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Abstract: Information on the day-time roost areas of North Island brown kiwi (NIBK) (Apteryx
mantelli), particularly post-translocation, is limited. This study aimed to determine the day-time
roost areas of newly translocated NIBK and compare these with birds that had established from a
translocation in the previous year. Radio telemetry was used to monitor sub-adult NIBK in the first
three weeks post-translocation simultaneously with birds released in the previous year. The data
from 15 birds (nine translocated in 2014 and six translocated in 2013) were used to calculate the area
over which roost sites were distributed. Areas were estimated using Minimum Convex Polygon
(MCP, Ha) and 50 percentile kernel density estimation (KDE, Ha). No significant difference in MCP
was determined between newly translocated 2014 birds (21.3 Ha, SE 7.92) and those translocated
in 2013 (22.85 Ha, SE 10.84) or between KDE50 for 2013 birds (16.30 Ha, SE 7.44) compared with
2014 birds (20.66 Ha, SE 8.29). Within the first three weeks post-translocation, most of the 2014
birds remained within the vicinity of their release site, which may be due to a combination of
suitable habitat/roost sites and the ‘anchoring’ effect of previously established 2013 birds. This study
provides new information on roost areas of newly translocated NIBK and highlights the importance
of post-translocation monitoring.

Keywords: Kiwi; North Island brown kiwi; roost area; translocation; monitoring; telemetry

1. Introduction

North Island brown kiwi (NIBK) (Apteryx mantelli) (Order: Apterygiformes, Family:
Apterygidae) are nocturnal flightless ratites, which are endemic to New Zealand and
are classified as ‘vulnerable’ as per the IUCN Red List [1]. Once widespread in North
Island, New Zealand, the decline of this ground-dwelling species has been primarily due to
introduced predators, such as dogs, cats, rats and stoats, but also the loss and fragmentation
of habitat [2]. Kiwi are predominantly found in New Zealand native forest habitats and
forage during the night consuming primarily invertebrates, earthworms, beetle larvae and
small amounts of fruit and leaves [3,4]. During day-light hours they retreat to burrows,
preferably in either living or dead trees, or holes in the ground in native forest habitats [5].

Translocations, the human-mediated movement of a species from one place to an-
other, is an integral component in the management of kiwi populations for the genetic
strengthening of existing populations and the establishing of new ones [6]. As a result
of increasing knowledge and success [7], translocations of New Zealand species have
progressed from initial introductions to the relatively low risk habitats of isolated pest-free
islands, to predator-proof fenced mainland sanctuaries, and finally to managed mainland
sites where predator numbers are kept to a minimum [8,9].

The post-release monitoring of translocated species is recognized as a critical require-
ment for the overall assessment of both short- and long-term success of the translocation
event as well as the improvement of future translocation protocols [6,8,10]. Despite the po-
tentially high costs involved, monitoring can provide data on post-translocation dispersal,
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the establishment of home ranges, and information for management practices to main-
tain released birds in managed areas, as well as feeding back to the species management
plans [6,10,11].

According to previous studies, home ranges can vary considerably and are likely to
be influenced by habitat area or confinement and kiwi density. Zhang et al [12] found
that dispersal by southern brown kiwi (Apteryx australis) related to the habitat availability
and location in the landscape, particularly the presence of large forest habitat patches.
Ziesemann [13] showed that nocturnal roost areas were small for NIBK on the small but high
density Ponui Island (18 km2), whereas McLennan et al. [14] found that day/night home
ranges of birds in the much larger and less dense Kahurangi National Park translocation
were considerably greater. A further example, Toy and Toy [10], in which the spatial use
and home ranges of roroa (great spotted kiwi, A. maxima) translocated to the Flora Stream
area in the Kahurangi National Park, New Zealand, was monitored for a period of 2–8 years.
Translocated birds established stable home ranges in as little as 9 days but extending to
almost 2.5 years, and these covered areas of 33–1745 ha are estimated using the Minimum
Convex Polygon approach. Additional pest control was implemented during the dispersal
phase outside of the original area to protect these far-dispersing birds (maximum 9.8 km),
while four others were retrieved and returned to the original area where they set up home
ranges. This indicates that available space or containment may limit the range size for
translocated kiwi.

One important criteria for success is the likelihood of dispersal, and whether such
dispersal remains confined to areas of suitable habitat, which in New Zealand also includes
the management of introduced terrestrial predators of endangered birds [15]. Measures to
mitigate extended dispersal and improve translocation success include holding individuals
in captive facilities in situ before release, supplementary feeding after release, acoustic
anchoring and the release of high numbers of individuals [11,16]. However, these methods
have shown variable success and do not account for the issue of the long-term effects
of dispersal.

Translocations of volant terrestrial birds showed these birds tended to move over larger
areas than resident birds, with their movements being elevated immediately following
release [17,18]. The dispersal of translocated and released flightless kiwi is also an important
issue influencing population establishment, especially at unfenced mainland sites [15]. The
extent of movement is also likely to be related to habitat quality. The territory size of NIBS
(Apteryx australis mantelli, now classified as Apteryx mantelli) decreases with the proportion
of preferred habitat [19] and it is likely that the extent of dispersal of the translocated birds
is similarly impacted.

Our study objective was to investigate the spatial day-time roost range of 12 sub-adult
male North Island brown kiwi (Apteryx mantelli) released in 2014, compared with those of
previously established birds (translocated in 2013). The study was conducted on a privately
owned mainland property under intensive pest-control. We documented the locations of
kiwi during the day (roost location) for 3 weeks immediately after their release and then
used these day-time locations as a proxy for the birds' movement and space use in the
habitat. We then determined and compared the space utilization of these newly released
kiwi to the existing birds that still had transmitters from the 2013 translocation. No specific
measures to limit dispersal and maintain birds in the protected area were implemented in
our study, although previously established birds may have acted as acoustic anchors for
newly released birds [16,20].

2. Materials and Methods

The study was conducted at Mataia Restoration Project, (hereafter referred to as
Mataia), Glorit, Kaipara Harbour, New Zealand. The property comprises a 400 Ha New
Zealand native mixed coastal broadleaf/podocarp forest and salt marshland restoration
area within a 1300 Ha private commercial pastoral sheep and beef farm (Figure 1). The
property is bounded on three sides by a 7-wire fence plus a temporary shade cloth to restrict
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dispersal of the kiwi, which was a condition of the Department of Conservation (DOC)
National Permit Number 36451-FAU, while the fourth is bounded by the Kaipara Harbour.
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Figure 1. Location of Mataia Restoration Project in relation to the Kaipara Harbour, North Island, New
Zealand (inset map), sites where birds were released in 2013 (red squares) and 2014 (red triangles) (B
Bach, BG Big Gully, BW Boardwalk, EQEII Eastern QEII Block, LTG Lemon Tree Gully, PTG Peach
Tree Gully, SQEII Southern QEII block with individual birds at each site (lower bottom) and 16
telemetry sites used in 2014 (upper left, stars)(‘Hall’ site was not used).

Translocations were conducted under the Department of Conservation (DOC) National
Permit Number 36451-FAU with animals being sourced from a kiwi crèche on Motuora
Island, Hauraki Gulf Marine Park, Auckland, New Zealand. The permit allowed for
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40 birds to be captured and translocated to Mataia Restoration Project over a period of
3 years starting in 2013, with permission to translocate up to 15 birds in the first year and
up to 25 birds in the two subsequent years. All newly released birds were to be fitted
with leg transmitters and monitored for at least 6 weeks post-translocation followed by the
monitoring of a minimum of 4 birds once a month until otherwise advised by DOC and the
National Kiwi Recovery Group.

The first birds to be translocated (13 individuals) were fitted with leg transmitters
and underwent a hard-release in May 2013 with no supplementary food provision. As
advised by DOC staff, birds were released at sites located in preferred kiwi habitat; mature
native forest [3,4], in the south east QEII block on the property (Figure 1). Seven of these
birds (one female and six males) had retained their leg transmitters in the sampling period
in 2014. As per the transfer detail of the DOC permit conditions, a further translocation
was undertaken in April 2014 using the same protocol. This involved the translocation
of 12 mixed-age NIBK (eight males and four females), all weighing 1.5 kg or above, from
the Motuora Island kiwi creche to Mataia Restoration Project. Each of these translocated
kiwis were named by members of the local community. Birds were released at one of five
designated sites deemed to be of high habitat quality and suitability for kiwi in groups as
per advice of DOC staff (Figure 1). All birds were fitted with a 20-25g adult leg-mounted
Sirtrack®or Kiwi Track®transmitter (Lotek NZ Limited and Kiwi Track Limited, Havelock
North, New Zealand) before release.

Locations of birds released in 2013 and 2014 birds were determined 3-5 times a week
between 13 April and 5 May 2014, as described by Colbourne et al. [9] to meet the require-
ments of Schedule 3 of the Special Conditions for Translocation Monitoring of the DOC
Permit. This resulted in 12 days of tracking, which started two days after release of the
2014 translocated birds.

Sixteen elevated and accessible sites around the Mataia conservation area and farm
were selected to determine bearings to birds equipped with transmitters (Figure 1). Bearings
were measured using a Silva Field 7®hand-held compass (Silva Limited, Bathgate, UK).
Bearings were selected on the basis of the direction of the strongest signal strength indicated
by the receiver. A Sirtrack VHF Ultra Receiver®(Lotek NZ Limited, Havelock North, New
Zealand), with the option of analogue or digital signal strength indicators combined with a
3-element folding Yagi antenna®(Lotek NZ Limited, Havelock North, New Zealand) were
used to receive signals from the transmitters. We obtained an average of three bearings per
kiwi per day, (range: two-six bearings per day). Bearings were recorded during daylight
hours when kiwi are roosting.

The coordinates of each kiwi roost location for each day were determined from the
bearings of the telemetry sites using the distance and direction routine installed in ArcMap
10.7 [21]. The individual bird daytime (roosting) landscape utilization was estimated using
the Minimum Convex Polygon (MCP) tool, which is normally used for the calculation
of home range [22,23]. The utilization distribution method (KDE) [24,25] particularly its
50 percentile (KDE50) core roost range size was also used to visualize the overlapping
of the bird’s roost areas [26,27]. The KDE50 is often used to describe a core home range
where an animal spends 50 % or more of its time compared to other areas [26,28], while
100% MCP and 95% KDE has frequently been used to determine the home range of a
number of different species [29,30]. The large difference in the estimates of the area that
encompasses roost sites used by kiwi generated by MCP and KDE50 analysis methods are
not unexpected due to the algorithms used in each analysis. This study does not compare
these analytical methods but focuses on the differences between roost area for birds released
in 2013 and 2014. Use of these methods (100% MCP and 95% KDE) was seen as a means to
provide a broader understanding of the spatial distribution and also to address inherent
disadvantages in each [23]. The size of the area utilized by kiwi released in 2013 was
compared with those released in 2014 using the non-parametric Mann-Whitney U test.
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3. Results
3.1. Bird Data used in the Analysis

Of the total 19 birds released at Mataia in this study, 15 of these (six from 2013 and nine
from 2014 translocations) had position fixes of acceptable quality for use in the range and
distribution tools in the ArcMap (100 % MCP Area, Ha; KDE50 percentile area, Ha) (Table 1).
Not all the bearings from tracking sites to birds with transmitters birds intersected, and
their locations could not be determined. One bird (Bird 21 Coco) dispersed approximately
2.5 km from the release site (B, Batch) in one night to a day-time roost that was located
outside of the protection zone of Mataia. This bird was retrieved and re-released 2 km to
the northwest within a bush patch (LTG, Lemon Tree Gully), in which most of the 2014
cohort birds were released. This bird then remained close to the new release site for the
duration of the observation period.

Table 1. Identification, sex, release site, number of locations used for estimating 100% MCP and
KDE50 and roost area utilized (ha) by kiwi released in 2013 (n = 6) and 2014 (n = 9) as measured by
Minimum Convex Polygons (MCP)(ha) and KDE50 (ha) using GIS ArcMET 10.2.2 v3 software for the
12 monitoring days between 13 April and 5 May 2014.

Release
Date

Bird
No Name Sex Release

Site 1
No of Lo-
cations

MCP Area
(Ha)

KDE50
Percentile
Area (Ha)

2013 1 Twisty Male BW 7 18.8 14.3

2 Taranaki Female BW 6 27.1 16.3

4 Tahi Male BW 5 16.1 13.3

9 Manuhiri Male SQEII 4 0.2 0.2

10 Charlie Male SQEII 7 72.8 51.0

12 Mātauranga Male BG 3 2.1 2.7

2014 14 Smartypants Female LTG 5 3.3 4.5

15 Manaia Male LTG 4 2.9 4.8

17 Tuarua Male PTG 3 7.9 14.4

19 George Male LTG 6 5.5 4.3

20 Ako Male B 6 22.8 18.4

21 Coco Male B 6 76.4 84.2

22 Arataki Male BG 8 35.2 24.6

23 Pukapuka Male BG 8 28.2 19.2

25 Te rākau Male LTG 6 9.3 11.8
1 Release locations of all birds; B Bach, BG Big Gully, BW Boardwalk, EQEII Eastern QEII Block, LTG Lemon Tree
Gully, PTG Peach Tree Gully, SQEII Southern QEII block.

3.2. MCP & Core KDE50 Roost Area

The MCP roost area for individual kiwi in this study ranged from 0.2–76.4 Ha (Table 1,
Figure 2). There was no significant difference (p = 0.39) between the mean roost MCPs of
birds released in 2014 (mean = 21.3, SE = 7.92, n = 9) and 2013 (mean = 22.9, SE = 10.84, n = 6)
(Table 1, Figure 2) or between the KDE50 percentile areas for the 2014 birds (mean = 20.7 ha
SE = 8.29) and 2013 birds (mean = 16.3 ha, SE = 7.44) (p = 0.26) (Table 1, Figure 3). Three
birds from the 2014 cohort showed a split distribution each with two higher location density
core roost areas (Figure 3).
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Figure 2. Roost areas for each bird determined using the Minimal Convex Polygon in hectares
(MCP ha) for kiwi translocated in 2013 (upper figure) and 2014 (lower figure with 2013 birds in
hatched polygons).

In 2013, birds were released in a tight group, all within 550 m of each other in the
southern most regenerating bush patch on the property. Determinations of roost areas
utilization in 2013 indicated that two birds remained centered on their release site, two birds
moved to the northeast and two birds to the northwest (Figures 2 and 3). The two birds
that moved to the northwest had small roost site utilization areas with little movement
of roost sites over the duration of monitoring. The small size of one (0.2 Ha) (Table 1) is
within location error and may represent the use of a single roost site. Birds dispersed up to
2 km from their release site. A number of birds showed overlapping in the areas within
which individuals selected roost sites (Figures 2 and 3).
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Birds released in 2014 were similarly released into regenerating bush areas over a
total distance of 2.1 km. Maximum dispersal distances by individual birds were similar
to that determined for the 2013 release cohort with MCPs and KDE50s being associated
with the large bush patch into which they were released (Figures 2 and 3). Overlap in roost
utilization areas occurred with individuals both within and across the two release cohorts
(2013 and 2014). Most roosting sites were in regenerating bush areas, but some occurred in
adjacent paddocks sites.

4. Discussion
4.1. Roost Area

There is a paucity of information in the literature regarding day-time roost areas of
NIBK, particularly with translocated birds. This study shows that the area over which
roost sites were distributed, measured by MCP and KDE50, was highly variable in kiwi
translocated in both 2013 and 2014, with no significant difference between the mean roost
area size for newly translocated 2014 birds determined on the basis of MCP (2014: 21.3 ha,
SE = 7.92 vs. 2013: 22.85 ha, SE = 10.83) or KDE50 (2014: 20.7 ha, SE = 8.29 vs. 2013:
16.3 ha, SE = 7.44) (Table 1, Figure 1). Notwithstanding the recapture and release of one
kiwi back into the managed area of the property in 2014, our data indicate recently released
birds were no more mobile than birds that had been released in the previous year. The
similarity in roost area may be indicative of acoustic anchoring from the presence of the
previously established 2013 birds [16,20]. This outcome is encouraging as the success of
many translocations is compromised by the distant dispersal of animals to areas where
animals may have a high mortality due to predation or movement in unsuitable habitat.
Most birds from both years utilize different roost sites each night, although the very small
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range of one bird in 2013 suggests the use of the same roost site across the tracking period.
The limited movement in roost sites shown by some birds drives the high variability in
this metric.

Comparison of our data with other studies is problematic as our estimates are based
on a small number of location fixes of non-breeding, roosting birds. Monitoring over
longer periods would likely give larger home ranges. Post-translocation movement and
range coverage of roroa (great spotted kiwi, Apteryx maxima) took some six months to
stabilize [31] with small incremental increases in range occurring for up to two years after
translocations. Notwithstanding, our estimates are of the same order as McLennan et al. [14],
who estimated the average home range of NIBK in two sites in Hawke’s Bay, monitored
for 12–27 weeks using the MCP method to be 39.5 ha (range 14.1 ha–134.4 ha). This
included both daytime and night-time sampling. In contrast, Ziesemann [13] reported
small nocturnal home range areas for non-breeding season kiwi on Ponui Island of 3.03 ha
(SD 1.41) for males and 3.14 ha (SD 0.17) for females using the MCP method. These
small ranges likely reflect a high population density of the birds (1 bird/ha). Densities
of kiwi in our study and that of McLennan et al. [14] were substantially lower at 0.1 and
0.02 birds/ha, respectively.

The literature [13,14] suggests that day-time roost or day/night-time ranges may be
influenced by habitat area and bird density. Restricted range may potentially have been
an issue in this study in relation to the proximity of the Kaipara Harbour water boundary
(Figures 2 and 3), however, Jamieson et al [5] reported that free-roaming birds used swamp
areas to a limited extent. It is suggested that the property perimeter fence had little if any
impact on roost range, as there was substantial distance between the edge of the ranges
and the property boundary. In relation to bird densities, the roost range areas in this study
are greater than that found on the confined high density Ponui Island [13], but less than the
low density, day/night range of the Hawke’s Bay study [14]. This intermediate day-time
roost area was expected, due to the lower density of birds at the Mataia property and the
large ranges of the birds in the Hawke’s Bay study, due to the measurement of both day
and night ranges.

4.2. Overlap, Roost Locations and Characteristics

There was substantial overlap in areas of the roost site distribution, determined by
MCP or KDE50, particularly within release year cohorts (Figures 2 and 3). Considerable
overlap of home range and sharing of burrows by kiwi has been reported for related birds
at the densely populated Ponui Island [14]. As the population density at the Mataia site
was low, less overlap in roost ranges within years was expected. However, an overlap of
roost ranges has been demonstrated by Jamieson et al. [5] and may reflect the proximity of
suitable habitat at the Matai site. The overlapping roost areas for Taranaki (female) and
Charlie (male) was expected as these birds had pair bonded.

It is likely that low population density, the availability of suitable habitat and the
influence of acoustic anchoring may also explain overlap between years. Of the 15 birds
released in both 2013 and 2014, 75% remained around the location of their release site.
Notable exceptions were two birds (Taranaki, Female No. 2 and Charlie, Male No. 10) from
the 2013 translocation (Figure 1) that had overlapping roosting areas to the north east of
their release location (Figure 2, lower image) and were known to be a breeding pair, and the
kiwi (Coco, Male No. 21) that was retrieved after dispersing out of the predator managed
area from its initial release location and re-released.

The impact of the presence of the 2013 cohort birds on the 2014 released birds and
vice versa is not known. Mander [32] found that newly translocated great spotted kiwi
(Apteryx maxima ) appeared to have little if any effect on established captive reared birds
who maintained their territories. However, sub-adult male kiwis may disperse toward
another territorial kiwi after translocation [33]. Established 2013 birds may also act as an
anchor for the new sub-adult birds, even within translocation events. Anecdotal evidence
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suggests that this might be the case at Mataia where birds released in 2013 ranged more
widely than the others before settling closer to other birds also released in 2013 [34].

Toy and Toy [10] highlighted the importance of the post-translocation monitoring of
translocated great spotted kiwi (Apteryx maxima) to the Flora Stream area in the Kahurangi
National Park, New Zealand. As with our 2014 translocation, this monitoring allowed
them to retrieve individuals that had dispersed outside the pest-control protected areas.
These distant dispersals increase the risk of mortality or, in the case of our study, injury
due to the proximity of a major highway.

Roost locations of the 2014 cohort birds were largely within forest habitats (Figure 2,
lower image), while the 2013 cohort birds selected roosts in both forest and pasture (Figure 2,
upper image). Home range in adult brown kiwi has been linked to habitat suitability for
food supply [14] with birds showing a preference for podocarp/broad-leafed forest [4,5].
Dixon [4] determined that Coleoptera were the most common invertebrate species found
in faecal samples of brown kiwi (Apteryx mantelli) on Ponui Island and were selected in
excess of availability. The author also determined that the Coleoptera species were more
common in forest and swamp habitats compared with scrub and pasture habitat. This,
together with the selection of preferred roost locations in dead/live or ground burrows,
supports the use of native forest as preferred habitat for brown kiwi. Dixon [4] also stated
that the use of pasture habitats in summer months was related to the availability of black
field crickets (Formicidae), which may explain the extensive use of pasture habitat by some
kiwi in the current study. Shorter billed juvenile birds may utilize other habitats such as
seral vegetation [35] or scrub and pasture [4,5] reflecting differences in food availability
associated with different bill lengths [35,36].

Habitat selection has also been linked with availability of preferred burrow sites,
which, according to Jamieson et al [5], are typically those associated with the base of
living or dead trees or ground burrows in forest habitats. These authors reported that
the preference was for long burrows with smaller entrance holes, which was likely to
provide protection from the elements and the creation of a warm microclimate at the end of
the burrows.

Although not significant, there was a substantial difference in the MCP roost area
for 2013 and 2014 when birds released in the vicinity of LTG and PTG (mean 4.43 ha,
SE = 1.23) (north western part of the study area), compared with those released in the
vicinity of BG and B (mean 37.19 ha, SE = 8.43) (southern sector of the study area). Powell
and Mitchell [37] suggested that kiwi cognitively retain a spatial plan of current resources
in their home range, and this may reflect increased suitability of the southern part of the
study area.

In summary, our study shows that, despite considerable variation, the size of the roost
area of newly translocated North Island brown kiwi in 2014 did not differ from that of
established birds translocated in 2013 in the Mataia Restoration. The majority of the newly
released birds remained in the vicinity of their release site within the first three weeks
post-translocation. This may have been related to the suitability of the habitat and the
anchoring effect of established kiwi in the vicinity of the release sites. This awaits testing.
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