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ABSTRACT

The use of Structured Decision Making (SDM) for asing optimal management actions in
reintroduction projects has been recently pionebyetthe North American whooping crane
Grus americangrogramme. SDM requires projecting population dyita under different
scenarios to predict outcomes of management sieatdg this thesis, | applied SDM to a
population of an endangered New Zealand forest thehihiNotiomystis cinctawhich was
reintroduced to Bushy Park in March 2013 when 4d<ivere released. My aim was to
determine the optimal management of the Bushy paypkilation.

The need of this decision was triggered by Busik FPeust application for additional
translocation of 15 females in order to reinfofdoe population. The Hihi Recovery Group
developed four fundamental objectives, which inelichaximizing the number and
persistence of female hihi in Bushy Park as wetbasinimize the impact on the source
population on Tiritiri Matangi Island and minimizgjrcosts; and three management alternative
actions, including the status quo and follow-umstacations of 15 females in either 2015 or
2016.

In order to project population dynamics under ealtdrnative, | estimated the
survival and reproduction rates of the Bushy Pautation based on the 18 months of the
monitoring data. Comparison of the survival rategsanslocated juveniles and juveniles that
were born in Bushy Park allowed distinguishing kestw age and post-release effects.
Modelling indicated that translocated juveniles exgnced post-release effects that resulted
in the rapid population decline during the firah®nths. Survival rates were then used in
population viability analysis in program OpenBU@S. integrated population model was
designed to model fecundity and the Bushy Park ladipn dynamics over 10 years under
the above-mentioned management alternatives. Tkeamerojections suggested a slow
decline of the population under each managemesaltive, but with great uncertainty.

| used the novel approach for decision analysigrelny uncertainty was incorporated
into the decision. In one single model | combitieeireleased population, the source
population and the Simple Multi-Attribute Ratingchmique for decision analysis. This
approach showed that none of the alternatives wleagly preferred and the decision was

sensitive to uncertainty in the projections.
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Chapter 1. General introduction



1.1 MANAGEMENT OF THREATENED SPECIES

Humans have become the dominant species on the Baning the 20th century alone, the
human population grew from 1.65 billion to six lmt. Now the population size is more than
seven billion people and it continues to grow. sTaict is important because people live on a
limited surface and need to compete with othertarea for food and habitat. Hence, the
more people that live on Earth, the fewer the recgsiavailable for other fauna. Meine
(2010) reported that people have already direahsamed, or devastated by their activities,
almost 50% of all the food available to other angnBnormous habitat loss around the globe
has become one of the major reasons for rapid\moslty decline (Meine 2010).

To control and manage this significant impact oecsgs and their habitats, most
countries have developed or ratified conservatggmslations. The Convention on
International Trade in Endangered Species of Wadrfa and Flora and Agenda 21 of the
United Nations are examples of conventions atrikermational level. On the other hand, The
United States’ Endangered Species Act, The NewadeaBiodiversity Strategy, and the
French Nature Conservation Act 1976 are examplestidnal legislation (Caughley &

Gunn 1996). Many countries, such as New ZealamdU®A, Australia and Canada, have
developed species-specific recovery plans, whieldacuments describing the protocol for
managing and protecting an endangered species.

One of the main goals of species recovery progiarnsmanage the conflict between
human activities and the biodiversity conservafiéaung et al. 2005). In addition, according
to Norton (1992) the primary goal of conservatianidyists is to protect the ability of an
ecosystem to self-organize and regenerate. Irdpicalmany cases this means managing
human activity in order to reduce or eliminate theipact on the ecosystem.

Although restoration and conservation projectsba@ming more popular
throughout the world, many of these ventures ddoniag long-term outcomes (Hilderbrand
et al. 2005; Seddon et al. 2012). Nature is a cexgystem, and attempts to over-simplify it
may lead to project failure (Holling et al. 19950lkhg & Meffe 1996). It is important to
understand this complexity, and develop long-tetnatagies that will consider species’
interactions, as well as a link between speciesrdity and ecosystem function (Soulé 1985;
Schwartzet al. 2000). Successful conservation projeatsiishbe designed to test a range of
different hypothesis, based on adaptive learningrder to understand different outcomes
and include uncertainties (Figure 1.1). In ordelnétp people who are working with
threatened species in New Zealand, the Departni€lwmservation developed species-

specific Recovery groups. Members of these grompsaentists, community groups and



others who are interested and/or experienced isawation of particular threatened species.
The activity of Species Recovery Groups followsdbals of Species Recovery Plans.

In this chapter, | described the process of rethtotion, a method that is increasingly
used in the conservation of threatened specidso Idescribed and discussed other essential
aspects of threatened species management, suttuetsi®d Decision Making, Population
Viability Analysis and Monitoring, and describedvhbapplied these tools to managing a
recently reintroduced population of hihi, an endaed New Zealand forest bird hihi.



1.2 REINTRODUCTION

One of the most effective methods of ecologicalar@gion and conservation of
species is conservation translocation, which me#esnational movement of a species with
the aim to improve its conservation status (Sedetal. 2014). When the aim of such
translocation is to re-establish a self-sustaipiogulation of the species within its native
habitat it is calledReintroduction(IUCN 2013). According to the IUCN (2013),
reintroduction is the “intentional movement and tekease of an organism inside its
indigenous range from which it has disappearedthénearly years reintroduction projects
had low success. However, success is increasing &sarn more about species needs and
translocation techniques. In New Zealand, the nurabsuccessful conservation
translocations has increased since the 1960s dogtoved techniques to capture and
protect animals, such as mist nets and pest caiMiekelly & Powlesland 2013). New
Zealand offshore islands have been used succgskfuthumerous conservation
translocations. Although there are many specidalslei for translocation, in New Zealand
the majority have been birds and plant speciese tOusland translocations, many native
bird species such as little spotted kiyateryx oweniblack robinPetroica traversiand South
Island saddlebacRhilesturnus carunculatus carunculatwgre saved from extinction
(Armstrong & McLean 1995).

Many studies have been done in order to investidptéactors that contribute to a
successful reintroduction project (e.g. Griffithagt 1989; Wolf et al. 1996). Findings suggest
that habitat (quality and location in relation be thistorical range), number of released
animals, number of releases and general adapyatilihe translocated species affect the
success of reintroduction the most.

Often it is difficult to find suitable sites foranslocation. Armstrong & McLean
(1995) suggested that while the standard strateglydbitat analyses is to look for sites with
similar characteristics to where the species ctgrexists, current location of threatened
species does not always indicate a suitable envieot. For example, populations of long-
lived animals may continue to exist in the samea &oag after it becomes unsuitable for
reproduction and therefore long-term persisteneeld8n et al. 2012). As highlighted by
Seddon et al. (2012), the present location of pleeies may not remain suitable in the future,
due to the factors such as climate change, unsasiailand use and human demographic
growth. The historical presence of a species i iadd a reliable indicator of a suitable
release site, because the longer the time betwagton and reintroduction, the greater the

chance that the habitat has changed and requineagaaent before the species is released.
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Consequently, in some cases suitable releaseestisrio be created through restoration. A
good example of habitat restoration is Tiritiri Magi Island. For a long time, the island was
used by humans for agricultural purposes, but Bd1@fter the publication of the “Tiritiri
Matangi Island working plan” by Department of Laawald Survey, a big restoration project
was initiated. Now this island is the habitat faamy reintroduced species, although some of
them, including hihNotiomystis cinctastill need intensive management. In the hihi’'s case
management is in the form of supplementary feedmyprovision and maintenance of nest
boxes. In addition, since the main reason for desliof New Zealand native species is
introduced mammals (Craig et al. 2000), such rels@ass may need constant monitoring for
introduced predator incursions, and sometimes owggoiedator control.

It is also important to find the right number oflividuals that need to be translocated.
As well as habitat quality, the number of releaselividuals would be different for each taxa
and vary from project to project. Armstrong and Mah (1995) noted that in New Zealand,
managers often use 40 individuals for bird traresion projects. Although it is not a strict
rule, smaller numbers of released animals maytieadoject failure, because small
populations are more likely to become extinct dudémographic or environmental
stochasticity, inbreeding and lack of genetic wasia(Armstrong & McLean 1995; Keller et
al. 2012). From the genetic point of view, the aske of 20 individuals or more insures a
higher level of gene diversity (proportion of polgmhic loci across the genome > 97.5%;
Jamieson & Lacy 2012). However, conservation marsagave to take into account available
resources, e.g. monetary costs and labour, andimpsttantly the size of the source
population, no matter whether it is captive or wier example, a population of black robin
Petroica traverswas established from the remaining group of Suiddials (including 1
female), and a population of the Mauritius kest&lco punctatusas recovered from only a
single wild-breeding pair (Armstrong & McLean 19%%&mieson et al. 2006).

To project population dynamics under different soers (e.g. different numbers of
individuals translocated or origin of release bjralsd predict short-term consequences of
management strategies, managers can use mathdmmaidels. Seddon et al. (2007) asserts
that some elements of population modelling shoela Ipart of every reintroduction
evaluation. With the help of population modellinganagers may estimate vital rates and
project short- or long-term viability of the estsbing populations. This sort of analysis may
also help to understand the value of additionaldigcations to reinforce current population.
Armstrong and Ewen (2001) defined this kind of nraeat as “follow-up translocation”.

To summarise, reintroduction is a multifacetedacti Sarrazin and Barbault (1996)

described it as “a way to experiment in ecologytcarding to them, the learning component
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of reintroduction projects gives an opportunity papulation ecologists to study species’
behaviour in new conditions, as well as colonizateatures, density-dependent processes,
intraspecific competition and consequences of thsiuce of food chains. Moreover, it is a
unique opportunity to study a “population in whitke origin of each individual is known”
(Sarrazin & Barbault 1996). The importance of #hing component of a reintroduction
project was also highlighted by Armstrong et a@98), who recommended including an
experimental approach to improve the success ofrogiuction projects. Reintroduction is a
very popular tool in conservation biology; noneéssl | agree with Seddon et al. (2012) that
it is a “highly unnatural intervention”. Humanitys irreversibly changed the habitat of many
New Zealand native species and as a result, someendfoduced populations will never
become self-sustained and their viability and cditipeness will depend on constant habitat

management and monitoring.
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Figure 1.1. Reintroduction project cycle. Each box represersiep in developing a
reintroduction project and contains either an agpinoor tool. The steps are arranged in
chronological order. Arrows indicate how approactesived from or influence other
approaches. Adapted from IUCN (2013).



1.3 STRUCTURED DECISION MAKING

Decisions about how to manage habitat or whichviddals to translocate require a strategic
approach. Ecological problems have become more leonad affect the interests of many
people and organizations. Businessmen, generalkpgblernment and scientists may
consider the same ecological problem differenthy] solutions to this problem may be
controversial. Structured Decision Making (SDMaisseful tool for resolving these
complex problems and finding a decision that i®sadgcompromise for stakeholders. SDM,
in contrast to unstructured decision making, allokferent stakeholders to participate in
problem solving, and incorporate their diversenesgés in the decision making process
(Wilson & Arvai 2011). SDM cyclethat | found in the literature do not differ marke¢e.qg.
Gregory & Long 2009; Gregory et al. 2012; WilsorAgvai 2011; McCarthy et al. 2012).
The proposed cycles often include the following meteps:
1. Define a problem or question.
2. Define objectives and measures.
3. Develop alternatives.
4. Estimate consequences.
5. Consider trade-offs and select preferred alteres
6. Implement, monitor and learn.

| briefly describe the main idea of each step hieuéthe detailed explanation is given
in Chapter 4 using the example of the reintrodudbdpopulation in Bushy Park. During the
first steps, stakeholders (or Species Recovery @olave to identify their values and
express them as objectives. First, they brainsthffarent ideas and then identify together
the most important objectives, called fundamentgddives. The next step is to develop a set
of alternative actions to achieve the defined dbjes. This process can be challenging
because effective alternatives may not exist oy thay be unacceptable for some
stakeholders (Lyons et al. 2008). And again, waykie a group and discussing even
unrealistic ideas could help to choose the sens#tlef alternatives. The fourth step is to
design a mathematical model to estimate conseqserabfferent management actions.
Models can be simple or very complex and it wilbelerd on available knowledge and data.
The fifth step is to choose one alternative actiear another. There are a lot of techniques
that could be used for analysing each potentiadlickate action, including a decision tree,
influence diagram, Bayesian network, and the Sinvpléi Attribute Rating Technique
(SMART). The last step is to implement the “bedtémnative action and observe the new

state of the system. The learning stage begins wiaragers compare their predicted
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outcome with the observed. This stage is a masiethat transforms linear SDM scheme
into a cycle (Figure 1.1). If the management isldasn the concept “learning by doing” and
is designed to improve management it is callddptive manageme(iVilliams & Brown
2012). With the help of adaptive management, maisagay learn the effectiveness of
different management actions and monitoring tealesgAdaptive management should be
used to improve ongoing management of reintrodogtiojects (Armstrong et al. 2007,
McCarthy et al. 2012).



1.4 MONITORING FOR REINTRODUCTION

In modern conservation biology, monitoring shoutédseen not as a stand-alone activity, but
instead as a component of a larger activity (Nisl&®&Williams 2006) such as SDM or
adaptive management, which were described aboger@-i.1). Monitoring is a process that
with the help of different tools provides inforn@tion the state of a system over some
period of time (Stem et al. 2005).

Monitoring is often costly, so the main questionritanagers would be “Do we need
monitoring?” Monitoring has three main tasks:ritorm managers when the system
undergoes major changes; to measure the succesmafjement actions; and to detect how
disturbances and interventions affect system fanctg (Legg & Nagy 2006). In the case of
reintroduction projects, monitoring is conductedobe and after release.

During Pre-releasanonitoring, the main objective is to determine shéability of a
selected reintroduction area (Nichols & Armstroi®d.2). For example, monitoring may be
used to assess whether predator density is lowggnimn successful reintroduction of a
particular species, or whether there are compestitorfood resources present, or whether the
required amount of food is available. If the stddcarea was defined aet suitable the next
guestion, which monitoring may answer is “What dtddae done, if anything, to make this
area suitable?” (Ewen & Armstrong 2007).

Post-releasanonitoring is intended to assess whether the prbj@s achieved its
goal. It focuses on abundance, population growthsaze, as well as recording the vital rates
of reintroduced species. Sutherland et al. (20&0¢bkbped “Standards for documenting and
monitoring bird reintroduction projects”, where yteuggested that post-release monitoring
should be conducted at least during the first wéi@r release, then in five years and for long-
lived species even in 10, 15 or 20 years. Wellglesil post-release monitoring makes it
possible to estimate vital rates and the duratfdhe post-release period, providing a strong
basis for population viability analysis and forther decision making (Ewen & Armstrong
2007).
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1.5 POPULATION VIABILITY ANALYSIS

Population Viability Analysis (PVA) has become mfdhe most powerful and useful tools
in conservation biology, and is an important p&dexcision making. It is a method used to
predict the impact of different deterministic andchastic factors on a given population
(Lindenmayer & Possingham 1996). With the helpP@R, managers are able to assess
various risks of reaching some thresholds, suaxasction, and project population
dynamics under current management or after somggeisalike follow-up translocation or
harvesting. McCarthy et al. (2003) identified thtgees of predictions that could be made
with the help of PVA:

e How does the particular management action affeptijadion dynamics of the

declining population? This type of prediction helpsdentify the effectiveness of a

management action.

e \What species or populations need management im twrghgevent decline? In other

words, this type of prediction helps to identifyehatened taxa that need protection.

e \What management action is the most effective? fine type of prediction helps to

choose the best management action from the séteofhatives.

The other question that may be asked by conservatanager isvhat is the
minimum size of the population that is viabl&lthough many studies have used PVA to
answer this question, many authors now argue tigtiwrong conservation focus and that it
is impossible to accurately estimate the viableuteatpon size because it is sensitive to small
errors in demographic data (Caughley 1994; Linde/an& Possingham 1996; Reed et al.
2002).

There are several types of demographic modelsing@dA. Beissinger and
Westphal (1998) defined five types, which are atm@y models, deterministic, stochastic,
metapopulation and spatially explicit. Analyticabdels are used mostly to examine system
behaviour rather than predict quantitative outcariresontrast, deterministic and stochastic
models are used to project changes in populat@ Bieterministic models are the simplest
because they require the fewest parameters. Stachasdels are more complex as they
incorporate uncertainties. Metapopulation and apgatexplicit models are spatially
structured and incorporate dispersal rates of iddads.

Although conservation managers widely use PVA &t risk of population
extinction, it also has limitations that could atféhe reliability of the projections obtained.
First of all, PVA should be treated as a model,ahs a simplification of complex system
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and which cannot be fully correct (Reed et al. 399&cond of all, with small populations,
four factors must be considered during PVA: demplgi@stochasticity, genetic stochasticity,
environmental stochasticity and catastrophes (8ha881). Moreover, to estimate
extinction probabilities of a given population, ameeds to estimate survival rates and
reproductive success, and how these parameteranargg years (Reed et al. 1998).
Obtaining reliable data for long-term extinctiorpability may take many years. McCarthy
et al. (2003), in their study of the reliability thfe relative predictions in PVA, found that 10
years of data make it possible to predict relatisie of extinction within 100 years into the
future. Thus to make a reliable prediction with kiedp of PVA, managers need (1) to
develop an appropriate model structure, allowirrgufacertainty and (2) have unbiased vital
rates estimates that incorporate uncertaintiesA ®¥s the essential part of this thesis as it
was used for evaluation of the alternative managemeions applied to increase the

viability of hihi population in Bushy Park.
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1.6 BRIEF HISTORY OF HIHI REINTRODUCTION AND MANAGEMENT

The hihi (or stitchbirdNotiomystis cinctas an endangered New Zealand forest bird. Before
European colonization hihi were present all overNorth Island mainland, and offshore
islands including Great Barrier, Little Barrier (ktaru) and Kapiti. However, by the 1880s
they had become extinct everywhere except LittlgiBalsland (Boyd & Castro 2000).
Because only a single hihi population remainedy there classified as vulnerable, and the
New Zealand Wildlife Service developed a progranrarslocations, whereby hihi from
Little Barrier Island were released on predatoefidands during the period 1980-1987
(Boyd & Castro 2000). The first attempts to reaawi population during this time were
unsuccessful — the translocated populations oneéCuMien and Kapiti Islands declined
slowly. The main reason hypothesised for failure awadimitation of food availability and
diversity throughout the year (Rash et al. 1996tf@eet al. 2003). Castro et al. (1994), in
their study of feeding and breeding behaviour af,iiecommended assisting hihi on Kapiti
Island with supplementary food, especially during $pring when nectar was limited. This
hypothesis led to a series of food-supplementatig@eriments in an adaptive management
framework when hihi were reintroduced to Mokoiaigl. During these experiments
Armstrong et al. (2007) manipulated the availapilttistribution and quality of
supplementary food that was provided to hihi. Althl the population on Mokoia had only
marginally positive growth when food was providde experiments showed that feeding
had a major effect (the population would have daedirapidly without it), and therefore has
been used to improve hihi population growth on o#ikes. For example, on Tiritiri Matangi
supplementary food has been provided continuoustesl 996 (Armstrong et al. 2002). On
Kapiti Island, continuous supplementary feedingiclwtinas been provided continuously
since 2000, also appears to have improved popualgtovth (Chauvenet et al. 2012).

The translocation program has been continued biléve Zealand Department of
Conservation since its formation in 1987. The fiestovery plan, which documented
regulated hihi conservation, was published in 1986e main long-term goal of the Plan was
“To increase the number of self-sustaining stitahbiopulations to five(Rash et al. 1996).
The plan was updated in 2005 (Taylor et al. 2005).

Since 1980 hihi have been translocated to 10 sitesslands, 4 mainland sanctuaries,
and the captive facility at Mt Bruce (Appendix Ahey are currently present at 5 of these
sites (2 islands and 3 mainland sanctuaries), fieupelieved to require management at all of
these sites (Figure 1.2). All populations recewemementary food, and some populations

are provided with nest boxes which are manageddst mites.
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In 2013 44 hihi were reintroduced to Bushy Parkiciiinas 87 ha of lowland
rainforest and is enclosed in a predator-exclugage. This site has been managed by
Bushy Park Homestead and Forest Trust since 19@dissadministered by a core of
volunteers. As a community based project, manageoferintroduced species in Bushy
Park mostly relies on the volunteer work, donatiand grants. Although this feature makes
this hihi reintroduction project limited in term§management opportunities, it was
considered as a suitable site for translocatioause:

» the area was free of non-native predators,

» the area has a history of successful reintrodustion

» the forest is mature and has tree cavities thdtldmeiused by hihi for nests,
* natural sources of fruit and nectar are available,

» the size of the area allows close monitoring.

To prevent food limitation and competition for neges, Bushy Park was equipped with

sugar-water feeders and nest boxes.
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Figure 1.2. The current distribution of hihi Notiomystis ciacbn the North Island
New Zealand. Adapted from Hihi/stitchbird (Notionigscincta) recovery plan, 2004-2009.
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1.7 THESISOBJECTIVES

My thesis aims to find an optimal way of managihg tecently reintroduced hihi population
in Bushy Park by applying Structured Decision Mak{8DM). In this thesis, | assess the
value of possible management actions and probabilipersistence under each management
action. This involves looking at the Bushy Park glagion as well as the source population,
Tiritiri Matangi Island, in order to avoid any riskhat harvesting may have.

The subsequent chapters are as follows:

Chapter 2. Modelling survival of thereintroduced population of hihi in Bushy Park.

The aim of this chapter is to obtain reliable suaViestimates of the Bushy Park population,
based on the monitoring data, in order to perfooulation viability analysis. | compare
survival models looking at three factors: age, @ed post-release effects. | estimate survival
rates for adults and juveniles using the infornratizeoretical approach and model averaging
to account for model uncertainty.

Chapter 3. Assessing short-term viability of the reintroduced hihi population in Bushy

Park in the face of uncertainty.

| use PVA to assess population growth and persistander different management actions. |
examine four alternative management actions, imctuthree possible follow-up
translocations and just maintaining the currentagament. For PVA | use survival
estimates that were obtained in Chapter 2, and hiedendity simultaneously within the
population model. Important uncertainties were ipooated into the model. | project the
Bushy Park population size and estimate risk ahekbn under the four management
actions, and model the short-term effect of hammggin the source population.

Chapter 4. Applying Structured Decision Making to thereintroduced hihi population in
Bushy Park.

The aim of this chapter is to show, using this epl@yhow multi-objective decision problem
with uncertainty can be applied. | sub-divide tbenplex problem into smaller steps in
accordance with SDM cycle. | describe steps of SBdhnique for trade-off evaluation and
provide necessary information for decision makegng into account available information,
objective weights and uncertainties.

Chapter 5. General discussion.

The aim of this chapter is to sum up all the chapd®d to discuss how reasonable
management decisions for reintroduction can be mdmda post-release data are sparse and

projections are uncertain.
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Chapter 2. Modelling survival of the
reintroduced population of hihi in
Bushy Park



2.1 INTRODUCTION

Modelling survival probability of reintroduced pdptions is critical for understanding
population dynamics and modelling consequencesanfagement actions (Williams et al.
2002). Estimating survival is especially importémtgeographically closed populations,
where it becomes one of the main factors that deter population growth. Age- and sex-
specific changes in survival have significant intpam population growth rates and
population viability; in the case of reintroducespplations, age and sex structure is often
unstable and depends on the structure of thelirgi@ase group. Therefore, in order to
project the dynamics of reintroduced populatios gssential to estimate age and sex
specific survival (Leslie 1945).

Young individuals are often expected to have loswgwival probability than the
adults (e.g. Anders et al. 1997; Perkins & Vicke@p1). Younger individuals may have
reduced survival because of the low social stggosy locomotors skills, inexperience in
avoiding predators and other sources of mortalBtKin & Miller 1974). Moreover, due to
poor foraging skills juveniles are more sensitveariation in environmental conditions
(Robinson et al. 2007; Dybala et al. 2013). Olaeividuals also may have low survival due
to senescence. Defining age groups depends opdeees’ biology, dispersal phase,
reproductive age, and subsequent age-specificadaptive effort (Botkin & Miller 1974).

For example, in the case of long-lived animalse likggerhead turtleSaretta carettaywho
reach sexual maturity at about 45 years old (Sxait. 2012), three age groups can be
determined: juvenile, sub-adult and adult (Chal@fK_impus 2005)On the other hand,
many passerine birds reach sexual maturity whendaheabout one year old. In this case,
two age-specific groups may be considered: juverated adults.

Males and females may have different survival rdtesto some morphological or
behavioural characteristics. For example, Promigoal. (1992), studying the North
American passerine bird species, showed that ssoifgpmortality is greater in species with
sexual dimorphism (e.g. size and plumage differgndgpulation growth of a
geographically closed population is often the nsesisitive to survival rates of adult females
(Williams et al. 2002). In most New Zealand bireésies, females appear to be more
vulnerable to predation by introduced mammals, beedhey do not recognize mammals as
predators and do not actively avoid them especidfiye incubating the eggs (Innes et al.

2010). Considering that loss of females would redampulation growth, it may be
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reasonable to model female survival rates andersale-only models to project population
dynamics in such populations (Thorogood et al. 2013

Finally, when modelling dynamics of reintroducegplations, one should account
for post-release effects on survival. Translocateithals experience numerous stressors,
including capture, captivity, transportation, raleaand adaptation to a new environment
(Teixeira et al. 2007, Parker et al. 2012). Stoegsincrease susceptibility to disease and
reduce the ability of translocated animals to lesard remember (Teixeira et al. 2007;
Dickens et al. 2010). As a result of stress, va#&s (survival, reproduction and dispersal)
might change during some period after transloca@aelimation period). These temporary
effects of the translocation process on vital rarescallegost-release effest(Armstrong &
Reynolds 2012). Post-release effects should ba tizke account when estimating survival,
because data that were collected after the likedyirmation period would more accurately
predict future survival in the population (Armstgpet al. 1999; Hamilton et al. 2010). The
length of the acclimation period also depends etofa such as translocation technique,
guality of the release site, food availability, esehsonal variation, and will vary among
species (Letty et al. 2007). For instance, moxtalftEuropean wild rabbi®ryctolagus
cuniculuswas elevated during the first few days after tigocetion (Letty et al. 2000), and
translocated African elepharitexodonta africandnad an elevated mortality for about two
months after release (Pinter-Wollman et al. 2009¢ontrast, reintroduced Rdulled
Curassow€rax blumenbachihad lower survival during the first 12 months afelease as a
result of vulnerability to predation (Bernardo et2011). Post-release effects are also
observed among translocated birds in New Zealamdekample, survival of North Island
saddleback®hilesturnus rufusatein Bushy Park was reduced during the first mofriir a
translocation (Gedir et al. 2013) and North Isl&ankakoCallaeas wilsoniranslocated to
Whirinaki Forest had an elevated mortality durihg first 44 days (Bradley et al 2012).
However, saddlebacks translocated to Mokoia Iskrdlkokako to the Ngapukeriki native
forest did not show any signs of post-release &ff@g&rmstrong et al. 2005, Bradley et al.
2012; Molles et al. 2008). Although the literatstgygests that acclimation periods are
generally relatively short for New Zealand birdaufger et al. 2013), the time frame is
usually hard to predict for each specific case.

In this chapter | estimated survival rates of adegrgered New Zealand forest bird,
the hihiNotiomystis cinctawhich was reintroduced to a conservation areashi Park.

Modelling of survival probability was carried oat answer the following questions:
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- Is there a difference in survival between sexed,ifago, does it occur during
the post-release period as well as later on?

« Do post-release effects significantly impact suajvand if so for how long?

+ Is there a difference in survival between trandledguveniles and juveniles

that were born in Bushy Park?

To answer these questions | compared survival reddeking at the three factors that were

described above: age, sex and post-release effects.
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2.2METHODS

2.2.1 Species and study site

The hihiis a small forest bird (30-40 g) that is the only nbemof the passerine family
Notiomystidae. In their remnant habitat on LittlarBer Island (Hauturu), hihi are mainly
found in tawa/rata and tawa/tawhero forests, whezg feed on a variety of fruit, flowers

and insects (Angehr 1984). Hihi play an importaité in ecosystems as they pollinate forest
plants and disperse seeds. They are sexually dimtomales have a black head with white
“ear” and distinctive yellow band on the chest ahdulders, black wings with white bars,
whereas females are olive-brown but also have gevidair on the wings (Rash et al. 1996).
Their mating system includes various types of paigg as well as social monogamy (Castro
et al. 1996; Ewen et al. 1999). Hihi are obligatadity nesters, which means they build nests
in mature or semi mature trees with deep cavikesnales usually produce two clutches with
2 to 5 eggs in each.

Figure 2.1. Male hihiNotiomystis cinctan the water bow! in Tiritiri Matangi
Scientific Reserve. Photo: luliia Panfylova

Females incubate eggs alone. However, after hajchinst males assist to some extent them
with feeding young (Angehr 1984; Ewen 2008; Lovale2012). Hihi were formerly
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relatively common and occupied most of the Nortand. By 1885 hihi became extinct on
the mainland as a result of European colonizatidmch brought along the loss of habitat,
predation by introduced mammals and avian dise&a#éls. Barrier Island was the only place
where hihi population remained.

44 juvenile hihi were translocated to a new coretton area, Bushy Park, from
Tiritiri Matangi Island on March, 24, 2013. BushgrR, which has 87-ha of near-pristine
rainforest, is situated approximately 24 km norteingd WWhanganui, New Zealand (N
39°55’48"; E175°2'52"). There is a variety of veggbn including mature rimu-matai forest,
mamaku, mahoe, rata, colonies of fern and mosseshyBPark has an Xcluder Protection
fence and at the time of the release was free fromnative predators, except mice. Bushy
Park has 11.6 km of monitoring trails, spread actbe 17 roughly parallel lines running
from the south to the north through the park. Tlaeeealso over 3 km of public walking
tracks.

The success of hihi establishment on a releaséajtends on the availability of food
sources (Castro et al. 2008akan et al. 2012). Unfortunately, most of the aske sites
cannot provide enough quality food sources or ngsites as they were highly modified by
farming. For this reason, all conservation areaside hihi with supplementary feeding and
all, except Maungatautari and Kapiti, with nest éxBushy Park volunteers installed 5

sugar-water feeding stations and 43 nest boxdsithar

2.2.2 Monitoring

All individuals were previously marked with one imdiually numbered metal ring and three
coloured plastic rings, thus each bird has a unapleur combination and can be recognised
without capture. The 44 initial birds were bandedTaitiri Matangi Island. About 80% of
birds that hatched in Bushy Park were banded bpgpartment of Conservation.

As monitoring was done by different persons antedéht monitoring methods were

used, | identified four monitoring categories (4k):

1. Radio-tracking during March — April 2013. Fortytbk first reintroduced birds
had Holohil BD2 tail-mounted transmitters with aimioal 28-day lifespan. Hihi
were monitored daily during the first 28 days aftdease.

2. Systematic surveys during May — September 2013 nid@toring was conducted
every 2 weeks: 3-4 days were spent walking alongitmong lines followed then

by 3-4 days of feeders monitoring (Figure 2.2).
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3. Occasional observations during October 2013 — Fepr2014. During this period
data were collected occasionally by Bushy Parkmelers. This monitoring
included watching the feeders and walking alongesofrthe monitoring lines.

4. Monthly systematic surveys February — October 20&tdnducted this systematic
monthly surveys and on average spent two dayedat [L6 hours) searching for
birds by walking along monitoring lines and watahthe feeders for at least one
hour each. | also included in this category a sutkat was conducted with the
participation of the Department of Conservatioduty 2013, as the same

monitoring method was used.

For every sighting, the identity of the individwald its location were recorded. |
collected data only on banded birds, because dfyffeeof survival analysis | used.

Monitoring data allowed estimation of adult sur¥j\as well as survival of
translocated juveniles and juveniles produced éTfitist breeding season. Data on juvenile
survival allowed distinguishing the effect of agerh the post-release effects by comparing
survival of translocated juveniles with survivaljo¥enile that hatched during the 2013/2014

breeding season in Bushy Park.
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Figure 2.2. Bushy Park tracks and trap lines. Lines walkedrdyhihi survival
surveys are shown with blue filled do#.(Numbers at the beginning and at the end of each
line show the numbers of rodent tracking tunnelsictvwere used as reference points. The
rhombus signs®) show the position of the feeders. Dashed blueslghow public walking
tracks.

2.2.3 Model selection and parameter estimation.

The basis of most models developed to study surfrva capture—recapture data is the
Cormack-Jolly—Seber model (CJS; Cormack 1964; J865). This model allows
estimation of two types of parameters: (1) re-cagpfuobability, the probability of a live
animal being captured or otherwise detected abeonasion, and (2) survival probability, the
probability of an animal alive at one occasion gaahve at the next (Cooch & White 2006).
The probability of an animal being observed on atgasion depends on both its survival
and re-capture probability (Lebreton et al. 1992) CJS model assumes that the re-capture
and survival probabilities at a single capture samaare the same for all animals in the
population. However, it is also possible to fit retgdwith different individual effects (e.qg.
sex and age) and time variations (e.g. constalitifue dependent, temporal variations).

Other assumptions of the model are that no aniaral&illed in the capture process, that any
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emigration is permanent, and that individuals behadependently of one another (Williams
et al. 2002).

To analyse survival probabilities of marked indivadls, program MARK 7.2 (Cooch
& White 2006) was used. It can be freely downloafitech the website
http://www.cnr.colostate.edu/~gwhite/mark/mark.hithe encounter histories for individuals
were written in “0-1” format, where “0” means n@es and “1” means seen. A “0” does not
necessarily represent death of the individual. ©ftering the surveys some individuals are
not seen but are still alive. Program MARK analytesproportion of individuals that were
missed on each occasion for separate estimatisareival (p) and re-capture (p)
probabilities.

| used parameter index matrices (PIM) and desigmicea to add effects that |
wanted to test. In this thesis, | referéacaptureparameterasre-sightingparameters,
because there was no need to capture birds asvireybanded with three coloured plastic
rings and had a unique colour combination. The tmervals between re-sightiregcasions
varied from 14 to 74 days, thus | also needed jasathis in MARK. Under the CJS model
the last survival and re-sighting parameter cabeadistinguished. In order to avoid this |

conducted two last surveys with 1 day interval.

Re-sighting probabilityl first modelled factors that affect re-sightingpability, and then
used the best re-sighting model when comparingwlrinodels (Lebreton et al. 1992). For
modelling re-sighting | used one of the survivaldels {Phi(a+1mo+6mo+s)} (see below). |
tested the effects of time (t; time-dependent oistant) and sex (s; presence or absence of
sex effect) on re-sighting probability. | assumiealt the detection probability of juveniles and
adults was the same. | also assumed that the et@cbbability may vary with monitoring
categories, since monitoring over the first yeas @wane by different people and different
methods of monitoring were used. Hence, | combneesighting occasions in four categories

(4k). | developed six re-sighting models (Table)2.1
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Table 2.1. Description of models developed to study factdfscting re-sighting probability
of hihi in Bushy Park.

Eidsé?sht(lg)g Description
Constant
s Constant over time, but varies between sexes
t Fully time dependent with no sex effect
S+t Varies over time and between sexes, with tevaation between time and sex
4K Re-sighting occasions grouped into 4 survey tygks Re-sighting is otherwise

constant over time and between sexes
s+4k Same as 4k, but with sex effect

s=sex, t=time, 4k= four survey types.

Survival probability.l considered 20 survival models (Table 2.2) astetd the effects of
age, sex and post-release effects.
1. Effect of age. | considered survival to be daddnto three age classes: fledgling survival
(up to March), juvenile survival (March-Septemband adult survival (Maness & Anderson
2013). For simplicity | assumed that birds borBushy Park entered the population in
January 2014, and that was the starting pointeir tie-sighting histories. During the first 3-8
weeks after fledging, hihi survival is expectedtoreduced (Low & Part 2009). Thus,
fledging survivawas considered to be different from juvenile suaVvin all modelsThe
birds translocated to Bushy Park were already 34ths old when released, thus their
survival over the first 6 six months (March — Seplber 2013, until their first breeding
season) was defined penile survival Comparing juvenile survival in 2013 (translocated
birds) and 2014 (birds born in Bushy Park) allowsslto estimate the possible post-release
effect on juvenile survival.
2. Effect of sex. | tested for sex differencesdunlaand juvenile during the post-release
period and after.
3. Post-release effects. | considered four grofipsaalels in respect of the length of
acclimation period:

a) No post-release effects — survival of transkedgtiveniles was not reduced
compared to the survival of juveniles that werendarBushy Park;

b) One-montlor six-month post-release effects are consideredaasiple periods,
meaning that translocated individuals had reduced\al for either of these periods;

¢) One-monttand six-month post-release effect, which means pdease effects act
during the 6-month period, but the strongest effecurs in the first month after

translocation. The survival during the acclimatpariod was callepost-release survival
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(Armstrong & Reynolds 2012), and the subsequentigirafter this period was callgubst-
acclimation survivalHamilton et al. 2010).

Table 2.2. Description of the models developed to study fiscadfecting the survival
probability of hihi in Bushy Park following translation.

Model name Description
Models with no post-release effects

. Survival does not vary with age or sex effects.

a Survival of translocated juveniles (first cohog}tihe same as juvenile
survival from second cohort. Survival of adult$he same for males and
females.

S Survival varies only between sexes and is thedanjuveniles and adults.

at+s Same as {a}, but survival also varies betweses

Models with 1-month post-release effects

1mo Survival is constant after 1 month

1lmo+s Same as {1mo}, but survival varies betweaese

a+lmo Same as {1mo}, but survival varies betwearntéaveniles

at+lmo+s Survival varies between sexes and adugtijies.

a+1mo+s(1mo) Same as {a+1mo+s}, but sex effect@disduring one-month post-release.

1mo+s(1mo) Same as {a+1mo+s(1mo)}, but with noeffect

Models with 6-months post-release effects

6mo Survival is constant after 6-months

6mo+s Same as {6mo}, but survival varies betweaese

a+6mo Same as {6mo}, but survival varies betweartqaveniles

a+6mo+s Survival varies between sexes and adétijles.

a+6mo+s(6mo) Same as {a+6mo+s}, but sex effect@disduring 6-months post-release

6mo+s(6mo) Same as {a+6mo+s(6mo)}, but with no effect

Models with 6-month post-release effects and s&peffect during the first month

1mo+6mo Survival is constant after 6-months

1mo+6mo+s Same as {Imo+6mo}, but survival varidsvben sexes

a+1lmo+6mo Same as {Imo+6mo}, but survival varidsvben adult/juveniles

a+lmo+6mo+s Survival differs between sexes and/adigniles.

a+lmo+6mo+ s(6mo)  Same as {a+1mo+6mo+s}, but Begteacts only during 6-months post-
release

a+lmo+6mo+ s(1lmo) Same as {a+1mo+6mo+s}, but Hegteacts only during 1-months post-
release

1mo+6mo+ s(6mo) Same as {a+1mo+6mo+ s(6mo)}, bth md age effect
1mo+6mo+ s(1mo) Same as {a+1mo+6mo+ s(1mo)}, bth md age effect
a = age effect, 6mo and 1mo= post-release effetduaing 1 or 6 months, s=sex;

*each model in a set includes age effect on fledgsurvival.

Goodness of fit (GOF) and overdispersi@uodness of fit test is used to check how well the

most general model (the global model) fits the dakeere were three closely related models
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in a set that could be considered as the globaktso{Phi(a+1mo+6mo+s))P(4k)},
{Phi((a+1mo+6mo)+s(6mo)) P(4k)} and {Phi((a+1mo+6ms(1mo))P(4k)}. | did GOF on

all of these models. In MARK, GOF of the global rebtb the data can be assessed using
parametric bootstrapping. Parametric bootstrappiagns that a new data set is generated
based on the estimates of the model (in contrastetmonparametric bootstrap, where many
random samples are taken from the original datae@tame size as the original sample) to
simulate the unknown distribution of the paramet®t&RK then fits the model to these
simulated data sets to check whether the devianoe the real data falls on the distribution
of deviances from the bootstrap values. If the ales is higher than expected, this is
referred to as overdispersion, and may indicateofa@ffecting survival or re-sighting that
are not accounted for in the model (Burnham & Asdar2002). The degree of
overdispersion is measured by the overdispersicampeteré (called “c-hat”). If the model

fits the data well, the estimate for c-hat willddese to 1. One of the most common
approaches for estimating is the median c-hat. ARM the median c-hat approach simulates
data with a range afvalues, obtaining a deviance c-hat (deviance divioly the degrees of
freedom) for each of the simulated data sets. Tigram MARK performs a logistic
regression based on the assumption that the blest @adeviance c-hat falls on half of the
distribution of all possible deviance c-hat values) hence half of the simulated values are
less than the observed deviance c-hat and hatfraeger (Cooch & White 2006). Median c-
hat probably eliminates the bias associated welbttotstrap method (Cooch & White 2006),
and appears to work particularly better with unewgervals between re-sighting occasions

(D. Armstrong, personal comments, November 22, 2014

Akaike’s Information Criterion (AIC).compared models based on Akaike’s Information
Criterion (Burnham & Anderson 200AIC is a measure that assesses the quality of a model
in relation to a given set of models. Cooch andt@/{2006) note that AIC is a useful “tool to
achieve an optimal balance between model fit aedigion”. The smaller the log likelihood,
the better the model fits. On the other hand theerparameters, the lower the precision. It is

given by the equation:

AIC = —2In(L) + 2K,

whereL is the model likelihood anld is the number of parameters. The model with the

smallest AIC value is the best model, meaning mast likely to be closer to the unknown
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reality that generated the data. For small sampés sa second-order variant of AIC, which
is AIC,, should be used (Burnham & Anderson 2002) and abwmioned formula should
be changed to

AIC. = =21 (L)+2K+2K(K+1)
¢ n n—-K-1’

Where% is a correction factor amlis the sample size. Burnham and Anderson (2002)
suggest that when the data are overdispersel (it is best to use the quasi-likelihgod
In(L)/c, and the equation should be modified}alC. which is given by

—2In(L 2K(K +1
()+2K+—( ).
n—K-1

The model with the lowe#IC. is considered to be the best model, and Delta(AKIC),

QAIC, =

which represents the differencesAIC; between the best model and every other model, is

used to identify the other likely models. The dét€ is calculated as
AAIC = AIC; — min AIC,

whereAI(C; is the AIC value for mode| andmin AIC is the AIC value of “the best model”.

The likelihood ) of a model ¥1;), given the data, is given by
L(M;|data) = exp(—0.5 * AAIC;).

Model averagingOften there is no single model in the set of motteds is obviously better
than the others. If the predicted estimates vatywéen models, it would be risky to use
inference from only one the best model as this méaat uncertainty about model selection
is ignored (Burnham & Anderson 2002). Model avemgallows estimates under the full
range of candidate models to be considered whdeiatting for their different degrees of
support. This degree of support is measured byk&kaeights ¢;), which are the relative
likelihood value L) of a model divided by the sum of these valuessxall models.

Under model averaging, the estimated value of arpater is given by:
R
avg(0) = Z w; 6;,
i=1

whered is the estimate for the parameter of interest@anig the Akaike weight for model
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MARK generates unconditional standard errors f@raged parameter estimates,
meaning it incorporates the uncertainty in modeiod Unconditional standard error is the

square root of the sum of the model selection magaand the conditional variance.
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23 RESULTS

After translocation the Bushy Park population sigteextensive mortality (Figure 2.3). Of
the 44 birds translocated in March 2013, 16 femates21 males survived the first month,
and approximately two females and 16 males survivedirst year. The fate of the majority
of the birds is unknown. However, monitoring oficattacked birds in the first month
revealed that three females fell prey to moredirox novaeseelandia@ New Zealand
falconFalco novaeseelandiaand one or two males died from aspergillosis §Fr2014). At
the beginning of the breeding season in Septe2®@E3, 4females and 16 males were known

to be alive.
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Figure 2.3. Survival of translocated hihi in Bushy Park fro8/@3/2013 to
24/09/2014. The starting population was 21 femates23 males. Error bars show 95%
confidence intervals for numbers alive at eacheyrv

The best re-sighting model was clearly {4k} (TaBI8), where the effect of sex was
not included, and surveys could be grouped intgpég according to survey methodology.
The second best model incorporated sex effectskfsbdit had less support with AIC. =
1.7. The estimated re-sighting probability w8s80 for the first four weeks of radio tracking
(March — April 2013), 0.68 for the systematic syweuring the post-release period (May —
September 2013), 0.70 for occasional surveys duhiedirst breeding (October 2013 —
February 2014), and 0.57 for the systematic surti#ygecond breeding (March — September
2014).
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Table 2.3. A set of models fitted to hihi re-sighting datadietermine whether re-sighting
rates of hihi in Bushy Park were affected by s@xt(sie (t) and survey type (4k). Models are
ordered according AlCc value, with the best modé¢he top.

Model AlIC, A AIC, wi L K  Deviance
Phi(a+1mo+6mo+s)P(4k) 904 0 0.58 1 10 603
Phi(a+1mo+6mo+s)P(s) 905 1.7 0.25 0.43 11 602
Phi(a+1mo+6mo+s)P(4k+s) 908 4.0 0.08 0.13 7 613
Phi(a+1mo+6mo+s)P(.) 909 5.5 0.04 0.06 28 568
Phi(a+1mo+6mo+s)P(t) 909 5.6 0.03 0.06 8 613
Phi(a+1mo+6mo+s)P(s*t) 911 7.4 0.01 0.02 29 568
Phi(a+1mo+6mo+s)P(s+t) 923 20.0 0.00 0.00 44 544

w; =AIC weights,L=Model likelihood,K=number of parameters.

Three global models, {Phi(a+1mo+6mo+s))P(4k)}, {ffa+1mo+6mo)+s(6mo))
P(4k)} and {Phi((a+1mo+6mo)+s(1mo))P(4k)}, fitteklet data well. Based on the median c-
hat test, the c-hat was almost exactly the sarhd 9), regardless of which of the three
models | used. The most parsimonious survival ma@eal {6mo+s(6mo)}indicating the
presence of post-release effects over the firsbbths after release and sex-specific
differences in survival only during this period.i¥imodel, as well as all models in a set,
included the age-effect on fledgling survival (T@Bl5). Including an additional age effect or
a 1-month post-release period (models {Imo+6mo+sfpand {a+6mo+s(6mo)}) increased
the QAIC, indicating lower support (Table 2.4). Extensiba tex effect to post-acclimation
survival (i.e. after the first 6 months) and toguile survival also reduced model suppart (
QAIC.> 2.5). Survival estimates under the three bestatsodere roughly the same for each
sex and age class (Figure 2.4). However, in oameactount for uncertainties in model
selection, | used model averaging instead of ussignates from only one the most
parsimonious model (Burnham & Anderson 2002). Agethestimates for adults, fledglings
and juveniles slightly decreased in comparison wgtimates from the most parsimonious
model. In contrast, estimates of survival during 8amonth post-release period were higher.
This happened because model averaging takes iobmaicnot only the best models, but also
other models in a set and, what is more importaoteases uncertainty around the estimates

so model selection uncertainty is accounted for.
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Table 2.4. The set of models fitted to hihi survival dataletermine whether survival rates of
hihi in Bushy Park were affected by sex, age arsl-pelease effects. Models are ordered
according to AIG value, with the best model at the top.

A

Model QAIC oy L K Deviance
QAIC,

Phi(6mo+s(6mo))P(4k) 756.73 0.00 0.34 1.00 8 504.76
Phi(1mo+6mo+s(6mo))P(4k) 758.64 1.91 0.13 0.38 9 4.58)
Phi(a+6mo+s(6mo))P(4k) 758.81 2.08 0.12 0.35 9 B4,
Phi(6mo+s)P(4k) 759.28 2.55 0.09 0.28 8 507.32
Phi(s)P(4k) 760.68 3.95 0.05 0.14 7 510.80
Phi((a+1mo+6mo)+s(6mo))P(4k) 760.73 4.00 0.05 0.14 10 504.57
Phi(a+s)P(4k) 760.92 4.19 0.04 0.12 8 508.95
Phi(1mo+6mo+s)P(4k) 761.09 4.36 0.04 0.11 9 507.03
Phi(a+6mo+s)P(4k) 761.14 4.41 0.04 0.11 9 507.08
Phi(1mo+s)P(4k) 761.28 4.56 0.03 0.10 8 509.32
Phi(a+1mo+s)P(4k) 762.36 5.64 0.02 0.06 9 508.31
Phi(a+1mo+6mo+s)P(4k) 762.96 6.23 0.01 0.04 10 AD6.
Phi(6mo)P(4k) 763.61 6.88 0.01 0.03 7 513.73
Phi(a)P(4k) 764.98 8.25 0.01 0.02 7 515.10
Phi(1mo+6mo)P(4k) 765.22 8.50 0.00 0.01 8 513.26
Phi(a+6mo)P(4k) 765.68 8.96 0.00 0.01 8 513.72
Phi((1mo+6mo)+s(1mo))P(4k) 765.71 8.98 0.00 0.01 9 511.65
Phi(a+1mo)P(4k) 766.26 9.54 0.00 0.01 8 514.30
Phi(1mo)P(4k) 766.59 9.86 0.00 0.01 7 516.71
Phi(a+1mo+s(1mo)P(4k) 766.75 10.02 0.00 0.01 9 a2,
Phi(.)P(4k) 766.96 10.23 0.00 0.01 6 519.15
Phi(1mo+s(1mo)P(4k) 767.06 10.33 0.00 0.01 8 515.10
Phi(a+1mo+6mo)P(4k) 767.30 10.58 0.00 0.01 9 513.25

Phi((a+1mo+6mo)+s(1mo))P(4k) 767.80 11.07 0.00 0.00 10 511.64
w;i=AIC weights L=Model likelihood,K=number of parameters.

Table 2.5. Monthly survivalrates of hihi in Bushy Park estimated from the most
parsimonious model {Phi(6mo+s(6mo))P(4k)}.

Age class and sex Estimate SE 95% Confidence Interval
Translocated juvenile$ 0.95 0.02 0.88 0.98
Translocated juveniles 0.79 0.05 0.67 0.87
Adults/juveniles 0.96 0.02 0.91 0.98
Fledglings 0.77 0.10 0.53 0.91
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Figure 2.4. Comparison ofnonthly survivalestimates of female hihi in Bushy Park

from the three best models individually and fromd®lcaveraging. Error bars show 95%
confidence intervals.

Effect of sex. None of the best three models included a sexteftber than that during post-
release period, but the fourth-ranked model indiuale overall sex effect. Consequently,
under the averaged model, survival of females wtmated to be slightly lower than male
survival in each age group, but this difference wly pronounced during post-release
period, when monthly survival was 0.81 (SE=0. @)fémales and 0.94 (SE=0. 03) for
males (Table 2.6).

Effect of age. The most parsimonious model did not include aganasffect except for
fledglings up to March. However, the second besilehfa+6mo+s(6mo)} included such an
effect, with juvenile survival from March-Septemigstimated to be slightly higher than
adult survival. Under model averaging, juveniled adults had approximately the same
monthly survival probability as adults (0.96 forlesmand 0.94 for females); however
standard errors for juvenile estimates were higlhable 2.6) due to the high uncertainty in
juvenile survival under model {a+6mo+s(6mo)}. Molytlsurvival of fledglings was 0.80
(SE=0.1) for males and 0.74 (SE=0.12) for females.

Post-release effects. All of the three best models included 6-month pestase effects,

suggesting post-release effects had a significapact on survival probability over this
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period. During the first 6 months after releaseyisal of both males and females was
reduced, having the strongest effect on females.sBaond best model also included a 1-
month post release effect, and under this modelj\al was estimated to be lower over the
first month than the subsequent five months. Camseity, under model averaging, survival
was lower in the first month after release (0.98€8.04) for males, 0.79 (SE=0.08) for

females; Table 2.6).

Table 2.6. Monthly survivalrates of hihi in Bushy Park, estimated using madekraging.

Age class and sex Estimate SE 95% Confidence
Males
0-1 months post-release 0.93 0.04 0.81 0.98
1-6 months post-release 0.94 0.03 0.86 0.98
Adult 0.96 0.02 0.91 0.98
Fledglings 0.80 0.10 0.54 0.93
Juveniles 0.96 0.03 0.86 0.99
Females

0-1 month post-release 0.79 0.08 0.60 0.90
1-6 months post-release 0.81 0.06 0.67 0.90
Adult 0.94 0.04 0.81 0.98
Fledglings 0.74 0.12 0.47 0.90
Juveniles 0.94 0.05 0.75 0.99
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2.4 DISCUSSION

Modelling the survival of the translocated hihi péagion in Bushy Park showed that survival
probability was reduced during the first 6 montfisrarelease. A difference in survival
between sexes was observed during the 6-monthrelesise period and after; however, this

difference was greater during post-release period.

Effect of sex. One of the main uncertainties in hihi survivaBuashy Park was the degree of
difference between males and females. Modellingsthreival probability showed that there
was sex-specific difference in survival betweenliaghales and females. Annual male
survival was 0.61 (SE=0.15) and female survival &d$ (SE=0.22standard errors were
obtained using Delta Method following Armstrong d@elynolds 2012). This difference was
much more pronounced during the first six monthsratlease (March-September). The
probability that translocated birds survive totfisseeding (i.e. 6 months from March to
September) was estimated to be 0.28 (SE=0.1) afeomgles and 0.68 (SE=0.12) among
males.

Bushy Park is not the first site where adult maled females have shown differences
in survival after release. Female hihi had low stalvimmediately after release on Tiritiri
Matangi Island: of 18 females released only fouvised the first month, in contrast 12
males survived this period (20 males were releasS=R-specific difference in survival
during the first months after release was prob#iyresult of post-release stress. Laboratory
studies on rats showed that males and females noay different physiological response to
the same stressors, resulting in changes in séafaging or anti-predator behaviour
(Faraday 2002; Teixeira et al. 2007). Similarlynédes and males of translocated European
rabbits showed different survival in the first defter release in response to stress that was
associated with different release techniques (Lettgl. 2000). When Jéréme Letty and
colleaguesised acclimatization pens for three days befoeassl and provided rabbits with
supplementary food, females survived better thalesn#n contrast, when rabbits were
released immediately after translocation malesoperéd better. It is also interesting that the
effect of sex on survival was significant only wheey used acclimatization pens. In the
case of Bushy Park hihi, the birds were releasedadiately after translocation, as delayed
release was found to reduce the long-term viahdlitgirds (Richardson et al. 2013).
Difference in females’ survival as a response lease technique was also observed on
Kapiti Island in 1991. Castro et al. (1994a) repdrthat 75% of immediate-release females
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survived first month, in contrast to only 50% oimigles that spent two weeks in aviaries
before release. Apparently hihi females are moteerable than males to translocation
stress, and this issue should be taken into acewehite planning translocation.

Natal dispersal is another possible explanatiosegfdifferences in post-release
survival of hihi. Richardson et al. (2010) founatfuvenile female hihi dispersed
significantly further than males on Tiritiri Matainigland, with a decrease in the mean
dispersal distance when the population became mased. Bushy Park is surrounded
mostly by farmland, but there are also small pazkétoush and plantations within 100-500
m from the boundary that birds can use. Post-reldapersal is a possibility, however, the
monitoring during the first month (radio-trackingf)owed that none of the females left the
release site; moreover there was also no appaesd tor increased dispersal among
juvenile females born at Bushy Park.

Post-r elease effects. Previous translocations showed that hihi have idiffedegrees and
durations of post-release period. As was menti@ieye, hihi had low survival immediately
after release on Tiritiri Matangi Island. Howeven, Mokoia Island most of the birds (33 out
of 40) survived the first two months and there wewesignificant post-release effects
(Armstrong et al. 1999; Armstrong et al. 2002). 76fteleased birds survived the first
month on Kapiti Island (Castro et al. 1994b). IrsBy Park most of the birds survived the
first month after release: out of 44 birds (21 feEeea23 males) released in March 2013, 37
birds survived (16 females, 21 males). Howevethenext 5 months the majority of females
disappeared, leaving the population of 16 malesoatyg4 females for the first breeding
season.

Translocation is certainly a stressful procedureafumals; however, in most cases it
is not the stress itself that kills the animdlBe stress, first of all, affects immune function
and increases susceptibility to infectious disebige.all similarly stressed individuals are
equally likely to develop diseases — susceptibitigy depend on differences in behaviour or
biological vulnerability (Marsland et al. 2002).Hiare known to be especially susceptible to
SalmonellaandAspergillus and such infections could be triggered by st(a#isy et al.

1999). Post-mortem analysis of hihi on Mokoia shdwet aspergillosis was the main cause
of mortality among birds recovered (Alley et al99), and this can potentially be attributed
to a high prevalence éfspergillus fumigatusn that island (Perrott & Armstrong 2011). The
cause of death of most hihi in Bushy Park is unkmdwut post-mortem analysis of two male

hihi showed the presence Agpergillus.Not much is known about the distributioh
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Aspergillus fumigatus Bushy Park; however, some bird species like Ntstand
saddlebaclPhilesturnus rufusateand common blackbir@iurdus meruldested positive for
Plasmodium elongaturlasmodium relictupPlasmodium noyvellandSalmonella(E.
Schoener personal communication, December 21 2014).

Post-release effects are not only due to psychodbgiress in response to
translocation procedure, e.g. catching, holdingteamksport, but also are associated with new
environment and new predators that animals hadeabwith. Failure to adjust to new
conditions may mean failure to establish. For eXangd the two native avian predators in
Bushy Park — morepork and New Zealand fa)¢ba latter is absent on Tiritiri Matangi.

Three females fell prey to these predators dutieditst month after release — it takes some
time to learn how to avoid new predator. When pilagtranslocations, it is difficult to

predict what individuals will be less stressed amabt successful in adjusting to a new
environment (Armstrong & McLean 1995). For the nrestent hihi translocations
(Maungatautari and Bushy Park), juveniles were u€edthe one hand, juveniles do not have
as much experience as adults in foraging and awpigiiedation, possibly resulting in high
mortality during post-release. On the other handgefile behaviour may make them more
adaptable to new conditions, because during thgesthey establish territories and develop
foraging skills (Armstrong & McLean 1995). Masudadalamieson (2012) showed that sub-
adult saddlebacks had lower post-release dispitrsaladults, as adults often flew back to
their territories at the source location. Sarrad Legendre (2000) suggested that adults
should be used for translocations of long-livedcgggeand juveniles for translocations of
short-lived species. Understanding factors thatccpatentially be stressors for target species
is very important and will help increasing the sg=xof reintroduction projects (Parker et al.
2012).

Age effect vs post-r elease effects. Taking into account that the birds translocateBushy
Park were juveniles, it was difficult to distinghibetween the post-release effects and age
effect during the first six months. However, theéadeollected on juveniles that were born in
Bushy Park allowed these two effects to be disistgrd, assuming conditions in the two
years were fairly similar. Comparing survival adislocated juveniles and juveniles that
were born in Bushy Park indicated that translocaigdniles experienced more than just the
effect of age. The probability of a translocatedepile female surviving from March to
September 2013 was 0.28 (SE=0.1), while juveniteigal probability from March to
September 2014 was 0.67 (SE=0.21). This differevazsmaller in males, 0.68 (SE=0.12)
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for translocated males versus 0.76 (SE=0.13) fdesraorn in Bushy Park, suggesting that
post-release effects had greater impact on femlalisspossible that post-release effects were
not the only reason of reduced survival of trareded birds. Precipitation and temperature
also were found to affect hihi survival even ifyrage not limited by food. Chauvenet et al.
(2013) found that temperature had a small effectwwival when density was low and that
high rainfall reduced juvenile survival. Accorditmythe Meteorological Service of New
Zealand (MetService) the amount of rainfalls in kk@nawatu-Whanganui region during
March — September 2013 was not higher than theriuat average.

Conclusion. Survival rates that were obtained in this chapterextremely important for this
reintroduction project, as they will help assessitfitial success of the reintroduction and
build demographic models to project the populagomwth and estimate its viability
(Armstrong & Seddon 2008). These survival rateshEnsed to improve management of
this population and reduce uncertainty in the raspdo further management action. For
example, studying the effects of sex, age and @sése effects on survival shows the
vulnerability of individuals at different stagedeafrelease, and could be used to project the
consequences of follow-up translocations.

This kind of analysis can also help selecting irdlials that show greater adaptation
to a particular release site for future translaoati In addition, the survival rates of Bushy
Park hihi can contribute to prior information whiée decision about reintroduction to other
sites needs to be made (Gedir et al. 2013). Suchipformation incorporated into the model
can make projections more precise.

Using these survival rates | wished to estimatartbeease in viability of the Bushy
Park population that could be achieved by followt@mslocations and compare it with the
status quo scenario (Chapter 3). The projectiofigivein be evaluated in collaboration with

the group of stakeholders to guide the approprieieagement action (Chapter 4).

44



2.5REFERENCES

Alley, M. R, Castro, I., & Hunter, J. E. B. (199®spergillosis in hihi lotiomystis cincta
on Mokoia IslandNew Zealand Veterinary Journa7(3), 88-91.

Anders, A. D., Dearborn, D. C., Faaborg, J., &Hii,R. T. (1997). Juvenile survival in a
population of Neotropical migrant birdSonservation Biologyl1(3), 698-707.

Angehr, G. R. (1984 Ecology and behaviour of the stitchbird with recoamalations for
management and future resear€repartment of Internal Affairs, Wellington, New
Zealand.

Armstrong, D. P., & Reynolds, M. H. (2012). Modedireintroduced populations: the state
of the art and future directions. In J. G. EwenPDArmstrong, & K. A Parker (Eds.),
Reintroduction biology: Integrating science and mgement(pp. 165 — 223).
Oxford: Wiley-Blackwell.

Armstrong, D. P., & Seddon, P. J. (2008). Directiamreintroduction biologyTrends in
Ecology & Evolution23(1), 20-25.

Armstrong, D. P., Castro, I., Alley, J. C., FeeasB., & Perrott, J. K. (1999). Mortality and
behaviour of hihi, an endangered New Zealand hateygin the establishment phase
following translocationBiological Conservation89(3), 329-339.

Armstrong, D. P., Davidson, R. S., Dimond, W. &irBtt, J. K., Castro, I., Ewen, J. G.,
Griffiths, R & Taylor, J. (2002). Population dynamsiof reintroduced forest birds on
New Zealand islanddournal of Biogeography29(56), 609-621.

Armstrong, D. P., Davidson, R. S., Perrott, J.Roygard, J., & Buchanan, L. (2005).
Densitydependent population growth in a reintroduced patprt of North Island
saddlebackslournal of Animal Ecology74(1), 160-170.

Armstrong, P.D., & McLean, I.G. (1995). New Zealdrghslocations: theory and practice.
Pacific Conservation Biology, 39-54.

Bernardo, C. S., Lloyd, H., Bayly, N., & Galetti,.N2011). Modelling postelease survival
of reintroduced Redtilled Curassow€rax blumenbachiilbis, 153(3), 562-572.

Botkin, D. B., & Miller, R. S. (1974). Mortality tas and survival of bird&\merican
Naturalist 108(960), 181-192.

Bradley, D. W., Molles, L. E., Valderrama, S. Ving, S., & Waas, J. R. (2012). Factors
affecting post-release dispersal, mortality, amdttey settlement of endangered

45



kokako translocated from two distinct song neighioods Biological Conservation
147(1), 79-86.

Burnham, K. P., & Anderson, D. R. (200®)odel selection and multimodel inference: a
practical information-theoretic approaciNew York: Springer.

Castro, I., Alley, J. C., Empson, R. A., & Minot, @. (1994a). Translocation of hihi or
stitchbirdNotiomystis cinctao Kapiti Island, New Zealand: transfer technigaed
comparison of release strategies, In Serena M. )lRisintroduction biology of
Australian and New Zealand faufap.113-120). NS\WWAustralia: Surrey Beatty &
Sons.

Castro, |, Brunton, D. H., Mason, K. M., Ebert, &B.Griffiths, R. (2003). Life history traits
and food supplementation affect productivity imanslocated population of the
endangered hihi (stitchbirtllotiomystis cincta Biological Conservationl14(2),
271-280.

Castro, I., Minot, E. O., & Alley, J. C. (1994b)&ding and breeding behaviour of hihi or
stitchbirds Notiomystis cincta recently transferteapiti Island, New Zealand, and
possible management alternatives. In Serena M. jlRisntroduction biology of
Australian and New Zealand faufp. 121-128). NSWAustralia: Surrey Beatty &
Sons.

Castro, I., Minot, E. O., Fordham, R. A., & Birklted. R. (1996). Polygynandry, fate-
face copulation and sperm competition in the Hibtibimystis cincta (Aves:
Meliphagidae)lbis, 138(4), 765-771.

Caughley, G., Gunn, A., & Ralls, K. (199&onservation biology in theory and practice
(Vol. 459). Cambridge, MA: Blackwell Science.

Chaloupka, M., & Limpus, C. (2005). Estimates of-sad age-class-specific survival
probabilities for a southern Great Barrier Reekgrsea turtle populatioMarine
Biology, 146(6), 1251-1261.

Chauvenet, A. L., Ewen, J. G., Armstrong, D., &tBwedli, N. (2013). Saving the hihi under
climate change: A case for assisted colonizationrnal of Applied Ecology0(6),
1330-1340.

Cooch, E., & White, G. (2006Program MARK: a gentle introductioiRetrieved from
http://www. phidot. org/software/mark/docs/book.

Cormack, R. M. (1964). Estimates of survival frdme sighting of marked
animals. Biometrikg 51(3), 429-438.

46



Dickens, M. J., Delehanty, D. J., & Michael Romdro(2010). Stress: an inevitable
component of animal translocatiddiological Conservation143(6), 1329-1341.

Dybala, K. E., Gardali, T., & Eadie, J. M. (201Bependent vs. independent juvenile
survival: contrasting drivers of variation and thdfering effect of parental care.
Ecology 94(7), 1584-1593.

Ewen, J. G., Armstrong, D. P., & Lambert, D. M. 999. Floater males gain reproductive
success through extrapair fertilizations in theekbird. Animal Behaviour58(2),
321-328.

Ewen, J. G., Thorogood, R., Karadas, F., & Cas€8e{2008). Condition dependence of
nestling mouth colour and the effect of supplenmgntarotenoids on parental
behaviour in the hihi (Notiomystis cinct&®ecologia 157(2), 361-368.

Ewen. J. G., Thorogood. R., & Armstrong. D. P. (B0Demographic consequences of adult
sex ratio in a reintroduced hihi populati@dournal of Animal Ecology80(2), 448-
455.

Frost, P.G.H. (2013). Progress report on the midhiction of hihi, Notiomystis cincta, to
Bushy Park, March 2013-March 2014. Whanganui, NZstg Park Trust.

Gedir, J. V., Thorne, J. M., Brider, K., & ArmstprD. P. (2013). Using prior data to
improve models for reintroduced populations: a casdy with North Island
saddlebacksThe Journal of Wildlife Managemem7(6), 1114-1123.

Hamilton, L. P., Kelly, P. A., Williams, D. F., KeID. A., & Wittmer, H. U. (2010). Factors
associated with survival of reintroduced ripariandh rabbits in California.

Biological conservation143(4), 999-1007.

Innes, J., Kelly, D., Overton, J. M., & Gillies, 2010). Feathers to Fur. Predation and other
factors currently limiting New Zealand forest birtieew Zealand Journal of Ecology
34(1), 86-114.

Jolly, G. M. (1965). Explicit estimates from captrecapture data with both death and
immigration-stochastic moddBiometrika,52(1), 225-247.

Lebreton, J. D., Burnham, K. P., Clobert. J., & Argbn, D. R. (1992). Modeling survival
and testing biological hypotheses using marked alsina unified approach with case
studies Ecological Monographs52(1), 67-118.

Leslie, P. H. (1945). On the use of matrices itiaempopulation mathematicBiometrika,
33(3),183-212.

47



Letty, J., Marchandeau, S., Clobert, J., & Aubineh§2000). Improving translocation
success: an experimental study of anti-stressweatand release method for wild
rabbits.Animal Conservation3(03), 211-219.

Letty, J., Marchandeau, S., Clobert, J., & Aubinehy2007). Problems encountered by
individuals in animal translocations: lessons frioeid studiesEcosciencel4(4),
420-431.

Low, M., & Part, T. (2009). Patterns of mortalityrfeach lifehistory stage in a population of
the endangered New Zealand stitchbimlrnal of Animal Ecology78(4), 761-771.

Low, M., Makan, T., & Castro, I. (2012). Food awdility and offspring demand influence
sex-specific patterns and repeatability of pargmtavisioning.Behavioral Ecology
23(1), 25-34.

Maness, T. J., & Anderson, D. J. (2013). Prediotbijsivenile survival in birds.
Ornithological Monographs78, 1-55.

Marsland, A. L., Bachen, E. A., Cohen, S., Rabin,8Manuck, S. B. (2002). Stress,
immune reactivity and susceptibility to infectiadiseasePhysiology &

Behaviot 77(4), 711-716.

Masuda, B. M., & Jamieson, |. G. (2012). Age-spedifferences in settlement rates of
saddlebacksRhilesturnus carunculatyiseintroduced to a fenced mainland sanctuary.
New Zealand Journal of Ecology6(2), 123.

Molles, L. E., Calcott, A., Peters, D., Delamare, I@udson, J., Innes, J., Flux, I., & Waas, J.
(2008). “Acoustic anchoring” and the successfuhstacation of North Island kokako
(Callaeas cinerea wilsohto a New Zealand mainland management site within
continuous forestNotornis 55(2), 57-68.

Parker, K. A., Dickens, M. J., Clarke, R. H., & lemrove, T. G. (2012). The theory and
practice of catching, holding, moving and releasingnals. In J. G. Ewen, D. P.
Armstrong, & K. A Parker (Eds.Reintroduction Biology: integrating science and
managemen{pp. 105-137). Oxford: Wiley-Blackwell.

Parker, K. A., Ewen, J. G., Seddon, P. J., & Arorg; D. P. (2013). Post-release monitoring
of bird translocations: why is it important and hdewe do itNotornis 60, 85-92.

Perkins, D. W., & Vickery, P. D. (2001). Annual sival of an endangered passerine, the
Florida Grasshopper Sparrowhe Wilson Bulletin4(2), 211-216.

Perrott, J. K., & Armstrong, D. P. (2011). Aspelusl fumigatus densities in relation to forest
succession and edge effects: implications for viddiealth in modified
environmentsEcoHealth 8(3), 290-300.

48



Pinter-Wollman, N., Isbell, L. A., & Hart, L. A. (9). Assessing translocation outcome:
Comparing behavioral and physiological aspectsasftdocated and resident African
elephantgLoxodonta africana)Biological Conservation142(5), 1116-1124.

Promislow, D. E., Montgomerie, R., & Matrtin, T. @992). Mortality costs of sexual
dimorphism in birdsProceedings of the Royal Society of London. S&ies
Biological Science250(1328), 143-150.

Rash, G., Boyd, S., & Clegg, S. (1998jitchbird (hihi) Notiomystis cincta recovery plan
Department of Conservation, Wellington.

Richardson, K., Castro, I. C., Brunton, D. H., &wstrong, D. P. (2013). Not so soft?
Delayed release reduces long-term survival in agrase reintroductiorOryx, 1(1),
1-7.

Richardson, K., Ewen, J. G., Armstrong, D. P., &blar, M. E. (2010). Sex-specific shifts in
natal dispersal dynamics in a reintroduced hihiybapon. Behaviour 147(12), 1517-
1532.

Robinson, R. A., Balllie, S. R., & Crick, H. Q. @D). Weathedependent survival:
implications of climate change for passerine pojpaeprocessesbis, 149(2), 357-
364.

Sarrazin, F., & Legendre, S. (2000). Demographpragch to releasing adults versus young
in reintroductionsConservation Biologyl4(2), 488-500.

Scott, R., Marsh, R., & Hays, G. C. (2012). Lifetihe really slow lane: loggerhead sea turtles
mature late relative to other reptil€sinctional Ecology26(1), 227-235.

Taylor, S., Castro, I. C., & Griffiths, R. (200%Jihi/stitchbird (Notiomystis Cincta) Recovery
Plan, 2004-09Department of Conservation.

Teixeira, C. P., De Azevedo, C. S., Mend|, M., €gie, C. F., & Young, R. J. (2007).
Revisiting translocation and reintroduction progna@s: the importance of
considering stres&nimal Behaviour73(1), 1-13.

Thorogood, R., Armstrong, D. P., Low, M., Brekke, & Ewen, J. G. (2013). The value of
long-term ecological research: integrating knowkeéty conservation of hihi on
Tiritiri Matangi Island.New Zealand Journal of Ecolog$7(3), 298-306.

Williams, B. K., Nichols, J. D., & Conroy, M. J.@R2).Analysis and management of animal

populations San Diego: Academic Press.

49



50

Chapter 3. Assessing short-term
viability of thereintroduced hihi
population in Bushy Park in the face of
uncertainty



3.1 INTRODUCTION

Population viability analysis is one of the mostveoful tools for assessing the value of
follow-up translocation and harvesting. To pre@isti overcome the major uncertainties
about system response to management actions, gatisarmanagers can use predictive
models that reflect their understanding of how patpons function. Predictive models
provide managers with information about what wappen under each management action
and what will be the best decision to make considethe costs and benefits of each outcome
(Runge 2011). Reliable predictive models incorporatcertainties, because reliability of
population predictions depends not only on unbiastitnation of vital rates (survival,
reproduction and movement), but also on structamdl estimation uncertainty (Tuljapurkar
& Orzack 1980). Armstrong & Reynolds (2012) defirtei type of uncertainty as
incertitude,which reflects our limited knowledge of a syst€dm the one hand, most
reintroduced populations are initially small, meandata are insufficient for reliable
estimation of parameters of interest. On the dtiaed, survival rates and reproductive
success of reintroduced individuals may be ingtiaiduced due to post-release effects or
Allee effects (Armstrong & Reynolds 2012). Atiee effectefers to the process of vital rates
being suppressed in some species when their papukizes are small, often due to effects
on cooperation or facilitation among individualsggghens & Sutherland 1999; Courchamp et
al. 1999). Therefore, monitoring should be diredtedetermine the presence of those effects
in order to account for it in a projection.

Another type of uncertainty refers to variabilitythe state of a system and is called
stochasticity(Armstrong & Reynolds 2012). Especially importéot modelling the growth
of small reintroduced populationsdemographic stochasticithat refers to chance
variations in individuals’ reproduction or survivdlhis means that the future of a small
population does not depend on the average estirofttal rates, as it does in a big
population, but instead it depends on the sunawal fecundity of every single individual in
the population (Caughley & Gunn 1996). That is valgmall population is more likely to
become extinct just by purely bad luck, even whigreioconditions, like food availability and
absence of predators, are met (Caughley & Gunn)18&fvever, as the population size
becomes larger, the variation due to demograpbahssticity decreases.

A follow-up translocatioror second release is one of the most common maregem
actions that are used to increase population sidets viability (Armstrong & Ewen 2001)

Veltman et al. (1996pund that multiple release increase the chanexatic bird species
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establishing in New Zealand. This principle is agplied to reintroduction of New Zealand
native birds such as the hiRatiomystis cinctaNorth Island robirPetroica longipesNorth
Island saddlebacRhilesturnus rufusatediving petrelPelecanoides urinatriand others
(Parker 2013). Modelling the outcome of follow-uartslocation involves less uncertainty
than modelling initial translocation if monitorimgas used to obtain new information about
population parameters. However, even with good-paisaise data, predicting the dynamics
of reintroduced population can be challenging duertcertainty (Bar-David et al. 2005).
Moreover, the potential benefits of follow-up trlotation have to be weighed against the
impact on the source population. Frequently onlg source population is available for
harvesting and the impact of follow-up translocatias to be carefully projected in order to
maintain an acceptable level of harvesting.

In this chapter | perform PVA of the reintroducedilpopulation in Bushy Park in
order to see whether this population will be viableth because the projection of population
dynamics might be useful experience for future tridmslocations and because other
interventions might be considered. There was agsaigrom Bushy Park Trust to release
more birds, with a view to increase persistenceplilation size. Consequently, the Hihi
Recovery Group considered two management alteesatstatus quo, meaning just
continuing supplementary feeding and monitoring beges during the breeding season; and
follow-up translocation of 15 females from TiritMatangi Island in March 2015. However,
after Bushy Park pest monitoring revealed a serilocigsion of two rat species in November
2014, a third alternative was considered — delathegollow-up translocation to March
2016, allowing the effectiveness of pest managentené assessed before the translocation.
| also wanted to consider a fourth alternativerarislocation of all juveniles from Tiri in
March 2015", in order to see how the increased rerobtranslocated individuals would
change the dynamics of both populations. All priigets assume that rats were eradicated. |
incorporated two types of uncertainties mentionaola into quantitative population models,
and used these to make 10-year projections of ppaldynamics under each management
alternative. In addition, | assessed the short-iarpact of harvesting on the source
population on Tiritiri Matangi Island. This populat plays a critical role in hihi conservation

and is highly valued, because it is usually thetrsagable source for hihi translocation.
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3.2METHODS

3.2.1 Species and sour ce population

Hihi are small endemic New Zealand forest birdseyTare sexually dimorphic, feed on
fruits, nectar and invertebrates, and nest in igg/af mature trees. Hihi formerly inhabited
most of the North Island mainland and Great Bartigétle Barrier (Hauturu) and Kapiti
Islands, but by the 1880s had become extinct eveeygvexcept Little Barrier Island (Taylor
et al. 2005). Attempts to recover the hihi startemte than 30 years ago (Taylor et al. 2005).
Since then, hihi were reintroduced from Little Bardsland to ten sites (five islands and four
mainland sanctuaries, plus one site where they teckin captivity). Currently, populations
remain at five of these sites: Kapiti Island, TiriMatangi Island, Zealandia Wildlife
Sanctuary, Maungatautari and Bushy Park. Experisn@mfood supplementation have
shown that hihi survival (Armstrong & Ewen 2001)reproduction (Armstrong et al. 2007,
Chauvenet et al. 2012) is limited by food, thushéii are provided with supplementary
feeding at all of these sites on a permanent basisder to compensate for the shortage of
natural cavities, nest boxes are provided at TiiMatangi, Zealandia and Bushy Park.

To minimise impact on the natural population ortleéiBarrier Island, most hihi are
now sourced for translocations from the reintrodigepulation on Tiritiri Matangi Island.
Tiritiri Matangi is a 254-ha island located in Halar Gulf and is managed by the Department
of Conservation. A replanting program started aniitand about 30 years ago (Mitchell
1985). Tiritiri Matangi Island is free of exotic manalian predators: Pacific rats, or kiore
Rattus exulanghe only non-native predators on the island, veeaglicated with a poison
drop in 1994 (Veitch 2002). The hihi population wasestablished by two translocations (in
1995 and 1996) with the release of 53 birds inl toten Little Barrier Island (Parker 2013).
The Tiritiri Matangi population plays a criticalleoin hihi conservation in New Zealand. It is
carefully monitored each year before and afterdireg providing data for modelling the

impact of harvests.

3.2.2 Bushy Park

The most recent hihi reintroduction took place @12 in Bushy Park, where 44 juvenile hihi
were translocated from Tiritiri Matangi Island. THéi Recovery Group approved Bushy
Park for hihi reintroduction for a number of reasofirst of all it contains 87 ha of lowland
rainforest that is believed to be in the hihi’stbigcal range. Secondly, 10 years ago

mammalian predators were eradicated and the paslswaounded by a 4.8 km pest-proof
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fence (Xcluder™ "kiwi"). Thirdly, two successfulinéroductions of predator-sensitive native
species - North Island robin and North Island selatk — indicate the good quality of this
site. Finally, Bushy Park is a community based eoretion project, which has a big team of
volunteers who help to monitor birds and maintaeders and nest boxes. However, there
are also some challenges in species managemeunshy Bark. In order to protect the
reintroduced populations, the Bushy Park Trust actglon-going pest monitoring. This
includes fence monitoring as well as regular regtaent of baited traps for rodents and
possums inside the park. However, often outsidéethee non-native predators are present at
high density, and they can discover fence damagequeckly (Connolly et al. 2009). When
pest monitoring is not regular, which could be ¢hse in community- based conservation,
non-native predators may reach high density infiddence before being discovered. There
are also two native predators of birds in BushykPaworeporkNinox novaeseelandiaad

New Zealand falcofalco novaeseelandiae.

3.2.3 Monitoring at Bushy Park

| obtained survival data by doing seven monthlyweys from March 2014 till September
2014 and by analysing data that were collectetierperiod of March 2013 - February 2014
by Bushy Park volunteers, including the first mowmtien daily monitoring was conducted
using radio tracking (the battery life was approxiaty one month; Chapter 2). Each survey
took two days on average and involved walking alowgitoring lines and watching the
feeders for one hour each. The 44 individuals weleur-banded, as well as about 80% of
the juveniles produced in the first (2013/2014)ediag season. Nest monitoring was
conducted regularly during the breeding seasomodigh nest boxes were checked
systematically, some nests were never discoverd@ileast four juveniles left their nests
unbanded. These birds were not used in the suranalysis, but were used for modelling

fecundity.

3.2.4 Developing the population model for Bushy Park

| combined the reproduction and survival data orie analysis, in order to achieve more
precision and accuracy in vital rates estimatespmadiction (Abadi et al. 2010). The
population model was used to predict populatiomgincand risk of extinctiomnder different
management alternatives. | used a female-only madehey are the sex likely to limit
population growth (Figure 3.1). Uncertainties rethto demographic stochasticity, model

selection and parameter estimation were incorpdrate the model. | did not include
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immigration or emigration in the model, as this plagion was determined to be
geographically closed (radio tracking in the firginth after release showed that no birds left
the population). The population model was codeQpenBUGS software that uses Bayesian
updating and allows modelling with a range of ukdfstributions (McCarthy 2007; Kéry &
Schaub 2012). The model includes three steps: noglé&cundity, deriving survival rates,

and simulating population dynamics based on thenastd vital rates.

N1 Sa N2 Sa

/2

Figure 3.1. Female-only life-cycle graph of the hihi populatio Bushy ParkThe
model has a pre-breeding census, meaning thauthéers of birds are counted just before
breeding starts. Rectangles represent adult feroéleg age classes (N1, number of first-
year adults; N2, number of older adults), and sHigorepresent juveniles, which consist of
juveniles fledged at Bushy Park (Nj) and transleddbr released) juveniles (Nr). The arrows
represent the transition probabilities based orvita rates $r, survival of translocated
juveniles;Sj, juvenile survival;Sa,adult survival probabilityfl, mean fecundity of first-year
femalesf2, mean fecundity of older females).

Step 1: Modelling fecundity. Fecundity (the number of fledglings per female year) was
taken to be Poisson distributed, and included edfixge effect that was modelled on a
logarithmic scale with informative priors. | assuirteat mean fecundity of first-year females
in Bushy Park would not be higher than that oftfirsar females from the source population
(bof), thus the parametef the difference in mean fecundity between the Budrk and

Tiri populations, was constrained to 9. | did not have reproduction data for older féama
in Bushy Park. Therefore, | modelled fecundity tafes birds completely based on the

estimated age effectfld) at the source population, i.e. the differencengan fecundity
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between older females and first-year females (stmbestimation for Tiri). Linear models
that were fitted to the fecundity data were
log(f1) = bof + bfp
log(f2) =log(f1) + bfa
wherefl andf2 are mean fecundity of first-year females and oldarales in Bushy Park.

Step 2: Deriving survival estimates. | modelled survival in program MARK 7.2 using the
Cormack-Jolly-Seber (CJS) model, considering adtieve models included sex, age and
post-release effects (Chapter 2). In order to atcfmn estimation uncertainty in OpenBUGS,
survival for each age class was modelled on a gugite and parameters were randomly
sampled from a normal distribution defined by theamthat was equal to averaged survival
estimates and precision that was obtained basethadard erro¢SE [logit(S)])~2.

Averaged survival estimates with unconditional dtad errors were used in order to allow

for structural uncertainty (Chapter 2).

Step 3: Linking population dynamicsto vital rates. Population dynamics were assumed to
be determined by the following parameters: meaarfdity (number of fledglings per female
per year) of first-year females, mean fecunditploler females, juvenile survival (probability
of a fledgling surviving to the next breeding segsand annual adult survival. The
probability of a fledgling being a female was assdrto be 0.5, which is supported by a
large data set from the Tiri population.

The expected number E(N) of adult females next yeaach age class can be
represented mathematically as:

E(N1;41IN1;,N2,) = 0.55j(N1; * f1+ N2 * f2) + Nr = Sr
E(N2.41IN1,,N2,) = (N1, + N2,) * Sa.

The above equation is a deterministic version efgbpulation model. To account for
stochasticity uncertainty, | included demographeckasticity in this model. The number of
new-born juvenile females (Nj) each year was sathfstam a Poisson distribution based on
the expected number, which was based on the nuofliemales in two age classes (N1 and
N2), with an expected probability of being femade &t 0.5:

Nj;~Poisson (0.5 x (N1, * f1 4+ N2, * f2)).
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The number of first-year hihi (N1) alive at firsteleding was sampled from a binomial
distribution based on the juvenile survival proligp{Sj). | assumed birds to be juveniles
until September.

N1;,,~Binominal(Nj., Sj).

In the case of follow-up translocation, the numietranslocated femaldsir) survived to
the first breeding was sampled from a binomialritistion with probability of success equal
to estimated survival and was added to the totadber of juveniles.

N1,y + (Nr~Binominal(Nr, Sr)).
The number of older females (N2) the next breedeeson was sampled from a binomial
distribution based on the annual adult survivabpiwlity:

N2;,,~Binominal(N2., Sa).

Extinction probability was estimated by using thadtion {step(-Nt)} in Open BUGS, which
takes on the value 1 (extinct) if the variable iNtparenthesis, greater or equal to 0 and
otherwise takes on O (persisting).

Carrying capacity. Estimating the carrying capacity for hihi in Budhgrk is not
straightforward, first of all because this popwathas only started establishing and secondly
because it is supported by supplementary feeding.rmain idea of including carrying
capacity in this study was to avoid unrealisticvgifoin the projections. | used elicitation of
expert opinion of the Hihi Recovery Group (HRG) nlimrs to assess the carrying capacity at
Bushy Park, taking into account the most likely m@g@ment capacity as well as
characteristics of the reserve. The process waated at the HRG meeting in 2014 and
concluded via email, with five HRG members ultinlpi@ompleting the questionnaires that
were based on a modified Delphi method (MacMillaarshall 2006). The average upper
limit of the carrying capacity ranges given by th@sembers was 189 individuals. For
simplicity, | rounded this number to 200 and didd®y 2, as sex ratio is assumed to be 1:1.
In order to limit the population to 100 femalesskd function {min} in OpenBUGS and
applied it to truncate the number of first-year &es to:

N1; = min(K — N2, N1max,),
where K = carrying capacity, N1max the expected number of first-year females at time

and N1= the truncated number of first-year females.
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| ran the model with two sets of initial parametatues in order to check for
convergence (McCarthy 2007), and it always conwktgea posterior distribution within
1000 iterations. After burn-in of first 1000 iteats | ran each model 100000 times.

3.2.5Modedlling theimpact of harvesting on the sour ce population

In order to simulate the Tiritiri Matangi populatib used a model that was previously
developed in Microsoft Excel to guide harvestimirTiritiri Matangi hihi population since
2005 (Armstrong & Ewen 2013). Its predictions haeen tested during harvesting for
translocations to Zealandia Wildlife Sanctuary, Arkhe Park and Maungatautari. Like the
Bushy Park model described above, this model isferanly and incorporates uncertainties
related to demographic stochasticity and parameteertainty. The model goes through
several steps for each run of the model:

1. Number of females. Based on the re-sighting prdibght determines the number of
juvenile and adult females that were missed ineygsvBased on the annual adult
survival probability, it determines how many fensgasirvive the next 12 months.

2. Number of fledglings. Based on the probabilitiesist-year and older females
having> one fledgling and the mean numbers of additiolealglings per female, it
determines the total number of fledglings.

3. Number of juveniles and harvesting. Based on thethitp juvenile survival
probabilities, it determines how many juvenilesvsted each month before and after
harvesting.

4. Sexing. It determines how many juveniles that siadito breeding were females.
This model uses demographic parameters (survihfesundity) that were estimated based
on data collected from 1996 - 2004 (Thorogood €2@13; Table 3.1). These demographic
rates have been stable so far and given accurmgjecpons (Armstrong & EweB013). The
numbers of first-year birds and older birds wertawted during pre-breeding survey in
September/October 2014.

The aim of this simulation was not to make longrtgrojections, but to model the
probability distribution of the number of femaldtea harvesting in September 2016. It is
hard to project long-term dynamics of the Tiritdatangi hihi population because there will
probably be further harvests, and the number aoiddals harvested varies from year to
year depending on circumstances. Since 2005 théeuaof birds removed annually to other
conservation areas has varied between 0 and 7RefP2013). Thus the mean number of

female hihi in September 2016 serves as an indicdtine impact of the proposed follow-up
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translocation to Bush Park. Similar guidance hanldeequently given for setting harvest
rates in previous years; however, this is normaXgressed as how many juveniles can be
harvested such that we maintain an adult femal@lptpn of about 70 (Armstrong & Ewen
2013).

Table 3.1. Demographic parameters for the Tiritiri Matandjilpopulation based on the data
from 1996 — 2004 (from Thorogood et al. 2013).

Demographic parameter Estimate SE
Juvenile survival 0.43 0.02
Annual adult survival 0.69 0.03
Fecundity of 1st-year female 2.27 0.23
Fecundity of older female 3.46 0.21
Sex ratio 1:1

In order to project the alternative “translocatalhjuveniles” this model was rewritten in
OpenBUGS and combined with Pushy Park populatiodeh@ppendix B)It allows me not
only to incorporate the number of juveniles on TrMarch 2015 to Bushy Park model, but

also to account for uncertainty in this estimate.
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3.3RESULTS

3.3.1 Bushy Park population

Fecundity and survivaMonitoring over the 2014/15 breeding season shawatall four
females known to survive to the breeding seasemgited to nest. They had at least seven
clutches (five of which were successful) and flatigeleast 16 chicks. Two of these females
had high productivity for first-year birds, theytbg@roduced six fledglings.

Uncertainty around fecundity estimates was quitgddTable 3.2). With
uninformative (but constrained) priors, the postedistribution for fecundity of first-year
females had a mean of 2.53 (SE=0.40) fledglingdgrerle, with a 95% credible interval
(CRI) ranging from 1.70 — 3.28. Fecundity of olfiemales had a mean of 3.71 (SE=0.71)
and 95% CRI of 2.37 — 5.16. Such wide crediblerugkis expected as the sample size of
first-year females was very small and | did noténBushy Park data on older females.
Survival estimates for the model in OpenBUGS wemved from those obtained in MARK
(Table 3.3)

Table 3.2 Parameter estimates for the Bushy Park hihi pojpal@btained from OpenBUGS.
Fecundity parameters were modelled in OpenBUGSj\&lrparameters were first modelled
in program MARK then used in the population modeDipenBUGS.

Parameters Estimate SE 95% CRI
Annual adult survival 0.45 0.19 0.08 0.79
Prob. fledglings survive January — February 0.54 160. 0.22 0.82
Prob. juvenile survive March — September 0.63 0.200.18 0.92
Prob. translocated female survive first month 0.78 0.08 0.61 0.90
Prob. translocated female survive April-September .350 0.12 0.14 0.59
Fecundity of first-year female 2.53 0.40 1.70 3.28
Fecundity of older female 3.71 0.71 2.37 5.16

Table 3.3 Monthly survival rates of female hihi in Bushy Pagktimated by model averaging
in program MARK (see Chapter 2 for models considgre

Age class and sex Estimate SE 95% Confidence

0-1 month post-release 0.79 0.08 0.60 0.90
1-6 months post-release 0.81 0.06 0.67 0.90
Adult 0.94 0.04 0.81 0.98
Fledglings 0.74 0.12 0.47 0.90
Juveniles 0.94 0.05 0.75 0.99
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Population dynamicd.modelled population dynamics under four scenai@sed on the
results above: no translocation, translocationsofelnales in 2015, translocation of all
available juveniles from the Tiritiri Matangi pojatilon in 2015, and translocation of 15
females in 2016. The means and medians show diffenends over time — whereas the mean
goes up over time, the median actually slowly aedi(Figure 3.2). This occurs because the
distributions of population size becomes progresgitight skewed over time, meaning that
lower numbers occur more often than higher ones tlae most likely population size (mode)
is less than the mean.

Uncertainty around population size is quite largénwery wide CRI (Figure 3.3).
The median number of females in September 2024nigt2no translocation, 5 with
translocation of 15 females in either 2015 or 2Gi®] 8 with all juvenile females being
translocated in 2015 (38 juvenile females on awxagith 95% CRI= 0 — 100 for each
alternative. Although follow-up translocationstiease population size, uncertainty about
population size still remains very large. Takintpiaccount both parameter uncertainty and
demographic stochasticity, the probability of egtion within 10 years under alternative “no
translocation” is 44% (Figure 3.4). The probabibfyextinction over 10 years decreases to
35% under alternative “translocation 15 in 2016"31% under alternative “translocation all
in 2015” and to 34% under alternative “translocati® in 2016

It is also interesting to compare the immediate benefireleasing birds in the Bushy
Park population. All translocations minimize tligkrof extinction in September 2016. In
contrast, the probability distribution of the altative “no translocation” has a greater

probability of zero females (Figure 3.5).
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Figure 3.2 Projections of hihi population growth in Bushy Parer 10 years under
four alternatives: no translocation, translocatéd5 females in March 2015, translocation
of all juvenile females in March 2015, and tranakoan of 15 females in March 2016. Solid
lines show median numbers of female, and dottex$ Ishow mean numbers of females.
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Figure 3.3 Projections of hihi population growth in Bushy Parer 10 years under
four alternatives: no translocation, translocatéi5 females in March 2015, translocation
of all juvenile females in March 2015, and tranakoan of 15 females in March 2016. Solid
lines show median numbers of female, and dashed §how 95% credible intervals.
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3.3.2 Moddling theimpact of harvesting on the sour ce population.

The projections for the Tiritiri Matangi populatietarted in September 2014 with 13 known
first-year birds and 15 known older birds. As fardBy Park, | modelled 4 scenarios: no
harvest, harvest of 15 juvenile females in MarchZMarvest of all juveniles from the
population in March 2015, and harvest of 15 jusef@males in March 2016. Modelling the
number of female hihi in September 2016 indicates Tiri population is expected to decline
slightly from harvesting. Under the alternative ‘tnanslocation”, the mean number of
females in 2016 is 68, with a 95% credible intef@RI) of 42-103. Translocation decreases

this number: to 55 (95% CRi 31-89) for alternative “translocation 15 females in 201%",
34 (95% CRI = 19-52) under alternative “translozatall juveniles in 2015” and to 58 (95%

Pl = 33-93) under alternative “translocation15 @1&". The probability of extinction is close

to 0 under all four scenarios (Figure 3.6).
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Figure 3.6 Probability distributions for number of female iham Tiritiri Matangi
Island in September 2016, under four alternatimesharvest, harvest of 15 females in March
2015, harvest of all juvenile females in March 204ad harvest of 15 females in 2016.
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3.4 DISCUSSION

The most obvious conclusion from modelling the BuBlark population is that it shows a
slight negative tendency no matter what manageal®rhative is chosen, but with great
uncertainty, as the 95% CRI for the number of fesah 10 years ranges from 0 to 100
females (with 100 set up as a carrying capacitBimhy Park) under each alternative. This
means that | cannot claim with any confidence thiatpopulation is going to become extinct
or survive the next 10 years. This uncertaintyteslanainly to uncertainty in survival and
fecundity estimates. This uncertainty is an integeat of reliable population projection

(Boyce 1992), as each value within the range oértamty has to be considered as a possible

true population parameter (Clark 2003).

Fecundity and survival. Vital rates are one of the most important partseebéble population
forecasting. Under- or over-estimated vital ragzgllto significant changes in projections and
as a result to inappropriate management decismmeXxample, underestimating the fecundity
rate of translocated North Island robin on TiriMatangi Island resulted in an unnecessary
follow-up translocation (Armstrong & Ewen 2001).réaer monitoring showed that the mean
fecundity rate of robins was higher than that eated based on one year of post-release data
from 7 females (Armstrong & Ewen 2001). Sufficisample size, consideration of post-
release effects and post-release monitoring areriapt. However, use of available prior
information may help to obtain reliable fecundistimates, even based on one year of post-
release data (Gedir et al. 2013). The fecunditynesé that | obtained was based on the 4
females that survived to the 2013/2014 breedingaeavioreover, 75% of the fledglings (12
of 16) were the offspring of two females. Consedlyehbelieve it was reasonable to make
use of the prior information on fecundity of fensmfeom the Tiritiri Matangi Island
population, allowing me to keep the mean fecunaitirst-year females from Bushy Park
within realistic limits. Prior information was als@cessary to model fecundity of older
females, as no data for Bushy Park were availadtieltywas known thdecundity of hihi is
age-specific, withirst-year females starting nesting later and cqusatly producing fewer
clutches (Armstrong et al. 2002; Armstrong et 802, Low et al. 2007).

Simulation of the Bushy Park population. For modelling population growth and
probability of extinction, | applied an integratedmework, meaning different types of data
were analysed simultaneously (Abadi et al. 201@)wvever, my model was not fully an
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integrated model, as | modelled survival separatefyrogram MARK. Kéry & Schaub
(2012) suggest that as long as Goodness-of-fifaesttegrated population models has not
been developed yet, one should compute it for datd set. Modelling survival separately
was also essential because it allowed incorporatiodel selection uncertainty, by model
averaging. Bayesian model averaging is complexusuaer development (Barker & Link
2013). Moreover, it would probably require usingltimomial likelihood, instead of state-
space likelihood for survival, which is not so flebe (Kéry & Schaub 2012).

The combined model allowed me to reconcile unaeiyan parameter estimates with
uncertainty in population growth prediction. On three hand, parameter uncertainty
incorporated into the model widens prediction inéés and reduces the confidence in a
projection. On the other hand it is more likelyriolude true population parameter than one
where uncertainty is ignored (Wade 2002; Clark 2008is fact is especially important
when the projections are used as a basis for makingervation management decisions,
because managers always need to be aware of keeghéa they undertake.

Modelling indicates that follow-up translocationswid slightly reduce the
probability of extinction, especially during thesti three years when the mean probability of
extinction is less than 5%. My model does not ipooate the Allee effect or genetic
variation, so the reduced extinction probability ¢ explained only by decreasing
demographic stochasticity and increasing sampke 3iaere were no reasons to expect an
Allee effect in hihi (D. Armstrong., personal comme January 2015). However, follow-up
translocation may have a long-term benefit of insheg genetic variations and decreasing
inbreeding. The model that | used serves to preédecshort-term persistence of the
population, whereas loss of genetic variation atddeding would be relevant to longer-term
modelling. These processes along with demograpbahasticity are important concerns for
small translocated population (Keller et al. 20Bekke et al. (2010) found that inbreeding
in the hihi population on Tiritiri Matangi resuliits a hatching failure and depressed male
survival in early life stages. Although the genédgue is important, Boyce (1992) claims that
incorporating genetics in models will not affeat gorojection as much as incorporating
demographic stochasticity.

Density dependence will also affect short- or leegn projections of population
dynamics, depending on the habitat area availdlble.Bushy Park population has only been
studied for a short time and at low density, 9s inpossible to infer density dependence
from that population. However, in other hihi pogidns some density dependence has been

recently discovered: Ewen et al. (2011) found ghslreduction in fecundity as density
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increased on Tiritiri Matangi Island, and Chauvestedl. (2012) found that recruitment
declined with density on Kapiti Island. Ewen et(@D12) also found that the proportion of
females among recruits decreased as density irttebsmy projections, | just applied a
fixed population ceiling in order to avoid unretiipopulation growth; however, more data
are needed to better understand the process atyddapendence on each site.

Studying the mechanisms underlying population dyngnfior example the effect of
interspecific food competition and predation oralrates, could potentially contribute to
long-term projections in future. For example, tlopylation of bellbirdsAnthornis melanura
probably increased after the supplementary footwaa provided to hihi on Kapiti and
Tiritiri Matangi Island. Now bellbirds make up a joaty of birds feeding on the feeders
This growing bellbirds population can potentialigglace hihi from natural nectar sources in
the future. Another example is the most recentadisry of a rat incursion in Bushy Park.
This suggests that the risk of non-native predatcasions should be incorporated in the

population models, even if the reintroduction stéenced and well monitored.

Impact of harvesting. | modelled the probability distribution for the nber of females on
Tiritiri Matangi in September 2016. Long-term paciions for the Tiritiri Matangi

population are impossible for a number of reasbirst of all, the annual harvest rate for this
population is not constant and hard to predict.osinevery year since 2005 (except 2006,
2012 and 2014) from 30 to 72 individuals have heemoved to different conservation areas
including Bushy Park (Parker 2013). Secondly, taadlocated birds are predominantly
juveniles, and most of the time harvesting takeseht the beginning of the year, making it
difficult to model juvenile survival. Thirdly, lite is known about carrying capacity of Tiritiri
Matangi Island and the effect of density on dempli@parameters in hihi populations.
Beissinger and Westphal (1998) argue that modatsdih not incorporate density
dependence yield unreliable extinction probabdgitiwhich could be either under- or
overestimated. Boyce (1992) also recommends inatudensity dependence unless
projections are short-term. Another concern abaog-term projections for Tiritiri Matangi
population is the sex ratio. The last survey intSeyper 2014 revealed that Tiritiri Matangi
population has become clearly male biased, witherttwain three males per female (J. Ewen
pers. comm.), and although Ewen et al. (2011) fdbhatimale bias in the sex ratio has little
effect on female survival and fecundity, this isseeds further investigation in order to
understand how sex ratio will be changing in therei on Tiritiri Matangi Island and at

different sites and how this should be factored gecisions about harvesting rates.
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Conclusion. On the one hand, the population projections fasuPark indicate that follow-
up translocation will not have a great impact opylation viability. On the other hand,
projections for Tiri also indicate that the propdsemoval of females will not put that
population at risk. The final management decisgpexpected to follow the recommendation
of the Hihi Recovery Group (HRG) and depends on timy evaluate the benefits of follow-
up translocation for Bushy Park population agaiinstcosts of harvesting for Tiri population.
In cooperation with the HRG, | wished to decide thiee the reduction in probability of
extinction at Bushy Park from 45% to 35% is su#fiti benefit to justify the losses incurred
by the Tiritiri Matangi population and the costtbé follow-up translocation. In order to
make appropriate management decision that wikfyasitakeholders | applied Structured

Decision Making to this problem (Chapter 4).
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Chapter 4. Applying Structured
Decision Making to thereintroduced
hihi population in Bushy Park



4.1 INTRODUCTION

Reintroduction is a complex process, which requiasperation between conservation
managers and stakeholders to make managementotsdisfore and after translocation
(Converse et al. 2013a). Before translocation, marsaneed to decide what release site will
be appropriate, how many individuals will be tramsited, the origin of individuals, and what
release method should be used. After release, reesaged to decide what management to
apply in order to increase population viability.ng®of these decisions may be very complex
and controversial. For example, in the 1990s redhiction of the grey wolCanis lupus
generated a lot of debate between biologists, whoeal that wolves were the last missing
link in the Yellowstone National Park ecosystend adjacent landowners of the Park, who
opposed the presence of a notorious predator hearsettlements (Wilson 1997). Attempts
to save another iconic species, the California oo&ymnogyps californianygenerated
debate between conservation managers, scientgtsraronmental activists about whether
or not to remove the remaining birds from the vafdl start a captive breeding program
(Alagona 2004). Difficulties about decision makilgo relate to our limited knowledge
about system response, which means that the outobreetroduction is often uncertain.
Thus the main question is how to make reasonabfegement decision in the face of
uncertainties, and find a compromise between nialbpinions.

The framework for making rational decision abouwt tltumerous components of
reintroduction is Structured Decision Making (SDMgure 4.1). SDM is a transparent
process that guards decision makers against tleatuatpitfalls in the decisions that they are
going to make.

Recently this approach has become more populatural resource management
decisions (Gregory & Keeney 2002). However, theeecaly a few examples of SDM being
applied in reintroduction biology. For example, bauand Knut{1997) incorporated some
elements of SDM by involving citizens in the desrsmaking process about moose
reintroduction to New York; Converse et al. (201u8¢d SDM to decide whether or not
releasing captive-reared whooping crane chigkss americanavould help to recover the
non-migratory population in Florida, USA; and Ewedral. (2014) applied SDM to guide
management decisions about the supplementary fpeeiyime for hihiNotiomystis cinctan

Kapiti Island, New Zealand.
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Figure 4.1 Structured decision making. The red arrow betwherast and the first

steps of SDM convert this scheme into an adapti@eagement cycle, which is a subset of
SDM.

The rationale of SDM is to decompose a complex lprabnto smaller steps, focus on
objectives while making decisions, overcome themom human errors in judgement, and
involve stakeholders at each step of the decisiakimy process (Figure 4.1). In this Chapter,
| showed how SDM may be used to inform a decislmpuapost-release management, and
showed how the diverse interests of stakeholdeyslh@ancorporated in decision analysis.
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4.2. APPLYING SDM TO POST-RELEASE MANAGEMENT

The success of a species’ establishment afterseelean be evaluated based on the results of
post-release monitoring, and further managemenbeadapted based on this new
knowledge. Converse et al. (2013b) defined threm gr@ups of management actions that
are applied after release to increase populatiability: 1) population reinforcement, which
here | call follow-up translocations (Armstrong &En 2001); 2) habitat management,

which may include supplementary feeding, artificiabting sites, predator and vegetation
control; and 3) harvesting either for commerciatonservation purposes. SDM may be
designed to provide an answer to the key questioimg managers: what management action

should be applied, considering the limited resosiar@ uncertainties involved?

Problem definition and working groups. In the framework of SDM, the people who are
interested in the outcome of the decision processisually callegtakeholdergWilson &
Arvai 2011). In reintroduction decisions in New Egal, stakeholders are often species
recovery groups that consist of Department of Cosad®n representatives, scientists,
researchers, conservation managers and environnaetitasts.

The word “problem”, in the frame of SDM, does nbways mean something bad, but
it applies to some complex situation that needsasibn. For example, one of the most
common problems for reintroduction projects is égide whether to release captive-reared or
wild-caught individuals. Both may have their prosl@ons that stakeholders need to
evaluate. During this stage, the group of stakedrsldiscusses questions about who makes
the decision, who should be involved, and whenteowl the decision will be made (Gregory
et al. 2012).

Defining objectives. During this step, decision makers define whatgartant to them and
how it could be measured (Gregory et al. 2012). &prmoblems in managing reintroduced
populations will have few objectives, but mostluém will have several. The important issue
is to distinguish between means objectives anddomehtal objectives (Wilson & Arvai
2011). For example, if “increase the number of pajans of threatened animal X in country
Z’ is a fundamental objective, then “establish l-sestaining population of threatened
animal X in conservation area Y in country Z” woldlel a means objective. The
establishment of a new population is importantalse it would help to increase the overall
number of populations in the country. However, nsealnjectives could become fundamental
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if the problem statement is changed. For exampéme considers management of a
particular reintroduced population in a particukritory, the objective “establish a self-
sustaining population of threatened animal X insgyaation area Y in country Z” becomes a
fundamental for this particular project, and a nsealpjective could be “increase the number
of nesting sites for threatened animal X”. In othverds, means objectives tell us how we can
achieve the fundamental objectives (Figure 4.2)aly, fundamental objectives may be a

part of another larger fundamental objective, fikerease biodiversity in country Z”

(Gregory et al. 2012).
Fundamental
/ objective \\

Why? How?
Means //
objective “

Figure 4.2 Difference between fundamental and means objectAedapted from
Cochrane et al. (2011).

SDM requires not only consideration of a comprehenset of objectives, but also
developing the methods for measuring these obgxtiwilson and Arvai (2011) define three
types of measurable attributes. First of all, themenatural measurethat can be measured
directly and expressed with real numbers, e.gogept's cost or the number of individuals in
the population over 10 years. If something caneatieasured directly, managers may use
indirect orproxy measuredor example the number of successfully estabtigieentroduced
populations in a conservation area Y might be aswmeaof the quality of that area. If the
results cannot be measured either directly or @éudly, the third type of measures is used —
constructed measureBor example, in order to evaluate relationshgtsveen local residents

and reintroduced animal X, managers may use suoeyslis.

Alternative management actions. This is the most creative step in SDM,; it requires
imagination and critical thinking. The best waydvelop a good set of alternative
management actions is to brainstorm the varioussidea group of experts from different
areas, and choose a set of appropriate alterretii@ns considering the constraints. In many

cases, it means not only searching for good altiee®s but also creating new ones (Gregory
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et al. 2012). For example, in order to increasetiay success of reintroduced takahe
Porphyrio mantellion Mana Island, managers conducted a cross-fogtexperiment with

its closest relative, the pukeRorphyrio porphirio(Bunin & Jamieson 1996). Alternatives
for increasing the viability of reintroduced specmay involve: continuing current
management, providing supplementary food, condgdthow-up translocations, managing
non-native predators, treating ectoparasites, aad emoving the population from the
current site. Sometimes, when the list of alteustis large, it is useful to group alternatives
into portfolios. For example, in order to incredise viability of hihi on Mokoia Island, one
of the implemented alternatives was a combinatianite control and supplementary
feeding (Armstrong et al. 2007). After identifyiagange of alternatives, the list is then cut
in order to account for constraints, because tasilbdity of alternatives is limited by
available resources such as funding, labour, squopalations or knowledge.

Model and predict. During this step, managers predict the consequefaach alternative

in a set according to chosen measurable attribus&sg mathematical models based on the
available data and expert opinion (subjective judgets). Mathematical models are very
important as they provide information about futpopulation dynamics that can be used as a
basis for making decisions. Modelling a single-obyje problem with no uncertainty is
straightforward, but in reality post-release mamaget involves many uncertainties that
relate both to variability in the system and t&klat data. Thus modelling with uncertainties

is essential during this step as it magesdictions more realistic.

It is also important to reduce uncertainty as maglpossible. For example, managers
use post-release monitoring to reduce uncertamwtal rates estimates. Monitoring can be
also designed to answer some specific questioaswkat threatens the viability of the
population? Are they limited in food? Are they veitable to predators? What individuals are
more vulnerable e.g. males or females, fledglinmgadoilts? If monitoring data on the target
population are sparse, managers may incorporai¢hetmodel available information from
other reintroduced populations (Parlato & Armstr@0d.2; Gedir et al. 2013).

For clarity, collected information is presentedhe form of consequence table, which
combines objectives, alternatives and measuratrlbuges, and summarises information on
how each objective performs under each managertemative. This information is given
in terms of numbers and/or probabilities, and heeder to these asbjective scorefS)).
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Evaluating trade-offs. The perfect management action that does not hayvdrawbacks
does not exist. Managers just need to weigh thefisrand costs of each management action
and choose one where the cost/benefit balancerns atceptable for the particular situation.
For example, the most common trade-off in reintotigun is evaluating the costs and benefits
of follow-up translocation, especially when onlyeosource population is available; thus the
benefits of follow-up translocation are weighteaiagt the costs of harvest. Evaluating the
trade-off is complicated by uncertainty in the ames. Sometimes managers need to make a
decision in a face of great uncertainty, becausgtbblem needs immediate solving. For
example, when only one pair of black robRetroica traversiwas left from the 7 birds
reintroduced to Mangere Island, the conservationagars were forced to take a risky step.
They conducted cross-fostering with ChatharPétroica macrocephala chathamenss
action that probably saved black robins from extorc(Butler & Merton 1992).

Unfortunately, there is no a single recipe for tifgmg the best management action.
However, several techniques help to deal with unadres, e.g. Simple Multi-Attribute
Rating Technique (Box 4.2), stochastic dynamic pogning, Bayesian belief networks,
linked decisions, and simplifying the decision bgucing the number of alternatives and

objectives (Gregory et al. 2012).
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4.3 APPLYING SDM TO MANAGEMENT OF THE REINTRODUCED HIHI
POPULATION IN BUSHY PARK

| used SDM to guide a decision about conservatianagement of the reintroduced
population of hihi, an endangered New Zealand fdsd, in Bushy Park, a conservation
reserve near Whanganui. In March 2013, 44 juvdniiewere reintroduced to Bushy Park
from Tiritiri Matangi Island. The population dea#id in the first year after reintroduction,
with males surviving better than females. FromzZheeintroduced females, only four
survived to the first breeding season and onlysuwived to the second (16 months).
Monitoring over the first breeding season showex the four females laid a total of at least

7 clutches, and fledged at least 16 chicks.

Problem definition. The main question was whether to conduct a follgpranslocation to
reinforce the population, and if so, when.

The Bushy Park Trust proposed a follow-up tranglooaof an additional 15 females
in August 2014. However, the proposed translocatias postponed until March 2015 by the
Hihi Recovery Group (HRG) in order to collect makaa on survival and reduce uncertainty
before making a decision about whether to proca#dtive translocation. The decision has
been further complicated by detection of R&tus spinside the reserve in November 2014,
meaning the follow-up translocation was contingemsuccessful eradication of the rats. The
problem was to identify the best management adiomaximize the viability of hihi in
Bushy Park while also considering other objectives.

The New Zealand Department of Conservation (DO@}seovancies responsible for
Bushy Park and Tiritiri Matangi are the decisionkers, but their decision is expected to
follow the recommendation of the HRG. The objectiaad management alternatives for this
analysis were elicited during the annual HRG megitinApril 2014 and were discussed later
by e-mail. Evaluation of trade-offs and assigningres of importance to the objectives was
held by e-mail. The mailing list included eight HR@&mbers: two from the DOC, four from
community conservation groups (two from Bushy Rar#d two from Tiritiri Matangi Island)

and two from universities.
Defining objectives. During the 2014 HRG meeting, four fundamental cloyes were
identified for the decision problem (Table 4.1)rsEof all, the HRG considered the impact

of harvesting on the Tiritiri Matangi populatioredause this population plays a critical role
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in hihi conservation and is highly valued. Therefat was important ttMaximize the size of
the source populatioAs a measurable attribute for this objective, traggetion ofMean
number of female hihi in September 206 chosenThe short-term projection was chosen
because this population is frequently harvestedrémrslocations, and therefore population
size is hard to predict at longer time scales:es@05 the number of birds removed annually
to other conservation areas has varied betweed GaParker 2013). Thus, the mean
number of female hihi in September 2Gves a measure of the impact of harvesting.
Similar guidance has been frequently given for dieg the number harvested in previous
years. However, this is normally expressed as hawynjuveniles can be harvested such that

an adult female population is maintained of ab@u{Armstrong & Ewen 2013).

Table 4.1. Fundamental objectives and measurable attribotdsitii management in Bushy
Park (BP).

Objectives Measur able attributes g.refer'red

irections

Maximize the size of the source Mean number of female hihi in September  Increase

population 2016

Maximize the size of the BP Mean number of female hihi in 10 years Increase

population

Minimize probability of extinction Probability ofxtinction over 10 years Decrease

Minimize costs to HRG Amount of funds spent onfililow-up Decrease

translocation project

Secondly, the goal of this reintroduction projecta establish a population that will
be viable. Thus the HRG also agreed on second tolgeeMinimize probability of extinction
of Bushy Park populatior and to use the extinction probability over 1@rgeas a measure
of extinction risk.

Thirdly, it was also viewed as fundamentally important teeha large number of hihi
at Bushy Park. This was treated as additionaktmftuence on extinction risk over 10 years,
and was driven by a combined feeling of improveaksgstem services that hihi will provide
to Bushy Park, an increase in human-hihi encoungéerd greater long-term genetic viability.
Therefore the HRG agreed on the third fundameritjgotive -Maximize the size of the
Bushy Park population with ameasurable attributdean number of female hihi after 10
years Objectives 2-3 were conflicting with objectiveas increasing the Bushy Park
population through translocation is expected tacedhe Tiritiri Matangi population.

The fourth objective was tlinimize costs¢o the HRG, as the translocation is partly
funded by the HRG with funds that can be allocatedwhere.
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Alter native management actions. The set of alternatives was limited because, distl,
the intensity of management of the Bushy Park pdmiulation is unlikely to increase in the
foreseeable future. Bushy Park is a community-basedervation project that has been
managed by Bushy Park Homestead and Forest Tnest $094, and is administered by a
core of volunteers. Management of the reintrodugkdpopulation (as well as other
conservation management at BP) relies on the coldion of scientists and volunteers and
is supported by donations and grants. Volunteeiataia five sugar-water feeders for hihi
and monitor nest boxes during the breeding se&sxondly, the only suitable source for
translocation is the Tiritiri Matangi populationhi§ population has been used as a source for
translocations since 2005, is intensively monitpeed is known to be able to sustain the
harvests. The original remnant population on Li#&rier Island is also still occasionally
used as a source population, but only to increaset@ diversity in populations believed to
have a high probability of long-term persistenceadidition, Tiritiri Matangi is much more
suitable for catching, holding and transportinglbithan the less accessible and larger Little
Barrier. Considering the objectives and above-nogetl constraints, the HRG developed
two alternatives:

1. Continue current management (Status Quo)

2. Translocate 30 juvenile hihi (15 females and 15as)io reinforce the Bushy Park

population in March 2015 (follow-up translocation).

The unexpected rat invasion in Bushy Park in Novem2014 increased the uncertainty in
the decision-making process and necessitated tigdayation of other alternatives. E-mail
elicitation identified two additional alternativeg8) delay the follow-up translocation to
March 2016, and (4) remove hihi from Bushy Parkwideer, the last alternative was rejected
during the discussion.

Model and predict. The Bushy Park population was monitored since maghiction until the
start of the second breeding season (Septembej,20bdving estimation of adult and
juvenile survival (see Chapter 2 for details) adl @& reproduction. The Bushy Park and the
Tiritiri Matangi populations were combined into oieenale-only model that incorporated
uncertainty related to parameter estimations, mseleiction and demographic stochasticity.
The model was coded in OpenBUGS (see Chapter dtails).

The modelling indicated great uncertainty aboutytajoon outcomes under each
management alternative (Table 4.2). Under theradtere “no translocation”, the Tiritiri

Matangi population was predicted to increase tée@®@ales in September 2016, with 95%
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credible interval (CRI) of 42—-103. The mean numidfdiemale hihi in Bushy Park was
predicted to decline to 22 (95% CRI = 0-100) afi@years, with an extinction probability of
44%. This alternative, in contrast to both tranatmmn alternatives, does not entail any
additional financial costs. Both translocation altgives are predicted to reduce the number
of females on Tiritiri Matangi, to 55 (95% CRI =-38) under alternative “translocation
2015”andto 58 (95% CRI = 33-93) under alternative “tranataan 2016~ Both

translocation alternatives are predicted to in@ahs number of females in BP in 10 years,
with a mean of 26 (95% CRI = 0—-100) females witPo3trobability of extinction under both
alternatives. Under all three alternatives, | as=sithat rats were eradicated and did not
affect hihi survival or reproduction.

In order to obtain objective weights (Box 4.1)skad eight stakeholders, who
participated in development of objectives and al&ves, to assign weights to each of the
four fundamental objectives (Table 4.3). The infation sent to stakeholders included the
results from population modelling and brief infotima on how it was done. The two DOC

representatives first approved the process of atialu

Box 4.1.0bjective weighting. Many techniques help stakeholders to assign wigh
to objectives (see Hyde 2006 for summa@me of the most common is direct
weighting, in which stakeholders express the ingraré of the objective with some
number in a specified range. In assigning thesghtgi the stakeholders consider
the estimated scores for the objectives underiffereht alternative actions. For
example, for the first objective in this study k&tholders considered the importange
of decreasing the number of the Tiritiri Matangnfges in 2016 from 68 to 55 due

to harvesting.

To make this process easier for stakeholdersstldisked them to rank the
objectives, with 1 given to the most important ehjee and then assign 100 to this
objective. Other objectives were weighted relatovéhe most important one in a
range between 0 and 100. Then, to obtain normalizeghts that are required for
SMART, | summed the weights and divided each val&e sum.

Evaluation of trade-offs. The SMART technique (Box 4.2) was used to evaltladrade-

offs between the alternatives. | added the linesode for SMART to the population model
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(see Chapter 3), allowing me to incorporate modekttainties in decision analysis. These
new lines did the calculations shown in equatiodsa®d 3.2, giving a probability
distribution for the final score under each altéinea In addition, | obtained distributions for
the difference in the final scores between altéveat

| first compared the final scores for the managdraétarnatives using average
stakeholder weights (Table 4.5; Figure 4.3). | thexdid the comparison using each of the
eight sets of stakeholder weights to assess tlsatis#tly of the decision to these weights
(Figure 4.4). Although objective scores were noreed, so they all are on the same scale
between 1 and 0, the uncertainty allows valuet®final score to be less than 0 or greater
than 1.When average weights were used, the mealrstiore for alternative “no
translocation” was slightly higher than that of thw translocation alternatives, but the
distributions of these scores overlapped greathpld 4.5). All three distributions were
multimodal with three peaks (Figure 4.3). This nmiidality reflects the bimodal
distribution of the number of females at Bushy Paftkr 10 years, with peaks at 0 and 100,
and the approximately normal distribution for thember of females on Tiritiri Matangi.

The mean difference in the final scores betweeralieenatives “translocate 2015”
and “no translocation” was slightly less than zemoeach set of weights (Figure 4.4),
meaning on average the translocation was not geztiio be beneficial. The differences in
final scores between two translocation alternathess its peak around 0 (Figure 4.4). This
means that no alternative is clearly preferrecddition, the distributions for these

differences are wide and multimodal, reflecting timeertainty in the population projections.
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Box 4.2.Simple Multi-Attribute Rating Technique (SMART). The main idea of
SMART (Barron & Barrett 1996) is to normalize oldjge scores so they are on the
same scale (also known as standardisation), bedass#fficult to compare, for

example, number of birds and New Zealand Dollah& most common method for
normalization is to adjust objective scores basetheir distance from the maximum
and minimum value expected through all alternatiféss method transforms all
objective scores tnormalized objective scarso they all on the same scale, with

given to the worst outcome and 1 given to the begtome:
min
)

~ max ' ’
i (Sij) - ml-m(si,j)

S

Lj =

N; j (3.1)

whereN;; is thenormalized objective scorender alternativein relation to objective
j, andS§; refers to the original scores (Hyde 2006; Convetsd. 2013). For
example, the normalized objective score“fdiaximize size of the source
population” (Table 4.2) under alternative “tranglbon 2016” is given by

M= gg =55~
SMART also requires assignimgeights(Box 4.1),which are the measure of how

stakeholders value fundamental objectives giverditierences among alternatives

Objective weights then are normalized, so they gprto 1, to obtaimormalized
weights(W), and are then used to obtain fimal scorefor each alternative),

which is given by
J
The alternative with the highest final score ispheferred alternative. Sensitivity

analysis allows understanding of how uncertaintgsiimates or objective weights

influences the decision.




Table 4.2 Consequence table summarising management optidnisi an Bushy Park (BP). The table illustrateg thbjective scores, i.e.
performance of each alternative (translocation 2@&5slocation 2016 and no translocation) on edpbctive.Objective one is measured by
the mean number of female hihi on Tiritiri Matatgl/and in September 2016, objective two is meashyetthe mean number of female hihi at
BP after 10 years, objective three is measureteprobability of extinction over 10 years, andealiive four is measured as the HRG
contribution to the translocation in New Zealandl&s. All alternatives assume that rats will badecated.

Objective scores (mean with 95 % CRI)

Objectives Goal Translocation 2015 Translocation 2016 No translooat
Maximize the size of the source populationn Max 55.11(31-88) 58.37(33-93) 68.22(42-103)
Maximize the size of BP population May 26.91(0-100) 26.49(0-100) 22.22(0-100)
Minimize extinction of BP population Min 36% 35% 44%
Minimize costdo HRG Min 13,200 13,200 0

Table 4.3. Ranks and scores of fundamental objectives etidiom eight stakeholders, who were the Hihi Recpéroup members.

Ranks

Objectives 1 2 3 4 5 6 7 8
Maximize the size of the source population 1 3 1 21 1 1 3
Maximize the size of BP population 3 1 3 3 1 3 1
Minimize extinction risk of BP population 2 2 3 1 2 3 1 2
Cost 4 4 2 4 3 2 2 4

Weights
Maximize the size of the source population 100 50100 90 100 100 100 60
Maximize the size of BP population 40 100 50 80 10050 100 100
Minimize extinction risk of BP population 50 90 50 100 90 50 100 67
Cost 30 0 80 50 30 75 50 33




Table 4.4. Objective weights representing scores of importanoanalized so they sum to 1.

Objective weights Extreme weights Averaged
Objectives 1 2 3 4 5 6 7 8 max min  weights
Maximize the size of the source population 0.45 0.21 0.36 0.28 0.310.36 0.29 0.23 0.45 0.21 0.309
Maximize the size of BP population 0.18 0.42 0.18 0.25 0.310.18 0.29 0.38 0.42 0.18 0.274
Minimize extinction risk of BP population  0.23 0.38 0.18 0.31 0.280.18 0.29 0.26 0.38 0.18 0.264
Cost 0.14 0.00 0.29 0.16 0.09 0.27 0.14 0.13 0.29 0.00 0.154

Table 4.5. Final scores for each alternative obtained fromQpenBUGS model. Averaged objective weights weeslus

Alternatives Mean SD Median 95 % CRI
No translocation 0.49 3.16 0.48 -3.03 6.67
Translocation 2015 0.55 3.23 0.32 -3.42 6.26

Translocation 2016 0.63 3.19 0.40 -3.37 6.35
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Figure 4.3. The probability distribution of the final scoretbfee alternatives;
averaged objective weights were used.
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4.4 DISCUSSION

The most obvious conclusion from this decision gsialis that none of the alternatives are
clearly preferred. This mainly reflects the fadttthe difference between the alternatives was
not significant in terms of the Bushy Park objeesivHowever the question is “how decision
makers will interpret this difference?”

This decision analysis combined four levels of utapty: the uncertainty in
parameter estimations, uncertainty in model selactiemographic stochasticity, and the
uncertainty in objective weights. As in many remluction projects, all projections in this
analysis were uncertain, but they represent tha lgfcertainty possible with the data
available at this stage. The first three levelarafertainty were described in detail in
Chapters 2 and 3. The last level, uncertainty jedlves' weights, was the additional
component for the current analysis.

There were several difficulties in interpreting theights elicited from stakeholders.
First of all, in this analysis, stakeholders dilgetssigned weights to the objectives. This
means, they assigned the numbers from a predeafamgg from O to 100 to each of the
objectives by comparing objective scores under aételnative and taking into account a
range of uncertainties (Box 4.2). This method ai@ssigning all objective weights at once
and can be held by e-mail in very short time. Hosveit has a big drawback — it does not
guarantee that the assigned weights will matchefairements of the chosen decision
analysis method. In other words, the assigned ntsnhay not reflect the actual trade-off
between alternatives (Hobbs & Meier 199Fis problem is most acute when objective
weighting is held by email, and the guidance on boweigh objectives are not clear. In
order to overcome misunderstanding between fatdfitand stakeholder POyhtnen and
Hamalainen (2001) recommend using more than onghitreg technique, which helps “to
check out possible inconsistencies and to incréesanderstanding of how the weights are
interpreted.”

Secondly, | considered all sets of objective wesglgrsus averaged weights. Other
papers (e.g. Converse et al. 2013, Ewen et al.)20/taged objective weights between all
stakeholders, but one may use average weightsadrédn the assumption of a representative
sample from a population is met. Although stakebrddssigned different scores of
importance, the distributions of the final scorealiérnatives with different weights were
very close (Figure 4.4).This indicates that stakedrs’ weights had minor role and the
decision is not sensitive to objective weights, ingtead is very sensitive to the uncertainties
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in the projections, which are large. By combinirggpplation models and SMART analysis in
one OpenBUGS model, all levels of uncertainty wectuded. The OpenBUGS model made
it possible to see how the simultaneous variatioparameter estimates influences the final
decision. The distributions of final score obtaimedthis decision analysis were wide and
multimodal, making the comparison of alternativéBaiilt to interpret. However,
acknowledging this uncertainty is very importantdecision makers, as it shows the
variations in the possible outcomes and thereteeisks that accompany the decision.

Another important issue in assigning weights istthman factor. People, by their
nature, use heuristits/hile making decisions, and this can lead to asitat bias. For
example, anotivational heuristieneanghat people place the most value on the objective i
which they have a personal or business interesti @dohnson 2013). Not surprisingly, in
this study some stakeholders connected to Bushy\vRéued the objective “maximize the
size of Bushy Park population” higher than the otiye “maximize the size of the source
population” and vice versa. The other common Is#gs in assigning weights are
recognitionandrepresentativenessvhereby people put more value on objectives drey
familiar with or that they understood better (Kamam & Tversky 1974). The heuristigke
the lastalso could take a place in this decision analy=is.example, if stakeholders valued
the source population greater than the translogadedlation in the recent decision analysis,
they might tend to do this again, even if the deaiproblem is different.

Finally, the information available to stakeholdab®ut the Bushy Park and the Tiritiri
Matangi populations probably also played an impurtale in objective evaluation. For
example, Bushy Park representatives knew the iattfémale fecundity was unusually high
in Bushy Park (in comparison with other translodgiepulations). This information was not
directly presented to the others, but was incogdranto projections. Although Bushy Park
female fecundity estimates were high, the uncestaround juvenile survival was large.

In SDM it is important to make sure that stakehddenderstand the problem,
objectives and consequences of the alternativesgss the same information and, finally,
have clear direction on how to assign their weights this study elicitation was held by
email, but to overcome a common tendency and bias#escision making, it is better to work
with stakeholders face-to-face, and conduct sevetalds of eliciting scores of importance,

to make sure all are on the same page. The outobthes decision analysis will be reported

! Mental shortcuts that involve focusing on one asp&a complex problem and ignoring others.
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at the next Annual Hihi Recovery Group Meeting #melsecond round of scores of

importance elicitation will be conducted.

Conclusion. The type of decision described above, which is nobiective with uncertainty,
is the most common in reintroduction and the mdétdlt to solve. Consequence tables,
decision trees and other decision analysis teclesigo not provide ready answers; they just
provide stakeholders with information that can bedito guide the decision, which will
depend on how they value the fundamental objecwnelshow they respond to uncertainties.
SDM is intended to bring together knowledge of @mmation managers, modellers and
biologists to find the best solution to complex servation problems. SDM allows different
opinion and concerns to be expressed and discuBBerkfore, in decisions about post-
release management it is important to use a logtcattured approach. Although the
outcome of this decision analysis remains unceridM brings data and decisions together
by linking monitoring, modelling and decision arsyinto a complex but single process,
moreover it indicated what uncertainty affectsdieeision. The logical conclusion of this
management process will be to link the last anditeestep of SDM (Figure 4.1), and
transform the linear process into a cycle by incigcadaptive learning in order to improve
future management (Holling 1978, Walters 1986). tha reintroduction project, it would
mean explicitly estimating the value of informatimoam future monitoring, and then using
the further monitoring data to resolve uncertaabput the viability of the hihi population at
Bushy Park. Management can then be updated inmespo a new understanding about this

population.
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Chapter 5. General discussion



During the last three decades reintroduction biplogs consisted of various types’ scientific
study with the general aim of improving reintrodantsuccess (Seddon et al. 2007). One of
the tools that help to improve the success of reghiction projects is decision analysis, or
Structured Decision Making (SDM). The effectivenetthe structured decision approach in
reintroduction decisions was first applied to mamagnt of endangered whooping crane
Grus americanan North America (Converse et al 2013). SDM iseaywuseful tool that
allows managers to cooperate with key stakeholdessder to identify the optimal
management action considering project objectiveissitaints and available alternatives
(Nichols & Armstrong 2012). It may combine togethi®e components of monitoring,
modelling and decision analysis, which have tertddak treated separately in reintroduction
projects. This Masters project aimed to show homseovation managers can use SDM to
guide management decision after initial reintrodugtwhen data are still limited and there
are a lot of uncertainties around vital rates est&®s. This research work showed that SDM is
not a panacea that solves all the decision ditiiesimanagers are faced to. However, if used
wisely, it “provides a transparent and logical” isder making reasonable decision (Nichols
& Armstrong 2012). So what does it mean, “to usgelyi’?

One of the most important issues in SDM is consgtewhich means first defining
the problem and fundamental objectives, then d@ueipmanagement alternatives and
predicting consequences, and finally implementiregappropriate management actions. In
this research, | illustrated these steps usingxaenple of endangered hihi in Bushy Park.
According to objectives and alternatives that wieeloped in cooperation with Hihi
Recovery Group, | predicted the outcome of eaclsidened management action and
evaluated the trade-offs between them. In Chapteued post-release monitoring data to
estimate hihi survival and fecundity. A number ajdrls were built to predict survival of
juveniles and adults, as well as distinguishingyeen age and post-release effects and
assessing the difference between sexes. Thenapt@h3, | used survival and fecundity
estimates to model population growth under threeagament alternatives. Finally, Hihi
Recovery Group members assigned the values of tampme to each of the four fundamental
objectives, allowing the decision analysis in Clagtthat accounted for these objective
weights.

“To use wisely” also means acknowledging the uroety that is an integral part of
decision analysis. | gave a lot of attention todfierent uncertainties in each of three
classes of models that were built during this Maspeoject, which arestimation

population modellinganddecision analysigConverse et al 2013). Armstrong & Reynolds
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(2012) recommend including both type of uncertaistgchasticity and incertitude
(imperfect knowledge), in models of reintroducegyation.

Model selection uncertaintyvhich belongs to the group of incertitude, shdagd
included in the parameter estimation based ondlpallption models. Model selection
uncertainty is essential when management decisibased on the projections, because
different models may lead to different managemegisions (Bell et al. 2013). Including
model selection uncertainty can be done, for exanipt model averaging (Burnham &
Anderson 2002). | included model selection uncetyan survival estimation model by
applying model averaging in program MARK (Cooch &Wl¢ 2006). Model averaging
increased confidence intervals in parameter estisn&ior example, the most parsimonious
survival model suggested that males and femalds mdumthly survival rate was 0.96 with a
95% confidence interval ranging from 0.91 to 018&, after model averaging female
monthly survival rate were estimated to be lowed40with the 95% ranging from 0.81 to
0.98 (Chapter 2). Model selection uncertainty loaralso included in a population model,
which means averaging the projections from sey@pulation models. However, this is not
currently straightforward, as the approach requiresyrated Bayesian population modelling
(Abadi et al. 2010), and Bayesian model averagirguite complex (Barker & Link 2014).
Bayesian updating software such as OpenBUGS ddexffeo a model averaging option yet.

Parameter estimation uncertaintyhich is the second type of incertitug@ould be
accounted for in population models and in decisidihe easiest way to include parameter
estimation uncertainty is by sampling random vdealbased on the mean and standard error
of the parameter. Even standard spreadsheet apptisauch as Excel have functions that
allow such sampling. | used OpenBUGS program t@quapulation models (McCarthy
2007), allowing me to use a range of differentrdistions and to account for estimation
uncertainties in survival, fecundity and objectiveights (Chapter 3 and 4).

Demographic stochasticityyhich is a type of stochasticity uncertainty tisa¢ssential
for small populations, should be included in a gapon models for reintroduced
populations, at least in their early stages. Intast to other forms of uncertainty, it has been
standard to include demographic stochasticity ipytetion viability analysis for more than
20 years. | modelled demographic stochasticityunvisal by sampling from binomial
distribution and in fecundity by sampling from ai$don distribution. The good thing about
demographic stochasticity is that no data are redub model it (Armstrong & Reynolds
2012).
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Projections of population growth are always undeytand the degree of uncertainty
depends on how well the target species is studiddvat data are available on vital rates,
such as age and sex-specific survival, age-spexifitial reproductive success, age and sex-
specific dispersal and sex ratio. In the case adetimg the growth of reintroduced
population, managers often use the vital ratee@kburce population or the vital rates of
another available population (Holland et al. 200@)ich increases uncertainty even more.
However, this uncertainty, when incorporated i@ thodel, along with inherent system
variability, makes projections defensible and rabireover, when all vital rates are
modelled together the covariance among all parasiete@ccounted for, and projections
become more reliable (Holland et al. 2009).

My decision analysis did not provide a straightfardrzanswer, as the decision was
sensitive to the high level of projection uncertgitHowever, with this quantitative
information, stakeholders are fully aware of theksithey are undertaking when choosing one

or another management action.

My research made several valuable contributionikerfield of modelling reintroduced
population and evaluating the trade-off betweenagament alternatives:
» Understanding of post-release management decisions wasimproved by
combining the sour ce and therelease populationsin a single population model.
Dimond & Armstrong (2007) evaluated the costs a¥/bating a source population of
New Zealand robins, and this idea was developatdum my Master project. The
population model built for this thesis integrathd source population and the released
population models and made the modelling of diffefellow-up translocation
scenarios precise, allowing understanding of hasehtwo populations interact
together in response to translocation. The modslagded in OpenBUGS, and
incorporates the two types of uncertainty descrédealve as well as allowing for
parameter interactions. This demographic modééistile enough that it can be
easily updated when new monitoring data are catedvloreover, it can be applied
not only to other hihi translocations, but alsdrémslocations of other threatened
species, for which data are usually sparse andriamagy is high.
» Post-release data wereimproved by incorporating prior information to the
model. In Chapter 3, | showed how incomplete data casupplemented by referring

to some available information. Gedir at al. (201&jng the example of saddleback
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population model for Bushy Park, showed that pnéwrmation from other
translocated populations can reduce model uncéyteirprojections, even when only
one year of monitoring data are available. As Irtl have data to estimate the
fecundity of second-year females in Bushy Parlsedufecundity estimates of Tiritiri
Matangi females as the upper bound for Bushy Rarlafe fecundity.

Objective weights wer e incor porated in the population model with thetool for
decision analysis. In Chapter 4, the population model was combineti #ie model

for decision analysis. Elicitation and interpretatiof the objective weights were the
most difficult and the most important part in tdescision analysis. Stakeholders
needed to decide how valuable both the releasethamnsburce population of hihi are,
and therefore whether the estimated benefits ofallev-up translocation to the
Bushy Park hihi population is worth the cost imisrof the impact on the Tiritiri
Matangi population and the funds required. Thig @mmon trade-off in
reintroduction projects, and it is natural to vatuee population of the same species
over another, for example, because genetic diyes§ibne population may be greater
(Soulé 1985). However the level of risk to botlpplations also must be taken into
account. On the one hand, projections indicatedal@v-up translocation slightly
reduced the risk of extinction of the Bushy Parkuydation over 10 years, but on the
other, hand the risk of extinction of the sourcpuydation after harvesting was close to

Zero.

Finally, I would like to point out several issuésit were raised by this Master project and

lead to recommendations for further research omtaeagement of the populations focused

on:
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In order to aid future decision about managemett@Bushy Park population it is
essential to reduce uncertainty in vital rates difidnal monitoring data on the Bushy
Park population should be collected in order tauoeduncertainty around juvenile
survival and fecundity estimates. Updated vitaésatan be easily incorporated into
the developed population model and new projectsbhrasild be used to adapt
management.

To obtain a more realistic carrying capacity forsBy Park and for Tiritiri Matangi,
the method for subjective judgment elicitation dddae reviewed and elicitation



should be conducted between broader ranges oftexpsrDelphi method has several
drawbacks when sample size is small (P. Frost patsmmments, January 5, 2015).
Monitoring should be used to investigate whethgrutation density has an effect on
per capita growth in hihi populations. Studying tiemsity dependence mechanisms
in the Tiritiri Matangi population, as well as tBeshy park population in the future

(if this population persists) will contribute totfwe management of these populations.
Instead of computing survival rates separatelyrogmm MARK, it could be
incorporated into the population model in OpenBU&S] multimodal Bayesian
inference applied once the methods for doing sotneamore accessible (Barker &
Link 2014).

The invasion of rats to Bushy Park suggests thatistk of predation should be
included in the population model even the releasteds fenced. It could be done, for

example, by incorporating periodic invasions agdstiophes”.

Conclusion. In the framework of Structured Decision Makingspelease management

decisions are the result of group thinking and evapon work of people from different

areas, like scientists, conservation managers, lesexecutives and local community.

Based on the available data and best knowledgegtbup of interested people shares the

risk of decision making together. Even when theone of reintroduction is uncertain,

SDM is a process that allows people to understaisdisk and make conscious decisions.
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Appendix A. Summary of hihi translocations

Table A.1. Summary of hihi translocation during the perio@22014. Locations in bold show present locatidnsili. Updated
from the table in Department of Conservation 2005.

Location Area No.of  Total birds Year of transfer Source for transfer Notes Refezenc
(ha) Transfer transferred
Hen Islan 50C 2 46 1980, 198 Hauturt Did not establist DOC 200t
Cuvier Islan 19t 2 65 1982, 198 Hauturt Did not establis DOC 200!
Kapiti Idand 1966 6 211 1983, 1985, 1990, Hauturu, Tiritiri Matangi, Population persists with DOC 2005, Parker

Mokoia Island

Tiritiri Matangi

Mt Bruce

Zealandia

Ark in the Par
Maungatautari

Bushy Park

135

220

N/A

225

110C
3,25¢
87

40

57

16

70

11C
15¢
44

1991, 1992, 2002, Mokoia, Mt Bruce

2010
1994 Hauturu
1995, 2010 Hauturu
1995, 1999, 2001, N/A
2002
2005, 2012 Tiritiri Matangi, Mt
Bruce
2007, 200 Tiritiri Matangi

2009, 2010, 201 Hauturu and Tiritiri

2013 Tiritiri Matangi

constant management 2013, Boyd &

Castro 2000

Populationdfarred to  Armstrong et al.

Kapiti 2007
Population growth with  DOC 2005
constant management
Fluctuated between 3 and DOC 2005
12 birds
Population persists with Parker 2013

constant management.

Did not establis Warnefor(200¢

Needs further monitorir Ewen et al. 201

Needs further monitay Parker 2013




Appendix B. OpenBUGS code for
combined population model

#Following model combined models for the Tiritiri Matangi and the Bushy Park (BP) hihi populations
and decision analysis. Three management alternatives are modelled simultaneously. Average
objective weights are used in “Data” section.

Model {

HH T R T
# 1.Tiri population model
HH T R T

HHBHH R
#1.1. Fecundity
HHBHH R

# Priors for fecundity

log.mul.Tiri ~ dnorm(log.mul.mean, log.mul.prec) # log mean fledged per 1-year female
log.age.Tiri ~ dnorm(log.age.mean, log.age.prec) # difference in log mean for older vs 1-year
female

log.mul.prec <- pow(log.mul.sd,-2)
log.age.prec <- pow(log.age.sd,-2)
log(mul.Tiri) <- log.mul.Tiri
log(mu?2.Tiri) <- log.mul.Tiri+log.age.Tiri

BT
#1.2. Survival
BT

# Priors for survival

logit.surv.a ~ dnorm(logit.surv.a.mean, logit.surv.a.prec)# logit monthly survival for adults
logit.surv.j ~ dnorm(logit.surv.j.mean, logit.surv.j.prec) # logit monthly survival for juveniles
logit.surv.a.prec <- pow(logit.surv.a.sd,-2)

logit.surv.j.prec <- pow(logit.surv.j.sd,-2)

# Calculations

surv.a.Tiri <-pow(exp(logit.surv.a)/(1+exp(logit.surv.a)),12) # probability adult survives 12 months
surv.j.sep <-pow(exp(logit.surv.j)/(1+exp(logit.surv.j)),7) # probability juvenile survives to September
surv.j.mar <- pow(surv.j.sep,exponent+(1-exponent)/7) # probability juvenile survives to March
surv.j.marsep <- pow(surv.j.sep,(1-exponent)*6/7) # probability juvenile survives March-September

T
#1.3. Population model
HH

# Look up initial numbers in each age class

logit.p ~ dnorm(logit.p.mean, logit.p.prec) # logit probability of detection
logit.p.prec <- pow(logit.p.sd,-2)

logit(p) <- logit.p  # probability of detection

Ul ~ dnegbin(0.1,1) # prior for number undetected 1st-year females

U2 ~ dnegbin(0.1,1) # prior for number undetected older females
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# for three different alternatives: 1 — No harvest, 2 — harvest in 2015, 3 — harvest in 2016
for (ain 1:3) {

F1.Tiri[a,1] <- nf1+U1 # number 1st-year females in Sep 2014

F2.Tiri[a,1] <- nf2+U2 # number older females in Sep 2014

nfl ~ dbin(p,F1.Tiri[a,1]) # account for imperfect detection

nf2 ~ dbin(p,F2.Tiri[a,1])

F.Tiri[a,1] <- F1.Tiri[a,1]+F2.Tiri[a,1] # total no. of females in September 2014

# run simulations until September 2024
for (iin 2:11) {
JF.mul[a,i-1] <- 0.5*((mul.Tiri*F1.Tiri[a,i-1])+(mu2.Tiri*F2.Tiri[a,i-1])) # expected no. female
fledglings
JF[a,i-1] ~ dpois(JF.mu[a,i-1]) # sample actual number of female fledglings
J.March.before[a,i-1] ~ dbin(surv.j.mar, JF[a,i-1]) #sample no. juv fem in March before harvest
J.March.after[a,i-1] <- J.March.before[a,i-1] - JF.trans*trans[a,i-1] #no. juv fem after harvest

F1.Tiri[a,i] ~ dbin(surv.j.marsep, J.March.after[a,i-1]) #sample no. female juv next Sep
F2.Tiri[a,i] ~ dbin(surv.a.Tiri, F.Tiri[a,i-1]) # sample number older females alive next Sep
F.Tiri[a,i]<- F1.Tiri[a,i]+F2.Tiri[a,i]

}
}

HH T T
#2.Bushy Park population model
HH T T

HHEHH

#2.1. Fecundity

HHBHH R

log.BP ~ dnorm(0,0.01) 1(,0) # effect of BP (i.e. BP - Tiri) on log fledglings per female
log(mul.BP) <- log.mul.Tiri+log.BP #mean no. fledglings per 1-year female at BP

log(mu2.BP) <- log.mul.Tiri+log.BP+log.age.Tiri #mean no. fledglings per older female at BP

# Model data for 4 females at BP (all 1st-year)
for (i in 1:n.fem) {

fI[i] ~ dpois(mul.BP)

}

HHHH R
#2.2. Survival
BT

Transl ~dnorm(1.33, 4.69) # logit survival for 0-1 month post-release

Trans5 ~ dnorm(1.45, 7.06) # logit monthly survival for 1-6 month post-release
phi.a.mo ~ dnorm(2.70, 2.47) # logit monthly survival for adults

phi.f.mo ~ dnorm (1.06, 2.74) #logit monthly survival for fledglings (January-March)
phi.j.mo ~ dnorm(2.67, 1.56) #logit monthly survival for juveniles (March-September)

# Calculations

phi.transl <- exp(Transl1)/(1+exp(Transl)) # probability translocated bird survives first month
phi.trans6 <- phi.trans1*pow(exp(Trans5)/(1+exp(Trans5)),5) # probability translocated bird
survives to September

phi.a <-pow(exp(phi.a.mo)/(1+exp(phi.a.mo)),12) # annual adult survival

phi.f <- pow(exp(phi.f.mo)/(1+exp(phi.f.mo)),2)

phi.j <- pow(exp(phi.j.mo)/(1+exp(phi.j.mo)),6)

phi.fj <- phi.f*phi.j # probability juvenile survive March -September

BHHHHHHH A

#2.3. Population model
I
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# for three different alternatives: 1 — No translocation, 2 — translocation in 2015, 3 — translocation in
2016
for (ain 1:3) {
# Look up initial numbers in each age class
F.BP[a,1] <- F1.BP[a,1]+F2.BP[a,1] # total no. of females in September 2014

# run simulations until September 2024
for (iin 2:11) {
F2.BP[a,i] ~ dbin(phi.a,F.BP[a,i-1])
mutot[a,i-1] <- 0.5*(mul.BP*F1.BP[a,i-1]+mu2.BP*F2.BP[a,i-1]) # expected no. female
fledglings
FF.BP[a,i-1] ~ dpois(mutot[a,i-1])  # sample actual number of female fledglings
F.trans[a,i] ~ dbin(phi.trans6, JF.trans) #sample no. translocated female juveniles in September
F1.max.BP[a,i] ~ dbin(phi.fj,FF.BP[a,i-1]) # sample max number female recruits next year
F1.BP[a,i] <- min(K-F2.BP[a,i], F1.max.BP[a,i]+F.trans[a,i]*trans[a,i-1])# no. 1st-year fem in Sep
F.BP[a,i] <- F1.BP[a,i]+F2.BP[a,i] # total number of females next year
PE.BPJa,i] <- step(-F.BP[a,i]) # probability that population extinct next year

}

BT A R R T A R R

#3. Structured Decision Making

HH B A

#for three different alternatives

for (ain 1:3) {

# Outcomes from population models for BP and Tiri
obj[a,1] <- F.Tiri[a,3] # number females on Tiri Sep 2016
obj[a,2] <- F.BP[a,11] # number females at BP Sep 2024
obj[a,3] <- step(obj[a,2]-1) # 1 if BP pop persists, 0 otherwise

# Normalise and multiply by weights

for (iin 1:4) {
obj.norm[a,i] <- (obj[a,i]-min[i])/(max[i]-min[i]) #normalise objective scores by equation (3.1)
score[a,i] <- weight[i]*obj.norm[a,i] # multiply by weights by equation (3.2)

sum.score[a] <- sum(score[a,]) # add together objective scores by equation (3.2)
}
benefit.trans.2015 <- sum.score[2]-sum.score[1]  # whether 2015 trans better than no trans
benefit.2016 <- sum.score[3]-sum.score[2] # whether 2016 trans better than 2015 trans
}
#Data
list(
#Tiri
#survival

logit.surv.a.mean=3.4428, logit.surv.a.sd=0.1361,logit.surv.j.mean=2.05, logit.surv.j.sd=0.062,
exponent=0.425,

#fecundity

log.mul.mean=1.025, log.mul.sd=0.1064, log.age.mean=0.3786, log.age.sd=0.1064,
logit.p.mean=2.11, logit.p.sd=0.58,

#number of female in each age class

nfl=13, nf2=15,

#BP

n.fem=4, #number of females

fl=c(6,6,3,0), #fledglings per female

K=100, #carrying capacity

#number of female in each age class
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F1.BP=structure(.Data=c(
4,NA,NA,NA NA NANA NANANANA,
4,NA,NA,NA NA NANA NANA NANA,
4,NA,NA,NA NA NA NA NANA NANA
),.Dim = ¢(3, 11)),
F2.BP=structure(.Data=c(
2,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,
2,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA,
2,NA,NA,NA,NA,NA,NA,NA,NA,NA,NA
),.Dim = ¢(3, 11)),

#Translocation

JF.trans=15, # assume 15 females translocated if translocation done
trans=structure(.Data=c(

0,0,0,0,0,0,0,0,0,0, # no translocation

1,0,0,0,0,0,0,0,0,0, # translocation in 2015

0,1,0,0,0,0,0,0,0,0 # translocation in 2016

),.Dim = ¢(3, 10)),

#Structured Decision Making
weight=c(0.309,0.274,0.264,0.154), #average weights
# min and max objective scores from the consequences table
min=c(55.11,22.22,0.56,-13200),
max=c(68.22,26.91,0.65,0),

# cost matrix

obj=structure(.Data=c(

NA,NA,NA,0, # no translocation
NA,NA,NA,-13200, # translocation in 2015
NA,NA,NA,-13200 # translocation in 2016

),.Dim = ¢(3, 4)))

#nits

list(

#Tiri
U1=5,U2=5,log.age.Tiri=0.35,
J.March.before=structure(.Data=c(
35,50,50,50,50,50,50,50,50,50,
35,50,50,50,50,50,50,50,50,50,
35,50,50,50,50,50,50,50,50,50
),.Dim = ¢(3, 10)),

#BP

log.BP=-1, F1.max.BP=structure(.Data=c(
NA,3,3,3,3,3,3,3,3,3,3,
NA,3,3,3,3,3,3,3,3,3,3,
NA,3,3,3,3,3,3,3,3,3,3
),.Dim = ¢(3, 11)),
F2.BP=structure(.Data=c(
NA,3,3,3,3,3,3,3,3,3,3,
NA,3,3,3,3,3,3,3,3,3,3,
NA,3,3,3,3,3,3,3,3,3,3
),.Dim = ¢(3, 11)),
FF.BP=structure(.Data=c(
3,3,3,3,3,3,3,3,3,3,
3,3,3,3,3,3,3,3,3,3,
3,3,3,3,3,3,3,3,3,3

),.Dim = ¢(3, 10))

)
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