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Changes in the forest bird community of an urban sanctuary in
response to pest mammal eradications and endemic bird
reintroductions

COLIN M. MISKELLY
Museum of New Zealand Te Papa Tongarewa, PO Box 467, Wellington 6140, New Zealand

Abstract Zealandia (Karori Sanctuary) is a forest sanctuary which is surrounded by a predator-exclusion fence, and is
situated in the Wellington city town belt, New Zealand. Following eradication of introduced mammals from within the
fence in 1999, 10 species of endemic forest birds were reintroduced between 2000 and 2011, and 2 other species recol-
onised naturally. Five-minute bird counts were used to assess changes in the Zealandia diurnal forest bird community
over 2 time periods: 1995-98 to 2002-05, and 2002-05 to 2013-16, as well as changes over the full 21 year period. Tui (Pros-
themadera novaeseelandiae) was the only bird species present before the fence was completed that showed a significant,
year-round positive response to mammal removal. Following the recreation of a diverse and abundant endemic bird
community post-2005, detection rates for most of the species that were present before 1999 declined significantly. This
included highly significant declines in detection rates for 3 native bird species: silvereye (Zosterops lateralis), grey warbler
(Gerygone igata) and New Zealand fantail (Rhipidura fuliginosa). These results suggest that populations of the most com-
mon and widespread native and introduced birds are only weakly limited by mammalian predation, but can be rapidly
outcompeted by restored endemic bird species if predators are removed. The forest bird community in Zealandia is now
more similar to that on nearby Kapiti Island (the source site for many of the bird species translocated to Zealandia) than
it is to the bird community that existed at the site before the fence was built.
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INTRODUCTION
New Zealand mainland forest bird communities

Ballance 2010; Walker et al. 2017). Over the same
time period, 17 species of introduced songbirds and

have changed dramatically and irreparably over the
past 150 years. At least 6 endemic forest bird species
have become extinct since 1870, 5 further species
became restricted to offshore islands, and many
of the remaining endemic species that survive on
the mainland have become increasingly confined
to remote, high altitude forests (Cusa & Lockley
1980; Diamond 1984; Tennyson & Martinson 2007;
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parrots have become established in New Zealand,
with most of these species utilising indigenous
forest or shrubland habitats to some extent, at least
around forest margins (Thomson 1922; Turbott
1961; Kikkawa 1966; Diamond & Veitch 1981;
McCallum 1982; Robertson et al. 2007). As a result,
the birds found in forested remnants in and around
our main cities are a mix of a few widespread native
species (most of which are shared with Australia, or
are only recently derived from a common ancestor)
along with a wide range of introduced bird species



(Bull & Underhill 1983; Gill 1989; Day 1995; Brockie
1997; van Heezik et al. 2008).

While habitat loss and deterioration, direct
hunting, disease, and competition with introduced
bird species are likely to have contributed to declines
in endemic bird species (Turbott 1961; Craig et al.
2000; Wilson 2004), the main cause of recent and
ongoing declines of forest birds has been predation
by introduced arboreal mammals (principally ship
rats Rattus rattus, stoats Mustela erminea and brushtail
possums Trichosurus vulpecula) (Atkinson 1996; King
& Murphy 2005; Elliott et al. 2010; Innes et al. 2010;
Brown et al. 2015; King et al. 2015). Protection from
these 3 predator species is the first requirement for
saving many of New Zealand’s endemic birds, and
is the primary focus for New Zealand’s Predator
Free 2050 programme (Brown et al. 2015; Russell
et al. 2015; Parliamentary Commissioner for the
Environment 2017; Anonymous 2017).

Predator-exclusion fences are a recent
development in the battle to protect and restore
populations of vulnerable New Zealand bird
species (Clapperton & Day 2001; Burns et al. 2012;
Butler et al. 2014). While the cost-effectiveness of
fences compared to traditional predator control
methods has been challenged (Clapperton & Day
2001; Pickard 2007; Hayward & Kerley 2009; Scofield
et al. 2011; Innes et al. 2012; Butler ef al. 2014), there
are numerous examples of translocated populations
of bird species vulnerable to mammalian predators
becoming established within fenced sites throughout
New Zealand (Burns et al. 2012; Empson & Fastier
2013; Miskelly & Powlesland 2013; Smuts-Kennedy
& Parker 2013; Butler ef al. 2014; Azar & Bell 2016).

Zealandia (Karori Sanctuary) in Wellington city
was the first site in New Zealand where predator-
exclusion fencing was used to attempt ecosystem
restoration (Campbell-Hunt 2002; Burns et al.
2012; Empson & Fastier 2013). Following intensive
trials of fence design, an 8.6 km long fence was
constructed around the Karori Reservoir valley
in 1999, enclosing 225 ha of regenerating forest
(Campbell-Hunt 2002; Empson & Fastier 2013;
Butler et al. 2014). All introduced mammals within
the fence were removed later in 1999 (although
mice Mus musculus subsequently reinvaded), and
reintroductions of vulnerable endemic bird species
began in 2000 (Campbell-Hunt 2002; Miskelly et
al. 2005; Miskelly & Powlesland 2013; Butler et al.
2014).

The length of time that elapsed between project
proposal in 1993 (Lynch 1995) and fence completion
provided an opportunity for comprehensive
baseline monitoring of the ‘pre-fence’ forest bird
community at Zealandia. Birds New Zealand
members undertook 3 years of bird counts in the
valley in 1995-98, then repeated the same survey
effort in 2002-05, starting 3 years after the fence
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was completed and mammals had been eradicated,
but before any of the reintroduced bird species had
become well established. Comparison between
these first two count blocks provides insights into
the extent to which introduced mammals were
limiting “pre-fence” bird populations in the valley.
A third block of counts was completed in 2013-16,
when four of the reintroduced diurnal bird species
were well established. Comparison between the
second and third count blocks allowed assessment
of the establishment success of translocated and
recolonising bird species, and also of the impacts
of a more diverse and abundant endemic bird
community on the ‘pre-fence’ bird species. The
forest bird community structure at each stage was
compared with that of nearby Kapiti Island Nature
Reserve, to determine whether the Zealandia forest
bird community was on a trajectory towards this
potential model bird community.

METHODS
Study sites
Zealandia (Karori Sanctuary, 41°18'S, 174°44'E) is
situated in a 3 km-long valley between the suburbs
of Karori and Highbury in Wellington city. Much
of the valley was cleared for farming in the mid-
1800s, with native forest (predominantly kohekohe
Dysoxylum spectabile and rewarewa Knightia excelsa)
persisting on steeper western slopes. All farm
stock were removed by 1906, after which the valley
was managed as a water-supply catchment for
Wellington city until 1998 (Campbell-Hunt 2002).
The valley is now entirely forested with a mosaic of
mature native broadleaf forest, regenerating native
forest (dominated by mahoe Melicytus ramiflorus
and five-finger Pseudopanax arboreus), over-mature
plantation conifers (predominantly Pinus radiata)
and invasive woody weeds (including Darwin’s
barberry Berberis darwinii) (further detail in Blick
et al. 2008). Apart from planted specimens, the
valley almost entirely lacks the native podocarps
(Podocarpaceae) and northern rata (Metrosideros
robusta) that dominated forests on the hills around
Wellington in the early 1800s (Dieffenbach 1843).
The valley was enclosed in a mammal-exclusion
fence in 1999, and all introduced mammals within
the fence were eradicated later that year. Species
known to have been present (and eradicated)
following fence completion included brushtail
possum, ship rat, house mouse, feral cat (Felis
catus), stoat, weasel (Mustela nivalis), rabbit
(Oryctolagus cuniculus), hare (Lepus europaeus) and
hedgehog (Erinaceus europaeus), although house
mice reinvaded within a year (Zealandia website;
Campbell-Hunt 2002; Blick et al. 2008). Endemic
forest birds reintroduced to the valley following
mammal eradication are listed in Table 1.
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Table 1. Endemic forest birds reintroduced to Zealandia.
There were also 10 rehabilitated New Zealand pigeons
released between 2002 and 2005 (see text). Little spotted
kiwi are primarily nocturnal and so were rarely detected
during 5-minute bird counts undertaken during daylight.

Date Species

2000-01 Little spotted kiwi
2000 North Island weka
2001-02 Whitehead

2001-02 North Island robin
2001-04 Tomtit

2001-11 Bellbird

2002-03 North Island saddleback
2002-07 Kaka

2005-10 Stitchbird

2010-11 Red-crowned parakeet

Kapiti Island (40°51'S, 174°55'E) is a 1969
ha forested nature reserve 47 km to the north-
northeast of Zealandia. Like Zealandia, much of
the island was cleared for farming in the 1800s,
and the regenerating forest is dominated by
kohekohe, tawa (Beilschmiedia tawa) and five-finger
(Fuller 2004). All introduced mammals had been
eradicated by 1996, including brushtail possums
in 1983-87 and Norway rats Rattus norvegicus and
Pacific rat R. exulans in 1996 (Cowan 1992; Empson
& Miskelly 1999; Brown 2004). Kapiti Island was the
main or sole source for many of the endemic birds
reintroduced to Zealandia, including little spotted
kiwi (Apteryx owenii), whitehead (Mohoua albicilla),
tomtit (Petroica macrocephala), North Island robin
(P. longipes), bellbird (Anthornis melanura) and red-
crowned parakeet (Cyanoramphus novaezelandiae).

Study design, data collection and analysis

Forty permanent count stations were established
inside the former Karori water reservoir catchment
(now ‘Zealandia’) in 1995, 4 years before pest
mammals were eradicated. Count stations were
spaced c.200 m apart on 4 lines, with observers
typically counting two count station lines (i.e. 20
count stations) on each survey day.

The 5-minute count methodology used was
based on Dawson & Bull (1975). Observers recorded
all birds seen or heard during 5 minutes while
stationary at each count station (unbounded counts,
sensu Dawson & Bull 1975; Hartley & Greene 2012).
Any birds that were both seen and heard were

recorded as seen only, with totals for seen + heard
combined in analyses. Counts along each line of 10
stations were undertaken by a single observer at
a time; when trainee observers were paired with
experienced observers, only those birds seen or
heard by the experienced observer were recorded.
Any birds recorded while walking between count
stations were excluded from analyses. Each station
was counted 4 times by 4 different observers per
count session (i.e. the same month in a given year),
with no more than 2 counts at any station on the
same day. Counts were postponed till later in the
month if there was persistent rain or strong winds.

Counts were undertaken in 3 blocks: before the
fence was built and pest mammals eradicated (1995-
98); 3-6 years after mammal eradication, but before
reintroduced bird populations were well established
(2002-05); and following the establishment of a
restored endemic forest bird community (2013-16).
During each count block, counts were completed in
the same 4 calendar months (January, April, July
and October) for 3 consecutive years. Each 5-minute
count was initiated between 0830 and 1430 hours,
with an even spread of count start times for each
line and station.

The analyses presented are based on 5760
5-minute bird counts split evenly between the
three count blocks. The mean count per species
was calculated for each of the 40 stations for each
count session, to minimise pseudo-replication and
to compensate for variance in observer ability.
Counts undertaken in the same calendar month
were pooled for each 3-year count block, to provide
120 independent estimates per species per ‘month’
(i.e. 40 count stations x 3 years). Count means for
each species-station-month were transformed
(square root (x+1)) to reduce skew in order to
meet requirements for parametric comparisons.
Transformed count means and variances between
count blocks for each month were compared with
2-way analyses of variance (ANOVA)).

A network of 64 bird count stations on 6 count
lines was established on Kapiti Island in the mid-
1970s (Miskelly & Robertson 2002). Counts were
undertaken by Birds New Zealand members during
1999-2002 (in January, April, July and October),
3-6 years after rat eradication, using the same
methodology as in Zealandia.

Bird community structure

Change in the Zealandia bird community structure
over time was compared by calculating Bray-
Curtis dissimilarity indices between count blocks
(Bray & Curtis 1957), based on mean 5-minute bird
counts across seasons for each 3-year count block.
The Zealandia counts were also compared with
similar count data from Kapiti Island, collected in



the same calendar months by the same core count
team following rat eradication there (Miskelly
& Robertson 2002; author, wunpubl. data). The
Zealandia/Kapiti Island comparisons were based
on mean counts for 43 species (31 shared species, 6
recorded only at Zealandia, and 6 recorded only on
Kapiti Island).

While the Bray-Curtis dissimilarity indices
presented here were calculated on encounter rates
rather than absolute abundance estimates, the
differences over time and between the two locations
provide insights into the ecological processes
affecting bird species abundance and community
structure.

Limitations of study design

The Zealandia bird survey was a Birds New Zealand
project undertaken by a large team of volunteers,
each with varying levels of ability to detect and
recognise bird calls, and it was run over a long time
period with changing personnel. This necessitated
some compromises in study methods and design.
The first was to use the basic 5-minute bird count
technique (Dawson & Bull 1975), rather than a more
complex distance-sampling methodology that
may have allowed calculation of absolute density
estimates for a smaller subset of focal species
(Greene & Pryde 2013; Broekema & Overdyck
2013). Five-minute bird counts do not provide a
measure of absolute or relative abundance, but
do provide a readily collected index of abundance
and conspicuousness (or ‘encounter rate’) suited
for comparisons within the same species over time
or between habitats (Dawson & Bull 1975; Verner
1985; Koskimies & Vaisanen 1991; Ralph et al. 1995).
This survey methodology was chosen as the most
efficient way to survey the diverse and abundant
bird community present in the valley (see Johnson
2008).

While a large number of observers were
involved over the 21 years, 39% of the counts were
completed by 3 observers who each participated in
nearly every count session, and 81% of the counts
were completed by 11 regular contributors. In order
to minimise the effects of varying observer ability
(Bibby et al. 2000; Hartley 2012), every station was
counted 4 times by different observers each count
session, and the mean count for each station was
used in analyses, rather than single-observer counts.

It was determined at the outset that there
was no suitable control site that could be used to
generate data on regional changes in bird numbers
or encounter rates over time, that would have
been independent of management actions, e.g.,
population responses to severe weather events ,
unusually wet or dry spells, or large variations
in nectar or fruit availability. This was the main
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reason for undertaking counts in 3-year blocks, and
pooling session counts for each count-month, in
order to smooth out between-year variations that
may have obscured bird population responses to
changes in predator and competitor communities.
Pooling 3 years of counts plus undertaking counts
on 2-4 different days per session also compensated
for variation in weather conditions on count days
affecting bird behaviour and detectability (Simons
et al. 2007; Hartley 2012).

Some broader scale bird count data became
available from 2011 onwards, when Greater
Wellington Regional Council (GWRC) initiated
counts at 100 randomly selected sites in forest
reserves outside the Zealandia fence, scattered
over the wider cityscape (McArthur et al. 2016).
These 5-minute bird counts were undertaken by 2-3
contractors, in November and early December (cf.
our counts undertaken in four months including
October). However, the GWRC counts overlapped
with our 2013-16 count block, allowing some
assessment of whether encounter rates for the most
frequently recorded species in Zealandia during
October in the final count block reflected their
detectability in unfenced reserves throughout the
city over the following month or so.

Related temporal problems thatare more difficult
to control for without comprehensive ecological
surveys are successional changes in vegetation
over the 21 years of the survey, and other changes
in habitat quality related to mammal exclusion. For
example, seedling density in the Zealandia forest
understorey increased after mammal exclusion,
and seedlings of species previously known to be
palatable to brushtail possums (e.g., kohekohe,
mahoe, pate Schefflera digitata and kanono Coprosma
grandifolia) were detected at higher frequencies
following eradication (Blick et al. 2008). It is likely
that some of this seedling recruitment reflected
greater availability of fruits and seeds following
eradication of possums and rats (Montague 2000;
King 2005; King et al. 2015), and would provide
even more food for birds over time.

The composition and abundance of
invertebrates available as food for birds is also
likely to have changed following mammal removal.
Within Maungatautari (a fenced forest sanctuary
in Waikato), significant increases were found in
three weta species (Orthoptera) 2 years after pest
mammal eradication, and there was a 300% increase
in the abundance of ground-dwelling beetles (Watts
2007; Watts et al. 2011). In contrast, within Zealandia
beetle abundance declined for 6 years following
mammal eradication before stabilising (Watts et al.
2014). These potential changes in habitat quality
mean that responses to mammal eradication may be
more complex than simple release from predation.
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Fig. 1. Changes in tui counts in Zealandia over 3 time
periods (birds per 5-minute bird count, mean plus
standard error). Black = 1995-98 (pre-fence), grey =
2002-05 (after pest mammal eradication), white =2013-16
(after several reintroduced endemic bird species had
become established). The differing letters above the bars
show that all counts differed significantly within each
count month (ANOVA, p <0.05).

Terminology

‘Introduced” refers to bird species introduced
to New Zealand, which were present in Karori
Reservoir or nearby before the fence was built.
‘Native’ refers to species that occur naturally in
New Zealand. ‘Reintroduced’ birds refer to endemic
species translocated to the site after the fence was
built and pest mammals eradicated. ‘Recoloniser’
is used to describe endemic species that have
recolonised and bred in the sanctuary since 2000
without any (or inconsequential) reintroduction
effort. The qualifiers ‘pre-fence’ and ‘resident” are
used for both native and introduced species that
were present in the valley before the fence was
built, and includes migratory species that use the
valley seasonally.

‘Block 1 refers to bird counts undertaken during
1995-98, before any management actions were
undertaken. ‘Block 2" refers to counts undertaken
during 2002-05, 3-6 years after pest mammals
were eradicated, but before any reintroduced bird
species were well established. ‘Block 3’ refers to

counts undertaken during 2013-16, when several
reintroduced bird species were well established
within Zealandia.

Scientific names of bird species recorded during
the counts are presented in the Appendix. Scientific
names for any additional species mentioned are
provided in the main text.

RESULTS

The response of resident bird species to removal
of mammals (Block 1 v Block 2)

The only resident bird species to show a significant
positive year-round response to pest mammal
eradication was tui, with seasonal counts increasing
7-fold between the first two count blocks (Fig. 1).
Tui was the 7"-most frequently recorded species
during Block 1, and jumped to 2™ (behind silvereye)
in Block 2 (Appendix).

The 3 other common native passerines resident
in the valley showed little apparent response to
removal of mammals, or their response was not
evident across all seasons (Fig. 2). Silvereye counts
were significantly down in January of Block 2, with
an overall decline of 13% across seasons. However,
it remained the most numerous species in both of
the first two count blocks (Appendix). Grey warbler
counts were significantly up in April and October
of Block 2, with an overall increase of 7% across
seasons. Fantail counts were significantly up in
January and October of Block 2, with an overall
increase of 24% across seasons. Following the large
increase in tui counts by Block 2, grey warbler
slipped from the 2™-ranked species in Block 1 to
3 in Block 2, and fantail slipped from 4™ to 5%
(Appendix).

Two native species that use the valley seasonally
showed an initial positive response to creation of
the sanctuary (Fig. 3). October counts for shining
cuckoo increased 67% between the first two count
blocks, and those for sacred kingfisher increased
5-fold.
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Fig. 2. Changes in counts of 3 resident native passerine species in Zealandia over 3 time periods (birds per 5-minute bird
count, mean plus standard error). Black = 1995-98, grey = 2002-05, white = 2013-16. Identical letters above 2 bars within
a given month show counts that did not differ significantly between those 2 count blocks, while differing letters show
counts that differed significantly over time (ANOVA, p > 0.05).



Resident introduced species showed a variable
but mainly neutral response to pest mammal
eradication. Histograms for the 6 most frequently
recorded species, in decreasing order of initial
count totals, are presented in Fig. 4. Blackbird
counts showed no significant change in any season,
with an overall 5% increase in encounter rates
between Block 1 and Block 2. Blackbird slipped
from the 3"-ranked species in Block 1 to 4"in Block
2 (Appendix).

Chaffinch counts increased in January and
October between the 1% two count blocks, with
an overall increase of 23% across seasons (Fig.
4B). Starling counts were the most variable of any
resident species, with a significant increase recorded
in July only (Fig. 4C). Goldfinch counts showed no
significant change in any season between Block
1 and Block 2 (Fig. 4D), while song thrush counts
were significantly down in April and up in October
(Fig. 4E), and dunnock counts were significantly up
in October only (Fig. 4F).

Establishment of re-introduced and recolonising
endemic forest bird species (Block 2 v Block 3)

Ten endemic forest bird species were translocated
to Zealandia between 2000 and 2011 (Table 1),
however, weka and tomtit failed to establish

Fig. 4. Changes in counts of
the 6 most abundant resident
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Fig. 3. Changes in shining cuckoo and sacred kingfisher
counts in Zealandia over 3 time periods (birds per
5-minute bird count, mean plus standard error). See Fig. 2
caption for explanation of notations used.
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Fig. 5. Changes in counts of 4 reintroduced endemic bird species in Zealandia over 3 time periods (birds per 5-minute
bird count, mean plus standard error). All 4 species were absent during the 1995-98 (pre-fence) counts. Grey = 2002-05
(after pest mammal eradication, including or soon after the start of reintroductions), white = 2013-16 (when all 4 species
were well established). The differing letters above the bars show that all counts differed significantly within each count

month for all species (ANOVA, p <0.05).

(Empson & Fastier 2013; Miskelly & Powlesland
2013). Eight species were released just before
or during 2002-05, and the diurnal species were
recorded in low numbers during the Block 2 counts
(e.g. whitehead ranked 7", North Island robin 8"
and bellbird 10*; Figs 5 & 6, Appendix). Two further
species were released mainly or entirely after 2005,
and so were barely detected during the Block 2
counts (Fig. 7, Appendix).

Four of the translocated diurnal forest bird
species were well established in the valley by
2013-16, and were ranked among the top 5 species

recorded during the Block 3 counts (whitehead
2nd kaka 3", North Island saddleback 4", North
Island robin 5%; Fig. 5). Red-crowned parakeet and
stitchbird were recorded in lower numbers (ranked
9*and 10" respectively; Fig 7).

Bellbirds were released in large numbers in the
valley during Block 2, but subsequently declined
in abundance, and were recorded in significantly
lower numbers in January, April and July in Block
3 (Fig. 6A).

Two further endemic forest bird species
recolonised the valley naturally before 2009, and
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Fig. 6. Changes in counts of 3 reintroduced endemic bird species in Zealandia over 3 time periods (birds per 5-minute
bird count, mean plus standard error). All 3 species were absent during the 1995-98 (pre-fence) counts, and died out or
declined after 2005. See Fig. 5 caption for explanation of notations used.
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Fig. 7. Changes in counts of 2 reintroduced endemic bird species in Zealandia over 3 time periods (birds per 5-minute
bird count, mean plus standard error). Both species were absent during the 1995-98 (pre-fence) counts, and were mainly
reintroduced after 2005. Identical letters above 2 bars within a given month show counts that did not differ significantly
between those 2 count blocks, while differing letters show counts that differed significantly over time (ANOVA, p > 0.05).

were recorded in low numbers during the Block 3
counts. A pair of New Zealand falcons first bred in
Zealandia in 2009, and falcons were recorded on
18 occasions during Block 3 (cf. a single sighting in
Block 2). Ten rehabilitated New Zealand pigeons
were tagged and released in the valley during Block
2. However, the breeding population established
since 2005 (Fig. 8) was derived mainly or entirely
from unmarked birds presumed to have recolonised
naturally from a small population at Otari-Wilton
Bush and Ngaio Gorge, 3-4 km away.

The response of resident bird species to the
establishment of a more diverse endemic bird
community (Block 2 v Block 3)

Tui counts continued to increase markedly after
2005, and it became the most frequently recorded
species during the Block 3 counts (Fig. 1, Appendix).
Averaged across seasons, tui increased 2.5-fold
between Block 2 and Block 3.

In contrast to tui, counts of other resident native
passerines declined significantly after 2005 (Fig.
2). Silvereye and fantail counts averaged across
seasons both declined by 72% between Block 2 and
Block 3, and grey warbler counts declined by 47%
(Fig. 2). These 3 species declined from being the
species with the highest encounter rate (silvereye),
3 highest (grey warbler) and 5" (fantail) in Block 2
to 6™, 7" and 12" respectively in Block 3 (Appendix).

Counts of both shining cuckoo and sacred
kingfisher declined significantly between Block 2
and Block 3 (Fig. 3). October counts declined 29%
for shining cuckoo, and 35% for sacred kingfisher.

Counts for all 6 of the most frequently recorded
resident introduced bird species in the valley
declined markedly after Block 2 (Fig. 4), with
significant declines in all four count months for
dunnock (Fig. 4F) and in three out of four count

months for blackbird, chaffinch, starling, goldfinch
and song thrush (Fig. 4).

Averaged across seasons, blackbird counts
declined 29% between Block 2 and Block 3, chaffinch
counts declined 53%, starling counts declined 66%,
goldfinch counts declined 64%, song thrush counts
declined 65%, and dunnock counts declined 74%
(Fig. 4).

For most resident species, counts within
Zealandia in October 2013-15 (Block 3) were
significantly lower than counts in unfenced
(and smaller) forested reserves elsewhere in
Wellington city undertaken in November and early
December in the same years (Fig. 9). During 2013-
15, reintroduced endemic forest birds were a rare
component of bird communities outside the fence
(all species averaged less than 0.15 individuals per
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Fig. 8. Changes in counts of New Zealand pigeon in
Zealandia over 3 time periods (birds per 5-minute bird
count, mean plus standard error). New Zealand pigeons
were recorded in 3 counts in each of the 1995-98 (pre-
fence) and 2002-05 (after pest mammal eradication)
counts, however, they mainly recolonised the valley after
2005. (white = 2013-16). See Fig. 7 caption for explanation
of notations used.



140 Miskelly
A.Tui B. Silvereye C. Grey warbler
3 ¢ 3 r 2 -
2 : A
3 B
5 B AC c
EL L B h 1 2 L -T- A A
E P . c .
1
r P RN, Lo
& [ I o
® 1 |- 1 I 1 L 1 1 1 1
el [ [ o
H ! 1 B ! 1 ! !
@ A P ;! Vo
o N . . —— 9 , : —— 0 . . . ——1
D. Blackbird E. Chaffinch F. Fantail
4 12 r 6 B 06
. - 8
L3+ c A I 1
=1 - - 1 1
= Vo 08T by o4 A
Byl P Co D
1 1 1 1
9] [ c o -Ea
o Vo 04 Vo 02 ¢ c -
RIS A
B A B . Vo -
N = P P Lo
0 . : . ——' 00 : : L—1. 00 —1 L ey
G. Dunnock H. Song thrush 1. Shining cuckoo
05 04 03 r
B B
204 f ,—I-. 8 AB
= B 1 ! 03 | I
=] 1 A -1
=] 1 02 ! [}
Fo03 f [ A A P
i o2 A T Lo
o A [ ’ . v
&02 I P P 0. I
* C 1 : 01 F 1 : 1r I 1
To1 o ¢ 0o Vo
0.0 T T T L1 00 T T L' o0 HEH
9597 02-04 13-15 Unfenced 9597 02-04 13-15 Unfenced 9597 0204 13-15 Unfenced

Fig. 9. October counts of 9 resident bird species in Zealandia over 3 time periods compared to counts undertaken in
unfenced forest reserves elsewhere in Wellington city almost concurrent with the final Zealandia count session (i.e.
October 2013-15 cf. November to early December 2013-15). Zealandia counts with solid borders: black = Block 1 (pre-
fence), grey = Block 2 (after pest mammal eradication), white = Block 3 (after reintroduced endemic birds had established).
City-wide (unfenced) counts undertaken in 2013-15, white with dashed border. Identical letters above the bars show
counts that did not differ significantly for each species, while differing letters show counts that differed significantly over
time and/or site (ANOVA, p >0.05). Unfenced bird count data from McArthur et al. (2016), with raw count data provided
courtesy of N. McArthur (Wildlife Management International Ltd) and P. Crisp (Greater Wellington Regional Council).
Translocated endemic forest birds were a minor component of unfenced Wellington forest bird communities during

2013-15 (McArthur et al. 2016).

5-minute count when all 100 city-wide sites were
combined, with only kaka averaging more than
0.05; McArthur et al. 2016). Of the 9 most abundant
resident Zealandia species, only tui and shining
cuckoo had comparable counts inside and outside
the fence in 2013-15 (Figs 9A & 9I). The seven other
resident species had all declined in Zealandia
compared to earlier counts, and all had significantly
lower counts inside the sanctuary than outside in

2013-15 (Figs 9B to 9H). Five species had ‘unfenced’
2013-15 counts that did not differ significantly from
one of the first 2 Zealandia count blocks: silvereye
(Fig. 9B), grey warbler (Fig. 9C), chaffinch (Fig. 9E),
dunnock (9G) and song thrush (Fig. 9H). Blackbirds
were significantly more abundant outside the fence
than had been recorded during any Zealandia
count block (Fig. 9D). Fantails were recorded at a
lower rate outside the fence than had been recorded
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Fig. 10. Changes in aggregated bird counts from Zealandia over 3 time periods (birds per 5-minute bird count, mean
plus standard error). A = all 37 species combined; B = 12 reintroduced or naturally recolonising endemic species; C =9
resident native species excluding tui; D = 14 resident introduced species. Black = 1995-98 (pre-fence), grey =2002-05 (after
pest mammal eradication), white = 2013-16 (after several reintroduced endemic bird species had become established).
Identical letters above 2 bars within a given month show counts that did not differ significantly between those 2 count
blocks, while differing letters show counts that differed significantly over time (ANOVA, p > 0.05).

in Zealandia in Block 1 or Block 2. However, as for
most of the resident species, the ‘unfenced” 2013-
15 (Block 3) fantail counts were still significantly
higher than the almost concurrent counts inside the
sanctuary (Fig. 9F).

Changes in the Zealandia forest bird community
over 21 years (Block 1 v Block 3)

The composition of the Zealandia forest bird
community changed dramatically between Block
1 and Block 3. The total number of birds counted
increased 52% averaged across seasons (Fig. 10A),
with the increase driven almost entirely by increases
in tui and reintroduced endemic species (Fig. 1 and
10B). In contrast, counts for most of the resident
species decreased significantly between Block 1
and Block 3 (Fig. 10C and 10D). There were a few
exceptions to this pattern among the less numerous
species, with sacred kingfisher (in October) and
California quail recorded in significantly higher
numbers in Block 3 compared to Block 1, and
eastern rosella recorded in similar low numbers in
both count periods (Fig. 3B, Appendix).

Averaged across seasons, tui counts increased
11-fold between Block 1 and Block 3. It was the
only resident species to show a significant increase
across all seasons between the first and third count
blocks (Fig. 1). Seven other resident species had
significantly lower counts in all 4 seasons in Block
3 compared to Block 1: silvereye (66% decrease, Fig.
2A), grey warbler (40% decrease, Fig. 2B), fantail
(57% decrease, Fig. 2C), chaffinch (41% decrease,
Fig. 4B), song thrush (56% decrease, Fig. 4E),
dunnock (53% decrease, Fig. 4F) and Australian
magpie (100% decrease, Appendix).

Tui was the species counted in the highest
numbers during Block 3, followed by 4 reintroduced
species (whitehead, kaka, North Island saddleback,
North Island robin), then the 3 resident species
that had been the top-ranked species in Block 1
(silvereye, grey warbler, blackbird; Fig. 11).

The successful establishment of these four
reintroduced species, the large increase in tui, and
the declines in other resident species collectively
increased the indigenous character of the valley over
time. The proportion of the total count comprised
of introduced species declined from 30% to 9%
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Fig. 11. The composition of the Zealandia bird community over 3 time periods (Blocks 1-3), compared to Kapiti Island
(1999-2002), based on the proportional record of each species during 5-minute counts undertaken in January, April, July
and August. Equal count effort was made during each month at both sites, with counts averaged across the seasons
within each count block. Block 1 = before pest mammal eradication (1995-98); Block 2 = after pest mammal eradication
(2002-05); Block 3 = after establishment of a diverse endemic bird community (2013-16). Lines enclose endemic species
reintroduced to Zealandia after pest mammals were eradicated. Abbreviated bird names: fantail = New Zealand fantail,
kakariki = red-crowned parakeet, robin = North Island robin, saddleback = North Island saddleback.

Table 2. Changing proportions of introduced, native
and endemic bird species recorded during 5-minute bird
counts in Zealandia over three time periods. Note that
endemic birds are a subset of, and included in, the native
bird component.

Block 1 Block 2 Block 3

1995-98 2002-05 2013-16
% introduced 29.8 22.1 8.9
% native 70.2 779 91.1
% endemic 21.3 45.0 83.0

between Block 1 and Block 3, while the proportion
comprised of endemic species increased from 21%
to 83% (Table 2).

The bird community in Zealandia in 2013-16
(Block 3) was more similar to that on predator-
free Kapiti Island than it was to the “pre-fence’
(Block 1) Zealandia bird community (Bray-Curtis
indices 0.543 v 0.707; Table 3 and Fig. 11). Removal
of mammals initially had a relatively small
direct impact on the Zealandia bird community
structure, but enabled reintroductions of several
bird species vulnerable to mammal predation.
Despite commencement of reintroductions of

all species except for red-crowned parakeet by
2005, there was little change in the Zealandia bird
community between 1995-98 and 2002-05 (Bray-
Curtis index for Block 1 v Block 2 = 0.233; Table 3
and Fig. 11). In contrast, there was a much greater
change in community structure between Block 2
and Block 3 counts (Bray-Curtis index = 0.504) as
the reintroduced species already present in Block 2
increased markedly in abundance, and encounter
rates for resident species other than tui declined
dramatically (Fig. 10 and 11).

DISCUSSION

The benefits of fenced forest sanctuaries to
endemic New Zealand birds

The Zealandia project has met the primary
restoration objective of restoring indigenous
character in the valley (Lynch 2000; Campbell-
Hunt 2002), at least with respect to birds. The
Zealandia restoration strategy has a multi-faceted
500-year vision, with key conservation outcomes
that include “fauna...representative of a Wellington
ecological district lowland...ecosystem restored in [and]
the indigenous character of the wvalley restored to the
enclosed area” (Lynch 2000; Campbell-Hunt 2002).
The proportion of native species within each biotic
group isidentified as an explicit measure of progress



Table 3. Matrix of Bray-Curtis dissimilarity indices
comparing the Zealandia bird community over three
time periods and with Kapiti Island counts undertaken
during 1999-2002. Scores can range between 0 (identical
community composition and abundance) and 1 (no
shared species). The decreasing values in the ‘Kapiti’
column show that the Zealandia bird community became
more similar to the Kapiti bird community over time.

Kapiti Block 1 Block 2
Block 1 (1995-98) 0.894
Block 2 (2002-05) 0.699 0.233
Block 3 (2013-16) 0.543 0.707 0.504

towards restoration of indigenous character (Lynch
2000, p.9). With 83% of the birds observed in the
valley now endemic (up from 21% before the fence
was built), Zealandia has made rapid progress
towards the goal that “in due course the nature and
quality of the valley will be overwhelmingly indigenous”
(Campbell-Hunt 2002).

The rapid increase in the proportion of endemic
birds recorded in Zealandia within 17 years of
mammal eradication was driven by an 11-fold
increase in the number of tui counted (a species that
was present in low numbers before the fence was
built), the establishment of healthy populations of
4 reintroduced diurnal forest bird species, and
marked declines in counts of silvereye (a non-
endemic native) and most introduced bird species.
The proportion of endemic birds in the valley is
likely to increase further, as New Zealand pigeon
and red-crowned parakeet (at least) have continued
to increase in conspicuousness since the counts
reported here were completed in January 2016
(author, pers. obs.).

The effective predator-resistant fence at
Zealandia has facilitated the re-establishment of
3 endemic bird species that became extinct on the
mainland after 1880 (little spotted kiwi, North Island
saddleback and stitchbird). Viable populations of
all 3 species are currently confined to sites with no
introduced mammals, or mice only (either islands
or fenced sanctuaries; Burns et al. 2012; Miskelly
& Powlesland 2013; Butler et al. 2014). Trials at
unfenced sites have indicated that North Island
saddleback and stitchbird require near-zero pest
levels for population re-establishment, and they
are unlikely to survive at unfenced mainland sites
using existing predator control methods (Burns et
al. 2012; Innes et al. 2012; Miskelly & Powlesland
2013; McArthur et al. 2017a).
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A few of the endemic bird species that have
benefited from the Zealandia project do not require
complete suppression of mammalian predators in
order to persist and thrive. Further to their rapid
increase in Zealandia since 1999, tui have also
increased across the wider city scape in response
to effective possum and rat control undertaken in
Wellington city parks and reserves (Miskelly et al.
2005; Bell 2008; Brockie & Duncan 2012; McArthur
et al. 2016). Bird counts undertaken for GWRC in
unfenced Wellington parks and reserves reveal
that tui are now encountered at similar rates inside
and outside the Zealandia fence (Fig. 9A; and
see McArthur et al. 2016). New Zealand pigeons
also persisted in unfenced Wellington reserves
(McArthur et al. 2017a), but are now increasing at
a more rapid rate within Zealandia than in other
parts of the city (data presented here, and author,
pers. obs.).

While the extent to which Zealandia has
contributed to the recovery of tui across Wellington
city is debatable, the sanctuary sustains the sole or
predominant source populations for seven other
endemic forest bird species that have been recorded
beyond the fence since they were translocated to
Zealandia (McArthur et al. 2016; McArthur et al.
2017a). Kaka is the translocated species most widely
sighted beyond the fence; it was recorded at 43 of
100 unfenced Wellington count stations, and up
to 10 km from Zealandia, between 2011 and 2016
(McArthur et al. 2017a). Other translocated species
recorded outside the fence included red-crowned
parakeet (at 21 count stations), North Island
saddleback and whitehead (both at 19 stations), and
bellbird (12 stations).

Dispersal of endemic birds beyond sanctuaries
is referred to as the halo effect, and has been
documented for several fenced sanctuaries in New
Zealand (Smuts-Kennedy & Parker 2013; McArthur
et al. 2017a; Tanentzap & Lloyd 2017). “Halo Projects’
to control predators adjacent to predator-fenced
sites have been established in Wellington, Dunedin
and Hamilton, with the aim of enhancing the
survival rates of endemic birds as they move beyond
predator exclusion fences (e.g. Enhancing the halo
http://halo.org.nz/, viewed 10 October 2017). All
of the bird species successfully translocated to
Zealandia currently have much higher survival
rates and breeding success inside the fence than
out. While at least 5 species (kaka, red-crowned
parakeet, North Island saddleback, whitehead and
North Island robin) have bred successfully in nearby
unfenced reserves (Anonymous 2016; McArthur
et al. 2016, 2017a; Annette Harvey, pers. comm. 14
Nov 2017), most attempts to date have failed due to
cat and rat predation. Within Wellington, the Halo
Project complements ‘Predator Free Wellington’,
which aims to increase bird populations through
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community-led predator trapping. The initial focus
is on eradicating rats and stoats from the Miramar
Peninsula, where possums were eradicated in 2006
(Wellington City Council 2017). In this way, fenced
sanctuaries are contributing to biodiversity gains
over a wider landscape, both through dispersal of
endemic birds, and the motivation this provides
individuals and community groups to undertake
pest control beyond the fences (Burns et al. 2012;
Russell et al. 2015).

The impacts of mammals on birds of urban forest
remnants

One of the most striking findings of this study was
that eradication of introduced mammals had little
effect on the “pre-fence’ resident birds of Zealandia.
Other than tui, counts of resident native birds
showed little response to eradication of introduced
mammals, and counts of introduced birds increased
by only 2% averaged across seasons (Figs 10C &
10D). This suggests that most of the bird species
that had survived in the presence of mammalian
predators in Wellington urban reserves were not
unduly limited by mammals, whereas (apart from
tui and New Zealand pigeon) those species that
were limited by predation had long since died out.

Nine species of native forest birds are regularly
recorded in New Zealand cities, comprised of
3 species that are common and widespread
(silvereye, grey warbler and fantail), and 6 species
that are either patchily distributed or occur at much
lower densities (tui, New Zealand pigeon, bellbird,
morepork Ninox novaeseelandiae, shining cuckoo
and sacred kingfisher) (Bull & Underhill 1983; Gill
1989; Day 1995; Brockie 1997; van Heezik et al. 2008;
MacLeod et al. 2017). The remaining native forest
birds that survived on the mainland are all endemic
species (mostly in endemic genera) that are in
the process of becoming confined to remote, cold
forests with low ship rat abundance and variable
stoat abundance (Elliott et al. 2010; Brown et al. 2015;
Walker et al. 2017).

Native forest birds can be arranged along a
gradient of their susceptibility to predation by
introduced mammals (Holdaway 1989, 1999; Innes
& Hay 1991; Innes et al. 2010). The results presented
here suggest that there may be a corresponding
gradient representing the extent to which each
species will respond to predator control or
eradication. Does resilience to predation also mean
that a species is not limited by predation? One
of the most widely reproduced predator-impact
images in New Zealand shows an adult fantail
being killed on its nest by a ship rat (Mudge 2002),
raising the expectation that removal of rats and
other predators will lead to an increase in fantails
(Department of Conservation 2010 & undated), yet

there is little evidence to support this assertion.
While fantails showed some evidence of increased
productivity within Zealandia in the absence of
mammals (based on a small increase in October
and January counts during 2002-05), this did not
translate into a year-round increase, and they
declined rapidly following the establishment of a
diverse endemic bird community. This mirrored
results reported following aerial application of 1080
to control pest mammals in Tongariro Forest Kiwi
Sanctuary, where fantail nesting success increased
following 1080 application, but no increase was
detected in 5-minute bird counts undertaken in
February, immediately after the breeding season
(Sutton et al. 2012).

Fantails are susceptible to mass die-offs during
severe weather events (Barlow 1989; Nilsson et al.
1994; Miskelly & Sagar 2008), complicating attempts
to determine the extent to which their populations
are limited by predation. Their populations are able
to recover rapidly regardless of the presence or
absence of introduced predators (Nilsson ef al. 1994;
Aikman & Miskelly 2004; McArthur et al. 2017b),
and they remain common and widely distributed
(Robertson et al. 2007; Heather & Robertson 2015).

Numerous studies have indicated that
introduced bird species and the silvereye (a recent
colonist from Australia) receive little benefit from
control of introduced mammals, either on the
New Zealand mainland or offshore islands (e.g.
Graham & Veitch 2002; Miskelly & Robertson
2002; Innes et al. 2004; Elliott et al. 2010; Starling-
Windhof et al. 2011; Johnstone MacLeod et al.
2015). However, none of these previous studies
documented the effect of eradication of ship rats
and stoats, which are widely regarded as the most
harmful introduced predators of New Zealand
forest birds (Mudge 2002; Elliott et al. 2010; Innes
et al. 2010; Brown et al. 2015). The multi-species
pest eradications completed in Zealandia in 1999
created a novel and profound change in ecological
conditions, and yet tui was the only resident
species that responded with a dramatic year-round
increase in abundance, followed several years
later by a recolonising population of New Zealand
pigeons. This same pattern is reflected in the wider
Wellington city area, where increasing levels of
pest control led to significant increases in tui and
New Zealand pigeon, but no measurable increases
in other resident species (Miskelly et al. 2005; Bell
2008; McArthur et al. 2017a). Preliminary results
from Maungatautari (a 3300 ha predator-fenced site
in the Waikato) also revealed a significant increase
in tui within 2 years of pest mammal eradication,
but few detectable responses among other resident
bird species (Fitzgerald et al. 2009).

Several authors have reported failure of grey
warblers and fantails to respond to pest control



in mainland forests, but it is unclear whether this
apparent lack of response was because these species
were not limited by predation, or was due to their
populations being suppressed through resulting
competition from species that responded positively
to pest control (see next section). In the Hunua
Ranges, New Zealand pigeon, tui and tomtit were
significantly more abundant in a managed area
compared to unmanaged areas, but grey warbler
and fantail were not (Baber et al. 2009). Neither grey
warbler nor fantail responded to pest control at
Boundary Stream, Hawke’s Bay (Ward-Smith et al.
2004), and the abundance of grey warblers actually
declined after pest management in northern Te
Urewera, and in Trounson Kauri Park and Motatau,
Northland (Jones 2000; Pierce 2001; Innes et al.
2004).

Fantail, grey warbler and silvereye all had net
increases in range on the New Zealand mainland
between 1969 and 2004 (Walker et al. 2017),
indicating that it is unlikely that any of these 3
native species are limited by predation.

The role of competition in the structure of New
Zealand forest bird communities

Establishment of a diverse community of endemic
forest birds after 2005 had a much more dramatic
effect on ‘pre-fence’ resident bird species in
Zealandia than the eradication of introduced
mammals had. Averaged across seasons, counts of
resident native birds other than tui declined 65%
between the second and third count blocks, while
counts of introduced bird species declined 51% (Fig.
10C and 10D). All these species were encountered
more often outside the fence during the Block 3
counts (Fig. 9), at a time when translocated endemic
forest bird species dispersing from Zealandia were
a minor component of unfenced Wellington forest
bird communities (McArthur ef al. 2016).

The large decline in counts of resident native
birds between the second and third count sessions
was driven by highly significant declines in counts
of the 3 (originally) most abundant native species:
silvereye, grey warbler and fantail. These same
species declined by 66-91% on Tiritiri Matangi
Island within 13-17 years of Pacific rat eradication,
concurrent with the increase in translocated
endemic bird populations that followed rat
eradication (Graham et al. 2013).

Silvereye, grey warbler, fantail and introduced
bird species are all minor components of the bird
communities on Kapiti Island and Te Hauturu-o-
Toi / Little Barrier Island, which are large, forested
islands that lack predatory mammals, and that
have diverse endemic bird communities (Diamond
& Veitch 1981; Girardet et al. 2001; Innes et al. 2010;
author, unpubl. data). Silvereyes are comparatively

Changes in an urban forest bird community 145

rare birds on both islands, as are grey warblers on
Kapiti, and none of these 3 native species comprise
more than 4% of the birds counted on either island
(Diamond & Veitch 1981; Girardet et al. 2001;
author, unpubl. data). The blackbird is the most
abundant introduced bird on both islands, but is
even rarer, comprising less than 0.6% of the birds
counted (ibid.). The Zealandia bird community is
on a trajectory towards the community structure
present on Kapiti Island, with competition from
endemic species (most likely whitehead, robin,
tui/bellbird and saddleback) the most plausible
explanation for the large declines in resident native
insectivores and introduced birds at Zealandia, and
their rarity on Kapiti Island.

Compensatory changes in bird communities
in response to management actions have been
recorded at several New Zealand sites —i.e. increases
in one or more bird species occurring concurrent
with a decline in species known or suspected to
compete with the more abundant species (Innes et
al. 2010; Graham et al. 2013). Stoat eradication on
Adele Island was followed by a significant increase
in bellbirds, but significant declines in tomtit, grey
warbler, blackbird, chaffinch and dunnock (Wilson
1988). Similarly, possum and ship rat control on
Napier Hill was followed by significant increases in
the abundance of bellbird and tui, and a significant
decline in the relative abundance of silvereyes
(Johnstone MacLeod et al. 2015). Predator control
to protect North Island kokako Callaeas wilsoni in
northern Te Urewera was followed by a significant
increase in silvereyes and whiteheads concurrent
with a significant decline in grey warblers (Jones
2000). Four bird species, including bellbird and
robin, increased on Kapiti Island following rat
eradication, with a concomitant decrease in tui and
tomtit (Miskelly & Robertson 2002; author, unpubl.
data). Competition between congeneric robins and
tomtits is considered to have been the main cause of
failure of tomtit translocations to two different sites
(Empson & Fastier 2013), and tomtits disappeared
from at least 9 small islands in Dusky Sound
following stoat eradications and the reintroduction
of South Island robins Petroica australis to nearby
islands (Miskelly et al. 2017).

Elliott et al. (2010) suggested that silvereyes
may have benefited from the declines in abundance
of competing forest bird species at Nelson Lakes.
However, the widely cited decline or disappearance
of silvereyes, grey warblers and 4 introduced bird
species on Cuvier Island following the eradication
of cats and goats (Diamond & Veitch 1981) is
contradicted by Bellingham et al. (1981) who
recorded silvereye and grey warbler as common,
and chaffinch and starling as frequently seen in the
forest on Cuvier Island.

Some of the most compelling evidence for
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competitive suppression of introduced birds by
endemic forest birds came from the infamous
invasion and irruption of ship rats on Taukihepa /
Big South Cape Island, south-west of Stewart Island,
in 1963-64 (Bell 1978; Bell et al. 2016). Introduced
passerines were rare in the absence of rats in April
1961, but several species (chaffinch and dunnock,
and possibly blackbird) increased markedly
after rats had extirpated or decimated numerous
endemic bird species including South Island
saddleback Philesturnus carunculatus, bush wren
Xenicus longipes, South Island snipe Coenocorypha
iredalei, fernbird Bowdleria punctata, South Island
robin, bellbird and 2 species of Cyanoramphus
parakeets (Bell 1978, although see Blackburn 1965
for conflicting bird counts).

Introduced birds (along with silvereyes,
grey warblers and fantails) are more resilient to
mammalian predators than are most endemic bird
species, however, most of New Zealand’s endemic
forest bird species are evidently competitively
superior in the absence of predators. Less than 2
decades after initiation, the Zealandia ecological
restoration project has demonstrated that endemic
New Zealand birds can out-compete introduced
bird species even within a tiny 225 ha fenced enclave
sandwiched between urban and rural landscapes
dominated by adventive species.

ACKNOWLEDGEMENTS

The Zealandia bird count projectis a tribute to the foresight
and commitment of Jim Lynch, Karori Sanctuary Trust,
and Zealandia staff, volunteers, members and sponsors.
Without their vision and efforts, Birds New Zealand
members would not have had reason to start the counts, or
the opportunity to document such dramaticimprovements
in the indigenous character of the Karori Reservoir valley.
Thanks also to Greater Wellington Regional Council
(GWRC) and Zealandia staff for allowing and providing for
access during times when the lower reservoir or the entire
valley were closed to the public. My appreciative thanks
to the many Birds New Zealand members and associates
who undertook the counts reported here, including Geoff
de Lisle, Allan Munro, Dallas Bishop, Derek Batcheler,
Ros Batcheler, Janice Woon, Annette Harvey, Ralph
Powlesland, Ian Armitage, Rod Orange, Steve Lawrence,
Mary McEwen, Stephen Sharp, Janet McCallum, Grace
Suckling, Bridget Makan, Stuart Nicholson, Delia Small,
Gillian Candler, John Geale, Troy Makan, Peter Reese,
Kyle Morrison, Enfys Graham, Rosemary Heather, Sarah
Jamieson, Mary Powlesland, Julia Brooke-White, Maxine
Hartley, Gordon Leary, Sheelagh Leary, Sally Truman,
Nina Wortman, Hilary Aikman, Frank Antrim, Gwyneth
Armitage, Ben Bell, Leigh Bull, Penny Carnaby, Katie
Cornish, George Curzon-Hobson, Claudia Duncan,
Raewyn Empson, Amelia Geary, Helen Griffiths, Erin
Jeneway, Joerg Kaestner, Kate McAlpine, Hayley Meehan,

Liam Miskelly, Kieran Miskelly, Jim Murray, Dianne
Rice, Nicola Robertson, Megan Sarty, Alan Tennyson and
Tina Troup. Data from bird counts from Wellington city
parks and reserves was collected by Annette Harvey, Ian
Flux and Wildlife Management International Ltd (WMIL)
under contract to GWRC. Nikki McArthur (WMIL)
and Philippa Crisp (GWRC) are gratefully thanked for
providing the 2013-15 Wellington city data included in
analyses, and Annette Harvey is thanked for information
on translocated endemic birds breeding outside the fence.
This manuscript was improved by comments received
from John Innes, Kate McAlpine, Nikki McArthur, Hugh
Robertson and Danielle Shanahan.

LITERATURE CITED

Aikman, H.; Miskelly, C. 2004. Birds of the Chatham Islands.
Wellington, Department of Conservation.

Anonymous 2016. Saddleback successfully breed
again in Wellington’s Polhill Reserve. http://i.stuff.
co.nz/dominion-post/news/wellington/87692427/
saddleback-successfully-breed-again-in-wellingtons-
polhill-reserve [viewed 13 October 2017].

Anonymous 2017. Predator Free 2050. http://www.doc.
govt.nz/Documents/our-work/predator-free-2050.pdf
[viewed 16 September 2017].

Atkinson, I.A.E. 1996. Introductions of wildlife as a cause
of species extinctions. Wildlife Biology 2: 135-141.

Azar, ].; Bell, B.D. 2016. Acoustic features within a
New Zealand forest bird community of native and
introduced species. Emu 116: 22-31.

Baber, M.; Brejaart, R.; Babbitt, K.; Lovegrove, T.; Ussher,
G. 2009. Response of non-target native birds to
mammalian pest control for kokako (Callaeas cinerea)
in the Hunua Ranges, New Zealand. Notornis 56:
176-182.

Ballance, A. 2010. Kakapo; rescued from the brink of extinction.
Nelson, Craig Potton Publishing.

Barlow, M. 1989. Decline in Southland’s fantail population.
OSNZ News 50: 8.

Bell, B.D. 1978. The Big South Cape Island rat irruption. pp
33-40 In: Dingwall, P.R.; Atkinson, L.A.E.; Hay, C. (eds.)
The ecology and control of rodents in New Zealand nature
reserves. Wellington, Department of Lands & Survey.

Bell, B.D. 2008. Tui (Prosthemadera novaeseelandiae) increase
at Seatoun, Miramar Peninsula, Wellington, New
Zealand during 1998-2006. Notornis 55: 104-106.

Bell, E.A,; Bell, B.D.; Merton, D.V. 2016. The legacy of
Big South Cape: rat irruption to rat eradication. New
Zealand Journal of Ecology 40: 212-218.

Bellingham, P.J.; Lovegrove, T.G.; McCallum, J.; Pitt, S.E.;
Southey, 1.C. 1981. Birds of Cuvier Island. Tane 27:
23-32.

Bibby, C.J.; Burgess, N.D.; Hill, D.A.; Mustoe, S. 2000. Bird
census techniques. Second Edition. London, Academic
Press.

Blackburn, A. 1965. Muttonbird islands diary. Notornis 12:
191-207.



Blick, R.; Bartholomew, R.; Burrell, T; Burns, K.C. 2008.
Successional dynamics after pest eradication in
the Karori Wildlife Sanctuary. New Zealand Natural
Sciences 33: 3-14.

Bray, J.R.; Curtis, J.T. 1957. An ordination of upland
forest communities of southern Wisconsin. Ecological
Monographs 27: 325-349.

Brockie, B. 1997. City nature; a guide to the plants & animals
in New Zealand cities and towns. Auckland, Penguin
Books.

Brockie, R.E.; Duncan, C. 2012. Long term trends in
Wellington City bird counts: 1969-2006. Notornis 59:
1-6.

Broekema, I.; Overdyck, O. 2013. Distance sampling to
estimate densities of four native forest bird species
during multi-species surveys. New Zealand Journal of
Ecology 36: 353-364.

Brown, K. (ed.) 2004. Restoring Kapiti: nature’s second chance.
Dunedin, University of Otago Press.

Brown, K.; Elliott, G.; Innes, J.; Kemp, J. 2015. Ship rat, stoat
and possum control on mainland New Zealand: an overview
of techniques, successes and challenges. Wellington,
Department of Conservation.

Bull, P.C.; Underhill, K.L. 1983. Field guide to town birds of
New Zealand. Wellington, Conservation New Zealand.

Burns, B.; Innes, J.; Day, T. 2012. The use and potential of
pest-proof fencing for ecosystem restoration and fauna
conservation in New Zealand. pp. 65-90 In: Somers,
M.]J.; Hayward, M.W. (eds.) Fencing for conservation.
New York, Springer.

Butler, D.; Lindsay, T.; Hunt, J. 2014. Paradise saved; the
remarkable story of New Zealand’s wildlife sanctuaries
and how they are stemming the tide of extinction. New
Zealand, Random House.

Campbell-Hunt, D. 2002. Developing a sanctuary: the Karori
experience. Wellington, Victoria Link.

Clapperton, B.K.; Day, T.D. 2001. Cost-effectiveness of
exclusion fencing for stoat and pest control compared
with conventional control. DOC Science Internal Series
14. Wellington, Department of Conservation.

Cowan, P.E. 1992. The eradication of introduced
Australian brushtail possums, Trichosurus vulpecula,
from Kapiti Island, a New Zealand nature reserve.
Biological Conservation 61: 217-226.

Craig, J.; Anderson, S.; Clout, M.N.; Creese, B.; Mitchell, N.;
Ogden, J.; Roberts, M.; Ussher, G. 2000. Conservation
issues in New Zealand. Annual Review of Ecology &
Systematics 31: 61-78.

Cusa, N.W.; Lockley, R M. 1980. New Zealand endangered
species; birds, bats, reptiles, freshwater fishes, snails and
insects. Auckland, Cassell New Zealand.

Dawson, D.G.; Bull, P.C. 1975. Counting birds in New
Zealand forests. Notornis 22: 101-109.

Day, T.D. 1995. Bird species composition and abundance in
relation to native plants in urban gardens, Hamilton,
New Zealand. Notornis 42: 175-186.

Department of Conservation 2010. Protecting our native
wildlife. Wellington, Department of Conservation.

Changes in an urban forest bird community 147

http://www.doc.govt.nz/Documents/conservation/
threats-and-impacts/pest-control/protecting-our-
native-wildlife.pdf [viewed 15 October 2017].

Department of Conservation, undated. Fantail/
piwakawaka. http://www.doc.govt.nz/nature/native-
animals/birds/birds-a-z/fantail-piwakawaka/ [viewed
15 October 2017].

Diamond, J.M. 1984. Distribution of New Zealand birds
on real and virtual islands. New Zealand Journal of
Ecology 7: 37-55.

Diamond, J.M.; Veitch, C.R. 1981. Extinctions and
introductions in the New Zealand avifauna: cause and
effect? Science 211: 499-501.

Dieffenbach, E. 1843. Travels in New Zealand;, with
contributions to the geography, geology, botany and
natural history of that country. Volume 1. London, John
Murray.

Elliott, G.P.; Wilson, P.R.; Taylor, R.H.; Beggs, J.R. 2010.
Declines in common, widespread native birds in a
mature temperate forest. Biological Conservation 143:
2119-2126.

Empson, R.; Fastier, D.2013. Translocations of North Island
tomtits (Petroica macrocephala toitoi) and North Island
robins (P. longipes) to Zealandia-Karori Sanctuary, an
urban sanctuary. What have we learned? Notornis 60:
63-69.

Empson, R.A.; Miskelly, C.M. 1999. The risks, costs and
benefits of using brodifacoum to eradicate rats from
Kapiti Island, New Zealand. New Zealand Journal of
Ecology 23: 241-254.

Fitzgerald, N.; Innes, J.; Forrester, G. 2009. Changes in
bird counts at Maungatautari after pest mammal
eradication: results to 2008. Landcare Research Contract
Report 0910/044. Hamilton, Landcare Research.

Fuller, S. 2004. Kapiti Island vegetation. pp. 9-18 In:
Brown, K. (ed.) Restoring Kapiti: nature’s second chance.
Dunedin, University of Otago Press.

Gill, B.J. 1989. Bird counts in regenerated urban forest at
Auckland Domain. Notornis 36: 81-87.

Girardet, S.A.B.; Veitch, C.R,; Craig, J.L. 2001. Bird and rat
numbers on Little Barrier Island, New Zealand, over
the period of cat eradication 1976-80. New Zealand
Journal of Zoology 28: 13-29.

Graham, M.F,; Veitch, C.R. 2002. Changes in bird numbers
on Tiritiri Matangi Island over the period of rat
removal. pp. 120-123 In: Veitch, C.R.; Clout, M.N.
(eds.) Turning the tide: the eradication of invasive species.
Gland, Switzerland and Cambridge, UK, IUCN SSC
Invasive Species Specialist Group, IUCN.

Graham, M.; Veitch, D.; Aguilar, G.; Galbraith, M. 2013.
Monitoring terrestrial bird populations on Tiritiri
Matangi Island, Hauraki Gulf, New Zealand, 1987-
2010. New Zealand Journal of Ecology 37: 359-369.

Greene, T.C; Pryde, M.A. 2013. Three population
estimation methods compared for a known South
Island robin population in Fiordland, New Zealand.
New Zealand Journal of Ecology 36: 340-352.

Hartley, LJ. 2012. Five-minute bird counts in New



148 Miskelly

Zealand. New Zealand Journal of Ecology 36: 268-278.

Hartley, L.; Greene, T. 2012. Incomplete counts: Five-
minute bird counts (version 1.0). DOC inventory and
monitoring toolbox (DOCDM-534972). Wellington,
Department of Conservation. http://www.doc.govt.
nz/Documents/science-and-technical/inventory-
monitoring/im-toolbox-birds-incomplete-five-min-
counts.pdf [viewed 29 September 2017].

Hayward, M.W. Kerley, G.ILH. 2009. Fencing for
conservation: restriction of evolutionary potential or a
riposte to threatening processes. Biological Conservation
142:1-13.

Heather, B.D.; Robertson, H.A. 2015. The field guide to
the birds of New Zealand. Revised edition. Auckland,
Penguin Books (NZ) Ltd.

Holdaway, R.N. 1989. New Zealand's pre-human avifauna
and its vulnerability. New Zealand Journal of Ecology 12
(supplement): 11-25.

Holdaway, R.N. 1999. Introduced predators and avifaunal
extinction in New Zealand. pp. 189-238 In: MacPhee,
R.D.E. (ed.) Extinctions in near time: causes, contexts, and
consequences. Kluwer Academic/Plenum Publishers,
New York.

Innes, ].G; Hay, J.R. 1991. The interactions of New Zealand
forest birds with introduced fauna. Acta XX Congressus
Internationalis Ornithologici 4: 2523-2530.

Innes, J.; Kelly, D.; Overton, ].McC.; Gillies, C. 2010.
Predation and other factors currently limiting New
Zealand forest birds. New Zealand Journal of Ecology 34:
86-114.

Innes, J.; Lee, W.G.; Burns, B.; Campbell-Hunt, C.; Watts,
C.; Phipps, H.; Stephens, T. 2012. Role of predator-
proof fences in restoring New Zealand’s biodiversity:
aresponse to Scofield et al. (2011). New Zealand Journal
of Ecology 36: 232-238.

Innes, J.; Nugent, G.; Prime, K.; Spurr, E. 2004. Responses
of kukupa (Hemiphaga novaeseelandiae) and other birds
to mammal pest control at Motatau, Northland. New
Zealand Journal of Ecology 28: 73-81.

Johnson, D.H. 2008. In defense of indices: the case of bird
surveys. Journal of Wildlife Management 72: 857-868.

Johnstone MacLeod, L. Dickson, R. Leckie, C,;
Stephenson, B.M.; Glen, A.S. 2015. Possum control and
bird recovery in an urban landscape, New Zealand.
Conservation Evidence 12: 44-47.

Jones, G. 2000. Five-minute bird count surveys. pp. 6672
In: Beavan, B.; Burns, R.; Harrison, A.; Shaw, P. (eds.)
Northern Te Urewera ecosystem restoration project, Te
Urewera National Park. Annual report July 1998-June
1999. Gisborne, Department of Conservation.

Kikkawa, J. 1966. Population distribution of land birds
in temperate rainforest of southern New Zealand.
Transactions of the Royal Society of New Zealand 7:
215-277.

King, C.M. (ed.) 2005. The handbook of New Zealand mammals.
Second Edition. Melbourne, Oxford University Press.

King, C.M.; Innes, J.G.; Hay, J.R. 2015. Protecting the
wildlife from introduced predators. pp. 275-306 In:

King, C.M.; Gaukrodger, D.J.; Ritchie, N.A. (eds.), The
drama of conservation; the history of Pureora Forest, New
Zealand. Cham, Switzerland, Springer International
and New Zealand Department of Conservation.

King, C.M.; Murphy, E.C. 2005. Stoat. pp. 261-286 In:
King, C.M. (ed.) The handbook of New Zealand mammals.
Second edition. Melbourne, Oxford University Press.

Koskimies, P.; Vdisanen, R.A. 1991 (eds.). Monitoring bird
populations: a manual of methods applied in Finland.
Zoological Museum, Finnish Museum of Natural
History, University of Helsinki.

Lynch, J. 1995. Back to the future. Karori — from reservoir
to wildlife sanctuary. Forest & Bird 275: 12-19.

Lynch, J. (ed.) 2000. The ecological restoration of the Karori
Wildlife Sanctuary; strategy. Wellington, Karori Wildlife
Sanctuary Trust..

MacLeod, CJ.; Howard, S.; Green, P.; Gormley, A.M,;
Wehi, P.; Brandt, A.J.; Spurr, E.B. 2017. State of New
Zealand garden birds 2016. Te ahua o nga manu o te kari
i Aotearoa. Landcare Research, Lincoln. ISBN 978-0-
947525-17-0.  https://www.landcareresearch.conz/__
data/assets/pdf_file/0017/143360/nzgbs-2016-report.
pdf [viewed 15 October 2017].

McArthur, N.; Flux, I; Harvey, A. 2017a. State and trends
in the diversity, abundance and distribution of birds
in Wellington City. Report prepared by Wildlife
Management International Ltd for Greater Wellington
Regional Council.

McArthur, N.; Harvey, A.; Flux, 1. 2016. State and trends
in the diversity, abundance and distribution of birds
in Wellington City. Report prepared by Wildlife
Management International Ltd for Greater Wellington
Regional Council.

McArthur, N.; Walter, J.; Govella, S. 2017b. State and
trends in the diversity, abundance and distribution of
birds in Upper Hutt City. Report prepared by Wildlife
Management International Ltd for Greater Wellington
Regional Council.

McCallum, J. 1982. The penetration of exotic passerines
into modified forests on Little Barrier Island, northern
New Zealand. Tane 28: 37-51.

Miskelly, C.; Empson, R.; Wright, K. 2005. Forest birds
recolonising Wellington. Notornis 52: 21-26.

Miskelly, C.M.; Powlesland, R.G. 2013. Conservation
translocations of New Zealand birds, 1863-2012.
Notornis 60: 3-28.

Miskelly, C.; Robertson, H. 2002. Response of forest birds
to rat eradication on Kapiti Island, New Zealand. p.
410 In: Veitch, C.R.; Clout, M.N. (eds.) Turning the tide:
the eradication of invasive species. Gland, Switzerland
and Cambridge, UK, IUCN SSC Invasive Species
Specialist Group, IUCN.

Miskelly, C.M.; Sagar, P.M. 2008. Establishment and local
extinction of fantails (Rhipidura fuliginosa) on the
Snares Islands, New Zealand. Notornis 55: 170-171.

Miskelly, C.M.; Tennyson, AJ.D.; Edmonds, H.K;
McMurtrie, P.G. 2017. Dispersal of endemic passerines
to islands in Dusky Sound, Fiordland, following



translocations and predator control. Notornis 64:
192-205.

Montague, T.L. (ed.) 2000. The brushtail possum: biology,
impact and management of an introduced marsupial.
Lincoln, Manaaki Whenua Press.

Mudge, D. 2002. Silence of the fantails. New Zealand
Geographic 55: 70-86.

Nilsson, R.J.; Kennedy, E.S.; West, ].A. 1994. The birdlife of
South East Island (Rangatira), Chatham Islands, New
Zealand. Notornis (supplement) 41: 109-125.

Parliamentary Commissioner for the Environment, 2017.
Taonga of an island nation: saving New Zealand’s birds.
http://www.pce.parliament.nz/media/1695/taonga-
of-an-island-nation-web-final-small.pdf [viewed 16
September 2017].

Pickard, J. 2007. Predator-proof fences for biodiversity
conservation: some lessons from dingo fences. pp.
197-207 In: Dickman, C.R.; Lunney, D.; Bergim, S.
(eds.) Animals of arid Australia: out on their own. Royal
Zoological Society of New South Wales Sydney.

Pierce, R. 2001. Diurnal birds — five minute bird counts.
pp. 43—44 In: Trounson Kauri Park Mainland Island
Annual Report 1999/2000. Whangarei, Department of
Conservation.

Ralph, CJ.; Droege, S.; Sauer, J.R. 1995. Managing and
monitoring birds using point count: standards and
applications. USDA Forest Service, Pacific Southwest
Research Station General Technical Report 149: 161-169.

Robertson, CJ.R.; Hyvonen, P.; Fraser, M.].; Pickard,
C.R. 2007. Atlas of bird distribution in New Zealand:
1992-2004. Wellington, Ornithological Society of New
Zealand.

Russell, J.C.; Innes, J.G.; Brown, P.H.; Byrom, A.E. 2015.
Predator-free New Zealand: conservation country.
Bioscience 65: 520-525.

Scofield, R.P.; Cullen, R.; Wang, M. 2011. Are predator-
proof fences the answer to New Zealand’s terrestrial
faunal biodiversity crisis? New Zealand Journal of
Ecology 35: 312-317.

Simons, T.R.; Alldredge, M.W.; Pollock, K.H.; Wettroth,
J.M. 2007. Experimental analysis of the auditory
detection process on avian point counts. Auk 124:
986-999.

Smuts-Kennedy, C.; Parker, K.A. 2013. Reconstructing
avian biodiversity on Maungatautari. Notornis 60:
93-106.

Starling-Windhof, A.; Massaro, M.; Briskie, J.V. 2011.
Differential effects of exotic predator-control on
nest success of native and introduced birds in New
Zealand. Biological Invasions 13: 1021-1028.

Sutton, N.; Guillotel, J.; Potae, R. (compilers) 2012.
Tongariro Forest Kiwi Sanctuary annual report, July
2011 - June 2012. Whakapapa Village, Department of
Conservation.  http://www.doc.govt.nz/Documents/
conservation/native-animals/birds/tfks-annual-
report-2011-12.pdf [viewed 12 April 2018].

Changes in an urban forest bird community 149

Tanentzap, AJ.; Lloyd, KM. 2017. Fencing in nature?
Predator exclusion restores habitat for native fauna
and leads biodiversity to spill over into the wider
landscape. Biological Conservation 214: 119-126.

Tennyson, A.; Martinson, P. 2007. Extinct birds of New
Zealand. Revised edition. Wellington, Te Papa Press.

Thomson, G.M. 1922. The naturalisation of animals and plants
in New Zealand. Cambridge, Cambridge University
Press.

Turbott, E.G. 1961. The interaction of native and introduced
birds in New Zealand. Proceedings of the New Zealand
Ecological Society 8: 62-66.

van Heezik, Y.; Smyth, A.; Mathieu, R. 2008. Diversity of
native and exotic birds across an urban gradient in a
New Zealand city. Landscape and Urban Planning 87:
223-232.

Verner, J. 1985. Assessment of counting techniques.
Current Ornithology 2: 247-302.

Walker, S; Monks, A.; Innes, J. 2017. Status and change
in native forest birds on New Zealand’s mainland,
1969-1979 to 1999-2004. Landcare Research Contract
Report LC2786. Dunedin, Landcare Research. http://
www.pce.parliament.nz/media/1709/1c2786_
walkeretal_forestbirds__final_corrected.pdf [viewed
13 October 2017].

Ward-Smith, T.; Sullivan, W.; Nakagawa, K.; Abbott, P.;
MacDonald, P.; Stevenson, B. 2004. Boundary Stream
Mainland Island Annual Report 2003-2004. East Coast
Conservancy, Department of Conservation, New
Zealand.

Watts, C.H. 2007. Beetle community responses to
mammal eradication in the southern exclosure on
Maungatautari. Landcare Research Contract Report
LC0607/170. Hamilton, Landcare Research.

Watts, C.H.; Armstrong, D.P.; Innes, J.; Thornburrow,
D. 2011. Dramatic increases in weta (Orthoptera)
following mammal eradication on Maungatautari
- evidence from pitfalls and tracking tunnels. New
Zealand Journal of Ecology 35: 261-272.

Watts, C.; Thornburrow, D.; Cave, V.; Innes, J. 2014. Beetle
community changes following pest mammal control
at two biodiversity sanctuaries in Wellington, New
Zealand. Journal of the Royal Society of New Zealand 44:
61-87.

Wellington City Council, 2017. Predator Free Wellington.
https://wellington.govt.nz/your-council/projects/
predator-free-wellington [viewed 10 October 2017].

Wilson, K.-J. 2004. Flight of the huia; ecology and conservation
of New Zealand’s frogs, reptiles, birds and mammals.
Christchurch, Canterbury University Press.

Wilson, P.R. 1988. Effects of stoat control on bird populations
of Adele Island, Abel Tasman National Park. DSIR
Ecology Division report prepared for the Department
of Conservation, Wellington.

Zealandia website http://www.visitzealandia.com/
[viewed 12 April 2018].



Miskelly

0T1'€S 097°cT 670°81 11821 (sewads [re) [e30L,
601 91 66 8T 01 0 voruiofiypo vidadijv) [renb eruzoyie)
81 a4 b 61 481 91 Yid smurxa snoiaohjv]d e[[9501 U1dsey
10¢ 0 T 44 IL 6.1 ua01q1y vupIouAin) ardSew uerensny
80T i 74 9T 0c VA A (%5748 m:uﬁmmﬁ\hoﬁ A9SSUJ EOMMQO 9SNOH
1EC ¥L 1€C =0¢ [ Y14 %) IVIPUV]IISIVL0U S%mx&.::mm ASHwHQvC CO@MM& puejeaz MoN
192 61 8z YAl 091 /I €z vpouws snyduwpor TaysySupy paideg
€ze /1 6 I el L Gz snp1on xfi22000sAiyD) 003ond dururyg
qee €z v 91 €91 1 o€t SLIOJYD SHaNPAD) YouyuaaIn
19% 6 folet =0¢ ¢ 0 avipuvjazavaou snydwpiouvhy  (D{rrexey) jJeaxered pouMoId-pay
9% 01 15554 Iz €€ 0 vpu1d syshuoloN (qry) paquans
00S | #4 9 SI o 01 81 sojauioquyd snpiny, ysniyj uog
186 0z LL II G6T 6 st SLv[npouL vjjounid ypouunq
709 81 18 L oLz 8 99z SHoNp.AYI SINPADD youypon
1€/ €1 €97 01 89% 0 DANUD]OUL SIULIOYIUY paiq[eg
012t SI 90¢C 6 208 9 208 sLvdna snuinjs Surpelg
130T I 69¢ 9 56 S 9zL $421200 v][18ULi] youygeyd
PILC L 88T S 9101 4 018 vsourSiynf vanpidugy [rejue) pue[esz MaN
8P€C ¥ 980T a1 6T 0 dappsnfn snuinjsajiyd JoRqR[PPES pue[s] YHON
964 S 1661 8 <08 0 sadiuoj vo10439g uIqoI puefs| Y1IoN
006 ¢ $19¢ 1 98¢ 0 SHUUOIPLIaUL 10]SIN ey
G6'e 8 06 4 Pel ¢ veel vnAaUL Snpan ], paigyderg
660'F z GLTe / ¥8 0 v]1q]0 VOO peayaym
£6T'F Z 6 ¢ 9.1 z €681 vu81 2u08A1D) [qrem LoD
€68 I 65 z 685C / 06¢ AVIPUD]2SIVA0U DAIPVULIYISOL] mf,
LSHEL 9 8191 I G/ I $929 s1v423v] sdo.ajsoz SXEIEINES
[e1oL 91-€10T §0~200T 86-5661 SUTe SYHUBIS sureu uowwos
£olg Z01g 13org

150

“[20[q FUNOD Y} UM sarads yoea
10J SUD[UEI 9)eI JOJUNOOUD Y} 1€ SoIeyr ur sarndi *(pajood s3pojq junod ¢ [[e) smojunodus jo Aousanbaiy Surseamnap ur pajsiy are sawadg *(3001q 3unod 1ad sjunod 0geT
= 310332 [enba Y3m) 9107 pue Gl Uamiaq Arenioueg LOIeY/IPUR[RIZ UT SUNOd PIIq NUIW-G )9/ SUrmp pap1odal saads piiq puef g jo sjunod [ejo], xipuaddy



151

Changes in an urban forest bird community

0TI'es 0927T 67081 118zt (sowads [e) [e30,
1 0 0 Jore 1 sisuajivy shuwufipng 003[dNd pafre}-3uo]

I 0 =£¢ I 0 vaa1] vquiniod u0a31d Yooy

I 0 =c¢ I 0 nuamo xAiaydy mpy papods

€ =97 € 0 0 Liopaysioy otifiydiog ayeye],
$1 0 4y z 0¢ a0 Saj1uL SnjjaUvA 12a0[d pagurm-indg
a1 0 Va4 11 Ic 4 vjjouLiyd vziioquig IToWWeyMO[[ax
61 ferd I} =c¢ 1 0 aV1PUV][22SIVAOU 03]V uod[ey pUB[EIZ MAN]
i 0 4 ¥ 0 SHUAISNY SNIDAIIUD) ePM
/2 0 =7z Yord 0 v]wydasosovul 110439 oy,
1€ =97 ¢ 6 6 91 61 suvxoiddp snaiD) 1arrrey duremg
/¥ =97 ¢ =7z Yird 61 /1 DUIX0IU OPUNIIE] MO[[EMS SUIOI[IA
[ 6C 1 9z 61 SI 43 vowuuv}f syanp.u) [odpay
[E10L omﬂm%wmw mNoMuwamN wﬁmvﬂumwm_ﬁ aWweU dYPUIIDG Jweu uoWIwoD)

‘Juod xrpuaddy



