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KEA

2.0. KEA

2.1. INTRODUCTION TO WILD POPULATIONS:
The kea is a endemic alpine parrot found along the Southern Alps of New Zealand’s South
Island. The kea is in an unenviable position as it is a high profile species:

On one hand it is a very popular and accessible species, most New Zealanders know it well
as they have come across them while tramping, on the roadside in alpine areas, at ski fields
and seen them in zoos or private and public aviaries. The kea is an intelligent species with
personality — most people can tell stories of comical or notable behaviours they have
observed, in most cases they relate these with affection or admiration. In addition to this kea
are unique to New Zealand and much of their behaviour could be said to be unique to the
bird world as well. To many they are the symbol of New Zealand’s alpine areas and as such
hold a special place in many people’s hearts.

On the other hand there are problems involving kea, and there has built up over the years a
strong prejudice against them and much anecdotal information, much of it detrimental and
possibly wrong. Kea were totally protected in 1986, prior to this they were partially
protected and earlier totally unprotected — in fact the Government pain bounties on kea bills.
Between 1860 and 1970 when kea were partially protected about 150,000 kea were Killed.
The most accurate record of kea killed is from the New Zealand Journal of Agriculture
which shows that 29,249 bounties were paid out between 1920-29.

Currently there are five main areas where there are problems which involve kea, they are:

1. Alpine villages and tourist areas where kea congregate because of the human
activity and the associated by-products such as rubbish dumps and
supplementary food availability. Here there are problems with kea being
exposed to dangerous or toxic waste and kea inflicting damage to facilities,
gear and installations;

2. Ski-fields once again kea congregate in these areas because of the activity and
availability of supplementary food, kea inflict damage to installations,
equipment and personal gear which may put at risk human safety and cost a
great deal of money to replace;



High country sheep runs, kea can injure and kill sheep which can cost the run holder
considerable sums of money especially if the damaged or lost stock are valuable stud
animals. Kea injure sheep simply by pulling wool or inflicting wounds in their flesh,
normally on their backs. The way in which kea kill sheep is more complex and two
mechanisms are thought to be the cause

- infection introduced or initiated by these relatively minor wounds, and
severe lacerations and wounding resulting in physical damage and trauma
resulting in death.

The reasons why kea attack sheep are not known;

Lowland areas adjacent to kea habitat, there are growing problems with kea inflicting
damage to houses, facilities and equipment in areas where kea have not normally be
evident. These are areas adjacent to kea habitat in Nelson and the West Coast, kea in
these areas are transitory and seem to move into and are for a short time and cause
considerable damage. This problem are in a new phenomena and has only been
experienced in the past two or three years;

Kea in captivity and smuggling. Many kea have been held in captivity because of
their past unprotected status and to be used as decoys by run holders to eliminate wild
birds on their runs. At present there are many kea in captivity as a result of this,
permits have been issued for many but just as many are still being held illegally and
some are still being caught and held as call birds. Overseas demand for kea has
meant birds have been smuggled out of the country, a number of these are from
abundant captive stock but many are captured from wild flocks. This illegal trade has
an unknown effect on the wild population and most of the birds caught die before
reaching their destinations.

Even though the kea is a high profile species which is relatively accessible very little
is known about it. There are huge gaps in the information available on all aspects of
its biology, ecology, distribution, status and population dynamics. The available
information and gaps in kea information are highlighted in table 1.
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It is obvious then that kea conservation is not nor will it be a simple matter. When producing
the recovery / management plan we will need to bear in mind that we will have to address
not only the biological and ecological areas but the human conflict areas also, these areas
will be the most difficult and complex.

2.3 CURRENT CAPTIVE POPULATION (From annual report of Tony Pullar, 30/6/92)
The current captive population (for which we have records) is 204 (132.56.16). the PVA in
Christchurch identified the need to establish captive population of 20:20 founders. Tony is
attempting to identify suitable birds to form this core, whose origins can be traced back to
wild-caught ones. The blood analysis currently being undertaken at Auckland Zoo may
prove very useful in this and other programmes, allowing determination of unrelated birds to
provide a healthy breeding base. Priorities at present are banding and sexing birds. Eleven
chicks were raised at Auckland Zoo this season, most being hand-raised to study the
establishment of the normal gut flora and the effects of lactobacillis supplementation.

Private owners with kea to be approached. If they will not join the SMP valuable birds for
the programme can be removed from these persons. We can then afford to be more selective
with regard what birds are returned. Recommended that they be left with single six birds.
Private people can join SMP if they abide by rules/ directions.
Follow same strategy as that for Kaka for nuclear and founder stock.
Balance the array of aviary space available for both species.
2.3.1 Kea Strategies
1. 204 kea spaces currently exist.
2. Only sixty spaces required for the nuclear captive population.
Therefore identify 10.10 wild caught birds which have bred to act as
founders. 1f 10.10 wild caught founders cannot be located numbers to

be made up with wild caught potential founders which will then need
to be bred to become founders.

3. Identify progeny of founders to take population up to a maximum of
60.
4. Construct SPARKS breeding programme and manage according to

recommendations of the Species Co-ordinator.

5. In order to achieve the above it will be necessary to re-appraise all
current holding and may be necessary to move stock according to
programme objectives.



Stock excess to programme requirements should be made available to research programmes,
public advocacy and consider exporting birds to institutions who will reciprocate with
research assistance for Kea.

2.4 POPULATION BIOLOGY AND VIABILITY ANALYSES

2.4.1 Values of Variables Fed into Model

Listing of parameters for Basic Simulation

1.

One population based on expectation of gene flow from Kaikoura to
Southernmost birds over time. Some population differences expected.

There would be no correlation between reproduction and survival.

Inbreeding depression considered insignificant low based on fact that
breeding is by a dominant core group and there may be a fair
proportion of inbreeding already.

Believe kea breeding is monogamous. Information to date shows that
male feeds female in nest then shares feeding of chicks — therefore no
opportunity. (Jackson 1969 and Wilson data).

Age of female starting breeding in the wild (earliest in captivity is
three) — mean age = five.

Male same.

Maximum age beyond which death occurs = 25 possible range of 25 —
35. Suggestion from Australia that large number of captive birds were
brought in the 1940°s and are still alive. A 35 year old male is still
breeding in captivity in New Zealand.

Males appear to become infertile earlier than females.

Sex ratio at birth possible even (needs to be modelled with 1.5 males
to 1 female based on current NZ captive data but this needs more
work) and a 2.1 males — 1 female based on collection data (Diamond
and Bond).

Sexing can occur with hatchlings also. Query if Wilson data is
available.



10.

11.

12.

13.

14.

15.

16.

Maximum Fledging litter sizes at 4 based on Captive information of 4
which was N.Z. Wild: 2-3 (Wilson)

Maximum clutch size recorded in captivity is 5.

Reproduction success not density dependant

Average year 60% of adult females produce no young (Diamond and
Bond — who had a sex ratio of 4 male to one female with 1% of males
only breed in a year)

All females that breed are presumed to produce some young.

Percentage of females producing one young.

Productivity (Jackson 1963): Observations of family groups indicate
2 per pair (Wilson and Captive data).

Jackson Data is best but needs to be checked whether this includes
Zeros.

With 1.7 average had 15% producing 1 young. 2 30% produce 2
young, 5% producing 3 young standard deviation is 5%.

Female mortality fledging to year 1 = 40 based on sample size of five
(Diamond and Bond)

Jackson 1969 a second figure of 32 (includes males and females)
Standard deviation would be 10.

Female mortality 1 — 2 = 10 based on a relatively low figure as adults
will still share food with young at this age but no data.

Have a figure from JACKSON — males and females combined of 80%
Problems of separating mortality and dispersal. Standard Deviation
of 3.

2-3

2-4 (All 5% with a SD of 2).

4-5 Data From Captivity of 50% dying in the first 30 days based on

Isis data needs interpretation and one out of 14 captive birds that died
between fledging and one year (ISIS).



17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

217.

28.

Annual percent mortality of adult females — 5 based on no sex specific
data.

JACKSON had a 100% survival from age four on his banding study
with SD of 2.

Males — same as females.

Background
Diamond and Bond reported 11 out of 12 lost between fledging and

year one. Considered a lot of this relates to dispersal as well as
mortality.

Diamond and Bond estimated first year mortality in males “as high as
50%”.

Do we expect male mortality to be higher than females — maybe yes
due to cost of dispersal, maybe no if using human supplied food.

CATASTROPHE 1 was one in every 25 years weather event.
Effect on reproduction 0.25.

Survival .80

CATASTROPHE 2 in a hundred.

Severity of reproduction 0.95.

Survival .10

All adult males not in breeding pool, but 90% were (not based on data,
but no indication that males are limited.)

Stable age distribution — assumed stable.

A thousand individuals in initial population.
Carrying capacity 2,000 individuals.
Standard Deviation 0.

No change in carrying capacity — model with possible reduction in
food and management maybe a 20% reduction over 100 years.

Harvesting — run with no harvest and later with annual take of 5% or
10% distributed across age and sex.

No supplementation to wild population.
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VORTEX -- simulation of genetic and demographic stochasticity

KEA BAS6.RPT

Sat Dec 28 15:51:12 1991
1 population(s) simulated for 100 years, 100 runs
No inbreeding depression
First age of reproduction for females: 5 for males: 5
Age of senescence (death): 25
Sex ratio at birth (proportion males): 0.5000

Population 1:
Reproduction is assumed to be density independent.

60.00 (EV = 5.00 SD) percent of adult females produce litters of size 0
15.00 percent of adult females produce litters of size 1

20.00 percent of adult females produce litters of size 2

5.00 percent of adult females produce litters of size 3

0.00 percent of adult females produce litters of size 4

40.00 (EV = 10.00 SD) percent mortality of females between ages 0 and 1
10.00 (EV = 3.00 SD) percent mortality of females between ages 1 and 2

5.00 (EV = 2.00 SD) percent mortality of females between ages 2 and 3

5.00 (EV = 2.00 SD) percent mortality of females between ages 3 and 4

5.00 (EV = 2.00 SD) percent mortality of females between ages 4 and 5

5.00 (EV = 2.00 SD) percent annual mortality of adult females (5 < = age < =5)
40.00 (EV = 10.00 SD) percent mortality of males between ages 0 and 1

10.00 (EV = 3.00 SD) percent mortality of males between ages 1 and 2

5.00 (EV = 2.00 SD) percent mortality of males between ages 2 and 3

5.00 (EV = 2.00 SD) percent mortality of males between ages 3 and 4

5.00 (EV = 2.00 SD) percent mortality of males between ages 4 and 5

3.00 (EV = 2.00 SD) percent annual mortality of adult males (5 < = age < = 25)



EVs may have been adjusted to closest values possible for binomial distribution.

EV in mortality will be correlated among age-sex classes but independent from EV in
reproduction.

Monogamous mating; 90.00 percent of adult males in the breeding pool.

Initial size of Population 1. (set to reflect stable age distribution)

Agel 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 24 25 Total

57 48 44 38 35 31 29 26 24 21 20 18 17 14 14 12
12 10 9 9 8 7 6 6 6 521 Males

58 48 44 38 35 31 27 25 22 19 17 16 14 12 11 10
9 8 7 6 6 5 4 4 3 479 Females

Carrying capacity = 2000 (EV = 0.00 SD)

Deterministic population growth rate (based on females, with assumptions of no limitation of
mates and no inbreeding depression):

R =0.063 lambda = 1.065 RO =2.137
Generation time for: females =12.13 males = 12.81

class females males
0.085 0.085
0.048 0.048
0.040 0.040
0.036 0.036
0.032 0.032
0.029 0.029
0.026 0.026
0.023 0.024
0.020 0.022
0.018 0.020
10 0.016 0.018
11 0.014 0.016
12 0.013 0.015
13 0.012 0.014
14 0.010 0.012
15 0.009 0.011
16 0.008 0.010
17 0.007 0.009
18 0.007 0.009
19 0.006 0.008
20 0.005 0.007
21 0.005 0.006
22 0.004 0.006

Stable age distribution:
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VORTEX - simulation of genetic and demographic stochaticity

KEA_BAS6.RPT
Sat Dec 28 20:50:35 1991

1 population(s) simulated for 100 years, 100 runs

No inbreeding depression

First age of reproduction for females: 5 for males: 5
Age of senescence (death): 25

Sex ratio at birth (proportion males): 0.5000

Population 1:
Reproduction is assumed to be density independent.

60.00 (EV = 5.00 SD) percent of adult females produce litters of size 0
15.00 percent of adult females produce litters of size 1

20.00 percent of adult females produce litters of size 2

5.00 percent of adult females produce litters of size 3

0.00 percent of adult females produce litters of size 4

40.00 (EV = 10.00 SD) percent mortality of females between ages 0 and 1

10.00 (EV = 3.00 SD) percent mortality of females between ages 1 and 2

5.00 (EV = 2.00 SD) percent mortality of females between ages 2 and 3

5.00 (EV = 2.00 SD) percent mortality of females between ages 3 and 4

5.00 (EV = 2.00 SD) percent mortality of females between ages 4 and 5

5.00 (EV = 2.00 SD) percent annual mortality of adult females (5 < = age < = 25)

40.00 (EV = 10.00 SD) percent mortality of males between ages 0 and 1

10.00 (EV = 3.00 SD) percent mortality of males between ages 1 and 2

5.00 (EV = 2.00 SD) percent mortality of males between ages 2 and 3

5.00 (EV = 2.00 SD) percent mortality of males between ages 3 and 4

5.00 (EV = 2.00 SD) percent mortality of males between ages 4 and 5

3.00 (EV = 2.00 SD) percent annual mortality of adult males (5 < = age < = 25)
EVs may have been adjusted to closest values possible for binomial distribution.
EV in mortality will be correlated among age-sex classes

But independent from EV in reproduction.

Monogamous mating; 90.00 percent of adult males in the breeding pool.



Initial size of Population 1:
(set to reflect stable age distribution)

Agel 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 24 25 Total

57 48 44 38 35 31 29 26 24 21 20 18 17 14 14 12
12 10 9 9 8 7 6 6 6 521 Males

58 48 44 38 35 31 27 25 22 19 17 16 14 12 11 10
9 8 7 6 6 5 4 4 3 479 Females

Carrying capacity = 2000 (EV = 0.00 SD)

Deterministic population growth rate (based on females, with assumptions of no limitation of
mates and no inbreeding depression):

R =0.063 lambda = 1.065 R0 =2.137
Generation time for; females = 12.13 males = 12.81

Stable age distribution:
Ratio of adult (> = 5) males to adult (> = 5) females: 1.144
Population 1

Year 10
N (Extinct) = 0, P(E) = 0.000
N (Surviving) = 100, P (S) = 1.000
Population size = 1816.15 (16.88 SE, 168.83 SD)
Expected heterozygosity =  0.999 (0.000 SE, 0.000 SD)
Observed heterozygosity = 1.000 (0.000 SE, 0.000 SD)
Number of extant alleles = 1452.79 (6.57 SE, 65.67 SD)
Year 20
N (Extinct) = 0, P(E) = 0.000
N (Surviving) = 100, P (S) = 1.000
Population size = 1998.39 (1.24 SE, 12.37 SD)
Expected heterozygosity =  0.999 (0.000 SE, 0.000 SD)
Observed heterozygosity = 0.999 (0.000 SE, 0.001 SD)
Number of extant alleles = 1107.26 (3.02 SE, 30.23 SD)
Year 30
N (Extinct) = 0, P(E) = 0.000
N (Surviving) = 100, P (S) = 1.000
Population size = 2001.34 (0.91 SE, 9.05 SD)
Expected heterozygosity =  0.998 (0.000 SE, 0.000 SD)
Observed heterozygosity = 0.999 (0.000 SE, 0.001 SD)
Number of extant alleles = 876.40 (2.40 SE, 24.00 SD)



Year 40

NfExtinct] = 0, PIE] = 0.000
NISurviving] = 100, P[S] = 1.000
Population size = 1996.62 ( 1.14 8E, 11.37 SD)

Expected heterozygosity =  0.998 ( 0.000 SE, 0.000 SD)

Observed heterozygosity = 0.998 { 0.000 SE, 0.001 SD)

Number of extant alleles = 729.02 ( 2.01 SE, 20.09 SD)
Year 50 -

N[Extinct] = 0, P[E] = 0.000
Ni{Surviving] = 100, P[S] = 1.000
Population size = 1997.77 ( 1.54 SE, 15.36 8D)

Expected heterozygosity = 0.997 ( 0.000 SE, 0.000 SD)

Observed heterozygosity = 0.998 ( 0.000 SE, 0.001 SD)

Number of extant alleles = 622.35 ( 1.90 SE, 18.97 SD)
Year 60

N[Extinct] = 0, P[E] = 0.000
N[Surviving] = 100, P{S] = 1.000
Population size = 1998.49 ( 1.11 SE, 11.13 SD)

Expected heterozygosity =  0.997 ( 0.000 SE, 0.000 SD)

Observed heterozygosity = 0.997 ( 0.000 SE, 0.001 SD)

Number of extant alleles = 546.22 ( 1.71 SE, 17.13 SD)
Year 70

N[Extinct] = 0, P[E] = 0.000
NfSurviving] = 100, P[S] = 1.000
Population size = 1998.26 ( 1.17SE, 11.758D)

Expected heterozygosity =  0.996 ( 0.000 SE, 0.000 SD)
Observed heterozygosity = 0.997 ( 0.000 SE, 0.001 SD)
Number of extant alleles = 484.49 ( 1.49 SE, 14.92 SD)

Year 80
N[Extinct] = 0, P[E] = 0.000
N[Surviving] = 100, P{S] = 1.000
Population size = 2000.65 ( 1.24 SE, 12.35 5D)

Expected heterozygosity =  0.996 ( 0.000 SE, 0.000 SD)

Observed heterozygosity = 0.997 { 0.000 SE, 0.001 SD)

Number of extant alleles = 436.51 ( 1.35 SE, 13.47 8D}
Year 90 :

N[Extinct] = 0, PIE] = 0.000

N[Surviving] = 100, P[S] = 1.000
Population size = 2000.19 ( 1.37 SE, 13.67 SD)

Expected heterozygosity =  0.995 ( 0.000 SE, 0.000 SD)
Observed heterozygosity = 0.996 ( 0.000 SE, 0.001 SD)
Number of extant alleles = 396.57 ( 1.28 SE, 12.81 8Dj



Year 100
N(Extinct) = 0, P(E) = 0.000
N(Surviving) = 100, P(S) = 1.000
Population size = 1996.54 (1.47 SE, 14.68 SD)
Expected heterozygosity = 0.995 (0.000 SE, 0.000 SD)
Observed heterozygosity = 0.996 (0.000 SE, 0.001 SD)
Number of extant alleles = 362.84 (1.24 SE, 12.41 SD)

In 100 simulations of 100 years of Population 1:
0 went extinct and 100 survived.

This gives a probability of extinction of 0.0000 (0.0000 SE),
Or a probability of success of 1.0000 (0.0000 SE).

Mean final population for successful cases was 1996.54 (1.47 SE, 14.68 SD)

Age 1 2 3 4 Adults Total
114.31 99.26 85.68 78.92 662.35 1040.52 Males
114.66 9759 86.17 7856 579.04 956.02 Females

Without harvest / supplementation, prior to carrying capacity truncation, mean
lambda was 1.0639 (0.0004 SE, 0.0419 SD)

Final expected heterozygosity was  0.9950 (0.0000 SE, 0.0003 SD)

Final observed heterozygosity was 0.9958 (0.0001 SE, 0.0015 SD)
Final number of alleles was 362.84 (1.24 SE, 12.41 SD)
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2.4.2 Summary of Output from Vortex Runs:

Summary of Base Kea Run:

All populations increased to a mean final size of 1996.54 individuals, i.e. to
carrying capacity (set at 2000).

Other runs undertaken at workshop:
RUN 2: As base run above but with two catastrophes (weather and disease)

CC 2,000, POPN. 1,000. Result — all populations survived, average final
population size: 1,335.



RUN 3: As Run 2 but sex ratio at birth changed from 1 to 1 to 2 male to one female.
Result — two extinctions, average final size of surviving populations 536.

Tabulated summaries of runs undertaken at CBSG following the workshop:

Table 1. The effect of simulated variations in male and female adult
mortality on the demographic and genetic characteristics of
Kea.

Variables held constant each year in this series of simulations were: density
independent reproduction, female reproductive success (60% =0, 15% =1, 20% = 2,
and 5% = 3 hatched chicks), average of first reproduction = 5 years, monogamous
mating in a given year with 90% of adult males in the breeding pool, no inbreeding
effects, sex ratio at birth = 0.50, age of senescence = 25 years, no catastrophes,
harvesting or supplementation of the population, equal sex pre-adult mortality (0-1 =
40%, 1-2 = 10%, 2-3 = 5%, 3-4 = 5%, and 4-5 years = 5% and adult mortality as
specified in the table). The size of the initial population was set at 1000 with a K of
2000 and the age and sex distribution that of a stable population. Simulations were
run for 100 years and 100 runs were done for each scenario.

Summary:
All populations increased in size to approach the carrying capacity (N = final

population size in bold type) with adult mortality varying between 3 and 10% for
both sexes.

Table 2. The effect of simulated variations in male and
female adult reproductive success on the demographic and
genetic characteristics of a Kea population.

Variables held constant each year in this series of simulations were: density
independent reproduction, male and female adult mortality (5%), average of first
reproduction = 5 years, monogamous mating in a given year with 90% of adult males
in the breeding pool, no inbreeding effects, sex ratio at birth = 0.50, age of
senescence = 25 years, no catastrophes, harvesting or supplementation of the
population, equal sex pre-adult mortality (0-1 = 40%, 1-2 = 10%, 2-3 = 5%, 3-4 =
5%, and 4-5 years = 5%). The size of the initial population was set at 1000 with a K
of 2000 and the age and sex distribution that of a stable population. Simulations were
run for 100 years and 100 runs were done for each scenario. None of the simulated
populations went extinct in this series.



Summary
All populations increased in size to approach carrying capacity (see N — bold type) if

the % of males in the breeding pool ranged from 50 to 100% and chick production
between an average of 0.7 — 1.4 per female (from % of females producing different
clutch sizes), and if 90% of males were in breeding pool and chick production
averaged between 0.4 and 1.6 per female.

Table 3. The effect of simulated variations in male and female adult
reproductive success on the demographic and genetic characteristics of
a Kea population.

Variables held constant each year in this series of simulations were: density
independent reproduction, male and female adult mortality (5%), average of first
reproduction = 5 years, monogamous mating in a given year with 90% of adult males
in the breeding pool, no inbreeding effects, sex ratio at birth = 0.50, age of
senescence = 25 years, no catastrophes, harvesting or supplementation of the
population, equal sex pre-adult mortality (0-1 = 40%, 1-2 = 10%, 2-3 = 5%,

3-4 = 5%, and 4-5 years = 5%). The size of the initial population was set at 1000
with a K of 2000 and the age and sex distribution that of a stable population.
Simulations were run for 100 years and 100 runs were done for each scenario. None
of the simulated populations were extinct in this series.

Table 4. The effect of varying simulated levels of catastrophe on the
demographic and genetic characteristics of a kea population.

Variables held constant each year in this series of simulations were: density
independent reproduction, male and female adult mortality (5%), average of first
reproduction = 5 years, monogamous mating in a given year with 90% of adult males
in the breeding pool, no inbreeding effects, sex ratio at birth = 0.50, age of
senescence = 25 years, harvesting or supplementation of the population, equal sex
pre-adult mortality (0-1 = 40%, 1-2 = 10%, 2-3 = 5%, 3-4 = 5%, and 4-5 years = 5%).
The size of the initial population was set at 1000 with a K of 2000 and the age and
sex distribution that of a stable population. Simulations were run for 100 years and
100 runs were done for each scenario.

Summary:
Catastrophes 91 in model) with 50% probability (i.e. once every two years on

average), no effects on reproduction, and reducing survival by 20% (SUR = 0.80 on
table) to 40% (SUR = 0.6), led kea populations to decline to (or almost to) extinction.



Table 5. The effect of simulated variations in pre-adult mortality on the demographic
and genetic characteristics of a Kea population.

Variables held constant each year in this series of simulations were: density
independent reproduction, male and female adult mortality (5%), average of first
reproduction= 5 years, monogamous mating in a given year with 90% of adult males
in the breeding pool, no inbreeding effects, sex ratio at birth = 0.50, age of
senescence = 25 years, no catastrophes, harvesting or supplementation of the
population. The size of the initial population was set at 1000 with a K of 2000 and
the age and sex distribution that of a stable population. Simulations were run for 100
years and 100 runs were done for each scenario.

Summary
Setting mortality between fledging and 1 year as 40% an adult mortality at 5%,

populations increased with mortality of 5 to 10% in the intervening sub-adult years,
remained fairly stable at 20% mortality these years and declined to extinction with
mortalities of 30% or higher.

Summary:
With productivity averaging 0.7 birds fledged / female, populations increased with a

range of adult mortalities between 3 and 10% of either sex.
2.4.3. Population Factors of Particular Importance (In Priority Order)
1. Population Size

Affected by all external factors but irrelevant to model. Measurement not
achievable but development of indexes high priority.

2. Age Specific Male Mortality
Affected by all external factors. Little data but considered higher than female.
Important to determine relative importance of mortality at different ages using
the model.

Research priority in the wild.

3. Age Specific Female Mortality
Little data. Research needed on relative importance of mortality of different
age groups.

Research priority in the wild.



Productivity
Little data. Use model to estimate relevant importance.

Research priority in wild.

Carrying Capacity
Affected by most external factors. Difficult to measure or influence by
management.

Not a priority for research as population considered below carrying capacity.

Percentage of Males In Breeding Pool
Important to model (with 90% in pool population increased, with 30% in pool
it crashed). Unimportant in wild as it is not believed that males are limiting.

Age of First Breeding

Not considered important as affected by few external factors and a high
confidence placed on estimate used in model. Influence oft this variable on
model not yet tested.

Sex Ration at Birth

Not affected by any external factors but maybe important for understanding
population dynamics. Influence of this variable on model not yet tested.
Priority to obtain better figures from captive population.

Age of Senescence
Considered insignificant in terms of model and the degree to which it is
influenced by external factors.

2.4.4. External Factors of Particular Importance (In Priority Order)

1.

Habitat Factors
Changing land use, changing food availability, hazards — i.e. toxins, rubbish,
parasites)

Important to record changes and use model by altering carrying capacity.

Introduced Browsers and Predators: Not important for management at this
stage as considered unlikely to have greater effect than the species has coped
with in the past. Reconsider if refinement of model suggests population
decline.



2. Kea / Sheep Interaction
A major advocacy and research issue. Use the model to determine level of
resulting kea control that the population can sustain. Assess proportion of
population exposed to this factor.

Catastrophe
Use model to determine resilience of population (runs to date showed

population increase with significant one in a hundred years disease
catastrophe and one in twenty year weather catastrophe). Not manageable.

Serendipity
Not in model nor influenced by management.

3. Smuggling
Major advocacy and law enforcement issue. Use model to determine level

that is sustainable but considered at this stage not sizeable enough to justify
research.

Recognitions
We recognise that:

- A major factor limiting kea population stability is the removal of kea which
conflict with humans or human interests (given our current knowledge on kea
ecology);

- we lack essential / accurate information on kea demography and ecology
(population size / trend, age specific mortality);

- some of this information could easily be obtained from captive populations;

- that conflict exists between different interest groups regarding kea
management;

- habitat changes are taking place which may affect the viability of the kea
population;

- historically kea have survived intense human persecution and interactions
with introduced browsers and predators;

- kea populations in areas not directly effected by humans (protected areas)
may be an important source of immigrants to supplement populations
depleted through the effect of other factors;



Findings
Finding that:

- modelling the kea population, using our current best estimates of
demographic and environmental variables, indicates that the population is
able to maintain and possibly expand in the presence of realistic stochastic
environmental events.

- that the following variables were of particular significance in influencing
population trends generated by the model:

- age specific mortality of males and females

- proportion of males and females breeding in any one year

- reproductive output

- simulations involving the removal of birds from the wild populations
indicated that a maximum level of removal (to be modelled) was possible that

did not result in population decline although stability was reduced,;

- that immigration, as modelled (to be modelled) is an important factor in
maintaining the viability of harvested / depleted sub-populations;

2.5. RECOMMENDATIONS
2.5.1. Recommendations for Overall Management and Research:
A key management recommendation is to work to reduce the effects of humans and

their activity on kea (these effects are considered to be readily controllable).

- actions to achieve this are identified in “The Kea Management Statement
(Draft)”

- Research must be undertaken to obtain better estimates of the following kea
population features:

- productivity;
- age specific mortality (especially in females);

- the proportion of males and females breeding in any one year;



This must be obtained in both human influenced and non-influenced sub-populations.

That the model be re-run as better estimates of population demographic factors become
available;

Develop techniques to:

- obtain population densities in different habitats and then quantify the relative
amount of each habitat available / used to estimate the total population and
potential carrying capacities (it is recognised that good census data is often
the hardest thing to acquire for many threatened species. Therefore we are
recommending the use of this technique rather than comprehensive surveys
over the full range of the species);

- obtain indices of population size and trends;

Maintain a captive population with good founder representation to assist in:

- research into demographic factors;

- maintaining a protected and representative gene pool;

- developing husbandry skills that may be used to enhance wild populations;

- developing re-introduction and supplementation techniques;

- developing techniques for genome preservation.

That populations in protected areas are not subjected to culling or the unnatural removal of
individuals.

That surplus birds from captive populations and birds removed from the wild for
management purposes be made available for export to recognised institutions.



KEA MANAGEMENT - PROBLEM AREAS

HIGH COUNTRY RUNS

SKIFIELDS AND ALPINE
VILLAGES

LOWLAND AREAS ADJACENT
TO KEA HABITAT

SITES WHERE KEA ARE
ADVERSELY AFFECTED BY
HUMAN ACTIVITIES



2.5.2. Issues for Further Discussion
Genetic diversity of wild population
Kea recovery plan

2.5.3. Recommendations for Management of Captive Population:

1. Establish a captive population to protect against catastrophic loss of the
species.
Comments

Results of the PVA Workshop indicate in accordance with IUCN Policy a captive
population needs to be established.

A nuclear Captive Population of up to 60 needs to be established to provide for the
retention of more than 90% Heterzygosity over a 200 year period.

@) Rationalise the existing and reduce numbers to a nucleus of 60 birds.
(b) 204 captive spaces currently available sufficient to accommodate
programme target.
2. Follow recommendations of the Captive Species Management Plan under the

leadership of the Species Co-ordinator.

- Species Co-ordinator to distribute a standardised data collection from all
participants.

- Holders of specimens must provide data as required by Species Co-
ordinator.

- Programme birds to be permanently identified using leg bands and Trovan
implants.

- Species Co-ordinator to do SPARKS analysis and recommendations.
- Species Co-ordinator should maintain a photocopy library of relevant

literature and keep up to date and in communication with developments, also
to relate to Regional Conservation Co-ordinator.



Use captive population as a resource for prioritised research purposes.

Comments
Identified projects include:

- Sperm collection storage (HIGH PRIORITY)
- When male cease spermatogenesis.

- Nutritional work, comparing wild diets and constructing captive dietary
analogues.

- Investigating disease susceptibility.
- Establishment of next parameters to suggest nest site choices in wild (?)
- Bill size / weight / sexual dimorphism and ageing criteria.

- Others as supported by PVA Field participants.

Provide support for the field programme.

- Obtain details from DOC. Field programmes include DOC and other
agencies. Programmes as identified by PVA Field Participants).

Establish comprehensive husbandry manual.

Comments

The species management team co-ordinator needs to produce a manual to guide

participants on all aspects of captive management.

- Ensure that what items in PVVA Data Form as can be addressed in captivity
are done. E.g. weights, measurements, egg weights, incubation data etc.

Establish comprehensive health profiles for Kea, both in the wild and in captivity.
- Wild animal veterinary assistance is needed.
- Establish of normal physiological values.

- Construction of periodic health screening.
NB: Use of the Regional Pathology Registry is encouraged.



10.

Develop techniques to successfully effect re-introduction with collaborative post-
release monitoring.

- Develop behavioural enrichment projects to encourage juveniles to a range
of foraging exercises.

- Explore possibilities of training against environmental threats.

(Need to expand to include real interaction with field management programmes, i.e.
detailed proposals for release programmes)

Explore the value of kea as analogues for Conservation work on kakapo.

- Complete egg incubation studies and hand-rearing studies by 1992
- Complete gut flora studies during 1992.

- Other studies as required.

Encourage public advocacy of collaborative work by high profile exhibit
interpretation.

Comments

Public exhibition provides opportunity to develop positive community attitudes
towards wildlife and the environment. Programmes should be actively interpreted
and promoted giving the public clear reporting on what collaborative programmes
seek to achieve and where they are up to. This allows an avenue for sponsorship
opportunities to generate funds for collaborative programmes.

Consider exporting stock excess to programme to institutions which will reciprocate
with research or other assistance for kea conservation.

Comments
A tightly organised strategy needs to be formulated to ensure maximum benefit.
Everyone involved must benefit.
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APPENDIX 2:
PVA DATA FORMS - KEA

(Based Primarily on Captive Population)

Species: Nestor notabilis (KEA)

Species distribution:
East & West of the main divide (Southern Alps)
South Island

Study Taxon (subspecies):
None

Study Population Location:
Captive

Metapopulation — are there other separate populations? Are maps available?:
(Separation by distance, geographic barriers?)
None. Suggestion that Kea have crossed Cook Straight to Wellington region, rarely.

Specialized Requirements (Trophic, ecological):
Alpine - to forest lowlands.

Age of first reproduction for each sex (proportion breeding):
a) Earliest: 3 yrs
b) Mean: 4-5yrs

Clutch size (N, mean, SD, range):
Number fertile: 4)

Number hatched: 4) Captive Pair 1991
Number fledged: 4)

Laying Season:
July — October

Laying Frequency (interclutch interval):

Are multiple clutches possible?
Yes, if first clutch removed or destroyed.



Duration of Incubation:
25 days

Hatchling Sex Ration:
3 male — 1 female From study pair — normal estimate 50/50

Egg Weights:

(26.6) (24.7) (25.56) (30.7) (30.7) (28.75)
Average of 27.83 (n=6)

Hatchling Weights (male and female):

Age(s) at Fledging:
Captive Fledging — 90 days

Adult Sex Ratio:
Adult Body Weight of Males and Females:

Reproductive Life-span (Male & Female, Range):
One bird (female) in captivity known to be 35 years old and still actively breeding.

Life Time Reproduction (Mean, Male & Female):
25-40 yrs (estimate)
40 yrs??

Social structure in terms of breeding (random, pair-bonded, polgyny, polyandry, etc;
breeding male and female turnover each year?): Pair — Bonded

Proportion of adult males and females breeding ach year:

Dispersal distance (mean, sexes):
Unknown

Migrations (months, destinations):

Territoriality (home range, season):
Captivity — 1 pair per aviary.

Age of Dispersal:

Maximum Longevity:
Captive oldest bird is 35 yrs.



Population census — most recent. Date of last census. Reliability estimate.:
(Captive) 206 130 Males 56 Females 20 Unknown

Projected Population (5, 10, 50 years).:
Past Population Census (5, 10, 20 years — dates, reliability estimates):

Population Sex and Age Structure (young, juvenile, & adults) — time of year.:
Fecundity Rates (by sex and age class):
See SPARKS report.

Mortality Rates and Distribution (by sex and age) (neonatal, juvenile, adult);
Unknown in captive population.

Population Density Estimate. Area of Population. Attach marked map.:
Sources of Mortality - % (natural, poaching, harvest, accidental, seasonal?).:
Habitat Capacity Estimate (Has capacity changed in past 20, 50 years?).:
Present Habitat Protection Status.:

Projected Habitat Projection Status (5, 10, 50 years).:

Environmental Variance Affecting Reproduction and Mortality (rainfall, prey,
Predators, disease, snow cover?).:

Is Pedigree Information Available?:
Attach Life Table if available.

Correspondent / Investigator:

Name: Tony Pullar
Kea Captive Breeding Co-ordinater
Dunedin City Council

References:
Snyder, Wiley, & Kepler.





