the Kingroup suite. The Konovalov and Heg 2008 algorithm was 

used to calculate pairwise relatedness. The mean relatedness for the population was estimated 

and 95% confidence intervals were calculated including bootstrapping (10 000). To 

understand further the kin structure of the population, inferences were made of within group 

relatedness as well as differences in relatedness between the sexes. It is often found that 

pairwise relatedness estimators are often more variable than can be accounted for by actual 

pedigree information. Furthermore, results are often found to conflict leading to 

inconsistencies between known pedigree information and the relatedness estimates (Van 

Horn et al.2007). With this in mind care was taken when considering the relatedness output. 

Comparisons with available pedigree information were made when available.  

Results 
A total of 169 birds were included in the study from which ten cooperative groups were 

identified. The maximum number of helpers in any one group was two (30%) whilst the 

majority of groups had one helper (60%). In total 25 breeding attempts were observed 

however 15 nests succumbed to predation before hatching. This relatively small number of 

families was likely to be a consequence of considerable dry weather, resulting in fewer 

breeding attempts than was expected. Delay in reproduction was also found in sociable 

weaver colonies on Benfontein which further supported this.  Blood samples were available 
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for all except two individuals from the ten families. Both individuals had missing colour rings 

therefore preventing their identification.  

Parentage analysis  

Maternity 
Maternity was assigned to all but three offspring (92%), given that the LOD criterion was 

zero all were assigned with 95% confidence (Fig 1). Note that two of the three unassigned 

offspring were found dead before a sample was taken. A single loci mismatch was found 

between mother and offspring in five pairs. This is often a consequence of null alleles or 

simply scoring errors, both of which are tested and corrected for in the Cervus programme. 

Often when catching, a female chat was found in the nesting tunnel. Encouragingly, Cervus 

confirmed all of those individuals to be the genetic mother of the offspring associated with 

the nest. This allowed maternity to be assigned with high confidence. Consequently the 

known mothers were then used to add weight to the paternity analysis. 

 

Fig 1. LOD scores for assigned and unassigned candidate mothers. The LOD criterion for assignment was 0 
which meant that any candidate parent with an LOD score exceeding zero was subsequently assigned. A total 
of 47 offspring were assigned maternity with 95% confidence, while three offspring were unassigned 
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Paternity 
Paternity was assigned to 29 offspring (61%). Given that the LOD criterion was 3.26 28 

offspring were assigned paternity with 95% confidence, whereas one individual was assigned 

with 85% confidence (Fig 2). Furthermore, six of the unassigned offspring belonged to one of 

two groups, both of which included a male with missing identification rings. They were 

therefore unable to be included in the analysis. There was a single mismatch between 

offspring, mother and father in 17 of the triplets and three mismatches in one triplet. The 

triplet with three mismatches included an offspring that died before sampling had taken place.  

 

Fig 2 LOD scores for paternity calculated including known mothers. The LOD criterion for paternity including 
known mothers was 3.26. A total of 29 offspring were assigned paternity with all but one individual being 
assigned paternity with 95% confidence. 

 

The paternity analysis including known mothers’ increased the certainty of seven 

assignments, six were increased from 85% to 95% and one unassigned offspring was 

assigned with 85% confidence. However, the paternity analysis assigned 31 candidate fathers 

to offspring (Fig 3) compared to 29 assigned by the analysis including known mothers (Fig 

2). There were three assignments in the paternity analysis that were unassigned when 

including known mothers: two triplets produced LOD scores in excess of the LOD criterion; 

and the other had no assigned mother. 
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Fig 3. LOD scores for assigned and unassigned candidate fathers excluding known mothers. The LOD criterion 
for paternity assignment was 3.56. A total of 31 offspring were assigned paternity, five were assigned with 85% 
confidence and 26 were assigned with 95% confidence. Only a single LOD score over the LOD criterion was 
not assigned with 85% or 95% confidence.  

 

Encouragingly the majority of males assigned by Cervus as the genetic father were observed 

attending the nest. Furthermore, groups identified from observations were supported by the 

Cervus results. However, one of the ten family groups suggests that extra-group paternity is 

evident in this chat population. Cervus assigned a brood of five chicks a single mother and 

two males. One of the males was assigned to two chicks and the other male was assigned to 

three chicks. Interestingly, the male siring three of the chicks was never seen on the natal 

territory and was actually providing allo-parental care in an adjacent family. The male siring 

the other two offspring did however contribute at the nest in question.  Furthermore, all group 

members were indeed found to contribute with feeding the nestlings. However, there was no 

apparent evidence of subordinate helpers siring offspring within their respective groups.   

Relatedness analysis  
The population mean relatedness was -0.049 (95% CI = -0.052 - -0.046) which was 

significantly less than the mean within group relatedness 0.1920 (SD ± 0.1719). What this 

suggests is that family groups were mostly kin structured. The average relatedness of males 

and females within the population differed significantly (male R= -0.011 and female R=          
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-0.05; t-test P-value <0.001). A significantly higher male relatedness could be an indication 

that philopatry is male biased.     

From the ten family groups paternity was confirmed for only five and for a single family 

group there were no helpers evident. KingroupV2_090501 (Konovalov et al. 2004) was used 

to infer the relatedness of additional group members to the dominant pair (i.e. the male and 

female breeders).  A total of sixteen individuals among the nine groups provided help. Only 

two individuals from the nine groups were not included in the analyses due to missing colour 

rings thus preventing their identification. It was found that all helpers except for one were 

male, and in a single instance a male was found to be associated with two groups. 

Interestingly, the male assumed different roles in the respective groups both as a helper and 

indeed a father.  

The relatedness of the helpers to the breeding females according to Kingroup was as follows: 

nine birds at the 0.5 level (i.e. parent/offspring or full sibs) and seven at the <0.25 level which 

implies they are unrelated (Table 2). Relatedness of the helpers to the breeding male 

according to Kingroup was as follows:  seven birds at the 0.5 level and 1 at the <0.25 level 

(Table 2).  It was possible to further corroborate the Kingroup results with ringing data from 

previous years. The ringing data confirmed that seven of the helpers related to the breeders at 

the 0.5 level were indeed offspring from previous years. Five of the offspring were nestlings 

from the previous year while the other two were nestlings from 2 years previous.  There was 

only one helper that wasn’t related to the male breeder of the group however, that particular 

individual was related to the female breeder at the 0.5 level. The average relatedness of 

helpers to the male (mean= 0.37 SD±0.20) and female breeders (mean 0.27= SD±0.3) was 

not significantly different (paired t-test, t= 0.74, df = 6, P= 0.49). Furthermore, this particular 

family group showed evidence of extra group paternity, as three of the chicks were found to 

be sired by a bird from an adjacent family group. Interestingly, the helper was also related to 

this male at the 0.5 level implying that they are likely to be either full siblings or 

parent/offspring.  The female breeders had a total of seven unrelated helpers; wherein two 

individuals were related to the male breeder at the 0.5 level, and the other five individuals 

were linked to family groups without established paternity.  It is a discreet possibility that the 

five individuals are related to the unknown father. If this was to be the case all helpers would 

indeed be related to the breeding pair. 
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Table 2. Pairwise relatedness values (R) and estimated relationships between group helpers and group 
breeders. The data presented was produced in Kingroup (Konovalov et al. 2004). ID = identification; R 
=relatedness score; P = P-value and relatedness is the estimated relationship (UR – unrelated; PO 
parent/offspring and FS – full siblings). Care was taken when considering the estimated relationship due to the 
variability found between pairwise relatedness estimates and actual pedigree data.  

                                      Breeding male                                                                                                                                                           Breeding female 
ID Sex R  Related P R Related      P 

BGWM 
YVGM 
VOGM 
WGRM 
ROYM 
BYOM 
DODM 
VBRM 

DMDW 
YMWW 
BORM 
DWRM 
YBOM 
GGWM 
GMBD 
DOWM 

 

M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

-0.0354 
0.359 

0.3097 
0.5563 
0.4577 
0.4577 

- 
- 
- 
- 
- 
- 
- 

0.507 
- 
- 

 

UR 
PO 
PO 
PO 
FS 
PO 
- 
- 
- 
- 
- 
- 
- 
FS 
- 
- 

 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

- 
- 
- 
- 
- 
- 
- 

0.01 
- 
- 

 

 0.3599 
 0.3097 
 0.4083 
 0.507 
 -0.34 
 0.507 
 -0.0847 
 0.359 
 -0.1833 
 0.1618 
 0.4083 
 0.4577 
 0.5563 
 0.1125 
 0.0632 
 0.0139 

 

PO 0.001 
PO 0.001 
PO 0.001 
FS 0.001 
UR 0.001 
PO 0.001 
UR 0.001 
PO 0.001 
UR 0.05 
UR 0.01 
FS 0.001 
PO 0.001 
PO 0.001 
UR 0.001 
UR 0.001 
UR 0.001 

 

 

Discussion 

Thirteen polymorphic loci provided sufficient resolution to identify maternity and paternity to 

29 southern ant-eating chat offspring. Furthermore, inferences were made on breeding group 

dynamics as well as dispersal of offspring. An excessively dry season meant that only ten 

breeding groups were identified. Southern ant-eating chats are considered to be facultative 

cooperative breeders, which was supported by this study as one pair bred independently. The 

remaining nine families had at least one helper suggesting that Southern Ant-eating Chats 

exhibit behavioural plasticity either breeding successfully as part of a group or as an 

independent pair. There are currently few known bird species that are strictly obligate 

cooperative breeders (Heinsohn 1991).  

Cervus assigned maternity (92%) and paternity (61%) with high confidence.  Encouragingly 

the analysis results were further supported by the observational data. In particular the putative 

mothers assigned in the field were reaffirmed with 95% confidence. As a consequence known 
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mothers were included in the paternity analysis, which subsequently improved the confidence 

of several assignments. In all but one case fathers assigned by Cervus were found to feed the 

nestlings at their respective nests. However, one male was confirmed as a helper at one group 

and was also found to sire offspring at an adjacent group situated ~35m away. Interestingly, 

feeding was only observed at the nest where the male was a helper. These findings imply that 

extra-group paternity is evident in this population of southern ant-eating chats. It also 

highlights the usefulness of genetic studies when attempting to elucidate breeding group 

dynamics. 

 In a number of birds that breed cooperatively levels of extra group paternity are negligible 

(Cockburn et al. 2004). The benefits associated with gaining extra pair copulations include 

incest avoidance and selection of good genes. Perhaps the best example is illustrated by the 

superb fairy wren, where more than 65% of fertilizations are attained from outside of the 

group (Brooker et al. 1990; Mulder et al. 1994). It was found that promiscuous female fairy 

wrens sought out extra copulations with high-quality males (Dunn and Cockburn 1999) who 

undergo costly early malt (Peters 2000). This reproductive behaviour has been termed 

‘hidden leks’ (Wagner 1998) and is consistent with the good genes hypothesis (Cockburn 

2004). A more extensive study is required however, to further elucidate the significance of 

extra-group paternity in southern ant-eating chat populations. Furthermore, copulation is 

seldom witnessed in this species. Interestingly, copulation behaviour in the superb fairy wren 

was also somewhat of a mystery until recently (Dunn and Cockburn 1999). It is now known 

however that female fairy wrens seek out extra group copulations before dawn (Dunn and 

Cockburn 1999). Further insights into the reproductive behaviour of the chats may therefore, 

shed further light on the breeding dynamics of this population. 

In contrast with extra-group paternity levels of extra-pair paternity are relatively high in 

cooperatively breeding species (Cockburn 2004). It is often found that subordinate group 

members gain access to a certain amount of breeding opportunities, as proposed by the 

reproductive skew hypothesis (Magrath et al. 2004). However, there was no evidence of 

within group extra-pair paternity or maternity in any of the ten chat cooperative groups. One 

possible explanation for this is incest avoidance. It was found that nine of the fifteen male 

helpers were related to the female breeder at the 0.5 level, as was the only female helper to 

the male breeder. Incest avoidance in these particular cases can therefore be considered as an 

explanation for the lack of extra-pair paternity and maternity.  This was further supported by 
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a significantly higher mean group relatedness (R = 0.1920) compared to the mean of the 

population (R = -0.049), which implies that the family groups were kin structured.  

The results produced by Kingroup and Relatedness were further corroborated by available 

pedigrees. Consequently, seven of the sixteen helpers were identified as offspring of the 

group breeders from previous years. Of which, five were from the previous year and two 

were from 2 years previous. From the remaining nine individuals where pedigree analysis 

wasn’t available only a single group member was found to be unrelated. This individual was 

associated to a group with unassigned paternity and therefore could not be confirmed as an 

unrelated helper.  The findings of this study are consistent with the most frequently found 

helping behaviour, in kindred groups.  

 One possible explanation as to why young birds opt for helping rather than independent 

reproduction is delayed sexual maturation. However, chats have been known to reproduce 

independently from twelve months on, so this was not a consideration here (unpublished 

data). Consequently, there are a number of non-mutually exclusive hypotheses to consider. 

Life history theory predicts that long lived species should benefit from delaying the onset of 

reproduction (Charlesworth 1994). This then allows for prolonged parental investment if 

indeed that investment improves offspring survival (Brown 1987, Ekman et al. 2001, 

reviewed in Covas and Griesser 2007). Also, resource predictability is necessary so a parent 

can facilitate extended investment (reviewed in Covas and Griesser 2007). Additionally 

individuals should make the decision to delay dispersal based on the availability of suitable 

habitat (Emlen 1982, Emlen1984, reviewed in Hatchwell and Komdeur 1999, reviewed in 

Covas and Griesser 2007). This implies that delayed dispersal is partly due to ecological 

constraints and is therefore in accordance with the EC hypothesis (Emlen 1982, Emlen1984, 

reviewed in Hatchwell and Komdeur 1999). However, many species are confronted with such 

constraints and still disperse. This illustrates why several factors should be considered 

simultaneously, when addressing the question of delayed dispersal.  

Male and female chats can be distinguished by a white patch present only on the shoulder of 

the male. In addition, further confirmation of sex was made using DNA based identification. 

Given this information it was found that helpers were predominantly male in Southern Ant-

eating chat cooperative groups. However, there was a single female helper in one breeding 

group who was confirmed as an offspring from the previous year.  It is found amongst 

cooperatively breeding birds that helping is male biased. Reasons for this are still far from 
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understood, however explanations have been proposed. Inbreeding avoidance is one 

consideration, also the respective reproductive strategies of males and females are considered 

to favour female dispersal. A male strategy is often to defend a territory that will attract a 

female, whereas a female strategy is to assess as many males as possible before plumping for 

one (Greenwood 1980). In accordance with this there was a variation between the relatedness 

of male and female chats within the population. Males were significantly more related than 

females which is indicative of higher male philopatry (t-test P-value = <0.001). 

In conclusion 13 polymorphic loci assigned well both maternity and paternity for a number of 

offspring, from a subset of a southern ant-eating chat population. Perhaps unsurprisingly 

groups were found to be kin structured with predominantly male helpers. Furthermore, male 

relatedness in the population was found to be significantly higher than female relatedness. 

This is suggestive of male biased philopatry and thus higher female dispersal. In addition 

extra group paternity was identified in one of the ten groups studied, which may suggest that 

the chat mating system is complex. However, it was generally found that breeding was 

dominated by two individuals. It must be a consideration that this study was performed on 

only a subset of the chat population; a more extensive study over several breeding seasons is 

required to further corroborate these findings. The southern ant-eating chat is a relatively 

common endemic to southern Africa. It has a large range and as such, provides an ideal 

candidate species for answering questions related to ecological dispersal constraints. 

Furthermore, variation in group breeding dynamics is often found within species. Expanding 

the study to include a larger subset of the whole population would give a better indication of 

the breeding system.  

Acknowledgements 

I would like to thank my supervisor Jonathan Barnaby and Professor Jan Ekman for the 

opportunity to undertake this project. I would also like to thank Peter Halvarsson, Gunilla 

Engstrom and everybody at the population Biology department who gave me encouragement 

and guidance. 

References  

Alexander, R.D. (1974). The evolution of social behaviour. Annual Review of Ecological Systems, 5:             
325-383     



19 
 

Arnold, K. E. , Owens, I. P. F. (1998). Cooperative breeding in birds: A comparative test of the life 
history hypothesis. Proceedings of the Royal Society of London Series B-Biological Sciences, 
265: 739-745. 

Brooker, M. G., et al. (1990). Promiscuity - an inbreeding avoidance mechanism in a socially 
monogamous species. Behavioral Ecology and Sociobiology, 26: 191-199. 

Brown, J. L. (1987). Helping and communal breeding in birds. Ecology and evolution. Helping and 
communal breeding in birds. Ecology and evolution, Princeton, USA; Princeton University 
Press, pp. 1-354. 

Charlesworth, B. (1994). Evolution in age-structured populations. 
Cambridge, UK; Cambridge University Press. 

Cockburn, A. (1996). Why do so many australian birds cooperate: Social evolution in the corvida? 
Frontiers of Population Ecology: 451-472. 

Cockburn, A. (1998). Evolution of helping behavior in cooperatively breeding birds. Annual Review 
of Ecology and Systematics, 29: 141-177. 

Cockburn, A. (2003). Cooperative breeding in oscine passerines: Does sociality inhibit speciation? 
Proceedings of the Royal Society of London Series B-Biological Sciences, 270: 2207-2214. 

Cockburn, A. (2004). Mating systems and sexual conflict. Ecology and evolution of cooperative 
breeding in bird. Cambridge, UK; Cambridge University Press, pp. 81-101. 

Covas, R., Griesser, M. (2007). Life history and the evolution of family living in birds. Proceedings of 
the royal society B-Biological science, 274: 1349-1357.  

Del Hoyo, J., Elliot, A. , Christie, D. (2005). Handbook of the birds of the world. Volume 10: 
Cuckoo-shrikes to thrushes. Handbook of the birds of the world. Volume 10: cuckoo-shrikes 
to thrushes, Barcelona, Spain; Lynx Edicions, pp. 1-895. 

Dunn, P. O. , Cockburn, A. (1999). Extrapair mate choice and honest signaling in cooperatively 
breeding superb fairy-wrens. Evolution, 53: 938-946. 

Ekman, J., Bylin, A. , Tegelstrom, H. (1999). Increased lifetime reproductive success for siberian jay 
(perisoreus infaustus) males with delayed dispersal. Proceedings of the Royal Society of 
London Series B-Biological Sciences, 266: 911-915. 

Ekman, J., Sklepkovych, B. , Tegelstrom, H. (1994). Offspring retention in the siberian jay 
(perisoreus-infaustus) - the prolonged brood care hypothesis. Behavioral Ecology, 5: 245-253. 

Emlen, S. T. (1982a). The evolution of helping .1. An ecological constraints model. American 
Naturalist, 119: 29-39. 

Emlen, S. T. (1982b). The evolution of helping .2. The role of behavioral conflict. American 
Naturalist, 119: 40-53. 

Emlen, S. T. (1984). Cooperative breeding in birds and mammals. Krebs, J. R. and N. B. Davies (Ed.). 
Behavioural Ecology: an Evolutionary Approach, 2nd Edition. Xi+493p. Sinauer Associates, 
Inc. Publishers: Sunderland, Mass., USA. Illus. Paper: 305-339. 



20 
 

Emlen, S. T. (1995). An evolutionary-theory of the family. Proceedings of the National Academy of 
Sciences of the United States of America, 92: 8092-8099. 

Gaston, A. J. (1978). Evolution of group territorial behaviour and cooperative breeding. American 
Naturalist: 112: 1091-1110 

Greenwood, P. J. (1980). Mating systems, philopatry and dispersal in birds and mammals. Animal 
Behaviour, 28: 1140-1162. 

Griesser, M. , Ekman, A. (2004). Nepotistic alarm calling in the siberian jay, perisoreus infaustus. 
Animal Behaviour, 67: 933-939. 

Griesser, M., Nystrand, M. , Ekman, J. (2006). Reduced mortality selects for family cohesion in a 
social species. Proceedings of the Royal Society B-Biological Sciences, 273: 1881-1886. 

Griffiths, R. (2000). Sex identification in birds. Seminars in Avian and Exotic Pet Medicine, 9: 14-26. 

Hamilton, W. D. D (1964) The genetical evolution of social behaviour. Journal of Theoretical 
Biology, 7: 354-356. 

Hatchwell, B. J., Komdeur, J. (2000). Ecological constraints, life history traits and the evolution of 
cooperative breeding. Animal Behaviour, 59: 1079-1086. 

Heinsohn, R. G. (1991).Kidnapping and reciprocity in cooperatively breeding white winged choughs. 
Animal Behaviour, 41: 1097-1100. 

Hoffman, J. I. , Amos, W. (2005). Microsatellite genotyping errors: Detection approaches, common 
sources and consequences for paternal exclusion. Molecular Ecology, 14: 599-612. 

Komdeur, J. (1992). Importance of habitat saturation and territory quality for evolution of cooperative 
breeding in the seychelles warbler. Nature, 358: 493-495. 

Komdeur, J. (1996). Seasonal timing of reproduction in a tropical bird, the seychelles warbler: A field 
experiment using translocation. Journal of Biological Rhythms, 11: 333-346. 

Konovalov, D. A. , Heg, D. (2008). A maximum-likelihood relatedness estimator allowing for 
negative relatedness values. Molecular Ecology Resources, 8: 256-263. 

Konovalov, D. A., Manning, C. , Henshaw, M. T. (2004). Kingroup: A program for pedigree 
relationship reconstruction and kin group assignments using genetic markers. Molecular 
Ecology Notes, 4: 779-782. 

Ligon, J. D. , Ligon, S. H. (1978). Communal breeding in green woodhoopoes as a case for 
reciprocity. Nature, 276: 496-498. 

Magrath, R. D., Johnstone, R. A. , Heinsohn, R. G. (2004). Reproductive skew. Ecology and evolution 
of cooperative breeding in birds.Cambridge, UK; Cambridge University Press, pp. 157-176. 

Marshall, T. C., et al. (1998). Statistical confidence for likelihood-based paternity inference in natural 
populations. Molecular Ecology, 7: 639-655. 



21 
 

Mulder, R. A., et al. (1994). Helpers liberate female fairy-wrens from constraints on extra-pair mate 
choice. Proceedings of the Royal Society of London Series B-Biological Sciences, 255: 223-
229. 

Paxton, R. J., Thoren, P. A., Tengo, J., Estorup, A. And Pamilio, P. (1996). Mating structure and the 
nestmate relatedness in a communal bee, Andrena jacobi (Hymenoptera, Andrenidae), using 
microsatellites. Molecular Ecology, 5:511-519 

Peters, A., et al. (2000). Testosterone is involved in acquisition and maintenance of sexually selected 
male plumage in superb fairy-wrens, malurus cyaneus. Behavioral Ecology and Sociobiology, 
47: 438-445. 

Pruettjones, S. G. , Lewis, M. J. (1990). Sex-ratio and habitat limitation promote delayed dispersal in 
superb fairy-wrens. Nature, 348: 541-542. 

Queller, D. C. , Goodnight, K. F. (1989). Estimating relatedness using genetic-markers. Evolution, 43: 
258-275. 

Roberts, G. (1998). Competitive altruism: From reciprocity to the handicap principle. Proceedings of 
the Royal Society of London Series B-Biological Sciences, 265: 427-431. 

Rowley, I. , Russell, E. (1990). Splendid fairy-wrens: Demonstrating the importance of longevity. 

Stacey, P.B. and Ligon, J.D. (1987). Territory quality and dispersal options in the acorn woodpecker, 
and a challenge to the habitat saturation model of cooperative breeding. American Naturalist, 
137: 831-846.  

Van Horn, R. C., Altmann, J. , Alberts, S. C. (2008). Can't get there from here: Inferring kinship from 
pairwise genetic relatedness. Animal Behaviour, 75: 1173-1180. 

Van Oosterhout, C., et al. (2004). Micro-checker: Software for identifying and correcting genotyping 
errors in microsatellite data. Molecular Ecology Notes, 4: 535-538. 

Vehrencamp, S. L. (1980). To skew or not to skew? Acta Congressus Internationalis Ornithologici, 2: 
869-874. 

Wagner, R. H. (1998). Hidden leks: Sexual selection and the clustering of avian territories. 
Ornithological Monographs, 49: 123-145. 

Walters, J. R. (1990). Red-cockaded woodpeckers : A 'primitive' cooperative breeder. Cooperative 
breeding in birds: long-term studies of ecology and behaviour.Cambridge, UK; Cambridge 
University Press, pp. 67-101. 

Walters, J. R. (1991). Application of ecological principles to the management of endangered species 
the case of the red-cockaded woodpecker. Johnston, R. F. (Ed.). Annual Review of Ecology 
and Systematics, Vol. 22. Xi+621p. Annual Reviews Inc.: Palo Alto, California, USA. Illus. 
Maps: 505-524. 

Zahavi, A. (1977). Reliability in communication systems and the evolution of altruism. Stonehouse, 
Bernard and Christopher Perrins (Ed.). Evolutionary Ecology. Viii+310p. Illus. University 
Park Press: Baltimore, Md., USA; London, England. Isbn 0-8391-0885-0: 253-259.  


	masters title page
	Kevin Fletcher AEC 2011 thesis
	Abstract
	Introduction
	Method
	Study site and population
	DNA analysis
	Table 1. Summarised properties for the 13 loci used in the parentage and relatedness analysis. A total of 166 individuals were genotyped for which the analysis based upon. K is the number of alleles per locus; TA is representative of the optimum annea...
	Parentage analysis
	Relatedness analysis

	Results
	Parentage analysis
	Maternity
	Paternity

	Relatedness analysis

	Discussion
	Acknowledgements
	References


