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Abstract: Kea (Nestor notabilis), large parrots endemic to hill country areas of the South Island, New Zealand,
are subject to anthropogenic lead (Pb) exposure in their environment. Between April 2006 and June 2009 kea
were captured in various parts of their range and samples of their blood were taken for blood lead analysis. All
kea (n = 88) had been exposed to lead, with a range in blood lead concentrations of 0.014 — 16.55 pmol L™
(mean + SE, 1.11 £ 0.220 umol L™"). A retrospective analysis of necropsy reports from 30 kea was also carried
out. Of these, tissue lead levels were available for 20 birds, and 11 of those had liver and/or kidney lead levels
reported to cause lead poisoning in other avian species. Blood lead levels for kea sampled in populated areas
(with permanent human settlements) were significantly higher (P < 0.001) than those in remote areas. Sixty-four
percent of kea sampled in populated areas had elevated blood lead levels (> 0.97 pmol L™, the level suggestive
of lead poisoning in parrots), and 22% had levels > 1.93 pmol L™ — the level diagnostic of lead poisoning
in parrots. No kea from remote areas had levels > 0.97 pmol L™!. The kea is a long-lived, slow-reproducing
species at a high risk of decline from even a small reduction in its survival rate. Based on our findings, we
conclude there is an urgent need to implement lead abatement strategies in areas of the kea range that overlap

with permanent human settlement.
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Introduction

Kea (Nestor notabilis) are large parrots endemic to hill
country areas of the South Island, New Zealand. They are
noted for their highly intelligent, curious, and bold nature,
which has repeatedly brought them into conflict with humans
and endangered their survival (Diamond & Bond 1999).
Kea’s neophilic tendencies bring them into contact with
many anthropogenic hazards, such as ingestion of foreign
objects (e.g. pieces of closed cell foam and rubber) that can
cause impactions of the crop and intestines, resulting in death
(Brejaart 1994; Peat 1995; Jarrett 1998); drowning in containers
such as water tanks (Jackson 1969; Elliott & Kemp 1999);
cyanide (Peat 1995); chocolate (Gartrell & Reid 2007); and
lead (Pb) (Jarrett 1998; McLelland et al. 2010). Although
lead poisoning has been established as the cause of death of
several wild kea within the past 15 years, lead exposure was
recently discovered to be common in a single population of
wild kea near an alpine village at Aoraki/Mt Cook National
Park (McLelland et al. 2010). In that study, 38 wild kea were
found to have been exposed to lead, and 26 of those birds
had elevated (> 0.97 pmol L") lead levels in their blood.
The exposure of kea to lead in other parts of their range is to
date unknown and such information is needed to prioritise the
extent of lead abatement strategies.

The effects of lead on waterfowl, shorebirds, and raptors
have been widely covered in the scientific literature, and are
well known in captive parrots (Dumonceaux & Harrison 1994),
but there are only a handful of reports of its occurrence in
wild parrots. Kea are not the only wild New Zealand parrots
affected by lead exposure. Several anecdotal cases have been
reported of lead poisoning in wild kaka (Nestor meridionalis)
(BDG, unpubl. data), and one case in a wild kakapo (Strigops

habroptilus) (J. Potter, Auckland Zoo, pers. comm.). In
Esperance, Western Australia, exposure to lead carbonate
from inappropriately transported lead dust resulted in mass
bird deaths in 2006 and 2007, including of white-tailed black
cockatoos (Calyptorhynchus baudinii) and purple-crowned
lorikeets (Glossopsitta porphyrocephala) (Golder Associates
2008; Gulsen et al. 2009).

Lead is a highly toxic heavy metal that adversely affects
the nervous, renal, gastrointestinal, and reproductive systems,
and the biosynthesis of haeme (Verity 1997; Pattee & Pain
2003). Lead has also been shown to have teratogenic effects
(i.e.itinterferes with normal embryonic development resulting
in abnormalities) and to cause death in bird embryos, which
are sensitive even to relatively low doses of lead (Kertész
et al. 2006). Lead has also been shown to cause a reduction in
bone mineralisation (Gangoso et al. 2009), which could mean
an increase in bone fragility (Fleming et al. 2000; Whitehead
& Fleming 2000). Lead has been recorded to have effects on
the peripheral and central nervous system even at very low
exposures, and has been associated with defects in development,
cognition and behaviour in both humans (Toscano & Guilarte
2005) and birds (Dey et al. 2000; Burger & Gochfeld 2005).

Lead poisoning may be acute or chronic with clinical
signs dependent on the amount and surface area of the lead
ingested (Platt2006). Clinical signs in birds include behavioural
changes, lethargy, anorexia, vomiting, diarrhoea, ataxia, limb
paresis (nerve-related weakness) or paralysis, seizures, anaemia
and emaciation (Platt 2006). Death may occur within 48 h of
the first appearance of clinical signs (Platt 2006). Psittacines
(parrots and their relatives) in particular fall victim to acute
lead intoxication because of their curious nature and inclination
to chew any object they may encounter (Gelis 2006).

Thesize ofthe overall keapopulationinthe wild isunknown,
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the most accurate estimate to date being approximately 3000
(Diamond & Bond 1999). Kea are currently listed by the
Department of Conservation (DOC) as naturally uncommon
(Miskelly et al. 2008) and by the IUCN as vulnerable and
decreasing (BirdLife International 2008). Recent population
surveys have indicated that kea numbers in the Nelson Lakes
area have significantly declined since the 1990s (T. Orr-
Walker, Kea Conservation Trust, pers. comm.). Kea numbers
in Nelson Lakes in the 1990s indicated the population there
was stable with high nesting success and adult survival rates
(Elliott & Kemp 1999). An average of 10 fledglings per year
were produced in an area of approximately 6000 ha (Elliott
& Kemp 1999), whereas a production rate of two fledglings
per year was observed in 2009 and 2010 over an area of
11 000-13 000 ha (T. Orr-Walker, Kea Conservation Trust,
pers. comm.).

The aim of this study was to extend the findings of
McLelland et al. (2010) and survey the extent of lead exposure
in wild kea throughout their range, in both remote areas and
those with permanent human settlements. We hypothesised
that kea in areas that featured permanent human settlements
would have significantly higher exposure to lead. By including
the data from McLelland et al.’s study, and expanding on it
with a further 50 samples from kea in different locations from
throughout their geographical range, we have been able to
provide a comparison of lead exposure in different habitats
and highlight the problem of lead toxicity to the species as
a whole. This study therefore makes a novel contribution to
knowledge of anthropogenic hazards facing kea, and the field
of wildlife health overall.

Methods

Atotal of 88 kea were successfully sampled between April 2006
and June 2009. This paper includes blood lead results (z =38)
from kea at Aoraki/Mt Cook National Park and post-mortem
tissue lead levels (n = 6) from various sites previously reported
in McLelland et al. (2010). Blood samples from a further 50
kea and post-mortem tissue lead levels from a further 14 kea
areincluded in this paper. The seven sampling sites throughout
the South Island, New Zealand, included two areas with
permanent human settlement — the Fox Glacier — Franz Josef
area (43°S, 170°E) and Aoraki/Mt Cook National Park (43°S,
170°E) — and five remote areas — Golden Bay (40°S, 173°E),
Hohonu Range, West Coast (42°S, 171°E), Arawhata Valley,
Mt Aspiring National Park (44°S, 169°E), Rob Roy Valley,
Mt Aspiring National Park (44°S, 168°E) and Treble Cone
ski field (44°S, 168°E) (Table 1; Fig. 1). We classify Treble
Cone ski field as remote because it is not a permanent human
settlement. Furthermore, the buildings onsite were constructed
relatively recently, and consequently have little (if any) lead
building materials. Lead building materials appear to be the
primary source of anthropogenic lead in the kea’s environment.
Kea presence in the area is limited to winter months, and the
kea that visit the area are likely to live most of the year in Mt
Aspiring National Park, which we classify as a remote area.
The sample size, sex, and age of kea sampled are shown in
Table 2. Kea were caught in 2006 at Aoraki/Mt Cook for a
previous study (McLelland et al. 2010) and at Aoraki/Mt Cook
and Mt Aspiring National Park in conjunction with another
study (Reid 2008). Birds were caught at Treble Cone ski field

Figure 1. Map of the South Island,
New Zealand, showing the locations where
kea (Nestor notabilis) were captured and
blood-sampled for blood lead analysis
in 2006-2009 (1 = Golden Bay, 2 =
Hohonu Range, 3 = Fox Glacier — Franz
Josef area, 4 = Aoraki/Mt Cook National
Park, 5 = Arawhata Valley, Mt Aspiring
National Park, 6 = Rob Roy Valley, Mt
Aspiring National Park, 7 = Treble Cone
Ski Field).
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Table 1. Areas of the South Island, New Zealand, where kea (Nestor notabilis) were blood-sampled for blood lead analysis.

Area Area type n Females Males Unknown
Golden Bay Remote 1 ? ? 1
Hohonu Range (West Coast) Remote 2 0 2 0
Fox — Franz Josef area Populated 13 2 10 1
Aoraki/Mt Cook National Park Populated 42 5 37 0
Arawhata Valley (Mt Aspiring National Park) Remote 6 2 4 0
Rob Roy Valley (Mt Aspiring National Park) Remote 19 2 17 0
Treble Cone Ski Field Remote 5 1 4 0

Table 2. Blood lead (Pb) levels for the five age groups of kea (Nestor notabilis) sampled from remote and populated areas
of the South Island, New Zealand. Mean blood lead level (umol L™!)* + SE.

Age group Area type n Blood lead level Range
Nestling Populated 2 1.81+0.232 1.58-2.05
Remote 0 - -
Fledgling Populated 24 2.01 £0.341 0.34 -8.20
Remote 7 0.10+0.011 0.058 - 0.14
Juvenile Populated 16 2.20+0.974 0.33-16.55
Remote 4 0.12 £0.027 0.07-0.20
Subadult Populated 5 1.04 £0.272 0.23-1.78
Remote 11 0.13 +£0.027 0.014-0.31
Adult Populated 8 0.19 +0.038 0.058 —0.43
Remote 11 0.12+0.012 0.07-0.20
All birds Populated 55 1.70 £0.328 0.058 —16.55
Remote 33 0.12+0.010 0.014-0.31

*To convert values from pmol L™ to pg dI™!, multiply by the conversion factor 20.72.

specifically for this study, and in the remaining areas were
sampled opportunistically for this study by researchers and
DOC staff working on other projects.

Birds were captured and blood-sampled from the left or
right ulnar vein (under the wing) and/or in a few cases, the
medial metatarsal vein (on the leg). Blood was placed in 0.4-
ml lithium heparin microtainers (BD Biosciences, Franklin
Lakes, NJ, USA). A clinical examination was carried out
on birds at Aoraki/Mt Cook, Rob Roy Valley (Mt Aspiring
National Park), and Treble Cone ski field. A combination of
billlength, eye, cere, bill and plumage colouration, moult stage,
and weight (where measured) were used to identify the age-
class and sex of the unbanded kea (Bond et al. 1991; Diamond
& Bond 1999). All previously unbanded birds were banded
before release. Blood was analysed for lead content using a
portable lead analyser (LeadCare, ESA Inc., Chelmsford, MA,
USA). Blood samples were placed in buffer solution and either
directly analysed for lead content (i.e. when the portable lead
analyser was available for use in the field) or cooled within
the time frame recommended by the manufacturer until they
could be submitted to the New Zealand Wildlife Health Centre
at Massey University for blood lead analysis. The analyser
uses anodic stripping voltammetry to measure blood lead
levels, as described in Wang (2000), and has a detection range
of 0.0 — 3.14 umol L' and an analytical reporting range of
0.068 — 3.14 umol L™! (ESA Biosciences Inc. 2005). Levels
greater than 3.14 umol L', i.e. above the upper limit of the
analyser, are expressed as ‘“HI’. Where this occurred, a 1:10
dilution with saline was used to give a quantitative measure.
The interpretation of an elevated blood lead concentration
was made using the level suggestive of lead poisoning (>

0.97 umol L") (Platt 2006). Blood lead concentrations are
reported in SI units (umol L™"). Measurements in pg dl™!
were converted to pmol L ™! by multiplying by the conversion
factor of 0.04826.

Data from the Huia (New Zealand wildlife pathology)
and Massey University pathology databases were searched
and records retrieved for all kea entered between 1991 and
2010. Records for captive kea were excluded. Pathological
information from the records was examined to determine
the number of kea that had died of lead poisoning. Tissue
lead concentrations (liver and kidney) for kea submitted to
Massey between 1991 and 2007 have already been published
in McLelland et al. 2010 (r = 6). Tissue lead levels for kea
submitted between 2007 and 2010 have been added here
(n = 14) to the data already published.

Statistical analyses

Kea were designated as being either from populated or remote
areas. Populated areas were defined by the presence of one
or more permanent human settlements such as villages or
townships (Aoraki/Mt Cook, Fox Glacier — Franz Josef area)
with older buildings known or suspected to contain lead
roofing materials. Kea sampled from populated areas were
considered likely to have visited nearby permanent human
settlements. Remote areas were defined by the absence of
permanent human settlements for a radius of at least 5 km,
and based on behavioural observations and recent historical
records kea sampled from these areas were considered unlikely
to have visited such settlements. Differences in blood lead
levels (umol L") between kea sampled from populated and
remote areas were compared with a Wilcoxon’s rank sum test.
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Results from samples that were clotted, <50-ul volume, or were
not tested within the portable lead analyser manufacturer’s
recommended time frame were not included in the statistical
analyses. All statistical analyses were conducted using the
Remdr (R Commander) package version 1.5-2 (Fox 2009) of
R version 2.9.2 (R Development Core Team 2009).

Results

All kea included in the analysis (z = 88) had been exposed to
lead (Table 2; mean+ SE, 1.11 £0.220 pmol L range, 0.014
—16.55 umol L™"). Kea from remote areas had significantly
lower (Wilcoxon rank sum; W = 1755.5, P < 0.0001) blood
lead levels (0.12+0.010 umol L") than those from populated
areas (1.70 + 0.328 pmol L™"). Sample sizes were not large
enough to statistically test the differences between age groups
Or Sexes.

None of the kea that were sampled in the field showed
obvious clinical signs of lead poisoning (such as regurgitation
or neurological disease) at the time of capture; however, one
bird was seen to be ataxic (showing uncoordinated movements)
and clumsy, with a wide-based stance the day after sampling,
possibly due to lead exposure (Platt 2006; McLelland et al.
2010). One subadult female was found in Aoraki/Mt Cook
Village and showed severe ataxia (to the point that she was
unable to fly), and other abnormal behaviours such as failing
to exhibit shading behaviour (i.e. staying out in full sun at a
time of day when kea would normally seek shade in the beech
forest), and making abnormal vocalisations (Reid 2008). She
was sent to a veterinary clinic and treated for lead poisoning,
but subsequently died. Her blood lead level and necropsy
results revealed that she died of lead poisoning.

Of 30 wild kea submitted to Massey University for
necropsy between 1991 and 2010, tissue lead levels were
available for 20 birds (Table 3), and 11 of these (55%) were
diagnosed with lead poisoning (McLelland et al. 2010; BDG
unpubl. data).

Discussion

Bloodleadlevelsin the 88§ keaincluded in analysis convincingly
indicate that where kea population ranges overlap with
permanent human settlements (e.g. Aoraki/Mt Cook National
Park, Fox Glacier — Franz Josef areas) kea are commonly
exposed to lead. In remote areas, where kea populations do not
overlap with these types of settlements, blood lead levels in
kea are lower, indicating that lead exposure is less common.

Establishing what level of lead exposure results in clinical
effects is problematic in wild species. Some authors report that
concentrations of >0.97 umol L' lead in whole blood are
suggestive of lead poisoning in psittacines, and concentrations
of >1.93 —2.90 umol L are diagnostic of lead poisoning
(Platt 2006). Some birds, however, have exhibited clinical
signs and responded to therapy with blood lead levels as low
as 0.48 umol L, and others have shown no clinical signs
with much greater levels (Dumonceaux & Harrison 1994).
Although the absence of obvious clinical signs in the live
wild kea sampled from populated areas in this study may
suggest tolerance to high blood lead concentrations, this does
not preclude the diverse subclinical effects of low-level lead
exposure (McLelland et al. 2010). In chickens, exposure to
even low levels of lead (< 0.48 pmol L") has been shown
to damage the central nervous system (Lurie et al. 2006). In
humans it has been suggested that blood lead levels > 0.097
umol L' should be regarded as elevated due to the effects of
even very low lead levels on biological processes, mainly the
nervous system (Gilbert & Weiss 2006). A suggested limit for
blood lead levels in Hispaniolan Amazon parrots was < 0.097
umol L' (Osofsky et al. 2001).

Kea sampled in populated areas had considerably higher
blood lead levels than those in remote areas (Table 1; Fig. 2).
The majority of kea sampled in populated areas were above
the 0.97 umol L™! threshold suggestive of lead poisoning in
parrots (Platt 2006), and only one bird was below the threshold
of 0.097 umol L' suggested by Gilbert and Weiss (2006)

Table 3. Liver and kidney lead concentrations (umol kg ' wet weight") in fresh-frozen and formalin-fixed (FF) tissue from

wild kea (Nestor notabilis) (n = 20) from database records.

Kea # Fresh liver FF liver Fresh kidney FF kidney Diagnosis of lead poisoning
1 0.11 - - - No
2 0.19 - 0.32 - No
3 0.92 1.06 - - No
4 1.93 - - - No
5 2.90 - - - No
6 3.04 - 10.13 - No
7 3.38 - 2.41 - No
8 3.67 - 4.83 - No
9 4.73 - 0.48 - No
10 48.26 32.82 - - Yes
11 53.57 - - - Yes
12 64.67 - 73.36 - Yes
13 69.49 - - - Yes
14 72.39 - 130.30 - Yes
15 84.94 - - Yes
16 135.13 - - - Yes
17 136.09 390.91 - 1109.98 Yes
18 276.05 386.08 - - Yes
19 - 260.60 - 772.16 Yes
20 - - 59.36 - Yes

*To convert values from pmol kg™' to mg kg™, multiply by the conversion factor 0.2072.
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(Fig. 2). In contrast, no birds sampled in remote areas were
above the 0.97 umol L! threshold, whereas 30% were below
the 0.097 umol L' threshold. Although Jarrett (1998) had a
smaller sample size of kea tested for blood lead levels (n =
11), 82% had blood lead levels above 0.97 umol L™!, and no
kea were below the 0.097 umol L' threshold level suggested
by Gilbert and Weiss (2006). The kea tested in Jarrett’s study
were from the Arthur’s Pass area where there was a permanent
human settlement with buildings containing lead materials
(Peat 1995), which fits our definition of a populated area.
There is no truly minimal safe level for lead (Pain et al.
2009); for example, even at extremely low concentrations
lead affects blood enzyme activity essential for haemoglobin
production (Redig et al. 1991; Grasman & Scanlon 1995).
Subclinical lead poisoning in chickens has been shown to cause
immunosuppression, which disrupts the immune system (Lee
et al. 2001; Dietert et al. 2004), and to increase susceptibility
to infectious diseases (Youssef etal. 1996). Experimental
dosage with low levels of lead (resulting in feather lead levels
(mean = SE) of 0.83 + 0.09 umol kg! (172 + 18 ng g! dry
weight); Burger & Gochfeld 1990) has been found to affect
locomotion, food begging, learning, thermoregulation, and
individual recognition in herring gulls (Larus argentatus) in
the laboratory and in the wild (Burger & Gochfeld 2005). Lead
affected chicks’ success at more complicated tasks, such as
learning the location of hidden food, shading behaviour, and
recognising caretakers or siblings (Burger & Gochfeld 2005).
Lead-exposed chicks had lowered survival rates in the wild
due to abnormal behaviour (Burger & Gochfeld 1994), and the
conclusion was that lead profoundly affects neurobehavioural
development, and that environmentally relevant lead levels
can significantly affect survival (Burger & Gochfeld 2005).
Gorissen et al. (2005) found that exposure to heavy metals,
including lead, diminished the singing behaviour of wild great
tits, which may affect breeding behaviour and be a useful
indicator of environmental stress at the population level.
Sources of lead accessible to wild kea include roofing
materials such as flashings and lead-head nails, and rubbish
items (Peat 1995; Jarrett 1998). These materials are available
in many places where kea live (CR & KM, pers. obs.). Young
kea congregate in built-up areas where human and kea habitats

overlap, such as in alpine townships and ski fields. These
groups have been observed spending time on roofs of buildings
investigating fixtures (CR, pers. obs.). Young kea, similar to
human children, investigate objects and materials via oral
exploration. Lead is malleable and is reported to have a sweet
taste (Locke & Thomas 1996) that is thought to be attractive
to captive psittacines (Lightfoot & Yeager 2008) and these
may be factors in the exposure of wild kea to lead. Signs of
damage were apparent on lead-head nails and roof flashing of
buildings in Aoraki/Mt Cook National Park that were typical
of marks left by the bills of chewing parrots (CR, pers. obs.).
In a previous study kea were commonly observed chewing on
lead-head nails and lead flashing (Brejaart 1994).

Two nestling kea were sampled from a populated area
(Aoraki/Mt Cook) in this study and both showed elevated
blood lead levels. The nestlings may have been exposed to
lead both in the egg and from contaminated food delivered by
their parents (McLelland et al. 2010). In other avian species,
metal concentrations in fledglings represent in part metals
sequestered in the egg by females and accumulation from
food brought back to chicks by parents (Burger & Gochfeld
1993). Concentrations of heavy metals in eggs represent not
only recent exposure of females but mobilisation of stored
metals from past intake (Burger 1994; Burger & Gochfeld
1996). There is a potential for toxic minerals such as lead in
the eggto affect later-stage embryos, including critical strength
of the embryo needed for hatching success (Mora 2003). If
kea are being exposed to lead before fledging, this expands
the problem of lead exposure to birds that are not yet visiting
anthropogenic sources of lead themselves. In other words, the
presence of anthropogenic lead sources in the environment
not only affects kea directly accessing those sources, but also
their progeny.

The mean blood lead levels for fledglings, juveniles, and
subadults sampled from populated areas were above the level
suggestive of lead poisoning (Table 2). The high levels seen
in younger birds may be related to the fact that kea begin as
inefficient foragers, increasing their skill and decreasing their
manipulative behaviour as they age (Brejaart 1994; Diamond
& Bond 1999). Young kea spend much of their time exploring
and manipulating objects, including inedible ones, unlike
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adults, which are adept foragers (Diamond & Bond 1991,
1999). The low blood lead levels seen in adults may be due
to increased foraging efficiency with age (Diamond & Bond
1999), and less inclination to investigate lead sources such as
roofing fixtures (Reid 2008). Blood lead levels indicate recent
lead exposure (Pattee & Pain 2003) and lead, once absorbed, is
rapidly deposited in a range of tissues, primarily liver, kidney
and bone (Pain et al. 2005). Therefore blood lead analysis
may not reveal prior lead exposure in adult kea, for example
during the early life stages.

Although kea sampled from remote areas were found to
havelowleadlevels, they are still at some risk of lead exposure.
Keadisperse asjuveniles and can travel considerable distances,
e.g.upto80km (Diamond & Bond 1999). Kea that originate in
populated areas and are exposed to lead there before dispersal
may disperse into remote areas and expose their offspring to
lead when they reproduce. Also, remote areas inhabited by
kea, although lacking permanent human settlements, are not
devoid of anthropogenic lead sources (KM & CR pers. obs.).
Kea sampled from remote areas in this study may have had
access to huts with lead roofing materials, and hunter-killed
game carcasses containing lead shot or bullets. Necropsy
revealed a partially digested lead shot pellet in the stomach of
ajuvenile male kea found dead at St Arnaud in October 2000,
and tissue lead levels confirmed lead poisoning (R. Norman
unpubl. necropsy report). Keahave also been observed feeding
on hunter-killed game carcasses (Jackson 1960; Schwing
2010). Lead shot pellets and bullet fragments have exposed
several avian species to lead due to ingestion from hunter-killed
animal carcasses (Fisher et al. 2006). However, the primary
anthropogenic sources of lead in areas inhabited by kea are
likely to be older buildings constructed with lead materials.

In light of recent findings (McLelland et al. 2010) and
those of this study, accounts of previous kea studies (e.g.
Jackson 1969) indicate that lead poisoning may have been
more common than was realised at the time (Reid 2008).
Behaviours that Jackson (1969) described as normal for wild
kea in Arthur’s Pass during the 1960s appear abnormal in
comparison with recent observations of wild kea in other
areas (Reid 2008) and clinical and pathological findings in
his report were consistent with lead poisoning (Youl 2009).
Jarrett’s study of kea in the same area in the 1990s revealed
that kea sampled there had been exposed to lead, and that
younger birds were more likely to have elevated blood lead
levels than older birds (Jarrett 1998). Lead was also implicated
as a cause of death in kea (Jarrett 1998). Subsequent studies of
kea behaviour and cognition have also been carried out in the
areas of Arthur’s Pass (e.g. Diamond & Bond 1999), Aoraki/
Mt Cook and Fox Glacier (e.g. Gajdon et al. 2006) — areas in
which kea have been shown to be exposed to lead. It is likely
that kea suffer the same ill-effects from lead exposure as other
avian species and, although kea may not show overt clinical
signs, their behaviour and cognitive abilities may be affected
(Reid 2008). Studies of kea in populated areas may not reflect
the normal range of kea behaviours and capabilities of those
in remote areas, therefore studies of kea behaviour in remote
areas with a lower risk of lead exposure may provide a useful
comparison for existing ones (Reid 2008).

Based on our findings, we conclude there is an urgent
need to minimise as much as possible the amount of available
lead in kea habitat. Lead abatement strategies are currently
being carried out to this end, including the removal of lead
from buildings such as back-country huts in areas inhabited
by kea (P. Gaze and R. Suggate, Department of Conservation,
pers. comm.).
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