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Kakī, or Black Stilt
(Himantopus novaezealandiae)

1981, 23 adults alive 
2016, < 100 adults alive

Braided Rivers
Upper Waitaki BasinContemporary 

Distribution
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Why genetic management?

• Minimize loss of  
genetic diversity
- Reduce inbreeding
- Maximise evolutionary            

potential

• Maintain genetic 
integrity



Hybridisation between kakī and poaka

Poaka
(Himantopus himantopus

leucocephalus)

Kakī
(Himantopus

novaezelandiae)



Hybridisation between kakī and poaka

No evidence of  
cryptic hybrids, 

except for 1 bird

Steeves et al. 2010



Egg dumping in kakī

Overbeek et al. In Review

Wild bird with 
atypical 

plumage had 
DNA that 

could not be 
attributed to 
either kakī

parent
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Inbreeding in kakī

each locus was removed sequentially. Physical link-
age among any of the eight microsatellite loci used
in this study appears unlikely (Steeves et al. 2008),
so removing one locus at a time should indicate
whether linkage between marker and fitness loci is
responsible for any observed relationship between
genetic relatedness and reproductive success. To
test for general effects, we used Excel 2007 to cal-
culate a distribution of heterozygosity–heterozyg-
osity correlations. We did this from 1000
randomizations comparing individual heterozygos-
ity at four randomly chosen loci with individual
heterozygosity at the remaining four loci, across all
21 individuals.

RESULTS

Prior to conducting all downstream analyses, we
confirmed that all birds in this study were geneti-
cally Kak!ı: assignment probabilities ranged from
0.988 to 0.996 (i.e. assignment probabilities were
‡ 0.95; for details see Steeves et al. 2010). We
examined reproductive success for 131 clutches
(440 eggs from 21 birds in 14 pairs) and found that
reproductive success decreased as genetic related-
ness increased (Fig. 1) and that this negative rela-
tionship was significant (Tables 2 and 3).

We removed each locus one at a time and found
that the GLMM analyses remained significant in all
cases except removal of BSdi7, which resulted in a
marginally non-significant (P = 0.09) negative rela-
tionship between genetic relatedness and reproduc-
tive success (Table 3). This result is likely to be due
to the fact that BSdi7 has a number of rare alleles
(three of five), which are known to heavily influ-
ence calculations of genetic relatedness (Roberts
et al. 2006). Thus, by removing BSdi7 we effec-
tively removed the locus with the most power to
differentiate amongst pairs. Despite this reduction
in power, genetic relatedness values calculated from
seven loci (minus BSdi7) are significantly correlated
with those calculated from all eight loci (r = 0.87,
P < 0.0001). Thus, the significant negative relation-
ship between genetic relatedness and reproductive
success observed for all eight loci in the captive
Kak!ı population is unlikely to be driven by a strong
association between marker and fitness loci. There
was a small but positive mean heterozygosity–het-
erozygosity correlation (mean r = 0.159 ± 0.003
sd, 1000 randomizations), which suggests that
diversity at the eight loci used in this study is likely
to be indicative of genome-wide diversity, and thus
estimates of relatedness calculated from these mul-
tilocus microsatellite genotypes are a reasonable
surrogate for relatedness calculated from a Kak!ı
pedigree.

Table 2. Alternative models are listed by their main fixed
effects. Each model listed also included an intercept and
random effects of clutch and parent identities. Models were
compared using a maximum-likelihood approximation to a null
model that included only the intercept and random effects.
Resulting Akaike Information Criterion scores are shown (AIC,
equal to 2*log-likelihood + 2*(number of model parameters +
1)), as well as the difference in AIC score with the best-fitting
model of the set (DAIC).

Model Log-likelihood AIC DAIC

Relatedness +
clutch + male age +
female age*

)252.06 520.12 4.98

Relatedness +
clutch + female age

)252.39 518.78 3.64

Relatedness +
clutch + male age

)252.07 518.13 2.99

Relatedness +
male age + female age

)252.08 518.15 3.01

Clutch +
male age + female age

)255.44 524.89 9.75

Relatedness + clutch )252.40 516.80 1.66
Relatedness )252.57 515.14 0.00

*Relatedness, genetic relatedness; clutch, cumulative number
of clutches pair laid together; male and female age, age of par-
ent at time of laying.
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Figure 1. Relationship between genetic relatedness and
hatching success among pairs in the Kak!ı captive breeding
programme from 1998 to 2009. Pairs are represented by cir-
cles whose size is relative to the total number of eggs laid by
each pair. The solid black line represents the trend.
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Significant 
negative 

relationship 
between 

hatching success 
and genetic 
relatedness



Estimating relatedness in kakī

Pedigree
Genetic 
Markers

Genomic 
Markers

Compare all methods to find most effective 
method for estimating relatedness.



Conservation Implications
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