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1. Summary
This report describethe work undertaken, as part of the development pessof a draft Threat
Management PlaiiTMP) to assess risks to New Zealand sea Jiansationally critical and endemic
species to New Zealand. The TM&sesses all threats on the population, priorisisreats for
management and mitigation, and covers all adpulations and breeding sites

Risk assessments provideystematic framework for evaluating the potential iroptions of different
management decisiond he risk assessment process used fer dievelopment of the TMP aimed to
guantify which threats pose most risk to the poptida, and inform the prioritisation of management
actions that would meet the management goals of the T approach involved the development
of demographic models, cgoilation of data on threats, a risk triage process andadet! modelling
of key threats where sufficient data was availablgafel of national and international experts was
convened to guide and review the processd provide opiniorbased input where ata availability
was poor

The quantitative components of the risk assessnfentissed on the Auckland Islands sadpulation,
where the greatest declines have been observed, tiedOtago coast breeding area. These were the
two areas with most data avaltée.

For the Auckland Islands, thgreatestrisks identified from thetriage were; Klebsielladisease,
commercial trawlfishing, male aggressiomrophic effects/prey availability, bokworm disease and
wallows. For the Otagocoast the greatestrisks identfied from the triage were stnet fishing,
deliberate human mortalityentanglementand nmale sea lionaggression

Resultdfrom the risk assessment at the Auckland Islaindécated alleviation of any one threat iV
not result in an increasingopulation Similarlynone of themajor threats assessed were sufficient
alone to explain the observed decline in pup protilore at the Auckland Island€learly multiple
factors were acting on the population, and for mgeanent to recover the species a holistic viewst
be adopted. Further studies will be needed to fullpderstand, and development management
options for some of the key threats, such as trapéifects andlebsielladisease.

TheOtagobreeding area containsmallnumbers of breeding females, makingusceptible to small
levels of risksThe risk assessment has identified leading risksh @s deliberate human impacts
which must be managed to maximise future populatgmowth to encourage the establishment of a
new subpopulation.

A more qualitatve process of data collation and expert review itifged key threats for the Campbell
Island suppopulation and Stewart Island breeding area, whaufficient data was available to build
adequate population models.

The risk assessment approach develofed New Zealand sea lions will allow for a quantitative
assessment of progress towards achieving stated agament goals, and some componegtuld
readily be applied in other situations
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2. Introduction
The New Zealand sea lidAh(ocarctos hookerGray 1844) is New Zealand’s only endemic otariid (the
family of eared sealsuch adur seals and sea lions) and is listed as Natigri@iitical under the New
Zealand Threat Classification System (Baker et al 201@sponse to a series décliningpup caints
at the Auckland Islands, the most important breeglisrea, the Department of Conservation (DOC)
and the Ministry for Primary Industries (MPI) haleveloped a draftThreat Management Plan (TMP)
for the species. The TMP assesses all threats empdpuation, prioritises threats for management
and mitigation, and covers all sygmpulations and breeding sites.

This report describes the work undertaken, as mdrthe TMP development process, to assess risks
to New Zealand sea lions. The report has been preduo complement the TMP consultation paper
part of the public consultation process on the TNdy, providing more detailed information on risks
and how they have been prioritised. The consultatipaper has appendices providiragwider
overview of N& Zealand sea lion biologys status, threats and previous management actions.

Ecological Risk Assessments (ERAS) provide a systdmaatiework for evaluating the potential
implications of different management decisions whaformation is sparse, incomplete or uncertain
(Burgman et al. 1993). Broadly speaking, the chgheof any risk assessment is to assemble whatever
relevant knowledge is availablavhether quantitative or qualitative, objective ouljective—and
devise a means to utilise that knowlgel in the most rigorous and objective way posstblestimate

the likely consequences of actual or potential an8i. It should alsmaintain transparency about the
requisite assumptions and inputs, and associatedeutainty.

Discussion of the risk assesent process is often fraught with confusion amigifrom vague and
inconsistent use of language, and the term ‘riske@sment’ is commonly applied to a wide range of
loosely related analytic approaches. The scoring framkwafr Hobday et al (2007) defoes
gualitative, semiquantitative, quantitative or ‘modebased’ approaches. The choice of approach and
methodology is often driven by the nature and ashility of data on both the population and the
threats.

The risk assessment process used for the developmiethe TMP aimed to quantify which threats
pose most risk to the population, and inform theigmtisation of management actions that would
meet the management goals of the TMP. Threats are ddfameany extrinsic factor or activity that
may negtively affect the New Zealand sea lion populatieither by killing individual animals, i.e.
direct threats, or by changing their population cheteristics (e.g. resulting in reduced reproduetiv
output), i.e. indirect threats.

New Zealand sea lions arelatively well studied at some breeding areas (&gderby Island at the
Auckland Islands), but not at others (e.g. Camplsédind). Similarly, some threats are data rich and
relatively well understood (e.g. commercial trawl figh) whilst others araot (e.g. indirect trophic
effects). Because of this, a process that incorpeteboth highly quantitative modelling approaches,
and more qualitative approaches, was developed, tmsl is described in more detail in Section 3.
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3. Risk assessment approach
The risk assessment process implemented for Newaddasea lionsluring 201415 involvedthe
development odemographic operating models based on availablel fimta Threatswere identified
and characteried based onavailable dataand using expert opiion where data was poor or not
available All of thecompiled threats were then included irrigk triage process tprioritisethe threats
for more detailed modelling. Population projections wedeveloped using augntitative risk
assessment modebasedon the demographic operating moddbr the threats that were carried
through the triage processrhethreat characterisation andsk assessment modelese reviewed at
two stages of development bgn expert panelto ensurethe final risk assessment resulvere as
robust as possiblavithin the timeframeavailable Full details of the methodological approach are
provided by Roberts et al (2016).

3.1 Sites

New Zealand sea lions breed in southern and subbahtaNew Zealand. The breeding strongholds are
in the subantarcticat the Aucklad Islands and Campbell Island, with smaller nureligeeding at
Stewart Island and on the Otago coésicluding the Catlins) of South Island (FigureNkew Zealand
sea lions are primarily colonial breeders, thougiatered births may occur, particularly where
population densities are lowWhat is known of the historic distribution is sumrised in the
consultationdocument.

Within the Auckland Islands, where approximately?&/@f New Zealand sea lion pups are born,
breeding occurs on three smaller island3undas Island, Enderby Island (previously at tweason

the island, but now only at Sandy Bay) and FigdirEight Island. On Campbell Island, new colonial
breeding sites have recently become establishad the majority of pups are now born at Davis Poin
or Paradise Poir(Childerhouse et al 2015Since 1994small numbers of pups (up to ten) have been
born on the Otago coast, and breeding at Stewdsdrid has been confirmed within the laBears,
with 36 pups recorded in 2015. There have been sictal, infrequent, breeding records at the Snares
Islands (Childerhouse & Gales 1998). Further pajomanformation is provided in appendicestie
consultationdocument.

In addition to the number of animals in a populatjadhe population structure is also important in
assessing the recovery of a threatened speciesedddthreat classification schemes consider the
number of subpopulations in determining threat status. Definiti® for terminology referring to
populatons for the purposes of the TMP are based on tke/NM ealand Threat Classification Scheme
and the ILCN RedList (Townsend et al 2008°N RedList 2015). The New Zealand seadipulation

is considered the total number of animals across thnge and aub-population is a breeding area
with an annual pup production of at least 35 pupsib per year fols years with an immigration rate
of less than one adult female area each yeahréeding areais used to describe a geographically
defined area where Newealand sea lions breed, regardless of whetherattea is considered a sub
population. Usinghesedefinitions, there are currently two supopulationsat the Auckland Islands
and Campbell Island. Note, immigration betweenatéhtbreeding areasn the Auckland Islands (i.e.
Dundas, Enderby and Figure of Eight Islands) ocsoarshese areas together form a single sub
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population. The Stewart Island breeding area israpphing the size required for a splopulation,
but pup production will need to be staned at or above current levels for several more years

‘Bendee Laper Credis: Genemi Sathymesc Chart of Te
Tceans (GEBCO L NOAA Nalinmy Ceme=y o
Emamneeees womaEsn (WCE Mot B WOaM

Figurel. Overall map of New Zealand sea lion distributienwhich includes the Auckland, Campbell,
Stewart, Snares Islands, and Macquarie Islands #relOtago/Catins coasts.

3.2 Data
Therewere several sources aivailable data fothe risk assessment modelling.

For the Auckland Islands splopulation sufficient data were available to develop a demographic
model. Rip production estimatesvere available fobreeding areaglating from 19662015 for Sandy
Bay, and 19952015 for other Auckland Islarateas Mark-resightdata of tagged sea lions provide
observations of female sea lionsarkedfrom 19962014 and resightedrom 19982014. The most
common form of markig has been flipper tagssingone tag attached to each pectoral flipper when
they are pups. A smaller number of sea lions haaentmarked with micrehips and even fewer with
brands.Behavioural observations ofarked femaleanimalsat Sandy Bay wem@sousedto determine
breeding status during each field seasdach animal wasategorisedas a confirmed pupper,
confirmed nonpupper, unknown or immatureRates of tag loss were estimated using the field
observations of the number of flipper tags seeneath sea lion and comparedth observations of
those sea lions that were also miechipped or branded.
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For the sea lions breeding on the New Zealand raathlthe New Zealand Sea Lion Trust has been
collecting data based on photographs, from whiatiwidual sea lions are identified and tracked over
time similar to the marked sea lions on the Auckldsiands.

The population data from Campbell and Stewalahds were not considered sufficient to develop a
demographic model for this risk assessment precdstimates of pup productiorfor sea lions
breeding on Campbell Island have bdafrequent, usingseveral different methods. Martesight
studies have been undertaken more recently, howether number of tags, resightings and the time
between studiesmeant this datasetwas insufficient at present for developing demographic
operating modehdequate forthis risk assessment.

Over the last five yearsea lion pups have been counted and tagged ow&telsland in late March.
Few of these have been resighl. As the survey work has been conducted lathébreeding season,
pup mortality may have occurred before the reseanchhave been present, underestimating the pup
productionat this breeding ara.

3.3 Demographic analysis of available data

The frst stage of the analytical process wasdemographic assessmentade by constructing a
population model based on the observed census, rrasighting and age distribution dateom the
most well studied breedingreasat Sandy Bay on the Auckland Islands an@taga The ainof this
demographic modellingias to construct operatinmodels(female onlygs a basis for risk assessment
and future projections. These models needed to Iiedao reflect the observed population trends.
Full details of the modellingpproach is provided by Roberts et al (2016).

A panel ofnational and internationalndependentexperts, supported by relevant subject matter
advisors,was convened to provide guidance on the level ok#ts to NewZealand sea lionand
review the demogrphicassessmentfThe first of twoworkshoswas held 28 April to 1 May 2015 and
built on previous discussions atpup mortality workshop held in June 20{dee Appendix for
minutes of this workshop), but considatall threats to all sea lion age groufe initial stage of the
risk assessment mode} the demographic assessment, was completed in adeaokc the first
workshop, in order for thgpanelto review and provide recommendations for model impements.
Notes, outcomes and recommendations from this wwds are provided in AppendiX

3.4 Threat identification

To ensure the risk assessment process consideredfulh range of relevant threatsn iterative
process wasised to identify all known and potential, naregligible, threats to New Zealasda lions.
First, existing threat information from the previouranagement framework (DOC 2009), the
literature (e.g. Robertson & Chilvers, 2011) ancderg experience in threat management for other
marine mammals (e.g. Cew et al 2012 were collated ad classified byhreat type In November
2014 this list was presented for review to a bragrup of stakeholders established as part of the
TMP development process. This list, together wigbuit from stakeholders and technical experts, was
used to develop a comprehensive listdifthreats, and used as the basis of the threat charasaion
described below. The list was circulated to the exganel participant@head of the first workshop
and, during the workshopthe list waseviewedand refinal. The resulting list formed the basis of the
threat characterisationigcluded inAppendix2).
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3.5 Threat characterisation

For each threat, or potential threat, the next seagas to identify which population components each
threat impacts and the mechanistrough with the threat impacts on animals. Characterishmgats

in this way enables numeric threat scenarios tamedelled and prioritised.

The population components used wergreeding area (Auckland Islands/Campbell Islanaiate
Island/Mainland; life stage (pup/juvenile/adulfland sex (male/female).

The mechanism through which each threat acts onmaté was classified by identifying the
demographic parameter(s) which would be changedvisal/breeding rate). In most cases this could
be estimatedas, or translated to, a number of animals removed frommedain component of the
population (including indirect mechanisms such @swation of pups if lactating females are killed).
For threats that impact on breeding rate, this was chagased by theproportional reduction in
pupping rate amongst mature females in the relevant lolieg area. Both removal of animals and
reduction in pupping rate are measures readily miketk Suitablypartitioned models were available
for the Auckland Islands and Otalgeeding areas (see Section 3.3).

Threats were initially characterised by DOC and MP|, stiadf provided for review by the expert panel,

and relevant expert advisors, at the first workshiopApril 2015. Once threats were identified and
characterised bypopulation component and mechanism, the next stages to assign a best estimate

and/or credible bound of the extent of each thre@at each population component. This was a major
focus of the first expert panel workshop.

For some threats extensive datgere available, such as estimatesaapturesin trawl fisheries in the
vicinity of the Auckland Islands and Campbell &l&here the panel considered the existing evidence
base adequate, best estimates (with associated utiadety) were generated for thathreat. Expert
advisors were able to provide information to theng at the workshop which allowed estimation of
the extent of some threatto be made at the workshagor someother threats, it was identified that
data existed but not immediately availah and the panel tasked DOC/MPI and/or expert soikd to
collate information to populate a best estimate dodcredible boundor later review In other cases,
where little or no information was available, thamel either provided estimates based orethown
or expert experience, or decided the threat wasssaall that further consideration was not required.
In all cases where the panel assigned a best estigiad/or credible bound, a justification/confideac
score was assigned to record the assodad®yel of uncertainty in the estimate.

Because of the large number of threats identifidte panel also prioritised which threats were most
important to be included in the more detaileahodeling. A complete list of threati&lentified, their
characteriséion and estimates of extent igicluded in Appendix2. The appended list includes
modifications that were made following the first wkshop, and reviewed by the panel at the second
workshop. From this extensive list of threats, mbdgut matrices of theupper bounds of threat
estimates were developed for the Auckland Islandd ®tago breeding areas (the two areas to be
modelled), often providing year by year animal rarabrates (Appendi®). These formed the basis of
the modelling evaluations reported in Section 5.
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4. Results Auckland Islands and Otago
As outlined in Section 3.3, sufficient datere available to develop demographic operating models
for the Auckland Islands stgmpulation and Otago breeding area. A summary of thetrisige and
more detaled modelling for both areas, as well as a retrospectinalysis for the Auckland Islands is
provided here. Full details were reported by Robkest al (2016).

4.1 Risk triage

A triage of the risks posed to New Zealand seasliwas conducted in order to limit the number of
risksto be included in the more detailed/@rkov chain Monte Carl&/CMC) modelling. To do this
simple model was used to asseise upper bound or worst case scenariof the threat by predicting
the response of the population tthat threat being removedThe results of this triage are not
considered to be the best estimate of the risks @d$o the New Zealand sea lions, but a mechanism
to reduce the list of théhreatsto those that have the largegtfluence

4.1.1 Auckland Is lands

Triage model run projection outputs for the Auckdiaislands using the final model are shown in Table
1 and Figure2. The black line in Figure 2 indicates the estirddbéstorical trend anghopulation
projection based on demographic parameters from the kast years. The removal of each single
threat is plotted separately.

The effects of removing the threats that act on puf.e.Klebsiella hookworm, wallow¥ have a
delayed effect on the size of the mature populatiohsea lions. This is because the pups that will
survive still need time to mature before they areluded in the modelled mature female population.

Removal of the upper bound #flebsiellaisk creates the largest change in population sizerdhe
20 year time period (2022037), havever the population reacts more quickly to the rewa of the
upper bound of estimated trawl! interactioras this acts directly on the mature females. The rafio o
mature female population in 2037 compared with 20%7..30 wherKlebsiellas removed, and..24
when trawlinteractions areemoved.

The independent panel considered that some of thgper bounds used in the triage process were
unlikely to be realistic and should be treated wihution.

L While this report refers to this threat as ‘wallows’, thistles all types of hole, drop, barrier, that either causes léos pup to drown or
be separated from its mother.
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Tablel Auckland Islands Trige model run estimates of mature femalgoszand Naoz7/N2o17 for all threat
scenarios, using upper values of threat mortalit§Carried forward to detailed modelling.

Threat scenario 2037 N2037Nz017
Klebsiella* 1.02 1.44
Commercial trawl* 1.01 1.36
Male aggression* 0.98 0.63
Trophic —prey* 0.97 0.60
Hookworm* 0.97 0.59
Wallows* 0.97 0.55
Tuberculosis 0.96 0.54
Entanglement 0.96 0.50
Shark predation 0.96 0.50
Base 0.96 0.49
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Figure2: Triage projections of model estimated maturd at the Auckland Islands in the period 1990

2037, using upper values of threat mortalitylack lines = with threat (base run); coloured lirethreats
alleviated.

A Summary of the Risk Assessment of Threats to Nelar€e8ea lions 110



4.1.2 Otago Peninsula

Triage model run projection outputs for the Otagenihsula are shown ifieble 2and Figures.

Table2 Otago Peninsula Triage model run estimates of matdemale ,p037and Naoz7/N2o17for all threat
scenarios, using upper values of threat mortalit§Carried forward to detailed modelling.

Threat scenaw 2037 N2037
Set net* 1.15 16.31
Deliberate human mortality* 1.12 9.10
Entanglement* 1.11 7.77
Male aggression* 1.10 6.13
Shark predation 1.10 5.89
Klebsiella 1.09 5.69
Cars & trains 1.09 5.34
Dogs 1.08 4.61
Base 1.07 4.05

140
—catnet
1) -gdeliberate human
entanglement
100 —midle BEEression
o =i klebsiella
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= sharks
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Figure3: Triage pojections of model estimated mature n at the Otageeninsula in the period 1992037,
using upper values of threat mortalityBlack lines = with threat (base run); coloured $irethreats alleviated,
except red for population growth d&&nax(assumed tdoe 0.12).
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For the Otago peninsula model, the removal of uppeunds of some threats produced a veapidly
growing population, higher than the assumed maximatimal growth rate Rnay). This indicates that
the upper bounds used for setnet and deliberate ramthreats wergrobablyunrealistically high

For the Auckland Islands, the risks carried forwardftbe risk triage were:
f Klebsiella
f Commercial trawl (witlan 82% discount rate as a base case, with otliscount rates
assensitivities dZ  ]s Juvd E § ]e §Z eepu % E} PO]ICEE]A
v v }uvs €& AlsZ SE Ao B35 A]sz 7>
Male aggression
Trophic—food limitation
Hookworm
Wallows

~h ~h —~h —h

For the Otago peninsula, the risks carried forward frimrisk triage were:
f Setnet
f Deliberate human mortality
f Entanglement
f Male aggression

4.2 Demographic scenario projections

To better understand how much change in demograsiameters was required tead torecovey
of the population(i.e., a positive population growth rateg range of scenarios were developstd
assessed. Scenarios were assessdg simple model projections (MP®aximum of the posterior
density function to investigatehe effect of varying levels of adult survival, pup\sval and rate of
puppingon the project population growth rate ahature sea lions.

Figured shows the effect of varying demographic parameters on he@jected population trendor

the Auckland Islands stgopulation compared with the projection based on the mean the
demographic parameters from the last ten yedrsorder to achieve a stable or increasing popwolayi
adult survival would need to increaf®mm 0.88 (the mean over the last ten yeats)approximately
0.96, or pup survival would need to ir@asefrom 0.38 (the mean over the last ten years)almost
0.6. Increased pupping rate alone would not resulaistable or increasing population (Figure 4). Itis
important to note that reducing a risk that acts on arfytteese demographic parameters is also likely
to effect the others as well.

2See MPI 2012
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using the mean of each spective demographic rate (*=value) from 20@®12 forSury and 20052014 for
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4.3 Population projections assessing the effects of tleats

Full Bayesiamodelling (using Markov chain Monte Carlo methdagywn as MCMC) was conducted
on dl risks carried forward from the risk triage proce$his modelling approach is computationally
time intensive for complex models such as the pagoh model constructed to reflect the various
mark types, ages and maturity staga®d this limits the number of runs that can be asled

The estimates of impadty eachthreat were determined by the first experpanel workshopand
assessed usirte operating models (generated by the demogra@ssessment). The impactedich
threat was removed from thenodeland the resulting population trajectory comparedth the base
case(usingrecentobserveddemographic parametejs

MCMC runs were conducted based on the best estimatkrisk levels, as defined by the threat

characterigttion process (se Section 42, Appendix3). Model outputs are given in terms of the
% }%po 3]}v PEIASZ & 5§ }( u 3pek) abduthe relajive pidphilation of mature

females in 2037 compared with 20172¢¥N2017). Due to the delay in the effect of alleviatingvs®

risks on the mature female population (as some risks @t the pups) it is more appropriate to
}u% & SZ ](( &.v v,

The independent panel met for a second workshopgSeptember 2015, with relevant modelling
advisors, 13 September 2015, to congidthe methods and results of the qualitative anabaptitative
risk assessment approaches and provide further @gwn improving the modelling. Notes and
recommendations from this workshop are provideddippendix 4.

4.3.1 Auckland Islands
Model outputs using the final model configuratioressummarised iTable3, Figure5 and Figures.

The results in Tableshow that if threats are removed individuallgnly the removal oKlebsiellawill
result in a stable oncreasing population, however it is important tote the wide urcertainties as
seen in Table 3 and Figure Bhe alleviation oKlebsiellgproduced the projection with the highest
,2037,0f 1.002 (0.786L.276).This is followed by the impact of the trophic risikh a ,p0370f 0.974
(0.8051.175), followed bynaleaggression with gp0370f 0.965 (0.7491.246) and trawl! (given an 82%
discount rate) with a,z0370f 0.965 (0.7491.231).
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Table3

Auckland Islands model estimates of mature femal@szand Naos7/N2o17for all threat scenarios.
Values are median and 95% credible interval. Shaditigates the sensitivities around the base case rfawk
risk (82% discount rate).

Threat sceario

2037

N2037 N2o17

Base

Wallows
Hookworm
Aggression

Trophic

Klebsiella

Trawl captures
Trawl 82% discount
Trawl 35% discount
Trawl 20% discount
Trawl interactions
Max growth

0.961 (0.89 1.02)

0.965 (0.89% 1.027)
0.967 (0.894 1.026)
0.969 (0.895 1.029)
0.974 (0.905 1.038)
1.005 (0.926 1.069)
0.964 (0.89 - 1.025)
0.965 (0.89% 1.024)
0.971 (0.899 1.031)
0.973 (0.898 1.032)
0.977 (0.902 1.036)
1.069 (1.05% 1.084)

0.47 (0.32- 0.67)
0.51 (0.35 0.74)
0.52 (0.36- 0.75)
0.54 (0.38 0.77)
0.59 (0.36- 0.96)
0.93 (0.67- 1.26)
0.49 (0.34 0.72)
0.5 (0.35- 0.73)

0.58 (0.4- 0.84)

0.6 (0.41- 0.88)

0.64 (0.44 0.92)
3.4 (2.39- 4.60)
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Figure5: Model estimates of mature n at the Auckland Islandsthe period 199er037for trawl fishery
mortality scenariosBlack lines = with threat (base run) and max growk; lines = threat alleviated.
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4.3.2 Otago Peninsula

The MCMC projections for the Otago Peninsula thezsnarios are presented in Tablentidigure
7. The alleviabn of the best estimate for the risk of deliberateman mortality results in the highest
,20370f 1.093 (1.074L.112).

Tabled Otago Peninsula model estimates of mature femajgszandN2os7/N2o17for all threat scenarios.
Valwes are median and 95% credible interval.

Threat scenario 2037 N2037N2017
Deliberate mortality 1.093 (1.0751.112) 5.98 (4.288.33)

Entanglement 1.088 (1.0761.106) 5.41 (3.897.49)
Male aggression 1.087 (1.0761.104) 5.36 (3.887.32)
Set net 1.082 (1065-1.099) 4.83 (3.526.59)
Base 1.070 (1.0531.087) 3.89 (2.825.34)
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Figure7: Estimates of mature n at the Otago Peninsula in theriod 19962037 for all threat scenarios.
Black lines = with threat (base run); red lines = thedkeviated.

4.4 Retrospective analysis of Auckland Island decline

Further modelling analyses were undertaken to irigege how much of the observed ~50% decline
in pup production at the Aucklandlands since the late 1990sutd be explained by thkeythreats
that had passed through the risk triage process. To d® dlretrospective analysis was conducted in
which demographic rate estimates obtained from thestestimate MCMC ruffor each of the key
threats were used to project forwards from the year 2000 witmoving any mortality associated
with each threat(or usingoptimal demographic rates used in the case of trgpfiood limitation).

Thefollowing threats were assessed:

* Trophic (food limitation)

* Commercial traw#-interactions(i.e., assuming all sea lionstig through SLEDs die)
» Klebsiella pneumoniamortality of pups

* Hookworm mortality of pups
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The timingof the effect of each threat on mature numbers varigeicause some threats operate on
different age groups and the trophic impacts of ddomitation were appliednlyfrom 20052008. As
such it was not a fair comparison of the effects ofletlweat with respect to the maturél in 2015,
although it does give an indication of the effect ibre threat on the population trend

None of the threats assessedhssufficient alone to explain the observed declingpup production
at the Auckland IslandseeFigure8 and Table5). The alleviation oKlebsiella pneumoniamortality

of pups had the greate3  (( 8 }Vv %o}% p 0 §]}Va0RED}IBSTBUECIE 0:9401) relative to
§Z o (Rdisr 6:94, 95% CI = 0-9198).
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Figure 8 Predicted matureN by year comparing the base runmature N with threat affecting population
(grey lines) ad run with the threat alleviated (blue lines). HegMines are median estimates and light lines
are credible intervals.

Table 5 Projected growth rate of matureN (,2015) and population status in 201Bl015/N2000 (%)
Threat 12015 N2015/MN2000 (%0)
Klebsidh 0.98 (0.941.01) 68 (6373)
Trophic (prey) 0.96 (0.921.00) 56 (5261)
Hookworm 0.95 (0.920.98) 53 (4957)

Commercial trawd-Interactions 0.94 (0.910.97) 59 (5564)

Base run 0.94 (0.910.98) 47 (4451)
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5. Results Campbell and Stewart Islands

As odlined in Section 3.3 there was not sufficient data avalgato build demographic operating
models for the Campbell Island spbpulation and Stewart Island breeding area. For thesasre
priority threats were identified through the threatharacterisaton procesgsee Section 3.5). This
process included review and input the expert panelprimarily during the firstvorkshop (Appendi
3), and was later supplemented by advice during teead workshop (Appendix.4)

5.1 Campbell Island
Priority threatsidentified to the Campbell Island sydmpulation were:

x Klebsielladisease
X Interactions betweerrawl gear and sea lions

X Holes at key breeding sites at Campbell Island

x

Pups, and occasionally femalegured or killed by aggressive male sea lions

5.2 Stewart Island
Priority threats identified to the Stewart Island baiag area were:

x Klebsielladisease
x Climate and environmental change causing depletibfood resources
X Interactions betweerset netsand sea lios

X Interactions between people and sea lions

6. Discussion
The risk assessment process described in this tegentified the most important risks to each New
Zealand sea lion sytopulationkey breeding area using a variety of methods aaltbwed
appropriate management options to be developed ttow for recovery of the species. In addition,
the modelling tools developed allowed an assessnwdrihe degree to which individual threats may
have contributed to the observed population decljrand will allow for a quantitative assessment of
progress towads achieving stated management goals.

The subpopulation with highest conservation concerntimt at the Auckland Islands, where the
greatest declines have been observB@&sultfrom the risk assessmeantiggest thaalleviation of any
one threat wil nat result inthe populationincreasing. Similarlgone of themajor threats assessed
were sufficient alone to explain the observed deelin pup production at the Auckland Island#is
included commercial trawdrelated mortality, even with the most conseative view of cryptic
mortality (all sea lions that exit trawl through SLEDS de the trawl interactions option modelléd
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and associated loss of pup€learly multiple factorsvere acting on the population, and for
management to recover the specie$alistic view must be adopted.

The retrospective modelling also showed th#ehserelated mortality of pups could have a major
effect on population growth rate if the besistimates of annual mortality are realistic, but it would
need to have commenced some years prior to thetstdirithe decline in pup production to be the
main cause of decline (given the delay to matunajio

Some threats are relatively well understood, with gtiéint data available. However, other threats,
such adrophic impactsare less well known. Thexpert panel highlighted that theophic risk was
potentially underestimatedasthe increag of theAuckland Islandsub-population duringthe 1990s
demonstrates the ability of the population to in@ge under good conditiongformation on sea lion
diet and prey availability isnited andthe mechanism of any trophic effecsdthe underlying drivers
(e.g.indirect fisheries effectss climate/oceanographic changeaere not clear Understanding the
mechanismsof trophic effect will allow a better assessment of risk and assist imiif{gng the
drivers, thus enabling appropriate management opdo be developed if required.

Klebsielladisease is anothasstensiblyimportant threat where our knowledge is limited. lfccessfl
long term management of this threat is to be deyedd, a full understanding of the nature and
transmission of the disease will be required.

TheOtagobreeding area containsmallnumbers of breeding females, making it suscepttblemall
levels of risk. The risk assessment has identified leading risksh @s deliberate human impacts
which must be managed to maximise future populatgmowth to encourage the establishment of a
new subpopulation.

Although the risk assessment process was thoroughrelatively complex, review by the expert panel
identified aspects worthy of future exploration. The role ainfluence of any ampensatory effects
of the risksassessed was one such area. It is clear that multiptathrare acting on sea lions, and an
understanding of how riskfactors may interaawill aid the prioritisation of management actions.

A structured qualitative process with expert reviavas used to identify priority to threats to the
Campbell Island supopulation and Stewart Island breediagea. This process collated available data
on threats and allowed expert opinion to assess angdplement this data in a transparent way.

Considering how the risk assessment approach deeeldor New Zealand sea lions could be applied
in other situationsit is clear that the rapid triage process was adequatalentify key threats, and
thus couldbe relatively easily and quickly be applied in othgunations toallow rapid development

of management actiongOne of the greatestaluesin the more in depth modellingspects of the risk
assessmentas thatit allowed for better measurement of progress against management actions
however, developing these models is resource intemand may not always be necessary.
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Appendix1: Threat scenarios

Table0-1:

Summary of threats used in Auckland Islands Triggejection models for all threat scenarios assessdthreat levels are upper bound values.

Threat scenario

Numbers killed

(upper bound) Demographic group Threat type Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2016
Adult 5+ 0 0 0 0 0 0 0 0 091 87 84 88 81 84 79 76 70 67 66 61 58 54 53 50 5350
Male aggression Pup indirect Numbers killed 0 0 0 0 0 0 0 0 0 032 30 30 31 28 29 28 27 25 24 23 21 20 19 18 18 1188
Pup direct 0 0 0 0 0 0 0 0 0 (419.6 182.9 314.9 73.8 81.4 814 825 759 81.6 679 354 5374 128.7 62.0 134 17.2 17
Adult 5+ 12 12 13 14 15 17 18 20 21 20 19 19 20 18 19 18 16 15 15 14 13 12 12 11 11
Entanglement Juvenile Numbers killed 1to4 52 56 60 64 69 74 82 89 94 91 87 84 88 81 84 79 7m0 67 66 61 58 54 53 50 50 ¢
Pup 0 04 04 05 05 05 06 06 07 07 07 07 07 07 06 07 06 0B 05 05 05 05 04 04 04 04 (
Hookworm Pup Numbers killed 0 80.0 80.0 80.0 80.0 80.0 80.0 85.0 94.0 96.0 91.0 91.0 91.00 720.0 80.0 68.0 66.0 71.0 69.0 48.0 58.0 49.0 53.0 61.0 50.00 580.C
Klebsiella Pup survival Demographicrate 0 NA
. Juvenile+ . 1+ 12.0 12.0 12.0 12.0 12.0 12.0 12.8 142 144 13.7 13.6 130 112.0 120 10.2 99 106 104 7.1 86 74 80 92 75 75
Shark predation Numbers killed
Pup 0 42 42 42 42 42 42 45 50 50 48 48 48 38 42 42 36 3H7 36 25 30 26 28 32 26 26 :
Tuberculosis Adu'? sgrvwal . Demographic rate 614 NA
Pup indirect survival
S:p'?u”::sr'ca' trawl Adult Numberskiled 3+ 00 00 00 00 00 00121.01150 620 26.0 67.0 59.0 71900 494.0 169.0 162.0 113.0 256.0 242.0 274.0 154.0 116.001580.0 170.0 170.
Pup indirect 0 0.0 00 00 00 00 0.0 420 40.0 220 9.0 23.0 20.0 25.0 17.00689.0 57.0 40.0 90.0 85.0 96.0 54.0 41.0 48.0 60.0 60.0
Wallows Pup Numbers killed 0 111.9111.9111.9111.9111.9111.9 119.3 132.2 134.3 1276491127.1 101.4 111.8 111.8 95.5 92.9 98.9 96.7 66.7 80.69 684.9 85.8 70.0 70.0 70
Pup 0
Trophic Adult survival Demographic rate 6 to 14 NA
Adult pupping A+
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Table0-2: Summary of threats used in Auckland Islands MCM@jgxtion models for all threat scenarios assessdthreat levels are best estimate values.

Numbers killed

Threat scenario Demographic group Threat type Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20146 2016

Adult 5+ 00 00 00 0O 00O 0O OO OO 0O 91 87 84 88 81 84 79% 770 67 66 61 58 54 53 50 50 !
Male aggression  Pup indirect Numbers killed 0 00 00 00 00O 0O 00O OO 0O OO0 32 30 30 31 28 29 28 2Z5 24 23 21 20 19 18 18 18 !

Pup direct 0 00 00 00 00 00 00 00 00 0.0419.6182.9314.9 73.8 811448325 75.9 81.6 679 354 526 3741287 62.0 134 17.2
Hookworm Pup Numbers killed 0 00 00 00 00 00 00 00 00 0.0104.91829240.8 72.2 73B2129.5 87.4 939 78.2 472 0.0 187 515 714 0.0 86
Klebsiella Pup survival Demographic rate 0 00 00 00 00 00 00 00 00 0.0 315 131 55.6 474 605 359 3717 481 409 260 431 131 283 373 301 310
Commerical trawl - Adult Numbers killed 3+ 58.5 10.5 40.3 8.8 188 553 740 77.0 38.0 16.0 44.0 31.00 3M.5 27.0 225 190 130 115 90 95 6.0 55 6.0 40 40
Captures Pup indirect 0 205 3.7 141 31 6.6 193 259 270 131 56 154 107 105 515 79 67 46 40 32 33 21 19 21 14 14
Commerical trawl - Adult Numbers killed 3+ 00 00 00 0O 00O 00O OO OO 0O 00O 00 00O 00 9.7 2582299 13.7 174 158 155 103 88 9.2 6.3 6.3
82% discount Pup indirect 0 00 00 00 00 00 00O 00 0O 00 0O 00 00 00 34 90 79 748 61 55 54 36 31 32 22 22 :
Commerical trawl - Adult Numbers killed 3+ 00 00 00 0O 00 00 00 00 00 00 00 00 0.0 208 73.51626.1 351 484 42.6 46.7 26.8 20.1 229 150 15.0
35% discount Pup indirect 0 00 00 00 00 00 00 00 0O 00 00 00 00 00 7.3 257 21961123 169 149 164 94 7.0 80 53 53
Commerical trawl - Adult Numbers killed 3+ 00 00 00 00 0O 00O OO OO 00 00O 00 00O 00 243 88777876 419 583 511 56.7 32.0 23.7 27.2 17.8 17.8
20% discount Pup indirect 0 00 00 00O 00 00O 00 00O 0O 00 00 00 00 00 85 31.0 26372147 204 179 19.8 11.2 83 95 6.2 6.2
Commerical trawl - Adult Numbers killed 3+ 58.5 10.5 40.3 8.8 188 553 740 77.0 37.5 16.5 44.0 41.5 4.0 109.0 91.5 83.0 51.0 71.5 625 70.0 39.0 28,5 33.0 22155 21.t
Interactions Pup indirect 0 205 3.7 141 31 6.6 193 259 27.0 131 58 154 145 15821882 32.0 29.1 17.9 25.0 219 245 13.7 100 116 75 75
Wallows Pup Numbers killed 0 56.0 56.0 56.0 56.0 56.0 56.0 59.7 66.1 67.1 63.7 63.5 63.57585.9 55.9 47.7 46.4 49.4 48.3 33.4 40.3 344 37.4 429 35.00 3%6.0

Pup 0
Trophic Adult survival Demographic rate 6 to 14 NA

Adult pupping 4+
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Table0-3:

Threat scenario

Demographic group Threat type

Summary of threats usechiOtago Peninsula Triage projection models fortalleat scenarios assesse@hreat levels are upper bound values.

Numbers killed

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2016

(upper bound)
Adult 5+ 00 00 00 00 00 00 00O 00 00 00 00 00 00 00 00 100 WO 00 00 00 00 00 00 00 00 ¢(
Male aggression Juvenile Numberskilled 1to4 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 10 10 00 00 ¢
Pup indirect 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04 OMO 00 00 00 00 00 00 00 00 (
Adult 5+ 00 00 00 00 00 00O 0O 0O 0O 0O 0O 0O 10 0O 0O 00O OLO 0O OO 00O 00O 00 00 00 00 ¢
Entanglement Juvenile Numbers killed 1to4 00 00 00 00 00 00 00 00 00 00 00 00 10 00 00 00 OO 00 00 00 00 00 00 00 00 ¢
Pup 0 00 00 00 00 0O 0O 0O 0O 0O OO OO OO 04 00O OO OO OW4 0O OO OO 0O 00O 00 00 00
Dogs Pup Numbers killed 0 00 00 00 0O 0O 0O 0O OO OO OO OO 10 00O OO OO OO OWMO 0O OO 0O 00 00 00 00 00 (
Adult 5+ 00 00 00 00O 00O 0O 0O 0O 0O 0O 0O 0O 0O 10 0O 000 OO 00 00 10 00 00 00 00 00 ¢
Klebsiella Pup direct Numbers killed 0 00 00 00O 0O 0O 0O OO 0O OO OO OO OO OO OO OO OO OO 0O 0O 0O 0O 0O 10 00 00 ¢
Pup indirect 0 00 00 00 00O 0O 0O 0O 0O 0O 0O OO OO OO 04 00 OO OMO 0O OO 04 00 00 00 00 00 <
Juvenile+Adult + 00 00 00 00 00 00 00 00O 0O 00 00 00 00 00 00 000 0O 1.0 00 1.0 1.0 00 00 00 00 (
Shark predation  Pup direct Numberskiled 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 00 00 00 10 ¢
Pup indirect 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 04 00 04 04 00 00 00 00
_ Adult survival . 5+ 00 00 00 00 00O 00 00O 00 00 00 10 1.0 10 00 00 000 WO 1.0 10 00 00 20 00 00 00 (
Deliberate human T . Numbers killed
Pup indirect survival 0 00 00 00 00 0O 0O 0O 0O 0O OO 04 04 04 00 OO OO OO 04 04 00 00 07 00 00 00 <
Setnet Adult Numbers killed 5+ 01 01 01 01 02 02 02 02 03 03 03 04 04 05 06 07/ 007 08 08 09 09 09 10 10 10 :
Pup indirect Numbers killed 0 00 00 00 0O 0O 0O 0O 0O 0O OO 0O OO OO 04 00O OO OWMO 0O OO 04 00 00 00 00 00
Vehicles Juvenile+Adult Numbers killed 1+ 00 00 00 00O 0O 0O OO OO OO OO OO OO OO 0O 00O 00O OLO OO OO OO 10 00O 00O 00 00 ¢
Pup indirect Numbers killed 0 00 00 00O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O OO OXO 00 00 00 04 00 00 00 00 ¢
Table0-4: Summary of threats used in Otago Peninsula MCMgetion models forall threat scenarios assessedhreat levels are best estimate values.

Numbers killed

Threat scenario  Demographic group Threat type Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2002 ZOD3 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2016 ZD16
Adult 5+ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 100 0.0 00 00 00 00 00 00 00 00 (
Male aggression Juvenile Numberskilled 1to4 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0OLO 00 00 00 00 10 1.0 00 00 (
Pup indirect 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04 ODO 00 00 00 00 00 00 00 00
Adult 5+ 00 00 00 00 00 00 00 00 00 00 00 00 05 00 00 000 05 00 00 00 00 00 00 00 00 (
Entanglement  Juvenile Numberskilled 1to4 00 00 00 00 00 00 00 00 00 00 00 00 05 00 00 00 05 00 00 00 00 00 00 00 00 ¢
Pup 0 00 00 00 00 00 00 00 00 00 00 00 00 02 00 00 00 02 00 00 00 00 00 00 00 00 (
. Adult survival . 5 00 00 00 00 00 00 00 00 00 00 05 05 05 00 00 000 00O 05 05 00 00 10 00 00 00 ¢
Deliberate human L . Numbers killed
Pup indirect survival 0 00 00 00 00 00 00 00 00 00 00 02 02 02 00 00 00 0LO 02 02 00 00 04 00 00 00 (
Setnet Adult Numberskiled 5+ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00L 001 01 02 02 02 02 03 03 03
Pup indirect Numberskiled 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0DO 00 01 01 01 01 01 01 01 ¢
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Appendix 1: New Zealand sea lion pup mortality vgbdp: notes
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New Zealand sea lion pup mortality workshop: notes

Workshop held10 June 2014
Place: Archibald Centre, Wellington Zddanchester St, Newtown, Wellington

Facilitator: Sarahwilson (Down 2 Earth Facilitation)

Attendance: Nigel French, David Hayman, Laureline Meynier, Saraha®lictWendi Roe (Massey
University), Simon Childerhouse (Blue Planet MariReb Mattlin (Marine Wildlife
Research), Jim Roberts (NIWA), Katrina Goddard (Roigistl), Milena Palka (WWF),
Barry Weeber (ECO), David Middleton (Seafood NZ)armdishells (DWG & FINZ),
Vicky Reeve, Nathan Walker (MPI), Laura Borere IKdimens, Igor Debski, Jim Fyfe,
Kate Mclnnes (DOC)

Apologies: lan Angus (DOChuise Chilvers (Massey University), Bruce Robe(Stago University),
Shaun McConkefNZ Sea Lion Trust), Michelle BeritzHattv (MPI)

Introductions and Opening

Workshop participants introduced themselves and #yenda was outlined.

A summary paper was pi@rculated, prepared by Simon Childerhouse, Weradi Bhd Jim Roberts.
Workshop organisers thanked the authors and welcdrttee paper as a useful background report for
the workshop (Note: the background paper is avddain the CSP website).

A question was raised as to why the pup mortaliisue was being progressed ahead of the NZ sea
lion Threat Management Plan (TMP) generally. It wasdfietrthat Massey University wrote to
Minister of Conservation asking for some tangible egsh and adapve management techniques to
investigate and address the high pup mortality dgrthe coming field season. Due to time constrsint

in the development of the TMP and the researcheeting to take action during the upcoming field
season, the organiseraw this workshop as a parallel process running gdice the TMP and a way

to potentially improve the situation in the interim.
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DOC provided an introductioto the workshopas follows:

x The main purpose of the day is fiocus on pup mortality and in particular on whatnche
done in the next field season on the Auckland Idtato make a difference.

x This workshop has brought together the leading e¥pdo focus on the question of pup
mortality so that we can get permits in place in tinoe the next feld season (December 2014
-January 2015) Getting the necessary permits in place and fuliglour obligations to consult
with Ngai Tahu takes approximately 5 months so thaskshop has been arranged at this
time to enable these timeframes to be met.

X The results of this workshop and any further workll valso inform the broader TMP
process.We acknowledge that this workshop of pup mortalgyoccurring ahead of the rest
of the TMP processin simple terms this is because we do not want tigsranyopportunity
to put in place research and management measuresam as possible for this Nationally
Critical species.

x Along with MPI, DOC is working hard to put togethepbust plan for the TMP procedsor
the purposes of this workshop we are not going toigto much detail about thatExcept to
say that over the next two years DOC and MPI wippliiting a lot of effort into understanding
all the threats and acting as fast as possiblesttuce and reverse the decline in the sea lion
population.

X Where issues come up today that relate to the bread@MP process then we will make sure
these are recordedHowever, it is vital that in the short time we have that feeus on pup
mortality.

Discussion followed about the timeframe for the N&waland sea lion TMP and ensuring that people
are informed and engage with the broader process.

Backgroum and context for pup mortality

1. Simon Childerhouse’s presentation
(Note: all presentations are available and wilk posted on the DOC website)

Simon presented his experience with the Aucklarddnids field programme. He outlined the
background to the work and presented the populatidata. He also outlined his experience of
the pup mortality issues on the Auckland Islandduding rescue of pups from holaad terrain
traps.
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Matters for clarification:
Pups getting caught in holes:

This has always been a problem on Dundas Islaedfi¢td team has added ramps in some holes to
allow pups to climb out, but never done so on Erxjelsland. Louise Chilvers perhaps didn't flag this
as an issue in the past as the pups are usuallyerapread out over Sandy Bay and don’'t always move
into the areas with large holes. This year they spraaicbwer a larger area with more holes. The team
built ramps to help some geiut. In total 70 pups were removed from holesoptio the ramps being
built. However, tag numbers were not recordedssmme of these pups may have been removed
multiple times. Alternatively, some years no péi@iéin holes because they move intdfdrent areas

of the sward and forest where holes are not so common

The team came back from the field season impasslaimut this issue as it seemed like a tractable
issue where we could improve the outcome for sonupg. We recognise that pup mortality in holes
is unlikely to be the main driver of population diee, but it is an issue that we can do something
about in the short term. If this is done, it is ikaly to lead to an increase in the population, may
slow the decline. Anything we can ttoimprove the situation for this species, regardiessiow small
the positive benefit may be, should be done.

The workshop participants agreed that it would beeful to know what is happening at Campbell
Island and the other colonies with respect tdative pup mortality, including mortality in holes.

2. Wendi Roe’s Presentation
Wendi presented the background on causes of NZliseapup mortality. Including preliminary
and definitive diagnosis basied on necropsy worktiee Auckland Islands. Causescdssed
included pup mortality from:

Bacterial infectionKlebsiella pneumonige
Hookworm

Stillbirth

Trauma

Congenital abnormalities

Starvation.

X X X X X X

Matters for clarification:

Klebsiellaspecies are bacteria commonly found in both the #ea and the human gut, and also in
the environment, but not the “sticky” strain thatevare currently seeing in NZ sea lions.

We've never seen the “sticky” strain in adult sems$, but this hasn’t yet been fully investigat&tie
know that the bacterium can survive in tlavironment, but not for how long and under what
conditions.

Were the pup mortalities that were historically attritad to “trauma” actually bacterial infection?

Yes, some of them were likely to be that. Infectand trauma are also likely relatedfor example,
it's easier to pick up a pup that’s sick and shiakiean to do so to a healthy one.
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Klebsiellas now being seen in every breeding season, amdws thought to be the leading cause of
pup death.

Are birds possible vectors? That hasn’t been agarfuesearch projects so far, but possibly. Adal
lions could also be vectors, or other species anitand

DoesKlebsiellasurvive in salt water?

Not as well as it does in fresh water, but yes. raay Again, we’'d need to do some experiments to
determine how long it could survive in salt watand whether it was still as virulent after a while
under these conditions.

In 2002 and 2003, we felt confident that we wergt&ing the number of pups dying since the
deaths peaked earlier in the seastwit since 2007 we aren’t, as mortality is poteriifabccurring
after the field team leaves the island.

3. Sarah Michael's Presentation
Sarah was the vet on the Auckland Islands during #913/14 field season and is an

undergraduate student under Wendi RaeMassey University. She presented the resultbesf
necropsy work and details relating to pup mortalityrfrdoacterial infection.

Matters for clarification:

The pups are only dying of infections caused by #tieky” strain ofKlebsiella We don't kiow if the
bacterium has changed since the 2001/02 mortalitgmt, but this is part of an ongoing PhD study.
The mortality event that occurred in 1998 was prbhacaused by a completely different bacterium.

CouldKlebsiellabe getting in through the tag eunds?

Klebsiellais probably infecting pups through multiple sitesd the lesion patterns suggest that it

would be from multiple routes of infection (for exgle inhaled, ingested, through bite wounds). The
tag wounds don’t look too bad under the microscopet we would need to do some further studies

to see if there is any evidence Klfebsiellanfection in the wounds.

Were you recording where you were finding the pups?
Not GPS coordinates, but detailed and descriptoations were recorded.

The problem is that they’re moving around and emalustered anyway. They don’t die in the same
place as they picked up the infection.

Do a certain proportion of infected pups recover?

No, not once it has reached the brain, then itsm@mal. Once pups are \ildy showing signs
of infection, they die within a day or two.

Do they have any natural resistance to the infec#o

We’'re not sure, but it's a highly virulent bactevidiich would kill most of them. If it got into thwains
of contracted humans who werngroperly treated in hospital, it would still kilbaut 80% of people.
We don't yet know how (or if) pups mount an immur@sponse to this pathogen.
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There was discussion about the fact that we donmibw if every pup encounters this strain and
whether theyall die or if the only ones that encounter it argidg, and we won’t know about inherent
resistance, any changes in resistance, etc. Theadgof a pup getting sick from this bacteria priolya
depend on the ‘dose’ of the infection (whether thegme irto contact with large numbers of bacteria
or only a few) as well as the route of infectionofmd, inhalation etc) and the response of the pup
itself.

What's the antibiotic resistance for this strain?
Massey has a PhD student working on that currently

Thee was discussion about whether it was possiblet thgup’s parasitic burden is affecting and
lowering the pup’s immune system, and whether giguma caused by parasites could be another
possible way for the pup to become susceptible azterial infecton. Aurelie Castinel did some work
on this as part of her PhD, and found that it was umjikbat hookworm were transferring bacteria
from the gut into the adominal cavity or blood stream.

4. Jim Robert’s Presentation
Jim presented preliminary findings frohis population correlation research as they relaepup
mortality.

Matters for clarification:

As with other pinniped species larger pups appeahave a greater probability of survival. Changes
in pup mass at 3 weeks appear to relate to the mean agkraproductive history of breeders, i.e.
whether the mother concluded energeticaitpstly lactation in the previous year.

Between 1998 and 2004 the breeding population ohédes at Sandy Bay appeared to be in synchrony,
with a large proportion producing small pups withlawv probability of survival in one year (e.g.
1997/98, 1999/00, 2001/02 and 2003/04) and largg@ewith a high probability of survival in the next
(e.g. 1998/99, 2000/01 and 2002/03). This suggtwtsduring this period resources weirgsufficient

for females to produce pups with a high probabilifysurvival in consecutive years and that poor
maternal nutritional status makiave compromised pup survival.

in addition, it appears that maternal survival wasmpromised by high pup survival (and completion
of lactation) in the previous year. This has lead toraklige years of high and low adult survival related
to reproductive status (similar to some albatross spski

The results pre2004 with regards to female survival (nrbreeders vsbreeders), why do you feel that
is a trend?

Preliminary results from a demographic assessmentateitvery low survival of nebreeders during
the period that pup/yearling mortality was high.ift not clear how these are related, though it does
suggest that high pup mortality pos2005 is related to processes affecting the $ual/ of breeding
age females.

5. Laureline Meynier’'s Presentation
Laureline presented her research findings on diglgsis and NZ sea lion nutrition as it relatepu
mortality and breeding success including lactation.
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There was discussion about the foraging habits Bfdda lions, the data Louise Chilvers collected in
her diet analysis from Januarfebruary, the winter foraging report done by Sin@nilderhouse, the
switch in behaviour (i.e. deeper diving) in winter foragiand the types of prey that the animals
preferentially select.

There was discussion relating to the change betwéanuary- February in percentage of milk lipid
content which is attributed to the incese of lipid content as lactation continues (i.emBles feed
more/produce milk with higher lipid content).

There was a lengthy discussion about the lack ofgas from outside the breeding /CSP field
work season and the need to gather further samm@sswvell as analyse existing saegto
get further information.

6. Rob Mattlin discussion about Campbell Island (nepentation material)
NIWA and MWR are looking at the foraging distributidnfeamales and young males from the

Campbell Islands. The females and young maleshinae been satellite tagged are going across the
shelf to other side of the island to feed, but reman the shelf the whole time. Jim Roberts wasréh
lastyear, and he did diet research.

Jim clarified that he found smadtaled codppeared to be the main finfish prey specidhese are
the most abundant fish species at the Aucklandndéaover shallow rocky reefs. The sea lions are
foraging right around Campbell Island at32@m, but as they get older, are sometimasidg deeper
down to 206300m.

There was discussion that other marine associatpdcies (i.e. Gibson’s albatross) have shown
changes, includig foraging areas, since 2005.

List of affecting factors

Participants were asked to suggest any factors affeatogtality in addition to those identified in
Tablel of the precirculated paper.

There was agreement to add starvation to the table of dest additional to nutritional stress.
Starvation would be attributed to a pup losing it®ther (either lost or abandoned),rplonged
foraging trips by the mother or poor milk qualitytput.

What can we do, and information gaps, as relatedttee table of affecting factors

1. Historic samples and data:
We have a considerable number of historic samplehiged around the countryWe should look at

tissues from dead pups from previous years andym®abther samples (i.e. milk and serum samples,
etc.). We've only partially analysed the old saesplbut science has advanced quite far in the last
decade so we could get more inforn@t out of the sampleaow.

In short, there was broad support for the analysis istdric samples so as to learn more about such
things as: evidence of disease, nutritional stadtrs

2. Pups falling into holes and dying
This year, it was estimated that asany as 70 of the 400 pups born at Sandy Bay filhioles and

most likely would have died if they had not beersecaed. We should mitigate the problem of pups
Page6

Note: These notes set out the discussion held at the workshiegr background and context pleasfer to

the preworkshop report by Childerhouse, Roberts and Roe4201



Appendix 1: New Zealand sea lion pup mortality wbdp: notes

falling into holes, as it would be relatively simpgb achieve and could be undertaken durithg
normal field season. There was discussion abouwlling methods to better understand this
interaction and also to understand any benefit from aos (e.g. cameras or transponders). There are
some simple mitigation measures that could be usekeeppups out of the holes (e.g. stairs, ramps,
escalators, rescue, fences etc).

The disease outbreak prompted a longer field seashare we observed that the pups moved to the
eastern area where the holes are more prevalefthé season had not been extéed we wouldn’t
have known it was an issue or been there to retei¢lrem from the holes. It is important to stay on
the Auckland Islands longer to understand additiqmap mortality caused by pups falling in the holes
and disease.

If we can quantify whether the pups which fall irftoles also end up infected or were infected with
Klebsiellathen we can look for an association between the twd/e need a case control study, to
understand more about pups falling into holes adhas infection and transmiss of Klebsiella.

We collected substrate samples (sand, mud, watghich were show to contain Klebsiella, but only
from later in the season (i.e. the pups could attghave infected the substratesand). We should test
the environment earlier, i.e. beferbreeding, and in other locations

3. Hookworm
Hookworm can be treated with Ivomec orally or bjegtion. The pups or the adult females can be

treated, as hookworm is transmitted to pups throutite mother’'s milk. We need a proper study to
see if Ivomeactually works including monitoring its effect whiwill require a control study.

Repeat treatments of lvomec are required. If all pugsemreated, but treatment was not repeated
sufficiently to break the cycle, it is possiblecteate resistane of tte hookworm to the drug.

Louise Chilvers’ preliminary work showed that tiagtwith lvomec has no effect in a normal year, but
in years where there were increased bacterial deatheatiment with lvomec for hookworm improved
pup survival. It was noted thdbnger term survival of the Ivomec treated indivads could be
examined, but has not been done to date.

If trialling Ivomec, it would preferable to use by sample sizes than were trialed previously, along
with a control group

4. Klebsiellainfection
There was wide ranging discussion regarding infororatjaps and actions as summarised below:

X There was discussion about the development of add@CR testhat could be usedn situfor
detection of Klebsiella Massey University has some research undervedlyeit at PhD pace.
Although in theory this development can be done mauickly, it is an iterative process. Care
would be needed to avoid false positives. There diasussion about the state of technology and
the cost involved in determining whether @articular sample of the bacteria is still virulent
(currently we need to grow the bacteria to do this)

X Is the same disease in other species (i.e. in NZdals?)
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Yes, but not in the same way. Itis present in Califosea lions, but it affects matianimals and
is not as virulent.

x Is Klebsiella an issue on the main breeding aréasf Mainland NZ, Stewart Island, Campbell
Island and the Auckland Islands).

There was discussion about the relative trends ortality exhibited at the different sites
Sandy Bay and Dundas, the 2 largest breeding ptpokon the Auckland Islands, show a
similar trend in population but we don’t know theasons for pup deaths on Dundas since no
post mortem work has been done there. A very smailinber of pup post m@ems were
done on Campbell Island pups in 2007/08, but nobwgh to be able to work out the major
causes of mortality there. It was noted that oneppim Otago has died of Klebsiella infection.

x Can we develop a vaccine?
Yes it is possible, but could ®&knillions of dollars and at least 5 yeafgesearch.

X What about treatment?
That's technically possible but not recommended. ti#e time you can see clinical signs, they're

more than likely to die anyway. There are disadvantagésehting, such as dibiotic resistance,
the fact that you would need a broad spectrum amiiic to kill onlyKlebsielldut not the animal’s
natural bacteria. It would also need to reach thailm and the joints, which is difficult and not
common in antibiotics.

X We need todetermine the bacterial landscape (i.e. is it i@t species, accumulation over time,
etc.)

X It seems to be present in middle of the islandsd dne animals aren’t. There was discussion on
seabird sampling, whether or not samples have bien, and that they should be collected in
the future. Previously collected samples are sugalenough for historically determined
information. There was a discussion about the fiett cattle were present on the island until
1992 and whetheKlebsiellacould haveoriginated from them, although this seems extremely
unlikely as sticky Klebsiella has never been iedl&iom cattle...

X It was suggested that the Sustainable Seas NatiBoi@nce Challenge (or possibly New Zealand’s
Biological Heritage NSC) could havele in implementing surveillance programmes loa health
of protected species populations.

X There was discussion surrounding the fact that weed to better understand the immune
response, and to figure out which antibodies wohklpresent.

X Infectedtag wounds-Is that a potential source of infection? Do we naudre research on that
to see if it is something to consider doing les® dfhey are a potential site for bacteria to get in,
and if our aim is to decrease ways of infection, thaglm be an idea. There is a risk of infection
due to creating an open wound( the tag hole), bwt from the process of tagging itself as the
tagging instrument doesn't directly contact the iski
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X There was further discussion on the need to exananghived sampkg take samples from other
species, the potential for the shedding of the ek in faeces, and the infectiousness of the
bacteria.

x Klebsiellas unlikely to have originally been of human origin

x What about the relocation of sea lions to other areas?His a possibility- setting up new
colonies? Discussion ensued on the possibilitied mherent difficulties of attempting to
establish new colonies through relocating NZ seasli and the fact that a successful relocation
has never happened with atizds. Overall not a higranked option.

x Case control studies (i.e. use a concurrent case obmkesign) were viewed as a priority, to
compare pups that have the disease to healthy paps comparing a whole range of risk factors,
including maternaldctors as well, to get an idea of risk factors of gettihe infection and dying
from it. Identify one infected/dying pup, track dewts mother, collect all relevant variables, and
then select 3 control individuals to get maximunmtidence and measuref same variables. This
idea was well supported.

x There was discussion about the future necessithdwoe the capacity to determine and respond
to issues like this in the future, such as gairangeneral awareness of disease issues to prevent
events likethis in the future. Discussion then turned to debdahe mortality event of 1998 and
whether it would be possible to examine samplesrirthat year to better determine the cause of
the event.

In summary: Once the infection is in their braeite’s nothhg practical that we can do to treat it.
Once infection is in the bloodstream then theretsipably little we can do unless it could be diageds
early and we had done some studies to determine iparticular antibiotic would be effective.
Antibiotics woud need to be given over a period of days to wettkge effective. A vaccine which
could be preventative is extremely expensive andrgeaway. There is the possibility that we can do
testing for site prevalence and then take extrenagecto limit any posibility of exposure.

5. Nutritional stress
There was discussion about needing to collect sasyuif pup weight over time, looking at milk

content as well, the methods for measuring milk gwotion, and the process for catching and
anesthetising females toltain the necessary samples. This information hasn collected in the
past, but intermittently- Louise Chilvers has information for a few years at S&aly, and Simon
Childerhouse has information on pup growth on Casiptsland. Also Martin Cawthordid work in
the 1980s, so we have data to compare with.

It was suggested that we get tracking data aboutividuals/colonies movements throughout the
year. For now we assume that they're foraging in tame place all the time. There’s also winteralat
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that suggests that it is the same place but deepémve did track the sea lions throughout wintese
could have 8 months of continuous data prior to ntog. We could then collect foraging data
through summer, and get scat samples to analyse as f®Reljurgitates are also important as they
reveal adifferent species composition.

Research so far has generated time series of diet,rpaps, etc., and the information is pointing to

nutritional stress exerting negative effects on thapulation. Ther@appear to be yearly effects as well

as monthly effects. Hiowever, there are gaps in tmee series that could be filled by analysis of
samples or other methods.

There was discussion of a study being conductadl'&fA involving isotope analysis in seadidmom
teeth. Samples (where possible) are to be colledteth NZ sea lions to assist with this work.

We need to come up with ways to improve the undargling of the nutritional stress of the
population. Are there things we can do with exigtiBamples that will help us see through time
iffwhen they are becoming nutritionally stressed?\Vélso need to look at what happened in 2000
and 2005. Can we look at isotopes in blood serutamin D levels in bone, tebt look for pathogens
in serum?

We should als@onsider future proofing, i.e. we need to includénimum database of things (i.e.
samples) that need to be collected every year.nfaybe recapture the same individuals every other
year.

There was discussion on previous attempts at dgvielp a body condition score, how it is measured
(blubber layer size is a good proxy), and why therapt to do so didn't work (improperly calibrated
ultrasound). Most studies show that weight dividegllength is just as good a measure.

There was discussion about the possibility of exdng body condition in two groups of females
(benthic and mesopelagic). Tagging wouldn’t be seaey to conduct such a study; it is possible to do
stable isotope analysis in this case from skin damp

6. Injuries
Up until now, the Audiind Islands field team have never treated any animal, eg tave always felt

that it is a natural system and that these are mafuevents. However, they now believe that there’'s
no reason not to help some of those that we canclsactions are unlikelyp halt the decline, but it
could be done with minimal additional cost and effdHowever, it would require specialist veterinary
advice.

Massey vets believe that we should at least be aniking animals that are obviously dying.
It was mentuioend tht euthanising infected animals may also limit soofi¢he transmission
of disease.

Atriage systemneeds to be established, detailing whether to saveat or euthanise. .Such a triage
system would need to be very clear and detailed] amitten out withexamples. There was continued
discussion about the level of detail that would et® be involved in the triage system, and the need
to properly determine which injuries are commonges, and which would be treatable within reason

7. Pup Starvation
We needto address information gaps in the starvation data.
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Should we consider supplemental feeding of pups? tliose pups whose mother is absent
from the colony-should we keep feeding them in the field? Take thieto captivity? It was
noted that sometimeshe mothers can be away from the colony for someetiand return
later.

We also have to consider what to do about skinnpgthat are simply not getting enough milk and
whether giving them a top up will help reduce the@nsitivity to advese effects inlie environment.

There are potential issues related to supplementigding, such as:

Breaking the bond with the mother, will she stogékng it?

Supplemental feeding will also produce a larger,pumd put more stress on the mother
It could potentiallybe high risk and very difficult/impossible to do.

Most of the starving pups are starving because thiegply can’t find their mother.

the animals might imprint on humans and become &auoce.

O O O O0o0Oo

What about females with mastitis, and perhaps & lirom that to Klebsiellanfections?

We have milk samples from females that get caught fogitag, and so far haven't seen any really
grossly mastitic individuals. But we wouldn’t kndvit was present if the females with mastitis had
already abandoned their pups. We could do somegits counts and/or cultures on milk samples to
see if it's possible.

8. Impacts of human intervention (tagging and captugh
Currently, there’s increasing levels of scrutinyatirwork with animals, and two potentially confiig

views —educing impacts on endangered species, and thalrteaget more data. Somehow we must
reach a compromise between these two views. Thaseals have been intensively researched for
20 years, and are among the best researched endatgmarine speies, yet there are still significant
gaps in our information. We've got a team down tador 1-3 months/year, tagging and capturing
animals-we need to think really hard about what we're doiagd why. We're going to need to better
justify not only why we're tagging but also how nyame need to tag.

There was discussion on the benefits of runningudys (such as PIT tag all individuals and flipper t
half of the group, and compare for effects) to detemnithe impacts and effects of flipper tagging,
andwhether one method of tagging or another is expaspups to infection wittKlebsiella It was
alsonoted that PIT tagging has issues, caused by nidgraff the tag, making it impossible to read.
There was also discussion about ways to read PIT tagstedy.

There was discussion on the use of branding as lmrnative marking to tagging and chipping.
Previous hot branding had produced some undesirallgults, however it was noted that other
researchers have developed cold branding technighas could be worth investigating.

The group discussed whether halting tagging at sndas an option as there has been no follow up
resighting effort there since tagging started 1&y®ago. Dundas is the largest population contejni
about 6370% of the entie NZ sea lion population. Examining 20% of a leotpny might show similar
results to examining 100% of a smaller colony. A rarfiggews were discussed.
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We need to figure out what questions we have andrttwork out how best to proceed to answer
themincluding optimal study sites, methods and numbeignimals.

There was discussion about genetic tagging, hds done, and the feasibility of employing it as an
alternative to other tagging methods.

Wrap-up: mitigation methodsivays to increase knowlegle base

Following a round of each participant stating their viewthere was broad agreement that the
following work needs to be further considered féret upcoming field season:

a) Dealing with pups falling in holes should defirytbe addressed during theext field
season.

b) Klebsiellavork is a priority (i.e. additional environmentampling to understand the
bacterial landscape, the genotyping and developm&?CR and the concurrent case
control study)

c) Running case control studies over 2 seasons, inudomec and tagging studies, all
running concurrently.

d) More work could be done to explore existing datéssend sampleswork that needs
to be done as a priority before the 2014 field seaseeds to be identified.

e) A longer field season should be considered to wawkthe extent of pup mortality
later in the season.

f) For animal welfare/logistics- looking at tagging and investigating other tagging
techniques that could replace current used onest oaly to mitigate Klebsiella
transmission buglso other stressors.

g) need to further examine nutritional stress.

Closing remarks

DOC said that the key points and presentationslvéltirculated-initially to participants and then to
a broader audience.

Pagel?
Note: These notes set out the discussion held at the workshiegr background and context pleasfer to
the preworkshop report by Childerhouse, Roberts and Roe4201
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DOC will need to look at achievable optidosthe next field season, based on what is goiadé
done as part of the CSP work. Any addition toghegramme will be added on the back of the €SP
project, but will need to have its own source ohtling. However, it can run concurrently with the
CSHunded project to make best use of time and res@s.c

MPI noted that the TMP will be focused on next ange and hopefully it will be able to pick up oeth
longer term work.

Pagel3
Note: These notes set out the discussion held at the workshiegr background and context pleasfer to
the preworkshop report by Childerhouse, Roberts and Roe4201



Appendix 1: New Zealand sea lion pup mortality wbdp: notes

Table 1: DOC and MPI summary of the potential reseand management interventions as suggested duringotifemortality workshop, with subjects arranged

across time frames with rough cost estimates.

(Note: this summary material was prepared after the workghzyy DOC and MPI and is appended for informatidy.pn

pup weights (Lab costs)

weights, environment, othel
potential hosts

Short tem Cost | Field season Cost| Long term Cost
Ramps for holes (permissions, build, monitor) $$ Implement in field
Longer field season (disease mortality profile’ $$$
Develop triage protocols $ Implement in field (requires vet)
Vet preent through field season (necropsie 47
triage etc)
Design case control study (Nigel French) $ Case control study (including pup weights)  $
Analysis to determine appropriate level
tagging and resighting
Review tagging methods $
Tag injury followup (Massey) $
Develop field protocols for Klebsiella testing a Klebsiella vaceint
_p P g $ Environment and other potential host sampling development and $$$3%
collection of other samples . .
implementation
Year round (monthly) samplin
Opportunistic sampling (other field trips/reps, N .( ) P
. ) ) of regurgitates, scat, puj
other sites) for regurgitate, scat, environment$$ $33$
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Table 1 [Continued]

Short term Cost | Field season Cost| Long term Cost

Develop PCR approach to improve sampling
Klebsiella (scoping initially, fast track, fie $$
testing possible?)

Monitoring at other sites (especially Campb

Islands) 5%

Ivomec- initial steps (analyse long term rsival
from previous study, treatmen $ Ivomec trial in field (with control) $$
options/method)

Campylobacter type diseas
Review Baker report re: 97/98 disease outbreak samples (could do short term if$$
priority and funding)
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Development of the Threat Management Plan
for New Zealand sea lions:
NZSL Threat workshopl

Purpose of Document:

This document provides a process summary on pragnesieveloping a Threat Management Plan (TMP) for
New Zealand sea lions (NZSL). It reports at albigh on Workshop 1 and seeks to provide context abthe
threat characterisation spreadsheet and expert parezommendations.

Background:
For further information on the process involvedtire development of the New Zealand sea lion TMEagé
seehttp://www.doc.govt.nz/nzsitmp.

Risk assessment forms a key work stream in the ldpwmeent of the New Zealand sea lion TMP. The firgfor
milestone of the risk assessment process was airstadkeholder workhop held in Wellington between 28 April
and 1 May 2015.

The purpose of the workshop was to identify and sistently characterise the threats to the New Zealaea
lion population, as well as review the demographiodel’s suitability to assess risk.rRdore detail on the
purpose of the workshop se&ppendix 1

Invited subject matter experts were present in tbapacity of “Advisors” to provide support to an ERPanel
on their particular topic of expertise and to prdei feedback to inform the thraaharacterisation.

The Expert Panel was comprised of four invitedaratl/international persons with expertise relevatat the
assessment of risk to the sea lion, who were caomsid independent of current New Zealand sea lioseach
or managementA list of participants is included isppendix 2

The Expert Panel took part in the identificationdacharacterisation of threats, and reviewed the dam
demographic population model which will be usedagsesses key threats and inform latter stepshef TMP
process.

Workshop 1 Outputs:
The workshop provided two key outputs,

1. Allist of prioritised recommendations from the ExpPanel on: the demographic model, monitoring and
research, risk characterisation, mitigation, and the titrassessment maaling processAppendix 3; and

2. Alist of threatsAppendix § which have been characterised by Advisors andicoad by the Expert Panel.
This characterisation will be used to inform thekrassessment model. Where possible the charactiois
was based on evidence and plausible estimates pachwere made, however for most threats only upper
and lower bounds of the impact were estimated. Imfsaof threats considered to be data rich were not
characterised at the workshop as they will be more effeely assessed through a quantitative method.
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An initial list of threats was populated which do#d all possible pathways through which a threatid
impact the populatior® While DOC and MPI acknowledge all of these potentiaats, for many of tam
there is little to no information, nationally or tarnationally, on how they impact a pinniped poptite. It
was therefore proposed by the TMP Project Team ageeed on by the Expert Panel that these threats
were removed from the list for the time logg so that the workshop would focus on threats ahicould
plausibly be characterised within the TMBome threats were also aggregated to help improke t
characterisation.

Even after refining the list of threats it was not piise to characterise atlf the remaining threats within
the workshop timeframe. To ensure all direct threatsrescharacterised for the TMP, workshop attendees
agreed to a process by which DOC and MPI wouldactmelevant Advisors after the workshop to help
characterise any remaining threats that were not addresaethe workshop. All threat characterisations
conducted after the workshop were circulated to allvisbrs and Expert Panel members for review and
feedback prior to the list of threats being finais

Next Steps:

X

X
X

July/August 2015 High and medium priority recommendations from thepert panel members that
relate to the demographic model will be incorpordt@and presented at a DOC (CSP)/MPI (AEWG)
technical working group to update stakeholders be progress of ta model developmeniThe Panel's
recommendations on monitoring and research, ris&rettterisation, and mitigation will be used to help
develop management options for the TMP

July/August 2015 A stakeholder meeting will also be held to disdiesdraft management objectives
and targets for the three higlevel goals of the TMP.

September 2015 The second TMP workshop will be held where the s&xygert Panel will review the
outputs of the risk assessment model.

October/November 2015 A progress reporwvill be released to stakeholders to update them the
outputs of the second workshop.

October/November 2015 The outputs of the second workshop will be usethform the development
of management options that make up the TMP.

January 2016 Draft maragement options will undergo public consultation.

April 2016-Final advice presented to Ministers.

For updates on the process moving forward visit Bepartment of Conservation website:
http://www.doc.govt.nz/nzsitmp.

3 There were 137 threats initially listed
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APPENDIX 1: Threat Management Plan Workshop Terms of Reference New
Zealand sea lion Threat Workshop 1 — Development of the TMP

Introduction

There are concerns for the New Zealand sea liorSU)Zprimarily because pup production at the Auudtla
Island, the main breeding area, has been in a dedir over a decade. In 2014 the Minister of Gomation
and Minister for Primary Industries instructed offils to begin work to develop a Threat Management Plan
(TMP) as a means to furthtre recovery of the species throughout its range.

A number of potential factors are thought to be ¢ohuting to the sea lion decline. In developingetNZSL
TMP it is envisaged that the Department of Conservaflo®C) and Ministry for Primary Indusgi(MPI), in
consultation with iwi and stakeholders, will look all potential threats to all breeding sites, amgvelop
management options to minimise or mitigate key threats te ea lions.

A plan and timeline for developing the NZSL TMP agased ly Ministers in April 2014. An integral part of
developing the NZSL TMP is conducting a comprefenisk assessment for the whole sea lion populatis
the amount of information on each possible threatdea lions varies it has been decided that twarkghops
will be needed to inform the risk assessment. Rjsil Workshop is the first of the two.

More details on the April workshop is provided b&|dout very broadly speaking the first workshofdsused
on an initial review of the developing sea lion degraphic model and to consistently characterise theeats
to the NZ sea lion. The second workshop will b&$ed on reviewing the outcomes of the risk assessme

The outputs of the risk assessment will be usethform management options that might make up the NZ
TMP. Prior to the finalisation of the NZSL TMP taraid decisiormaking, a public consultation over the draft
NZ TMP will be undertaken. It is expected that tigris will be presented with the options on the ¢ent of
the NZSL TMRs well as all submissions, in April 2016.

Purpose of April Workshop
The purpose of the April workshop is to bring tdgatinternational and national experts to:
1. Review the New Zealand sea lion demographic moded @otential construct to underpin ¢hrisk
assessment,
2. Characterise threats to sea lions across all breedieg,sind
3. Discuss the likelihood of certain population trergigen different assumptions around carrying capaci
and accumulative impacts.

Scope

This workshop will address thréapics over four days:
1. Areview of the demographic model framework (Day 1)
2. Threat characterisation, highlighting the breedsitg and age each threat is likely to impact (D&) 2
3. Discussion on the implementation of modelling mplkithreats on sea liopopulations (Day 4)

The three topics are described in more detail witthe Workshop Schedule and Methodologies below.
The focus of the workshop is risk assessment, nigkrmanagement Discussion of alternative options for

managing the identified risks will be out of scdipe the workshop. Development and evaluation ofeht
management options will be addressed separatelijofeing the conclusion of the risk assessment.
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Conduct of the Workshop

The workshop will be conducted in a professionallegial and scientifically objective manner. Membershef t
Advisory Group will have their own views and intetations of available evidence and are expectegitovide
these views objectively, explaining how they comsithem to be supported by the avallle evidence. A clear
distinction will be made between evidentrsed interpretation and personal opinion.

All members of the Scientific Panel will be accarégqual opportunity to express their views, and aeguired
to respect the views of other padipants, whether they share those views or not.

All workshop participants will commit to:
x facilitating an atmosphere of honesty, openness amnckt;
X having respect for the role of the Chair; and
x listening to the views of others, and treating them witlspect.

All Members of the Scientific Panel and Advisogu@mwill further commit to:
X participating in the discussion in an objective ambiased manner;
X adopting a constructive approach;

Participants who do not adhere to the above prottcof participation may be excluded by the Chainira
particular part of the workshop or, in more serioustiances, from the remainder of the workshop.

Participants
The workshop participants will include:

X An independent workshop Chair;

x A facilitation group of nomirtad DOC and MPI scientists that will assist tharcha

X A science panel comprising invited national anérnational experts to address each workshop topic;

X A group of advisors consisting of nominated naticgwperts; and

x Observers.

The workshop is open for observers, however duknbited space being available at the workshop verapace
will be made available first and foremost for thexpert panel and invited advisors. Expectations and
responsibilities of participants are explained ion@ detail elow.

Chairperson

The Chair of the workshop will be an independemsiist selected by MPI and DOC to be an objectimpartial
and respected scientists in their field, able tea@land actively participate in scientific debatgsthe research
topicsto be dealt with by the workshop. The Chair is prittyaaifacilitator, and is responsible for:

x Ensuring that all participants adhere to the workplterms of reference and agenda, including adhgrin
to allotted times specified in the agenda.

X implementingthe rules of procedure consistent with the worksh®purpose and scope;

promoting full participation and constructive dission by all participants;

x working to achieve consensus from the Expert Pavieére possible, based on available evidence.
Where cmsensus cannot be reached, the Chair may referh@ fiacilitation group for support in
identifying or clarifying and recording alternativewi and

X identifying and managing conflicts of interest.

Expert Panel

The expert panel will be comprised of invited na@d/international persons with expertise relevara the
assessment of risk to the sea lion, which are abr®d not to be directly involved with any NZSlLesgsh or
management. The expert panel members will be resjale for:

x Familiarising themsves with the material circulated to them prior to the vishop

x
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Adhering to the workshop code of conduct

Providing constructive review/input on the reviewtbe demographic model
Provide constructive review/input into the threaharacterisations

Provde constructive review/input into discussions on deding population dynamics
Drawing on the information and experience of theitad advisors

X X X X X

The panel is not required to produce any documeagsa result of this workshop. However they areeaisto
review the workshop meeting notes to ensure theoughts/ideas have been effectively and accurately
communicated.

Advisors

Advisors are national experts that have been invite attend the workshop by the TMP Project Teanatlvise
the panel on their own specific topic of expertiggpvide feedback to inform the threat classificatj and to
ensure transparency in the scientific process.

Advisors will be invited to attend the workshop oartain days. On those days they may be askedwe gi
presertation on a relevant topic. Advisors giving presgigns will have 15 min to present and five minutes
after the presentation to answer any questions from tBgpert Panel or Advisors.

Advisors are responsible for:
x Adhering to the workshop code of conduc
X Providing information to the expert panel on thepio which they have been invited to communicate
on

Advisors are welcome to attend the workshop on theys they have not specifically been invited tawdver
they will be attending as an observer anal longer as an advisor

Observers

Thoseparticipating as observers are only there to obsethie proceedings, to facilitate transparency and

understanding of the process. Observers will notgeFmitted to contribute to workshop discussion asé
specifcally asked to by the Chair

Observers will include any persons who are intezdsn attending the workshop and are noarticipating as
chosen avisors or experpanelmembers Observers are responsible for adhering to the whdgsterms of
reference.

Conflicts of Interest

Participants will be asked to declare any interests timaty give rise to actual, perceived or likely corgliat

interest before involvement in the workshop is apped. Expert panel members and advisors will becetqul

to declae any conflicts of interest that arise during therkshop. These will be clearly documented in théaso
of the workshop. Observers will be expected to stgi on the sign in sheet the group or groups whilchy

represent.

The Chair will be responsibler managing any conflicts of interest that arise duritige workshop in
consultation with the facilitation group, to ensutbkat conflicts of interest do not jeopardise théjectivity of
the workshop outcomes

Documents and record -keeping
The workshop will be run formally with an agenda d&ackground documents circulated prior to the wsinkp
and formal records kept of recommendations, conmuas and action items.
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Other than publically available published repossrkshop working documents circulateéd participants are
done so in confidence. Participants may not disttébthese to others without the prior agreement bOC and
MPI in writing. Participants who do not maintaireticonfidentiality of workshop papers will be exchadfrom

the workshop.

Presentations (unless otherwise specified) showddlb minutes. There will be 5 minutes after a pras¢ion
for questions.

The overall responsibility for recofdeping rests with nominated DOC and MPI staffuitiag:
x Recording the threat classifiéan, including comments and spatial informationgeGIS files)
X Recording any recommendations, conclusions or ¥ollp actions; and

X In cases designated by the Chair or the facilitagooup, recording the extent to which agreement or
consensus was achieved, and recording any disaggaem

Material provided to the International experts will lsgculated prior to the workshop so everyone is awafe
the material. Information presented will have beesviewed by both the MPI Aquatic Environment Wogkin
Group and the DOC Conservation Services Programntmitat Working Group.

Material provided at the workshop will include:
- Workshop Schedule
- Draft New Zealand sea lion literature review
- Copy of all presentations
- Initial list of threats and draft charagtisation
- Map of sea lion distribution and map of fishingosff

Schedule

Day 1: A review of the demographic model framework

X Scope The first day of the workshop will be primarily ésed on reviewing the demographic model’s
suitability as a framework for risk assessment. To fatglithis discussion, brief presentations on sea
lion biology, genetics, demographic rates, and dapan structure will be given.

X Aim-The aim of this first day is to provide construetieedback to NIWA on the models patial as a
construct to underpin the risk assessment as wsllracommendations on future work for model
construction

X Advisors Due to the technical topics being discussed, Adsisavited to participate on day one will
have an understanding of population modelling andgea lion population demographics.

Day 2—-Day 3: Threat Characterisation

X Scope- The second and third day of the workshop will foars characterising threats to the NZSL
population initially identified by DOC and MPI, aaubsequently on any new threats identified during
the workshop.

x Aim- For each potential threat identified, the panel asesked with:

0 identifying one or more population parameter throlugvhich each threat is most likely to
impact on the population (e.g. adult survival, puduction).

0 Recommending plausible time bounds of the impact

o Identifying the geographic range over which theett is plausible.

X Advisors People invited as Advisors over these two day<aresidered to have a considerable amount
of knowledgeabout either the specific breeding locations (andspible threats found at these
locations), direct impact of fishing, disease, eienchange or diet. A series of presentations othb
sea lion biology/ecology and known threats willrbade to the pank
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X Process- At the start of Day 2 DOC and MPI will present the tdliat of threats and threat
characterisation. Other threats may be added to ttst at this point. The rest of Day 2 will compres
range of presentations from Advisors to provide codtieefore characterising the threats. We will aim
to go through one trial characterisation at the closeOxy 2 and the bulk of the characterisations on
Day 3.

Day 4: Discussion on the implementation of modetiimultiple threats on sea lion populatits

x Scope Following the identification and characterisation ofehts (Days 2 and 3), the final day of the
workshop will focus on consideration of how cumulatthreats may act on sea lion populations and
associated issues with modelling this. The needdnsitydependence, and its mechanism, in such
modelling will form part of the considerations.

X Aim-To provide recommendations to the NIWA modellingrteon the most appropriate mechanisms
to model multiple threats on multiple population pameters.This will allow NIWA to develop a robust
modelling framework for evaluating potential managemetrategies.

X Advisors- Due to the technical topics being discussed, Adsgisavited to participate on day four will
have an understanding of population modelling andgea lion population demographics.
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APPENDIX 2: List of Attendees

Chalir:

Andrew Penney

TMP Project Team Attendees:
Nathan Walker, Laura Boren, Michelle BeritzHaitv, Katie ClemerSeely,

TMP Project Executive:

Vicky Reeve, lan Angus

Independent Expert Panel:

Simon Childerhouse

x David Hayman
X Jason Baker
X Mark Hindell
X Mike Lonergan
Advisors: 4
Day 1 Day 2 and Day 3 Day 4
x Ed Abraham X Louise Chilvers x Ed Abraham
x Darryl MacKenzie X Brittany Graham x Jim Roberts
X Jim Roberts x Chris Lalas x lan Doonan
X lan Doonan X Wendi Roe x Simon Childerhouse
x Simon Childerhouse X Ros Cole X Martin Cryer
x Catherine Collins X Martin Cryer
X Martin Cryer x Jim Fyfe
x Paul Breen X Shaun McConkey
X Brent Beaven
x Jim Roberts
x lan Doonan
x Richard Wells
X
X

Observers:?

X X X X X

Sard Michael
Mark Geytenbeek
Kyle Morrison
David Middleton
Martin Cawthorn
Annie Galland

4Many of the Advisors attended other days of the workshop as Obsehegedpte the list of Observers are people that atiggmeho are not already

listed as an Advisor

Richard O’Driscoll
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APPENDIX 3: Final Recommendations from the Expert P anel

Expert panel priorities are indicated Bgyh (important to the current TMP process, or fosearch in thenear
future), Medium (useful to the current TMP process, or impott for medium term research) orow
(potentially interesting for future research).

Demographic Model

x H-The workshop noted and supported the recommendasi@ready made by the AEWG for aed
improvements, revisions and exploratory analyses.

X H-Model outputs, such as estimates of demographicapaeters and trends should be presented with
information on their precision (such as standardoges or confidence intervals) where possible. Uge o
MCMC for final analyses would allow credible intert@lise provided for all parameter estimates.

X L-Use of tag resighting data to estimate tag loss rates dependskanwledge about when each tag
type (flipper tags, PIT tags or branding) was lookedfds not clear that this information was recorded
for all resightings. If a particular tag type was not lookied, then that record cannot be used in
estimation of tag loss rates for that tag type. Thererss to be a particular need to check this foe
PIT tag resighting estimates.

x L -Questions were raised about the most appropriateywa deal with animals of unknown pupping
status in the model. At present, decision rules ased to determine pupping status from observations
(observed suckling, at least 3 sightings with a pu sightings without a pup) to determine pupping
status, with the remaining animals classified aknown and divided in the proportion of known
pupping / nonrpupping. Exclusion of animals of unknown statusultssin inceased estimates of
pupping rate. Alternative approaches should be d¢desed and the sensitivity of pupping rate to
relaxing the decision rules should be explored,hsasrelaxing the decision rules used to determine
pupping status to 2 or 1 observations with or with@ pup, or use of other information such as feasal
calling to pups.

X M - Similar questions were raised about determining pung status before an animal that has moved
between colonies is used to estimate migration(isitation) rates. As ma alternative, this
requirements could be relaxed to include animala@y observed (but not confirmed to be pupping)
at another colony to be included in migration rastimation.

X H-Questions were raised about the fixing of pup survieaks for 1985 1989, 1994 1997 and 2008
at 0.5. Exploratory analyses presented at the workshaygested that use of cohort strength from age
structure data may provide estimates for the earlier y®dout results in a very low survival estimate for
2008. The confoutting effect of apparent poor tag retention in that yaaakes the veracity of this low
estimate uncertain. Alternatives should be inveatigg other than fixing survival for these year<d,
including the use of age structure or, for 2008ngsthe aveage of previous and next years.

X M - The assumption of a CV of 0.06 for pup censusesdias the only way of specifying a
relative weighting between census and tegapture data, was questioned. Alternative CVs
and weighting approaches should be determined usomething like standard deviations of
Pearson residuals.

X H-The use of 0.95 as an upper bound for survival fatall age classes was questioned. Higher
survival rate upper bounds (1.00) are used for otpenipeds. Some potential alternative
explanations for the lower apparent survival afege 6 yr include: 1) adults experience higher
tag loss rates but the model is fitting agevariant tag loss, which would negatively bias ladu
survival estimates; 2) Low adult survival for a feahortsin the 2000s might have pulled down
the average for all yearsthis could be investigated by examining Ix cunaseach cohort to
determine whether the depression in adult survivalative to subadults is consistent among
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cohorts, and 3) the age 6+ayp may be made up of quite different age structsi@ver time,
including senescent animals.

x H-Exploratory analyses presented at the workshop sbdwhat a number of parameters vary
by year and age. This was observed for tag loss estinatésast partlly related to different
tagging approaches in different years. Using firgtimates of tag loss contributes to under
estimation of tag loss and resulting effects onwual estimates for older age classes,
particularly the 8+ group. This may be a comelol effect of different tagging approaches and
increasing tag loss rate for older animals. Opti@arsmodelling timevarying tag loss (by year
and age) should be explored.

X M - Incorporation of timevarying resighting probability was noted to improve e fits, indicating
that that re-sighting probabilities did vary over tim@®ne could explore whether the number of days on
which resightings were conducted each yeae correlated with effort days, in which case effoayd
could be used to estimate reight probabilities for recent years that have ha&ten baclkcorrected

X M - It was recommended that the effect of incorporatioh’'phantom tags' on parameters such as re
sighting probability should be explored. An altetia approach would be to simply multiply the swai
rate from tagging to age 1 yr by the directly estited proportion of pups that die prior to tagginghe
latter is, after all, the basis for how many phantom tags added.

X H - The decision to use an areggregated model for the AuWland Islands area was supported.
However, this raised questions about which censatdhould be used. Noting that the key tag re
sighting index was for Sandy Bay, it was recommdnhat the basecase model use the tag+ghting
and census data for Sandy Bay only. A second asalysuld use the incorporate the Sandy Bay and
Southeast Point census data. A third analysis shosé combined census data for the entire Auckland
Islands area.

X H-Concerns were expressed at restricting analysmsnt&+ goup, noting that full maturity is
achieved at 6 or 7 years, that older animals shoeveasing reproductive senility and that much
of the available ageomposition data is for animals older than 8 years.dswecommended
that an older plus group be codgred, appropriate to data availability, possilily 15+.
Sensitivity of model estimates to the definition thfe plus group, and to possible grouping of
some ages below the plus group, should be explored.

x H-There were concerns at apparent instability andigations of correlation between some
parameter estimates in initial MCMC analyses. Timeag be resolved by running longer MCMC
chains, and there may be a need to investigate oeadfor any remaining problems in MCMC
chains. It should be attempte@tachieve adequate effective sample sizes in treesayses.

X H - Questions were raised about the appropriatenessh&f Seabird demographic model for
conducting projections under alternative risgduction strategies. The approach used in
fisheries assessemts would be to develop a basase demographic model using the current
model selection criteria (best AIC) and use thisié@elop best estimates of demographic rate
parameters. A limited number of alternative spemdfiions of this model, exploring key
unresolved uncertainties, should be specified ars#di as robustness trials to explore the
effects of these uncertainties on projections angkr reduction strategy evaluations. An
alternative approach could be to develop a simpiaodel for projections and planning
conservation strategies. Implementation of consdiwa strategies should be followed by well
designed data collection to evaluate efficacy.

X H -Retrospective analyses could be used to evaluatké@nmrect for the increase in historical
pup surwal rate estimates as the number of years ofsighting increase for each estimate.
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This would be important for projections. Howevehid initial downward bias in survival
estimates may result from fixing survival for ages5. If so, then it would bereferred to
estimate survival for each of these age classesusgply or fit a trend in survival over these
ages. This may not be that important for projectsowhich could draw from a distribution of
observed rates excluding recent years. Alternatelye could estimate recent rates by fixing
re-sight probabilities based on an observed relatiapdfetween field effort and resight rates.

H - Interpretation of the results of modelling and peajtions incorporating density dependent
effects is problemad as results will primarily be driven by assumpsisagarding the density
dependence relationships. Projections should foonghe short to mediurrterm (5- 10 year)
timeframe.

L - Hierarchical modelling approaches should be corrsidéor future (i.e. leyond the current
TMP) demographic modelling work, to provide for tlestimation and fixing of certain
parameter estimates before moving on to estimatiminfurther parameters.

H - Subsets of data could be used to explore fittingotot of the data (training data set) and
then determining how well the resulting parametestanates predict the remaining data.

Monitoring& Research

Campbell Island

X

H - There are currently irregular census data and limitegighting data available for the Campbell
Island colony. This limits the capability to conddemographic modelling of the population there.
Efforts to understand the drivers behind populatiwands should be enhanced by comparing declining
(Auckland) and growing (Campbell) spdpulations. The trends (population growth) and degnaphic
rates (apparent high pup mortality) at Campbelhisl differ from those at the Auckland Islands, @nd
would be useful to understand the reasons for theSgptions for improving data collection at thisesit
should be invetigated.

Mark / Recapture Studies

X

M -1t is important for all resighting records to record which type of markinigpffer tag, PIT or brand)
were actually looked for, in addition to recordindnich were seen / detected.

H-Mark loss is a challenge fof Eingterm demographic studies based on tracking indiaiduThe fact
that nearly all pups born at Sandy Bay have beggéd in the past 17 years, yet only some4P06 of
the population is currently marked, is a concerheTield program should invegtte methods for
maintaining 1D’s longer, either through activetegging of single tagged seals;tegyging PIT tagged
seals, photo ID or perhaps branding at some ager poi significant tag loss.

Dietary Analysis

X

M - Stable isotope ratio analysis ofstorically collected sea lion whiskers should becuso further
investigate diet composition and benthic / pelagiey switching for the Auckland Islands sea lions.

M - Stable isotope ratio dietary analysis of existiaghples should be extended beyond the Auckland
Islands to all other colonies. Results from whisked tooth analyses from the same individuals sboul
be compared to ascertain whether high isotope vhiligy in tooth analyses is a methodological issue.

L - Sea lion stable isotope ratio dianalyses should be compared with broader datsssmtd longer
time series, including similar analyses for spesigsh as fur seals, to try and detect consisteghais
indicating environmentally driven changes in fooelwisotope ratios.

L - Future fidd biological data collection should include cdiiea of sea lion whiskers for use in further
dietary studies using isotope ratios.
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X M - Future dietary studies using scats or casts shaiempt to determine whether such samples
emanate from male or fera sea lions, using genetic analysis of a portibine sample.

X H- Existing information and results of past sea licetaty studies should be summarised and collated
into a single document. This review should evalutite strengths and weaknesses ofeattative
approaches and methods used and identify relevaatadsources.

Disease Analysis

X H - Time series of weekly pup mortalities at the Auokldslands should be used to develop an
epidemiological model to understand the course ohaal disease outbiks, estimate fvales and
estimate annual epidemic sizes.

X H-Molecular epidemiology (genetic) analyses shouldteducted oKlebsiellaoutbreaks to evaluate
whether these all emanate from a recent introduction acidnal expansion, or from a wider spre
historical background of pathogens that recentlgrs¢éd entering the population.

X H-There is a gap in information on disease procesdestime of high unobserved mortality in the
period after females and pups disperse after thepping season. Efforts should be made to collect
information after the pupping season. This could &ehieved by conducting winter surveys to the
Auckland Islands.

X M - Efforts should be made to collect additional infation on predisposing risk factors (such as
immuno-competence) for bacterial infection in pups at variougsi

X M - A mainland disease surveillance program shouldrbplemented to detect potential sea lion
diseases and disease vectors, including fur seals dmelr giotential pathogen reservoirs or vectors
(domestic and feral animals, livestock, etc.) Thisnmi@tion could be used to develop approaches to
reduce disease transmission and facilitate sucegsséinland recolonization by sea lions.

Risk Characterisation

X H-Initial model evaluations of threatdisuld focus on using their upper bounds to evaluatieether
significant effects are expected at this levehdf, then these insignificant threats can be ex@ddrom
further analyses. If yes, then further threat anglly should be based on an appropriate probability
distribution of the significant threats between thoposed upper and lower bounds.

X M - Further correlation/regression analysis is needed teeas the relative effects of fishing and
environmental effects on prey availability and ntiomal stress, particularly in years of low pupgin
rate.

X M - A central database should be compiled to documehtoblserved impacts (injuries, mortalities,
disappearances, entanglements, etc) of sea lions.

X H- Efforts should be made to better quantify strikaes in trawl fisheries, such as by use of cameras to
detect entry of sea lions into nets.

x L-Efforts should be made to model the effect of lo§adreeding site as a result of a catastrophic-site
specific event. Consideration of mep@pulation hypotheses might be useful in this respe

Mitigation

x H-Suitable education programs should be developed iamplemented to inform the public regarding
protection and conservation of mainland sea liomghe Stewart Island, Otago and Southland areas, to
reduce human impacts in these areas.
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X

H-While the long term aim is for the population toisxin as natural a state as possible, with minimal
human intervention, the potential for beneficialterventions to improve survival, reproductive susse
or distribution should be investigated.

H - At sites where significant numbers of pups die doesntrapment or drowning in holes, proven
methods (such as escape ramps for pups) or othempsing tools should be tested and evaluated for
their efficacy.

M - The recente-colonization by monk seals of the Main Hawaiianmidta(MHI) has become a central
focus of the species' recovery. Several lines adence suggest that mainland NZ represents under
occupied habitat that may hold potential for poptitan recovery of ea lions. As such, efforts to foster
re-colonization of the mainland should be a focus caxagon planning.

Threat Assessment Modelling Process

X

Threat assessment modelling for the Auckland Istaamttd Otago area will primarily be conducted using
the Sealrd software.

The integrated demographic model will be fittedaweailable historical since 1960, including-tagight
data, pup census data, age structure and available data atatitg resulting from known threats.

Assessment for Campbell Island and Stewart Islaitidbe conducted using simpler Lesley matrix
approaches.

Demographic assessments will use a starting year 0f.1960

Demographic models will extend to including a 1% &lass. Alternative groupings of younger age
classes (such as the 3 years, prime breeding females) will be evaluated aetécted.

Projections will be run over 20 year periods, witldicators of status against appropriate reference
levels at 5, 10 and 20 years.

Appropriate metrics and reference levels will b@sén to measre projected status. These may include
mature numbers, mature female numbers, pup numbep®pulation reproductive capacity, age
structure or relevant demographic rates, as appropriatéite projection.

All parameter estimates, and projections and measuagainst reference levels will be provided with
credibility intervals.

Results of demographic model fits to historicalalatll be evaluated to inform decisions on whiclasse

to use for determining demographic rate parameteéesuse in projections. Options include using
averages over shorter or longer periods of recent gesaampling from a range of values over a selected
period of years and excluding recent years of higbertainty. The choice of approach will be diseass
and finalised at an AquatEnvironment Working Group meeting at which inigaploratory modelling
results are discussed.

Threats for which data are available will be moeelin projections by providing the projection model
with estimated future mortality vectors in the fornf pseudofisheries, or by providing the model with
values or distributions of changes in demographies resulting from those threats.

Potential effects of other threats will be invesiigd by running projections varying key demographic
rates, and then mapping results against threatstttauld have caused those changes in demographic
rates.

The effect of past mortality resulting from key thredbr which data are available (such as disease and
fishing mortality), or for which plausible estimatesaavalable (such as cryptic mortality), will be
explored by fitting the historical demographic maddecluding data on mortality arising from known
threats to estimate starting (1960) and current pdation structure. Threatlerived mortality will then
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be exclded from the model and reun from the estimated starting population to predipopulation
structure in the absence of such mortality.

x ldentified episodic threats (such as periodic ctatgshic disease outbreaks) identified in the threat
characterisationprocess will be modelled as characterised. Howeiteils not expected that other
unexpected periodic threats will be modelled.

X The potential impact of other unexpected periodizréats (such as oil spills) will be evaluated by
modelling the impact of lossf 90% of the population at the Auckland Island€Odago, using Otago
(small population) demographic rates to project tAeckland Islands population after the population

loss.

APPENDIX 4: Glossary for Threat Characterisation Sp readsheet

Population:
Al= Auckland Islands

ML = Mainland (Otago, Southland)

S| = Stewart Island
Cl = Campbell Island

Justification/Confidence Score:
Confidence scores, given for each estimation of impaete characterised using the rating system from Hobd

2007:
Confidence rating | Score | Rationale for confidence score
la Data exists, but is considered poor or conflicting.
Low 1b No data exists.
1c Agreement between experts, but with low confidence
1d Disagreement between experts
2a Data exists and is considered sound.
. 2b Consensus between experts
High . : .
2c High confidence exposure to impact cannot occur
(e.g. no spatial overlap of fishing activity anesat seabird distribution)
Model or Not:

Rows shaded blue indicate the threats which will d@@ried forward into the first modelling phase.i3h
distinction was often based on the amount and quyatif information available on the threat.
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APPENDIX 5: Threat Characterisation Spreadsheet
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Development of the Threat Management Plan

for New Zealand Sea Lions:
NZSL Threat Worksho®

Purpose of Document:

This document reports on the outcomes of Workshoip@d 1-3 September 2015, including a summary of the
outputs of the risk assessment modelling, and répan the next steps for the development of the TMP

Background:

The TMP is a five year plan that works towards the WMidkon for New Zealand sea liofifie TMP will assess
all threats on the population, prioritise threat®rf managementand mitigation, and will include all sub
populations and breeding sites.

For further information on the process involvedtive development of the New Zealand sea lionFNdlease
see http://www.doc.govt.nz/nzstmp.

The purpose of the second workshop was to reviewamber of topics associated with the developmentto#
TMP including:

the draft management goals,

the demographic modelling approach developed at finst workshop,

a second modelling approach developed by Otago éfsity, and

initial threat projections using the demographic de.

X X X X

For full details of the purpose of the workshopeg@ée see the Terms of Reference for the Workshémppendix

1

Invited subject matter experts were present in the cajg of ‘Advisors’ to provide support to the Exp&anel
on their particular topic of expertis&fhe Expert Panel was comprisedileé same four people afrst NZSL
Threat Workshop, who were considered independentafrent New Zealand sea lion research or managemen
yet have expertise relevant to the assessmentsK to the sea lion. A list of participants is int#d inAppendix

2.

Workshop 2 Outputs:

Key outcomes:

1. A document detailing all three days of discussionsluding outcomes and recommendations from the
Expert Paneis included irAppendix 3

Management goals

2. A number of suggestions were maodethe draft management goals, mostly pertaining te ghopulation
goal and the importance of ensuring that progressble to be measured against the goal. The revised
management goals will be made available on the TéBsite.
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2

Demographic modelling

3.  The expert panel made some minor technical recomdagions to finetune the NIWA demographic
modedling, but overall considered the approach to bebust and appropriate to underpin the
development of the TMP. The only issue that the gdamoted was that, due to the complexity of the
model, it takes a long time to produce outputs whicould affect theability to prioritise management
actions in a timely manner. Some suggestions torowe the running time of the model were made.

4, The panelvere presented wittan additional model developed by the Universityasago (Otago Model).
The panel considerethe Otagomodel provided largely similar outputs to NIVEAnodel, but was too
simple to accurately reflect the complexities oétAuckland Island population dynamics. For thisosa
the Panel agreedhat the NIWAdeveloped modelcontinue to be usedas a tool for developing
management options.

Retrospective analysisAuckland Islands

5.  The NIWA model was used in a retrospective anatiiasisestimated the population trajectory if eact
the identifiedthreats had been removed in the year 2000. This analysikated that no single threat
was responsible for the decline in the sea lion glation at the Auckland Islands.

6.  The retrospective analysis suggested that the papah would have declined even with the removal of
any of the threats modelled. It veaestimated that the removal &flebsiellavould have resulted in a 30%
decline instead of the observed 50% decline. Likeythe removal of unmitigated direct effects aHing
would have resulted in a 40% decline instead ofabserved 50% declin&his supports the need for an
integrated management response addressing a nunob¢ne identified threats

Forward projections removing effects of threat8uckland Islands

7. The model was used texamine the impact of removingiortalities caused by each that from 2017
onwards Results showed thahe removal ofany singlethreat would not be enough to reverse the
decline in the population.

8.  The results of the projections suggéisat the greatest gaitis likely toresultfrom addressing the effects
of the bacterial diseas&lebsiellaThere are currently no known methods for treatikggbsiellan sea
lions, and research is considered as the first ste@ddressinglebsiella Research programmes are
currently being implemented to address this threbut are still in early planning.

9.  The direct impacts of fishing were modelled undenumber ofassumptiongegarding the number of
mortalities caused by fishing activity. Even underassumption that all sea lions that come into tza
with fishing gear aréilled, the population continues to decline, albaita marginally slower rate.

Mainland breeding population

10. The mainland breeding site was also modelled by All&kd forward population projections with the
removal of the effects of identified threats weecompleted. Overall, the population on the maindanas
modelled to be increasing significantly, and pragecto continue to increase under all threat sceioat
However, removal of certain threats could help iroype the rate of population growth.

Camplell Island and Stewart Island breeding sites

11. There is insufficient information for a full demograpimodel for either the Campbell Island or Stewart
Island breeding sites.
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12. The expert panel recommended that, given nearly 3@%he total sea lion population breeds at Campbel
Island, it will be increasingly important to undtsd the population dynamics at Campbell Island.

13. Stewart Island will also require ongoing monitoriramd the expert panel noted the importance of
collecting additional demographic data about Stetveland and initiating educational campaigns to
minimise impacts of humans interacting with seanto

Research priorities

14. A number of research priorities were identified Hye expert panel. These were mainly focused on
continuing or establishing monitoring programmesydaresearch to understand the sources and
behaviour of, and potentially identify treatment tpns forKlebsiella

15. One priority specifically mentioned was samplingl alata collection at Campbell Island. In recognitio
of the costs, a thregrear intensive programme was proposed, with lesg/fient but regular field seasons
following.
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APPENDIX 1: New Zealand sea lion Threat Management Plan Works hop 2
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APPENDIX 2: List of Attendees

Chair:
Neil Gilbert

TMP Project Team Attendees:
Nathan WalkerLawa BorenKaie Cemens-Se@, Tiffany Bock

TMP Project Executive:
lan Angts, \icky Reere

Independent Exp ert Panel:
e David Hgman
e JaonBaler
e MarkHindell

* Mike Lonergan

Advisors:
* Simon Childerhouse
* Ed Abraham
* Darryl MacKenzie
* Paul Breen (observer only for Otago model presentation

Observer s:
* Richard Wells
e Dave Middleton
* Martin Cryer
e Katrina Goddard
e Amanda Leathers
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APPENDIX 3: Discussion outcomes, including recommen dation s from the
panel members

Day 1- September 1 2015

The first day of the workshop: presented the threaamagement plan’s draft management goals and criteria,
an update on the NIWA demographic model, and agraltive model approach developed by Otagavérsity.

ThreatManagementPlanGoals & Criteria

The draft, overarching management goals and criterighefthreat management plan (TMP) were presented
for the panel’s consideration.

The panel suggested that an annual process beatadi to monitor progress against the population
goal. This would not involve any significant rewogkof the model parameters or structure, just
imputation of the new data and running the moderhis would allow for an annual check on progress
against targets and the dias/success of management actions.

The panel commented that the scope of the reseatoliered in the research and monitoring goal
should address both sea lion population and thre&#| and DOC acknowledged that it is intended to
be wider than just sea lion population researchgdamould include research and monitoring in relation
to identified and potential threats to sea lionhi¥ will be clarified in the management goals.

The panel suggested that target setting should bsdal on realistic numbers, and not be affected by
the fear that some targets may not be met. The point wele that failure to meet a target may trigger
response action, including potential urgent repadito Ministers, which may result in more readily
available resources.

Support for the management criteria was expressethat they focus on the most important issue at
hand, that is, unfavourable vital rates that are drivingexline. In the future, these criteria can be
altered to address emerging issues as appropriate.

The panehgreed to review the goals (in particular the P@idn Goals) again after seeing the outputs
from the modelling. The project team will also pide& some minor updates to the goals and criteria
based on feedback received to date, prior to thetiew onDay 3.

Update on Demographic model

NIWA provided a progress report on the developmand testing of the demographic model.

X

It was noted that if age structure of the populatios considered an important input to the model,
consideration should be givdn repeating this work in the near future, espetyasince it easier now
with the tags and chips including more informatiam the age of animals.

A practical problem was identified and discussethwhe speed that the MCMC runs are progressing
at. At the current rate, it is estimated that they may talieother 3 weeks to complete. The reason for
this is unknown, although it was attributed to thrmimber of states and parameters (incl. tag loss
classes).

It was noted that the Otago population is small ardiatile and as such, may not be a top priority for
modelling going forward with the TMP. However, éismnoted that based on age structure and vital
rates observed to date, the existing model suggéiss it is highly unlikely that the Otago populati
will become an official “subpopulation” within 2@a&rs.
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X

It was suggested that showing confidence interwatsild be crucial for management to understand
what the impacts of management would need to berder to see measurable changes in projections.
It was also suggested that the demographic rate saengmaph rates should/could be converted back
into numbers, and then they could be used to infonmanagement options (i.e. to get from pup survival
from 0.4 to 0.6, how many animals need to be saved)

It was noted that using the most recent 10 years’ obsdions to project into the future doesn’t include
past observations of more favourable rates. To investigla¢ effects of this, we might want to evaluate
the sensitivity of the triage results to whicletsof years are drawn from for projections to help
demonstrate robustness of conclusions. This exenaidl be time consuming unless the MCMC process
can be accelerated.

As a recommendation for future work, the Panel segfgd that because of the low nurals of
individuals in the population, parameters be estied for each individual, instead of resampled, i.e.
stochasticity in projections. This would allow soswope for one off events that could significantly
affect a small population like this.

Alternative model approach

Otago University provided an alternative model that therkshop agreed would be appropriate to assess as a
comparative or benchmarking exercise.

There was a question about whether branded & chipjpredividuals were included in haalysis, or
whether they were ignored. An Advisor mentionedttha long as the model only used those that were
identified as “tagged” then there might not be agificant problem.

There was a question about the scale used for safvit was suggestetiat the data be transformed
(arc sin transformation), which has helped othershe past with similar issues.

There was a concern expressed about the low pupisal estimate. This led to additional concern that
other parameters may be poorly or wrogdstimated in the model as well.

There was interest from the Panel in getting manérmation on exactly why the estimation of pup
survival is lower than the NIWA model.

It was noted that a simple binominal, yes or noedise was present, is overly sinsgic to assess if
disease is compensatory. There needs to be a meaduhe level of effect of disease in those partar
years to be able to confirm whether or not you are imgea compensatory effect of disease on the
overall population.

It was notedthat in the years with high pup mortality, pup pnoction rate was also depressed at the
same time, potentially as a result of disease. It doesppear that any conclusions can be drawn from
the model, given its simplicity, as to the presemcabsence®f any compensatory mechanism because
it cannot detect changes in pup survival and thiatige impacts due to disease. It is inappropritde
look at the effects of epizootics in isolation.

With regard to the analysis that was presented of therelation of trawl captureswith the number of
adult females that must be prevented to maintairstable population, many questions were raised,
including the concern that the use of just Sandy Bea lion data to correlate with the captures ehs
lions in northern portion of the Auckland Islandugdifishery is overly simplistic It was also notbdt
the difference in the timing of the kernel dens(fpraging) plots threw some doubt as to the confide
with which these areas could be attributed backhtome colonies (i.e. Sandy Bay and Dundas Island).
The different foraging locations could just as eas#yalfunction of different foraging strategies by both
groups between the two time periods.
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Feedback from Panel

x The panel concluded that the most appropriate moaaluld be an approach that incorporates the
available data and gives the smallest uncertainties wigards to the forward projections.

X It was considered reassuring that while there weoee distinctions, the two models seem to generate
largelysimilar parameter estimates.

x Overall, the panel concluded that they continuen@ve confidence in the work that has been done on
the NIWA model and that it should be carried fordafhe panel appreciates that all models rely on
assumptions and have pitfa (for example: BF&density dependence, Otagmot able to deal with
complexity of the situation and the data availabfeNIWA- takes a long time to run with current model
configuration and observations used).

X It was agreed that the projections aligely to provide the real differentiation betwedhe models, as
the model that can demonstrate its applicabilitychoan produce projections with less uncertainty, is
likely to be best at using the available data ttorm projections and subsequent magement.

Day 2 -September2' 2015

The second day of the workshop: revisited the Otagedel, described the updates to the threat
characterisation process, and discussed the rigkge outcomesthe best estimate projections, and the
retrospective impats analysis. The workshop also briefly considénedcumulative effects of threats.

Discussion outcomes, including recommendations ftbmpanel members:
Reuvisit of Otago Model

Darryl MacKenziprovideda technical review of the compensatory mortalused inStefan Meye's model. A
written assessment was provided, which has beemreéed with other technical workshop outputs.

ThePanelliked the simplicity of the model, yet had reseneais about the resulting parameter estimates (i.e.
low pup survival and high juvenile survival). bikbis was because the model was too simple tol deith
complexities in the data. The Panel also noted that interpretation regarding the impacts of fiskits highly
guestionable. For example the assertion that altkland Island mortalities were attributed to theri8ly Bay
population is unlikely.

ThePanelconsidered that for the TMP purposes, whilst thea@i model was broadly in agreement with the
NIWA model that is being used, there is no valugursuingthe Otago model further for this process. The Panel
concluded that the model might potentially be uskfar some applications if it could be improvedyhliy, but

in its current state the Panel agreed that it isabe to add anything to the TMP process.

Threat Characterisatior Laura Boren (DOC) & Nathan Walker (MPI)
It was suggested that a new metric for estimatingidental capturedve used, potentially employing ayptic

mortality approach as multiplier on the estimateabservable captures. Thapproach has the advantage of
transparency and simplicity. A running mean apptoaould be taken, using a multiplier on the obsdiea



Appendix 4Development of the Threat Management Plan for NealZnd Sea Lions: NZSL Threat Workshop
2

capture rate over afy period, for example. However, the difficulty withis approach would be developing the
methods to estimate the cryptic mortality multiplier.

ThePanelrecommended that:

X There needs to be confidence that sufficient upgeyunds have been selected, and that other
potentially high threats are not being neglectedriohg the triage stage.

X The upper bound and best estimate of female motyaiiom male aggression should be reviewed.

X The upper bound and best estimate of pups in habsuld be reviewed by the project team. The
current upper bound value, which assumes that ativehed pups died, may ben overestimate.

X The upper bound and best estimate of female (aduiprtality from deliberate mortality should be
reviewed as the resight probability of females that hdeen shot is very low. There is confirmation of
one female being shot, but there @ obvious struggle in determining how to accuratetpresent
those that are in fact being killed.

X The upper bound and best estimate of shark predaimlikely to be underestimated, given the lack of
observation of mortalities from shark predation. 27%adult sea lions at Sandy Bay have shark scars
(according to a single speculative study withoutadls of methods or confirmation of predatory
species).

There was further discussion around the interactwith Sea Lion Escape Devices (SLEDs). The Btatel n
their concern that because of a lack of data informing llter model results, there were large upper bounds
of interactions and the upper 95 percentile of testimate of strike rate is likely skewed above thean to an
implausible level.

Risk triage outcomes Jim Roberts (NIWA)

A guestion was raised about why only mature femalese modelled. Dr. Roberts noted that the popubati
goals were originally focused on female survivahde the modelling on mature females.

Dr Roberts also reimded the workshop that the triage is not a detailanalysis of impacts, but instead identifies
what threats need to be carried forward to more detailadalyses.

There was discussion around which threats are ohetlin the triage, which need to be modelled, whattould
be modelled, which have come out looking odd (iogver than anticipated), and how to address thessues.
It was suggested that pups drowning in holes bduied in the projections going forward because bét
possibility to managéhis particular threat.

Questions were raised around how ‘trophic effectsére estimated and incorporated into the triage
projections. Dr Roberts noted that the four worgtars were averaged. The panel noted that the upgpeund
of trophic effects is proably set too low, given that it was set duringraé of decline.

It was suggested that it could be more appropri&ecompare 200582008 (low years) to a period when the
population was growing (i.e. the early 90s, as was don&lebsielly, and adjustdemographic rates manually
for Klebsiellaand trophic effects.

With regards to cumulative effectthe Panel agreed that no single threatlikely tobe responsible for the
demographic changes that have been sedmerefore eliminating any singléhreat through triage might be
futile, and thebest estimate of total cumulative threataay beachieved by includinthe best estimatsin the
next stagethenremovingthem all,and comparing the outcome withrowth patterrs observed inle 1990s.

Itwasnot $Z § §Z , }( K§ P} v U% Coe/d0 UEPy% idOiE}E iX16 S % E -
growth rate could be used as an aspirational target ofaghdfor the population as a whole.
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There was a concern that the effect of removKigbsiellanay be over estimatedVight need to reexamine
how Klebsiellas represented in the best estimates/upper bounds.

Best estimateprojections

Auckland Island population projections

It was recommended that “pup drowning in holes” afrdale aggression” be added to the list of threats
model for the Auckland Islands.

There was a concern that estimates of pup mortality asstinat the preweaning pup mortality and the pup
mortality for the remainder of the year would be atttitable to the same causes wiortality.

The Panel recommended that longer field seasonslavallow for a determination of other possibbauses of
death later in the season, and would allow us twelep a proper disease mortality curve.

The Panel reiterated its vietliat no singlentervention is likelyto reverse the decline in the New Zealand sea
lion population.

Fishing
x It was noted that the model projections indicateathremoving the direct effects dishingwill not in
itself reverse the population decrease. Howevenvas highlighted that potential indirect effects of
fishing are currently considered as part of trophiéeefs and thus the removal of fishing effort may
result in additional benefits.

Klebsiella

x It was noted that the model projections (using theortality numbers in the threats spreadsheet as
provided to Jim Roberts) indicate that the remowélKlebsielladoes not result in an increase in the
population.

x Based on the projections, it was estimated thataleggKlebsiellacompletely might have about a 50%
chance of stabilising the population (assuming thirtality is additive, rather than compensatory).

x It was agreed thathe occurrence oKlebsiellais likely to continue. It is not known if pups dése
resistance to the infection. Such resistance migtentially result from evolutionary selection with
the population due to mortality or improvements the physical condition of the pups, though it is
unclear how likely these responses might be, or whigey might occur. Klebsiella has been found in
the environment and other animals at Auckland Islaasl may have been found on Campbell Island
as well). This disease ecology means that the thirean disease may continue because the infect®on i
not maintained simply in the sea lion populationoMcular techniques could potentially identify fifet
arrival of the more aggressive formkdlebsiellavas a modification of an already present bacteria or an
entirely new infection introduction (based on geretliversity).

Trophic
x The Panel noted the impahce of clearly communicating what “trophic effectstorporates. There
remains a risk that this could be interpreted simpls the indirect effects of fishing, and that simp
management of the fishery would negate this effect.
X The ‘best estimate’ farophic effects was considered to be trivial givarge uncertainties around what
these impacts are and the scale of those impacte Panel recommended that publication of this
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information should be accompanied by caveats notimglack of data and thiahis component is little
more than an educated “stab in the dark”.

Otago population projections

There was brief discussion on the amount of efftvdt should go into management and continued mottegjl
for this subpopulation. The current status and increasing potjgns imply that this population is not under
any significant threat at this point. However, theojection is useful in that it indicates that, assing current
demographic rates continue without immigration, tk#ago population is not likely to achieve “subptgiion”
(35 pups per year) status within the next 20 years.

It was noted that it is important to recognise degraphic stochasticity in the model, because chaeeents
can have substantial impacts on small populatiofse current setup also inherently assumes that -offie
‘catastrophic’ effects do not occur, which, if theigd, could significantly affect the increase asdaited.

Retrospective Impacts Analysis

It was noted that starting in 2000 may not provide anuaate analysis fothe impacts, since it is known that
many of these threats were occurring prior to thtahe. The population impacts may have happened mpido
2000, but we are unable to see those impacts beeahss is only modelled from 2000. Howeviiie outcome
descibing theeffect on lambda as a result of alleviating the thiaiill not be influenced by kere thepositive
changeoccurs given that the rate of decline has beenlyaionsistent since 2000

Commercial fishing impacts could fairly easily be takaokto 1995 since information is available on both
captures and interactions back to that year.

For some of the other impacts, there is little ddkeat would support any extension backwards bey@afdO.
Trophic effects and hookworm have very limited dh&fore 2000, and even the census data, prior t0&8 %
less reliable.

A better understanding of the impacts Kfebsiellaand the potential of it having been in the poputatilonger
than currently thought is very important and woutntribute to our ability to understand and monitdhe

overall threats to the sea lion population, espdigiat Auckland Islands. This could be considerkeyaarea for
research going forward (e.g. by analysing historiczéssamples foKlebsiella.

Actions/Recommendations

TZ /AES vs }( 8Z E A E- o0 Jv 3ZE e 3Z}SPA3u®} v, }( iXi v
conducted. The demographic scenario assessmefitbevexpanded, and a plot similar to Figure 3 iaykl’s
paper will be produced to show what management aef would be required to meet the management
‘targets’.

It was noted that the NIWA model will need to bebfighed in the primary literature. Otherwise, othanalyses
published in the primary literature will be viewég the public ashe authoritative source.

It was agreed that it would be helpful to improveet ability to assess the threats in a cumulativenmer, and
to consider options to address the fact that nat@f the causes of the decline have been found andounted
for.
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It was sggested that correlative analyses could be donenore detail using regressidmsed models with
interaction terms, where outputs could provide moreformation on what is driving the changes in the
population. These analyses would be useful for sssgthe relative impact of specific threats. For example
changes in catch per unit effort as proxies fompine effects could be assessed against adult arglauvival
now there is greater confidence in the agpecific mortality rates.

Input data

Male aggession-Auckland Island

The impact of male aggression on female (adult) surgeatiropped out after the triage and was not carried
forward to MCMC projections. This may have been tlwa transcriptional error in the uppdyound. It is
proposed that the best estimates and upper bound dreended and be reun through the triage and then
taken forward to MCMC runs.

Sharks
No change.

Drowning in holes
This threat should be taken forward to MCMC projecs, as this is a manageable threat and it shdwdoe
been included previously.

Trawling

It was noted that there is controversy around thetéractions’ number, which is likely related toettack of
transparency and understanding in how it is caledaand what data is used in its calculation (note
‘interactions’ are those sea lions that would have bebserved as killed if there were no SLEDs).

Trophic/Klebsiella

It was noted that best estimate plots for diseas#l e subject to a high level of scrutiny and {h&rameters
used must be defensible. The panel recommendedgaassion analysis on the proportion of pup mortalit
caused by disease might prove helpful to identifthére is a similar sized effect on first year survieathat
from the maodel. This may also help provide bettstimates of meotality from disease (noting that it is currently
difficult to identify good vs. bad disease years).

General
The Panel recommended that regression modellingdreducted for all of the main hypothesized threats t
better understand the interactions of af the threats.

Given time constraints, it was agreed that the netnended regression analysis work could be progre seer,
for the primary literature publication or in a separatepe of work as part of future research effort.

Cumulative effects

To determine if the estimated total magnitude of #fireats identified is plausible, the Panel suggdsthat all
of the effects be added up outside the model andngared to the best year for survival. This couldsh
whether addressing everything that keown about would be sufficient or if there is st gap due to other
threats that are not currently understand or identifiéi.e. if after all threats are removed lambda is silow
1.08, then it is possible that a threat has beersseid, or the best estimates are not accurate). Thisid be a
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powerfully illustrative exercise to help communiedhe level of understanding. If a lambda of gredtean 1.1
is achieved then this could indicate that it isppaopriate to assme additive effects are gilay

Day 3 -September3™ 2015

The third day of the workshop: considered the pdtahtreatment of the Campbell Island and smallev@art
Island populations; revisited the overarching threzanagement goals in light of the outcomes to thedelling
work, and made use of the panel's expertise to betpnidentify potential research, monitoring and
management options. The workshop also briefly adered future strategy evaluation using the NIWAdeb

Discussion of Data Poor Breeding Areas
Campbellsland

X It was recognised that data on the Campbell Islemidny is limited. Noting that only a few NZ sead
were found at Campbell Island before the late 1990%s unknown, for example, when the switch to
colonial breeding may have occurred.

x Concerrwas raised that the early counts may have only ¢dedra portion of the NZ sea lion population,
and later counts were more methodical and likelyioted the majority of the population. This is likel
to have artificially inflated the growth rate of the polation, though it was acknowledged the
population has grown.

X It was suggested that it might be helpful to takéackwards look at the pup counts based on current
pup count and a given lambda. A value less tha,Iright be considered suggestive of tely counts
being an under estimation of pup production, thougbme caution is necessary given the limited
information available on the various impacts onstpiopulation.

x  WhilstKlebsidla was found in Campbell Island necropsies in 2014ntbanalysesf historical samples
have been undertaken to determine its presenceanlier seasons. The extent of the effeckdébsidla
at Campbell Island remains unknown. It was noteat 62% of pup mortality in the 2014/15 season
was due to starvation, mosikely as a result of pups being stranded in holes.

X The Panel recommended more surveys on this poputai determine what might be causing the pup
mortalities and determine if the population is iadt reaching a plateau.

Stewart Island

x The Panel recomended that the most effective way to manage the imaentified threats to the
Stewart Island population (i.e. human impacts)gegivts small population, would be to invest in sici
campaigns and engagement.

x The Panel also recommended increased monitoring arfdcus on the collection of better data to
improve understanding of this population, which wdwllow for modelling to be undertaken in the
future.

ThreatManagementPlanGoals & Criteria

X Itwas considered that the 5 and 20 year goalsa@dd applied to the overall population and thathat
than demographic or even population rate targetsetaim might be to have a New Zealand sea lion
population at or above the current size by 2037 sTdpproach might then be supported by s#gecific
subsdiary goals which would allow for the managemergpenses to be targeted to each population.
For example:

> Auckland Islands stop or reverse the decline based on demographiesa
> Mainland—manage threats that may impair further growth
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X

> Campbell Island monitor to allow for characterisation of population ateénds
> Stewart Island manage threats that may impair further growth and monitior allow for
characterisation of population and trends

It was agreed that it will be important to specifihat aspect of the ‘population’ is being monitorad.
pup production, or mature females, or the whole pdation, or rate of decline. The potential for time
lags in detection based on the part of the popuatibeing measured was also noted i.e. a change in
pup surival will not be measurable until at least 2022.
It was also suggested that the -g@ar goal could be linked back to generation tif@sNew Zealand

sea lions.

Research/Monitoring/ManagemenRecommendations

Auckland Islands

A wide range of research,anagement and monitoring options were proposed bg Panel in relation to the
various threats at each of the colonies:

Impacts from the Trawl fishery

X
X

X

Quantifying the encounter rate (i.e. how often de@ns do come in contact with trawl gear).

A rigorousanalysisof the historic proportional representation of tagged skans from the various
subantarctic colonies caught in commercial fisheneay indicate whether Sandy Bay animals are
disproportionately caught.

Simultaneous tracking studies from Dunaes Sandy Bay may hetp determine foraging separation
andthe potential for ‘bias’ in the animals that are bycdnign the squid fishery

Impacts fromKlebsiella

X

X
X
X

x

Identifyingenvironmental reservoirs dflebsiella
Determining the level of exposute compare toactual diseaseccurrence
Assessing the extent stirvival of thebacteriaamongst pups
Usngepidemiological models to estimate numbers infectetbughout the entire year, preferably with
data from extended field studies
Determining ifKlebsiellavaspresent prior to the observed populatiatecline
Genetic investigation can heimproveunderstanding a number of factorselated tothe Klebsiella
infection, including:

o the history of the bacteria
what made it suddenly more virulent or lethal
increased vulnerability amorgga lions
anybacterid mutation that may have occurred, and
if Klebsielldound in the environment ithe sameas theone that kills the pups
Geneticand microbiological studiesould also provide information dmeatment options
Epidemiological analyses, e.g. casatrol studies and randomised controlled trials,determine risk
factors forthe disease. These will help inform management stragsgi
Treatment of sea lions is likely to be prophylacfireatment onceclinical signs are observed is likely to
be ineffective Therefore risk factor analyses are important to infornetapy.
It was noted treatment was likely to be an ongoing cohtmeasure if an environmental reservoir and
lack of adaptation to resist inféon exist.

(0]
(0]
(0]
(0]
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X Mapping spatial development of cases across breedingssstuld help identify how the disease is

spreadand should be part o# risk factor analyses Thismay provide insights into risk and allow
behavioural management of the sea lions tepent diseasespread

Trophicimpacts

X

X

Researching the differencés and reasons for nutritional stress between pagidns (see Campbell
Island).
Monitoring pup growth and condition.

Campbell Island

X
X

X
X

Monitoring for the specific drivers of pup mortality

A short highintensity period (i.e. 3 yrs of annual) may provitie underlying information on variability
and a number of demographic factors that could hdigtermine what the frequency of monitoring
might need to be in future. The timing of futureslid trip visits should allow for the management of
holes that pups can fall into.

The collection of further foraging information (trangiforaging behaviour) and diet information, from
that population will inform differences between Akdand Islands and Campbell Island population
Improving autopsy dateo understand actual causes of mortalities.

Enhancing monitoring and collection of demograptata wherever possible

Stewart Island

X

X

Documenting the current sampling programme with ammn of increasing theeffort and bringing
observations forward to January.

Characterising the distribution and improving estii@s of abundance to support model development
and projection, which in turn will yield better uadstanding of the Stewart Island population.

General

X

X X X X

The importance of extended field seasons, espacailiAuckland Islands, in order to better understan
the effects ofKlebsieh.

Improving collection of summer and winter diet infieation for a range of analyses.

Further analysis of alreaehyllected déga and samples from previous years.

Exploring opportunities for “value adding” scierm®jects to existing and planned field trips

The Panel noted the importance of thinking creayv@bout future research and management
approaches rather than replicagrhistoric approaches.

It was noted that there is somaformation onthe proportion ofadultfemales that are bycaught in the
fishery that have been necropsi@thd found to have been lactating. This informatmaight be used to
better inform the number opups that may have died as a result of fisheoaptures (Currently 70%
of females are considered to be breeding, yet theemopsies of bycaught animals, which is likely to
include a number of immature animals (i.e. aged)3suggests it's actually sker to 30%). Potentially
resample breeding probability in the years that jreusampling thdisheries captureamount from?
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Management Options

Mainland

x  Social campaigns to minimise human interference amgacts on the populations. It was suggested
that this could even include a rehabilitation anduedtion centre if the Otago / mainland population
continues to grow.

x Develop options for dealing with overly aggressinaes.

x Use translocation intervention as a management tool @sas where mums andups are in heavily
populated locations.

Stewart Island
x Provide educational material (on sea lions) to harst It was noted that there is an ability to edte
people as they enter the island due to limited gnpoints
x Seek assistance from hunters and muttonbirdersejpart sea lion sightings (i.e. Titi Islands).

As a general comment, the Panel recommended thadla@a collected on sea lions should be made abkgla
and serious efforts should be made to access artg tizat is not currently availableoting that unavailable
data could impede understanding and subsequent ngmmaent. The Panel commented that ongoing
management of sea lions will need to be anrcdiNew Zealand effort and international engagementsiddbe
sought wherever possible.

It was made clear that there cannot be any relegton management processes that are currently irc@haith
regards to mitigating/minimising sea lion capturaghe fishing industry.

All management interventions will require rigoroand defensible experimental designs to be developed
ensure that the impacts of management actions camieasured.

Low Information Threats

There was a brief discussion on how to deal with threats that were not carried through to the mdteg,
and it needs to be maaiclear that no threats have been left out entirely. TP Project Team confirmed that
these will be included in full in the public repoig of the workshop outcomes. It was noted thaese
additional threats could all be components of tligher environmental factors’ category that is coming out in
the model.

The Panel also highlighted the potential for eni® unforeseen ‘catastrophic events’ may trigger theed for
mid-term review of the TMP.

Evaluation Strategy Using the NIWA Model

X The preferrel approach was to examine what combination of acguitl pup survival would be needed
to reach an increasing or stable population (Auckldslands), and then examine what the effects on
adult and/or pup survival would be following managent action to addess particular threats.

X A suggested approach for prioritisation was to itignthose actions where the biggest gains towards
achievement of the goal could be made.

X It was suggested that the MCMC process could beemmadre efficient by coding portions of the model
in C. This could enable better estimates of undaiiain addition to making it run faster.
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The Panel recognised the challenges involved iengpting to fund New Zealand sea lion work soliebm
government sources. The Panel strongly recommersisking external, including international collahtion

and philanthropic funding. Globally, this is theyopopulation of mammals where a bacterial dise&skaving
such a major population impact, and there shouldiernational interest from tks point of view. There is also
an established track record of strong international @bdirations for studies of New Zealand sea lions and this
needs to be maintained and even extended.

X It was also suggested that New Zealand sea lion researthremerts be made clear to universities
and other potential research providers who may berested in tackling aspects of these.
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