Breeding success and survival of mohua at Makarora during
the 2023 rat plague, and implications for future management
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Abstract

A small mohua population at Makarora has been monitored since 2008 and is partly protected by a
trap network operated by Forest & Bird, Southern Lakes Sanctuary, and previously DoC. The
population is vulnerable to predation by rats and stoats and suffers badly during rat irruptions following
beech mast events. Such an event occurred in 2023.

In the absence of the only effective counter-measure, aerial 1080 poisoning, trapping efforts by
volunteers were doubled from June 2023 until December 2023. A bait station network was also
installed and operated by Sanctuary staff and Forest & Bird volunteers, in a core area of known and
readily accessible mohua habitat. An aerial 1080 operation was eventually undertaken in autumn
2024, after the mohua breeding season.

To measure the effectiveness of the increased trapping and poisoning in controlling the rat irruption,
mohua were banded and closely monitored within the core area and elsewhere. Banded birds were
also incorporated into an acoustic monitoring project which will use Al to identify individual bird songs
and enable non-invasive monitoring of populations.

Mohua breeding success was high within the bait station-trap grids, with 18 fledglings from 9 groups of
adults. Beyond this core area, mohua numbers have plummeted and in some monitored sites, all but
vanished. Any survivors should benefit from the autumn 2024, 1080 application, and the Forest & Bird
- Southern Lakes Sanctuary efforts will continue and expand.

Nevertheless, the Makarora mohua population is now severely at risk and is unlikely to survive the next
decade without serious intervention measures. These should include continued monitoring of rat and
stoat numbers, and of surviving mohua; regular 1080 operations; and continued and expanded
trapping and bait station operations. In addition, translocation of mohua from other sites will be
necessary to boost numbers and genetic diversity. Without these measures, the population is
doomed, and the last survivors should be rescued and placed in offshore sanctuaries.



INTRODUCTION

Mohua (Mohoua ochrocephala) have been coarsely monitored in the Makarora Valley by the
Department of Conservation (DoC) since 2008 (Thorne et al. 2008.) In 2011, with funding from the
Mohua Charitable Trust, DoC further established fixed transect surveys in the catchment to track the
trend of the mohua population over time. These surveys have been repeated annually since 2011 (van
Klink 2013; Manno 2014, 2015; Newell 2016; Tilson 2017, 2018, 2019; Tonkin and Taylor 2020; Forder
2021, Tilson 2022, Lemmens 2023). Additional monitoring by SLS in 2021 led to better understanding
of the distribution of mohua at Makarora and identified areas that could benefit from additional
predator control (Tilson 2021).

The monitoring supports and informs predator control in the northern part of the Makarora Valley
undertaken by volunteers from the Central Otago Lakes Branch of Forest & Bird (COLB). This group
has been trapping predators since 1998, focussed on protecting the mohua population. Prior to 2021,
DoC also undertook predator trapping, but this has since been taken over by volunteers. There are now
21 trap lines, with ca. 1400 traps in the northern Makarora Valley and western tributaries. A 100m trap
grid covers the Muddy Creek area adjacent to the Blue Pools tourist track, and trap lines encircle
mohua breeding habitat west of the Makarora River. These core areas, known as Muddy Grid and Jo’s
Grid, are where predator control effort has been concentrated (Fig. 1).
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Figure 1. Makarora Valley mohua monltorlng site showmg core trapping areas and bait statlon grlds

For the past 3 years, Forest & Bird has been a consortium partner in the Southern Lakes Sanctuary
Trust (SLS), a landscape scale community initiative focused on biodiversity protection and
enhancement across 660,000 ha of the Southern Lakes region. This partnership has enabled far more
predator control and monitoring to be undertaken at Makarora than could be achieved by the
volunteers alone. An analysis of mohua encounter rates by Whitmore (2021) showed that the
Makarora mohua population was approaching stability, influenced by both the COLB/SLS trapping
regime, and aerial 1080 applications by DoC in critical periods.

Native fauna at Makarora had a particularly hard year in 2023 due to a beechmast-induced rat
irruption. By May 2023 it was clear that rat numbers were likely to have a severe impact on native
fauna, especially mohua (Whitmore 2023b). It was feared that mohua declines would manifest in the
2023 monitoring season as monitoring typically straddles the beginning of the nesting period.



To try and mitigate the effects of the irruption, the SLS/COLB consortium installed and ran a ground-
based bait station network over about 360 ha of known mohua breeding habitat that was already
covered by the extensive trap network (Fig. 1). The operation was run during the mohua breeding
season (November to December 2023) and again in February 2024.

BANDING PROGRAMME

In October and November 2023, 30 mohua from across the Makarora area were caught and fitted with
colour bands in the Makarora Valley by SLS staff (see methodology, below). The main reason for
banding was to track territory occupancy and survival of mohua in the core areas subject to intensive
predator control. Mohua territories had been established during previous monitoring by SLS staff and
COLB volunteers (Tilson 2021, 2022)."

The banding also contributes to a collaborative project between SLS and Atarau Sanctuary to develop
acoustic tools for non-invasive monitoring of bird populations. This project depends on having banded
mohua so individual singing birds can be identified (see below).
https://mohuaviz.atarausanctuary.co.nz/

All banding followed best practice, with mist nets set up within mohua territories, and mohua calls
played from small USB speakers hidden near the net to bring birds down and into the net. Birds were
carefully extracted from the nets, weighed and measured, and fitted with a unique 2-color band
combination on one leg and the 2023 cohort code of white/metal on the other. The birds were held for
no more than the time required to get this done, before being released.

Results

Of the thirty mohua captured, twenty (including one re-captured) were from inside the intensively
managed areas of Muddy Grid and Jo’s Grid, or in the nearby lower Blue Valley. Of the other ten
captured mohua, seven were caught in the North Branch of the Young Valley, and single birds were
banded at each of Haast Pass, the middle Blue Valley and the main Young Valley. Of these latter ten,
only one was female (although a female was seen with the male at Haast Pass). Unfortunately, these
birds were not able to be monitored frequently during the breeding season.

In the core area of Jo’s Grid/Muddy Grid, plus the lower Blue, the 20 mohua banded, comprised 12
males and 8 females (40% female), representing nine groups or pairs (Table 1). Nine individuals,
comprising three male:female pairs and one trio (2 males, 1 female) were caught within Muddy Grid;
and eight individuals, comprising two male:female pairs, one male (from a pair where the female
wasn’t caught), and one trio (2 males, 1 female), were caught within Jo’s Grid. Another trio was caught
in the Camp Flat-Blue Loop track area of the lower Blue, and this trio had three chicks with them at
time of capture, although these chicks were not caught.

Of these nine groups initially banded, eight groups were subsequently re-sighted often, and six were
subsequently confirmed to have successfully bred with each pair or trio producing three fledglings.

" Five mohua were previously banded by DoC in 2021 for the purpose of gathering blood samples as part
of a genetics thesis. Four of these birds were banded near the Blue Pools tourist track and one of these
birds is still known today.



Breeding was un-confirmed in the other three groups. One of the pairs banded in the southeast of the
Muddy Grid was never seen again, perhaps because their territory mostly lies beyond the grid.?

Date Banded | Metal Left Leg Bands Right LegBands | S | Brood Catch Trap No:
Band # e | Patch? | Location
(CP) X
21/10/23 C83096 | Yellow/Yellow *Flur Pink/Metal | M | No Muddy Grid | Old track
21/10/23 3861 White/Metal Fluro green/fluro | F | No Old track
green Muddy Grid
21/10/23 3859 Orange/Blue White/Metal M | No Muddy Grid | Bridge
21/10/23 3860 White/Metal Pink/Pink F | Yes Muddy Grid | Bridge
18/10/23 3850 White/White White/Metal M | No Muddy Grid | S34
18/10/23 3851 Orange/Orange White/Metal F | No Muddy Grid | S34
18/10/23 3852 Teal/Teal White/Metal M | No Muddy Grid | S39
04/12/23 3867 Fluro green/Red White/Metal M | No Muddy Grid | S48
27/02/24 Blue/Blue White/Metal F | No Muddy Grid | s46
19/10/23 3853 Pink/Pink White/Metal M | No Jo’s Grid KF 21
19/10/23 3854 Green/Green White/Metal F | Yes Jo’s Grid KF 21
19/10/23 3855 White/Metal Red/Red M | No Jo’s Grid KF 25
20/10/23 3857 White/Purple White/Metal F | No Jo’s Grid JO 54
20/10/23 3858 White/Metal Orange/Orange | M | No Jo’s Grid JO54
30/11/23 3862 Red/Blue White/Metal M | No Jo’s Grid JO 45
30/11/23 3863 Blue/White White/Metal F | Yes Jo’s Grid JO 45
20/10/23 3856 Fluro green/Fluro White/Metal M | No Jo’s Grid CH7
green
01/12/23 3864 White/Metal Green/Green No LowerBlue | cfF11
01/12/23 3865 White/Metal Purple/Purple F | Yes Lower Blue | cF11
01/12/23 3866 White/Metal Yello/Yellow M | No Lower Blue CF11
.. ! . | |
05/12/23 3868 White/Metal White/White M | No HaastPass | 777
08/12/23 3869 Teal/Red White/Metal M | No Blue River
11/12/23 3870 White/Metal Blue/Blue M | No NthYoung 1
11/12/23 3871 White/Orange White/Metal M | No NthYoung 1
11/12/23 3872 Fluro green/Yellow | White/Metal M | No NthYoung 2
11/12/23 3873 Pink/Purple White/Metal M |? NthYoung %)
11/12/23 3874 Green/Orange White/Metal F | Yes NthYoung 2
12/12/23 3875 Orange/Yellow White/Metal M | No NthYoung 3
12/12/23 3876 Blue/Red White/Metal M | No NthYoung 3
13/12/23 3877 Yellow/White White/Metal M | No SthYoung

Table 1: Band combination and locations of mohua caught in 2023. * Indicates bird that was caught in
2021 as part of gathering genetics for Kann’s thesis on mohua genetics.

2 Arecorder left where this pair was banded still recorded songs at similar rates to other territorial

pairs, however it is not yet known if they were from the banded birds or others.




Of the 18 fledglings detected, some will have died. A dead chick was recovered close to its nest south
of the Blue River, five days after first being sighted. This nest was not as well protected as those in the
Muddy Grid, being outside the trap and bait station networks and suffering from access issues during
trap checks. Subsequent encounters with this pair, and their remaining chicks, were at better
protected sites away from their nest area. By the end of February 2024 this pair still had at least one
juvenile survivor.

Mohua breeding groups Nest Date chicks Date juveniles last seen
found | firstseen

Blue Pools Yes 1/12/23 n (3) | 26/2/24 n (1). Seen with female + 1
M - Orange/blue-white/metal. 21/11 other that wasn’t seen

FM - White/metal-pink/pink

South Muddy 21/11 | 4/12/23n(3) | 16/1/24n(2)

M - Fluro green/red-white/metal 16/2/24 n (2) heard but not seen

FM - Blue/blue-white/metal
M? - White/metal- Teal/teal

Highway Not 16/12/23 n 16/1/24n (2-3)
M - Yellow/yellow-Fluro found | (3) 27/2/24n (2)
pink/metal

FM - White/metal-fluro

green/fluro green

Jo 53 30/11 | 4/12/23 (3) 12/1/24 n (2-3)

M - White/metal-orange/orange
FM - White/purple-white/metal

CH7/Jo45 Not 30/11/23 (3) | 12/1/24
M - Fluro green/fluro green- found
White/Metal

M - Red/blue-white/metal
FM - Blue/white-white/metal

CF11 Not 1/12/23n (3) | 8/12/23 n (3)
M - White/metal-green/green found
F - White/metal-purple/purple

M - White/metal-yellow/yellow
Table 2: Mohua breeding groups within the Core monitored area in 2024

All the other pairs where nesting was confirmed, had at least one or two juveniles presentin late
February 2024 (Table 2), but how many of these will survive their first year is not yet known.

In contrast, in the North Young, of the seven birds (from three groups) that were banded, only one
(14%) was a female (compared with 40% female in the core trapped areas plus lower Blue Valley)
(Table 1). This is consistent with what was found in November 2023 when the regular transect
monitoring was done at this site. The group with the female is likely to have bred, based on the
presence of a brood patch on the female at time of capture, and hearing chick sounds; but the
outcome of this apparent breeding is not known.



Juvenile mortality is reputed to be high in mohua, with an estimate of only 30% survival over the first
winter, even in low predator years (Elliott 1996). It was therefore encouraging that within the core area,
at least 18 fledglings were produced from six mohua pairs or trios, and that at least some juveniles
from each group were still alive in February 2024.

Of the twenty birds banded within the core area, only one incubating female from Jo’s Grid
disappeared, presumably eaten, during the breeding season. All other monitored mohua within this
area were accounted for by season’s end. The healthy ratio of females:males, the breeding success,
and the survival of these birds during an intense influx of rodents shows that the predator control
efforts by SLS and COLB in the 2023-24 season prevented a catastrophic decline of mohua within this
area.

Sadly, this somewhat healthy mohua population status inside or near the core area, does not appear
to be replicated at sites further outside the core area. The lowest ever average encounter rate on the
mohua fixed transects was recorded in November 2023 (Lemmens 2023), and a major sex imbalance
in the North Young (a former mohua hotspot (Figure 2)) can be inferred from the mist-netting/banding
data (14% of mohua banded in the North Young were female, compared with 40% female in the core
trapped areas).The severity of rat irruptions, and inability to effectively control rats throughout all of the
mohua habitat during breeding seasons by trapping alone, has meant that outside the core area the
mohua population has been devastated. Unfortunately, this confirmed suspicions that a collapse had
occurred between the 2022 and 2023 breeding seasons and transect counts (Tilson pers observ.
2023).

3.5
3
2.5
2
1.5

1

Average enounter rrate

0.5

0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 2: Average number of mohua encountered per transect in the latest annual fixed transect
monitoring survey (from Lemmens 2023). Arrows represent 1080 applications.



Acoustic Recording Project

The aim of the mohua acoustics program is to develop tools to detect and non-invasively monitor
mohua in more detail and over wider areas than can be achieved by transects and Five-Minute Bird
Count (5MBC) surveys (Dr Laura Molles, pers. comm. 2022).

Three important components of this are the development of Al-based processes for detecting,
1) the presence of mohua,

2) the presence of at least one female on a mohua territory, and

3) the survival and location of known individuals from year to year.

Mohua songs are recorded, then used to train and test a convolutional neural network for song-based
identification of individual birds. By recording banded individuals over multiple seasons, it may be
feasible to determine whether their songs change over time, and whether acoustics can be a useful
tool for determining population changes and composition.

After mohua were banded, automated acoustic recorders (either DoC AR4s or Audiomoths, and
sometimes both) were deployed in what was thought to be the main area of activity in each territory.
Thirteen different recorders generated 17,800 hours of audio in 2023/24. In addition, individual songs
were recorded from visually identified banded birds, an essential part of the process used to train the
Al software to differentiate one bird from another.

Attempts were made to re-sight banded birds within the core area, at least every fortnight, when audio
recorders were revisited to change batteries and SD cards. SLS staff also attempted to find nests if
possible and made observations about bird behavior.
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Figure 3: Areas of intensive predator control and mohua monitoring. Black dots are bait stations in
Muddy and Jo’s grids. Yellow dots are traps at Jo’s Grid. Crimson circles show where breeding was
successful. Dark blue circles show where birds were banded but had no evidence of nesting. Yellow
circle indicates where a breeding pair and nest were found in 2022 but the female vanished (likely
eaten).



DISCUSSION

Encounter rate monitoring

Whitmore (2021) found that based on encounter rate monitoring, the mohua population at Makarora
was approaching stability (Table 3). Using data up until 2022, Whitmore (2023a) showed that while
mohua numbers on some transects were declining, increases on other transects (Blue Pools and
Muddy Grid and North Young) were balancing the losses. In a third report comparing mohua encounter
rates at five mainland sites, Whitmore hypothesized that contrary to other managed sites, the natural
recovery rates appeared to slightly exceed losses at Makarora (Whitmore 2023b). Whitmore’s (2023b)
analysis found that of the five mainland sites, Makarora was the only site not to have declining
encounter rates, and to record a marginal increase in encounters across the monitoring period. These
findings suggest that the Makarora mohua population may have retained some level of resilience
outside of major ratirruptions.

This perceived resilience at Makarora was deduced from encounter rates increasing (or staying stable)
on the Muddy Creek and Blue Pools transects where there is a trap grid, and on more remote transects
at the North Young and lower Blue. The latter areas have always held more birds, with better habitat,
apparently fewer predators and being further from the forest margins.

Whitmore (20234, b) suggested that the continual ground based trapping undertaken by COLB and
SLS, supplemented by 1080 applications in 2017 and 2019, has likely been contributing to some
mohua recovery between major rat irruptions. However, Whitmore also predicted that the rat
explosion being experienced in 2023 would have dire consequences for the Makarora mohua
population if not mitigated using 1080 poison prior to the November 2023 breeding season. Such an
operation was not planned at that time.

The average encounter rate per year and the trajectories of encounters can give a biased impression of
mohua population trends, because while recruitment may be balancing losses on some transects, the
total numbers are very low. Outside these transects, mohua seem to be quietly disappearing (Tilson,
Forder pers obs.), even prior to the 2023 rat irruption.

Outside the 100m trap grid at Muddy Creek, the density of traps is simply too low to control rats in
anything other than low to normal seasons. Haast Pass illustrates this: although there are 51 traps
protecting about 100 ha of prime habitat in mature silver beech forest, mohua have all but disappeared
from this former hot spot. The area suffers from the edge effects of being at the northern limit of
trapping and being just outside the area treated with 1080 in 2017, 2019 and 2024. The decline began
in 2020 and by 2022 only two birds were detected; in 2023, no mohua were encountered on transect
lines. Encounter rates on the Young Valley and Young Forks transects have also declined to almost
zero over the past 2 years.

Of all the transect lines monitored since 2013, only the North Young appeared to naturally sustain
higher concentrations of mohua. Even though predator management only started here in 2020, the
mohua numbers appeared to be stable until 2023 (Table 3).



YEAR

MOH MOH M™MOH MOH MOH M™MOH MOH MOH MOH MOH MOH MOH Average

1 2 3 4 5 6 7 8 9 10 1 12
2011 2.75 1.75 0.25 1.75 6 0.25 5.75 1.75 3.25 = = = 2.6
2012 1 0 0.5 0.5 1 0.25 3.25 0 0.75 - - - 0.8
2013 4.5 3.25 0 1.25 1 0.25 1.25 0 1 225 1.25 3.75 1.6
2014 3.25 0 0.5 0.5 0.75 0 1 0.75 0 1.75 1 7 1.3
2015 2.75 1.25 0 1.25 0.25 0 1.75 0 0.5 425 225 5.75 1.6
2016 1.5 0.5 0 0 0.75 0.25 1.25 0 1.75 8.25 3 8.5 2.1
2017 1 2.25 0 0 1.5 1.25 1.5 225 1.75 5 3.75 8 23
2018 6.75 1.25 0 0 4.25 2.25 4.75 0.75 1.75 5 6 10.75 3.6
2019 3.5 2.8 0 2.25 1.75 1.5 3 0.25 1.25 4 6.5 6.75 2.7
2020 3.25 0 0 1.75 1.5 0.5 4.5 0.5 3.5 3.5 6.25 7.5 2.8
2021 0.75 1 0 1.5 4.5 1.5 3.5 0 1.75 3.5 5.75 6.5 25
2022 2 0 0 2.5 2 1.25 2.75 0 1.3 0.66 7.5 6 2.16
2023 0 0 0 0.25 0.75 0 3.5 0 0.5 0 0.5 7.75 1.10

Table 3: Average encounter rate for each transect and each year of the Makarora mohua survey.

2023 rat irruption

By May 2023 it was clear that the ratirruption being experienced was likely to have a severe impact on
native fauna, especially mohua. Rat tracking at Makarora had reached record levels for the site
(Whitmore 2023b) and was fast approaching the maximal historic levels seen at any of the five sites
included in Whitmore’s (2023b) analysis. It was feared that mohua declines would manifest in the
2023 monitoring season as monitoring typically straddles the beginning of the nesting period (figure 4).

Whitmore (20234, b) postulated that the only conservation tool that could arrest this imminent
disaster would be aerial 1080 deployment prior to nesting. If this were not forthcoming, the impact on
the Makarora mohua would be dire (Whitmore 2023b). A 1080 operation finally occurred on the 27%
April 2024, well after nesting, and covered ~ 36,000ha on the true right of the Makarora catchment.

However, prior to the 1080 operation, mohua numbers had declined even further than in previous
years, outside the core protected area. Transect counts repeated in November 2023 recorded the
lowest ever average encounter rate (since monitoring of the current 12 transects began in 2013) of 1.1
mohua per transect (Lemmens 2023) (Table 3)). In the North Young, there has been a serious decline,
with one transect dropping from an average of > 6.4 encounters over the previous five years, t0 0.5
encounters in 2023. On Transect 12, while mohua were still detected, only 1 out of 8 of these was
female (Tilson, pers observ). Incidental detections of mohua in the Blue, Leven and Ore valleys were
very rare over the 2023-24 summer compared with the previous few years.
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Figure 4: changes in rat tracking indices over time (Whitmore 2023b)

Conversely, within the core protected area of Muddy and Jo’s grids, and in the lower Blue, 85-95% of
adult mohua had survived by the end of the breeding season and only one out of 20 was confirmed
lost. 67% of monitored pairs successfully bred and produced 18 fledglings.

Quite simply, this would not have been the case had it not been for the extra effort that that went into
trying to protect this area by the SLS/COLB alliance.

Within the core managed area, fortnightly trap checks from June — December 2023, plus the additional
installation, filling and maintenance of a 360ha bait station grid as an emergency response, arrested a
probable catastrophic decline of mohua in this area. This shows just how important landscape control
methods are, during a beech mast event when predator numbers surge beyond the capacity of traps
alone (Forder, 2024).

While the mahi that went into protecting the mohua in the core area was rewarded, the situation
elsewhere at Makarora is depressing. The population in the North Young, until recently a relative hot
spot for mohua, now seems on the edge of collapse. The situation elsewhere may be similar, with
fewer incidental observations of mohua over the last summer. These trends are a chilling reminder of
how hard it is to control predators during plague years without 1080.

The 1080 applied in late April 2024 may be of little benefit to the remaining mohua if the population
has been depleted as drastically as feared. Unless a proportion of females escaped being predated,
the remaining population will be seriously unbalanced, and consequently the population will be
unsustainable without human intervention. According to Elliott (1996), to maintain a viable population,
you need 40+ pairs of mohua to have two clutches per season in ‘normal’ years, to enable enough
recruitment that they can withstand a predator plague every five years. Smaller populations and those
that only produce one brood per season are most likely not to survive under such a scenario (Elliott,
1996).

Regardless of the sub-optimal timing of the 1080, the operation should however suppress rodents and
stoats during the next breeding season, with consequent benefits for any surviving mohua and other
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taonga species, such as rock wren piwauwau, kakariki, kaka, long tailed bat, pekapeka and blue duck
whio.

Genetic implications for mohua

The Makarora mohua population was already small, fragmented, and isolated prior to 2023, and over
the past few years has been reduced even further. Without additional intervention, this population will
probably become extinct within a few years due to ongoing predation pressure, potentially combined
with inbreeding depression and loss of genetic diversity. Thought needs to be given as to how and if
this can be avoided.

Kann’s work on the conservation genomics of mohua (2023) together with that of Tracy & Jamieson
(2010) found that today’s mohua form a meta-population with very limited gene flow amongst
constituent populations. The Landsborough and Makarora populations together make up a western
cluster and have become genetically differentiated from populations further south (Dart, Routeburn,
Caples) and east (Catlins, Blue Mountains) (Tracy & Jamieson 2010). Unfortunately the Makarora-
Landsborough cluster also has lower levels of genetic diversity than the other populations, as a result
of bottleneck events in the recent past (O’Donnell 2002).

Tracy & Jamieson (2010) and Kann (2023) recommend the mixing of populations, where possible and
where predator control is sufficient, to promote gene flow and reduce inbreeding, as historically
differences between populations were minimal. These authors suggested that small populations
should receive mohua from other populations.

In populations that are small and/or isolated as well as genetically depleted, genetic rescue can
mitigate the loss of diversity and danger from increased inbreeding. Genetic rescue is the act of
translocating new individuals to counteract inbreeding depression by increasing heterozygosity and
masking recessive deleterious alleles (Ingvarsson, 2001; Keller & Waller, 2002; Tallmon et al., 2004;
Kann 2024). The benefits of genetic rescue are well established (Whiteley et al., 2015).

Gene flow, usually facilitated by the movement of individuals either naturally or through human-
intervention, is essential for improving the fitness of individuals as well as for the evolutionary potential
of populations because it increases and maintains genetic diversity (Allendorf et al., 2022; Heber et al.,
2013). Without gene flow, populations are more susceptible to genetic drift (random fluctuation of
allele frequencies) and inbreeding depression leading to loss of diversity and increased extinction risk
(Carlson et al., 2014; Hanski, 1998; Wootton & Pfister, 2015).

Even a small number of migrants per generation can be enough to maintain moderate levels of genetic
diversity and lower the probably of an increasing drift load (the decrease in fitness due to increased
frequency of deleterious alleles via drift; Crow, 1970; Muller, 1950; Robinson et al., 2023) in small
populations (Allendorf et al., 2022; Kardos et al., 2021). While a single translocation event of a few
individuals has the potential to counteract inbreeding depression in the short term (e.g., 1 -3
generations; Frankham, 2016), continuous gene flow might be required to reduce the risk over a longer
time period (e.g., more than three generations; Hasselgren et al., 2018; Lotsander et al., 2021)

Genetic rescue may be an important intervention for the Makarora population. There are however
some risks associated with translocations between populations, such as disease transfer and the
uncertainty of whether individuals will successfully integrate into their new population. An option for
Makarora would be to do mainland-to-mainland translocations, supplemented with birds from both

12



the Catlins and the Blue Mountains and/or the Landsborough. Transferring a few birds each year would
minimise risks and simplify the translocation process. At the same time, some Makarora birds could
be transferred to the other sites to boost genetic diversity.

If translocations of mohua are not feasible (due to ineffective predator control, or prohibitive costs)
then consideration should be given to removing some of the remaining Makarora mohua and
transferring them to a secure island. Salvaging some birds will enable the preservation of the genetic
variation remaining in the Makarora population, and increase the genetic diversity of recipient
populations (Powlesland et al., 1995).

CONCLUSIONS

The mohua/yellowhead (Mohoua ochrocephala) is a passerine endemic to the South Island of
Aotearoa New Zealand and currently listed as “At risk — declining” by the New Zealand Threat
Classification System (Robertson et al., 2021) with a total population size of 5,000 to 10,000 birds
(BirdLife International, 2022). The species has now disappeared from 75-85 % of its former range
(O'Donnell et al., 2002) and this decline has mainly been caused by habitat loss/fragmentation and
predation by introduced mammals (Brown et al., 2015; Dilks et al., 2003; O'Donnell et al., 2002; Kann
2023).

Without widespread use of 1080 when needed, the only places where mohua appear to thrive are on
islands where genetically they are not as strong as the original founders of those Islands (Kann 2023).
This means that mainland populations of mohua are in a far more precarious position than the current
threat classification indicates. Classifying mainland mohua in the same tier as Island mohua is
misleading and could lead to complacency by decision makers when it comes to distributing
resources for aerial predator control.

Despite mohua being extremely vulnerable to predators, especially rats, they respond well when
effective predator control is available. This was demonstrated at Makarora during the 2023 rat plague,
by implementing bait stations across 360 ha of mohua habitat and enabling breeding groups to survive
and hatch/fledge young. Although juvenile mortality within the first year is high, it is expected that
some of the juveniles produced within the intensively managed 350 ha area at Makarora Valley will
survive.

However, it is not enough!

Outside the core managed area, the already small and fragmented mohua population has suffered
badly. Without additional interventions such as aerial pest control and translocations, this population
will continue to decline to the point of extinction, possibly within a single generation.

The single most useful action required to maintain mohua at Makarora is to ensure that resources are
available to implement aerial 1080 whenever it is needed to combat high rat numbers (>11%). This is
over and above maintaining and increasing the trapping and poisoning undertaken by SLS and COLB.
Translocations to Makarora from other mainland sites are also highly desirable, to introduce new
genetic material and mitigate the effects of inbreeding depression.
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RECOMMENDATIONS

Continue ground based predator control throughout the Makarora Valley

Closely monitor rodent indices for tracking rates exceeding 10%

Monitor trap catch rates to support tracking indices.

Activate bait station grids when rat tracking exceeds 10%

Expand bait station grids into peripheral areas

Investigate whether small regular translocations of mainland mohua is a possibility in
Makarora to stimulate geneflow and increase genetic diversity.

Continue monitoring of territorial mohua from mid-October and use audio recorders
throughout known habitats to check for presence of females.

Continue banding and acoustic project.

Investigate status of mohua in North Young to see how many female mohua have survived.
Investigate benefits of hand laid 1080 compared with bait stations and Diphacinone.
Lobby for Makarora to be included as a DoC managed core site under their national predator
control programme (NPCP) and give it a much higher priority for 1080.

Funding strategy to grow resources for 1080, both hand laid and aerial 1080.

Consider removing some mohua to secure island or mainland island to get Makarora genes
expressed in another population, especially if translocations are not readily available for
Makarora.

Investigate whether further genetic work could be carried outin Makarora.
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