Flesh-footed Shearwater -

population study and foraging areas
(POP2011-02)

SusarM. WaugH, SaratE.Jamiesoh JearClaude Stah) D.P. Filippj GraemeA.
Taylof & Andrea Booth

"Museum of New Zealand Te Papa Tongarewa, PO Box 420, Wellington.
susan.waugh@tepapa.govt.nz
Sextant Technology Ltd, 116 Wilton Road, Wellington.
3Department of Conseation, PO Box 1240, Wellington.
“Department of Conservatio0O Box 842, Whangarei.

Draft Final Repori/1.1
27 May 2014


mailto:susan.waugh@tepapa.govt.nz

Table of Contents

L ABSHIACT . .. i 4
Y22 011 o o [1 [ 1o o FA PP 5
2.1 ODJECHVES ...ce ittt 6
B MEENOAS. .. 6
3.1 Study SiteS aNAAtaSelS........uuuueuiiiiiiciie e 6
3.1.1 Sites and dates Of VISIES........cuieiiieiiiiiiiiiiiiiiiiieee e 6
3.1.2 Colonies surveyed, transects completed...........cccccvvvvvvveeveiiiiennnnnnnns 7
3.1.3 Demographic data aSSeSSEed...........ceuuvverrririimmniiiiir e 7
3.1.4 Teams present 0N €ach VISIt..........cccuviiiiiiiiiiiiiiiieeee e 7
3.1.5 Develop a monitoring ProgrammesS...........ceeuuiiiurrrrereeeeeeeeeeeanenenes 7
3.1.6 Devices deployed on Fle$tioted Shearwater...............ceevvvvvvvvvnnnnnnns 8
3.1.7 Datasets collected from GPS and GLS tracking............cccccceeeennnnne 8
3.1.8 Al-SEA AAASELS......uuviiiiiiiiiiie ettt 9
3.1.9 FisSherieS dat@SelS........cuuuiiiiiiiiiiiiiiiiiiie e 9
3.2 ANAIYSIS .o ——————————— 9
A RESUIS. ..o ————————- 10
4.1 Lady Alice Island / Mauimuamark recapture studies.............ccccceee.... 10
4.2  Lady Alice Island / Mauimuapopulation monitoring studies............... 12
4.3  Titi Island-mark recapture StUdIES..........cooeerriiiiiiiiiiiiiiieie e, 13
4.4  Titi Island- population monitoring Studies.............cevvveeeveiiiiivniiininnnnnnn. 13
4.5 Ohinau Island- mark recapture StudieS..............uueuuuiiiiiiiiiiiiiieieeeeeenn, 14
4.6  Ohinau Island- population monitoring Studies................evvvvvvvevvennnnnnns 15
4.7  General recommendationspopulation monitoring.................ceevvvvennnns 15
4.7.1 ChoiCe Of StUAY SIEES:......uuuiiiiiiiiiiee i 15
4.7.2 TimiNg Of r€SEAICH......ccoii i 16
473 SUIVEY EFfONT ...t 16
4.7.4 ESHUMAING OCCUPANCY.....eereeiiieeeaeiiiiiitirneeeeeeaaaeessassserrneeeeeeeaaaaeaaans 16
4.8 Areas exploited by foraging Fleoted Shearwaters.......................... 17
4.9  Fleshfooted shearwater behaviour and relationship to marine
environmental Variables............oooiiiiiiiiiiiiiiiiiiii 18
4.10 Heshfooted Shearwater activity in relation to fishing effart............... 18
411  At-S€A AtASELS......cciiiiiiiiiiiiiiiiieeeeeee s 18
4.12 Data collection problems...........ccuuviiiiiiiiiii 19
I B [ Tod U 11 (o] o PP PP PP PPPPPPPRPT 20
6  RECOMMENUALIONS.......ciiiiiiiieiiiie e e e e e e e e e 22



10
11

ACKNOWIEAGEMENLTS. ...ttt 24

BIDNHOGIRPNY ... 25
1o 8L (=N a1 Vo L] o L PP 30
Table NEAAINGS. ......vviiiie e 32
APPENAICES ... .ot aaaaas 43



1 Abstract

This report describes the findings of a thrgear study on Flesfooted Shearwater
Puffinus carneipelsiology in New Zealand. The project focus was specifically to
describe population monitoring and to define thesga distribution and habitat use
by FlesHooted Shearwaters and the potential for foraging birds to interact with
fisheries in different reigns from their breeding site3.he study was based at three
breeding sites in northern and central New Zealand:

1. Lady Alice Island / Mauimua, Northland

2. Ohinau Island, Coromandel

3. Titi Island, Marlborough

In addition, he research used marked study burreat Lady Alice Island / Mauimua,
and demographic data from this and Kauwahaia Island, Te Henga / Bethells Beach,
West Auckland to explore thestimation ofvital rates for FlesHiooted Shearwaters

in New Zealand. An additional banded population of birds wstablished at Ohinau
Island, to enable markecapture studies to be undertaken in the future.
Recommendations for extending these studies to estimate vital rates for the
populations are set ouBirds were banded at Titi Island but due to the smaé siz

the population at this site, and its relative inaccessibility, ongoing recépture

work is not recommended there.

The population sizes, nesting densities, and occupancy rates were estimated once
for each of our study sites in the period 2042014. The colonies of Fledboted
Shearwaters were mapped at each site.

We deployed GPS loggers on 97 Hiesited Shearwaters, mainly at Ohinau Island
and describe their foraging distribution during incubation and chézking. We used
overlap analyses to examine where commercial fisheries and the birds were co
occurring. Tk main zones of overlap for this population were in the Bay of Plenty
and East Cape areas, but with a significant patch of use near Mahia Peninsula.
Fisheries overlap was most intense during early eteeking for Demersal Longline,
Trawl and Setnet fishiees, and wagairly even throughout the breeding period for
Pelagic Longline fishing.

Data from a variety of sources was used to examine the range of the species in the
New Zealand zone throughout the year, and the species is most concentrated in
north eastern North Island waters between Cape Reinga and Mahia Peninsula, and
along the continental shelf and near the shelf break. Few birds are sighted south of
Cook Strait, with only occasional records of individuals seen on the Chatham Rise or
west of CoolStrait. Our GPS tracking of a few birds from Marlborough confirms this
distribution. More foraging data from Northland breeding sites and from-non
breeding periods are required to gain a comprehensive view of the species
distribution.



2 Introduction

Flesh-footed ShearwatergPuffinuscarneipe¥breedon Australia and New Zealand
islands with a small outlying colony on ile S#taul in the Indian Oceafihey have
an estimated population of 65000 individualgylobally(Brooke 2004)They are
currently listedby the IUCNvith a conservation status of Least Congemith stable
population trends (BirdLife International 281

The FlesHooted Shearwater isne of the most commonly reported species to be
taken as fisheries bycatch Australasia(Galeset al. 1998, Trebilcet al. 2010). w
findingsidentify several significant populations may now be declining (Real
2013).Baker and Wise (2005) estimated that 179486Fleshfooted Shearwaters

were incidentally killed in the Eash Tuna and Billfish Fishery off the Eastern Coast
of Australia.These birds were assumed to have originated from Lord Howe Island
which is thoughttohold91 8 % of t he wor |l d’ s Bekepamd ati on (
Wise (20055uggest that the population wad decrease by 50% in 55 years and by
80% in 120 year&kecent evidence collected at the breeding colonies of Lord Howe
Island suggests that this population may well be decreasing, experiencing an annual
breeding population decrese ofaround1.3% (Reidt al. 2013).

Between 1123% of the world population dfleshfooted Shearwaterdreeds in

New Zealand (Taylor 2000), with an annual breeding population of 16 0800

pairs (Waugtet al. 2013).In the recently published Conservation Status of New

Zedand Birds, the status dhe Fleshfooted Shearwatepopulation in New Zealand

has changed from “Not Threatened” to “Nat.i
this category is based on their suspected population declines (Robestsadn2013).

Recentsurvivorship analyses at two northern New Zealand breeding sites support
this impression (Barbrauet al. in press)Within the New Zealand Exclusive
Economic ZondNZEEZ)23-1090individuals are estimated to be taken in
commercial fisheries as bycatelach yeara level whichmay threaten the viability of
New Ze &leshfooted Searwater populatios (Richard®& Abraham2013,
Ministry for Primary Industrie2013).

Furthermore, recreational fisheries seem to be a significant source of mortality in
New ZealandDuring a single month of beach surveys in late 2011, 64 carcasses were
retrieved without any signs of oil contamination (surveys were being conducted to
assess the impact of tHdV Renail spill).Of the 15 individuals necropsied, all had
sudained fatal injuries that were likely due to interactions with recreational fishers
(Tennysoret al. 2012).

These statistics highlight the need to examine population trenddedhfooted
Shearwatersvithin New ZealandWe conducted surveys on three joaFlesh
footed Shearwater breeding islands dispersed throughout New Zealand and
compared our data with those priously collected by Baket al. (2010).



We conducted fielebased research, gatherirtata sets on population size,
shearwater nesting deiity, burrow occupancyand mappingof nesting areas to
establish study design recommendations for ongoing work on Ftested

Shearwater population matoring. We modelled the populations of Flesboted
shearwaters for two sites where mulfear datasetsvere available to assess the
robustness of these datasets for estimating vital rai®& deployed locational
loggers on breeding and ndreeding FlestHiooted Shearwaters, and used these and
other data to examine theiforaging behavioyrrange, habitat gae and overlap with
fisheries

2.1 Objectives

1. Develop a project design for a population monitoring programme suitable for
estimating adult survival, juvenile survival, fecundity and age of first
reproduction ofFleshfooted Shearwaters

2. Provide recommendatios on the extehof monitoring required to obtain
robust estimates of adult survival, juvenile survival, fecundity and age of first
reproduction ofFleshfooted Shearwaters

3. Collect detailed data on the &ea distribution and foraging behaviour of
Fleshfooted Shearwaters

4. ldentify areas wheré&leshfooted Shearwatersire a highest risk of
interactions with fishing gear by analysing data collected in objective 3. In
relation to spatial and temporal fishing effort.

3 Methods

Objectives 1& 2 ¢ Monitoring programme for estimating vital rates for
shearwaters

3.1 Study sitesand datasets

To assist in understanding the mejgarand multi-site study, the sites and dates of
eachvisit and data sets gathered at each are set out belbwe location of each site
isshown inFigure 1

3.1.1 Sites and dates of visits
1. Lady Alice Island / Mauimublorthland(35.89° S, 174.719:28Mar —6 Apr
2012 8-19 Dec 201217-22 Jan 2014
2. Ohinau IslandCoromandel(36.72° S 175.889:H.1— 14 Apr 2012, 19 Jan-
18 Feb 2014
3. Titi Island Marlborough(40.95° S 174.149B0—-17 Jan 201214 Jan 2013
29 Jar201%, 2 Feb 2013

! The duration of this trip was reduced because of extreme weather conditions.



4. Kauwahaia Islandl'e Henga Bethells BeachWest Aucklang36.54° S,
174.26° £ annual visits during989 to 2013

3.1.2 Colonies surveyed, transects coreped

During each site visit, surveys were conducted to allow for estimation of colony
footprint, burrow density and total count, anéleshfooted Shearwatedensity,
occupancyates, and estimation of Flesfooted shearwater breeding populations
sizes The details ofampling duringeach visit are described Table 1

3.1.3 Demographic data assessed

Graeme Taylor and Andrea Booth generously supplied datasets gathered over
several years to assist with analysis of vital rates for the shearwaters. The pefriods
study were:

1. Kauwabhaia Island,e Hengd Bethells Beactht989/1990—-2011/2012(23
years, 102 individuals bande@raeme Taylor datasets)

2. Lady Alice Island / Mauimua 1999/200@011/2012(13 years, 593
individuals bandepgAndrea Booth datasets)

3.1.4 Teamspresent on each visit

These are detailed in the annual reports for each seaBosummaryat leastone
experienced Te Papa staff member (Susan Waugh, Colin MiskelhClaeale Stahl

or Sarah Jamieson) was present on each field trip, along whsxistantslwi
representatives were invitedn each field trip. Ngati Wai Truso&d took up these
opportunities, and sent iwi members on 2 field trips to Lady Alice Island / Mauimua.
A day visit irR013 with Ngati Kuia at Titi Island, and a mainlancedasarae visit

with Ngati Hei in 2014 were undertaken.

3.1.5 Develop a monitoring programmes

The project aims were to examine the distribution information about bird& aay

Alice / MauimuaOhinau and Titi islands, and identify potential study areas atehes
sites. Accessibility, density of burrows and representativeness factors, including size
of colony were considered.

Sudy plotswere establishedat Lady Alice / Mauimuditi Island and Ohinau Island
with burrow mappingby GPS and hargtawn maps. Theccupancy of burrows and
size of breeding population at eacblonywasassessedOccupancy as assessed by
burrow-scoping andhrough inspection of burrow contes through study hatches

% This visit was planned to be muitay, but was curtailed due to an accident on the vessel delivering
staff to the site, a second orday trip was instigated as soon as possible afterwards to recover GPS
loggers from birds on 2 February 2013.



Objectives 3& 4 ¢ At sea distribution, behaviour and overlap with
fishing of Fleshfooted Shearwaters

Dates of visits are as f@bjectives 1 & 2 above.

3.1.6 Devices deployed ofrleshfooted Shearwater

At each site, all accessilfi¢eshfooted Shearwatenests were used for tracking with
GLS anbr GPS for each fieleeason.The sites, dates of visits, and numbers of
devices deployed at each time are listeelow:
4. Lady Alice Island / Mauimyblorthland
a. 28 Mar—6 Apr 201219 LOTEK GLS
b. 8-19 Dec 201216 GPS
c. Dec 2016-Dec 20113 BAS GL#eployed byGraemeTaylor&
AndreaBooth)
5. Ohinau IslandCoromandel
a. 11-14 Apr 20124 GLS
b. 19 Jan-18 Feb 201454 GPS
6. Titi Island Marlborough
a. 9-17 Jan 20128 GPS
b. 1-4Jan 201313 GPS

3.1.7 Datasets collected from GPS and GLS tracking

Data proved difficult to capture from the incubating shearwaters, on the one hand

due to the small number of available birds at Titi Island, but also in large part due to

the extended duration of foraging trips-I0 days). This meant loggers deployed in
the first 12 months of the programme gathered few track®adsremainedin their
burrows, andhe batteriesof their loggersvere exhausted after a short time at sea
As a result, it was decided to deploy GLS loggers, which could capture data over
longerperiods of timewhich woud allow for the description afigration during
non-breeding periodsSuccessful GPS tracking in 2014 captured 56 tracks in
incubation and early chiefearing.

1. Lady Alice Island / Mauimublorthland

a. 28 Mar—6 Apr 20123 GLS acks

b. 8-19 Dec 20121 GPS track

c. Dec 201G6-Dec 20113 GLS tracks
2. Ohinau IslandCoromandé

a. 11-14 Apr 20120 GLS tracks

b. 19 Jan-18 Feb 201456 GPS tracks
3. Titi Island Marlborough

a. 9-17 Jan 20121 tracks

b. 1-4 Jan 20134 tracks

% Several bthe loggers deployed resulted in multiple tracks, and some loggers gave no data due to

birds staying for prolonged periods in their burrows. Hence the number of deployments and resulting

tracks does not match exactly.



Data for breeding season periods were sufficient to analyse incubation activity in
January, early chielearing behaviour in Februaripata from pe-laying, prelaying
exodus, and latehick rearing periods were nobllected Some inference is
consideredappropriate for early incubation and later chick rearing, based on the
January incubation period datasets, considering the similarity of activity for Lord
Howe Island birds between these perigiReidet al. 2012)

We did not deploy timealepth recordersas datasets using these devices had been
collected by Graeme Taylor outside of this project.

3.1.8 At-seadatasets

Datasetdor at-sea observations/species recorasld by Te Papa, and collected by
fisheries observers were examined

1. At-sea observations from the 1970s and 1980s ffogight vessels moving
between New Zealand ports and to Austaalior more distant destinains

(Te Papa unpublished data);

Te Papa collections recor@lBe Papa unpublished data)

Fisheries observer recor@s described by Richaed al. (2011a);

Fisheries data on shearwater captures from Ministry for Primary Industries
databases.

HwnN

3.1.9 Fisheries datasets

Fisheries catcleffort datawere extracted from Ministry of Primary Industry
databasego provide fishing effort for the periods of the year whEleshfooted
Shearwatersvere breeding (DecemberMay), andfor the fivesplityear periog

from 20092010until the summer 020132014 when data was available uridarch
2014o0nly. Data were ettactedwhere latitude and longitude of the fisheactivity
were recordedTarget species and primary fishing metHfod Surface Longline,
Bottom Londgjne, Setnet, Trawlisheries(combining midwater, bottom- and paired
trawls)were requestedLatitudeand longitude were analysed at a resolution of 0.1
decimal degrees.

3.2 Analysis

Objectives 1& 2 ¢ Monitoring programme for estimating vital rates for
shearwaters

Analyses of population sizes, densities, and population distribution are set out in
Appendix 1.

Vital rates were estimated for the two populations with letegm CaptureMark-
Recapture datasets, and methodologies for these analyses are set out in ApRendi
This report content falls outside of the contracted research and is included to
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provide a comprehensive picture of the species biology to assist Department of
Conservation in its managemeat the species and its' threats

Objectives & 4 ¢ At seadistribution, behaviour and overlap with
fishing of Fleshfooted Shearwaters

Analyses methods for &tea distribution, behaviour and overlap with vessels are set
out in Appendix 3.

4 Results

Objectives 1& 2 ¢ Monitoring programme for estimating vitakates for
shearwaters

The project addressed these objectives to develop a monitoring programme by
conducting field programmes at the three breeding séeslthroughthe use of
existing data sets (GAT, A. Booth, unpublished data) listed in Methods. A&sexts
the suitability of the sites for future masntecapture and population monitoring
projects, and to describe the data necessargstimateadult survival, juvenile
survival, fecundityand age of first reproduction dfleshfooted Shearwatersby
analsis of existing datasets.

We set outour primary findingdy the type of study and by site, below.

4.1 Lady Alice Island / Mauimug mark recapture studies

This site has an existing banded population of birds, whiehe monitored annually
until 2013 with good facilities at the site to conduct research programmes of
moderate intensity €.g, field hut, study colony in close proximity to field hut,
relatively easy landing access, naaore site)

The number of study nests available is suitably ld#oyer 500 individuals banded) to
enable robust estimation of annual adult survivorship for Eleshfooted
Shearwateipopulation at the island

The results of modelling on the mar&capture dataA. Booth, Unpublished data,
reported inAppendix 2) indiate a relatively high adult survival for burrezaught
birds (0.940 + 0.087), and lower rates for surface caught birds (0.756 £+ 0.027).
Recapture rates probabilities werelatively low at0.154 and 0.209 for burrovand
surfacecaught birds respectivelfropulation growth rate (0.888 + 0.016 per year
0.852-0.916 95% QGbr a population model of constant survival, tirdependent
recapture probability and constant population growth ratgas able to be modelled
using these survival rates, and agefirst return information also collected at this
site @verage agef 6.2 years). These results suggest that the size oty

10



population is adequate to provide relatively robust estimation of vital rates, and
ongoing work over the next few years at the siteuld increase the set of aep-
first-breedingand firstreturn data, as well as provide an increasingly robust dataset
from which to model survivorship and population growth. Our analyses of this
dataset indiated that it is necessary to gather data bath burrow-caught and

surface caught birds to improve estimation accuratjthout using surfaceaught

bird in the analysis, the population growth rate is further reduced (0.840 + 0.080
(0.697-1.012 95% Q) To further increase the robustness of resubr this

population, efforts to improve recapture rates for both surfaeed burrowcaught
birds are needed. This might involve improvihg accessibility of study burrows,
marking or adding inspection traps to a larger proportion of burrows in thdyst

area, and increasing efforts to catch birds by longer visits or more intensive work in
the colony over the time spent there.

Monitoring alarger number of study nests and banded individumight be
advisableto reduce the standard errors of survigbip estimates, if this were
feasible {ie., more nests were able to be accessed in the main study colony area).

Differential survival ratebetween burrow and surfacecaughtestimated in our
ancillary work on this dataset suggests a complex strudtmtbe population, with
some indication of skipping of breedings suggested by tHew recapture ate of
GLS logger equipped birdstween years.

Juvenile survival and age-first breedingdatafor this population is beginning to
become available, whitthe firstbirdsbandedas chicks beingecaptured during the
study, but not foundamong the breeding populatiorFurther efforts to gather
recruitment and juvenile survival data at this site are recommended, as the data
available in 2012 were showing pireinary results only and the full recruitment of
cohorts banded in the years 20862009 (n = 191 chicks banded) has yet to be
achieved.

A similar modelling exercise was conducted on the 23 year dataset gathered at
Kauwahaia Island (G. Taylor, unpuldiditata, reported in Appendix 2.). This
population has been growing slowly over the study period from 1989 to 2012, from 9
breeding pairs to over 20 in recent yed&nsodelled rates were 0.984 + 0.009)pr

this population, in contrast to the Lady Aliceatsll / Mauimua population discussed
above, recapture probabilities were high (0.880 for breeders and 0.197 for non
breeders). Annual average adult survival for both sexes was 0.931 + 0.01. For this
population a combination of high capture rate and long stperiod were sufficient

to give a robust result, and these outcomes are only possible with a high consistency
of research effort (consistent dates of visit, annual visits, access to a high proportion
of individualsper year).This intensity of data coll&on may notbe as easy to

reproduce on an offshore island sisit wasat Kauwahaia Island, which is

accessible from mainland New Zealand on foot.

Advancel planning for partiegimingto work at this sitewill likely be required as
there are relativey high numbes of other research or management activities on site,

11



meaning the fi el-ldoadnaybeatcapacityaterficladimas bfe r
year for a more intensivEleshfooted Shearwatestudy.

A further complication with a lonrterm studyof population vital rates at this site is
the mixedspecies nature of the colonies. Our work on population estimation and
burrow densities at the site indicates that burrow density overall at the site may be
increasing, while the occupancgte by Fleshfooted Shearwaters stable.

The involvement of Ngati Wai iwi representatives in our field programmes opens a
possibility that the iwi may have capability to conduct monitoring programmes in
future years on the population.

4.2 Lady Alice Island / Mauimug population monitoring studies

In addition to the aspects of the population and site mb&bove, the island has
sevencoloniesthat contain a varied proportion dfleshfooted Sheawvaters(Table

2), with between 5% and 20% of burrows in the colomestaining this specieJhe
occurrence of other species in the same colonies creates a complex mikdldeel

in Appendix 1 for other species densities), and needs to be considered in any future
population monitoring, especially as Griaced Petrels bgin breeding in the

autumn, and have potential to evict Fle&boted Shearwater chicks from burrows.
Because of these factors, it is recommended to monitor all colonies for changes over
time.

Theislandis relatively large, and access to all colonies requires a spell of good
weather over7 — 14 daygFigure 2.

The apparent intermittent breeding detected in our madcapture study suggests a
complex pattern of activity for the speciesther in respmse to climatic factors, or

in our abilitylimited to detect birds at the site in unmarked or inaccessible burrows.
Therefore we recommendseveralconsecutive years of data collectibmestimate
annual changes in proportion of breeding birds (through efsmarkrecapture
records from thestudy colony)

In our studyto estimate nesting density and occuparweg conducted 3-73
transects andnspected30-50 nestsat each colonyTablel). Previousvork and
statisticaladvice in this area wasiggestedo estimate occupancy for only a skt
of coloniesand extrapolate across the whalgand(Bakeret al. 2010) orto

estimate occupancy once for each colooyr(study). Having analysed the data
resulting from this method, dwever, we note thatthe varability observed between
colonieswas high Advice from our statistical advisof®. Simpand researchers on
other shearwater populations (S. Patrick, for Mahearwaters) was to increase the
number of independent estimates of burrow occupancy within n@se, with an
optimum recommendtion of a measure per transect (efg, 7—10 burrows per
transect) rather than per colonyThis would further increase the robustness of the
occupancy measures within and between colonfsmittedly, urrowscoping is

12



time-consuming and can also be difficult to do in fragile terrain, and hence there are

tradeof fs to be made bet weebyt mnamcoenptr'ehampn o &cC

opposed tac @l 0 mh’'o | @ipcpease ucowscopigeffort one
time wouldbe required to coordinate with the teams doing transects, and to
undertake more burrowscoping than we did. About-6lD0 burrows per day were
inspected with burrowscopes during our visitéhis wapossibleas wealreadyhada
good knowledge of the colgnlayout and location ahe Fleshfooted Shearwater
colonies.

The accuracy of our burrowscoping work can be assessed by examining the numbers
of burrows with unknown contents reporte®©f 1244 individual nests inspected, 21

had unknown contents, or an averagge of 0.013(s.d. 0.017per burrow at each

island

4.3 Titi Island¢ mark recapture studies

During our work at thisite, we establishethbelledstudy burrows, accessible with

lidsat Ongaongaolony only(Figure 3. About 15 burrow lids were fittedBirds were
readily accessiblm some burrows anavefitted trap-lidsi nt o t hose t hat
TwentysixFleshfooted Shearwatersvere banded aDngaongaolony, andhad GPS
trackingdevices fitted for foragingtudies.

One of the key aspects about th&tand siteto be borne in mind for developing
future population studiesis that theHesh-footed Shearwaterpopulation is smalht

c. 157 pairgTable 2. It is onlyreally feasible to study them in any numbers at two
locations on the islandith 5—15 FlesHooted Shearwater nests accessible at each
however, mth of these are relatively accessible.

Ongaonga colony has extremely friable soils, and hence moving@rtbe colony
poses a significant risk of collapse of burrows, should further intensive studies be
considered.

A further small, densgroup ofFleshfooted Shearwatersvere located at Colony 2
(estimated at 56 pairshput the total number of birdérom accessible burrowdid
not lend itself to longgerm monitoring projectgc. 10 burrows).

Camp colonynear the top of the island, close to cangmntained a very small
number ofFleshfooted Shearwatergless than 10 pairgndwas considered
untenable br intensive studies, due to the very fragile nature of the soils, and high
numbers of sooty shearwater and other speciggrrows in this area.

4.4 Titi Island¢ population monitoring studies

The programme conducted to estimate burrow density, occupancy and breeding
population size foFleshfooted Shearwaterat Titi kEland showed that these
activities are feasibl@igure 3. As a means of measuring thesponsef the
speciedo pressuresn the environmentt is aworthwhile endeavouras theTiti

13
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populationis at the southem limit of the Fleshfooted Shearwaterange in New
Zealand, and withusreflect expansion or contraction of the species range more
markedly than sites central to itange.

A total population of 157 breeding paio$ Fleshfooted Shearwatersvas estimated
for the island(Table2).

We planned to provide survey data over periods 6f 8 days, and timedur visits
during themid-incubation period (first 2 weeks dganuary. We were able to gather

the required data to estimate the population size, provide comprehensive coverage
of the colonies on the island, and prospect new areas to asses$deékbfooted
Shearwatempopulation activity in these.

Aswith LadyAlice Island/ Mauimua, the mixed species colonies make this site
complex to study, and if monitoring is planned to assess changes in the shearwater
populations, annual surveys over-3 year periods are recommended.

Logistically, stays of more than oneek are difficult, due to water restrictions at

the site, and the need to camp near the top of the island, where flat ground is
available. A day of moving gear and establishing camp is needed at each end of the
study for a visit of this scale.

4.5 Ohinaulsland ¢ mark recapture studies

We were successfuh establishing a new study colony of bandedividualsand
study nests at this siteSixtytwo birds were banded at the site during the stuéyfty
breeding burrows were identified in 2012, and 37 wattd with lids (or were
otherwise accessible) in 2014 further 12 burrows were monitoreddy burrow
scopein 2014 but not accessed with lftidhis represented a high proportion of the
total number of burrowsn the lower slopes of thenain study colonywith all
accessiblédreeding burrows being monitoredhe study burrows were in areas of
the colony that had consolidated soils, and hence could supporet of foot-
traffic needed for frequent burrow inspectionshe study colony extended up to the
top of the island and around the southern flank of the landing gully, but was more
fragile in these areas, and therefore rextcessed, except for a single visit to
estimate the colony perimeter and burrow dens{figure 4. A total of 23@reeding
burrowswas estimated for thisolonyin 2014 Should further markecapture work
be required some extension of the number of study burrows would be possible,
perhaps to include a further 20urrowsin neighbouring areas to thosdready
established.

Nine of the fifty breeding burrows identified 2012 were foundo be empty in
2014. Fifteen nests marked 2012 were not found in 2014. Of the four birds banded
and fitted with GLS in 2012, none was recaptured in 2014 (one nest was not found,

* These burrows were located incky areas or were deep into the hillside, so no tdowrs could be
fitted.
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one was unsed, two had unbanded birdskipping of breeding or low survivorship
may explain these finding$his warrants further investigation, and the new banded
population at the site provides a good basis for doing this.

4.6 Ohinaulsland¢ population monitoring studies

All areas of the island known to contdtiteshfooted Shearwatecolonies were
resurveyedand we spent considerable effort defining the colony boundaaied
population sizegFigure 3.

The work conducted by Baket al. 2010 coveredall areas of the island to establish
that Fleshfooted Shearwatersvere nesting predominantly in the Mahoe forested
slopes, withveryfew birds of this species detected in the coastal strips of flax,
especially those in the south of the island.

Our work comparing the densities, occupancy rates and population sizes for the
colonies with those of earlier surveys indicates a dynamic situation at the island,
with a probabledecline in breeding numbers &round 2100 breeding pairs in 2014
(Table2).

The site readily lends itself to population monitoring studies, having relatively
compact soils, and easy access from the mainland. Logistidally ielatively easy
site to work on, with flat areas for camping near the landing point, and close
proximity to a town (Whitianga) for resupply of food, watéield workersand good
celkphone reception

4.7 General recommendationg population monitoring

4.7.1 Choice of study sites:

The three sites we studied were selected because of a) the history of work
undertaken at themp) the relatively compact nature of the soils at all sites, meaning
islandwide surveysand intensive work at some burrowsuld be completed;)che
relativelylarge populations for the two northern sites; d) to represent the Northland
and Coromandel / Bay of Plenty populati@smost otheilislandsin those regions

are too fragile to sustain severaleeklong visits necessary to complete foraging and
populationstudies.We recommend that fomark-recapture studiesongoing work

at Lady Alice Island / Mauimua and Ohinau Island be considecediti Island,
population surveysnly are recommended.

The degee of representativeness of thesées for theFleshfooted Shearwater
populatiorsin New Zealand needs to be assesseth punctual visits at some of the
main centres of population for the speciesg, Whatupuke and Coppermine Islands
(Chicken Islands group, Northland), Asland / Middle Island (Mercury Islands,
Coromandel) and Korapuki Isla(®by of Plenty While it is considerably more
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difficult to establish a severalay or island wide survey on any of these sites, due to

the complex terrain and/or fragile soilsatedn , a -c‘htee&l’t ton t he popul
of Fleshfooted Shearwateby ashortvisit, to burrowscope 108 200 burrows, and

run a number of transects to assess density for the populations ep@sentative

area of the coloniesvould allow some assessmeoit population changes at each.

4.7.2 Timingof research

Schedulingf visits to conduct population monitoring should be targeted from c. 15
December 15 January, when birds have laid eggs, but hatching has not
commencedBakeret al. 2010, and our own studgollected the key information

about the breeding population sizes during this 4 week period, and future studies
need to attempt to use this timing. Logistically, it proved difficult to get into the field
between 20 December and 9 January each year, dlgctoof access to vessels or
the quarantine facilities run by Department of Conservation, and this needs to be
factored in to planning of future studies.

4.7.3 Survey effort

For each of the sites, visits of8.0 days are recommended, to account for theesi

of the islands and to allow for bad weath€ur teams of 3-4 persons were able to
survey each island in less than 5 working days at each site, including-8a®5
burrows inspected and # 10 colonies mapped and surveyedtotal survey length

of c. 1000~ 1500 m was conducted at each island per season. In edtie dfiree

field seasons, we experienced delays in getting onto the islands due to bad weather,
which reduced some of our planned visits bg gays.

As noted above, anincreaseinthemb er of burrowscope *‘sampl e
desirable, with possible tradeff between this and the number of transects per
colony conducted.

Our teamsspenta considerable effort defining the perimeter of colonies, as we

identi fi ed t hdensitiesareaccupaneyeates were iextrdpolated as

a key source of variability in the dataset. This was aided by prior knowledge of the

| ocation and ‘extent’ of each colony on an
experience and that of other worke(s.g, Bakeret al. 201Q P. Gaze, pers. comm

A. Booth pers. comm.).

4.7.4 Estimating occupancy

We surveyed close to 1300 burrows during the study. Only 1% of burrows had
unknown occupants, and these were largely where an unguarded egg was present
(mainlyfrom Titi island in 2011). We consider, therefore that positive identification
of burrow contents is occurring in almost 100% of cases in our work in-féletdd
Shearwater colonies. This is likely because we dedicated &ffbarrowscoping
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throughoutthe work, with one worker concentrating on this activity at each site. The
burrow characteristics also assisted,agrows tend to be straightess than 2.5 m

in length, and there are very few that have more than one entrance on the colonies
we visited.Burrowscope technical improvements have occurred over time too, and
the modd of scope we usedSextant Technology Taupe modeéxtant Technology
2014) allowed good visibility, ability to detect movement in the burrows, identify
spider webs, insects, leafatter, and to identify bird inhabitants to species level.

Objectives & 4 ¢ At sea distribution, behaviour and overlap with
fishing of Fleshfooted Shearwaters

Data were collected on foraging activity ieshfooted Shearwaterat our three

studysites. The main data acquisition occurred at Ohinau Islanddasglite

considerable effort to deploy tracking devicessults from other sites were sparse
Hence we don’t c¢ o m&tivelodthe attinite of theaTitidslandarmplr e s e
Lady Alicdsland / Mauimugopulations, and further data gathering is requirddhe

main results of our research on the foraging behaviourleghfooted Shearwater

are reported in Appendix 3. Summary results are presented here. Data from 62 GPS
loggers were collded across all sitesfrom a total of 97 deployments.

4.8 Areas exploited by foragin§leshfooted Shearwaters

A body of data from incubation and early chick rearing from Ohinau Island showed
that the birds are usinfoth shelf anddeep watergFigure 5and Figures 4 and 5 in
Appendix 3. Themain areas exploited wen® the east of their breeding site, with
intense areas of activity arourehsternCoromandePeninsulathe shelfbreak in

the Coromandel to Bay of Plerdyeas and off East Cape, and nédahia Peninsula.

Birds from Titislandtracked during this period of the year used waters both west

and east of the breeding site and appeared to stay on shelf waters to feed. The single
track of a bird from Lady Alice Island / Mauimua showed it moving north to feed off

of western Northland bfre the logger failednot shown)

Data for the early chick rearing period<€18 Februaryjrom Ohinau Islandvere

more restricted in range with birds foraging over easterly wabemboth shelf and
deepwater areas, but with less intense activitpad) the southern flank of Ea€lape

to the Wairarapa coaghan during incubationDuring chickrearing (early February),
the shearwatersontinued to travel far to the east of the New Zealand mainland, as
far east as 160V.

Note that we chose to split #hdata representations for these periods by date,

rather than in relation to thdreedingactivity of the individual birds tracked, to
allow easy of application of the results to any management activity.
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4.9 Fleshfooted shearwater behaviouand relationshipto marine
environmental variables

We examined the travelling speed and tortuosity of the shearwater tracks, and
found no signal in the data to indicate dedicated searching by birds during their
foraging trips (areas with high turning rates and lower sjgerheseresults suggest
that Fleshfooted Shearwatersre using a strategy of long distance, looping flights to
encounter preyand spending little timexploiting areas of upwelling or strong
marine productivityNo overlap with seamount®(g, Louisvle Ridge, Chatham Rise
seamounts) or other marine features were discernable.

There was no discernable difference in the distributions ot Sadiace Temperate,
Chlorophyll or Salinity for the foraging data between when birds travelled relatively
slowly with sinuous tracks and when they travelled retaty fast and straightHigure

7 inAppendix 3.

4.10 Fleshfooted Shearwateractivity in relation to fishing effort

Our empirical data are restricted to January and February for examining overlap
betweenfishing activity and shearwater foraging areas. Our examination of other
studies (principally T. Reid, unpublished thesis), suggests that it may be viable to
estimate foraging zones for the species during early incubation (December) and late
chickrearing(March—May) on the basis of the January incubation period
distribution data. The range of the species during the-laggng exodus (late
November to early December) is difficult to predMte examined the potential
overlap of birds with fisheries in @w periods, December (Incubation), January
(Incubation), February (Early Chigaring), March- May (late Chickearing) using
tracking data from Ohinau Island and Titi Island to generate kernel density plots for
these periods. Wexamined thepotential overlap ofthe foraging activitwith the

effort by Trawl, Bottom Longline, Surfacengline and Setnet fisheries. Detailed
results and by season / fishery plots are showfigares 9-12 inAppendix 3.

For Bottom Longlinésheries a fairly consistenevel of overlap was estimated
throughout the four periodsKigure 8 il\ppendix 3. Forthe otherfishingmethods,
overlap increased duringarly February compared to other periods. For Demersal
Longlinefisheries areas of highest overlap were near theeeding site in eastern
Coromandel, and off Mahia Peninsula. For Pelagic Longline, overlap was most
intense off the shelf break and deep waters across the Bay of Plenty from
Coromandel to East Cape. For both Setnet and Trawl fishing intersected strangly o
the shelf waters near the breeding site in Coromandel, for February for Setnet and
throughout the breeding season for Trawl.

4.11 At-sea datasets
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We used a variety of observational datasets collected at sefartioer define the
range of the species thtmghout the year. The most informative of these was the
container vessel Hninute count dataset, which showed that birds were active in
the New Zealand area in particular north of the gupical convergence (from the
Chatham rise, northwards) in the bréi@g season (December to Majchvith a
strong concentration of bird sightings near to Bay of Plenty and North(iigaire6).
In April and May, the number of observations diminished, andfaassed inthese
same areass earlier in the breeding seasolne species was not observed during
June—August in New Zealand or eastern Australian waters, confirmingxbdus of
birds inwinter, as they migratéo northern hemisphere areas during these months
(Rayneret al.2011) Birds returned to areas north @fook Strait from September to
November, with most sightings along the Bay of Plenty to Northland area of the
North Island.

Bird specimendheld in Te Papa collections provetiemformation about the location,
status (breeding, age, sex) of birds, wherealled datawere recorded about their
collection eventsOf fifty-five specimens in the collection, most were collected from
coastal areas or from known breeding sites. Oig Fleshfooted Shearwaterfeld

by Te Papa, collected at seauld be used talescribe distribution data which acd

to the picture of the sightings atea presented abov@ote that at two locatios,

two specimens were collecte&igure 7. Similarly, the observer records of birds
captured at sea during fishing operations confirm the impression generated by our
GPS tracking data that the species activity is centred aroornith eastern New
Zealand from Northland to #tnMahia Peninsula areaigre 8).

4.12 Data collection problems

We encountered a number of challenges in gathering the tracking datasets described

above. Our first season of data collection was hampered by poor weatmed a ‘| at e’
start to the project, and this, combined with vgrong incubation periods (in excess

of 7 days) meant that few of devices deployed were recovered from birds at Titi

Island in January 2012. Similar problems were encountered at Lady Alice Island /

Mauimua in December 2012, to the extent that oolye GPSrack was generated

from this part of the study. At the time of these deployments, the work conducted

on Fleshfooted Shearwateren Australia was not available, whialould have

indicated long distance travel for the species.

To reduce these problemand to gather information about owbf-breeding
distribution,we purchase®80 LOTEK brand GLS loggem@were able to deploy 23

on breeding Flesfooted ShearwatersThese were deployed on all availablesh

Footed Shearwatersduring chickrearing at Lag Alice Island / Mauimua and Ohinau
Island in March 2012 and April 2012 respectively. Unfortunately, the batch of loggers
we were supplied with turned out to be faulty, and only 3 tracks were able to be
recovered from the 12 loggers recovered from thes&&i Low return rates for the

*The project started in December 2011, and it was agreed that the-ZP season would be a
‘“pilot’ season for the project.
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loggered birds were also a problem, and despite multiple visitsady Alice Island
Mauimua in 2012, 2013 and 2014, and multiple attempts to visit Ohinau Island 2012
- 13 and 2014, few of the loggered birds were encounteid have ongoing

problems with the datasets downloaded from these loggers, and are continuing to
work with the manufacturer to salvaghe data to describe their northern

hemisphere migration and breeding season activity. The lack of precision of the
loggers around the equinoxes (March and September) reduce the picture of
breeding and ngration data that we can gathefhese two months coincide with

both the deployment of the loggers, and the return of birds to New Zealand
followingthe austral winter moulin the North Pacific

Another challenge for the study was the small number of birds available at several of
the sites. At each locality, we had equipmenteployloggets on20—50 birds in

any one visit. However, breedifgrdswere not available tde caught in these

numbers at Lady Alice Island / Mauimua or Titi Isldadng incubation nor at

Ohinau Island in April 2012 during chigaring

We recommend that future foraging studies on the species be undertaken over
periods in excess of 20 days,order to capture representative datasets for any one
period of the breeding season.

GPSdgger configurations were set at 15 minute intervals, with pos&ve options
implemented. Afterextensivetesting, this proved the best compromise between
battery-conservation and detail of behavioural data. Longer interbatsveen fixes
(up to 1 h) did not significantly extend the totzdttery life possible withthe model
of I-Got-U loggerave deployed

5 Discussion

The study was fruitful in developing demopghac mark-recapturedatasets, study
sites for future research, and foraging datakleshfooted Shearwater northern
and central New Zealand.

The species populations are increasingly well known, with recent surveys on most
populations throughout NeviZealand Taylor 2000, Bakest al. 2010,Waughet al.

2013, this study)Our analysis aglandwide populationsurvey informatiorindicates
aprobable decline for thepopulation at Ohinau Island (Coromandel), but stable
populations at Lady Alice Island/fauimua (Northland) and Titi Island
(Marlborough).Modelling of demographic information from Lady Alice Island /
Mauimau indicated a potential decline in the study population, but with a
recommendation fo more intensive recapture efforts to ijpnove estimaéion of
survivorshp.

Recent landbased conservation efforts may have mitigated some of the population

impacts ofpotential fisheries mortalityRichard andAbraham 2013)Each of the
three coloniesstudiedhas had their introduced mammals eradicated (KiBattus
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exulanswvere removed from Lady Alice Island/Mauimua Island in 1994, Kiore and
rabbits Oryctolagus cuniculusere removed from Ohinau Island in 2005, Norway
ratsR. norvegicus/ere removed from Titi Island in 1970; Clout and Russell 2006).
Moreover, there has been very limited muttonbird harvesting in these regions in
modern time (Lyveet al. 2008, Gaze and Smith 2008hese efforts likely enhance
shearwater reproductive output which may be countering some of the negative
impacts fisheries mortéles could be having on the populations.

The population trend information at all our study sites is complex to interpret when
considering the whol®f-island ecology. Where burrow density is increasing, but
Fleshfooted Shearwater occupancy is stabledecreasing, it ipossible hat

increases in the breeding populations of sympatric species is occurring. At each site,
a larger and more aggressive burrowing species of seabird is present.obhe m
numerous species nesting on Titi Island is Sooty Shearywatile Little Penguins

are also common. At the other two sites, Gifaged Petrels are present in numbers,
and are known to evict earligresting and smaller species, such as Ffested
Shearwaterswhen thepetrelsarrive to clean out burrows in Apriwhen the
shearwaters have unguarded chicks in their burrokxgen fully feathered adulized
flesh-footed shearwater chicks are sometimes killed at this time of year.-(esd
petrels have a deep powerful bill with a needle sharp hook.

We recommendngoing monitoring othe Ohinau, Lady Alidsland Mauimua and
Titi Island populations of Fleghoted Shearwaters andther major populations
(e.g, Atiu / Middle Island, Karewa, and others in the Chickens Gr(@tigure ) to
providea more detailed picture of Fledboted Shearwatepopulation changes.

The species assemblage and population dynaatitise sitesare complex, with the
potential for multiple factors, includingossible lesshan-annualbreeding
frequency possible lowsurvivorship or poor attendance yearsnd competition
between species for nesting habitiat be influencing populatiogrowth.

It is clear from our examination of markcapture datasets (Barbraiet al.in press
Appendix 2 that there is no room focomplacency about the population trend of
the species, with the population at Lady Alice Island / Mauimua modelled as
decreasing (growth rate of 0.883 (0.859.916 95% ClI), based on average annual
survivorship estimates of 0.94 t087) for burrowcaudt birds and 0.756 (+ 0.027)
for surfacecaught birds. The datasets used in our analgitsved us to begin to
estimate age at first breedingt Lady Alice Island / Mauimua, and more effort is
required there to make most use of tlehickbanding undertake by A. Booth from
2000 t02012.Breeding success estimates requires a significant investment of time at
the study sites, with visits around hatching and prior to fledging recommended to
estimate this parameter.

At both of the markrecapture study sitewe visited, the maximum number of
accessible burrows was monitored in each breeding season, thus discussion of
optimal sample sizes is somewhat moot. Further activity would have required a great
deal more effort €.g, to set up study burrows in a separatelony). However, the
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standarderror on the survivorship estimates is less tiafin both cases, and may
be acceptable for most population modelling applications.

The foraging study has allowéar a firstdetailedpicture of the areas exploited and
kinds of habitat used blfleshfooted Shearwatertn New Zealand wateydut our

data were mainly gathered at Ohinau Island, which may represent the Mercury
Islands cluster of populations well, but may not adequatelyespnt the Northland
populations These data showthat there is strong potential for interaction with
fisheries of 8 maincapture methodgPelagic Longline, Demersal Longline, Trawl and
Setnet) in the areas routinely exploited by the spediesn Ohinaulsland

The most intense overlap occussth mostof the fishing methodgDemersal
Longline, Trawl and Setnetyring the period when the birds range arsaestricted
by the need taegularlyfeed small chicks, in early chiokaring {.e.,early February).
Thistime of restricted foraging range coincides with periods when fisheries are
active in the shelfand slope areas near the breeding sit@sthe Coromandel
region.

Pelagic @ngline fishing maily occurdurther offshore than Demerdad.ongline, Trawl
or Stnetfishing andhas a fairly even amount of overlap with the species range
from Ohinau Island during theifferent parts of thebreeding season.

Our examination of multiple adea sightings datasets confirms that the species
range as described b@PS tracking from Ohinau Islaguad the small datasets from
Marlborough, is fairly representative. In particular, there is a major concentration of
activity in the zone between Mahia Peninsula and eastern Northlanderstanding
the detaled movements of birds from key sites in Northlasdch as Lady Alice

Island / Mauimuais necessary to improve oknowledgeof how the large
concentration of birds ithat region use marine areas.

The exodus of birds from the New Zealand zone in fuAaigust is confirmed from
ship-borne sightings although the occurrence of occasional fisheries capture records
in this period suggests a few birds may remain in the zone at this omme outlier
locations e.g, in waters south of Cook Strdiave ben indicated by the fisheries
capture and Te Papa collections data, and lend an additional lens through which to
examine species range. Further work to describertttezements of birds when they
are notbreeding is needed to provide quantitative data onithectivity.

6 Recommendations

1. Ongoing population monitoring is recommended at the three sites we
studied: Lady Alice Island / Mauimua, Ohinau Island and Titi Island. This
should involve assessment of population size, nesting density, burrow
occupancy anéxtent of colonies. Studies between 15 Dec and 15 Jan are
recommended, for 34 consecutive years.
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2.

Hw

It would be beneficial tgather critical data (nest density and occupancy) at
other breeding sites in Northern New Zealand. We recommend that these
studiestarget Whatupuke Island and Coppermine Island (Chicken Islands
group, Northland), Atiu Island / Middle Island (Mercury Islands, Coromandel)
and Korapuki Island, Bay of Plenty for these studies due to the large sizes of
populations at eachWe recommend @aned ay Ith-ite@ack’ on t he
populationswith the aim of inspecting 108200 burrows by burrowscope,

and running a number of transects to assess density for the populations at a
representative area of the colony

We recommend that furthemark-recapturestudiesbe focussed on Lady

Alice Island / Mauimua and Ohinau Islands, with banded study populations
established at both sites. The colony sizes in accessible areas at each site
determine the size of the population that can basilymonitored. There is
always a tradeoff between effort on the siteq.g,, number of personnel,
number of areas visited) and impact on the site, andfeetwe generated

high quality data with a maximum of four researchers per site, for periods of
2 —6 weeks, with minimal disturbance.

For MarkRecapture studies at Lady Alice Island / Mauimua and Ohinau
Island. Samples sizes of 50 or more study nests aeipable at both sites,
but recapture efforts need to be consistent and recover a higher proportion
of individuals (greater than 30% per annum) to provide robust survivorship
statistics. In reality, the site characteristics (remote, and with logistical
limitations) are most likely to be the limiting factors for sample size and
ability to representatively describe the populations at these or other sites.

Breeding parameters (agm-first reproduction, reproductive success)
require longterm efforts and mitiple visits per annum. At Lady Alice Island /
Mauimua, recruitment information is most tenable to collect, with an
average age of 6 years of birds recaptured to date.

We would not recommend further intensive markcapture studies at Titi
Island, dueo the small size of the population, its fragile soils, and low
representativeness of the population compared to other larger breeding
populations in the northern part of New Zealafk this site lacks water
sources and research support structures, inisre difficult to develop long
term studies there than at the other sites visited during the study.

Analysis of the transect survey method used in our studies indicates that GPS
logged transects, combined with detailed perimeter mappingl enultiple
occupancy samples within a colony provides robust, adaptable, and
convenient assessment for the sites visited. TWasfacilitated by prior
knowledge of the sites. Alterations to the method might be warranted where
the locations of colonies are unknowe.g., more searchego locate colony
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areas, fewer transects). In any case, we recommend a higher level of
burrowscoping (particularly to provide multiple occupancy estimates for each
colony) than has been applied previously.

9. For the foraging data and analg, we recommend ongoing research at
Ohinau Island during December, and late chiekring (March- May), and
further data collection at Lady Alice Island. It would be feasible to conduct
further GPS tracking studies at Titi Island, where the small ptpala
provides information about the southerly range of the species, from a
relatively accessible and eaBy-navigate site.

10.Werecommend deployment of further devices to trac&n-breeding period
activity.
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9 Figureheadings

Figure 1 Islands with known extant Flesboted Shearwater breeding colonies.
Bolded numbers indicate islands that were visited as part of this stdyiti Island,
2= Te Henga/ Bethells Beach, 3= Karewa Islandfufiddle Island, 5<Green
Island, 6Korapuki Island, 7Bouble Island/Moturehu, 8= Ohinau Island, 9= West
Chicke/Mauitaha Island, 10= Lady Alice Island, 11= Whatagsland, 12=
Coppermine Island.

Figure 2Lady Alice Island/Mauimua showing location$-tE#fshfooted Shearwater
colonies (yellow) an@rey-facedPetrel only colonies (green). Seveteshfooted
Shearvater colonies were identified and surveyed during the project. Colony 1 is the
study colony, and near the field hut and landing beach. Colonies at this site have
numeric names only (1, 2, 3, 5, 6, 7a, 7b,,&n@ 10) corresponding to the same
areas sureys by Baker and colleagues (2010)

Figure 3Titi Island showing locations of Fleiloted Shearwater colonies (yellow).
Nine discrete colonies were identified and surveyed during the project. Colony
names are la Camp colonylb— Scout; 2- Colony 23a— 3 legged West; 363
legged East; 4 &-6Twin Sistes; 7— Titoki; 9— Ongaongal0— Kitchen, numbers
correspond to the areas identified by Baker and colleagues (2010).

Figure 4Ohinau Island showing the perimeterskiéshfooted Shearwatecolonies
surveyed during 20:2014.Colony names are as follows-5tudy Colony; 3 Slot;
4 —Hilltop; 5— South Colony; 6 South Point; 8 South of the Gully; 9a Epic
Mealtime; 9b— PohutakawaSouth Pointvas not burrowscopedt would not likely
increase the island population significantly due to its low burrow density
(0.0115/nf).

Figure 5 Breeding season locations of foraging trips for Ffestted Shearwaters
tracked with GPS loggers from Ohinau and Titi Islaftks.upper and lower figures
represen kernelled density plots during the incubation period (January) and <chick
rearing period (February), respectivelyhe dotted lines represent the 1000m
bathymetrycontour.

Figure6. At sea data from 10 minute shiprne countssummed across yea($970s
—19809. Points are scaled by the number of Flésbted Shearwater seen at each
point (red dots 200 birds), grey crosses are locations of observations where no
Fleshfooted Shearwaters were observedtarting with the figure in the upper left
hand caner and moving clockwise, incubation to early chielring period
(December to March), late chigkaring period (April to May), winter (June to
August), and return to the colony from migration and {iaging period (September
to November).

Figure7. The collection sites of Fledlooted Shearwaters that were gathered at sea
that are now held by Te Papa.
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Figure 8 Locations where Flesiooted Shearwaters were caught as fisheries
bycatch.a)incubation to early chickearing period (December to March; n£3),b)
late chickrearing period (April to May; n = 43))winter (June to August; n =2), and
d) return to the colony from migration and p#aying period (September to
November; n = 66).
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10 Table headings

Table 1 Details of Flesiiooted Shearwaterwveys conducted during the breeding
seasons of 20:2012, 20122013, and 2012014.

Table 2 Density and population estimates Bfeshfooted Shearwatecolonies at
three islands surveyed during the study.
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Table 1

Estimated Total length of
Area population* surveys (m;  Burrows
Island (ha) (breeding pairs) Dates # oftransecs) inspected
Lady Alice 155 921 (23#1605) 28 Mar6 Apr 2012 1793 (39) 271
8-19 Dec 2012 877 (14) 166

Ohinau 43 2071 (9433200) 11-14 Apr 2012 1268 (26) 299
18 Jar18 Feb 201:2617 (73) 399

Titi 32 337 (6950) 9-17 Jan 2012 3238 (63) 136

11-14 Jan 2013 134 (3) 142
* estimates + 95% CI from Baladral. 2010.




Table 2

Estimated
burrow Estimated Estimated #
Island density occupancy of occupied
(season) (m?) rate burrows
Lady Alice 1 7868 0.0685 0.1810 98
(2011-2012) 2&3 33722 0.0563 0.2069 393
5 5545 0.0753 0.1333 56
6 4287 0.0665 0.1167 47
7a 8169 0.0742 0.0456 27
7b* 10027 0.0836 0.0000 0
8 33800 0.0306 0.0857 89
Ohinau 1 25163 0.1037 0.3379 882
(2013-2014) 3 592 0.0906 0.4839 26
4 5455 0.1682 0.3438 315
5 3790 0.2247 0.5122 436
8 3270 0.1617 0.3448 182
9a&b 11680 0.0710 0.3404 283
Titi la&b 2112 0.0625 0.0652 9
(2011-2012) 2 1373 0.1440 0.2587 56
3* 3669 0.1093 0.0000 0
486 3199 0.1043 0.0698 23
7 1300 0.0823 0.2273 24
9 1286 0.1612 0.2157 45

* plots were surveyed because previous work found some Flesh-footed Shearwaters



11 Appendices
Appendices are available upon request (csp@doc.govt.nz).

Appendix 1 Anassessment of recent population trends of Fiésbted Shearwaters
Puffinus carneipelsreeding in New Zealand.

Appendix 2.Survivorship in Flestooted ShearwatePuffinus carneipeat two sites in
northern New Zealand.

Appendix 3.Fleshfooted Shearwater foraging and overlap with fisheries in New Zealand
waters
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