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I provide a comprehensive account of the fate of a reintroduced population of North Island
robins (Petroica longipes) at Tawharanui Regional Park, a predator-free peninsular site in
the Auckland Region. All factors affecting the success of reintroductions do so through
survival, reproduction, or dispersal. | use an integrated Bayesian approach to assess the
impact these factors have on population persistence. | estimated population growth by
combining vital rates (survival and reproduction) using 9 years of post-release monitoring
data. There was no change to estimates when informative priors that accounted for site-to-
site variation were included. | determined that despite low recruitment, the population will
persist under current circumstances. | then focused on what was causing low recruitment
by distinguishing juvenile survival from permanent natal dispersal. Habitat fragmentation
prevented juvenile dispersal out of the park, and juvenile survival was low with most
mortality occurring within four months of fledging. It is low juvenile survival that is
causing low recruitment, indicating the habitat quality is marginal. Despite this, current
habitat quality and connectivity is sufficient to maintain a population, but there may be
implications for management if connectivity is increased in the future. Finally, | assessed
whether it would be sensible to harvest this population as their location makes them a
convenient source for future reintroductions. | projected population dynamics 10 years into
the future and examined the implications of a one-off harvest on population persistence.
Whilst there was negligible chance that the population would go extinct, a harvest at any
level reduced the number of females in the population throughout the 10 years, with larger
harvests causing a greater reduction. My results can be used within a decision analysis
framework to facilitate the decision of whether Tawharanui would be a suitable source

population for future reintroductions.
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Figure 1.1. Location of Tawharanui Regional Park on the east coast, north of Auckland

Figure 2.1. Growth of the North Island robin population reintroduced to Tawharanui.
Points show estimated numbers at the start of each breeding season, with 95% credible
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Figure 2.2. Changes in mean fecundity (fledglings per female) of North Island robins at
Tawharanui Regional Park in relation to breeding population size. Dots show annual
estimates with 95% credible intervals. The grey curve shows the estimated relationship
between fecundity and density, whereas the black line shows the estimated fecundity if
density dependence is excluded from the model. Dotted lines show 95% credible intervals.

Both models had uninformative priors for all parameters..................ccooiiiiiiiina. 22

Figure 2.3. Changes in the estimated mean number of fledglings per female for North
Island robins at Tawharanui Regional Park, as a function of the number of years of
monitoring data available. Black lines show estimates of the intercept based on a constant
model, and grey lines show estimates of the intercept based on the density-dependent
model. Dotted lines show 95% credible intervals. All models had uninformative priors for

Al PAIAMELETS. ...t 23

Figure 2.4. Estimated annual survival of adult (black) and juvenile (grey) North Island
robins at Tawharanui under a model with random year effects, with uninformative priors

used for all parameters. Error bars showing 95% credible intervals......................... 24

Figure 2.5. Changes in the estimated survival probabilities of adult (black) and juvenile
(grey) North Island robins as a function of the number of years of monitoring data available.
Solid lines show estimates and dotted lines show 95% credible intervals. All variables in
the reduced model fitted to all 9 years of data are included, except for the random year
effect on juvenile survival which was added when 5 years of data were available (black

arrow). Uninformative priors were used for all parameters.................c.ocooiiiiiin.. 24

Figure 2.6. Changes in the estimated finite rate of increase (1) of the reintroduced North

Island robin population at Tawharanui Regional Park as a function of the number of years



monitoring data available. Black lines show estimates (solid lines) and 95% credible
intervals (dotted lines) using informative priors, whereas grey lines show estimates and
95% credible intervals using uninformative priors. The red line shows a A value of 1,
meaning the population is expected to persist. Both models shown here exclude density-

dependence INTECUNILY....... ..o 26

Figure 3.1. Map of Tawharanui Regional Park showing the main boundaries, natural
features, and tracks. North Island robins (Petroica longipes) are present in Possum Gully,
Ecology Bush, and Takatu Bush, and absent from the North and South Coast fragments,
Home Bush, Peter’s Bush, and West ENd BUSh...........ooiiiiiiii i 37

Figure 3.2. Juvenile North Island robin with radio transmitter attached using a Rappole
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Figure 3.3. Estimated cumulative survival probability of juvenile North Island robins at
Tawharanui Regional Park as a function of weeks after fledging. Black lines show estimates
and standard errors for juveniles that fledged early (before 1 December) and grey lines
show estimates and standard errors for juveniles that fledged after 1 December. The region
between the vertical lines is the time-period (weeks 4 to 14) during which independent

juveniles were radio-traCked. ...........o.oiuiiii i 43

Figure 3.4. Predicted accessibility of different vegetation areas at Tawharanui based on
Richard and Armstrong’s (2010) estimate that gaps in forest cover > 110 m limit North
Island robin movements. The black line shows the predator exclusion fence. The pink
shading shows a 55 m buffer to all areas of vegetation > 3 m within Tawharanui, and
areas outside of this buffer were predicted to be un-crossable................................. 44

Figure 3.5. Dispersal pathways of radio-tagged female juvenile North Island robins that
travelled > 100 m at Tawharanui Regional Park from November 2015 to February 2016...45

Figure 3.6. Straight-line dispersal pathways of radio-tagged juvenile North Island robins
that travelled > 100 m at Tawharanui Regional Park from November 2015 to February
2016. All birds displayed are male, except RM_GB and RM_PO whose sexes were
1831 €110 ) D N 46

Figure 4.1. Flow of female-only stochastic model used to project population dynamics 10
years into the future, with a one-off harvest in March 2017. Nstart is the number of females



in September 2016, Nsep is the number of females in September for the remaining 9 years
projected, Nwmar is the number of females in March 2017. Ha is the number harvested. The
arrows represent the expected proportional increases or decreases based on the vital rates
(S, juvenile survival to March, after which juveniles are considered adults; f, mean female

fecundity; Saannual adult survival) ... 57

Figure 4.2. Projected dynamics of the Tawharanui robin population over the next 10 years
if no harvest is conducted. Grey lines show projections based on a model with density
dependence in fecundity, and black lines show projections from a model with no density
dependence. Solid lines show medians and dotted lines show 95% prediction intervals....58

Figure 4.3. Projected dynamics of the Tawharanui robin population over 10 years under
four possible harvests in March 2017: harvest of 5 females, harvest of 10 females, harvest
of 15 females, harvest of 20 females. Solid lines show median numbers of females and
dotted lines show 95% prediction intervals. These projections are based on the model with
density dependence in fecundity. Projections for the model with no density dependence are
similar but have higher upper prediction limits (Table 4.1) ..., 59
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Table 2.1. Informative and uninformative prior distributions for key parameters in the
population model for North Island robins reintroduced to Tawharanui. The informative
priors are based on data for 9 robin reintroductions other sites. The normal distributions (N)

show means and standard deviations, and the uniform distribution (U) shows the range...18

Table 2.2. Means and credible limits (CL) for parameters in the full model and reduced
models of fecundity and survival of North Island robins at Tawharanui Regional Park.

These estimates are based on all 9 years of data with uninformative priors.................. 21

Table 2.3. Finite rate of increase (A) and carrying capacity (K) estimates for the North
Island robin population at Tawharanui Regional Park. The first row gives estimates based
only on prior data from 9 other reintroduction sites. All other rows show estimates after 9
years of monitoring the Tawharanui population, with and without the ambiguous density
effect on fecundity. K was only estimated when the density effect (DD) was included.
Separate estimates are shown for when informative (I) and uninformative (U) priors were
used. A decreases with population growth under the density dependent model, and the

values shown are for O denSity.........coouiriiii i e 25

Table 3.1. Weekly survival probabilities with associated standard errors and lower and
upper 95% credible limits (LCL, UCL), for juvenile North Island robins from fledging (ca.
21 days after hatching) to recruitment at Tawharanui Regional Park. Separate estimates are
shown for juveniles that fledged ‘early’ (before 1 December 2015) and juveniles that
fledged ‘late’ (after 1 December 2015) ......iiriiniiii i 42

Table 4.1. Comparison of medians and 95% prediction limits (LPL, UPL) for the number
of females in the Tawharanui robin population in 2026 under four different levels of

harvest, with and without density dependence in fecundity....................oooiiiiin.n. 59
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