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1.0 Introduction 

Wildland Consultants Ltd (Wildlands) has prepared a Population Viability Analysis (PVA) for Nova 
Energy Ltd on a range of avifauna species that may be affected by the proposed Twizel Solar Farm. The 
proposed site is located within the Pukaki Ecological District and covers c.866 hectares of farmland, 
with a proposed panel area of 565 hectares. Wildlands has prepared an Avifauna Management Plan 
(AMP) for the proposed solar farm (Wildland Consultants 2026), which identifies the avifauna present 
or likely to be present at the site, the ecological values of the site, and the measures recommended to 
minimise impacts on indigenous fauna.  

A PVA model was used to project how each species' population is likely to change over the next few 
decades, to understand the risk of the proposed solar farm to local bird populations. The models were 
used to explore how populations of species respond to extra bird deaths each year over time. These 
additional deaths represent birds that may collide with infrastructure at the proposed solar farm, as 
well as deaths from any other new sources. The PVA’s purpose is to test whether the trigger points1 
proposed in the AMP and in proposed conditions of consent are set at a sufficiently conservative level. 
It is not to assess the potential for collisions.  The PVA is not able to calculate how many bird collisions 
with the solar farm could be permitted, because it cannot differentiate among sources of additional 
deaths. The PVA is also not intended to illustrate the number of collisions with solar farm infrastructure 
the population can withstand before concern is raised. Instead, the PVA can illustrate whether the 
trigger points are low enough that, if they were ever reached, the population would not be at imminent 
risk of population collapse. 

This report includes a PVA for five Threatened and four At Risk bird species, which may be affected by 
the proposed solar farm.  

2.0 Analysis Background 

Population viability analysis is a set of methods for evaluating threats faced by populations or species, 
their risk of decline or extinction, and their chances of recovery (Keedwell 2004). It allows assessment 
of different management options for a population or species, helps assess how to use limited 
resources, and identifies future research needs. PVA models can assess the effects of habitat quality, 
habitat patches, fragmented populations, migration rates between subpopulations, and genetic 
effects, such as inbreeding depression, on population viability (Keedwell 2004). They can also 
incorporate demographic parameters such as size and age, as well as birth, death and migration rates. 

Depending on the type of PVA run, the required demographic parameters can vary. Three critical 
values are needed: the starting population size, survival rates (either across life stages or as one value), 
and fecundity. Population size is the number of individuals from which the projection begins, and is 
generally expressed as mature breeding individuals (as it is here), or sometimes as breeding females. 
Survival is the probability that an individual alive at the start of a year is still alive a year later, and is 
usually estimated by marking individuals and recording how many are subsequently re-sighted or 
recaptured. Survival, by nature of how it is measured, incorporates any potential factor that could 
result in the death of an individual, including predation, weather events, and starvation. Survival 
usually differs between age classes, with young birds typically surviving less well than adults, so a PVA 
should include survivability across life stages where data is available, or there is reason to do so. When 
not modelled as an entire population, migration (both emigration and immigration) can influence 
survival values. If migration is not factored into a mark-recapture study, an individual that leaves a site 

 

1 A trigger point is an agreed number of bird deaths that, once reached, requires changes in how the site is managed and, where necessary, to 

provide compensation. 
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and does not return but also does not die may be recorded as a death. Migration rates can therefore 
be included in a PVA to account for this where needed. Fecundity is the number of offspring each 
individual contributes to the population each year. Here it is calculated as a per-capita rate, and 
incorporates information from breeding success, hatching success and fledging success. Fecundity is 
usually derived from measured productivity, expressed as fledglings per pair or per nest, adjusted for 
the proportion of young surviving to breeding age. Age at first breeding determines how long 
individuals spend in pre-breeding stages and, therefore, how long a delay occurs between adult loss 
and any consequent shortfall in recruitment. Two further quantities can be calculated rather than 
estimated or measured. The population growth rate (lambda; λ) is the factor by which the population 
is multiplied each year. This value is calculated from survival and fecundity, providing a key check: if a 
model’s growth rate does not match observed trends, the model is misparameterised, no matter how 
reliable its input data. Generation time, calculated from age at first breeding and adult survival, sets 
the period over which population change is conventionally assessed.  

As populations do not experience constant conditions, PVA models represent chance variation 
explicitly and this is generally split into two forms: demographic and environmental stochasticity 
(Lande et al. 2003). Demographic stochasticity is chance variation arising from individuals living or 
dying and breeding or failing as discrete events. For example, a population of 100 birds with a survival 
rate of 0.8 does not lose exactly 20 birds each year, every year. This variation is negligible in large 
populations but becomes a substantial driver of extinction risk in small ones, because the relative risk 
posed by individual events increases as population size falls. Environmental stochasticity is year-to-
year variation in population growth rates, arising from weather, food supply, predator abundance and 
similar external influences, and affects all individuals simultaneously. Models may also represent 
catastrophes, infrequent events, such as storms, floods or predator incursions, that cause severe 
reproductive or survival failure in a single year. Ordinary environmental variation cannot reproduce 
this, but catastrophes are often a dominant influence on extinction risk in small populations (Mangel 
& Tier 1994). These processes are random by nature, and a PVA can compound this randomness to 
create substantial variability across multiple population growth trajectories for any given species. 
Therefore, it is important to run a PVA across thousands of iterations and report the results as a 
distribution of outcomes rather than a single trajectory. 

Where a population is not closed, migration should also be represented. Movement of individuals 
between subpopulations, or between a modelled population and areas outside it, can substantially 
alter viability. Immigration can sustain a subpopulation whose own births and deaths would not 
support it. Emigration removes individuals as effectively as mortality does. Survival estimates derived 
from marked individuals usually estimate apparent survival, because a marked bird that has emigrated 
and one that has died are indistinguishable to an observer, so emigration can inflate apparent 
mortality. Migration also determines whether the effects of a localised impact remain local: where 
movement between subpopulations is substantial, losses at one site may be partly replaced from 
elsewhere, but the effect is then displaced to the wider population rather than avoided. Correlated 
environmental variation and catastrophes acting simultaneously across subpopulations further limit 
the extent to which movement can buffer local losses (Hanski 1998). Where migration rates are 
unknown, as is commonly the case, a population may be modelled as closed provided the assumption 
is stated, since this will overstate the vulnerability of a subpopulation receiving immigrants and 
understate the wider consequences of local losses. 

All required parameters are rarely all available for any single species. Where one cannot be estimated 
directly, it may sometimes be constrained by calibration; that is, by requiring the model to reproduce 
an independently observed population trend, which fixes the value of a single unknown parameter. 
This is a legitimate but limited approach. A model calibrated in this way reproduces the trend to which 
it is fitted by construction, and therefore provides no independent test of its own assumptions. This 
type of model may be overfitted and underperform when predicting into novel conditions. Where 
parameters are almost entirely absent, calibration will not help, as it can only be used to estimate a 
single parameter based on the fixed nature of others. Estimates and best guesses based on conspecifics 
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can be used for missing parameters. However, these estimates need to be made explicit. Although PVA 
is a useful technique, a quality PVA cannot be performed without sufficient data on the target species 
(Keedwell 2004). 

3.0 Methods 

3.1 Literature review 

A literature review was conducted to collect credible information on the parameters needed for nine 
bird species in the PVA. This was undertaken by searching the literature using Google Scholar. We 
estimated the abundance data, survival rates across life stages, and fecundity parameters for each 
species. We estimated the carrying capacity, density-dependence, and the effects of catastrophic 
events and incorporated them where possible. However, the data allowed reasonable estimates for 
only a few species. Where these variables could not be estimated for a species, they were calculated 
internally within the model (as discussed in the results sections for each species). We also documented 
risk factors, such as flight behaviours, recorded proximity to the site, and migratory patterns. The 
following list provides the bird species included in the PVA and their conservation status according to 
Robertson et al. (2021): 

• Kakī/black stilt (Himantopus novaezelandiae, Threatened – Nationally Critical). 

• Matuku-hūrepo/Australasian bittern (Botaurus poiciloptilus, Threatened – Nationally Critical). 

• Kōtuku/white heron (Ardea alba modesta, Threatened – Nationally Critical). 

• Tarapirohe/black-fronted tern (Childonias albostriatus, Threatened – Nationally Endangered). 

• Pūteketeke/Australasian crested grebe (Podiceps cristatus australis, Threatened – Nationally 
Vulnerable). 

• Māpunga/black shag (Phalacrocorax carbo novaehollandiae, At Risk – Relict). 

• Pohowera/banded dotterel (Charadrius bicinctus bicinctus, At Risk – Declining). 

• Tarāpuka/black-billed gull (Chroicocephalus bulleri, At Risk – Declining). 

• Tōrea/South Island pied oystercatcher (Haematopus finschi, At Risk – Declining). 

3.2 Population Viability Analysis model 

A series of species-specific PVA models was developed as a stage-structured, stochastic matrix 
projection, implemented in R version 4.4.3 and run with 2000 Monte Carlo simulations. The models 
were custom-built using base R functions. Each species was represented either as a vector of stage-
specific abundances across three life stages or, where age-class data were unavailable, as a single 
pooled class. Annual transitions between stages were governed by a Lefkovitch (stage-structured) 
projection matrix constructed from three parameters per stage: annual survival, the proportion of 
survivors remaining in their current stage rather than advancing, and per-capita recruitment into the 
first stage. The terminal stage was specified as a self-loop, such that surviving adults remain in the 
adult class indefinitely. This structure allows stage duration to be determined by the available data, so 
species that differ in age at first breeding are accommodated within a single framework by varying the 
stasis parameter alone. Parameter values and their sources are given in Table 1. 

Rather than multiplying stage abundances by expected rates, we draw integer outcomes at each time 
step. We partitioned each stage cohort into those that died, survived-and-remained, and survived-
and-advanced by a multinomial draw, and recruitment was drawn from a Poisson distribution. These 
draws use the corresponding matrix entries as their expectations and therefore introduce no bias, but 
they introduce variance that scales inversely with the square root of abundance. This demographic 
stochasticity is a source of extinction risk in small populations and is negligible in large ones. Population 
viability (but not necessarily collision risk; see below) was assessed for breeding adult populations of 
each species rather than on total population size. Adult survival accounts for most of the flexibility on 
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population growth rate in the model, and adults are resident breeding birds that commute daily to 
forage, giving them the highest exposure to site infrastructure.  
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Environmental stochasticity was incorporated as a separate process. Demographic variation is 
independent among individuals, whereas environmental variation is shared across the population. 
Vital rates were therefore redrawn each year, prior to the application of transitions, from distributions 
centred on the input means and scaled by the input standard deviations. Survival was drawn from a 
Beta distribution and fecundity from a Gamma distribution, so that draws remain within the natural 
bounds of each quantity (zero to one for survival, non-negative for fecundity). As the entire cohort 
experiences a common annual draw, this component of variance does not diminish as population size 
increases. Environmental variance also depresses long-run population growth, which is governed by 
the geometric rather than the arithmetic mean of annual growth rates. A population with a nominally 
positive mean growth rate may therefore decline once inter-annual variability is accounted for. 

Environmental stochasticity generates moderate variation between years but cannot generate 
complete reproductive failure, since a fecundity distribution centred on a viable mean assigns 
negligible probability to a zero-fledgling season. As such, catastrophic breeding failure was modelled 
explicitly for species where there was a defensible reason to do so (i.e. a single small breeding colony 
or documented past catastrophic failures). This comprised an annual probability of near-total 
reproductive failure, with a persistence term allowing failures to cluster across consecutive seasons 
rather than occurring independently. Clustered failures have a greater cumulative effect than the same 
number of isolated failures, as the population lacks an intervening recovery period. Adult survival was 
left unaffected, on the basis that colony abandonment prevents breeding without necessarily 
increasing adult mortality. 

3.3 Collision mortality 

Collision losses were applied as an additional mortality layer acting on the population prior to each 
annual demographic step. Losses could be specified in the model as a fixed number of individuals per 
year, as a per-capita annual probability, or as an explicit year-by-year schedule. Stage-specific 
vulnerability weights were applied to restrict losses to the age classes exposed to collision risk 
(i.e. actively flying birds), so chicks were never included as additional losses from collision. Removals 
were capped at the number of individuals available in each stage. 

No site-specific collision data were available for the project or for solar farms in New Zealand in 
general. Rather than adopt a single assumed collision rate, the model was run across a range of annual 
loss levels for each species. These loss levels depended on each species' estimated risk and population 
size (see the per-species methods) to produce a relationship between the number of birds lost each 
year and the predicted outcome for the population. This range-based approach serves two purposes: 
it avoids reliance on a single uncertain collision estimate, and it allows the loss level at which a 
population-level effect first emerges to be identified and compared against the trigger level set for 
that species. Risk factors, such as flight behaviours and population size were used to manually alter 
the range of additional losses. For species that were considered more likely to be present or collide 
with a solar panel, the range of additional losses was increased. 

The point at which an effect emerges was assessed using up to three complementary measures (See 
Section 5.2), these included; an observable reduction in population size relative to the no-collision 
projection, an increase in the probability of quasi-extinction by 1%, and a suppression of the population 
growth rate by 1%, with the most conservative measure adopted for each species. No single measure 
performs equally well across species that differ widely in abundance and trend; in particular, the quasi-
extinction measure is uninformative for species whose baseline probability of quasi-extinction is 
already high. Reporting all three, and taking the most conservative available, ensures a more robust 
assessment by not depending on any one metric. The loss levels reported are effects thresholds, not 
allowable levels of mortality. They describe the point at which the modelling begins to detect a 
consequence for the population, and their role here is solely to confirm that the trigger levels sit below 
that point. 



Avifauna PVA for Nova Energy Solar Farm at Twizel, Canterbury 

Wildlands © 2026 7414c.iii / September 2026  12 
 

 

3.4 Managed population augmentation 

For species subject to active breeding management, including kakī/black stilt, this assessment included 
an augmentation layer. Managed additions, comprising captive-reared birds released to the wild, were 
applied following the annual demographic step, so that released birds join the wild population and are 
then subject to the survival rate of their stage in the subsequent year. This mechanism captures high 
post-release mortality. Releases were allocated across stages according to the age at which birds are 
released. Modelling releases explicitly, rather than incorporating them into elevated vital rates, is 
important for interpreting results. An annual input of individuals converts the projection from a purely 
multiplicative process into one capable of maintaining a population at a non-zero level even when the 
intrinsic growth rate is below replacement. This describes the function performed by a captive-rearing 
programme, and it allows the contribution of management to be distinguished from the intrinsic 
performance of the wild population. 

Release output was modelled as dependent on the wild adult population rather than as a fixed annual 
input. This is necessary as the captive-rearing programme is fed mostly by eggs collected from wild 
nests, so a declining wild population reduces the number of eggs available and therefore the number 
of birds available for release. Modelled as a fixed input, releases hold the projected population at an 
artificially stable level even after it has fallen below the abundance capable of sustaining the 
programme, and any apparent stability below that level is an artefact of the assumption rather than a 
property of the population. Output was accordingly scaled in proportion to the number of wild 
breeding adults, subject to a floor representing the component produced by captive breeding pairs, 
which continues irrespective of wild numbers. 

3.5 Simulation and reporting 

For each species modelled, each parameter set was run for 2000 independent stochastic monte-carlo 
simulations over 25 years. However, 2000 simulations over 40 years were reported for tōrea/South 
Island pied oystercatcher as their generation length is substantially longer than all other species 
modelled (for example, for pohowera/banded dotterel generation time is shorter, at 6-7 years). 
Results were interpreted from the resulting distribution across these 2000 simulations rather than 
from individual trajectories. The following metrics were reported across a range of collision scenarios 
per species:  

• Median adults remaining after 25-years and the 95% confidence intervals. It should be noted that 
for this metric, the confidence intervals can be extremely wide. This reflects the uncertainty of any 
specific species’ future under any scenario across the 2000 trajectories. They are not a measure of 
uncertainty about the effect of collision, and their overlap between collision scenarios should not 
be read as indicating an absence of effect. 

• Per cent reduction against baseline (i.e. no collisions).  

• Ratio of losses relative to baseline (i.e. no collisions) and the 95% confidence intervals.  

• Probability of quasi-extinction (population falling below set thresholds per species). 

Collision scenarios were compared using a set seed, ensuring that paired runs shared the same 
identical sequence of environmental and demographic events. This approach means that the 
differences in the ratio of losses relative to the baseline (i.e. no collision) isolate the effect of the 
parameter being tested, rather than reflecting simulation variance. 
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3.6 Verification and limitations 

Matrix construction in R was verified against manual calculation, and the deterministic growth rate 
implied by the fitted parameters was compared with independently published population trends as an 
external check on plausibility, where available.  

Species-specific model limitations are listed for each species. However, several general model 
limitations should be noted in interpreting the results:  

• The model is largely density-independent. This is appropriate for populations well below carrying 
capacity over 25-years, but not appropriate for longer projections or for recovering populations 
approaching habitat limits. For species where there are recorded significant density-dependence 
effects (e.g.  kōtuku/white heron), density-dependence terms were included in the model.  

• Where species were modelled as discrete colonies or sub-populations, the models do not 
incorporate immigration and emigration rates, and so these open populations were modelled as 
closed. These models therefore overstate the vulnerability of the subpopulation as arriving 
immigrants will buffer the collision losses, and also understate the wider consequences of local 
losses, as losses to the wider population through emigration are not represented. 

• Allee effects (whereby the growth of a population reduces more quickly at low densities) are not 
represented, so projections at very low abundance should be regarded as optimistic. However, as 
most bird populations with very low numbers tend to collapse quickly regardless (e.g. kakī/black 
stilt), an additional Allee effect term was considered unnecessary.  

• Flight path and movement data were not available for this assessment. It is therefore not possible 
to estimate what proportion of any species’ population transits the project area and to convert a 
collision rate into an annual mortality estimate. Results are reported as the population response 
to a range of annual losses per species rather than as a prediction of effect.  

• Although not a general limitation, matuku-hūrepo/Australasian bittern has extremely limited 
available data and no recorded local population or colony. The model results for this species should 
be interpreted with caution and treated only as broadly indicative and subject to verification. The 
model for this species should not be interpreted with the same weight as the other species in this 
report. 

4.0 Results 

4.1 Kakī/black stilt  

4.1.1 Species specific model methods 

Kakī/black stilt were modelled as a single managed population over a 25-year projection, divided into 
juvenile, subadult (15 months to two years), and adult classes. Starting abundance was set at 141 
adults, following the most recent DOC estimate (DOC 2025), with juvenile and subadult classes derived 
from the recent release cohorts rather than from the stable stage structure, as the age structure of 
this population is determined by the captive-rearing programme rather than by wild recruitment. 
Bulling (2008) estimated the adult survival separately for kakī/black stilt released in the Tasman River 
(0.78) and elsewhere in the Mackenzie Basin (0.56). However, this study assigned individuals that were 
all part of the captive-rearing programme to these different groups by their initial release site. As such, 
the groups are release cohorts within a single managed population rather than demographically 
independent populations. The apparent difference in survivability between areas also confounds true 
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mortality with emigration, as van Heezik et al. (2009) found that 32% of released kakī/black stilt 
reaching breeding age ended up away from their release site. The Bulling (2008) study also predates 
the expansion of predator control across the Tasman, Godley and Cass valleys. Therefore, the reported 
survivability differences were presented as a sensitivity of adult survival for a single population and 
run at 0.56, 0.71 and 0.78. The central value of 0.71 is intermediate between the two release-site 
estimates, consistent with a mixed population, and broadly compatible with recorded adult counts of 
between 129 and 170 birds since 2019.  

As kakī/black stilt cannot currently sustain themselves in the wild, in-situ reproduction was modelled 
at a low rate reflecting the small proportion of eggs left in wild nests, and the release programme was 
represented explicitly as an annual addition of birds allocated across the juvenile and subadult classes. 
The release output for this model was set at up to 148 birds per annum from current adult numbers, 
and decreasing in proportion as wild adults numbers decline, but not dropping below a floor of 50 
birds per year. The floor represents the captive-bred component: DOC collects eggs from both wild 
and captive breeding pairs, with captive pairs held at the Twizel facility and the Isaac Conservation and 
Wildlife Trust, so release capacity would not fall to zero even if the wild population were lost. The 
proportion of releases derived from captive-laid rather than wild-collected eggs is not published, and 
the value adopted here should be confirmed with DOC. Sensitivity analysis across floors of zero to 148 
birds per annum indicated that a floor of 50 individuals produces the most plausible result, and that 
the parameter principally determines the level at which the population stabilises rather than the 
proportional effect of collision mortality. This model addition therefore introduces a positive feedback 
loop: collision mortality reduces the number of wild adults, which reduces the number of eggs available 
for collection, which reduces release output and so further reduces adult numbers. Two management 
scenarios were run for the zero-collision model to demonstrate the contribution of the breeding 
programme: releases continuing at current levels, and releases ceasing entirely (Figure 1). Where 
releases cease, the population declines to zero in every simulation. The comparison is shown for the 
zero-collision panel only, as the effect of ceasing releases is essentially independent of the collision 
level (Figure 1). 

Collision losses were applied to subadult and adult birds, as both subadult and adult birds are at risk 
of collision. Juveniles were excluded as first-year birds remain largely dependent until the age of 6-8 
months and most chicks are released by DOC at nine months. Once released, these birds may be 
exposed to site infrastructure as they move around the Mackenzie area foraging and will move into 
the subadult class at 15 months. Losses are allocated between the two exposed classes in proportion 
to their abundance, so approximately a quarter of modelled mortality falls on subadults. This 
moderates the effect on breeding numbers relative to an adults-only formulation, because a 
proportion of subadults would not have survived to breed in any case. Subadult survival is 0.57, so 
some subadult mortality is compensatory rather than additive.  

Viability was assessed on the breeding adult population rather than on total population size, as total 
abundance is dominated by the annually released individuals from the breeding programme. The 
viability threshold was set at 80 breeding adults, approximately the population required to supply the 
egg-pulling programme with sufficient clutches to maintain releases at its current output, based on 
approximately 41 productive breeding pairs recorded in the 2024 season. The resulting metric is the 
probability that the wild population falls below the level needed to sustain its own recovery 
programme, rather than a conventional extinction threshold. 

4.1.2 Results and interpretation 

Under continuing releases and in the absence of collision mortality, the breeding population is 
projected to decline from 141 adults to a median of 53 adults over 25 years under the central survival 
case (95% interval 34-77), 94 adults at the upper survival value and only 27 at the lower. The probability 
of the breeding population falling below the 80 adults required to sustain the captive-rearing 
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4.1.3 Model limitations 

The model has several kakī/black stilt specific limitations. First, and most significantly, kakī/black stilt 
were not recorded in the Ōhau River system in any round of Project River Recovery's walk-through 
surveys, including the 2023 and 2024 surveys of the Upper and Lower Ōhau Rivers (Nelson et al. 2025). 
The species' stronghold within the basin is the Tasman River, where 17 birds were recorded in 2024 
(Nelson et al. 2025). The population modelled in this report is therefore the managed Mackenzie Basin 
population rather than a population resident at or adjacent to the project footprint, and results should 
be read as an assessment of effects on that wider population conditional on birds using the site.  

Second, the model is density-independent and does not represent an Allee effect. This matters more 
for kakī/black stilt than for the other species assessed, because reduced mate availability and 
hybridisation with poaka/pied stilt (Himantopus himantopus leucocephalus, Not Threatened) are 
documented mechanisms by which reproductive performance declines at low abundance. Projections 
in the lower-abundance scenarios, and in particular the releases-ceasing scenario, should therefore be 
regarded as optimistic relative to the likely outcome. However, as the model already predicts rapid 
declines, including an Allee effect term was considered unnecessary.  

Third, the results are conditional on the Kakī Recovery Programme maintaining at least a 50 individual 
annual output for the duration of the projection period. The wild fecundity rate is also derived rather 
than a measured value, estimated from reported per-pair productivity and the proportion of adults in 
productive pairs. No published per-capita recruitment rate for wild kakī/black stilt was located. 

4.2 Matuku-hūrepo/Australasian bittern 

4.2.1 Species specific model methods 

Matuku-hūrepo/Australasian bittern was modelled as a single unstructured population of mature 
individuals over a 25-year projection. An unstructured model is appropriate for this species rather than 
being a limitation of available data as Matuku-hūrepo/Australasian bittern reach sexual maturity at 
approximately one year, so there is no subadult class to represent in the model, and the stage structure 
collapses to a single reproductive class. It should be noted that neither adult survival nor fecundity has 
ever been measured for matuku-hūrepo/Australasian bittern, and O'Donnell (2011) states explicitly 
that there are no quantifiable data on nesting success. Documented information is limited to breeding 
biology: a clutch of three to five eggs (mean four), a single brood per season, incubation of 
approximately 25 days, and chicks remaining in the nest for approximately seven weeks. The literature 
suggests nest success and chick survival are particularly low but has not been quantified. In the absence 
of measured rates, the model was calibrated to the New Zealand Threat Classification System (NZTCS) 
2021 criterion, under which the species qualifies as Threatened – Nationally Critical on the basis of 
250-1,000 mature individuals undergoing a decline of 50-70% over three generations (Robertson et al. 
2021). Generation time is approximately 4.5 years, so the assessment period is 13.6 years. As such, 
extrapolating the decline rate from the NZTCS and the generation time, implies an annual growth rate 
between 0.916 and 0.950. Fecundity was set at 0.20 recruits per mature individual per year, and 
survival varied across 0.72, 0.73 and 0.75 to give growth rates of 0.92, 0.93 and 0.95, respectively. 
Results are presented across all three models as calibrated parameter bands rather than a single 
central projection (Table 4, Figure 3). Collision losses were applied as additional annual mortality across 
0-10 birds per year, and demographic and environmental stochasticity were represented as for the 
other species, with no additional catastrophe components as per tarapirohe/black-fronted tern or 
additions as per kakī/black stilt.  
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Figure 1. Projected national population of adult kakī/black stilt over 25 years including the breeding program (i.e. releases) and non-breeding program (i.e. no releases), for the zero collision model as well as modelled collisions 
(between 1 and 15 adult losses per year). Three different adult survivability values were modelled: 0.56 (non-Tasman survivability reported by Bulling, 2009), 0.78 (Tasman survivability reported by Bulling, 2009), and 0.71 a central 
value between these two extremes. The median and 95% confidence intervals are presented for each scenario. The dashed line represents quasi-extinction, the population at which adult kakī/black stilt could no longer support the 
breeding programme. 








































































