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On the skewed sex ratio of the Kakapo Strigops habroptilus: 
sexual and natural selection in opposition? 

STEVEN A. TREWICK* 
School of Biological Sciences, Victoria University of Wellington, PO Box 600, Wellington, New Zealand 

The Kakapo Strigops habroptilus is unique amongst parrots in many respects, not least its 
use of a lek breeding system. Since Merton et al. first described the phenomenon, little 
new information has come to light, chiefly as a result of the extreme rarity of Kakapo. 
Observation of an extreme sex ratio skew in favour of males has received little attention 
and has been considered spurious. I used subfossil material to examine the nature of the 
sex ratio prior to the arrival in New Zealand of humans and demonstrated that a sex bias 
in favour of males in the order of 2: l  existed at that time. Although apparently untenable 
on traditional theoretical grounds, this extreme skew has been persistent and has resulted 
from the interaction of sexual 6(9pt2 5
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it is remarkable how little comment has been made regard- 
ing the excess of male Kakapo (other than by Shepard & 
Spitzer 1985). presumably because the excess was assumed 
to be a recent aberration, although even this has not gen- 
erally been noted (but see Merton et al. 1984, Powlesland 
et al. 1995). 

New data were obtained through the examination of sub- 
fossil material, which has the valuable potential of demon- 
strating trends in sex ratio over an extended multigenera- 
tional period (Gowaty 1993) whilst nullifying postulated ef- 
fects of introduced predators by predating their 
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Figure 4. Comparison of femur dimensions of Kakapo sexed by dis- 
section (as in Table 2) and subfossil size-sexed bones from all three sites 
(as in Pig. 2). Modern Kakapo are represented by 
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Table 4. Sex ratios (number of maleslfemale) of Kakapo at various sites as derived from subfossil leg bone elements grouped into two size 
categories. Chi-square values from comparison with 1 : l  ratio are given 

~~ ~ ~ 

Ratio 
Sitc Element n Males Females Males : female xL, P 

Castle Rocks Femur 66 38 28 1.36 1.5 n.s. 
Martinborough Femur 157 115 42 2.74 33.9 <0.001 
Waitomo Femur 53 40 1 3  3.08 13.7 <0.001 
Martinborough Tarsus 76 58 18 3.22 21.0 <0.001 

<0.001 Martinborough Tibia 76 5 7  19 3 .OO 19.0 
A11 sites All 428 308 120 2.57 

The ratio of males to females ranged from 1.36 to 3.22 
(Table 4), with sample sizes of between 66 and 157 and a .16o94m
(66 sample )Tj
-22 ratio . 1 6 o 0 6 0
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Figure 5. 
ious sites. Arrow indicates south-north bearing. 

Mean length of “male” v “female” Kakapo femora from var- 

the skew indicated is considerable and in itself is noteworthy 
when compared with other nonequal sex ratios recorded in 
birds (Meyer 1939, Lack 1966), especially because it ap- 
pears to be persistent and not related to ephemeral phenom- 
ena such as season. 

The direction of the skew is consistent in all samples and 
is contrary to the theoretical expectations normally appli- 
cable to size dimorphic lekking birds. Parent-offspring con- 
flicts (Trivers 1974) ought to favour the production of fewer 
(large) males than females, and, given the operational sex 
ratio found in leks, the higher fitness value of female off- 
spring should again favour greater production of this sex. 

All subfossil material examined originated from mainland 
sites (Waitomo, Martinborough, Castle Rocks) not recently 
populated by Kakapo, whilst modern data came from Stew- 
art Island. Size variation was observed between all sites and 
was found to be significant in the case of comparisons of 
the large bone groups (assumed males), possibly forming a 
cline of increasing size from north to south (Fig. 5 ) .  The 
difference between data from Stewart Island birds and those 
from mainland subfossil sites was the most distinct, al- 
though this may have resulted in part from the persistence 
of a thin cartilaginous layer that remained on the epiphyses 
of freshly prepared bones. In addition to other sources of 
variability, differences in the plumage colour of Fiordland 
and Stewart Island Kakapo have been noted from living an- 
imals (D. Merton. pers. comm.), indicating that size varia- 
tion observed in this study may result from a combination 
of genetic, phenotypic and temporal factors. These factors 
are unlikely to have a significant bearing on the determi- 
nation of sex ratios using bone size because consistency 
within locality is to be expected. 

The cave samples are presumed to be representative of 
the standing population of healthy adult Kakapo over time. 
Thus, individuals dying as a result of predation, the costs 
of parental care (females), intrasexual aggression at lek sites 
(males), intraspecific aggression at other times and nestling 
mortality are absent from the sample. The cave sample is 
expected to reflect the living population no less accurately 
than do field observations. 

Possible explanations for the sex ratio skew 
Dijferential predation against females 
Though proposed previously (Merton et ai. 1984, Shepard 
& Spitzer 1985. Powlesland et al. 1995). no evidence has 
been produced to support this suggestion. The smaller size 
of females and their presumed greater agility combined with 
their reputed more feisty response on capture as compared 
with males (Shepard & Spitzer 1985) do not indicate a 
greater susceptibility to predation. Although, during the 
breeding season, female Kakapo are solely responsible for 
egg/chick incubation and might therefore be considered 
easy prey, during the same time males are equally vulner- 
able to predation because they cluster together and advertise 
their presence by booming (Powlesland et al. 1992, Lloyd & 
Powlesland 1994). When not breeding, male and female Ka- 
kapo have overlapping ranges. The new data from subfossil 
remains indicate that a male bias existed in Kakapo popu- 
lations prior to the arrival of mammalian predators. 

Differential self-entrapment in caves 

No evidence exists to support this suggestion, although larg- 
er males might be less capable of climbing out of pitfall-like 
traps in cave systems. However, sites from which Kakapo 
bones have been collected are of various forms, and all are 
unlikely to present the same entrapment potential. There is 
no evidence that male Kakapo range farther or more ac- 
tively than females so they are not expected to encounter 
caves more often. Furthermore, both males and females 
roost in burrows that are sometimes among rocks, and both 
are therefore likely to be equally susceptible to accidental 
entrapment when searching for new roosts. Variation in the 
proportions of large and small bones of various elements 
indicates that collection sampling or the susceptibility of el- 
ements of different sizes (tibiotarsi v tarsometatarsi) to dis- 
turbance by underground water are as likely causes of dif- 
ferent male : female ratio estimates as are differences in en- 
trapment or actual skewed sex ratio. The congruence of 
male bias estimates from museum skins, field observation 
and subfossil bones indicates that this latter source of data 
is reliable, at least in terms of the d8identani0.03 Tc 2.m4
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Figure 6. Mass (g) gain of Kakapo chicks. Dashed lines represent 
growth of two chicks in separate nests on Little Barrier Island in 1991 
(redrawn from Lloyd & Powlesland 1992); black lines are for two sibling 
chicks on Stewart Island in 1981 
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Table 5. Mean values for mass and external dimensions of a 
sample of modern male and female Kakapo on Stewart lsland.a Cal- 
culated wing and tail loadings are expressed as a function of the 
length of those structures 

Male Female 

n 12 3 
Mass (9) 2.12 1.43 
Wing-length (cm) 262 273 
Tail length (cm) 238 232 
Wing loading (cm/g) 0.12 0.19 
Tail loading (cm/g) 0.11 0.16 

a Data from Shepard and Spitzer (1985). 

1988), being even slightly less flightless may make female 
Kakapo sufficiently better mothers than if they were the 
same size and shape as males. Even without flying, a female 
that can move rapidly between foraging sites (trees) and feed 
amongst the canopy (D. Merton, pers. comm.) and on out- 
ermost branchlets where fruits are concentrated (R. Buck- 
ingham, pers. comm.) would presumably be relatively more 
efficient in foraging for food to feed chicks. Although rarely 
seen feeding in the wild, one female was observed on Codfish 
Island using short, descending, but controlled flapping 
“flights” 
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