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Preface

The legend of Te Kawatloru

TKS {KIF3 1SLIi o6& ¢2NHzZ YdzLlS
Kawaua-Toru. A King Shag, also known as a cormorant, oy
to Kupe, the first knowia n 2tdl#isit Aotearoa. Te Kaweas

C2NMz LIRPaadSaary3d | KdzaS GAy:
oftheanced 2 NBE ¢ | &LISOALFf ©0ANR ¢
knowledge.

Te Kawawa-¢ 2 NHzQa 2206 ¢l a G2 GSai
around Aotearoa for Kupevhile testing the currents at Te
Aumiti (French Pass passage) he was warned by the local
shags to wait for thehange of the tides, as the water would
then be slack, he answered saying he had to do as his mas
requested. So, he swam into the currents of Te Aumiti, the , .
current was far too strong and dragged him under. One of hiFigurel. K & | dz  LJn (Kid Shdg ST
wings hit a rock gnd broke off, ame vanished into the swift ga;/v aug’f( i N‘?Z y%lég ; Z“E ;ngg
currents and perished. Te Kawai 2 NHzQa &6 A Y 3 ‘ancient knowledgePhoto Dan Burgin.
reef stretching across the channel from Rangitoto ki te Tong._.

05Q! NDAttS LatlFyRO (2 (0KS fA3IKGEK2dzaS YIFENJAYy3a (GKEC

When you stand on the road looking dowrid Te Aumiti at low tide you can distinctly see how the
reef is shaped like a shags wing.

As told to me by Roma Elkington,ifig<oata Kaumtua, and Kuru Pongi Landowner.

Figure2. The strong currents of Te Aumiti overcame Te Kaav@iaru, who perished whilst testing the waters for Kupe, his
wing forming the reef which runs to Rangitoto ki te Tonga.
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Introduction

K 4| dz LJn (K8dS®g(ISiicEerrb@arunculatuyis a arge (length 76cm, weight 2.5kg) black
and white marinecormorant restrictedo Te Tauihtb-te-waka/MarlboroughSounds iarchant and
Higgins1990).

KingShag are part of the blueyed shadeucocarbospp. groupa highly speciose group exhibiting a
circumpolar Southern Ocean distribution, with 17 currently accepted species and subspecies, many
endemic to single island groups (Kennedy & Spencer 2014; Ravetealc2017). They show

remarkably shallow evolutionatyistories among islardndemic lineages, consistent with a recent
hightlatitude circumpolar radiation. This rapid sémtarctic expansion contrasts with significantly
deeper lineages detected in more temperate regions such as South America and New Hesland
may have acted as glacial refu¢iRawlenceet al. 2022).

Prior to Polynesian settlement of New Zealand inltite 13" Century King Shag were widespread
around the southern North Island and northern South Island but experienced range restrictions,
likely after and because dPolynesian arrival (Rawleneeal.2017)

CurrentlyKingShag breed on a limited number odcky islets and cliffdfiroughout Te Tauiheo-te-
waka/MarlboroughSounds Figure3), within small colonies of-80 nestgMarchant am Higgins
1990, Bell 2010, Schuckatlal.2015) From 19922018 the total population has been estimated at
645-839 birds, and 10287 breeding pairs (Schuckard 208&jl 2010, Schuckast al.2015). With
the population appearing to have been stable for at least the past 50 y8alaickard 2006).

Figure3. King Shagreeding at Tawhitinui, Te Hoiere/Pelorus Squamatypical colony a# is located on the mainland, not
an offshore islet.




KingShag arevery timid, especially when nestingading some authors to suggest trsitidieson
this specieshould not invole landingon breeding sitesr handlingbirds (Nelson1971, Marchant
and Higgins 1990).

Up to 2018 studies of King Shag foraging ecologydizeen limited to studies on diet from
regurgitated pellets (Lalas and Brod®98) and observationsf birdsfrom boats(Schuckard 1994,
Schuckard 2006isher and Boren 201;2)ith no instrumentation of birds carried out

Birds from the Duffers Reef colony had a mean foraging range of 8km (maximum 24km) (Schuckard
1994) and 10kmrhaximum 18km) from Kuru Pongi/North Trio (Schuckard 2D06 a study of

Admiralty BayFisher and Boren (2018)und most King Shag foraged in the outer reaches of the
Admiralty By.

The only published information on the diet of King Sbaginatesfrom 22 regurgitated pellets
collected in 1991 and 1992 (Lalas and Brda®88), that identified\itch (Arnoglossw scapbaa
right eyed flatfish accounted for 90% of the prey.

Organised via the King Shag Working Group (see belew)studies were runancurrently to this
research projectAs this projecinvolved landing at colonies to capture birds, to maximise use of this
accessthe Department of Conservatidnnded studies relating to diet and breedibghaviour via

trial cameras established at coles.

The diet of King Shag was studied using over 300 regurgitated pellets collected at colonies
throughoutTe Tauiheo-te-waka/MarlboroughSounds duringandings (vamler Reis and Jeffs 2021,
Lalas andchuckar®021) This confirmed that King Shag angportunistic generalist predators
targeting benthic fish speciekKing shag diet was dominated by Wit€hrested Sole and Opalfish,
although the proportion of different prey was influenced by sex, colony location and season
(breeding vs noibreeding seaso) (van der Reis and Jeffs 2021).

Figured. Adult King Shag on the water in Horseshoe Bay, Te Hoiere/Pelorus BoatodDave Boyle.




Related to dieta study investigating the indirect effects @mmerciafishing on King Shdgraging
wasalsocarried out (Taylor 2020Q)investigating changes over time in harvest levels, fishing effort
verse catch rateand spatial change in fishing effaltiven by decreased catch ratbstween 1989

90 and 201819. Changes in fisheries reporting methods in 28@Tplicated analysis. There was no
evidence of reduced harvest or shifting of fishing effort in respond to decreased catches. However,
was evidence of an increase in fishing effort as a response to lower cattiafybycelated to the set

net fishery.Flatfish nade up 1537% of the commercial fisheries catch (Taylor 2020).

Again, during landings at colonies trail cameras were installed and serviced at four cdlomies;
review ofthis footage significantly increaglehe knowledge of King Shag breeding behaviour
(Gummer 202). Nesting territories were retained yeaound but not strongly defended by
DecemberNest-building commenced in Februadypril, when birds started to sit on nests by day but
only sat on nests atight aftereggs had been laidNestbuilding extended over many months,
particularly at exposed, lodying nesting areas vulnerable to wave surdes/ing occurred in Mareh
May over5-10weeks, depending orthe colony.Clutch size was-2 eggswith aslong as 13 days
between the first and last eggidubation was 282 days with lae hatching chicks often not
surviving Replacement clutches were only occasionally laid after failure at either egg or young
nestling stage and were unsuccessihicks remaied guarded for approximately a month when
they left the nest and formd creches. Chicks reached adult size by 6 weeks old and were fully
feathered at 2 months. Many juveniles disappeare® 4nonths after fledging, considered to have
either peristed or dipersed(Gummer 202}.

With little known about the ecology of King Shadnistorical lack of understanding on how the birds
interact with aquaculture has been used to oppose marine farm resource consents. With this in
mind,in 2018the Marine Farming Assi@ation (MFA) formed the King Shag Working Group which
includes representatives from the aquaculture industry, the Ministry for Primary Indudinigs,
Marlborough District Council and the Department of Conservafidre primary aim of the working
group was to coeordinate and guide sciendeased research on King Shag.

In 2019, MFA partnered with Seaford Innovations Limited and industry members to fund an
extensive research programme on King Shag. The 4wae project includd chick banding and GPS
tracking of adult birddo understand aspects of King Shag foraging ecomgyjval,and breeding
biology.

This report summases the results of the thregear MFASeafood Innovations Limited research.
Results are separated into Chapters, each focusirgdjftarent aspects of this research.



Chapter IBNBSRAY 3 LRLMA FGA2Y 2F {1
Shag (Leucocarbo carunculatus) in the Te Tanitit
waka/Marlborough Sounds 282021.

Mike Bell

Summary

The breeding population dfawaulLJdn G S1 S G S 1 S eu¥oraybd cafuriclilawas surveyed
during the 2019, 2020 and 2021 breeding season using a combination efMimgdircraft, boat
based and Unmanned Aerial Vehicle (UAV) surveys. In addition, ased survey of the entire
outer Te Tauihtb-te-waka/Marlborough Soundwas conducted each season to ensure all colonies
were censusedWith recentresearch highlightingeveralpreviously undescribelreeding traits of
King Shagssessment of photdellowing the fate of individulenests throughout the breeding
seasonwas undertaken to estimate the breeding populati®etween201%2021,an estimated
287-326nestingpairs E¥303 pairs\ere recorded from 9 locations throughotlie Tauiheo-te-
waka/Marlborough Sound$©n average % of the nesting pairs comprised nbreeding pairs on
empty nests, likely young pitereeders or older notbreeders which having lost partners are in the
process of gaining new ones. These results are 9.5% higher than previously racsirdgike
highestsingleday annual counfrom fixed wing aerial surveys; and represent a more accurate
method of determining the population size of King Shag. Furthermore, with no gitoutidng,
results of aerial surveys prior to 2019 have likely underestimated breguaipglation size, as
colonies were likely to have been missed in certain y&drsse results highlight the importance of
groundtruthing the breeding range/colony locatiortseforehand to ensure atlurrentbreeding
colonies are surveyedt is also recomnmaded thatcarrying out multiple surveys each seassn
necessaryo enable individual nest fates to be followed thereby allowing accurate census of King
Shag breeding numbers. This methadbws for inter-colonybreeding gnchronicity and extended
egg layng in King Shag amslrecommeneéd for future surveys for this species as welbteer
Leucocarbashags, but likely applies to all cormorant species.

Introduction

wS3dzZf F NJ F SNAI f adzNIISe a (LedeocirbogchrdnculatiéaSe b8ein S| Sk YA y 3
undertaken since 2015 to estimate the breeding population during the breeding season and to

determine population numbers during the ndmeeding period. Aerial survédyas proven to be a
practical,rapid,and costeffective method for surveying this species across its entire rangstia

few hours with minimal evidence of disturbance (Schuclaral. 2015, Schuckaret al.2018).

Results reported to date have estited the breeding population as the highest count of nests with
eggs or chicks across all colonies on a single day, with surveys timed to be durkiigcpbakion

each breeding season (Schuckatal.2015, Schuckaret al.2018, Schuckard and Frost 20B@|I

et al.2022).However,new research has recently shown thats approach does not consider several
key features of King Shag breeding ecology:

1 The timing of breeding can vary markedly among colonies with asynchronous breeding
regularly recorded eackeason (this study).



1 The long duration of the egg laying periéggiimmer (2021jeported that egg laying
extended across@.0 weeks at individual colonies.

1 Relaying following nest failure is rar&ummer (2021jound that replacement clutches are
seldan laid and, when observed, were never successful.

1 Results fromhis study (Chapter 4howthat King Shagxhibithigh nestsite fidelity.

Based on the new information listed abqitis now considered thatreviously published breeding
population estimates, solely reporting the highest singggy annual count, havikely
underestimated the total breeding populatiowith a total adult population of <100dividuals of
which only about twethirds breed imanygivenyear, under or oveestimationof the King Shag
population will likely impact conservation management and decision making for this species.

Standardisation of research methodology is imperative for comparative studies of population data.

Eachse a2y Qa | SNRAFf adz2NBSe KlFra F2t€t26SR | aAYAEt L NI Y
all known colonies. Some colonies have been fourigetabandoned and new/previously

abandoned sites restablished especiallysmall cdonies tended to be occupied sporadicdtly

breeding Even larger colonies can occasionally shift between sites (this study). There is often a delay

in discovering that a colony has shifted, which means that previously reported population estimates

may have underestimated the total breeding population.

This report presents the results fixedwing aircraftaerial surveysboat-basedsurveys, and
photographs taken from a cameexuipped UAMuring the 2019, 2020 and 2021 breeding season
to determine the King Shag breeding population more accurateting this time

Methods

SQurveymethodology

Aerial surveys of King Shag colordessing the 2019, 2020 and 2021 breeding seasons were carried
out with a Cessna 18ixedwing aircraftusinga specialisedamera mounted on the underside of

the aircraft. Once triggeredt took photographs automatically, with the aircraft flying a pre
programmedGP&controlled course. Each season, betweeg fixed-wing aerial surveys were
undertaken. For detailed informatioon methods used for each of these annual aerial surveys see
Schuckard and Frost 2020, Bslhl.2022.

In addition, to improve on earlier aerial surveys, which had missed coldreasbased surveys
were conducted in the outer Te Tauikaite-waka/Marlborough Sounds to search for additional
colony sites, therebgnsuringthe aerial surveys included all established colonies. During these
surveys, observations and images of all known colonies were coll&otadboth the boat and a
UAV.

Aerial fnotograph assessment

Images from each colonwithin a seasoywere assessed togetheegardless of survey type (fixed

wing, boatbased or UAVForimages of a colony taken on the first date, each individual nest site

was numbered, and its fate tracked on images taken during subsequent surveys in the same season.
Thus, it could bedeterminad if eachnest was used for actual breeding, as opposed te ionwhich a

bird wasoccupyingan empty nest. At each colony site, on every survey occasidivjdual nests

were categorised into the followintipree categories so that breeding could be followed through the
season:



1. Empty nest-one or two birds standig upright by an empty nesbr loosely gathered
nesting materialandnot incubating.

2. Incubatingapparently incubating- one or two adults sitting horizontally on a nest (thought
to be either incubating eggs or brooding small chicks). Following individgtd through
time it was possible to confirm that apparently incubating birds were breeding as opposed
to occupying empty nests.

3. Chick- nests with one or more chicks clearly visible with one adult, two adults, or a chick
alone.

This method of followinghe fate of individual nests across multiple surveys throughout the season
meant that the breeding status of each nest could be determined accurately. All nests categorised as
apparently incubating were later either confirmed to be incubating or were lsgen with chicks. As
such, applying a correction factor to account for empty nests categorised as apparently occupied
nests as in othekteucocarbstudies was not warranted (Parker and Rekieiber 2022).

If a new nest appeared after the initial image ( in the second or third image in a series), previous
images werge-assessed to determine bird activity at this location. These were categorised as
follows:

1. Nothingc there was no bird present at the nest site, nor any nest material.

2. Bird on territory ¢ one or two birds standing upright at the nest site with no visible nesting
material. We presumed that these birds were occupying the nesting site but had not yet
started nest building.

As King Shags appear to have highfiitelity and relaying is rardGummer 202}, we assumd that

any failed pairs were unlikely ftavemoved to a new site. Consequently, each actively occupied
nest site was considered to represemnestingpair (but see below regarding determining breeding
status of pairs)Further, following individual nest fates to determine breeding status enabled issues
around the extended egg laying period of King Skagr(mer 202}, correcting for occupied ku

empty nestsand intercolonysynchronicity to be resolved (Figurg.l).

Following individual nests throughout the season, the breeding status of each nesting pair within the
colony could be determined. With each nesting gategorisedas bllows:

1. Bredling pair- nest where breeding was confirmed throughout the series of images during
the season (with an egg or chick confirmed in at least one image in the series to confirm the
actual breeding did occur).

2. Non-breeding pair (emptynest) ¢ one or twobirds standing upright on/or by an empty
nest or loosely gathered nesting material, which throughout the seasamot utilised for
laying Considered to be younger pleeeding pairs or older birds following mate loss in the
process of gaining a new padr.



Figurel.l. Aerial census methodology needs to account for nest status, are apparently incubating birds actually on eggs, or
sitting on empty nests? Furthehe extendedaying period in King Shag as shown haséth birds yet to lay, incubating,
and with large downy chicksneeds to be factored in. King Shag nesting on Hunia Rock, Port Gore, 17 June 2022.

Resultsaand discussion

Between X2 fixedwing aircraft aerial surveys were undertaken each season, supplementegBby 2
boat and/or UAVbased surveys. In 2019, there was an equal number of-fiiad aerial surveys (n

= 2), boatbased surveys (n = 2) and UAV surveys (nEr@n2020, no lbat-based surveys were
undertaken,as all surveys from a boat from this time utilised a JFablel.1).

Tablel.1. Number of surveys of King Shag colonies for which images were assessed for breeding for
population estimates, 20:3021.

Season Fixedwing Boat based UAV
2019 2 2 2
2020 2 3
2021 1 3

From 203 to 2021, by followindhe fate of individual nests (Figule?), a revised estimate of 287
326 nesting pairs of King Shag were recordetl2 locations throughout the TEauihuo-te-
waka/Marlborough Sounds (Takle2, Figurel.3). These resultaveraged.5% higher than those
reported in previous studie@53299 breeding pairs) usirtge highest singlelay annual counfrom
fixedwing aerial surveyESchuckard and Frost 20Z8llet al.2022).



Figurel.2. Comparison of UAV images from a section of the Kuru Pongi/North Trio King Shag colony in 2021 showing how
individual nests can be followed to confirm nest status through time. Left image, 1 October, most birds apparently
incubating. R|ght |mage 21 Nov, with nests in the same area mostly with chicks.

Counts from 20162021 include the entire King Shag population as in addition to the-fisieg

aerial surveys each season, a bbased survey was conducted in the outer Te fiawoite-
waka/Marlborough Sounds each breeding season to check for any additional colonies. Before this,
because only known colonies were flown over, it is likely that new colonies were missed in the
population surveys during certain years (especially 201 2018).

On average, 4% ofests remain empty throughout the seas@mange 17.3%, Tabld .2), thesewere

probably ones occupied mon-breeding pairgyounger birds yet to start breeding, or older birds

courting new mates after loss of partnersjost ofthese occurred on the edges of colonies, an
20aSNDFGA2Y &adzZLILl2NISR 0@ DdzYYSNIRA OHNHHO FAYRAY:
the periphery of the colonies, were never laid @md theywere considered to be occupied by less

experienced bird, probably prebreeders. From 2082021, an average @P6 of nests remained

empty throughout the season, suggesting that arod@fl of King Shagestingpairs at each colony

involve prebreeding birds.



Tablel.2. Number of breeding pairson-breeding pairsgmpty nest¥ and total number of
nesting pairsat King Shag colonies in tie Tauihto-te-waka/Marlborough Sounds
between2019-2021.

2019 2020 2021
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Kumutoto Point NS NS 2 2
TheTwins 17| 4 | 21 | 17 1| 18 4 1 5
White Rocks 30| 0 | 30| 30 0| 30| 28 4 32
SentinelRock 0 0 0 0 0 0 0 0 0
Tawhitinui 26| 1 | 27 | 24 1| 25| 27 2 29
Duffers 89| 2 | 91| 86 1|87 | 77 3 80
Moturaka/ The Haystack 16| 1 | 17| 22 | 0 | 22 | 19 1 20
Hunia 18| 1 19 | 18 0| 18 | 19 0 19
Tekuru Kuru/ Stewart Island 0 0 0 0 0 0 0 0 0
KuruPongi/North Trio 48 | 1 | 49| 45 | 0 | 45 | 70 7 77
Kuru Pongi/South Trio 38| 1 | 39| 32 0| 32 0 0 0
Rahuinui 32| 1 | 33| 18 0| 18 | 22 1 23
Total 314| 12 | 326| 292 | 3 | 295| 266 | 21 | 287

Note: NSnot surveyed in that season unlikely to ocewoost not known toexist at the time of the survey, and it is unlikely that it was
present at the time of survey.



Figurel.3. Location and relative size of King Shag colonies recorded in the Te-Gstihu
waka/Marlborough Sounds 2012021.
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During the 2019, 2020 and 2021 breeding season a total 6B28hesting pairs of King Shag (mean
= 303 pairs) were recorded. Furthermore, boat surveyth@fentire outerTe Tauihto-te-
waka/Marlborough Soundsnsured ground truthing that all known colonies were included in the
surveys. Utilising multiple surveys and following the fate of individual nests estimates the breeding
population at 9.5% higher than previously recordesingthe highest singlelay annal courn from

fixed wing aerial survey$chuckard and Frost 2020, Bslal.2022).

Around 4% of King Shag nesting pairs at each colony, on average, were assessed-twrdxxiprg

or nonbreeding birds. Prereeders comprise mostlyc8-yearold birds K I & Kl @Sy Qi @& S
breeding. Norbreeders are assumed to be older birds that have lost partners and are in the process
of gaining new ones. If this assumption is correct, then 4% is a relatively minute buffer-of non

a
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breeding birds against any stochiadbsses that the breeders in this small population might
experience (e.g., climate induced extreme weather events).

However, this may be balanced by a larger pool of immature birds. A comparison of counts during
the preceding norbreeding season (refleicty the total population), to the breeding census results
presented in the current study, found that 72% of birds were involved in breeding (Chapter 2). This
will be the proportion of birds <3 years old, which do not yet show anybpeeding behaviour and
therefore, no nest occupancy. So, despite a small pool efgereonbreeding birds, with around

30% of the King Shag population consisting of immature individuals, there is a relatively large pool of
birds to prevent stochastic losses.

Population estimtes will be most accurate when as many breeders as possible are attending nests
and is typically at peak lay (Parker and Reé}eber 2022)However, folLeucocarbghags which can
have extended egg laying aadynchronousnter-colonybreeding conductingsurveys at peak lay
across the entire breeding population is challenging due to the resources required. In this study,
using multiple survey methods and following individual nest fate to accurately census annual
breeding populations provided a more accgranethod and therefore, results are considered more
reliable as being reflective of the true population size.

Groundtruthing the outerTe Tauihtb-te-waka/Marlborough Soundsnsured all breeding colonies
were surveyed. Methods for earlier censusesmtd include ground truthing and it is likely that
some colonies were missed in during some seasespecially 2017 and 2018.

For example, in 2017, Kuru Pongi/North Trio was abandoned by King Shag as a breeding site. It is
probable that the birds shiftetb Kuru Pongi/South Trio, although this site was not surveyed that

year as it was not known to be used for breeding at that time. About a third of the birds returned to
Kuru Pongi/North Trio in 2018, but again Kuru Pongi/South Trio was not surveyedhAfB&18
ONBSRAY3 aSlrazy | f20Ff baIndA Y2FGF FAAKSNYI Y
Pongi/South Trio that year (R. Elkingfeers comn) and a photo confirms birds present on Kuru
Pongi/South Trio in 2017 but was unable to be used to counshlte: to distance from the colony

when the image was taken (Rob Dpéfrs comnj. This strongly suggests that population counts at

the Kuru Pongi/Trios group undestimated the breeding population there in 2017 and 2018.

Likewise, in 2015, 27 pairs wereepent on Sentinel Rock, but these declined sharply in 2016 to nine
pairs and further to six pairs in 2017, after which the site was abandoned. In 2018, after the breeding
season, King Shag were discovered to have brddainraka/The Haystackl. Blispers comn). In

2019, wherMoturaka/The Haystaclas surveyed for the first time, 17 pairs were present. The
numbers have stayed relatively stable since then, with 22 and 20 pairs recorded in 2020 and 2021,
respectively. Given this sites proximity to SentiRetk, it is likely that birds colonising

Moturaka/The Haystackad emigrated from that location. The timing of this shift coincided with an
upsurge in recreational fishing activity around Sentinel Rock (Aiden fimaeommpersonal
observation). On any given day many boats can be seen around the island. The topography of the
seafloor at this site means that targeting kingfish here requires fishing close to shore. This may have
increased the level of disturbance to the King Shag nesting thawsjrggy them to abandon Sentinel

Rock the site in favour dfloturaka/The HaystackBecause the latter was not identified as a nesting

site in 2016, 2017 and 2018, the number of birds breeding in this region were probably
underestimated.

These results higlght the importance of carrying out multiple surveys in a season to cover the full
span of the egdaying period and using grourtclith checks to ensure all active breeding colonies

NE



are surveyedAccordingly, future breeding censuses of the King Shag pbguay a K2 dz R Ay @2 €
surveys during the egg laying period, with some assurance that all colony sites will be included. The
resulting counts from the aerial imagery, taken either from aircraft or UAV, should be analysed in

ways that allow the fate of indidual nests to be followed, thereby more clearly determining the

breeding status of their occupant§his recommendation is highly relevant also for otheucocarbo

shags, but likely applies to all cormorant species.



Chapter 2. Population size andnds ofkawau
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Mike Bell

Summary

To estimate the total population & & I dz LJn G S S ( IR{cScarboicafimculptigh 3 06
aerial survey of all known roastvas carried out on a single morning in late January 2018
2022. An average 63King Shagere counted at 1613 sites each nehreeding season.

However, as roost sites can shift without warning some sites were missedhieys, correcting for
these the population is estimated aB4 birds. Despite differences in survey methodology over time
the current population is slightly higher than estimated in 2002; a trend also seen in breeding
numbers. On average 70% of thepadation breeds in any one yeawith 30% being younger birds

yet to stat breeding.Thisproportion of immature birds provides some buffer to stochastic events
which may cause increased adult mortality and help mitigate a breeding population decline. Small
fluctuations in annual countsiay berelated to productivitywith counts in years following low
productivity being lower than in years with improved productividespite these caveats, aerial
survey during the notfbreeding season is recommendasdthe best wayto determine total

population size and trends. Improvements in image quality in the future may enable counts to
separate birds by age (first year versus adults), which will further refine this method.

Introduction

Following New Zealand Kifglmon receiving resource consent to establish new salmon farms in the
Waitata Reach and Richmond Bay in April 2014, a consent conditjaired thatthe company

develop and implement a King Shag Management.Rlais waso ensure that the establishment

and operation of the new salmon farmgdhot result in a reduction in th&ing Shagopulation in

the Te Tauihto-te-waka/Marlborough Sounds, especially at Duffers Reef (Schuckard. 2315)
recommended by Schuckard (2015), the management plan was revigftez® years and a new

one adopted in 2019 (Bell 2019).

The first King Shag Management Plan required the population to be censused by aerial survey at
least once every three years (Schuckard 2015). If either the overall population, or the Duffers Reef
roost site,were found to have declined by >3% per annum over this interval, then aerial surveys
must be undertaken annually. A balsee aerial survey carried out in February 2015 recorded 834
King Shag at nine sites throughout the Te Tawitte-waka/MarboroughSounds $chuckard 2(3),

with a repeat survey in February 2018 suggesting a decline (Schuckard 2018), annual surveys were
initiated (Bellet al.2019).

Given the fluctuations in King Shag numbers recorded during thesémeaing season aerial
surveys, and further to support research by the Marine Farming Association and Seafood
Innovations Limited cordinated by the King Shag Working Group, New Zealand King Salmon
adopted annual aerial surveys as routine in their revised King Shag Managenme(@é&l£019).
This report presents the results of aerial surveys of King Shag roosts during thesgaling season
20182022 to estimate the population size and determine population trends.



Methods

This aerial survey aimed to census the entire King Sbpglation during the notbreeding season,

a time when King Shag roost both at breeding colonies and at other known sites within the Te
Tauihuo-te-waka/Marlborough Sounds. For consistency throughout this report, we refer to all these
sites as King Shagasts.

Aerial survey

Aerial surveys of King Shag roost sites during thellmeading season have been carried out since
2015, utilising a fixed wing aircraft (either a Cessda or Cessna 180) with a camera mounted on
the underside of the aircraft. Whemiggered the cameratook photographs automatically, with the
aircraft flying a predetermined GP8ontrolled course. Each season, betweeB passes over each
roost sight were undertaken to capture images for assessment.

Given that Schuckaret al. (2015 found that <3% of birds had left one hour after sunrise, and

around 10% by 2 hours, surveys were conducted as early as possible each day. Aircraft height was
between 201450m above setevel and speed less than 90 knots (166km/h). Because up to three
passes of each roost site might be needed to fully cover the site, the aircraft had to turn to line up
the next run no closer than 0.4 NM (740m) from the roost to prevent disturbance. For detailed
information on methods used for each of these annual astiaeys se&chuckarat al. 2015,

Schuckard 2018ellet al.2019, Belkt al.2020.

Aerial photograph assessment

Threeindependent assessoc®unted the number of shags present at each roost site fronstieof
images taken each season (FigRrE). The mean was calculated for each roost site and the sum of
these means across all roost sites used to estimate the total population of King Shag in the Te
Tauihuo-te-waka/Marlborough Sounds each ndmeeding season.

Figure2.1 White Rocks colony captured from fixed wing aircraft during aerial survey, high quality images allow the colony
area to be zoomed in on, and individual birds counted.




Analysis

To investigate the relationship between breeding numbers and thebreeding poplation, revised
breeding population counts were used (Chapter 1) to compare to counts from the preceding non
breeding season to determine the proportion birds breeding each season. To account for movement
of birds between roost sites during the néaneedirg season (Chapter 7) counts from all colonies and
non-breeding roosts in Queen Charlotte Sounded were combined, Kuru Pongi/North and South Trio
were combined with Tekuru Kuru/Stewart Island, and Rahuinui and Squadron Rocks combined.

Then toinvestigate the relationship between productivity and Roreeding population estimates,
productivity data from the 203-2021 season was used (Chapter 3) to compare to counts from the
following nonbreeding season.

Results

An average of 763 King Shag veounted at 1613 sites each nobreeding season 2013022
(Table2.1). However, it is highly probable that in 2018 and 2019 birds had shifted to new roost sites
which were unknown at the time of the aerial survey and therefore were not surveyed, for exampl
the abandonmenbf SentinelRock was mirrored by birds occupying Motkaél he Haystack and will

be birds shifting to this new site (Fig2&). Correcting for these missed colonies by using a amedi
figure from counts prior to and after missing countsk{tey into consideration movement from roost
sites), increases the estimated average +waeding population to 792 birds (Tat22el).

Figure2.2. The Moturaka/The Haystack King Shag colony, comprising of birds shifting from the $emtieel Rock colony.




Table2.1. Numbers of King Shag counted at roosting sites during thédmeating season and estimate population correcting for roost sites missed during
aerial surveys; 2018022 (data from Schuckard 2018, Bell eR8l19, Bell et al. 202@nd this study,)

Actual count results Corrected count results
Colony 2018 2019 2020 2021 2022 2018 2019 2020 2021 2022
Kumutoto Point NS NS NS NS 12 NS NS NS NS 12
Rauakaka 5 0 2 0 0 5 0 2 0 0
Oruawairua/Blumine 4 37 55 29 32 4 37 55 29 32
Bottle Rock Point NS NS+ 8 2 6 NS 6* 8 2 6
The Twins 51 54 43 66 0 51 54 43 66 0
White Rocks 69 69 46 37 46 69 69 46 37 46
Hunia 31 45 44 46 37 31 45 44 46 37
Tawhitinui 65 79 78 98 76 65 79 78 98 76
Duffers Reef 212 214 207 198 159 212 214 207 198 159
Moturaka/ The Haystack NS+ 47 16 35 55 55« 47 16 35 55
Sentinel Rock 0 0 0 0 0 0 0 0 0 0
Tekuru Kuru/ Stewart Islani 16 0 9 16 30 16 0 9 16 30
Kuru Pongi/ North Trios 129 76 119 106 196 129 76 119 106 196
Kuru Pongi/ South Trios NS+ 96 85 80 0 45 96 85 80 0
Rahuinui 51 70 103 97 98 51 70 103 97 98
Squadron Rocks 0 2 0 11 10 0 2 0 11 10
Total 633 789 815 822 757 733* 795 815 821 757

Note: NS = not surveyed in that seasamlikely to occur roost not known to exist at the time of the survegmd it is unlikely that it wapresentat the time of survey.
NS+= not surveyed in that seasdiRely to occur roost not known to exist at the time ahe surveybut it is probable that it wapresentat the time of survey and was missed.
*= estimated count for colony missed during aerial survey



For the three seasons with complete data (2€1®1), the proportion of birds nestirig the

breeding season in relation to the total population count prigre€edingnon-breeding census)

averaged 80.8% (range=475%) across all colonies/colony groups (Takde There was

considerable variation between colony/colony groups, both betwaerd within seasons (Tabk2).

Pooling results from all colonies in a season, annually 71.9% of birds partook in breeding each season
(range 6580%).

Table2.2. The proportion oking Shag breddg each seasowithin colonies or colony groups 2619
2022.

Season Breeding Site Prior norbreeding Breeding Portion breeding
g population (birds)  population (pairs) birds (%)

Queen Charlotte (White
Rock#The Twins) 160 a1 59
Tawhitinui 79 26 66
DuffersReef 214 89 83
I\H/Iotuiaki/ The 47 16 68

2019 aystac
Hunia 45 18 80
Kuru Pongifrios (N and
STrio/Tekuru 174 86 99
kuru/Stewart [)
Rahuinuiand Squadron 72 32 89
Rocks)
Queen Charlotte (White
RockéThe Twins) 154 ar 61
Tawhitinui 78 24 62
DuffersReef 207 86 83
Moturaka/ The

2020 Haystack 16 22 275
Hunia 44 18 82
Kuru Pongifrios (N and
STrio/Tekuru 213 77 72
kuru/Stewart [)
Rahuinui 103 18 35
Queen Charlotte (White
Rock#The Twins) 135 32 41
Tawhitinui 98 27 55
DuffersReef 198 77 78
Moturaka/ The

2021 Haystack 35 19 109
Hunia 46 19 83
Kuru Pongifrios (N and
STrio/Tekuru 202 70 69

kuru/Stewart I)
Rahuinui 108 22 41




Productivityappeared to influencé¢he nonbreeding season population coufithe nonbreeding
census result in years following low productivity was lower than in years with higher productivity
(Table2.3). However, sample sizes are too small to test this assessment for significance.

Table2.3. Relationship between productivitiye precedingseason and the nebreeding season
countfor King shag 2082021 breeding seasons

2019 2020 2021 2022

Productivity (preceding season) 0.36 0.64 0.64 0.36
Nonbreeding count 789 815 822 757

Discussion

Over the past five years (202822) the population of King Shag during the #hweeding season is
estimated to average&4 individuals. This is lower than that recorded in 2015 (Schuckiaat
2015), but higher thathe averagaecorded 1992002 Schuckard (2006) ardtimatedin 2006 Bell
(2010) (Figure 4).

Comparison of King Shag population estimates over time are problematic, which then means
determining population trendss equally challenging. Census methodology has changed over time.
Couwnts from 19922002 were predawn boatbased and covered all known colonies over several
weeks with anaverage of all years providing an estimate of 645 hi8thuckard 2006). The 2006
count was based on estimate of numbers using a correction factor atoguor birds absent from

the colony foraging (again over several weeks) (Bell 2010). Froma&&& surveys covering all
colonies in a single morning have been employed. Furthermore, historical counts (counts <1991)
usually have no record of the terof the count, and therefore do not consider birds absent from
colonies foraging (Schuckard 2006).

Understanding this, Schuckard (2006) assessed historical counts for birds absent from colonies
foraging and determiadl & G 6 f S LJ2 LJdzt | td 2082yFolBWR) ¥ highdt Sountiidop n Q &
2015, Schuckaret al. (2015) concluded that theiesults were likely due to better methodology

(single day aerial surveys compared to bbased surveys conducted over several weeks), although
0KSe 02 dzf Rgéuine pNflgatidn irkrdzse. |

YAYy3 {KF3 6SNB O2yaARSNBR SEOSLIiAzylftfteé NINB Ay
population of 106200 birds (Falla 1933, Oliver 1955, Nelson 1971). Despite King Shag gaining legal
protection in 1927 (Falla 1933) toresta feathertrade (Nelson 1971), they were still being shot well
Ayia2 GKS wmdgn ndddief thaf thay Knpact¥diish 3tdeksRFalla 1948, Nelson 1971).
Although these early counts are likely an undstimate (Schuckard 2006), there tHdi doubt that

King Shag was rare, with a small population at the start of the 20th century.

wSOSyid RFEGF AYyRAOFGSA GKIFIG GKS YAy3 {KIF3 L} Lz I (
figure of 645 birds included all known colonies at thedif®chuckard 200®ut may have missed

colonies. Given that when Bell (2010) surveyed the ewtit@st ofTe Tauihto-te-

waka/Marlborough Sounds in 2006 and repbreeding in Port Gorehis does suggest that the

2002 count may be annderestimate. However, at the time Port Gore was estindae28 birds,

adding that to the 2002 count, estimatés the entire population at 673 individuatse 15% lower

than the current population (Figur24).



Figure2.3. Population estimates for King&hfromTe Tauihtd-te-waka/MarlboroughSound2002
2022. Data sources: 2002 (green filled circle) dawn-baaed counts from Schuckard 2006, with the
addition of potential missed birds from Port Gore in Bell 2010. 2006 (green open circle) estimates
from boat-based counts adjusting for birds absent from colony foraging.-2022 (blue filled

circles) early morning single day aerial surveys (Schuckard et al. 2015, and this study).
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During the same period, the breeding population has also increaseh F9922002 between 102
126 King Shag neswere counted (Schuckard 2006). Again, correcting for the potentially missed
colony in Port Gore (8 nests; Bell 2010), the breeding population is estimated-a841freeding
pairs. From 2012021 the breeding gpulation is estimated to be 303 pairs (Chapter 1).

SNRADGSNE 2F LRLMzZ I GA2y AYyONBlFaS | NBinchessingdm®d a G Ay 3>
30-37 nests (1992002) to 8091 (20192021). In 19922002 annual productivity was 280 chicks

(Schuckrd 2006), equating to productivity of 0.68L chicks/pair. Between 20183021 productivity

was considerably lower (0.28 chicks/pair; Chapter 3). Crawford et al. (2009) found productivity of

0.66 chicks/pair leaslo significant increases in Crozet Shaguydapon. The drop in productivity at

5dzF FSNDa wSST¥ 060Si¢6SSy (KSasS (o2 GAYS LISNRA2Ra 6Al
density dependent effects are operating. Currentiseeding space on Duffers Reef is limited, and

the islet certainly appearto be at capacity.

In any year, on average 30% of the population is not breeding, presumaklygeders yet to come
to maturity and older birds who have lost partnehsimature birds can make up a significant
proportion of a seabird population, up td% in some species (Weimerskirch 2002). Cormorants
exhibit a relatively conservative-flased) reproductive strategy, in general adapted to low
population turn over and are less able to recover quickly from sudden increases in mortality
(Johnsgard 1993).uDresults show that King Shag have a relatively high pool ebneeding birds,



which may lessen the effects of stochastic shocks causing increased adult mortality and mitigate the
risk of breeding population decline.

It appears that poductivity the poceeding winteinfluencesthe nonbreeding season count.

Productivity at colonies essentially determines the number of juvenile birds present and will be a

cause of interannual variation in counts. However, as counts are carried out in late January during

the period of peak juvenile mortality and dispersal (Chaptettiese factors will also influence

results. Unfortunately, images from these aerial surveys are too low resolution to be able to

accurately identify juvenile versus adult birds, so we cowolot@st this by just counting adult birds

at colonies. Despite these fluctuations, nbreeding season aerial surveys are a good way to

determine population trends, and improvements in image quality should help resolve issues of

productivity and juveniled&zNI3 A @+ € A Y LI OGAy3 SIFOK aSlkazyQa NIBad



Chapter 3Aspects of breeding ecology and breeding success
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Mike Bell, Patrick Crowe, DaBurgin,and Samantha Ray

Summary

Aspects of the breeding ecologyldf ¢ | dz LJn (K3 ShagSdcSerarbo carunculatpwere
studied at colonies in the Te Tautotte-waka/Marlborough Sounds from 2018 to 2022.
Annual average productivity was 0.57 chicks/pair (Range @.&% chicks/pair)with
considerable variation between colonies and years. Exposed colonies in the outer Te Tauihu
o-te-waka/Marlborough Sounds had significantly lower productivity than more sheltered
colonies in the inner Te Tauitnite-waka/Marlborough Sounds. Althoughreple size is
low, King Shag appear to have high nest site and mate fidelity, a trait which will assist
experienced breeders to hold the best nest sites in colonies. Predictions for increased
severity, frequency, and duration of adverse weather eventstduanthropogenic climate
change is emerging as a key threat to King Shag.

Introduction

Prior to this research project little was known about the breeding ecology o | dz LIn (KBd SG S Sk
ShagLeucocarbo carunculatygith no systematic studies having beendertaken(Marchant

and Higgins 1990, Taylor 2000).

Initiation of the Marine Farming Association and Seafood Innovations Limited King Shag research
project, which involved regular visits to colonies provided the opportunity to collect information on
sevaal aspects of breeding ecology and attempt to measure breeding success across all colonies.

Running in tandem to this project, trail cameras were setlupng landings at colonies to

investigate breeding biology. Revimgthis footage significantly increased our knowledge of King
Shag breeding ecology, providing the first detailed information on egg laying, incubation period, and
chick rearingGummer 202}

This report presents details of the breeding ecology of King Bbtiagregular observations at
breeding colonies, and estimates productivity for most colonies for the past four years.

Methods

Regular trips to resight banded birds were undertaken thie Tawhitinui and Duffers Reef colonies,
and all other colonies werdsited throughout the breeding season to follow breeding progress.
During these trips, the behaviour of individually banded birds as well as/or the entire colony were
recorded to gain insights into aspects of the breeding ecology and breeding success $h&g.

Productivity

Productivity is defined here as the number of chicks fledged per pair at King Shag colonies.
Productivity was determined by using the number of breeding pairs recorded at colonies during
aerial survey¢Chapter 1and counts of fledag birds at the colony sites immediately after the
breeding season, witthe timing of counts variable to allow for colonies breeding asynchronously.



Colonies were visited following fledging Figure3.1. Digital SLR photo from White Rocks taken on 9am 5

each breeding season, and the number 01August 2021 used to cpnfl_rm productivitl/this colony. Breeding
] ] was low at many colonies in 2021 due to a severe weather eve
first-year birds present at the colony were jy.

recorded. Fledgling counts werarcied

out either directly at the time of the visit
using binoculars from a boat offshore
>100m awayto not disturb the colony, or
subsequently using images captured on a
digital SLR camera or Unmanned Aerial
Vehicle (UAV) (Figuf®l).

To reduce eior associated with juvenile
mortality and dispersal, only counts
carried out at colonies within three
months of the known postledging date
(accounting for variability in the timing of
breeding at individual colonies) were
included in this analysis. Thigidy (Chapter 5) an@ummer (2021)ecorded low mortality of chicks
in their first four months posfledging, followed by higher mortality and dispersal from 5 months
old.

To reduce the error associated with birds being away from colonies whilst foramitygcolony

counts undertaken in the early morning and late evening were included (i.e., <2 hours after sunrise
or <2 hours before dusk). Schuckatdal. (2015) found that <3% of birds had left one hour after
sunrise, and around 10% by 2 hours afterriser Gummer (2021jound recently fledged birds
departed the colony slightly later than adults, with all fledglings still present approximately 2 hours
after sunrise, but with all young departed by 3.5 hours after sun@senmer (2021also found

juveniles returned to the colony earlier, with the first birds back by noon, and all birds having
returned by 1330h.

Although it is possible that a small number of fledglings may have been missed in counts (either

chicks perished or dispersed from colonies ptiocounts or were absent from colonies due to being
away)foraging methodology discussed above mitigated thisd & such, no correction factor has

been applied to fledgling counts, and the productivity figures presented here should be treated as a
minimum value. To investigate differences in productiditie to weather exposurwithin the Te

Tauihuote-g I 1 F kal NI 0 2NRPdzZZIK {2dzyRaz ¢S aLX Al y 2F (GKS
2 A0K GLYYSNI {2dzyRa¢ O2f2yASa SRBAYAdFRIKAQAY 22KA § ¥
White Rocks, Hunia, Moturaka/The Haystack, Duffers Reef, and Kuru Pongi/North and South Trios.
Rahuinui was excluded from this analysis as it is in Tasman Bay (for colony locations see Lhapter 1
andis affectedby different weaher patterns than colonies within Te Tauibte-

waka/Marlborough Sounds

Breeding ecology

Aspects of breeding ecology, such as the timing of breeding, nest site fidelity, and mate fidelity were
investigated by recording the behaviour of both individubiynded birds and/or behaviour of the

entire colony. Due to the more regular-sighting effort athe Duffers Reef and Tawhitinui colonies,

key aspects of breeding ecology that follow individual birds are inherently focused on these colonies.



Results

Productivity

In 2018 productivity was only determined for 4 of the 7 breeding colonies; for 2019, 2020 and 2021
productivity were determined for all colonies (8 or 9 colonies each seaBowjuctivity at individual

colonies averaged 0.4%icks/pair (range{0.97 chicks/pair), with considerable variation both

between colonies and years (Tal3l4). Overall, in the three seasons when productivity was

measured at all colonies (20:2®21), average productivity was 0.57 chicks/pair (D33!

ch O1 &k LI ANDSD /2f2yASa Ofl aaATASR a aLYYySNI {2dz/F
OKAO1akLIANE {5TFNndHo0 GKIFIY dahdzibR {2 uoaRAgpleQd®d2f 2 v A
t-test,t(16)=1.92, P=0.036.

Significant adverse weathewents appear to have the most impact on productivity. Lowest
productivity was recorded in 2018 (0.33 chicks/pair) and 2021 (0.35 chicks/pair), when storms
caused widespread nest loss at several colonies including White Rocks and Duffers Reef colonies,
leading to low productivity at these sites. The significant storm event in July 2021 (Radio New
%SFEflYyR Hanum0O Ol dzaSR GKS O2YLX SGS FFrAfdNBE 27
other colonies on eggs or chicks at the time (Fi@12¢. Theonly colonies to have productivity >0.5

in 2021 were the early breeding Tawhitinui (where chicks had already fledged), and late breeding
Kuru Pongi/North Trio (where birds had yet to start breeding).

(@]}
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Figure3.2. A beautifulTe Tauihuo-te-waka/Marlborough Soundday belies the true impacts of weather on King Shag
productivity. This image taken a month after the July 2021 storm caused complete failure of the Duffers Reef colony, with
no chicks produced.




Table3.1. Number of breeding pairs, chicks fledged and productivity at King Shag celeresproductivity was measuréa the Te Tauihto-te-
waka/MarlboroughSound<20182021 (note 2018 breeding pamumbergpresented in this table are only colonweisereproductivity was measured, not all
breedingcolonies present that season)

2018 2019 2020 2021

2 5 $E2E & :F 53

S » © S » © S , © S o, ©
Colony 6 6 & & & & & & & & O &
TheTwins 24 13 054 17 15 0.88 17 14 0.82 4 1 0.25
White Rocks 31 8 0.26 30 11 0.37 30 12 0.40 28 7 0.25
Hunia 18 10 0.56 18 6 0.33 19 3 0.16
Tawhitinui 17 14 0.82 26 22 0.85 24 20 0.83 27 14 0.52
DuffersReef 78 15 0.19 89 45 051 86 36 042 77 0 0.00
Moturaka/ The Haystack 16 11 0.69 22 14 0.64 19 9 047
Kuru Pongi/North Trio 48 40 0.83 45 37 0.82 70 59 0.84
Kuru Pongi/South Trio 38 27 0.71 32 31 0.97
Rahuinui 32 21 0.66 18 16 0.89 22 3 0.14

Annual total 150 50 0.33 314 202 0.64 292 186 0.64 266 96 0.36




Nest site fidelity

A total of 13 adult King Shag were first captured and banded during the breeding season whilst on
nests with small young. Of these, 12 birds have data spamgitgeeding seasons where nest
locations were regrded (Table8.2). Resightings of these banded birds revealed that birds were site
faithful, nesting in the same location in consecutive years. One adult male, White 18, the first adult
King Shag ever captured, has since been recorded using the same tiestumper edge of the
Tawhitinui colony every season since 2018, until he lost his partner in 2022.

Four additional birds have also been recorded breeding in the same location within the colony area
in four consecutive seasons and four birds for threesszutive seasons. Two birds have been
recorded breeding in the same location within the colony area in two of three seasons, with a
season where the exact breeding location was not confirmed in the intervening year, however it is
likely that they nestedn the same location that season.

When old nests were completely washed away during the-m@eding season, the birds were
found to rebuild the nest at the same location within the colony in following seasons.

Table3.2. Confirmation of individual King Shiageeding at the same nest siéthin a colony area
each seasoWhite birds Tawhitinui, Red birds Duffers Reef).

Bird 2018 2019 2020 2021 2022
White 18 * * * *

White 17 * * *

White 20 * * *

White 21 * * * *
White 27 * * * *
White 41 * * *
Red 01 * * * *
Red 02 * * * *
Red 27 * *

Red 29 * *
Red 30 * * *
Red 31 * *
Mate fidelity

There are only two pairs of birds which both partners in the pair have been banded, with one mate

caught in 2019, and the partner 2020.0ne of these pairs is resident at the Tawhitinui colony, the

other at Duffers Reef colony. The Tawhitinui colony paire confirmed breeding together in the

2020, 2021 and 2022 seasons. The Duffers Reef colony pair were confirmed breeding together in

2020 and 2022 but were not confirmed in 202% this nest site failed early in that breeding season,

with the pair seen roosting together afterwardd Q& | a4 dzYSR (KIFd GKSAS 0ANRS3
together that season, but unfortunately, we cannot confirm this.

Behaviour post breeding also suggestsipgrtner fidelity. Pairs were found to roost together at
nest sites after breeding, right through to the next season when nest building started again in
March.Gummer (2021jecorded that nest sites were retained ye@aund, although less so from
DecembesMarch in the middle of the nobreeding season.



Nest site occupancy

Adults continued to occupy nest sites post breeding and usually right through until the following
breeding seasorHoweverthere weresomeexceptions to this observation. It was foutidht if a
breeding pair were successful, juvenile birds would initially roost with adults at their natal nest sites
(Figure3.3), but as they aged, juveniles were observethatedgewf their colony. When pairs

began nest building (from March), at leasteohird of the pair would remain at the nest site to

defend it during the dayGummer (2021¢onfirmed a similar pattern of nest attendance; with birds
occupying nest sites both day and night when nest building commenced, to defend the site. If given
the opportunity, especially in the early nest building phase, King Shag would steal nesting material
from conspecifics to add tiheir ownnest.

Although it was not possible to investigate nests duringigiting trips, based on our observations
of bird behaviarr it appeared that egg laying occurred over an extended period. This was confirmed
by Gummer (2021yvho recorded eggs laid at coloniestendedover a %10-week period.

Figure3.3. Four months post fledging a firgear fledgling is fed by its parent as ihatal nest site. Other adult birds roost
on old nest, with their dependent chicks roosting alongside them (Photo Kailash Willis)




Discussion

Although sample sizes are currently small, King Shag appear to have high nest site fidelity, and from
our curient observations we assume high mate fidelity as well. Site fidelity is considered
advantageous for monogamous seabirds, as it provides dominance in territorial contests, benefits
mate retention, and increases breeding success (Bried and Jouventin 200tk). Mate fidelityhas

also been shown to increase breeding success and reduce the cost of reproduction which ultimately
enhances individual fitness and hence survival (Bried and Jouventin 2001). Forming dense colonies,
mostly in exposed locations, Kingag would benefit from high nest site and mate fidelity by

retaining prime nest locations in colonies across seasons. Defence of these sites outside the
breeding season provides evidence of high nest site fidelity.

Although King Shag productivity appeagtatively low (0.57 chicks/pair), it may be high enough to
sustain the population. For the closely related Crozet Skaag¢carbo melanogeniproductivity of
0.30 chicks/pair was considered the driver of a 70% population decline; however, productivity of
only 0.66 chicks/pair led to a population increase from 220 pairs to 500 (Cragtfafd2009).

From our monitoring it appears the main cause of King Shag breeding failure is adverse weather
events. With severe weather events often causing extremelypdmductivity, especially in more
exposed colonies, as was found during 2021 where a large storm event resulted in zero productivity
at Duffers ReeflGummer (2021jound replacement clutches were seldom laid, and were always
unsuccessful, suggesting thabsn events at any stage during the breeding season would have
significant negative effects on productivity.

Consideringhe modelled increase in frequency and magnitude of large storm events due to
anthropogenic climate change (Frameal.2020), we prdict that climate change will have a

significant impact on King Shag productivity. Climate change is emerging as one of the key influences
to shape the future of natural systems across the globe (Crasat,2014), and is noted as a

significant threat® seabirds (Diast al.2019; Orgerett al.2021). Reduced productivity of King

Shag could then lead to population declines.



Chapter 4Development of sexual dimorphismkawau
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chicks andntercolonial variation in chick condition

Mike Bell, Simon Lamb, Patrick Crowe, DBrgin,and Samantha Ray

Summary

Cormorants and shags are sexually dimorphic with males larger than females, with these traits
developing during chick growth. We studiseixspecific growth and chick condition kdwau

LI §S1S0GS1SkbSg Lelebdarbotatunduatyshickdykahalysing body mass and
wing length from single colony visits during mid chick rearing at four colonies in the Te-baahu
waka/Te Tatiu-o-te-waka/Marlborough Sounds. We found that sexual dimorphism in body mass in
King Shag develops during chick growth, with change in body mass occurring prior to 17 days old.
We detected an intercolonial difference in chick condition (chick mass)ptlosvfon effect of this

on juvenile survival are discussed.

Introduction

Cormorants are sexually dimorphic in body size with males larger than femaleer{i2€05). Across
cormorants, differences in body size start developing during early chick rearing wisipaeitic

chick growth likely having a differential effect on chick survival and fledgling condition, especially
regardingbrood sex compositiorMelandoet al. 2000, Svageli and Quintana 2017). In procellariform
seabirds juvenile survival is positively correlated to madtedging Visser 200R however, there is

no parental care postiedging in procellariform3NhereasPelecaniformeseabirds lay 2 egg
clutches with asynchronous hatclgimnd have a period of parental care pfledging (Nelson 2005).
So, although fledging mass does impact Figure4.1. Adult King Shag feeding a young chick at the
juvenile survival, a range of other factors suclrawhitinui colony. Photo Kailash Willis.

as chick growth rate, fledglirape,and sex all
also likely influence survival (Maness and
Anderson 2Q3).

Little data exists forlk ¢ I dz LJn (G S S (=
ZealanKing Shag@eucocarbo carunculatyis
on body size and mass of both adults and
chicks (Marchant and Higgins 1990). In this
report we detail the development of sexual
size dimorphism in King Shag chjcksd
intercolonial differences in chick condition
from measurements collected during landingsi
at four colonies in the Te Tauitmite-waka/Te
Tauihuo-te-waka/Marlborough Sounds to
band chicks.



https://www.sciencedirect.com/science/article/pii/S1617138121001278#b0330

Methods

Morphometric measurements

To balance the need for mpihometric data with potential researcher effects of landing at breeding
colonies, only two measurements were taken fratrickswing length and body mass. Wing length
(maximum chord, length of flattened and straightened wing) measurements were takenaugiimg

rule (ruler with a stop at zero) measuring to the nearest 1mm. Body mass was recorded using either
a 25009 or 50009 spring balance, recorded to the nearest 20g (25009 scales) or 50g (50009 scales).
Chicks (n=150) were only measured once. With timéniy of breeding variable between colonjes

chick measurements occurred at differing times between late June and August, with landings aimed
for mid chick rearing to maximise the number of chicks available to be caught and minimise the risk
of older chickgaking to the water to escape researchers. Chicks old enough were also banded with a
metal and an alpha numeric engraved ring (Figuge), and sex was determined by DNA testing of
feather samples collected from birds during handling (see Chapter 7 far deails).

Statistical analysis

We investigated the growth trajectory of sexual dimorphisnkiimg Shags by examining how body

mass changes with wing length (as a proxy for agleicks that we were unable to DNA sie. (

chicks that were newly hatcheahd naked in the nest thus feathers were unable to be collected, n =

38), were not included in the analysis (birds analysed n = Wi@Yan a linear model with mass (g)

as the response variable. As explanatory variables we included wing length (mnedcentzero) as

a quadratic term, sex (categorical: male and female) and an interaction term between wing length

FyR &aSE (2 GS&ad F2N) GKS OKIy3IS Ay &SEdzZ f RAY2NLK
(categorical: Duffer&eef, Kuru PongiNorth Trio Island, The Twins, and Tawhitinui) to account for
O2t2ye RAFTFSNBYyOSaod 2SS aaSaaSR Y2RSt @FtARFGAZY
YR dzLJLISNI pp:z O2YyFARSYOS AYyGSNBIEa 6SNB OF f Odz |
hoc conparisons using the contrasts function from the emmeans pacKagetli 2022 using a

WedzZl S8 Q R2dzaGYSY G F2NJ Ydzf GALX S O2YLI NRA2YyaA 6 0KES
that do not pas zero are considered statistically significant. The prediecharginal effects were

Ot OdzAE F ISR yR LI 200GSR dzaAy3d GKS WIILINBAMAOGQ T dzy
statistical analyses were done in R (R Core Team 2022).

Figure4.2. King Shag chick being banded, Tawhitzolony, July 2018.




Results

Males tended to béneavier than females, with males having an average body mass of 2543 g (+ 451
SO range 131@ 3300 g) compared to the female mass average of 2192 g (8R6ange 136

2800g). However, we failed to detect when the change in botyssbetween males and females

occur (i.e., lack of significant interactive effect between sex amd-eingth?; Figure4.3; Table4.1),

with the model indicating sexual dimorphism in body mass likely occurs befordavigths of

around 100128 mm (minimum female and male whength data collected, respectively).

Overall, birds from Tawhitinui and the KuPongi/North Trio coloniesere significantly heavier
compared to birds from Duffers Reef, whereassigmificantdifference between birds from Duffers
Reef and The Twins was detected (Figu82 Table4.1). No othersignificantdifferences in body
mass weraletected between the other colonies (Kuru Pongi/North Trio vs Tawhitinui est. 85.4 |
84.8,255.5 95%CIKuru PongiNorth Trio vsThe Twins est. 125.8151.0, 402.5 95% CI]; Tawhitinui
vsThe Twins est. 40.4219.6, 300.3 95% CI)).

Table4.1. Results of radel investigating sexual dimorphism in body condition over time (using wing
length as a proxy for age). Reported are the parameter estimates, standard errors (SE), lower and
upper 95% confidence intervals (Cl). &xale) was the reference group for $emale) and Colony
(Duffers Reef) was the reference group for all colonies of origins. Note, wing length was coded as a
quadratic term denoted by winigngtH?.

Variable Estimate = SE 95% CI T-value P-value
Intercept 2142.4 50.73 2041.532242.74 42.229 <0.001
Winglength 5.39 0.67 4.06,6.72 8.039  <0.001
Winglength? -0.03 0.012 -0.051,-0.002 -2.172 0.032
Sex(male) 267.87 58.%4 151.18 384.56 4553 <0.001
ColonyKuru PongiNorth Trio) 286.9 63.63 160.7Q 413.27 4507 <0.001
Colony(Tawhitinui) 201.62 49.8% 102.74 300.50 4,044  <0.001
Colony(The Twins) 161.24 98.83 -34.17 356.64 1.636 0.1

Winglength:Sex(Male) 1.34 0.98 -0.61, 3.29 1.366 0.1

Winglength?:Sex(male) 0.04 0.02 -0.03 0.04 0.220 0.826

Figure4.3. Therelationship between the mean predictions (+ 95% CI) of mass (g) with (A) wing length
as a function of sex and (B) between colonies of origin (DufferskReefPongiNorth Trio,
Tawhitinui and The Twins). Raw data (points) are overlayed on top oftpedic
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Discussion

We use@ wing length as a proxy for age, a method commonly used in studies of procellariform
seabirds to estimate chick age (Yaztal.2016). In cormorant species divergence of wing length
arising due to sexual dimorphism occurs later in chick development cadparother
morphometric measurements (Velanét al. 2000, Svageli and Quintana 2017). As swehbelieve
wing length is a good proxy for age in both sexes of cormorants.

Our inability to detect an interactive effect in body mass between male and fechadks (i.e.,
developmental transition of sexual dimorphism) suggesixual dimorphism in mass in King Shag
occurs before chicks reach a wing lengtle df20mm (estimated to be 17 days). This is in line with
Svageli and Quintana (2017) who found male Imperial Shag chicks became heavier than females
from 15 days, whilst wing length does not become longer until 40 days; and Vedaatd(2000)

where male Hropean Shag weight separation occurred at 15 days, wing length at 40 days.

Chicks in this study were only measured once to determine sexual dimorphism and chick condition.
Bensoret al.(2002) showed assessing seabird condition from a single colonysiigit only wing

length and mass are adequate to evaluate chick development; ideally measuring chicks late in their
linear growth phase, but prior to priledging weight regression. With our measurements taken

during the midchick rearing period, to minirse the risk of large chicks escaping to sea, we feel
confident we can use our data to assess King Shag chick condition.

2SS RA&AO020OSNBR 'y AYGSNO2t2yAlLf RAFTFFSNBYOS Ay
average than birds from Kuru Pafidprth Trio and Tawhitinui. This result is then mirrored in lower
2dzO0SYAf S adzNBAGIE NBLR2NISR FTNRY 5dFFSNER wSST¥
chicks is unclear, the colony is very low lying with all nests <5m abovevadSchuckrd et al.

2015) and exposed (especially to the neddhst). Two other similarly lolying exposed colonies

(Hunia and White Rocks) were not included in this study and have both had low productivity at times
(Chapter 3). Colongxposure is potentially amiportant factor effecting chick condition and survival.
Additional potential factors affecting body mass may include intercolonial differences in prey
availability and/or differences in prey quality. Further research is warranted to better understand
the intercolonial differences we have observed in this study.
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Chapter 5Earlylife traitsinkl 6 F dz LIn 4 S1SGS1 Sk Y.
(Leucocarbo carunculafus

Mike Bell, Patrick Crowe, Dan Burgin, Simioamb,and Samantha Ray

Summary

Atotal of 112kawaulJn G S 1 S G S| 9 eu¥okaybd cafumcllaBishizks have been banded

at colonies during the 2018, 2019 and 2020 breeding seasons. Juvenile survival was low with only
29% of birds ever resighted at least once, gear postbanding, with no difference bateen

survival of male and female chicks. Intercolonial differences in chick survival were observed, with
OANRE& FTNRBY VYdzNHz t 2y 3Akb2NIK ¢ NR 2Tawhitifui PoarlgF SN &  w S
band resighting data from all years, the averageipdrof parental care was 21 weeks/or 4.9

months (range 5121 weeks, 1.228.3 months), with no difference between length of parental care
for male verse female offspring. Chicks which survideglear postfledging had a significantly

longer period of prental care than chicks which died within a year gtetiging. Juvenile mortality

was highest in January and February when chicks w&renbnths old. Juvenile King Shags dispersed
from colonies between-42 months old #¥6 months), with a mean distanseen from natal

colonies of 21km (range 49km). Males were recorded significantly further from their natal
colonies than females, although both sexes had a dispersal phase. The timing of juvenile mortality
and start of juvenile dispersal coincides wiitle end of parental care and is the key factor

influencing these earHjfe traits in King Shag.

Introduction

K g dz Lin (KiBq ShagSgic8errbo carunculatyis a arge (length 76cm, weight 2.5kg), black
and white marine cormorant restricted to thdarlborough Sounds and is considered sedentary
(Marchant and Higgins 1990). Prior to this research project, little was known about survival and
behaviour of juvenil&King Shag(Marchant and Higgins 1990; Taylor 2000). Butler (2003)
considered the possibleffects of mussel farming to be of increasing concern, although most
potential impacts had little supporting evidence, with this report highlighting the lack of data
relating to age of first breeding, along with juvenile survival and recruitment.

The useof population models as predictive tools to determine potential impacts on seabirds in
relation to changes in environmental factore(, climate change) and anthropogenic impaats.(
fisheries impacts and oil spill effects) has become increastogiynonin conservation management

of seabird species (Votiet al.2008; Fat al.2015; Koehret al.2021). However, eariife

demographic traits are poorly known for many species and are not well represented in such models
(Fayet al.2015).

To move tevards being able to develop a robust predictive population model for King Shag, it is vital
to understand earhyfife traits such as the period of parental care, juvesilevival,and timing of

mortality, along with the rate and duration of juvenile disparsThs report presents the results of
re-sighting of King Shatpanded as chicks, teterminethese earlylife traits.



Methods

Banding

As King Shag are highly susceptible to disturbance, and previous recommendations for studies had
encouraged no landing or handling of birds (Marchant and Higgins 1990), a pilot study aimed at
capturing and banding birds was fitgglled in mid-late chickrearing in July 2018 at Tawhitinui. In

this first attempt, 11 chicks and a single adult bird were captured and banded. Although the landing
caused significant disturbance at the colony, with all adults departing and larger nestlings moving
from nests, thee were no longerm effects detected. Once we had left the colony, both adults and
banded older chicks returned relatively quickly to nests (<2 hours). Both 24 hours and 7 days after
capture and banding, all banded young and the single adult were recaltlex] and all nests with
smaller young were still active; indicating that there were no erg effects on the colony from

the disturbance.

Following this initial success, banding was extended to other colonies throughout the Marlborough
Sounds. The kedrivers of banding were to band chicks to develop a krags, marked population

to investigate juvenile survival and age of first breeding, to capture adults for GPS tracking and to
determine annual adult survival.

Banding was initially carried out ihg middle of the day during the michickrearing period.

Landing near the colony from a boat, one person would slowly work their way into the colony
attempting to capture adult birds guarding chicks at nests using a crook (Bigyr&etween #4

adults cauld be captured using this method before the disturbance caused all adults to depart the
colony. Following the departure of adult birds, all chicks large enough to be banded where caught
and held in bird bags for processing outside of the main colony 8realler naked chicks were
covered with soft material to protect them both from exposure, and from potential predation from
gulls.

Figureb.1. After slowly creeping to the each of the colony, a researdes a crook to capture an
adult King Shag on a ndstooding young chick®hoto Dan Burgin)




Birds were banded with a metal band, and an alpha numeric engraved ring to assist individual
identification at a distance (FiguBe2). All individuals were weighed and had wing length recorded
while adults, firstand seconeyear birds were checked for moult. Following the discovery of a
juvenile bird with feather dystrophy in 2013 (Melville and Schuckard 2021) all birds caught were
checked for this, and any other possible health issues by visual inspectiomd#\lvbre aged on
plumage characteristics, and had a feather collected to enable DNA sexing. Adult birds were fitted
with a GPS device (s&hapter 7).

Figureb.2. Engraved colour bands have enabled individual identification of King Shag and enable this
resarch. LeftEstimated tweweekold chick alongside its nest immediately after bandilgoto

Dan Burgin)Right A two-year old bird banded as a chick roosting on a mussel buoy in Port Ligar
(Photo Dave Boyle)

To target more adults anidicrease sample sizes of GPS tracked birds, landings were undertaken one
hour prior to dawn to capture birds in the dark during the Amneeding season. The colony was
approached using a red light and birds were captured with a crook. On moonless nightShisgs

were reluctant to leave the colony and a significantly higher number of birds could be captured,
including firstyear, seconeyear and adult birds. All birds were held in bird bags and were taken
onboard a boat for processing (or on one occagimtessed on shore, near the colony). Birds were
released soon after dawn.

Resighting visits

Regular trips to resight banded birds were undertaken at Tawhitinui and Duffers Reef immediately
after banding trips. Reighting trips were carried out in tHate afternoon and evening as birds

returned to the colony. At Tawhitinui, observers remained on the boat anchored offshore while at
Duffers Reef observers landed on the small reef just offshore which was exposed at low tide (hence
all resights here wereahe to coincide with a low tide in the early evening). Digital cameras with
large zoom lens were used to help identify birds



During resighting trips, the behaviour of banded birds was recorded including the breeding activity
of adults, onset of prdoreedng behaviour of juveniles, and whether juveniles were being fed by
their paren{s).

Fixed camera rgighting data

In addition to boatbased observations, fixed cameras were set up at several colonies from August
2018 timed to take a photo every 30 mingtduring daylightGummer (2021jeported on banded

birds recorded at Tawhitinui from August 2018 to October 2019, and at Duffers Reef from December
2018 to November 2019. Additional-sightings from footage collected until November 2020 were
provided byDr Karen Middlemiss, Department of Conservation. Although this footage seldom
recorded parents feeding chicks, the number o&ightings of individual birds did provide a more
precisetiming of when juvenile birds were lasbservedat a colony

Determining the length of parental care

The length of parental care was determined from the estimated fledging date of chicks based on
wing length and weight at the time of banding, to the last day that chicks were recorded being fed
by parents. As rsighting trips were 37 weeks apatrt, it is likely that this method will slightly
underestimate the actual parental care period and results reported here should be treated as a
minimum.Although chicks were also banded at Kuru Pongi/North Trio and The Twitlsisfo

analysis we only use data from Tawhitinui and Duffers Reef as these are the only two sites with
regular resighting effort, making it possible to accurately determine how long chicks were fed by
their parents postledging.

Juvenile survivatatistical analysis

All statistical analysdas determine juvenile survivalere done in R (R Core Team 2022). As a proxy

for juvenile survival, we modelled the probability thatlsick once banded in the nest is resighted

after fledging at least once from tHellowing year onwards (i.e., sighted at least omnt¢he 365

days postbanding). We ran a generalised linear model, with a binomial error function-(iiokjit

with the response variable as either-observed (1) or not r@bserved (0). We includatie

explanatory variablessex (categorical, two levels, male and femae)d breeding colony of origin
OO0FGSA2NAOFE S F2dzNJ £ SPSt a4 5dzZFFSNNA NBSTI b2NIK
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adjustment (these are presentien text). Note, only lower and upper 95% CI are presented for post

hoc comparisons. For reference, 95% CI that do nad pa® are considered statistically significant.
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Timing of juvenile mortality

The timing of juvenile mortality was taken as the last time a chick was seen at a colony. Care was
taken to ensure that only chicks which had truly perished were included iathilysis. Some

juvenile birds were reasighted 412 months after they were thought to have disappeared from a
colony, therefore,absence from a colony does not always mean birds pavishedas these birds

were ressightedlater and hadsurvivedthey were excluded from this analysis. Only chicks banded at
Tawhitinui,and Duffers Reef colonies were used in this analysis as these two colonies were where
resighting effort was high enough to accurately determine when chicks perished.



Juvenile dispersa

In addition to resighting trips targeting the colonies themselves, bandightings were also

recorded away from colonies. All-sightings of banded King Shags away from colonies were

recorded on a GPS to accurately record their location. All roostings seen were checked for

bands, as King Shags mainly roost on mussel farms and prominent headlands, bands are often clearly
visible. Digital cameras were used to zoom in on birds, to assist the reading of bands to confirm
identification without causinglisturbance. With the provenance of banded chicks known, the

distance of movements from colonies could be measured. We measured this as the minimum
distarcefollowing water, as King Shag seldom crossed land.

Results

Researcher effects

During daylight lanithgs, a small number of older chicks jumped and swam away from the colony.
One of these was captured on the shore and returned to the colony, others were unable to be
captured. These older chicks were able to find their way back to the colony and codmscoiony

24 hours after landings recorded all large chicks back at colonies. Using fixed camera footage from
Tawhitinui and Duffers Reggummer (2021j)eports a small number of nests where young chicks
died after banding trips. These were younger chijand it is suspected they had been displaced

from nests and were unable to return. The rate of mortality from researcher disturbance was
significantly lower than natural mortality rateecorded butdoesindicate that landings at colonies
during the breeling season can cause low levels of chick mortality.

Birds banded

A total of 198 King Shag have been banded from four colonies comprised of 112 chicksygaffirst
birds, 7 tweyear old birds, and 67 adult birds (Tabl&). No birds caught displayed af@ather
abnormalities or other health issues.

Table5.1. The number, age and location of King Shag bafded20182022

Location Age 2018 2019 2020 2021 2022 Total
Tawhitinui Adult 1 4 1 6 12
1Y 6 6
Chick 11 13 15 39
Duffers Reef Adult 2 15 17
1Y 4 4
Chick 23 20 43
North Trio Adult 21 21
2Y 5 5
1Y 2 2
Chick 24 24
The Twins Adult 1 16 17
2Y 2 2
1Y 0
Chick 6 6

Total 12 42 86 30 28 198




Length of parental care

Pooling data fromie-sighting visits across all years, 51 of the 82 (62%) chicks banded at Tawhitinui or
Duffers Reef were recorded as being fed by their parents on at least one occasion. On average the
last time chicks were fed by their parents was 21 weeks/4.9 monthg¢r&i21 weeks, 1.28.3

months) (Figur&.3).

Figureb.3. Length of parental care (months) of King Shag fledglings at D&efsand Tawhitinui.
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Chicks which survivedL year post fledging had a significantly longer parental care peg2#(7
weeks; SD=23.6) than chicks which disappeareccafiold Bt p dH 6 SS1 4T {57 TdmMO I {
sample ttest; t2s= 1.926, p=0.032.

Juvenile survival

As a proxy for survival into at least the following year, the probability of resighting a King Shag chick
once banded was low with only 29%~ 32) of lirds ever resighted at least once, oRrgear post

banding. Males and females were equal in their low probability of being resighted (Bidureable

5.2). Chicks from different colonies showed some differences, with chicksTaevhitinuihaving a
significartly higher probability of being rsighted compared to birds from North Trio (€3t15

[0.10 4.21 95%CI]) and marginally higher probability (though not statistically significant) than birds
from Duffers Reef (Figufe2B; Tablé.2). No other statisticallgignificant differences between

colonies were found in kgighting probability (The Twins vs Tawhitinui 8s24[-2.00,2.48 95%Cl];

The Twins vs Kuru Pongi/North Trio &40, [0.40, 5.1985%Cl]).



Table5.2. Results of mod@ivestigating the probability of rsighting a banded chick from the
following season onwards (as a proxy for juvenile survival). Reported are the estimates, standard
errors (SE), lower and upper 95% confidence intervals (Cflei@ale) was theeference group for
Sex(male) and Colony (Duffers Reef) was the reference group for all colony of origins.

Variable Estimate SE 95% CI Zvalue P-value
Intercept -1.12 0.42 -2.00-0.33 -2.66 0.008
Sex(male) -0.14 045 -1.020.73 -0.32 0.752
ColonyKuru PongiNorth Trio) -1.22 0.82 -3.160.23 -1.48 0.138
Colony(Tawhitinui) 0.93 0.48 -0.0,191 192 0.055
Colony(Th&wins) 1.17 090 -0.653.00 1.31 0.192

Figureb.4. The relationship between the mean predicted probability (+ 95% @Hsighting a chick
one year after being banded (as a proxy for juvenile survival) between (A) each sex (female and male)
and between (B) colonies of origin (Duffers Reef, Kuru Pongi/North Trio, Tawhitinui and The Twins).
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Timing ofuvenile mortality

Pooling data from Takitinui for the 2018, 2019, and 2020 breeding season, and Duffers Reef from
the 2019 and 2020 season, a total of 82 chicks were banded. In each of these seasons, fledging
occurred in late July/early August for botbl@nies. Resighting data shows that there was a gradual
rate of juvenile mortality posfledging for the first five months until December; by which time 25%
of juvenile birds had died (Figur&X This was then followed by a significant period of mortdéty
further 29%) in the two months from January to February when chicks wénmménths old, before
stabilising after March when chicks were 8 months old.



Figureb.5. Proportion of juvenil&ing Shagtill alive each montfrom Tawhitinui and Duffergeef
20182020 cohortsvhen fledgling was late July/earjugust:annual mean with 95% confidence
interval shown.
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Juvenile dispersal

Since banding started in July 2018, to June 2022, there has been a téfaiesdightingsof 25 birds
banded as chicks or firgear birds away from their natal colony (Fighr8). The mean distance
from natal colony of these sightings was 21km (Rang®d@kin), with 80% of sightings beilg0km
(Figure5.7). Male King Shag were recorded signiftbafurther from natal coloniesB¢27.4km,
SD=25.5) than femaleE¥%14.3km, SD=6.80 T { (i dzR Sy (i Qest; t=61205 p+ 0@} S

To date it is difficult to be certain that juveniles have shifted from their natal colony to breed

elsewhere, a breeding is yet to be confirmed. However, two Tawhitinui chicks (one male and one
FSYIES0ZX YR 2yS 5dzF F$NIWa NusEsghardtie Badid, akdadS a KA T i
5dzZF FSNDa wSSFT OKAO] oO0FSYFHfSUOU KIFa oneR sheyy 2y ¢
go on to breed there.

- (N



Figure5.6. Location of resightings of King Shag banded as chicks oryesat birds from natal

colonies.
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Figureb.7. Distance of resightings of King Shag banded as chicks orygat birds fromtheir natal
colony. Blue bars male,red bars=female.
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A total of 26 of the 82 (32%) chicks banded at Tawhitinui and Duffers Reef waghted up until

late in their second year of life. Of theds3 (69%) have gone for a period»f months wih no re

sighting; although this may be an uneestimate as some of the 2020 cohort of chicks may still be
reAAIAKGESR Ay (GKS FdzidzNBd hy I+ @SNF3ISs (KSaS 2dzwSy
months old (range 44 months) and are not seen for amerage of 8 months (rangel2 months).

There is no significant difference in the duration of no observations of ma#8s5months, SD=2.1)

than femalesi®¥7.4, SD=4.2]. (1 dzR Sy (i Q& -tésptn= 06D, p4016.5

h¥ GKS wmy 0ANREAE¢ ekimaito théryiaial oblonhg, fodr have shifted to new sites

(the two Tawhitinui and one Duffers Reef birds shifting td ¢ | NJueérd@harlotte, and the

d4SO02yR 5dzZFFSNN& wSST . ANR Y2Q0Ay3a (2 dostisgon I 2adl O
mussel farms when out foraging.

Discussion

This is the firstime juvenile survival has been estimated for a bé&yed shag species in New
Zealand; and there is limited data for bteged shags globally. We recorded similar fyrsar
survival rates as South Georgia Shag (0.36) (Cobley 1992) pmgalnshag (0.33) (Quintaeaal.
2022). King Shag juvenile survival recorded here is within range for other cormoranssuetias
0.37 for Doublecrested cormorani{Ayers et al2019 and0.50 for Great CormorarfHénauxet al.
2007)

Lower juveni¢ survival found in colonies in the outer Marlborough Sounds suggests birds fledging
from more sheltered colonies within the Sounds, have higher survival because of this improved
shelter. Dauntt al. (2007) found fledgling European Shag mortality wagtirtk developing

foraging proficiency. The inner Marlborough Sounds s exposur@otentially providedetter
foraging for juvenile King Shag as they hone their foraging skills, and this ultimately leads to higher
survival rates.



The timing of when éldglings become independent is an important part of understanding their life
history, especially in lonlived seabirds. The timing of juvenile mortality coincides with the end of
parental care and is also the period when juveniles begin to disperse fslmmies. Further, juvenile
survival is linked to parental care, with chicks which survidiegdear post fledging having a longer
period of parental care than chicks which died. @tial.(2010) considered when fledgling Red
footed Booby spent >4 nights ay from the colony to be when chicks were independent which was
16 weeks after fledging. This suggests that for King Shag the end of parenialwhe chicks are
truly independent and is the start of a dispersal period.

It is during this dispersal ped that birds wander further afield and have been recorded outside of
the Marlborough Sounds, with most extliaital sightings of King Shag being juvenile birds &ell
al. 2022 this study). Our results highlight that juvenile King Shag do have asaisperiod, and that
they have a greater dispersal ability than previous thoy@hdrchant and Higgins 1990)
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Chapter6. Extralimit recordsofk 6 | dz LIn 1 S1 SG S 1 S«
(Leucocarbo carunculafus

Mike Bell

Summary

Since 2002 there have been a small numbeY of ¢ | dz LIn 1 S Sd&itoBakby Ay 3 { KI 3 6
carunculatu} sightings outside of the normal ranggthin Te Tauihto-te-waka/Marlborough

Sounds. The distance from the nearest King Shag colony to each of the sigiiragged 102km

(range 60180km). With most sightings being fingtar birds, this suggests King Shag have a higher
dispersal ability that previously recognised, and this aligns with studies of banded chicks within Te
Tauihuo-te-waka/Marlborough Sounds shamg a dispersal periofbr juveniles at the end of

parental care.

Introduction

YI g1 dz LIn G S1 S d&utoSakbl danirtulaféré rastricted to Te Tauiko-te-
waka/MarlboroughSounds andre considered to be sedentary, with no movements recordedyaw
from Te Tauihto-te-waka/Marlborough Sounds (Marchant and Higgins 1990).

The relatively recent development of online databases to record biological sightings by members of

the public has resulted in a rapid accumulation of data on species distrib@imhabundance

FONR&da (KS 3t20Sd ¢KS @l tdzS 2F (GKAAa aOAGAT Sy &0A
to help inform wildlife managers and government policy (Fuigtierrez et al 2021).

{AYyO0S (KS YAR HnnnQa { KZ&alahd\dé spéhgofe@ tBerdeveldpmdntbOA S G @
an online database to record bird observations in this country; eBivdy(.ebird.org. Powered by

the Cornell Labfth N/ A 1 K2f 238 S. ANR NB O2 NR® strugfire@ ahetiiftsld S ND a
which can then be used by scientists for reseaccmservationand education. Significantithe

open access and searchability of eBird means data on individual species can be readily accessed.

This report presents records of KiBbag outside of their normdistribution anddiscusses the
implication of these recordsegardingthe species ecology.

Methods

The online bird recording database eBimww.ebird.org/n? was searchedor King 8ag records to
identify extralimital records. The Ornithological Society of New Zealand Records Appraisal
Committee online records databaseww.rare.birds.org.nypwas searchedbr additional records, or
for further information on records in eBird. &ddition, theOrnithological Society of New Zealand
publications- both the scientific journaNotornis along with the Societies more informal magazine
Birds New Zealangwere sarchedfor King shag reports.

Knowing that some observations may have been made by birders who are not members of the
Ornithological Society, a wider internet search for addiilsightingsvas undertakernusing the
search Googlsearchengine. Typing inhie key words King + Sha@Z results weremanually


http://www.ebird.org/
http://www.ebird.org/nz
http://www.rare.birds.org.nz/

checked for sightings outside of Marlborough. If a possible sighting was picked up, the leion
addedandthe searchrepeated (.e.,King Shag + Kaikouta)try and detect moreecords orfurther
information. Sightings found this way were only included if they contained a pghatonfirm
identification, ora contact person listed.

Results

A total of 5 sightings, or grogpf sightings, of King Shag outside of the Te Taaitet
waka/Marlborough Soundsvere found (Figures.1). Four of these sightings were of individual birds,
but one group of sightings in Abel Tasman National Park may have included up to 5 individuals.
Detail of each sighting is provided below:

Worser Bay, Wellington Harbouf,4 July 2002

Report of a_eucocarb@hag in Wellington Harbour was accepted by the Ornithological Society of
New Zealand Records Appraisal Committee and was considered most likely to be a King Shag
(Medway 2002).

. FNYySeQa w201 a@nbef20i1] 2dzNF 5 ¢ b2Q

I NBLENI 2F | 2d@SyAtS LINBaSyid aXiigShdgNpeSe 0a w2 01
Ornithological Society of New Zealand Records Appraisal Committee, but at the time they felt the
information provided was insufficient to rule out Otagloag (Miskelly et al. 2019). Realuating the

Unusual Bird Report and additional images provided by the observer that thiadpeshrs to be

first year King Shag. The same bird had been seen by other observers at least a week previously to

this sighting

Motuareronui/ Adele and Tonga Island, Abel Tasman National Park, Tasman Bay, January 2015
November 2016

The first report was of a single bird from Motuareronui/Adele Island on 1 January 2015 (Miskelly et
al. 2017). Following this until October 2016 tharas a further six sightings of individual birds, which
were suggested to include up to 5 individual birds. Most records were of birds roosting on Adele
Island, but also a record of an adult from nearby Tonga Island (Robertson 2017). With A further
report of a first year bird in Nov 2016 appeared on Abel Tasman Eco Tours Facebook page
(https://m.facebook.com/AbelTasmanEcoTours/photos/a.567909103261977/1334456626607217/?t

ype=3& rdj.
Point KeanKaikoura Peninsula, 30 May 2020

Photographs of a first year King Shag taken at Kaikoura Peninsula on 30 May 2020 were passed on to
the Ornitholaical Society of New Zealand Marlborough Branch (P. Quosgecomm.) The photos
confirm that this bird was a first year King Shag.

Kina Bay, Motueka, 23 March 2022.

A dead banded first year bird was found by a member of the public on Kina Beach artdd¢po
the Department of Conservation Banding Office. This bird had been banded at the Kuru Pongi/North
Trios colony three weeks earlier on 4 March 2022.


https://m.facebook.com/AbelTasmanEcoTours/photos/a.567909103261977/1334456626607217/?type=3&_rdr
https://m.facebook.com/AbelTasmanEcoTours/photos/a.567909103261977/1334456626607217/?type=3&_rdr

Figure6.1. Sightings of King Shag from outside Te Taoitaiwaka/Marlborough Sounds
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Discussion

Four of the five sightings were of individual birds, all of which wereyfgat birds. The records from
Abel Tasman National Park are interesting and occurred over nearly-gelavgeriod. Records

include both first year and second year birds, withregle adult bird also being seen. Howemar

further details were available on the timing of these individual sightings; and it is possible given the
two-year timeframe, that these sightings follow the development of severalyar birds through

to adult type plumage across this period.

The distance from the nearest King Shag colony to each of the sightings averaged 102km ange 60
180km) (Figuré.1, Tables.1). With most of the sightings being firgear birds, suggests that King

Shag possibly lva ahigher dispersal ability that previously recognigddbarchant and Higgins 1990)
Studies of banded chicks within Te Taudhte-waka/Marlborough Sounds confirmed a dispersal

period of juveniles following the end of parental care (Chapter 5).

Table6.1. Distance to nearest colony for each eximital King Shag sighting

Location Distance(km)
Worser Bay, Wellington Harbour 60
Motuareronui/Adele Island, Abel Tasman National Par} 60
Tonga Island, Abel Tasman National Park 60
Kina Bay, Motueka 90
Point Kean, Kaikoura Peninsula 165
CFNYySeQa w2012 Y AL 2dzNT 180

This behaviour may mean that it is possible for King Shag to colonise new areas outside of their
current restricted range. Obviously, establishment of any new colony would rely on enodgh bir
dispersing to a site and surviving through to adulthood
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Chapter 7Foraging ecologyéf 6 dz LIn 1 S1SGS1 Sk
(Leucocarbo carunculafussing GPS andne-depth
recorders.

Mike Bell, Simon Lamb, Patrick Crowe, DBrgin,and Samantha Ray

Introduction

Aotearoa New Zealand is a global cormorant biodiversity hotspot, with 13 breeding species

(Kennedy and Spencer 2014, Rawlence et al. 201Whioh 9are endemic. Despite this high

biodiversity, very little research or conservation action focuses on aumarant species, with
O2N¥2NrydGa o0SAy3 GKS fSIFad addzRASR 2F ! 23Sk NBLF &

K g dz LIn KBg ShagSiicSearbo carunculatyis a arge (length 76cm, weight 2.5kg) black

and white marine cormorant restricted to Te Tauwib-te-waka/Marlborough Sounds (Marchant and

Higgins 1990). The fossil record suggests that King Shag were more widespread at the time of

Polynesian arrival, distributed at least as far north as the southern Wellington coaktiwever, by

the time of Ewopean arrivalthe range and population had contracted substantially and was
O2yaARSNBR NINB o6& SINIe yldda2NItAada 2F GKS wmynr
northern extant member of the blueyed shageucocarbaspp. group within Atearoa New Zealand

(Rawlenceet al. 2017); which are sexually dimorphic and show-lsaged differences in foraging
traits (see review in CamprassealH nMT I 0 ® | 2 SOSNE (2 RIFGSI y2yS 27
blue-eyed shag species (comprised of sevetart speciesall endemig has been investigated using
instrumentation.

King Shags face a myriad of threats, including climate change, disturbance, and fisheries/aquaculture
(Taylor 2000). Recently, mussel farmingl baen considered likely to be impaag King Shag,

despite limited research (Butler 2003, Fisher and Boren 2012). The ability to determine the risk of
potential threats to King Shag has been limited by a lack of understanding of the species foraging
ecology. To date, the studies of King Sfuagging ecology has mostly been limited to studies on
diet, or observations from boats. For instanean der Reis and Jeffs (2020), found ttmet King

Shag diet is predominantly composed of flatfish, suclefigyedflounder Bothidad, witch
(Arnoglossus scaphand crested flounderd 0phonectes galldsamong other benthic dwelling fish,
indicating that King Shag are predominantly foraging along the seafloor. Sch{@886J found that
King Shag from the Trio and Stewart Island colonies eyan average of 10 km from the colony to
foraging sites anébraged almost exclusively in water <50Rowever, an irdepth and holistic
understanding of how King Shag use and operate within the water column is still lacking and can
only be captured by sing highresolution tracking devices.

In this studyintegrated GPS Time Depth Recordeese deployedo explore the foraging ecology of
King Shag from four colonies in Te Tawke-waka/Marlborough Sounds. Thisport aimsto
describe the foragingcology of King Shag and compare this to other-elyed shag species.

Methods

Logger deployment
Adult King Shag were captured to attach GPS loggers to investigate foraging behaviour. Initial
capture attempts were carried out in the middle of the day dgrthe midchickrearing period.



Landing near the colony from a boat, one person would slowly work their way into the colony
attempting to capture adult birds guarding chicks at nests using a custade crook (Figuré.l).
Between 14 adults could be capted using this method before the disturbance caused all adults to
depart the colony.

Toincrease sample sizes of GPS tracked birds, timings of landings shifted to night captures during
the nonbreeding season. One hour prior to dawn the colony a@sroached using a red light and

birds were captured with a crook. On moonless nights, King Shag were reluctant to leave the colony
and a significantly higher number of adult birds could be captured. Birds were held in individual cloth
bags and were takeonboard a boat for processing (or on one occasion processed on shore, near
the colony); allowing nowaptured birds to settle at the colony. Once processed, birds were

released to sea after dawn.

Birds were banded with a metal and alpha numeric engrairegito assist individual identification at

a distance. All individuals were weighed, had wing length recorded and were checked for moult. A
GPS logger (Technosmart, Rome lItaly) was attached to the dorsal feathers using Tessa Tape and
super glue, anteriord the central back of the animal (Figufd.).

GPS loggers were programmed to record a location fix every minut@ldo included a pressure
switch that triggered when a bird surfaced to get a fix immediately after each dive. As King Shag

return to colonies/roost sites overnight, to
Figure7.1. King Shag White 56 with attached GPS device, nc

. ) : : _ reduce battery consumption, loggers were
tape is starting to give way and the device starting to fall off
bird. programmed to record data from 1 hour

beforedawn, to 1 hour after dusk.¢.,
duringdaylight).

The bggersusedhad integrated time depth
recorders In 2019 tags recorded depth every
minute; howevertechnological
improvements in 2022022 resulted in tags
recording pressure every secoaddenabkd
full dive profiles to be recorded. In addition,
loggers recorded wet/dry status,
temperature,and speed.

TheGPS loggers communicated with a base
station positioned neathe colonies The

Base stationstored data from tags, which
was recovered bgonnecting a laptop to the
base station and downloading data. Tags
could store data until they were in contact
with a base station, meaning any birds away
from a colony for a period, would retain data
until the bird returned to the colony and
came within ange of a base station. Birds
were not recaptured to recover GH8ggers, with the tape failing and devices falling off birds-in 5
18 days.




Classification of behaviour
Each GPS fix was attributed to one of four behaviours (Fig@yeEach birds daily GRrack was

visually inspected, and behaviour determined for each GPS fix by assessing movement from previous

and following fixes, unit speed, temperature, wet/dry status, and times of diving. Behaviour classes

included:

1. Roosting; GPS fixes showed no mawent in a single direction, with fixes clustered around a

single point (recognising and allowing for individual drift in GPS fixes); there was nil or a
gradual change in temperature (as birds exited the water temperature increased, then
stablished to ambiet temperature) with a dry status. Location of birds at colonies, known
roost sites or on mussel floats helped determine if birds were roosting.

Flyingg GPS fixes recording spe@@Okm/hour, with >50m between fixes, and usually with a
low turn angle betwen fixes, and a steady temperature. King Shags usually had relatively
short flights, with birds moving between the colony and foraging sites, and/or colonies and
roosting sites.

Swimmingg GPS fixes with speeds <20km/hour, and <50m between fixes, withtloout

high turn angles, and usually with a rapid drop in temperature (as birds entered the water for
the first time, temperature rapidly drop from ambient to water temperature).

Foraging; GPS fixes immediately prior to and between dives. Fixes wesdlyisi20km/hour,

often with sharp and irregular turns, and fluctuating temperatures due to changing water
temperature during dives. King Shag usually undertook extended foraging bouts with birds
resting on the surface for approximately the same periodrespreceding dive. When birds
took an extended break during foraging bouts without going to roost, these were classified as
swimming, not foraging. With only the GPS fix immediately after the dive then classified as
foraging.

Although we did recoréd A NR& dzy RS NI I { A yhare bir@GsHived@mif@ MbsamdsS 3 ¢ = &
GPS tracks indicating straight movement to or from colonies, we assigned these as swimming.



Figure7.2. Individual foraging trip of King Shag White 41 (female) from Tawhtihui. Shetsldpar
colony and fes directly to Maori Bay, where after a short period roosting on a misssekhe starts
foraging doing two foraging bouts seperated by a short break roosting on a second mussel farm.

After foraging she travels home, interspecingniywith swimming (ad another short stop on a
mussel farm in South East Bay).
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Determining foraging area and foraging distance

To determine foraging area, kernel density estimatese calculatedising the kernel density tool in

Arcmap using defaultpavaS Gt SNAE ® ! aAy 3 | NODL{ (22t G9EGNI OG &I
from the kernel density output and determined 95% of observations using values of extracted points

from attribute tablesd | &Ay 3 GKS | NODL{ & wS OSity raskeAtdrépiesent2 2 = N
95% of points and converted rasters to polygons, calculate the area of each polygon using calculate
geometry tool.

To determine the distance birds foraged from colonies, we used thelODL { @G22t abSI NE
the distance betwen each foraging location and the colony of origin to the nearest 0.1km.

Preparation of time depth recorder data and calibration

We extracted and pr@rocessed time depth recorder (TDR) detd& (R Core Team 202&jng the R
package diveMove (Lunque 2007). We applied the filter method for Zero Offset Correction (ZOC) to
correct for possible drift following the recommendations outlined in Lugue and Fried (2011) and
tutorials available in Isakssa al. (2021). Becase there was little noise, narrow windows and
guantiles were appropriatéA first median filter of 2 (2 s based on a 1 s sampling interval), a second
filter quantile of 0.05 on a window size of 180 (6 min) and bound depths betwé&ehvere
selectedandapplied to all birds. Smoothing parameters were visually inspected before proceeding
with dive calibrationDiveswere calibratedusing a threshold of 8 m, to remove any rRimnaging

related behaviour e.g., washing, travel (e.g., king shags can exhimipaiginglike behaviour whilst
commuting between sites, descending to as deep-&abbefore quickly resurfacing).

Due to either occasional low battery or device performance deficiency, data was sporadically not
recorded during some portions of the TB&oloyment, usually this occurred at night when birds

were not foraging. We identified gaps in recording using the GapFinder function from the
TrackReconstruction R package (Battaile, 2014). We visually inspected and removed all affected
dives that were paially recorded (e.g., the dive descent was recorded but the ascent was not).
Further, as king shags are strictly diurnal, we removed all dives that occurred outside of daylight
hours (assuming that these dives were instances of escape behaviour caudistlbdyance of a

vessel transiting close to the roost site). However, there were occasions when a king shag exhibited
foraging behaviour through the dusk periqdhese dives were retained.

Likely in response to being handled, king shags can exhibitatype., extensive) roosting

behaviour away from the colony after they are released, spending up to two days in the same

locality, after which they begin to resume normal routine behaviour, such as foraging (Bell M.,

personal observationTo accountfoti KA 482 6S GKSNBT2NB @Aadz tté& SEI Y.
track and corresponding diverofileswas examinedintil routine behaviour was thought to have

NE&ddzYSR O0A®PSd:E o6S3IlyYy F2NIIAYI0Dd 5A0Sa LINA2NI G2
therefore excluded.

In addition to the usual diving behaviour metrics obtained from the diveMove package (e.g., dive
duration, maximum depth) for each individual we calculated the time spent underwater (as the sum
duration of all dives conducted per daglative to day length (hereafter, proportion underwater)

Day length was calculated as the difference in time between sunrise and sunset using the
getSunlightTimes function from the R package suncalc (Thieurmel & Elmarhraoui 2019). Because of
the aforementoned gaps in recording, we retained only records of individuals where data recording
encompassed at least 75% of the day length in an effort to minimise data loss and maximise data
quality and precision.



Results

A total of 51 adult King Shag were cagtdiand had GPS loggers attached from 4 colonies; of these

data was recovered from 43 birds (TaBl&). Male King Shag were significantly heavt#8(2kg,

SD=0.16kg) than femald$(n ®c {1 32X { 57 n dmn | 3 0-Est; § & HaRHY, <Q.A01)[i 62 & Y
equating to a 21% difference in mass. Male King Shag wing length was significantly longer

(B¥316mm, SD=6,4mm) thanfemaléB 0 nn YYZ {5 ndoYY0 I HesitaRSy (1 Q& (6?2
8.5902, p<0.001), a 6% size difference.

Table7.1. Numberdate,and locationof King Shag fitted with GPS loggershe Te Tauiho-te-
waka/MarlboroughSoundswith number of birds where data was recovered in parerdhes

Jukl9 Jd-20 Dec20 Jul2l Oct21 Mar-22 Total

Tawhitinui 4(4) 2(2) 6 (5) 12(11)
Duffers Reef 2(2) 5(4) 9(7) 16 (13)
The Twins 1(1) 8(5) 9(6)

Kuru Pongi/ Trios 14(13) 14(13)
Total 51(43)

The mean foraging area of King Shag was 5.098D+3.91, range=0.118.69Kn?). There was no

difference between the foraging area of malé%%.73, SD=4.13) compared to femalBg4(49,

{5To0odc pu T { i dzRtBs¥ €1 D14, (ps0B174Highe3y. Bherdiwas no overlap in the

foraging range of birds from different colonjeend individual birds showed relatively high foraging

site fidelity, returning to the same areas to forage. The heat map of foraging points largely shows

areas of individual fidelity to a foraging area. Birds from Tawhitinui, Duffers Reef and The Twins al
G§SYRSR (G2 F2NI}3IS AyglNRAZ | fGK2dZ3K GKNBES AYRAODAF
Hoiere/Pelorus SoundsuardsBay, Annie Bay and Paparoa). Birds from the Kuru Pongi/North Trio

however spread out in all directions, foraging ftat seafloor plains typical of this part oé Tauihu
o-te-waka/Marlborough Sounds



Figure7.3. Heat map of GPS points classified as foraging of King Shag tracked from four colonies in
Te Tauihto-te-waka/Marlborough Sounds, showing 95% kernel distributionsdch colony.
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Male King Shad?8.4km, SD=5. 6) foraged a similar distance from the colony as fergefiegkm,
SD=3.9); although there were differences in relation to colonies tracked (HdgyréMales from
Tawhitinui, The Twins and Duffers Reebfged further from colonies than females; with birds from
Kuru Pongi/North Trio foraging a similar distance.



Figure7 4. Violin plots depicting the distance from colony of foragin§i&es (km) for Males and
females at each of the different colony locaws. Horizontal lines within violin plots indicate the
median (middle line), and the lower and upper quartiles.
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During a divéFigure7.5), King Shags descerell  Figure7.5. A King Shag starting a foraging dive in
to an average max depth of 25.7 m £ 10.2 SD  Horseshoe Bay, July 2021. Photo Dave Boyle.
range (8.0%71.5 m), with dives lasting on averag
92.8 s £ 39.9 SD rangeq242 s). Females tended
to perform slightly shallower dives (average max
depth 24.5 m + 10.3 SD range§2.6 m)
compared to malegaverage max depth 27.1 m +
10.0 SD range (&1.5)), however the maximum
depth reached during a dive lngales and females
appeared to be largely dependent on the colony
location (Figure’ .6). Indeed, females located at
Tawhitinui (female average 26.3 m 58D),
dived on average to the same max depths as
males (male average 26.15 m + 5.6 SD) and
females at Kuru Pongi/Trios dived deeper on average than males (female average 38.5m + 10.1,

male average 31.8 m £ 11.3 SD). Males tended to dive deeper on aaragéers Reef (male

average 24.8 + 10.5 SD, female average 19.2 m + 3.4 SD) and at The Twins (male average 31.5 + 14.0,
female average 23.3 + 11.7 SD).




Figure7.6. Violin plots depicting the distribution in the maximum depth (m) during a dive, for
males and females at each of the different colony locations. The horizontal dashed line
indicates the 8 m threshold. Horizontal lines withilin plots indicate the median (middle
line), and the lower and upper quartiles.
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A similar pattern in divelurationwas observedt Tawhitinui and Kuru Pongi/Trios with females

diving longer on average than males (Tawhitinui female aveta@e8s+ 30.16 SD, male average
95.3s5+40.7; Kuru Pongi/Trios female averate62 s+ 426 SD, male averad®38 s+ 482 SD).
Whereas the average dive duration was longer for males from the Td®s7(s+ 40.7 SD) and

NBI a2yl ofeé AAYATI NI o6SG6SSYy YIfSa I RBs+I8SBD,f S &
male averag@4.4s+458 SD; Figurg.7)

Figure7.7. Violin plots depicting the distribution of time spent diving per dive (s), for males
and females at eacbf the different colony locations. Horizontal lines within violin plots
indicate the median (middle line), and the lower ampber quartiles.
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Theproportion of time spent underwater averaged 0.14 + 0.09 SD (range Q.0(BB) of the day,

with females spending a longer portion underwater than males on average (female average, 0.19 +
0.09 SD, range 0.0@40.38; male average, 0.11 + 0.08 SD, ran§63Xx; 0.35; Figure’.8). The

pattern of females spending longer portions of the day in the water was present across birds from
different colonies, except for birds from the Kuru Pongi/Trios, where on average males and females
were similar (Kuru Pongi/Triosate average, 0.13 + 0.10 SD, range 09085; Kuru Pongi/Trios
femaleaverage, 0.11 + 0.05 SD, range 0.@2019), but with males exhibiting a far wider range.

Figure7.8. Violin plots depicting the distribution of proportion of time spent underwater
relative to daylength, for males and females at each of the different colony locations.
Horizontal lines within violin plots indicate the median (middle line), and the lower and upper
guartiles.
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Discussion

Overall, males on average forafygther afield, dive to deeper maximum depths and spend a longer
time diving per dive. However, this trend appears to be somewhat dependent on what portion of Te
Tauihuo-te-waka/Marlborough Sounds the bird inhabitants. With colony location supersedirsgthe

sex differences, or in some cases such as birds from Kuru Pongi/Trios, reversing them. Females also
spend greater portions of their day underwater, but this too appears to depend on the colony

location (i.e., males from Kuru Pongi/Trios spend unusi@iiger portions of the day underwater

relative to other males located elsewhere). On top of general differences between sex and colonies,
individuals were also highly variable in both the maximum depth, time spent diving, and the
proportion of time spent nderwater relative to day length, with birds exhibiting more individualised
dive profiles (See figures in Appendix @ne

Our results for King Shag match 4msed foraging behavioural traits recorded in their closest kin,
other blueeyedLeucocarbeshag pecies. With males generally foraging further from colosied
divingdeeper than females (Green and Williams 1997, Bextah. 1997, Kato et al. 2000, Coekal.
2007, Quintana et al. 2011, Cook et al. 2013), but not always the case (Qutifald2011,
Camprasset al.2017a). In particulaiour results highlight considerable individual variation, which
appears to be a feature of blugyed shagshigh individual foraging specialisation (Quintaataal.
2011, Camprasset al.2017b).

Van der Reiand Jeffs (2022) found differences between both sexes and ctioationin prey

composition of King Shag, but also wide variation amongst regurgitate samples. The largmihter
intra-individual variation in foraging behaviour found in King Shag mphaia these differences.

Wilsonet al. (2022)noted considerable intemndividual differences in foraging succed#ferences

that exceeded any differencgsedicted byempirical and theoretical inteprey acquisition time
distributions modelsWilsonet al. (2022)concluded that more successful individuals were more

choosey about when, hoyand where they foraged, which gave them higher odds of being
successfuWhilst Camprasset al. (2017b) suggested shags deliberatelyvigited the same areas as

food patches were localised and predictable in time and space. Both our results and van der Reis and
Jeffs diet results (2022) suggest King Shag exhibit similar foraging behaviour.

Overall, Kinghag exhibit individualised foraging preferences eriding £x-stereotyped behaviour.

It is suspected that these differences between individuals are also likely to be dependent on the local
bathymetry encountered, where the foraging environment becomes more uniform (suchraand

Kuru Pongi/Trios), sex specififferences appear to be reduced and individual foraging strategies
become more pronounced.



Appendix One

Figure7.9. Violin plots depicting the distribution in the maximum depth (m) during a dive, for all
individuals.The horizontal dashed line indicaté®t8 m threshold. Horizontal lines within violin plots
indicate the median (middle line), and the lower and upper quartiles.
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Figure7.10. Violin plots depicting the distribution of time spent diving per dive (s), for all individuals.
Horizontal lines within violin plots indicate the median (middle line), and the lower and upper
guartiles.
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Figure7.11. Violin plots depicting the distribution of proportion of time spent underwater relative to
day length, for alindividuals. Horizontal lines within violin plots indicate the median (middle line),

and the lowerand upper quartiles. Note, individual Whit8 was only represented by a single record
after the 75% data retention cuff.
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Chapter 8Spatiaittemporal foraging overlap of mussel farms
andkl 6 I dz LJn G S1 S (L8Uc&arbo xayuBculfdist 3 6

Mike Bell and Simon Lamb

Summary

We investigated the spatiaémporal foraging overlap of mussel farms and& I dz LIn 6 S1 S S Sk
Shag l(eucocarb@arunculatuyin Te Tauihto-te-waka/Marlborough Sounds derived from GPS data.
Of 43 birds tracked, 56% foraged within a mussel farm, although this was influenced by the extent of
mussel farming in proximity tthe colonybirds were tracked frong for exanple there is little

mussel farming it | 4 | NJ y dzA k v dzS S yFrom ErbisNilte# \iiith GPS{dévidefidre data

was recovered, ost King Shag from Duffers Reef (£@®birds tracked) and Tawhitinui (11 of 11)
foragedwithin farms, whereas only a gjle bird from Kuru Pongi/North Trios and The Twins foraged
within farms. Both later sites have little mussel farming within foraging range proximity to the
colony. Considering differences in the length of time a bird was tracKew) Shag spent on averag

31% + 39% SD (range00%) otheir foragingtime within marine farmswith females on average
spending slightlynore timethan males foraging in marine farms (female average 33% + 40% SD
range 0100%; male average 31 * 38% SD rantje3o) per day traed. However, there was high
degree ofvariaion between individuals, and daily plasticity amongst birds. This is the first
guantitative data on King Shag foraging within mussel farms and shows that mussel farms do not
cause habitat exclusiortt is expected that mussel farrhave a neutral impact on King Shag.

Introduction

K g dz Ln (KiBq ShagSgic8earbo carunculatyare restricted to Te Tauiho-te-
waka/Marlborough Sounds (Marchant and Higgins 1990) and are listed as NationahgEret
(Robertson et al 2021). For these reasons, there has been strong conjecture over the impacts of
aquaculture orthe speciesWith mussel farming in the Te Tauibtte-waka/Marlborough Sounds
considered likely to be detrimental to King Shag (Bu&03), although there has been little
research on the actual effects (Butler 2003, Keelegl. 2009, Fisheand Boren 2012).

Despite a lack of evidence, some groups believed that marine farms prevented King Shag from

accessing important benthic foragjrinabitat. Thisesulted in King Shag becoming a point of

contention when applying for resource consent, with a number of applications ending up before the
Environment Couri.e. https://www.stuff.co.nz/business/104827048/kinshagsseatthe-fate-of-
two-marlboroughmusselfarms)® 5dzS (2 GKS WIKNBFGSYySRQ Of F aaATA
to threated species under the NZCPS 2010, errsd occasions the Environment Court employed a
precautionary approach and declined consent applications on the basis of avoiding potential effects

on KingShag.The Marlborough Coastal Plan identifies over 350,000ha of seabed as potential

foraging areasin which any actual or potential adverse effects of any activity on King Shag feeding

need to be consideredJflich 2020alUrlich et al. 2022).

With GPS tracking of King Shag being undertaken to understand the foraging ecolagygpedies,
this provided an opportunity to investigate the usemafisselfarms by King Shag. Thisapter
presents the results of spatitdmporal foraging overlap of mussel farms and King Shag.


https://www.stuff.co.nz/business/104827048/king-shags-seal-the-fate-of-two-marlborough-mussel-farms
https://www.stuff.co.nz/business/104827048/king-shags-seal-the-fate-of-two-marlborough-mussel-farms

Methods

We investigated the spatidémporal usage of mussel farmy KingShag whilst foraging within the

Te Tauiheo-te-waka/Marlborough Sounds. We used publicly available spatial data on mussel farm
lines present within Te Tauikmtte-waka/Marlborough Sounds (data available from the
WOYGBANBYYSY(iQ a$O0i AtdctTouhdl sninKniapsasdrvicd: 6 2 NR dzZ3 K 54 &
https://smartmaps.marlborough.govt.nz/smapsaccessed and downloaded on-Btay-2022).

To ensure ar area included all farm structures (warps aamthos), alloved for line movement

(due to currents, tide, and wind), and extent of biodeposition (mussel faeces, pseudofaeces and shell

litter), we extended mussel line polygohg overlaying a 50 m buffer around each mussel line

polygon in QGISYGIS Development Tegi@022)dza Ay 3 (G KS WONBIharésdafloeF F SN F
flushing or shallow water depth, typical of areas where King Shags have been tracked foraging, the

typical extent of biodeposition is <50m from farm boundali€seleyet al. 2009).

Where the50 mbuffers overlappedareaswere combined into a single polygon and therefore
RSTAYSR a (KS Y d#hanTdmbifechhthasDan bitferadaed thispiogace@ap

total of 197 mussel farm footprints. To investigate foraging overlap of King Shthgnavine farm
footprints we identified those marine farm footprints that had at least 1 GPS fix classed as foraging
behaviour (Figur®.1, see chapter 7 for definitions of behavioural classificatem) calculated for
eachKing Shag, and for each marinarim footprint it interacted with, the time of entry, exit, and

thus duration of time spent foraging within the marine farm footprint using the recurse package
(Braciset al.2018) in RR Core Tealh H 51 H H 0 getRedusSiainsIoPENONWT dzy OG A2y @ 2 S
cross referenced each classification of foraging behaviour bigtitEshag as to whether it occurred
within or outside the marine farm footprints. From this data we then quantified the relative time
spent foragingvithin marine farm footprints to the total time spent foraging per day a king shag was
tracked.


https://smartmaps.marlborough.govt.nz/smaps/

Figure8.1. Example of &ing Shag (Red 6% a male) foraging within marine farm footprints. Yellow
pointsareGPBl2 aA A2y a 27T wSR behadourQotheraciviies e.g. rooskfg2 NI I A y 3 ¢
swimming etc, are not shown). Green polygons indicate individual mussel lines, and purple polygons
indicates the 50 m buffer applied to mussel lines (i.e., the marine farm footprint). Red 61 utilised the
highestnumber of marine farm footprints during foraging (13 in total).

Forsyth/ | sl
Te Parupar

Results

Of the 8B King Shags that were tracked, 23 (56%) birds exhibited at least 1 GPS fix classed as foraging
behaviour within marine farm footprints (of which the recurse analysis was able to be applied to).

This includes one (of six) tracked fréml G I NJ y dzA k ttedx&uSdg/one/ (dk 122)Ndacked from

the Trios, 10 (of30 G NJ O1 SR FTNRBY 5dzZFFSNN&a wSST IyR mm 027F
birds tended to forage within one or two marine farm footprints (57% of birds), with the rest

foraging within three or more farms. One bird (Red 61), foraged almost exclusively within marine

farm footprints (Figure.1), and visited a total of 13 different marine farm footprints (FigB&d.

The median number of farms foraged within was 2 (rang&8p



Figure8.2. The numbebnf marine farms utilised by king shags for foraging during their tracking.

Number of king shags
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Number of marine farm footprints

Taking into account differences in the length of time a bird was tracked for (mean 640 minutes + 314
SD, range 44019 minutes tracked per daying Shag spent on average 43% + 26% SD (range 0

97%) of the tracked ddpraging, with 31% * 39% SD (rang&00%) of that time foraging within
YENRYS FENY F220LINAyGad . 20K YIHfSa yR FSYIfSa
overlapped in the propdion of time spent foraging within marine farms (Fig&8), with females

on average spending slightly higher than males foraging in marine farms (female average 33%  40%
SD range 100%; male average (3d+ 38% SD range1D0%) per day tracked.

Figure8.3. Violin plots of the percentage of time spent foraging in marine farm footprints (MFF)

relative to the time spent foraging per day by matel femaleKingK I 34 FTNRY 5dzF FSNRa
Tawhitinui (n=11), The Twing { G I NI y dzA k v dzS S ¢h=1))akdKNEi RoigiiN®rttfri@sdzy R
(n=1) coloniethat foraged within mussel farm footprintsiorizontal lines represent median (middle

line) and upper and lower quartile ranges.
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Between individualding Shag were highly variable in the proportion of timeesp foraging with

marine farm footprints (Figur8.4). With some individuals foraging almost exclusively within marine
farm footprints (e.g., Red 61), whereas other that foraged within marine farm footprints, did so very
rarely (e.g., White 17). In other a5 some individuals were highly plastic in whether they spent
large amounts of time foraging with within marine farm footprints (e.g., Red 29).

Figure8.4. Violin plots of the percentage of time spent foraging in marine farm footprints (MFF)
relative to the time spent foraging per day by each individual recorded utilising marine farm

footprints duringforaging. Horizontal lines represent median (middle line) and upper and lower
quartile ranges.
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Discussion

For the first timethis study provides quantitative data on the use of mussel farms by foraging King
Shag. Of all birds trackes6% exhibited foraging behaviour within marine farm footpristsending

on average 31% of their time foraging in farmewdver only one bird from b Kuru Pongi/North
Trios and The Twins foradin an area with mussel farsnso were likely to encounter farm®f

birds which foraged in areas ©& Tauihtb-te-waka/Marlborough Sounds in proximity to mussel
farms oraging rangevithin 2kmof a musseldrm), 23 of 26 birds (89%) foraged within farnfer
thesebirds that did forag in mussel farmspn average of 39% of their foraging time was spent
within mussel farm footprints.

Male and female King Shalgosved a similar amount of time utilising mussairhs, but there was a
high degree of variation between individuals, grdsticity amongst birds. This mirrors the highly
individualistic foraging behaviour described for the species (Chapter 7).

All King Shag foraging in areas of mussel farms, roosteaussel farm buoys between foraging
bouts. In areas with mussel farms, King Shag appeared to prefeosbon floats than on the shore.
Potentially beingsurroundedby water,floats provided safer roosting locations for King Shag.

Aquaculture is a globiglincreasingactivity andcanaffectthe environment in bottpositive and

negative ways (Gallardi 201450r marine seabirds, the impacts may not all be baigkrnationally

the impact of suspension culture has been recorded as positive or neutral onentaird species
(Roycroftet al.2006) It is difficult to determine if our results are positive, as we do not know if
foraging in mussel farms improved foraging success. However, we report that mussel farms do not
exclude King Shag from foraging habitatd that farms are used by a large proportion of the
population, and for a significant proportion of some individuals foraging. Mussel farms are likely
neutral to King Shag, and if a farm is within a King Shags foraging range, it will be utilised to some
degree, depending on the individual temperament of the bird.



Chapte9. The effect of a storm system &awau
LIn 0 S1 S 4 S 1 $euddiaybd cadurictlailidiving
behaviour.

Mike Bell and Simon Lamb

Introduction

YI gl dz Lin (S S dL&toBakby danlirtulafiresticten toTe Tauihep-te-
waka/Marlborough Sound@archant and Higgins 1990) and face a range of threats (Taylor 2000).
King Shag are central placed foragamsl have a restricted foraging range (Chapigrtravelling to

and from a roost site daily to feed. In additidding Shag are benthic foragers with bottom dwelling
fish species comprising all their diet (van der Reis and Jeffs 2020).

As a benthic visual foraging seabird, King Shag foraging efficiency may be impasdaimntation

and turbidity. Studies both in Aotearoa and internationally have linked turbidity to foraging ability of
pursuitdiving seabirds, with increasing turbidity negatively impacting foraging ability (Letkids

2021).In other instances, high sediment inflow events may be linked to cases of mortality (&ukies

al. 2021). For instance, a mas®rtality event of developing Korn(little blue penguinEudyptula

minor) chicks in Wellington asthought to be caused bthe interacting effects of a warmer waters

coupled with high sediment inflow from the Hutt RiyerhichK I YLISNBR | Rdzf 6§ &aQ | 0Af A
enough food (Lukiet al.2021).The sheltered waters dfe Tauihtb-te-waka/Marlborough Sounds

are especially vulnerabl® tsediment inflow (Urlich 2020) and King Shag may therefore be at

increased risk from sediment reoff.

There has been a tefold increase in sediment accumulation rates in infierHoiere/PeloruSound
since the earlyv o n E@Qding subsoils from predamately from forestry and farming, but also from
other land use (road and track formation) and stream bank erosion are the main contributors of
catchmentderived sediments (Swal al. 2021).There has been a significant increase in pine
forestry inTe Taihu-o-te-waka/Marlborough Soundand Te Hoiereloruscatchment,

predominantly on steep erosion prone land (Urlich and Handley 2@@)disturbance associated

with forestry harvesting has caused erosion and-offninto the coastal waters ofe Tauihto-te-
waka/Marlborough Soundand resulted in excessive deposition of fine sediment onto estuarine and
subtidal benthic habitats (Urlich 2020rlich and Handley 2020).

The impacts o$ediment run offvere investigatedising GPS data from King Shagked during an
extreme weather event which saw significant sediment run off in Te H&lelerusSound in July
2021.1t washypothesised that the storm would discourage King Shag from foraging both during the
event, and immediately after due to increabeater turbidity. Predicting that the proportion of the
day spent foraging would reduce, and then return to-sterm levels in the days following. second
hypothesisvasthat the storm event would reduce the ability for shags to forage efficiently.
Predcting that dive metrics such as time spent underwater per dive, and maximum depth per dive
would change in relation to the storm event. Because of low sample sizes (3 birds), we did not
statistically test these hypotheses and results are descriptive only.



Background of storm event

During 17 July 2021 an intense storm system passed through the northern South Island causing
wide-spread flooding throughout Marlborough (Radio New Zealand 2021). During the storm, the
Pelorus River (the main river flowing inteetTe HoieréPelorusSound) reached a peak at 11:00am

with aflow rate of 1728 mistat Daltons(Figure9.1., data from Marlborough District Counciljhe

Daltons River gauge uses upstream recorders in the Rai and Pelorus River but does not include the
Wakamarina catchment (not recorded during the storm), so data presksides not include all

inputs into Te Hoiere/Pelorus Sound (Emma Chiball, Environ8ystems and Data Analyst,
Marlborough District Counditers. ComnMay 2022) Thiseventcaused widespread slips and
erosion(Radio New Zealand 202(Bigure9.2) and led to a significant sediment plume being ejected
into Te Hoier&PelorusSound(MB, pergnal observation from 19 July).

Figure9.1. Flow levels of the Pelorus River measured at Daltons during the July 2021 storm event
(Data from Marlborough District Council).
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Figure9.2. the July 17 storm caused widespread slips through Te Taoiterwaka/Marlborough
Sounds. Image fromww.stuff.co.nz/marlborougkexpress/125969940/neweam-on-way-to-help-
marlboroughbuild-road-to-recovery



http://www.stuff.co.nz/marlborough-express/125969940/new-team-on-way-to-help-marlborough-build-road-to-recovery
http://www.stuff.co.nz/marlborough-express/125969940/new-team-on-way-to-help-marlborough-build-road-to-recovery

Methods

Over the period of this storm, threldng Shag (White 55 (female), White 58 (male) and White 61
(male) were wearing GPS devices, providing an opportunity to examine potential storm/turbidity
effects on foraging behaviour (Figu®e). Foreach bird, we examined the proportion of time
foraging (relative to other activities) and changes in maximum dive depth, duration of diving and
across this time period.

Figure9.3. The outflow of the Pelorus River (deep blue lines) into the Te Tatghu
waka/Marlborough Soundverlayed are the GPS fixes of White 55 (red), White 58 (green) and
White 61 (yellow).
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Calculation of behaviour

For each full dag bird was trackedthe cumulative duration of each activiyas calculated

(roosting, swimming, flying, and foraging, see Chapter 7 for definitions behavioural classification),
the proportion of time spent foraging relative to the other activities. As the GPS device was
automatically switched off during the night to save power, proportions of activity were therefore
calculated against the length of time the device was recording for. Be¢@ng&< | 3 G Sy R (2 Wac
(exhibit atypical behaviours e.g., excessive roostingylikeresponse to the effects of handling),
following release, we truncated the data until the bird started exhibiting foraging behaviour (for
White 55 and White 61, this occurred approximately 5 h after release, but for White 58, foraging
activity was noexhibited until 13 July, two days post release). Additionally, for White 55, the
proportion of time spent foraging on 21 July was not calculated as the device stopped recording part
way through the day (and did not resume).



Results

Of all the birds traced ¢ White 55 appear$o have been most affected by the storm everand
completely stopped foraging on the day of the storm (Figu#¢ and stayed at the colony (Figure
9.5), whereas the other two birds continued to forage at relatively the same rateeadays on
either side of the storm. White 55 also appeared to forage slightly shallower and tended to do
shorter dives after the storm

The proportion of time spent foraging by White 58 fluctuated from day to day throughout its
tracking. The median maximudepth tended to become shallower leading up to the storm event,
and decrease thereafter, with some days after the storm White 58 exhibiting wide variation in
maximum dive depth (Figu®6). The duration of dives exhibited by White 58 tended to be
uniformly distributed throughout its tracking (FiguBe6). These slightly shallower dives likely reflect
the foraging location utilised during this time. GPS fixes of White 58 on 17 July indicate a high
concentration within Tawa Bay, and indeed the bird did notéedawa Bay throughout the storm
event, suggesting that during this period Tawa Bay provided some shelter for foraging.

For White61, the maximum dive depth tended to be shallower leading up to the storm and then in
the days following, tended to dive togater depths with minimal variation in comparison to days
previous (Figur®.7). The time spent foraging tended to somewhat shorter in comparison to the
days before and days following the stogiowever there was considerable overlap in the
distribution ofdive times throughout its tracking (Figu®er). Similar to Whité8, White61 stayed

and foraged within a single bay (Kauauroa Bay) on the day of the storm (Bi@yrsuggesting that
this bay also provided some shelter.



Figure9.4. The proportion of timepent foraging (top panel), maximum deth) (middle panel) and
the duration of dives (s) (bottom panel) for each bird (White 55: first column, White 58: second
column: and White 61: third column) recorded over the 17 July 2021 storm (grey box).



