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Abstract 
 

Movement patterns reflect migration and foraging strategies and are central to 

understanding an exploited species recovery. Here we use two complementary 

tools to investigate movement patterns: stable isotopes and citizen science 

reporting. Stable isotopes are a valuable tool for tracing patterns of foraging and 

movement ecology of wide-ranging animals when access to remote habitat is 

challenging. The diet and locations of current offshore feeding grounds of New 

Zealand southern right whales (Eubalaena australis, SRWs) are poorly 

understood. Historically, the population foraged northeast of the mainland around 

the Chatham Rise and Louisville Trench. However, contemporary data suggest a 

substantial shift in foraging grounds to the south of Australia. Here we investigated 

WKH� IRUDJLQJ� HFRORJ\� RI� 65:V� XVLQJ� į13&� DQG� į15N isotope values from skin 

samples (n = 591) with associated genetic profiles (identity, sex, age, reproductive 

status) collected between 1995 and 2020, with 38 whales sampled in >1 year. We 

IRXQG�WKDW�QLFKH�VSDFH�KDV�FRQWUDFWHG�RYHU�WLPH�DQG�į15N values deplete both with 

a change in maternal state (from non-lactating adult females to lactating cow; mean 

= -����������Å��DQG�WHPSRUDOO\�������± 2020) regardless of demographic class 

(mean = -����������Å���We provide novel insights into the value of stable isotopes 

in determining temporal shifts in foraging niche and variation by demography, 

including the possible physiological effects of reproductive state and the 

associated cost of gestation, for a recovering population. Using opportunistically 

collected data, the distribution of SRWs around mainland New Zealand was 

reassessed to determine the importance of the mainland to SRWs. Specifically, we 

used sightings reports from social media to supplement sightings data from the 

'HSDUWPHQW� RI�&RQVHUYDWLRQ¶V�1DWLRQDO�&HWDFHDQ�6LJKWLQJV�'DWDEDVH��7KH� 116 

sightings (2011 ± 2021) were similar to previous findings (1976 ± 2010), suggesting 

slow recolonisation of the mainland. Our findings suggest that as the population 

recovers from historical exploitation, we see adaptation to new foraging grounds 

and variation in prey sources, supporting the continued success of the population. 

We suggest that citizen science initiatives accompanied by supplementary social 

media data should continue to understand the spatiotemporal extent of SRW 

recovery around mainland New Zealand.
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Tere WRKRUƗ��WHUH�WDQJDWD�± where whales journey, people follow. 
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Chapter 1 

General Introduction 
 

 

1.1 Movement ecology of animals 
 

Movement ecology is a central paradigm that governs ecological and evolutionary 

processes within animals (Holyoak et al. 2008; Nathan 2008; Spiegel et al. 2017). 

The diversification of movement modes and patterns varies considerably between 

taxonomic groupings due to ecological trade-offs. However, the evolution of 

movement has enabled animals with vastly different life histories to achieve similar 

fundamental life processes, such as breeding and feeding (Nathan et al. 2008; 

Liedvogel et al. 2013; Hansson & Åkesson 2014). Movement often occurs as a 

response to intrinsic internal and external cues such as foraging, breeding, 

migration, and dispersal, which can occur over a broad range of spatiotemporal 

scales (Liedvogel et al. 2013; Hefty & Stewart 2019; Goossens et al. 2020). 

 

1.1.1      Migration in animals 
 

Migration was initially described in avian species where movements occurred 

consistently over time and space, resulting in annual migrations to different 

locations as a response to changing resources and life processes (Southwood 

1962; Holdo et al. 2011; Shaw 2016; Alerstam & Bäckman 2018; Putman 2018; 

Goossens et al. 2020). Similarly, animals with varying life histories and modes of 

locomotion migrate for the same basic principles; to breed and feed, from monarch 

butterflies (Danaus plexippus) to zebra (Equus quagga) and leatherback turtles 
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(Dermochelys coriacea) (Alerstam & Bäckman 2018). The ubiquitous nature of 

animal migration can be defined as a seasonal round-trip response to innate or 

learned cues, which often reflect changing environmental conditions and resource 

availability (Abrams 1984; Anderwald et al. 2012; Shaw 2016; Putman 2018). 

Migrant animals play an ecologically important role within the ecosystems they 

migrate between, connecting different communities and habitats that would 

otherwise be geographically separate (Dingle & Drake 2007; Shaw 2016). Migrants 

can have direct and indirect effects that impact ecosystem processes and 

community dynamics (Holdo et al. 2011; Seebacher & Post 2015). They can alter 

a system by providing an influx of individuals as consumers, competitors, and prey, 

meaning the system relies on the arrival and departure of migrants to maintain 

balance (Dingle & Drake 2007; Seebacher & Post 2015). Migrating animals can 

also indirectly alter ecosystem processes by being a vector for nutrients, 

propagules, and disease (Holdo et al. 2011; Jeltsch et al. 2013; Shaw 2016). For 

example, migratory snow geese (Anser caerulescens atlanticus) provide a direct 

allochthonous subsidy to the diet of Arctic foxes (Vulpes lagopus), which 

additionally indirectly affects ecological processes and community dynamics 

(Holdo et al. 2011; Giroux et al. 2012; Jeltsch et al. 2013). 

 

Migration is time-consuming and energetically expensive (Alexander 1998). 

Meaning, migration phenology is a critical balance of trade-offs; between the costs 

of moving (e.g., increased energy expenditure, increased predation, risk of 

mortality; Abrams 1984; Nathan et al. 2008; Liedvogel et al. 2013; Alerstam & 

Bäckman 2018; Hefty & Stewart 2019), and the benefits associated with moving 

(e.g., abundant food, optimal habitats, reduced predation, increased fitness and 

offspring survival; Alexander 1998; Liedvogel et al. 2013; Lohmann 2018; Hefty & 

Stewart 2019)�� 2IWHQ�� PRYHPHQW� LV� FRQVWUDLQHG� E\� DQ� LQGLYLGXDOV¶� DYDLODEOH�

energetic reserves, which are fuelled by foraging success or constrained by energy 

conservation (Goossens et al. 2020). However, movement is usually required to 

exploit spatially and temporally clumped prey patches, which can be a key 

FRQVLGHUDWLRQ�RI� DQ� LQGLYLGXDO¶V�PLJUDWRU\�GHFLVLRQV� (Higginson & Ruxton 2015; 

Taylor et al. 2016).   
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Migrating animals are often highly susceptible to changing environmental 

conditions as a result of anthropogenic climate change and habitat modifications 

(Holdo et al. 2011; Moore 2011; Winkler et al. 2014; Seebacher & Post 2015). They 

track environmental changes and resource fluctuations, which in combination with 

innate cues, allow them to make decisions about the direction and timing of their 

migratory movements (Winkler et al. 2014; Taylor et al. 2016). As these cues 

change, migrants may adjust their phenology in response. This change may lead 

to a mismatch in the timing of migration and the availability of resources, leading 

to adverse consequences for the species and even ramifications for the wider 

ecological community (Ramenofsky et al. 2012; Winkler et al. 2014; Shaw 2016; 

Taylor et al. 2016; Lindén 2018). However, some migrants may easily adapt to 

environmental change due to their high mobility and ability to track fluctuating 

resources (Shaw 2016; Lindén 2018). Therefore, a species¶ ecological, 

physiological, and behavioural flexibility within a changing environment should be 

considered when interpreting the susceptibility of migrant species to climate 

change and habitat modifications (Winkler et al. 2014).  

 

1.1.2     Foraging 
 

Foraging ecology is inextricably linked to movement ecology. Thus, foraging 

behaviours directly influence movement patterns driven by the acquisition of 

available resources at smaller spatiotemporal scales (Jeltsch et al. 2013; Riekkola 

2019; Riekkola et al. 2019). Feeding is fundamental to the survival and overall 

fitness of an individual. All animals require food; however, foraging strategies, 

decisions, and cues differ between species to maximise foraging success while 

considering aspects such as functional response, resource trade-offs, and diet and 

habitat choice (Jeltsch et al. 2013; Gilmour et al. 2018). Foraging strategies can be 

highly specialised or more flexible depending on the stability of available resources 

(Pulliam 1974; West-Eberhard 1989). Individuals that use highly specialised 

strategies require predictable and stable resources, which can reduce foraging 

costs such as searchability and decision making (Gilmour et al. 2018). 

Specialisation occurs in areas where preferred prey is abundant and easy to 

encounter (Pulliam 1974). At the same time, an individual that employs more 
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flexible foraging strategies can take advantage of and more readily respond to 

unpredictable environmental conditions with patchy resources (Gilmour et al. 

2018). The common minke whale (Balaenoptera acutorostrata) specialises in prey-

switching, which is concurrent with seasonal changes in prey abundance and 

availability (Anderwald et al. 2012). This adaptive foraging strategy means the 

whales can conserve energy by not searching for a preferential prey species but 

rather targeting readily available and abundant prey (Anderwald et al. 2012).  

 

Foraging strategies may vary between species due to differing life histories and 

energetic requirements. All energy gained from food must be allocated to individual 

processes, such as maintaining internal bodily functions (e.g., thermoregulation, 

respiration, metabolism), daily movements and foraging requirements, and life-

history traits, including growth, survival, and reproduction (Karasov 1992; Taylor et 

al. 2005; Hefty & Stewart 2019). The allocation to each process depends on biotic 

factors such as WKH�LQGLYLGXDO¶V�OLIH�VWDJH and body condition, and abiotic factors 

such as environmental conditions, including food availability and habitat suitability 

(Kooijman 2010; Benoit-Bird et al. 2013; Riekkola 2019). Individuals in less-than-

ideal situations with food scarcity will prioritise survival functions over reproduction, 

as limited resources and life-history traits are inextricably linked (Martin 1987; 

Boggs 1992; Benoit-Bird et al. 2013). 

 

Reproduction often has high energetic demands. Most large animals tend to use, 

store, and allocate maternal resources in one of two ways to mitigate the energetic 

UHTXLUHPHQWV�RI�UHSURGXFWLRQ��µLQFRPH�EUHHGLQJ¶�YHUVXV�µFDSLWDO�EUHHGLQJ¶�(Jönsson 

1997; Stephens et al. 2009; Irvine et al. 2017). Income breeders continually acquire 

energy from resources and increase food intake throughout the breeding period to 

finance reproductive costs, whereas capital breeders rely on endogenous or 

exogenous energy stores accumulated during intensive feeding periods prior to a 

fasted breeding period (Irvine et al. 2017; Apollonio et al. 2020). Body condition 

can therefore be used as a measure of potential reproductive success in capital 

breeders that rely on endogenous energy stores (Christiansen et al. 2014). 

Conversely, capital breeders that rely on exogenous storage have to account for 

additional energetic costs of accumulating, defending, and recovering exogenous 

stores (Jönsson 1997). By utilising energy reserves, foraging and breeding 
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activities can be separated spatially and temporally (Irvine et al. 2017). Therefore, 

capital breeders can use migratory strategies to feed in environments where food 

resources are abundant, but physical conditions are not suited for reproduction 

(Jönsson 1997; Alerstam et al. 2003). However, there is an additional cost of 

migrating between separated habitats in which the energetic stores must sustain 

both migration and reproductive efforts throughout the fasting period (Lockyer 

1987; Plot et al. 2013). Further, capital breeders are constrained by resource 

availability and prey distribution in highly variable systems where they risk 

exhausting their energetic reserves prior to reaching suitable foraging locations 

(Jönsson 1997; Stephens et al. 2014). The reproductive success and the overall 

fitness of capital breeders are driven by foraging success, adequate nutrition, and 

sufficient food stores (Christiansen et al. 2014, 2018; Sainmont et al. 2014; 

Seyboth et al. 2016). Periodic or stochastic variations in the environment (e.g., 

climate variation) can exert additional pressure on foraging success, which in turn 

can jeopardise reproductive success (Leaper et al. 2006; Rowe 2008; Cayuela et 

al. 2014). As capital breeders can repeatedly reproduce over their lifetime, they 

have the ecological flexibility to skip a breeding season during unfavourable 

foraging seasons to reduce reproductive costs (Baron et al. 2013; Cayuela et al. 

2014). This strategy suggests females with inadequate energetic stores will invest 

more energy into their survival over their current offspring in an attempt to 

maximise lifetime fitness (Leaper et al. 2006; Christiansen et al. 2014; Irvine et al. 

2017). Changes in prey availability and foraging success will have greater impacts 

on capital breeders and their lifetime reproductive success, as maternal resources 

are less likely to be invested into offspring (Forcada et al. 2005; Baron et al. 2013; 

Seyboth et al. 2016). Therefore, variation in prey abundance linked to 

environmental processes is D� NH\� FRQVLGHUDWLRQ� WR� DQ� LQGLYLGXDO¶V� ILWQHVV�� DV� a 

higher variance of resource acquisition can result in reduced resource allocation to 

reproduction (Frank & Slatkin 1990; Alter et al. 2010). 

 

1.2 Variable resources in changing systems 
 

The marine environment is a highly variable system, with climate change impacts 

occurring at local, regional, and oceanic scales (Reid & Croxall 2001; Learmonth 
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et al. 2006; Morley et al. 2020). Direct effects of anthropogenic climate change 

within marine ecosystems include increasing sea-surface temperatures (SST), 

acidification, stratification, sea-level rise, and reduced oxygen concentrations (Orr 

et al. 2005; Doney et al. 2012). Changes to oceanic processes can have cascading 

effects on biological populations (e.g., trophodynamics) through altered 

physiological functioning, behaviours, and productivity (Reid & Croxall 2001). 

Ecosystem dynamics and populations are significantly impacted by climate 

variability, primarily through loss of suitable habitat and changes in prey availability, 

distribution and quality (Alter et al. 2010). Specifically, individuals are limited by the 

ecological niche in which they occupy and interactions between the changing 

environment. Different species may be more sensitive to the effects of variable 

resources in changing systems due to climate change and variability (Frank & 

Slatkin 1990; Macleod 2009; Doney et al. 2012). 

 

1.2.1      The Southern Ocean 
 

The Southern Ocean (SO) ecosystem is the largest contributor to global oceanic 

processes (Nicol et al. 2008; Constable et al. 2014; Sallée 2018) and is subject to 

large-scale climatic fluctuations, such as trends in the Southern Annular Mode 

(SAM) and variability in the El Niño Southern Oscillation (ENSO), which produce 

non-uniform impacts to the SO environment and associated biological communities 

(Morley et al. 2020). However, changes within the SO are not uniform and exhibit 

regional and temporal variations (Reid & Croxall 2001; Constable et al. 2014; 

Tulloch et al. 2019). This is because the SO cannot be defined as a distinct, 

singular biome (Trathan et al. 2007; Nicol et al. 2008). Instead, it encompasses the 

southernmost parts of three major ocean basins; the Atlantic, Indian and Pacific 

Oceans, and contains three main current systems; the Antarctic Circumpolar 

Current (ACC), the Polar Front (PF), and the northern and southern branches of 

the Subantarctic Front (SAF), which regulate global ocean circulation due to a lack 

of continental barriers (Constable et al. 2014; Mintenbeck 2017; Sallée 2018).  

 

Zooplankton play a fundamental role in energy transfer within the SO food web and 

are considered an essential food source for many large consumers; including 
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baleen whales, seals, penguins, and seabirds (Atkinson et al. 1999, 2004, 2008; 

Nicol et al. 2008; Trathan & Hill 2016; Gutt 2017; Mintenbeck 2017). The 

implications of changes to a keystone prey source like zooplankton are wide-

ranging, with cascading effects to higher trophic levels (Reid & Croxall 2001; 

Atkinson et al. 2004; Mintenbeck 2017; Walsh & Reiss 2020). Although the extent 

of the effects of climate change on zooplankton abundance and distribution are still 

highly debated (e.g., Atkinson et al. 2004, 2019; Cox et al. 2018; Hill et al. 2019), 

it is understood that Antarctic krill (Euphausia superba) and other lipid-rich 

zooplankton species (e.g., euphausiids, copepods, gastropods, and amphipods) in 

the SO have narrow temperature tolerances and life-cycle dependencies on sea-

ice that is resulting in declines in suitable spawning habitats and a poleward shift 

in distribution in response to climate change (Piñones & Fedorov 2016; Atkinson 

et al. 2019; Walsh & Reiss 2020). Further, the increasing frequency of positive 

phase SAM are affecting krill population dynamics and density through lower 

UHFUXLWPHQW�RI�VPDOOHU������PP��LQGLYLGXDOV�(Atkinson et al. 2019). The additional 

effects of anthropogenic climate change will intensify ocean variability and, in turn, 

add further stress to zooplankton populations that are already an unpredictable 

and variable resource for important large SO consumer species. Notably, 

increasing SST, ocean acidification, extreme seasonal changes to sea ice extents 

and retreats, and dramatic shifts in SO fronts are key climatic pressures influencing 

species distributions, physiology, phenology, growth, reproduction, and survival 

(Sen Gupta & McNeil 2012; Constable et al. 2014). 

  

1.3 Stable isotopes 
 

Increasingly, ecologists are using stable isotopes as intrinsic biogeochemical 

markers for tracking animal movements and inferring diet, habitat use, and 

physiology (Rubenstein & Hobson 2004; Newsome et al. 2010; Cruz-Flores et al. 

2018). Isotopes are alternate forms of chemical elements with differing isotopic 

masses (i.e., C, N, S, H, O, and Sr). Each form has disparate physical properties 

that behave differently in environmental cycling processes (Rubenstein & Hobson 

2004; Newsome et al. 2007; Newton 2016). Stable isotope analyses (hereafter 

SIA) use stable isotopH�UDWLRV��RIWHQ�H[SUHVVHG�DV�GHOWD��į��YDOXHV��WKDW�DUH�SDUWV�
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SHU�WKRXVDQG��Å��GLIIHUHQFHV�IURP�WKH�QRUPDOLVHG�KHDY\-to-light isotope ratio of an 

element (e.g., 13C/12C and 15N/14N) with respect to an internationally accepted 

standard (Peterson & Fry 1987; Newsome et al. 2010). These ratios can be 

differentially incorporated and assLPLODWHG�LQWR�DQ�DQLPDO¶V�WLVVXH�VLJQDWXUHV��YLD�

consumption and tissue synthesis), which reflect local food webs and can describe 

a locality based on the spatially predictable biogeochemical processes within the 

environment (Peterson & Fry 1987; Todd 1997; Todd et al. 1997; Hobson 1999; 

Roth & Hobson 2000; Ruiz-Cooley et al. 2004; West et al. 2006; Newsome et al. 

2010). 

 

Highly predictable isoscapes can be found in both terrestrial and aquatic 

ecosystems and are defined by the geographical isotopic gradients of various 

environmental baselines (Magozzi et al. 2017; Cruz-Flores et al. 2018). Within 

WHUUHVWULDO�V\VWHPV��VSDWLRWHPSRUDOO\�YDULDEOH�VWDEOH�K\GURJHQ� �į2H) and oxygen 

�į18O) isotope ratios dominate the isoscape (Rubenstein & Hobson 2004; Magozzi 

et al. 2017). Conversely, in marine environments, hydrogen and oxygen isotopes 

do not show considerable spatial variation; therefore, marine isoscapes are defined 

by highly spatiotemporally variable carbon (į13C��DQG�QLWURJHQ��į15N) isotope ratios 

(McMahon et al. 2013; Cruz-Flores et al. 2018; Graham & Bury 2019). Open-ocean 

marine ecosystems are relatively inaccessible and have complex and dynamic 

biogeochemical processes, meaning it can be challenging to sample baseline 

isotopic compositions. Often, large-scale ocean basin isoscapes are modelled from 

a compilation of published particulate organic matter (POM) and zooplankton į13C 

DQG�į15N data, and environmental predictors, such as SST and dissolved carbon 

dioxide (CO2) concentrations which drive primary productivity (McMahon et al. 

2013; Magozzi et al. 2017; St John Glew et al. 2021). 

 

1.3.1      The Southern Ocean isoscape 
 

The SO is a highly variable and remote environment, where direct observation of 

biogeochemical processes and trophodynamics are particularly challenging (St 

John Glew et al. 2021). The use of carbon and nitrogen isoscapes has been a 

revolutionary tool for understanding SO food web interactions and the foraging 
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ecology of highly mobile and migratory species, as the isoscape can infer the 

spatial distribution of species and primary production sources (Todd 1997; Hobson 

1999; Cherel & Hobson 2007; Quillfeldt et al. 2010; Magozzi et al. 2017; Cruz-

Flores et al. 2018). The SO isoscape has been modelled using the relationships 

between measured POM stable isotopes and environmental data (St John Glew et 

al. 2021). Isotopes, particularly carbon (G13C), show a strong latitudinal gradient in 

the SO (declining between 40° and 80°S; Quillfeldt et al. 2010) due to abrupt 

changes in SST between ocean fronts, which results in variable isotopic 

fractionation between discrete phytoplankton communities (Rau et al. 1982; St 

John Glew et al. 2021). Likewise, nitrogen ratios vary within the SO based on 

nitrogen availability and available sources (i.e., nitrate, ammonium, and fixed N2 

gas). They are directly incorporated into consumer tissues, which can be 

particularly useful for defining trophic structure within SO food webs (Peterson & 

Fry 1987; Post 2002). Carbon and nitrogen-based isoscapes provide a substantial 

understanding of the structure and functioning of SO food webs at various spatio-

temporal scales, and additionally, reveal fine-scale insights into the movement and 

foraging ecology of highly mobile animals (West et al. 2006; Magozzi et al. 2017; 

Cruz-Flores et al. 2018; Walters et al. 2020). 

 

1.3.2      Stable isotopes as a tool for foraging ecology 
 

The use of stable isotopes to trace patterns of migration, foraging ecology, diet, 

and trophic status have been extensively used within ecological studies due to the 

isotopes¶ spatially predictable fractionation within the changing environment and 

across trophic levels of the food web (Todd 1997; Hobson 1999; Thompson et al. 

2005; Hobson et al. 2010; Newsome et al. 2010; Witteveen et al. 2012). The stable 

isotopic signatures of consumers are often enriched more than that of their diet, 

meaning information regarding their position in trophic levels and food webs can 

be quantified (Wild et al. 2018; McMahon & Newsome 2019). Consumers become 

more enriched than their diet because of differential isotopic fractionation and other 

biochemical processes during assimilation and metabolic processes. This 

difference between consumer isotopes and diet isotopic composition is known as 

a trophic enrichment factor (TEF). (McCutchan Jr et al. 2003; Newsome et al. 2010; 
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Graham & Bury 2019). Additionally, prey quality and nutritional stress can influence 

isotopic composition and TEFs in consumers (Deniro & Epstein 1981; McCutchan 

Jr et al. 2003). 

 

Carbon (į13C) isotope values show a small amount of enrichment (0 ± 1Å��ZLWK�DQ�

DYHUDJH� RI� ���Å�� EHWZHHQ� WKH� FRQVXPHUV¶� WLVVXH� VLJQDWXUH� DQG� WKH� LVRWRSLF�

composition of the food, water and gases consumed (Schoeninger & Deniro 1984; 

Kelly 2000; Newsome et al. 2010). The į13C isotopic signatures of autotrophs and 

primary producers within an ecosystem reflect the base of the trophic food chain 

and characterise the biogeochemical processes of that specific ecosystem (Kelly 

2000; Newsome et al. 2010)��7KHVH�LVRWRSH�YDOXHV�JHQHUDWH�µEDVHOLQHV¶�IRU�SULPDU\�

production sources (Graham & Bury 2019; McMahon & Newsome 2019). 

&RQYHUVHO\��QLWURJHQ��į15N) isotope values predictably increase stepwise (Figure 

1.1), which accurately reflect trophodynamics and trophic position of both the 

consumer and its prey (Schoeninger & Deniro 1984; Kelly 2000; Fry 2006; 

Newsome et al. 2010). The nitrogen value of a consumer tends to enrich by 2-�Å�

��Å on average) compared to the signature of its diet sources (Hobson 1999; Wild 

et al. 2018; Graham & Bury 2019).  

 

As stable isotopes are directly incorporated into the tissues of consumers, a small 

tissue sample can provide insightful time-integrated information on the assimilated 

diet and migratory movements of the consumer (Newsome et al. 2010; McMahon 

et al. 2013; Graham & Bury 2019). However, to accurately interpret the isotopic 

composition of consumer tissue, it is crucial to understand the temporal dynamics 

of isotopic integration via diet-tissue incorporation rates and tissue turnover rates. 

Tissue turnover rates vary considerably, from a few hours (i.e., blood), to several 

weeks (i.e., whiskers), months (i.e., skin), and even spanning years (i.e., bone). 

The tissue turnover rates have been estimated previously for a few highly migratory 

marine predators, as experimental estimates from controlled feeding experiments 

are not feasible for such animals (see Graham et al. 2010, and references therein; 

Wild et al. 2018).  
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Figure 1.1 Schematic of trophic enrichment which increases in a stepwise manner (on average by 

���Å� IRU� FDUERQ� LVRWRSHV�� DQG� �Å� IRU� QLWURJHQ� LVRWRSHV�� *UDKDP� 	� %XU\� ����) with each 

successive consumer/trophic level increase. 

 

Epidermal skin tissue is preferentially used to study the foraging ecology and 

distribution of cetaceans as it is not only minimally invasive to collect (Todd et al. 

1997; Bowen & Iverson 2012; Witteveen et al. 2012), but the isotopes retained in 

the skin biopsy samples represent an integration of all of the food sources 

consumed approximately three to five months prior to sampling (Busquets-Vass et 

al. 2017; Wild et al. 2018). Because migratory whales move to often poorly defined 

higher latitude offshore foraging grounds in the austral summer, it can be 

challenging to observe foraging behaviours or analyse diet (Valenzuela et al. 2009, 

2018; van den Berg et al. 2021). In addition, it is unfeasible to perform controlled 

feeding experiments to determine skin turnover rates and diet-tissue incorporation 

rates in large cetaceans (Wild et al. 2018). However, this information can be 

inferred from taking skin samples from the whales when they return to coastal 

breeding grounds in winter and using SIA (Hooker et al. 2001; Witteveen et al. 

2012; Valenzuela et al. 2018; Wild et al. 2018). Using this skin, diet sources can 
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be determined and used to model probabilistic prey contributions using various 

isotopic mixing models (Parnell et al. 2010; Bowen & Iverson 2012; Phillips et al. 

2014; Stock et al. 2018). SIA can also characterise niche space as isotopic 

changes allow for interpretation of resource use and niche partitioning within a 

population over time. 

 

1.4 Southern right whales 
 

Southern right whales (Eubalaena australis, hereafter SRW) are 18-metre-long 

baleen whales that weigh between 80 to 100 tons. They are characterised by their 

strongly arched lower jawbone, callosities on their head, paddle-like pectoral fins, 

lack of a dorsal fin, and their distinct V-shaped blow, which allows them to be easily 

identified from a distance at sea. The SRW has a circumpolar distribution 

throughout the southern hemisphere, reported between 30°S and 60°S latitude 

(Townsend 1935). The whales migrate between sheltered, coastal breeding or 

calving grounds in the winter to high-latitude, offshore foraging grounds in the 

austral summer (IWC 2001; Carroll 2011). The historical distribution of SRWs, prior 

to the whaling era, saw sub-populations, which may or may not exist today, utilising 

12 distinct wintering breeding grounds (which were used to define the sub-

populations/stocks; Figure 1.2; IWC 2001) and ten offshore summer feeding 

grounds throughout the Southern Hemisphere. Each subpopulation was subject to 

exploitation throughout the whaling period. However, the rate and intensity of 

exploitation varied between stocks (IWC 1986, 2001). 

 

In the South Indian/Pacific Ocean, six winter breeding/calving grounds were 

identified: the central Indian Ocean (Crozet Islands), the southwest and southeast 

of Australia, around mainland New Zealand (Aotearoa), and the New Zealand 

subantarctic islands, and off the coast of Chile/Peru (Figure 1.2; IWC 2001). 

Additionally, four recognised feeding grounds were identified: the southeast Indian 

Ocean, south of Australia, the subtropic and Antarctic convergence, and the 

Chatham Rise to the northeast of New Zealand (Townsend 1935; IWC 1986, 2001; 

Tormosov et al. 1998). 
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Figure 1.2 The estimated historical distribution of 12 distinct SRW winter breeding/calving grounds (Carroll 2011). The locations were originally identified 

through inferring historical whaling logbooks and text about historical whaling grounds (IWC 1986, 2001). 
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Right whales were one of the first whale species to be extensively hunted during 

the centuries-long whaling era between 1100 and 1980 (Braham & Rice 1984; 

Aguilar 1986; Tormosov et al. 1998; Vighi et al. 2021). Specifically, right whales 

were aptly named the µULJKW¶�ZKDOH� WR�KXQW�GXH� WR� WKHLU�VORZ-moving and social 

nature, high buoyancy, ample baleen, and rich oil content (Braham & Rice 1984; 

Patenaude 2002). Whalers often took advantage of large aggregations of SRWs in 

their shallow coastal winter calving grounds, where young calves were easily killed 

and towed back to shore, ensuring the capture of its¶ mother (Carroll et al. 2014b; 

Jackson et al. 2016). The intensity of whaling pressures saw 150,000 right whales 

killed throughout this early whaling period, primarily by European and Yankee 

whalers. This decimated populations to below commercially exploitable numbers, 

ultimately resulting in the collapse of the commercial SRW whaling industry 

(Braham & Rice 1984; Nicol et al. 2008; Carroll et al. 2014b; Jackson et al. 2016). 

Following an exponential rapid global decline (at least 99 percent of pre-

exploitation abundance; Braham & Rice 1984), the International Whaling 

Commission (hereafter IWC) introduced full international protection for the 

remaining whales in 1935 (IWC 1986, 2007; Weir & Stanworth 2020). However, 

illegal Soviet whaling in the 1960s killed an additional 3,368 whales within two 

decades, likely delaying the species global recovery (Tormosov et al. 1998; 

Jackson et al. 2008; Carroll 2011).  

 

1.4.1      Variable global recovery  
 

In 2001, the IWC evaluated the global recovery of SRWs, relative to pre-

exploitation abundances and estimated a 20 to 25 percent recovery across 

subpopulations/stocks within the Southern Hemisphere (IWC 2001). Although 

SRWs are recovering globally, not all populations are recovering at the same rate. 

This is potentially due to the regional differences in whaling patterns, exploitation 

intensity, and site fidelity to particular calving grounds (Carroll et al. 2014a, b; 

Jackson et al. 2016). Patenaude et al. (2007) identified philopatry between four 

reproductively isolated populations (Argentina, South Africa, Australia, and New 

Zealand) which displayed significant mitochondrial DNA (hereafter mtDNA) 



15 
 

haplotype and nucleotide differentiation, suggesting gene flow is limited by 

maternal site fidelity to particular calving grounds. Furthermore, using a 

combination of nuclear and mtDNA data and stable isotope markers, research has 

shown that SRWs demonstrate philopatry to both natal wintering grounds and 

summer foraging locations, hypothesised to be maternally inherited through 

learned migratory culture between mother and calf GXULQJ� WKH�FDOI¶V� ILUVW�DQQXDO�

migration (Valenzuela et al. 2009). The loss of historical SRW stocks throughout 

the whaling era has caused a loss of genetic diversity and cultural transmission 

between the greater population, further increasing the isolating mechanisms 

(Clapham et al. 2008; Carroll et al. 2014a; Carroll et al. 2015). Losing key aspects 

of cultural knowledge and transmission within a recovering population is 

concerning in relation to the populations' adaptability and ecological flexibility to 

the changing environment (Clapham et al. 2008; Carroll et al. 2014a; Harcourt et 

al. 2019). However, within a stable environment, philopatry is also advantageous, 

allowing populations to have diverse foraging strategies which can adapt to 

potential productivity changes (Valenzuela et al. 2018; van den Berg et al. 2021). 

It is important to note that the recovery rate, philopatric plasticity and migratory 

culture within different regional populations will vary, influencing their recovery 

(Best et al. 1993; Clapham et al. 2008; Carroll et al. 2014a; Jackson et al. 2016). 

 

1.5 New Zealand southern right whales ± WRKRUƗ 
 

The New Zealand population of SRW are referred to as WRKRUƗ by some 0ƗRUL�iwi 

or tribes reflecting the connection of the people to these whales (Stewart & Todd 

2001). In New Zealand waters, there was an estimated 30,000 SRWs prior to their 

overexploitation throughout the whaling era (Jackson et al. 2016). The whales were 

once widely distributed, inhabiting the coastal calving grounds around both the 

1RUWK��7H�,ND�D�0ƗXL�, South (Te Waipounamu), and Stewart (Rakiura) Islands of 

New Zealand (hHUHDIWHU�UHIHUUHG�WR�DV�WKH� µPDLQODQG¶��DQG� LQ� WKH�VXEDQWDUFWLF¶V��

around Campbell Island (Motu Ihupuku) and the Auckland Islands (Maungahuka) 

(Figure 1.3). However, there is uncertainty around whether historically the 

subantarctic locations were used primarily as calving grounds, foraging grounds, 

or as a combination of both (Richards 2002; Carroll et al. 2011b). Additional 
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historical locations include foraging movements around Chatham Island (RƝhoku), 

to the east of New Zealand, and potential migratory movements vaguely southeast 

of the Kermadec Islands around the Louisville Trench (Townsend 1935; Dawbin 

1986; Richards 2002; Jackson et al. 2016). 

 
Figure 1.3 Map of mainland New Zealand and the surrounding offshore islands and trenches. The 

top left map insert denotes the location of Port Ross, Auckland Island. 

 

The whaling era in New Zealand began in 1791 and continued over centuries 

(Dawbin 1986). It was estimated that up to 58,000 SRWs were killed in and around 

New Zealand waters over the 200-year whaling era (Carroll et al. 2014b). Following 

the intense whaling activity in New Zealand, SRWs were reduced to perhaps 110 

individuals, with an estimated 30 to 40 females remaining in the New Zealand stock 

(Jackson et al. 2011b, 2016; Carroll et al. 2014b). Additionally, no SRWs were 
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observed around the mainland for over 35 years (1928-1963; Gaskin 1964; 

Patenaude 2003; Carroll et al. 2011a, 2015). Slowly, New Zealand SRWs began 

to recover following full international protection rights enforced by the IWC in 1935, 

although illegal Soviet whaling saw a further 300 whales killed around the Auckland 

Islands in 1960 (Tormosov et al. 1998). 

 

Today, SRWs found in New Zealand waters represent one breeding stock that 

occupies multiple wintering habitats in the Auckland Islands, Campbell Island, and 

mainland New Zealand (Carroll et al. 2011a, 2014b; Torres et al. 2017). This is a 

genetically distinct stock that demonstrates demographic independence from 

Australian stocks (Carroll et al. 2012; Carroll et al. 2015). 

 

Counts of the number of whales in the Auckland Islands were first made during a 

Royal New Zealand Air Force survey, identifying the area as an important calving 

ground. The survey recorded 70 and 42 SRWs in Port Ross, Auckland Islands 

(Figure 1.3), in 1992 and 1993, respectively (Donoghue 1995; Stewart & Todd 

2001). Subsequently, a marine mammal sanctuary was established around the 

Auckland Islands in 1993 (doc.govt.nz/nature/habitats/marine/other-marine-

protection/auckland-islands/). Systematic population surveys began in the 

subantarctic areas in 1995, with Patenaude et al. (1998) reporting counts of 96 

SRWs around the Auckland Islands and 44 whales around Campbell Island 

(Stewart & Todd 2001). 

 

Using a genotype mark-recapture approach and data from 1995 ± 1998 and 2006 

± 2009, the New Zealand population was estimated to number 2,200 whales with 

a population growth rate of 7% per annum (Carroll et al. 2013). Coinciding with the 

steady recovery of the population, whales began to return to the mainland 

consistently, as reported in opportunistic sightings reports of SRWs around 

mainland New Zealand between 1976 and 2010 (Patenaude 2003; Carroll et al. 

2014a). The increased understanding of their population dynamics and habitat use 

in the New Zealand subantarctic has not been matched with an increased 

understanding of their foraging ecology. The diet and locations of current offshore 

foraging grounds of New Zealand SRWs are poorly understood. Historically, the 

whales foraged off the east coast of the mainland around the Chatham Rise and 
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Louisville Trench (Richards 2002; Torres et al. 2017), whereas contemporary data 

have primarily observed foraging efforts around the southwest of Australia (Mackay 

et al. 2020; Riekkola et al. 2021). It is crucial to understand the foraging ecology of 

these whales as it will help determine how this species is recovering.  

 

1.6 SRW foraging ecology and climate variation 
 

SRW diet is not well understood, with early data originating from illegal Soviet 

whaling during the 1960s (Townsend 1935; Tormosov et al. 1998). The SRWs diet 

is composed mainly of krill (Euphausia superba) and copepod (Calanus spp.) 

species (Rowntree et al. 2008; D'Agostino et al. 2018; Tulloch et al. 2019). 

Interestingly, SRWs within the SO exhibit mixed foraging strategies, where the 

ZKDOH¶V� ORFDWLRQ� DORQJ� D� ODWLWXGLQDO� JUDGLHQW� GHILQHV� ZKich prey source will be 

consumed (Tormosov et al. 1998; Mate et al. 2011; Mackay et al. 2020). Historical 

whaling data supports the observed variability in SRW foraging strategies, as the 

stomach contents of 249 individual whales revealed the consumption of almost 

solely copepods at latitudes north of 40°S, whereas krill was consumed nearly 

exclusively south of 50°S. A mixture of both prey types DQG�RWKHU�µVPDOO�FUXVWDFHD¶�

were observed within the intervening latitudes (Tormosov et al. 1998). Additionally, 

this latitudinal succession of prey has been observed within another skim-feeding 

baleen whale (Kawamura 1974); the Antarctic sei whale (Balaenoptera borealis 

schlegellii). Such variable foraging strategies could mitigate the adverse effects of 

a shifting prey base as a result of climate change (Tulloch et al. 2019). This 

highlights the potential ecological flexibility of baleen whales within the highly 

variable SO (Kawamura 1974; Croxall et al. 1999; Mate et al. 2011).  

 

Changes in zooplankton availability within the SO will considerably impact 

consumers, particularly for capital breeding species that rely on their large 

energetic stores, obtained from previous feeding events, to reproduce (Jönsson 

1997; Oftedal 2000). Specifically, SRWs are capital breeders that rely on the 

consumption of dense prey patches of krill, copepods, and other zooplankton, 

within high latitude summer foraging grounds to sustain their migration, 

reproduction, and lactation periods for their calves during the austral winter (IWC 
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2001; Lockyer 2007; Valenzuela 2008). The energetic demands of SRW 

reproduction are extreme, with females losing up to 25 percent of their body volume 

whilst nursing their calves (Lockyer 1986, 1987, 2007; Christiansen et al. 2018). 

SRW cows fast throughout the duration of lactation and thus rely on their energetic 

stores accumulated over the summer foraging period (Lockyer 1986, 1987, 2007; 

Valenzuela 2008). However, if lactation demands exceed available energetic 

stores, the mother must either continue to feed the calf, potentially compromising 

her health, or reduce milk production, potentially decreasing offspring survival 

(Oftedal 2000; Valenzuela 2008). The reproductive success of SRWs is highly 

reliant on abundant food sources consumed within their summer feeding grounds 

to adequately prepare the whales for their winter migrations and the energetic 

demands of reproduction (Lockyer 2007). 

 

Since SRW are capital breeders and require a significant amount of energy to 

reproduce, it is critical to highlight hypotheses on KRZ� WKH�ZKDOH¶V� UHSURGXFWLYH�

output will respond to climatic fluctuations in prey availability, distribution, and 

quality (Leaper et al. 2006; Trathan et al. 2007; Nicol et al. 2008; Seyboth et al. 

2016). Leaper et al. (2006) suggest how an anomalous increase in SST, as a result 

of an extreme climatic event (i.e., ENSO and/or SAM), could reduce krill 

abundances in the SO generating increases in calving intervals and reduced 

reproductive success of SRWs. This is supported by numerous studies which 

highlight how reproduction can be suppressed within cetaceans when individuals 

are experiencing periods of nutritional stress (Lockyer 1986, 1987, 2007; Greene 

et al. 2003; Hlista et al. 2009; Ward et al. 2009; Williams et al. 2013; Christiansen 

et al. 2018; Meyer-Gutbrod & Greene 2018; Valenzuela et al. 2018; van den Berg 

et al. 2021). Particularly, capital breeding SRWs will be impacted. If there is a major 

correlation between climatic drivers, such as ENSO and SAM, and prey distribution 

and abundance in certain regions, this could change the foraging success of 

SRWs. In turn, this would lead to greater nutritional stress and reduced 

reproductive output. Therefore, identifying linkages between summer foraging 

grounds and wintering breeding/calving grounds is the first step to linking variation 

in the productivity within offshore foraging grounds to SRW population recovery 

(Trathan et al. 2007; Rowntree et al. 2013; Seyboth et al. 2016). The reduced 

reproductive output of some SRW populations is of major concern as the species 
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is collectively recovering from extensive historical whaling pressures (IWC 2001; 

Carroll et al. 2014a, 2014b; van den Berg et al. 2021). However, it is also important 

to note that the overexploitation of baleen whales during the whaling era could 

have had substantial impacts on SO food web dynamics through altered 

micronutrient availability (Trathan et al. 2007; Nicol et al. 2008; Constable et al. 

2014).  

 

1.7 Citizen science as a supplementary tool for sightings data 
 

Movement patterns reflect migration and foraging strategies and are central to 

understanding an exploited species recovery. Collecting high-quality occurrence 

records and distribution data on endangered, rare, or cryptic species is challenging 

for scientists, let alone time-consuming, resource-intensive, and often lacking in 

spatiotemporal extent (Edwards et al. 2021). Increasingly, citizen science initiatives 

and their associated metadata are being used in conservation science (Mesaglio 

& Callaghan 2021) to monitor biological populations that are traditionally difficult to 

monitor due to their often elusive and sometimes evasive behaviours (McClellan 

et al. 2014; Landeo-Yauri et al. 2020; Nelms et al. 2021). Opportunistic citizen 

science data can be crowd-sourced from social media platforms, as the increasing 

prevalence of smartphones with high-resolution cameras, Global Positioning 

Systems (GPS), and instant internet connectivity facilitates real-time information 

streams (Sullivan et al. 2019). Keywords, geotags, and hashtags allow scientists 

to search, filter and mine sightings data for specific species in exact locations, 

which is particularly useful for expanding the spatiotemporal extent of traditional 

sampling (Kelly et al. 2020; Poisson et al. 2020). 

 

Utilising ad hoc metadata and occurrence records from social media to fill data 

gaps in conservation science represents an untapped supplementary data source 

for ecological monitoring programs (Embling et al. 2015; Kelly et al. 2020; Edwards 

et al. 2021). The value of citizen science initiatives and metadata from social media 

is slowly being realised with the exponential growth in online platforms where 

occurrence records can be uploaded instantly. The sophistication of these systems 

varies from taking a photo with an associated geotag and uploading it to identify 
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species and contribute to a collective publicly available occurrence database (i.e., 

iNaturalist) through to government developed applications and monitoring 

programs which aim to accumulate field data across multiple sites (Crawford et al. 

2020; Mesaglio & Callaghan 2021). 

 

1.8 Thesis aims and objectives 
 

The main aim of this research is to investigate the foraging ecology and distribution 

of New Zealand SRWs. This research is built upon the comprehensive and 

collaborative effort in researching and genetically monitoring this population over 

three synoptic survey periods across three decades (1990s ± 2020s) (Stewart & 

Todd 2001; Carroll et al. 2011b; Carroll et al. 2013; Carroll et al. 2021b). The New 

Zealand SRW dataset is extensive, with skin biopsy samples taken and DNA 

profiles generated for all demographic classes (adult females, adult males, cows, 

calves, juveniles and subadults), providing a unique opportunity to assess 

differences between demographic classes and across time. By conducting this 

research, we hope to provide novel information on the niche space and foraging 

ecology of the New Zealand SRWs. In addition, this research will determine 

whether foraging has changed over time. The main aim of this thesis will be 

addressed over two data chapters: Chapter 2 aims to characterise the niche space 

of the New Zealand SRW population using SIA, and Chapter 3 aims to provide an 

updated summary of opportunistic sightings data of SRWs around mainland New 

Zealand following previous studies by Patenaude (2003) and Carroll et al. (2014a). 

 

This thesis incorporates data chapters that will be written and submitted as 

independent scientific publications; however, the complete thesis will be formatted 

as a singular body of work with a combined bibliography at the end. Therefore, 

there may be some repetition. A summary of each chapter is described below: 

 

Chapter 1 ± General Introduction 
 

This chapter provides a comprehensive literature review on the movement ecology 

of animals, with a central focus on migration and foraging. It introduces the use of 
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stable isotopes as biogeochemical markers to infer the foraging ecology of highly 

migratory species. We describe the southern right whale and its historical and 

contemporary presence in New Zealand waters. Finally, we outline the value of 

citizen science contributions to understand the distribution of the infrequently 

sighted SRW around mainland New Zealand and how metadata from social media 

can enhance these databases to yield a better understanding of the distribution 

and occurrence of a rarely sighted and reported species. 

 

Chapter 2 ± Foraging flexibly or consuming conservatively? Investigating the 
foraging ecology of the New Zealand southern right whale  
 

Here we describe the foraging ecology of New Zealand SRWs using stable 

isotopes to characterise niche space. We examine the effect sex and demography 

have on isotopic composition and niche partitioning within the population. Further, 

we highlight a lack of isotope studies within the waters south of Australia through 

to the subantarctic region.  

 

Chapter 3 ± Social media reporting improves citizen science records of rarely 
sighted whales in New Zealand 
 

Here we use opportunistic sightings data to reassess the current distribution of 

SRWs around mainland New Zealand and to provide an update to previous studies 

by Patenaude (2003) and Carroll et al. (2014a). This work was conducted to 

determine whether the mainland had become an increasingly important part of the 

New Zealand SRW range as the population increases in abundance, and 

subsequently, whether we needed to consider the mainland in future studies on 

their foraging ecology (Chapter 2). 

 

Chapter 4 ± General Discussion 
 

This chapter summarises and discusses the overall findings within this thesis and 

provides future directions for further research.
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Chapter 2 

Foraging flexibly or consuming conservatively? 

Investigating the foraging ecology of the New Zealand 
southern right whale 
 

 

2.1 Introduction 
 

Foraging ecology is directly influenced by the abundance and distribution of 

available resources; however, inter- and intra-specific competition and population 

age and sex structures can drive variation in foraging strategies and resource use 

(Kim et al. 2012; Bjorkland et al. 2015; Louis et al. 2021). Differences in foraging 

habitat or preferred prey within a population may act to reduce niche overlap 

between individuals, thus reducing intra-specific competition while maximising 

foraging success and reproductive fitness (Wray et al. 2021). Niche partitioning 

occurs within a population as a result of ontogenetic development, such as growth 

(Kim et al. 2012; Meissner et al. 2012), social learning (Mann et al. 2008; Ruiz-

Cooley et al. 2020; Wray et al. 2021), and sexual dimorphism (Breed et al. 2006; 

Lewis et al. 2006; Hückstädt et al. 2012; Louis et al. 2021). In cetacean species 

where sexual size dimorphism is negligible, social learning and maternal 

investment strategies tend to drive niche partitioning and variation in foraging 

strategies between sex and age classes (Mann et al. 2008; Di Beneditto & Monteiro 

2016; Pirotta et al. 2020a; Louis et al. 2021). 

 
Many large mammals are constrained by the high energetic demands of 

reproduction, meaning they will use, store, and allocate resources in one of two 
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ways to finance reproductive costs�� NQRZQ� DV� µLQFRPH� EUHHGLQJ¶� RU� µFDSLWDO�

EUHHGLQJ¶� (Jönsson 1997; Stephens et al. 2009; Irvine et al. 2017). Income 

breeders will continue to acquire energy and will increase food intake during the 

breeding period to replace energy used for reproduction and maternal care. In 

contrast, capital breeders rely on stored energy reserves that are accumulated 

during intensive feeding periods. Capital breeders then fast during the breeding 

and nursing periods (Lockyer 1987; Dingle & Drake 2007; Irvine et al. 2017). 

 

Southern right whales ± WRKRUƗ�(Eubalaena australis; hereafter SRW) are among 

the most extreme examples of capital breeders in cetaceans. SRWs rely on the 

consumption and energy storage of prey, typically found within high latitude, 

offshore summer feeding grounds, to adequately prepare the whales for their 

winter migration and reproduction (Lockyer 2007). The species has a three-year 

calving interval consisting of one year for gestation, one year for nursing, and a 

final year to recover and rebuild body condition for the next pregnancy (Lockyer 

2007; Christiansen et al. 2018). The energetic demands of SRW reproduction are 

high, with SRW cows (lactating females) typically fasting throughout the duration 

of the lactation period, relying on stored energy reserves (Lockyer 2007; 

Valenzuela 2008). However, if lactation demands exceed available energetic 

stores, the cow must either continue to feed her calf, potentially compromising her 

health, or reduce milk production, potentially decreasing offspring survival and 

overall fitness (Oftedal 2000; Valenzuela 2008; Carroll et al. 2021b).  
 

Historically, SRW populations had regional differences in whaling patterns and 

exploitation intensity, resulting in spatially and temporally variable rates of recovery 

(IWC 2001, 2011). The heterogeneous recovery of SRWs observed globally is 

linked to an indiYLGXDO¶V�VLWH�ILGHOLW\�WR�QDWDO�ZLQWHULQJ�JURXQGV�DQG�VXPPHU�IRUDJLQJ�

locations, which have been maternally inherited through learned migratory paths 

(Valenzuela et al. 2009; Carroll et al. 2015). However, site fidelity can act as a 

population isolating mechanism over time, resulting in reduced genetic diversity 

and cultural transmission (Carroll et al. 2014b; Harcourt et al. 2019). The loss of 

traditional knowledge within a recovering population is concerning as it may affect 

WKH� SRSXODWLRQV¶� DELOLW\� WR� DGDSW� WR� D� FKDQJLQJ� HQYLURQPHQW� DQG� VXEVHTXHQW�

UHVRXUFH�DYDLODELOLW\��SRWHQWLDOO\�JHQHUDWLQJ�DQ� µHFRORJLFDO� WUDS¶� LQ�KLJKO\�YDULDEOH�
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ecosystems (Clapham et al. 2008; Carroll et al. 2014b; Keith & Bull 2017). 

Understanding the foraging ecology and niche space of SRWs will provide insights 

into the species¶ recovery and ability to adapt. 

 

Stable isotopes provide an opportunity to characterise niche space as they allow 

interpretation of resource use and niche partitioning within a population over time. 

Stable isotopes have been extensively used to trace patterns of foraging ecology, 

trophic status, physiology, and migratory movements of elusive or wide-ranging 

marine mammals (Schell et al. 1989; Newsome et al. 2010; McMahon et al. 2013; 

Walter et al. 2014; Habran et al. 2018; Carroll et al. 2021b). ,Q�65:V��FDUERQ��į13C) 

DQG�QLWURJHQ��į15N) isotopes have been used to characterise large-scale migratory 

patterns, infer diet, and identify foraging grounds and traditions (Best & Schell 

1996; Rowntree et al. 2001). A key reason for their use is that isotopes of prey are 

directly integrated into the tissues of consumers, providing an intrinsic marker of 

prior foraging and migratory movements (Rubenstein & Hobson 2004; Graham et 

al. 2010). However, isotopic composition can be influenced by factors other than 

foraging location and trophic interactions. Specifically, physiological processes 

such as ontogenetic development (Mann et al. 2008; Kim et al. 2012; Ruiz-Cooley 

et al. 2020)��JHVWDWLRQ�� ODFWDWLRQ��DQG�QXWULWLRQDO�VWUHVV�� LQIOXHQFH�į13&�DQG�į15N 

isotopes and offsets between cows and their calves (Gannes et al. 1998; Borrell et 

al. 2016; Carroll et al. 2021b).  

 

Here, we leverage a SRW population subject to genetic monitoring from 1995 to 

2020 to understand differeQFHV�LQ�į13&�DQG�į15N isotopic niche space driven by 

demography (sex and age class). Such differences could be driven by variation in 

foraging or physiology linked to age (e.g., adult or calf) or reproductive status (e.g., 

lactating or non-lactating females). We hypothesise that for the New Zealand SRW 

population: (1) niche space will be partitioned based on maternal state²pregnant 

female SRWs, observed with calves on the wintering ground, will utilise different 

foraging strategies to finance the cost of reproduction; and (2) the foraging ecology 

and niche space of this population will have changed over time. 
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2.2 Methods 
 

2.2.1      Skin biopsy samples 
 

New Zealand SRW skin biopsy samples were collected from the subantarctic 

Auckland Islands (Maungahuka) (Figure 2.1) during research expeditions led by 

the University of Auckland ± Waipapa Taumata Rau in the austral winters of 1995 

to 1998 (Patenaude 2002), 2006 to 2009 (Carroll et al. 2013), and recently in 2020 

(Carroll et al. 2021a). The samples were obtained using stainless steel biopsy darts 

deployed by either a crossbow (Lambertsen 1987) or a modified veterinary capture 

rifle (Krützen et al. 2002) in and around the Port Ross embayment at Auckland 

Island (50°75'S, 166°05'E). Samples were preserved in 70±90% ethanol then 

stored at -20°C for later analysis. 

 

2.2.2      DNA profile catalogue 
 

The Auckland Islands SRW population has previously been genetically profiled and 

catalogued to investigate the population structure and estimate growth rates and 

abundance (Carroll et al. 2011b, 2013, 2014a, 2015, 2021). The DNA profile data 

consists of genetically identified sex, mitochondrial DNA (mtDNA) haplotypes, and 

multi-locus microsatellite genotypes (up to 13 loci) for each biopsy sample, all of 

which has been constructed from extracted DNA (see Carroll et al. 2011b for 

details). Sex was determined using Polymerase Chain Reaction (PCR) 

amplification of the ZFX and ZFY loci following Aasen and Medrano (1990) and 

Gilson et al. (1998). Here we use these already generated DNA profile data to 

investigate population-level changes in stable isotope composition, linked to 

demography (sex and age class), and any individual-level variation across years 

using a subset of individuals that were recaptured in subsequent sampling periods. 

Recaptured individuals were identified using a genotype mark-recapture approach, 

with the matching process and outcomes previously reported (Carroll et al. 2013; 

Carroll et al. 2021a).  
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Figure 2.1 Map of six individual NZ SRW satellite tracks in reference to the Auckland Islands 

wintering ground where the tags were deployed in 2020 (top right map insert). Whaling catch 

records suggest historical movements of NZ SRWs (blue circles) and Australian SRWs (orange 

and yellow circles; Richards 2002; Smith et al. 2012). The yellow circle also denotes a contemporary 

migratory destination for NZ SRWs (Mackay et al. 2020). Figure adapted from Riekkola et al. (2021). 

 

2.2.3      Stable isotope analysis 

 

Prior to stable isotope analysis, subsamples of skin (40±110 mg) were oven-dried 

for 72 hours at 50°C or freeze-dried and sent to the University of New Mexico for 

lipid extraction and stable isotope analyses following previously published methods 

(Carroll et al. 2021b). Briefly, as lipid content and sample preservation methods 

influence isotopic composition, we lipid extracted the bulk tissue samples using 

procedures from Busquets-Vass et al. (2017), which not only removed the effects 

of lipids but also corrected isotope values for sample preservation in ethanol (Todd 

et al. 1997; Wild et al. 2018). The C:N ratio acts as a proxy of lipid content which 

allows for assessment of whether lipid extraction was successful (Busquets-Vass 

et al. 2017). Specifically, a C:N ratio between 3.0 to 4.0 is indicative of successful 

Kermadec Is. 

Louisville Trench 

Chatham Is. /  
RĤkohu 
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lipid extraction (Post et al. 2007; Lesage et al. 2010). Carbon and nitrogen isotopes 

were analysed from approximately 0.5±0.6 mg of dried skin using a Costech 4010 

elemental analyser coupled to a Thermo Scientific Delta V isotope ratio mass 

spectrometer at the Center for Stable Isotopes, University of New Mexico. Stable 

isotope data DUH�UHSRUWHG�DV�GHOWD��į��YDOXHV��ZKHUH�į13C or į15N (units are denoted 

DV�SDUWV�SHU�WKRXVDQG��Å) ratios are expressed using the equation įX = [(Rsample / 

Rstandard��í��@�î������ZKHUH�X is the isotope of interest and R is the heavy to light 

isotope ratio of 13C/12C or 15N/14N, for į13C and į15N respectively (Coplen 2011). 

Standards were referenced to Pee Dee Belemnite for carbon isotopes and 

atmospheric air for nitrogen isotopes. $QDO\WLFDO�SUHFLVLRQ�IRU�į13C and į15N was 

assessed for each daily run via routine analyses and calibration of in-house 

reference materials to international standards (e.g., USGS 40, IAEA 600, IAEA 

N2), and was measured to be ����Å��6'�.  

 

The burning of fossil fuels and intensive land use has increased the amount of CO2 

in the ocean and atmosphere but depleted atmospheric CO2 of 13C (Keeling 1979). 

In response, oceanic Dissolved Inorganic Carbon (DIC) has exponentially 

GHFUHDVHG� LQ� į13C RYHU� WLPH�� GHVFULEHG� DV� WKH� µ6XHVV� (IIHFW¶� (Keeling 1979). 

However, different ocean systems have varying atmospheric CO2 sinks, meaning 

the Suess Effect varies regionally (Eide et al. 2017; Sabadel et al. 2020). To correct 

IRU�WKH�6XHVV�(IIHFW�LQ�RXU�VWXG\��ZH�DGMXVWHG�RXU�UDZ�į13C isotope values based 

on corrections estimated for the subantarctic region of the Southern Ocean 

(������Å�Ser year; Hilton et al. 2006), which historic (Tormosov et al. 1998; Smith 

et al. 2012) and current (Mackay et al. 2020; Riekkola et al. 2021) evidence 

suggests is a key summer foraging area for the New Zealand SRW population 

(Figure 2.1).  

 

2.2.4      Dataset compilation and curation 
 

The isotope dataset was compiled using samples of individual whales from 1995 

to 2020 with known DNA profiles, sex, and demographic information as follows. 

The age class of sampled whales was classified via a visual assessment of the 

ZKDOH¶V�ERG\� length in the field, resulting in two size classes: adults and calves. 
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Specifically, calves were defined as a whale whose body was less than half the 

length of an accompanying adult whale. Cows (lactating adults) were defined as 

an adult whale observed in close proximity to a calf which was presumed to be its 

offspring (Carroll et al. 2013). Adult whales in the field that were not in close 

proximity to a calf were denoted as either an adult female or adult male (non-

lactating adults) following subsequent molecular sex determination procedures 

(Carroll et al. 2013). 

 

7KH�'1$�SURILOHV�DOORZHG�XV�WR�LGHQWLI\�LQGLYLGXDOV�IRU�ZKLFK�ZH�KDG�į13C and į15N 

isotope values from more than one sampling occasion. When the sampling 

occasions were within the same year, the values were averaged to produce a 

single value per whale per year. This is because the within-year replicates had the 

same level of variance as technical replicates; those samples that were split and 

analysed separately. Both technical replicates and within-year replicates showed 

PHDQ� GLIIHUHQFHV� RI� a����Å� �&DUUROO� DQG� 1HZVRPH�� LQ� SUHS��� VLPLODU� WR� WKH�

DQDO\WLFDO�SUHFLVLRQ�RI�a����Å��7UDFNLQJ� WKH change in individual stable isotope 

values across years allowed us to evaluate whether the population-level 

differences seen by year or demographic class were reflected at an individual level.  

 

2.2.5      Statistical analyses 
 

The į13C and į15N values for the skin samples were analysed and plotted in R 

4.1.0 (R Core Team 2021) to provide a visual assessment of any trends in the data. 

We used the Shapiro-Wilk test to assess whether the distribution of stable isotopes 

and the C:N ratio deviated from the expectation of normality. As the data were non-

normal, we used the non-parametric Kruskal-Wallis test (Sokal & Rohlf 1981) to 

evaluate whether the samples from different demographic classes and different 

sampling years came from different distributions. If significant, we conducted a post 

hoc DunQ¶V�PXOWLSOH�pairwise comparison test (Dunn 1964) to identify which groups 

were different. We also tested for significant differences for between and within 

GHFDGH� YDULDWLRQ� LQ� į13C and į15N using Kruskal-Wallis and SRVW� KRF� 'XQQ¶V�

multiple pairwise comparison tests. The minimum statistical significance threshold 

was set at 5% for all analyses. 
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2.2.6      Isotopic niche space 
 

We investigated how different factors (i.e., demographic class and year of sample 

collectioQ��LQIOXHQFH�į13C and į15N isotope profiles and niche extent by assessing 

the SRW population niche space. Specifically, we plotted bivariate distributions of 

į13C and į15N values for each demographic class across time. For temporal 

analyses, calves were removed as we were interested in potential changes in 

foraging location, ZKLFK�FDQ�EH�FRQIRXQGHG�E\�WKH�KLJKO\�YDULDEOH�į13C values of 

calves linked to growth and nursing (Carroll et al. 2021b). Additionally, sampling 

years with less than seven samples were removed from temporal analyses to allow 

for a more robust analysis (Jackson et al. 2011a). We used bivariate Bayesian 

standard ellipses areas (SEAB) to fit a bivariate distribution to the data, delineate 

isotopic niche space, and determine niche RYHUODS��į13C and į15N 95% confidence 

interval ellipses). Specifically, the Bayesian approach allows for a quantitative 

comparison of differences among sample ellipses (SEAB) by referencing the 

posterior distribution, which reflect uncertainties (50%, 75%, and 95% credible 

intervals) associated with sampling size (Jackson et al. 2011a). This was 

constructed using the SIBER (Stable Isotope Bayesian Ellipses in R) R package 

(Jackson et al. 2011a). Using the JAGS method, nLFKH�DUHD�DQG�RYHUODS��Å2) were 

estimated based on 1,000,000 Markov chain Monte Carlo (MCMC) iterations, 

following 100,000 burn-ins, implemented in the rjags R package (Jackson et al. 

2011a; Plummer et al. 2021). Posterior estimates of the SEAB were fitted to the 

data using an Inverse Wishart prior on the covariance matrix with a vague normal 

prior on the means (Jackson et al. 2011a). We assessed model output 

convergence using a scale reduction factor, with values below 1.1 indicating 

convergence (Gelman & Rubin 1992; Jackson et al. 2011a).  

 

2.2.7      Individual-level analysis 
 

We assessed individual-level YDULDWLRQ� LQ� į13C and į15N across time, where 

GHPRJUDSKLF� FODVV� DOVR� YDULHG�� 7KH� į13C and į15N values and associated 
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demography of individuals sampled in two different sampling years were plotted in 

a bivariate space, where DNA profile data linked the two samples. 

 

2.2.8      Literature review of potential prey sources 
 

As there are no direct observation data of New Zealand SRWs on their foraging 

grounds, we examined the potential of using stable isotope data with probable prey 

data to understand where and on what the whales are feeding (Witteveen et al. 

2012; Valenzuela et al. 2018; van den Berg et al. 2021). This required prey data 

from SRW foraging locations as indicated by recent satellite tracks of austral 

summer migratory routes (Figure 2.1; Mackay et al. 2020; Riekkola et al. 2021). 

7KHUHIRUH��ZH�UHYLHZHG�WKH� OLWHUDWXUH�IRU�į13C and į15N values of potential prey 

sources of SRW, found within the subantarctic region, south of Australia and New 

Zealand (approximately 20°±65°S to 70°±170°E).  

 

The online literature search was conducted between April and May 2021. Searches 

for prey isotopic data, sampled without a defined time period, were made using the 

Google Scholar search engine and using the metadata databases: Australian 

Antarctic Data Centre (data.aad.gov.au/), British Antarctic Survey Discovery 

Metadata System (data.bas.ac.uk/) and KRILLBASE (bas.ac.uk/project/krillbase/), 

and the Scientific Committee on Antarctic Research (SCAR) Southern Ocean Diet 

and Energetics Database (biodiversity.aq/tools/scar-southern-ocean-diet-and-

energetics-database/). Specifically, the following search terms were used to 

FDSWXUH� DUWLFOHV� DQG� GDWDVHWV�� ³VWDEOH� LVRWRSHV´�� ³į13C´� ³į15N´�� ³LVRWRSLF�

FRPSRVLWLRQ´�� ³6RXWKHUQ� 2FHDQ´�� ³VXEDQWDUFWLF´�� ³NULOO´�� ³Euphausiid´, ³FRSHSRG´��

³]RRSODQNWRQ´��DQG�³3DUWLFXODWH�2UJDQLF�0DWWHU´� 

 

Articles and datasets found during the search were then assessed for inclusion 

based on the following criteria: (1) location of prey sampling and (2) type of prey. 

Importantly, if the prey data were not collected within the area of interest, they were 

excluded. If the data were not publicly available, we endeavoured to contact the 

researcher to request access to their data for the purpose of this research. 
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We plotted the mean (±SD, where applicaEOH��į13C and į15N values of potential 

prey sources (i.e., krill, copepods, zooplankton) found in the literature and adult 

SRW isotopes, excluding females accompanied by a calf as lactation influences 
13C (Borrell et al. 2016), to assess overlap with potential prey sources and foraging 

locations ZLWK�UHIHUHQFH�WR�WKH�į13C value. Prey data were corrected for TEFs by 

�����������Å�IRU�į13&�YDOXHV�DQG�����������Å�IRU�į15N values (Borrell et al. 2012). 

Additionally, the mean (±SD, where applicable) isotopic values of other Southern 

Ocean predator species (i.e., baleen whales, pinnipeds, penguins, and seabirds) 

which occupy a similar trophic level to SRWs were plotted to determine if changes 

over time reflect baseline changes in oceanic 13C (Costa et al. 2020). 

 

 

2.3 Results 
 

2.3.1      Data summary 
 

:H�PHDVXUHG�į13C and į15N isotope values from 591 skin samples which were 

extracted from 547 individual whales, as identified by unique DNA profiles (Table 

2.1). Of the 547 individual whales, 509 were sampled in one year, and 38 

individuals were sampled in two years. Of the 38 whales sampled across years, 18 

were resampled between decades (1990s±2000s, n = 10; 2000s±2020, n = 8), and 

the remaining 20 individuals were resampled within the 2000s (Appendix 1).  

 

The skin samples collected over three decades (1995±2020: Figure 2.2) had an 

RYHUDOO�PHDQ�į13C value of -19.31 ± 0.8 (range = -23.10 ± -16.98), and a mean 

į15N value of 6.43 ± 0.8 (range = 4.64 ± �������%RWK�WKH�į13C DQG�į15N values of 

the combined dataset were non-normally distributed (Shapiro-Wilk normality test: 

n = 591; p < 0.001; Figure 2.2). Additionally, the C:N ratio of all samples fell into an 

expected range between 3.0 to 4.0, indicating successful lipid extraction (mean = 

3.24; range = 3.00 ± 3.99) (Post et al. 2007; Lesage et al. 2010). 
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Table 2.1 Auckland Islands SRW skin biopsy samples used for stable isotope analyses, shown by 

sampling year and demographic class: adult female, adult male, cow, and calf. 

 Demographic class  

Year Adult female Adult male Cow Calf Total 

1995 7 1 2 ± 10 

1996 4 6 ± ± 10 

1997 2 7 ± 1 10 

1998 3 4 3 ± 10 

2006 ± ± 3 ± 3 

2007 36 37 31 17 121 

2008 28 34 50 14 126 

2009 48 61 42 8 159 

2020 23 29 54 36 142 

Total 151 179 185 76 591 

 

 
2.3.2      Influence of demographic class 
 

There are statistically significant differences in isotope values between 

demographic classes (Figure 2.2; Table 2.2). Specifically, the absolute difference 

LQ�PHDQ�YDOXHV�IRU�į13C DQG�į15N between cows and calves, and between cows, 

calves and adult females and males are ODUJHU�WKDQ�DQDO\WLFDO�SUHFLVLRQ��!���Å��

7DEOH�������$�SRVW�KRF�'XQQ¶V�PXOWLSOH�FRPSDULVRQV�WHVW�LQGLFDWHG�WKDW�FRZV�KDYH�

VLJQLILFDQWO\�PRUH�GHSOHWHG�į151�DQG�į13C values than adult females and males 

(Table 2.2).  

 

The SIBER analysis showed that demographic class influenced the distribution of 

isotopes and size of niche space (Figure 2.3). The overlap of the adult female and 
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adult male bivariate Bayesian standard ellipse areas (SEAB) reflects the lack of 

VLJQLILFDQW� GLIIHUHQFH� LQ� į13C and į15N isotope values between the two 

demographic classes (Post-KRF� 'XQQ¶V� PXOWLSOH� FRPSDULVRQV� WHVW�� p = 1.000, 

Figure 2.3A; Table 2.2). Notably, cows show a difference in nitrogen with 

significantly lower values (mean = 6.0; Post-KRF�'XQQ¶V�PXOWLSOH�FRPSDULVRQV�WHVW��

p < 0.001) than other adult demographic classes, which is reflected in the lower 

SEAB (meanSEA.B = 1.74; range = 1.36 ± 2.37) and central tendency measures 

�)LJXUH� ������ &DOYHV�� KRZHYHU�� KDYH� PRUH� YDULDEOH� į13C DQG� į15N and SEAB 

(meanSEA.B = 2.05; range = 1.40 ± 3.34) than all other demographic classes (Figure 

2.3; Table 2.2). 
 

 

Figure 2.2 $XFNODQG�,VODQGV�VRXWKHUQ�ULJKW�ZKDOH�į13&�DQG�į15N isotope values (n = 591) plotted 

E\�GHPRJUDSKLF�FODVV�DQG�WKH�GHFDGH�RI�VDPSOH�FROOHFWLRQ��į13C values have been corrected for 

the Suess Effect (������Å�SHU�\ear; Hilton et al. 2006). 
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Table 2.2 $EVROXWH�GLIIHUHQFH�LQ�PHDQ�į13&�DQG�į15N isotope values of SRW samples (n = 591), 

collected between 1995 and 2020, categorised by demographic class: adult females, adult males, 

cows, and calves. Differences that are larger than analytical precision (>0.2Å) are bolded. 

Significant p-values (<0.05) from post-KRF�'XQQ¶V�PXOWLSOH�FRPSDULVRQV�WHVW�DUH�LQ�EUDFNHWV�EHORZ� 

 
 

  į13C 

n Mean į15N  
Adult 

female 
Adult male Cow Calf 

 Mean į13C   -19.2 ± 0.8 -19.2 ± 0.7 -19.4 ± 0.8 -19.7 ± 0.9 

į15N 

Adult female 151 6.6 ± 0.8  0.0 
0.2 

(0.043) 

0.5 
(<0.001) 

Adult male 179 6.7 ± 0.8 0.1  
0.2 

(0.013) 

0.5 
(<0.001) 

Cow 185 6.0 ± 0.7 
0.6 

(<0.001) 

0.7 
(<0.001) 

 0.3 

Calf 76 6.6 ± 0.7 0.0 0.0 
0.6 

(<0.001) 
 

 

 

2.3.3      Temporal changes 
 

When examining whether there were temporal changes in foraging ecology, we 

found that most years had an absolute difference in the mean that was larger than 

DQDO\WLFDO� SUHFLVLRQ� �!���Å�� 7DEOH� ������ )ROORZLQJ� 6,%(5� DQDO\VHV�� Where was 

considerable variation in the isotopic niche space across time (Figure 2.4). 

Throughout the 1990s, there was a larger range in carbon values (range = -22.00 

± -17.67; Figure 2.4A), reflected in the expansion of the niche space compared to 

subsequent years (Figure 2.4B). However, in the 2000s and 2020, the carbon 

space appears to contract, with 2020 having a narrower SEAB (meanSEA.B = 1.08; 

range = 0.77 ± 1.53), potentially reflecting a highly contracted niche space (Figure 

������į15N isotopes vary considerably across time, with an overall increase in the 

range of values between decades (Figure 2.4A). Within the 1990s and 2000s, 

where there were multiple sampling years, there was minimal interannual variation. 

The exception to this was 1998 (Figure 2.4A). Although, there is an increasing 

trend in the niche space between 2007 to 2009 (Figure 2.4B).  



36 
 

 
 

Figure 2.3 9DULDWLRQ�LQ�į13&�DQG�į15N values for Auckland Islands southern right whales (n = 591), 

grouped by demographic class. The sample size is above each bar. (A) 95% bivariate Bayesian 

standard ellipses area (SEAB). (B) Central tendency and measures of uncertainty (50%, 75%, and 

95% credible intervals, where the black dot is the mode of each distribution) of SEAB for each 

demographic class.
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Table 2.3 $EVROXWH�GLIIHUHQFH�LQ�PHDQ�į13&�DQG�į15N isotope values of SRW samples (n = 515), collected between 1995 and 2020, by year of sample collection. 

'LIIHUHQFHV�WKDW�DUH�ODUJHU�WKDQ�DQDO\WLFDO�SUHFLVLRQ��!���Å��DUH�EROGHG��p-values (<0.05) from post-KRF�'XQQ¶V�PXOWLSOH�FRPSDULVRQV�WHVW�DUH�LQ brackets below. 

 
 

  į13C 

n Mean į15N 1995 1996 1997 1998 2006 2007 2008 2009 2020 

Mean į13C   -18.5 ± 0.5 -18.8 ± 1.2 -18.9 ± 0.5 -19.8 ± 0.9 -19.8 ± 1.1 -19.1 ± 0.6 -19.1 ± 0.9 -19.2 ± 0.8 -19.7 ± 0.4 

į15N 

1995 10 7.3 ± 0.9  0.3 0.4 
1.3 

(0.003) 
1.3 0.5 0.6 0.7 

1.1 
(<0.001) 

1996 10 6.4 ± 0.5 0.9  0.1 
1.0 

(0.023) 
1.0 0.2 0.3 0.4 

0.8 
(<0.001) 

1997 9 7.9 ± 0.8 0.6 1.5  0.9 0.9 0.1 0.2 0.3 
0.7 

(0.019) 

1998 10 7.0 ± 0.4 0.3 0.6 0.9  0.0 0.7 0.7 0.6 0.1 

2006 3 7.5 ± 0.8 0.2 1.1 0.4 0.5  0.8 0.7 0.6 0.1 

2007 104 6.1 ± 0.7 
1.2 

(0.002) 
0.3 

1.8 
(<0.001) 

1.0 
(0.003) 

1.4  0.1 0.2 
0.6 

(<0.001) 

2008 112 6.2 ± 0.7 
1.1 

(0.019) 
0.2 

1.7 
(<0.001) 

0.8 
(0.025) 

1.3 0.1  0.1 
0.5 

(<0.001) 

2009 151 6.3 ± 0.8 
1.0 

(0.045) 
0.1 

1.6 
(<0.001) 

0.7 1.2 0.2 0.1  
0.4 

(<0.001) 

2020 106 6.8 ± 0.8 0.5 0.4 1.1 0.2 0.7 
0.7 

(<0.001) 

0.6 
(<0.001) 

0.5 
(<0.001) 
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Figure 2.4 9DULDWLRQ�LQ�į13&�DQG�į15N values for Auckland Islands southern right whales (n = 512; 

calves were excluded from temporal analysis), grouped by year of sample collection (2006 was 

excluded as it only had three samples), the sample size is above each bar. (A) 95% bivariate 

Bayesian standard ellipses area (SEAB). (B) Central tendency and measures of uncertainty (50%, 

75%, and 95% credible intervals, where the black dot is the mode of each distribution) of SEAB for 

each sampling year. 
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2.3.4      Individual-level analysis 
 

At an individual level we found a reflection of the wider population level trends 

between demographic classes and across time (Figures 2.5, 2.6). Resampled 

LQGLYLGXDOV�EHFDPH�PRUH�GHSOHWHG�LQ�į13C (mean = -0.33 ± 0.9; range = -2.40 ± 

�������DQG�į15N (mean = -0.29 ± 1.0; range = -2.30 ± 1.70) across time. Specifically, 

adult females that have been recaptured and identified as a cow in subsequent 

VDPSOLQJ�\HDUV�KDYH�VLJQLILFDQWO\�GHSOHWHG�į15N isotopes, decreasing on average 

by -����Å� �� ���� �UDQJH�  � -2.30 ± 1.30; Post-KRF� 'XQQ¶V� PXOWLSOH� SDLUZLVH�

comparisons test, p = 0.005; )LJXUH�������į15N values deplete both with a change 

in maternal state (from non-lactating adult female to lactating cow) and temporally 

(between 1990s and 2000s) regardless of demographic class (mean = -0.38 ± 0.9; 

range = -2.30 ± 1.00; Figure 2.6).  

 

 

 

Figure 2.5 į13&�DQG�į15N isotope values of Auckland Islands southern right whales recaptured 

between 1995 and 2020 (n = 38), plotted by demographic class (colour) and year of sample 

collection (1990s are open shapes, 2000s are filled shapes, 2020 are asterisks). 
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Figure 2.6 į13&�DQG�į15N isotope values of Auckland Islands southern right whales recaptured 

between the 1990s and 2000s (n = 10), plotted by demographic class (colour) and year of sample 

collection (1990s are open shapes, 2000s are filled shapes). 

 

2.3.5      Changes in foraging ecology across time 
 

7R�DVVHVV�FKDQJHV�LQ�WKH�SRSXODWLRQV¶�IRUDJLQJ�HFRORJ\�DFURVV�WLPH��ZH�LVRODWed 

WKH�LVRWRSLF�SURILOHV�RI�DGXOWV�ZLWKRXW�FDOYHV��SRROHG�WR�UHSUHVHQW�µ$GXOWV¶��WR�UHGXFH�

the confounding effects of both cow and calf isotopic signatures. The niche space 

of the adults revealed similar trends over time as that observed in the total 

population (Figures 2.4, 2.7). There was a fluctuating trend within each decade and 

an overall contraction in niche space between decades, most notably in 1998 

where the adult niche space (SEAB) had significantly contracted (meanSEA.B = 0.28; 

range = 0.07 ± 2.00; Figure 2.7). However, in 1998 only seven adults were 

sampled, meaning the Bayesian analysis may not be as robust as the other 

sampling years (Jackson et al. 2011a).  
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Figure 2.7 Central tendency, where the black dot is the mode of each distribution, and 50%, 75%, 

and 95% credible intervals of Bayesian standard ellipses areas (SEAB�� IRU� WKH� SRROHG� µ$GXOW¶�

demographic class (adults without calves) stratified by year of sample collection (2006 was 

excluded as there were no samples). The sample size is above each bar. 

 

2.3.6      Literature review of potential prey sources 
 

Following an extensive review of available and accessible, published and 

unpublished reports of prey isotope values, we found 11 papers/datasets which 

matched the search criteria (Appendix 2). Overall, there was an absence of prey 

sampling and isotope reporting within the central subantarctic region south of 

Australia, approximately 35° ± 60°S to 80° ± 140°E (Figure 2.8; Appendix 3). We 

found that the limited sampling efforts were concentrated around Antarctica, 

southeast Australia, and offshore islands (i.e., Kerguelen Island; Appendix 3) 

(Cherel 2008; Cherel et al. 2008; Jia et al. 2016; Swadling 2019). Available data 

shown in Figure 2.8 did not show a sufficient overlap between consumer (SRW) 

and potential prey datasets; therefore, mixing models could not be applied to these 

data (Stock et al. 2018).  
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Figure 2.8 į13&�DQG�į15N isotope values of adult (non-lactating adults) Auckland Islands southern 

ULJKW�ZKDOHV��65:��DQG�PHDQ���6'��ZKHUH�DSSOLFDEOH��į13&�DQG�į15N isotopes of various Southern 

Ocean predator and prey species obtained from the literature (Appendix 2). Krill, copepod, and 

zRRSODQNWRQ�VSHFLHV�ZHUH�FRUUHFWHG�IRU� WURSKLF�HQULFKPHQW��7()�����Å�IRU�į13&�DQG�����Å�IRU�

į15N as suggested by Borrell et al. 2012). Humpback whale (HW), Southern elephant seal (SES), 

fur seal species (FS spp.), penguin species (P spp.), seabird species (S spp.), krill species (K spp.), 

copepod species (C spp.), and zooplankton species (Z spp.). 

 

 

2.4 Discussion 
 

Understanding the drivers which can characterise niche partitioning within a 

population is essential for determining how a population will adapt and respond 

within a changing environment (Riekkola et al. 2019; van den Berg et al. 2021). 

Here, we used stable isotopes to investigate New Zealand SRW foraging ecology 

and niche space. This research demonstrates how stable isotopes can provide 

crucial insights into the multiple processes that collectively influence the foraging 
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ecology of a highly migratory, capital breeding baleen whale. Our results show that 

various factors operating at multiple scales appear to influence the isotopic 

composition and niche space of New Zealand SRWs. This research has wide-

ranging implications for future isotope work on SRW foraging ecology and 

interpretation of past data, not only at a regional level but also at a global scale.  

 

2.4.1      Demography influences stable isotope profiles 
 

This study demonstrates that age and reproductive state were important 

determinants of stable isotope profiles in SRWs. Specifically, we observed that 

FRZV� �ODFWDWLQJ� IHPDOHV�� ZHUH� PRUH� GHSOHWHG� LQ� į15N than other adults at the 

population level. At an individual level, we also observed that there is a decrease 

LQ�į15N when a female is lactating compared with when she is not lactating. This is 

consistent with individuals at different stages of the typical three-year reproductive 

cycle exhibiting variation in foraging strategies and resource use (Riekkola et al. 

2019) and/or having differing energetic and physiological requirements (Fuller et 

al. 2004; Borrell et al. 2016). Additionally, the pattern of nitrogen depletion in cows 

seen here in our bulk isotope data has also been found using amino acid 

compound-specific stable isotope analysis; however, ongoing research continues 

to tease apart the underlying drivers (S. D. Newsome and G. R. Busquets-Vass, 

personal communication, December 10, 2021). 

 

Importantly, isotopes retained in the SRW skin samples represent an integration of 

all food sources consumed approximately three to five months prior to sampling; 

hence we can infer foraging behaviours and strategies which occur in the offshore 

foraging grounds during the austral summer (Busquets-Vass et al. 2017; Wild et 

al. 2018). This means that the depleted į15N we have reported in cows (lactating 

females) on their wintering grounds is actually a representation of nitrogen 

depletion occurring through the gestation period three to five months prior. During 

gestation, it has been suggested that increased nitrogen retention can lead to lower 

į15N values as a result of the body preferentially rerouting more dietary amino acids 

to tissue and protein synthesis (Fuller et al. 2004; Barboza & Parker 2006; Borrell 

et al. 2016)��6LPLODU�ILQGLQJV�RI�ORZHU�į15N values in pregnant females have also 
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been observed in wild horses (Koch 1997), reindeer and caribou (Rangifer 

tarandus sp.) (Barboza & Parker 2006). Borrell et al. (2016) report a decrease in 

į15N in the maternal tissues of pregnant North Atlantic fin whales (Balaenoptera 

physalus) compared to their respective foetuses, which are 15N enriched, resulting 

in a nitrogen balance in the tissues of the mother-foetus pair. Additionally, the 

calves in our study had highly variable nitrogen isotopes, which likely reflect 

positive nitrogen balance between mother and offspring, where maternal tissues 

decrease in 15N while offspring progressively become 15N enriched through 

nitrogen transfer during gestation and lactation. Achieving a positive nitrogen 

balance often results in offspring being a trophic level higher than their mothers 

(Fuller et al. 2004; Borrell et al. 2016). This was supported by our results, where 

calves were more enriched in nitrogen than cows on average. 

 

Our results clearly indicate that demography (age and sex class) and reproductive 

state significantly influence niche partitioning within the population. Specifically, our 

results support our hypothesis that pregnant female SRWs will utilise different 

foraging strategies²in this case, likely physiologically, to finance the cost of 

reproduction. However, bulk tissue stable isotope analysis cannot disassociate the 

physiological effects of metabolic processes to location signal, which can confound 

dietary niche metrics (Whiteman et al. 2019). In contrast, compound-specific 

isotope analysis can reflect baseline isotopic data, delineate overlapping prey 

sources and the metabolic processing and routing of nutrients to provide fine-scale 

information on diet and foraging with physiological context (Whiteman et al. 2019; 

Matthews et al. 2020; Troina et al. 2021). Further research using compound-

specific stable isotopes is crucial to determine the exact effects demography and 

reproductive state have on consumer isotopes, which remains poorly understood 

in various taxa, particularly in capital breeding whales (Borrell et al. 2016). 

 

2.4.2      Temporal shifts in foraging ecology 
 

This study revealed differences in the niche space across time within the adult 

(non-lactating adults) SRW population, with the niche space contracting over the 

26-year research period (1995 ± 2020). The contractions in niche space reflect 
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VLJQLILFDQW�VKLIWV�LQ�į13&�YDOXHV�DQG�D�EURDGHQLQJ�RI�į15N values across time, which 

suggest that the population may be utilising new foraging grounds and diversifying 

their prey sources. It is clear there has been a shift in foraging ground locations 

from those utilised throughout the whaling era. As of February 2022, no tagged 

New Zealand SRWs have migrated north of mainland New Zealand, and only one 

has travelled east of the mainland (areas of historical importance; Smith et al. 2012; 

Riekkola et al. 2021)��EXW�RQO\�DIWHU�LWV¶�LQLWLDO�PLJUDWLRQ�WR�WKH�VRXWK�RI�$XVWUDOLD. 

Instead, almost all migrate south-west from the Auckland Islands wintering ground, 

then north-west under the Australian Bight, and towards west Australia (Mackay et 

al. 2020; Riekkola et al. 2021). This is supported by our results which, based on 

the mean baseline į13C value for southwestern Australia (-����������Å��5DGNH et 

al. 2017), suggest the New Zealand SRW population are feeding in the same area 

as the tagged movements reported in Riekkola et al. (2021). Additionally, a 

contractiRQ� LQ� į13C values since the 1990s suggests the population may be 

concentrating their foraging range specifically south of Australia, and there may be 

a lack in foraging ground diversification compared to pre-whaling times. These 

contemporary movements and apparent shift in foraging grounds suggest a loss of 

cultural knowledge and memory transfer of the foraging grounds to the east and 

north of mainland New Zealand, which is likely a consequence of the whaling era 

removing the matrilineal subpopulations which exploited these areas of historical 

importance (IWC 2001; Carroll et al. 2014b; Harcourt et al. 2019). 

 

In contrast, isotope analyses of the South African SRW population observed a 

diversification in foraging locations and prey sources across time (1995±2008; van 

den Berg et al. 2021). Following the decadal shift in the South African SRW 

foraging strategy, the population experienced increased calving intervals and 

reduced population growth (Brandão et al. 2018; Vermeulen et al. 2018). 

Fluctuations in prey availability and abundance driven by climatic processes have 

been suggested to cause suboptimal reproductive success (Leaper et al. 2006; 

Derous et al. 2020; Ijsseldijk et al. 2021). As capital breeders with reproductive 

output reliant on foraging success, the flexibility observed in New Zealand SRW 

foraging strategies is perhaps not surprising. Specifically, the New Zealand SRW 

SRSXODWLRQ�KDV�EHHQ�ZLGHO\�UHFRJQLVHG�IRU�LWV¶�H[FHOOHQW�ERG\�FRQGLWLRQ�DQG�high 
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growth rate relative to other global populations (Carroll et al. 2013; Christiansen et 

al. 2018). 

 

The year-to-year variation suggests that there could be some small-scale 

adaptation to local prey availability. However, as the niche space is shrinking 

overall, this year-to-year change could be a small area of the ocean compared with 

the foraging range that this population had prior to whaling, or indeed, even in the 

1990s. The New Zealand SRW population may be utilising social learning within 

generations (Keith & Bull 2017) to nurture innovation which allows for greater 

reproductive success and population growth (Carroll et al. 2013) within a changing 

environment (Constable et al. 2014; Sallée 2018). 

 

2.4.3      The under-sampled subantarctic Southern Ocean 
 

The literature review highlighted the substantial lack of sampling effort and 

reporting of important prey species (i.e., krill, copepods, and other zooplankton) 

within a large area of the subantarctic Southern Ocean and the ocean directly south 

of Australia and New Zealand. Specifically, the SRW isotopic signatures we report 

here are currently the only values and dataset which reflect the isotopic 

composition of this under-sampled area. However, recent satellite tagging data  

has indicated that this region is important for SRW foraging (Mackay et al. 2020; 

Riekkola et al. 2021).  

 

The broader south of Australia waters, through to the sub-tropical convergence 

and the subantarctic region is also utilised as a foraging ground and migratory 

corridor by important top predator species, such as the black-browed albatross 

(Diomedea melanophrys) (Cherel et al. 2000), gentoo penguins (Pygoscelis 

papua) (Cherel et al. 2008), Australian sea lions (Neophoca cinerea) (Lowther et 

al. 2013), Antarctic fur seals (Arctocephalus gazella) (Lea et al. 2006), southern 

elephant seals (Mirounga leonina) (Walters et al. 2014; Mestre et al. 2020), pygmy 

blue whales (Balaenoptera musculus brevicauda) (Gill et al. 2011), and humpback 

whales  (Megaptera novaeangliae) (Andrews-Goff et al. 2018; Bestley et al. 2019). 

This under-VDPSOHG� UHJLRQ� VHHPV� WR� EH� RYHUORRNHG� JLYHQ� LWV¶� LPSRUWDQFH� WR�
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predators such as pinnipeds and seabirds or large consumers such as the baleen 

whales.  

 

Determining the productivity and drivers of the food chain within this region should 

be given higher priority, especially considering there are various highly productive 

upwelling zones and dynamic convergence zones (Böning et al. 2008; Sallée 

2018). Similar to the work of Hindell et al. (2020), who used tracking data to 

determine the movements of marine predators²identifying Areas of Ecological 

Significance and Importance Marine Mammal Areas, perhaps the SRWs, and other 

large marine predators, are indicating that this area holds important foraging 

grounds and migratory routes worthy of attention (Gill et al. 2011; Lowther et al. 

2013; Walter et al. 2014; Andrews-Goff et al. 2018; Bestley et al. 2019; Mestre et 

al. 2020). There needs to be a collaborative and comprehensive effort of sampling 

and reporting within this substantial area of the Southern Ocean to support future 

research on foraging ecology, productivity, and migratory movements.  

 

2.4.4      Caveats 
 

Our study had a caveat regarding bulk tissue stable isotope analysis where 

differences driven by physiology and foraging strategies could not be differentiated. 

Specifically, our work could not disentangle whether the effects observed between 

adults without calves and cows with calves resulted from physiological processes 

or whether individuals were using different foraging locations or prey sources. This 

is a limitation common to all bulk tissue isotope analyses. Ongoing work using 

amino acid compound-specific stable isotopes will be able to differentiate these 

effects and the relative proportion of these effects on the result we see (Troina et 

al. 2021). This is because compound-specific isotope analysis provides information 

on non-essential and essential amino acids, of which the latter remains unchanged 

through the food chain, providing an accurate reflection of the į15N of baseline 

isoscapes (McMahon & Newsome 2019; Whiteman et al. 2019). Alternatively, non-

essential trophic source amino acids undergo considerable nitrogen isotopic 

discrimination at each step of the food chain, which can be used to infer the trophic 

position of the consumer (McMahon & Newsome 2019; Whiteman et al. 2019). 
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Our study provides novel insights into the value of stable isotopes in determining 

temporal shifts in foraging niche and variation by demographic class, including the 

possible physiological effects of reproductive state and the associated cost of 

gestation and lactation, for a recovering population of SRW. Given the difficulty in 

studying highly migratory baleen species on their offshore feeding grounds, this is 

an exciting way of understanding the success of the New Zealand SRW population. 

In addition to the ongoing compound-specific work, future work could explore 

possible foraging ground locations using Southern Ocean isoscape models 

(Graham et al. 2010; Graham & Bury 2019; St John Glew et al. 2021) in conjunction 

with stable isotope work to identify more refined foraging ground locations and 

reconstruct dietary composition of prey sources using Bayesian mixing models 

(Valenzuela et al. 2018; van den Berg et al. 2021). By furthering our understanding 

of SRW foraging ecology and the multi-scale influences on niche space, we can 

better understand the drivers of the successful recovery of the New Zealand 

population.  
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Chapter 3  

Social media reporting improves citizen science records 

of rarely sighted whales in New Zealand 

 

 

3.1 Introduction 

 
Increasingly, social media content is being used as a source of data for 

researchers. Over one-third of the global population contributes to crowd-sourced 

information on popular social networking sites (hereafter, SNS) on a daily basis, 

such as Facebook, Instagram, and Twitter (Barve 2014; Daume 2016). The 

growing prevalence and availability of smartphones with high-resolution cameras, 

Global Positioning Systems (GPS), and widespread internet connectivity means 

real-time information streams can be uploaded to SNS and shared with others 

instantly (Sullivan et al. 2019). Such user-generated metadata can include text, 

images, video, audio, hashtags, and geotags, all of which can be searched, filtered, 

and mined for data collection in research (Barve 2014; Elqadi et al. 2017; Sullivan 

et al. 2019). Specifically, when social media users share information or sightings 

of endangered, rare, or cryptic species, the associated metadata become an 

occurrence record, highly valuable for ecological monitoring and a potentially 

powerful data source for conservation science (Di Minin et al. 2015; Toivonen et 

al. 2015; Elqadi et al. 2017). Sharing these encounters on publicly accessible SNS 

can generate further interest from other users who may also share their 

experiences, creating a highly interactive and engaged citizen science network for 

conservation (Barve 2014; Daume 2016; Liberatore et al. 2018). 
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As with terrestrial and freshwater species (Dudgeon et al. 2006; Lindenmayer et 

al. 2018; Mason et al. 2020), many large marine animals such as marine mammals, 

elasmobranchs, and seabirds are traditionally difficult to monitor due to their often 

elusive and sometimes evasive behaviours (McClellan et al. 2014; Landeo-Yauri 

et al. 2020; Nelms et al. 2021). Further, these animals are often wide-ranging, 

found in low densities, and can inhabit remote or difficult-to-access locations, 

meaning monitoring methods such as targeted surveys (e.g., boat-based, aerial, 

and acoustic surveys) can be inefficient, time-consuming, and resource-intensive, 

limiting the capacity to conduct research (De Boer et al. 2018; Vukelic et al. 2018; 

Pirotta et al. 2020b). Large marine animals are overrepresented as endangered or 

threatened in global species classifications due to historical and ongoing 

exploitation and cumulative anthropogenic impacts (Dias et al. 2019; Mazzoldi et 

al. 2019; Nelms et al. 2021; Pacoureau et al. 2021). For the many species that are 

difficult to monitor, they are typically listed as data deficient until there is a threat to 

their conservation which can then pose a greater challenge for managers (Vianna 

et al. 2014; Vukelic et al. 2018). Thus, monitoring changes in population distribution 

and abundance is unequivocally crucial, but with limited resources can be 

neglected.  

 

Citizen science monitoring programs can overcome challenges associated with 

traditional monitoring of vulnerable populations (Embling et al. 2015; Kelly et al. 

2020). Citizen scientists are highly engaged, non-expert members of the public 

who volunteer to record ecological data for scientific research projects (Edwards 

et al. 2021; Oliveira et al. 2021). The use of opportunistically gathered data on rare, 

endangered, or difficult-to-monitor species can supplement traditional data 

collection while increasing the spatial and temporal extent of sampling (Kelly et al. 

2020; Poisson et al. 2020). Globally successful citizen science initiatives include 

iNaturalist (inaturalist.org), eBird (ebird.org), and Reef life Survey 

(reeflifesurvey.com), which are freely accessible, broad-scale databases of 

georeferenced species occurrence records, opportunistically collected over large 

spatiotemporal scales (Crawford et al. 2020; Mesaglio & Callaghan 2021). 

Increasingly, researchers rely on data from these initiatives to supplement 

professional or government-funded monitoring programs to allow for greater 

strategic use of scarce resources and conservation funding (Lloyd et al. 2020). 
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Further, citizen science monitoring programs tend to persist longer than their 

traditional counterparts due to increased community engagement and 

environmental stewardship over restricted research funding cycles (Kelly et al. 

2020; Lloyd et al. 2020). Importantly, these data can be collected actively or 

passively. With active participation in dedicated monitoring programs requiring 

organisation and campaigns. However, the data are more targeted and often high 

quality (Edwards et al. 2021). Conversely, ecological data can be crowd-sourced 

passively from SNS content and associated metadata with reduced effort and cost 

compared with traditional survey methods, creating further opportunities to monitor 

rare and data deficient populations (Elqadi et al. 2017; Sullivan et al. 2019; Nelms 

et al. 2021). Participation in citizen science initiatives can be more appealing with 

species of high public interest, such as whales. Here we focus on southern right 

whales (Eubalaena australis, hereafter SRW), one of the first whale species to be 

extensively hunted by commercial whalers (Reeves & Smith 2003; Smith et al. 

2012). The intensity of whaling pressures reduced global abundance to fewer than 

500 individuals (IWC 2001; Jackson et al. 2008). The global recovery has been 

slow (IWC 2001), with substantial variation between regions (Harcourt et al. 2019). 

 

New Zealand ± Aotearoa exemplifies this spatially heterogenous recovery. 

Historically, SRWs were widely distributed throughout New Zealand waters, with 

approximately 30,000 whales using bays and inlets around the mainland to calve 

and socialise during winter (Dawbin 1986; Richards 2002; Jackson et al. 2016). 

Whaling reduced the population to an estimated 30 to 40 females that used the 

remote New Zealand subantarctic islands as their winter breeding grounds 

(Patenaude et al. 1998; Jackson et al. 2016). Today, SRWs found in New Zealand 

waters represent one genetically distinct breeding stock (Carroll et al. 2011b), 

numbering an estimated 2,200 whales in 2009 and growing at a rate of 7% per 

annum (Carroll et al. 2013). This stock moves between and occupies multiple 

wintering habitats in the Auckland Islands (Maungahuka), Campbell Island (Motu 

Ihupuku) and occasionally around mainland New Zealand including Stewart Island 

(Rakiura) (Childerhouse et al. 2010; Carroll et al. 2011a, 2014a; Torres et al. 2017).  

 

Previous work by Patenaude (2003) and Carroll et al. (2014a) suggests that SRWs 

are slowly recolonising former habitat around the mainland. Early efforts to 
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determine the demographic status of SRW around mainland New Zealand were 

assessed through sightings reports and photographs obtained by the New Zealand 

Department of Conservation ± Te Papa Atawhai (DOC) and other opportunistic 

sightings (Patenaude 2003). Over a 27-year study period (1976 ± 2002), 

Patenaude (2003) recorded a total of 110 mainland SRW sightings with 11 different 

cow-calf pairs. Carroll et al. (2014a) updated the mainland census following a 

successful public awareness campaign in 2003, which aimed to increase public 

SRW sightings reported to DOC. Additionally, in collaboration with researchers, 

DOC have opportunistically photographed and biopsied SRWs around the 

mainland since 2003, with most effort concentrated between 2003 ± 2010. Over 

the eight-year study period (2003 ± 2010), there were 125 sightings around the 

mainland, including 28 cow-calf pairs (Carroll et al. (2014a). Since then, no 

assessment has been undertaken of SRW around the mainland despite the 

suspected increase in abundance on the wintering grounds (Carroll et al. 2013).  

 

Here, we use the opportunistically reported SRW sightings data from the DOC 

National Cetacean Sightings Database, with the addition of sightings data mined 

from now readily accessible crowd-sourced SNS content, to document the 

continuation in sightings of SRWs around mainland New Zealand over an 11-year 

period (2011 ± 2021). With the increasing capacity for the public to easily report 

sightings, including through SNS platforms, we investigate whether metadata from 

active citizen science initiatives and passive SNS content can be used as a 

valuable and reliable source of sightings records that can supplement traditional 

government-funded monitoring databases. 

 

 

3.2 Methods 
 

3.2.1      Sightings data collection 
 
Data on SRW sightings around mainland New Zealand, including the North (Te Ika 

D�0ƗXL���6RXWK��7H�:DLSRXQDPX���DQG�6WHZDUW�,VODQGV, for the time period between 

2011 and 2021, were extracted from the DOC National Cetacean Sightings 
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Database (hereafter DOC database; Department of Conservation 2021). No 

sightings were reportHG�IURP�WKH�PRUH�UHPRWH�&KDWKDP��5ƝNRKX��RU�.HUPDGHF�

Islands �LQFOXGLQJ�5DQJLWƗKXD�WKH�RQO\�LQKDELWHG�LVODQG�XQWLO������. Data were also 

mined from opportunistic sightings reports made on SNS, as described below. 

 

DOC database source 

The sightings data within the DOC database are a collation of online entries 

submitted by DOC staff, researchers, commercial vessels and tourism operators, 

and members of the public following encounters with cetaceans. Sightings entered 

into the database are recorded through a publicly accessible entry form available 

online (doc.govt.nz/marine-mammal-sighting-form). Each submission within the 

database includes information on the species, date, approximate location, group 

size and composition and can contain accompanying photos or biopsy information 

used to validate sightings entries. 'DWD�OLVWHG�DV�µ65:V¶�ZHUH�H[WUDFWHG�IRU�IXUWKHU�

quality control and analysis.  

 

Social networking sites (SNS) source 

Sightings reported on social media were mined from SNS; Facebook, and the 

citizen science initiative iNaturalist NZ (MƗtaki Taiao). Other prevalent social media 

platforms (i.e., Instagram, Twitter) did not have the same detailed filtering functions 

required to restrict and mine sightings data. Sightings were collected from two 

SRSXODU�VRXUFHV�RQ�)DFHERRN�� WKH� µ&HWDFHDQ�6SRWWLQJ�1=�± Whale and Dolphin 

:DWFK� 1HZ� =HDODQG¶� JURXS� �FUHDWHG� LQ� ������� ZKLFK� KDd over 12,000 group 

members as of February 2022��DQG�WKH� µ3URMHFW�-RQDK�1HZ�=HDODQG¶�)DFHERRN�

page (created in 2009), which almost 34,000 people followed as of February 2022. 

 

For the Facebook sources, two key search terms were used to filter posts: 

³VRXWKHUQ� ULJKW�ZKDOH´� �ZKLFK�FDSWXUHG� WKH� WHUP� ³ULJKW�ZKDOH´��DQG� ³WRKRUƗ´� �the 

often-used 0ƗRUL� QDPH��which FDSWXUHG� WKH� WHUP� ³WRKRUD´��� 3RVWV� ZHUH� IXUWKHU�

ILOWHUHG� E\� WXUQLQJ� RQ� WKH� µ0RVW� 5HFHQW¶� WRJJOH� DQG� XVLQJ� WKH� µ'DWH� 3RVWHG¶�

dropdown to select posts made between 2011 and 2021. Only posts that reported 

a sighting (or shared another sightings post) with a species identifiable photo/video 

and where the date and location could be inferred were considered.  
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For iNaturalist, we used only µresearch grade¶ observations (Hochmair et al. 2020); 

those with an image, date, geolocation, species identification, and species-ID 

identifier support. µ5HVHDUFK� JUDGH¶� REVHUYDWLRQV are often used for research 

(Mesaglio & Callaghan 2021). Specifically, we identified SRW sightings by 

VHDUFKLQJ�WKH�VSHFLHV�FRPPRQ�QDPH�³VRXWKHUQ�ULJKW�ZKDOH´�LQ�WKH�ZHESDJH�VHDUFK�

bar, then filtered further to SHUPLW� RQO\� µUHVHDUFK�JUDGH¶� REVHUYDWLRQV�ZLWKLQ� WKH�

µ'DWH�2EVHUYHG¶�UDQJH�EHWZHHQ������DQG������ 

 

3.2.2      Criteria for analysis 
 

A grading system was used to classify all of the sightings based on a set of criteria 

defined for inclusion (grades 1, 2, and 3) or exclusion (grade 4) (Table 3.1).  
 

Table 3.1 The grades and associated criteria for either inclusion or exclusion from analysis of 

putative southern right whale sighting reports around mainland New Zealand. 

 Criteria  

Grade 1 
Sighting was accompanied by either a clear photo/video or genetic (from a skin 

biopsy) information which validated SRW species identification. 

 

Grade 2 

Sighting had no photo/video or genetic validation; however, it was reported by 

an experienced observer (i.e., marine mammal researcher or DOC staff) and 

was considered a highly probable SRW sighting. 

 

Grade 3 

Sighting had no photo/video or genetic validation; however, it was considered 

a resighting of a verified SRW sighting made either on a different day or location 

that is realistic for SRW movements/residency. 

 

Grade 4 
Sighting had no photo/video or genetic validation, was not reported by an 

experienced observer, and did not support other confirmed sightings. 

 

 

 

3.2.3      Metadata extraction and standardisation 
 

We extracted the date, location, group composition, and any accompanying 

photo/video or biopsy evidence for each sighting. Following previous analyses 

(Patenaude 2003; Carroll et al. 2014a), individuals were classified as a calf when 
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they were less than half the length of an accompanying whale which was assumed 

to be the mother (cow). All other whales sighted were classified as adults due to 

the difficulty of non-experienced observers differentiating juveniles and sub-adults. 

Two or more sightings reported on the same day and in an exact or similar location 

were considered duplicate sightings. Only the best quality sighting was included in 

the analysis. A resight was included when the supposed individual or group was 

reported on different days in the same location or within a realistic distance for 

SRW movements (a few kilometres) during the elapsed time between sightings. All 

sightings were assigned an encounter ID number, with resightings of individuals or 

groups allocated the same encounter ID. If the whale(s) was resighted, then all 

sightings associated with the encounter were reconciled to form an event. An event 

is defined as the movement or residency of the same whale(s) resighted over time. 

At least three experienced researchers independently reviewed all sightings 

included in the analysis. The total number of sightings, encounters, resightings, 

events, single whales, cow-FDOI�SDLUV��DGXOW�SDLUV��DQG�JURXSV�RI����DGXOW�ZKDOHV�

sighted per year were tallied. Note that where other whales accompanied a cow-

calf pair, the calf was not included in the adult group tally, but the cow was. 

 

 

3.3 Results 
 

3.3.1      Sightings data and sample collection 
 

After removing duplicates, the data set included 273 reported sightings of SRWs 

around mainland New Zealand between 2011 and 2021. Of those, 241 (88%) were 

extracted from the DOC database, and 45 (12%) were extracted from SNS content. 

There were 13 (5%) sightings reported to both sources (Appendix 4). 

 

3.3.2      DOC database data 
 

Of the 241 DOC sightings, 21.6% (n = 52) were classified as grade 1 sightings, 

7.9% (n = 19) were classified as grade 2, and 9.5% (n = 23) were classified as 
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grade 3. The remaining 61% (n = 147) of sightings were classified as grade 4 and 

were not included in further analysis. 

 

For each verified (grades 1 & 2) sighting reported on the DOC database, 73.2% 

were documented by accompanying image/video (n = 71) and/or biopsy (n = 4) 

sample, and 26.8% of sightings were reported by an experienced observer. The 

number of sightings recorded per year ranged from one (2019, 2020) to 23 (2012; 

Table 3.2). Sightings were reported in all months of the year, excluding January, 

with most sightings (81%) recorded in the late austral winter months (July ± 

September; Figure 3.1). Sightings of cow-calf pairs were recorded in six years, with 

a maximum of 13 pairs reported in 2012 (Table 3.2). The number of cow-calf pair 

sightings peaked in July (n = 6) and August (n = 13; Figure 3.1). The mean reported 

group size was 1.9 ± 2.1 (range = 1 ± 8). Sightings of SRWs were reported from 

almost all regions (Figure 3.2A), with 60% from the South Island (including Stewart 

Island) and 40% from the North Island. Sightings were concentrated in the south, 

with 13 sightings reported in the Canterbury, Otago, and Southland regions (Figure 

3.2A). Sightings of cow-calf pairs were widely distributed, although none were 

reported along the northeast coast of the North Island (Figure 3.2A). Cow-calf pairs 

were reported more in the North than the South Island, with 35.7% and 27.3% of 

sightings, respectively. 

 

3.3.3      Social networking sites (SNS) data 
 

All 45 social media sightings were classified as grade 1, with the accompanying 

image/video examined to verify species identification. The number of sightings per 

year ranged from zero (2011 and 2012) to 16 (2018; Table 3.2), with the majority 

of sightings (89%) recorded in the late austral winter months (June to September; 

Figure 3.1). Sightings of cow-calf pairs were recorded for six years, mainly in the 

late austral winter months (July to September), with records peaking in August (n 

= 8: Figure 3.1). The mean reported group size was 1.3 ± 0.4 (range = 1 ± 2). 

Sightings of SRWs reported on SNS were made from most regions, although none 

were from the west coast South Island (Figure 3.2B); the majority of sightings were 

reported in the Wellington region (n = 18) and in the North Island overall (60%).
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Table 3.2 Number of verified (grades 1 and 2) southern right whale sightings recorded around mainland New Zealand, 2011 ± 2021. Social media sightings 

(grade 1 only) are recorded in brackets. The total number of sightings by year include the initial encounters and resightings. 

 DOC database grade 1 sightings (Social media sightings) DOC database grade 2 sightings 

 
Year 

 
Sightings 

 
Encounters 

 
Resightings 

 
Events 

Single 
whales 

Cow-calf 
pair 

Adult 
pair 

Group 
sightings 

 
Sightings 

 
Encounters 

 
Resightings 

 
Events 

Single 
whales 

Cow-calf 
pair 

Adult 
pair 

Group 
sightings 

2011 8 (0) 7 (0) 1 (0) 1 (0) 3 (0) 1 (0) 4 (0) 0 (0) 2 2 0 0 1 0 1 0 

2012 16 (0) 14 (0) 2 (0) 2 (0) 5 (0) 7 (0) 3 (0) 1 (0) 7 4 3 2 2 4 0 1 

2013 1 (2) 1 (2) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 3 3 0 0 1 1 0 1 

2014 4 (5) 4 (5) 0 (0) 0 (0) 3 (4) 1 (1) 0 (0) 0 (0) 4 3 1 1 2 0 2 0 

2015 11 (3) 5 (2) 6 (1) 1 (1) 9 (3) 0 (0) 0 (0) 2 (0) 1 1 0 0 0 1 0 0 

2016 2 (3) 2 (2) 0 (1) 0 (1) 1 (2) 0 (0) 1 (1) 0 (0) 1 1 0 0 0 0 0 1 

2017 3 (2) 3 (2) 0 (0) 0 (0) 3 (2) 0 (0) 0 (0) 0 (0) 0 0 0 0 0 0 0 0 

2018 2 (16) 2 (7) 0 (9) 0 (2) 1 (14) 1 (1) 0 (1) 0 (0) 0 0 0 0 0 0 0 0 

2019 1 (3) 1 (3) 0 (0) 0 (0) 1 (3) 0 (0) 0 (0) 0 (0) 0 0 0 0 0 0 0 0 

2020 0 (7) 0 (6) 0 (1) 0 (1) 0 (2) 0 (5) 0 (0) 0 (0) 1 1 0 0 1 0 0 0 

2021 4 (4) 2 (2) 2 (2) 1 (1) 1 (1) 3 (3) 0 (0) 0 (0) 0 0 0 0 0 0 0 0 

Subtotal 52 (45) 41 (31) 11 (14) 5 (6) 28 (33) 13 (10) 8 (2) 3 (0) - - - - - - - - 

Total 97 72 25 10 61 23 10 3 19 15 4 3 7 6 3 3 
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Figure 3.1 Monthly variation in the number of southern right whale sightings around mainland New 

Zealand between 2011 and 2021. Sightings are divided into grades 1 and 2, and by sighting type 

(cow-calf pair or adult whale), and data source (DOC National Cetacean Sightings Database) or 

SNS (Social Networking Sites). Thirteen sightings were reported to both data sources resulting in 

overlap. 

 
 

3.3.4      Events data 
 

We revisited the grade 3 DOC sightings to link any sighting with a verified grade 1 

and 2 sighting. Specifically, were there any verified images from social media or 

grade 2 DOC observer/researcher sightings that could support the grade 3 

sighting. Following the reconciliation of all verified (grades 1 and 2) sightings from 

the DOC database (n = 71) and SNS data (n = 45), the addition of grade 3 DOC 

sightings increased the number of events from 13 to 19 (Appendix 4). Of those, 

seven events included cow-calf pairs, including one adult pair and a cow-calf pair. 

Of the 19 events, five had three or more sightings of the same whale(s) moving 

within or between areas over two or more days (Figure 3.3). The maximum period 

for an event was 28 days (n = 19; mean = 8.1 ± 7.7; range = 2±28), which was a 

single adult whale (Encounter ID: 45; Figure 3.3) along the northeast North Island. 
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Figure 3.2 Locations of verified (grade 1 and 2) sightings of southern right whales around mainland 

New Zealand between 2011 and 2021. (A) Displays sightings reported only to DOC; (B) shows 

sightings mined from SNS content, and (C) is all verified sightings from both sources. Circles show 

sightings of adult whales, and triangles are sightings of cow-calf pairs. Closed shapes represent 

grade 1 sightings, while open shapes represent grade 2 sightings. 
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Figure 3.3 Key movements of southern right whales sighted on two or more days around mainland 

New Zealand between 2012 to 2021. The five events are identified by an encounter ID and are 

separated into cow-calf pairs and adult whales (Appendix 4). Arrows indicate the general direction 

of movement, with all sightings between the arrowhead and tail included. Arrow labels represent 

the period between sightings reported at the arrowhead and tail. 
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3.4 Discussion 
 

Utilising metadata obtained from SNS to supplement knowledge and data gaps of 

rare, endangered, or difficult-to-monitor species can overcome challenges 

associated with traditional monitoring (Embling et al. 2015; Kelly et al. 2020). Here 

we present evidence that sightings data mined from social media content can 

provide a considerable contribution to datasets solely formed from traditional 

monitoring programs, such as the DOC National Cetacean Sightings Database. As 

with many ad hoc citizen science initiatives, the majority of the DOC sightings were 

not sufficient to confirm that they were SRWs, as few were accompanied by 

photographs or were submitted by experts. The addition of SNS metadata 

increased the spatiotemporal extent of sampling and the quality of the dataset 

(Elqadi et al. 2017; Hochmair et al. 2020). Moreover, combining the traditional DOC 

sightings with SNS sightings reports enabled greater tracking of whales due to 

more concerted occurrence records. 

 

3.4.1      Contributions of the DOC database  
 

The sightings submitted to the DOC database likely represent a small portion of 

the actual occurrence of SRWs around the mainland New Zealand coastline. By 

supplementing traditional monitoring datasets with SNS data, we can create a 

greater representation of occurrence records to inform managers more accurately 

about potential threats and recovery (Di Minin et al. 2015; Sullivan et al. 2019). The 

DOC database outperformed social media sightings reports in regions with low 

population density, such as the West Coast and Southland regions, where a 

national network of DOC rangers extends into more remote areas, thereby 

increasing the database reach. However, the limitations with the DOC database 

are clearly shown in 2018, when only two sightings were reported, compared with 

16 sightings derived from SNS content. Many of the sightings reported in 2018 

were the fine-scale movements of a juvenile male SRW residing in Wellington 

Harbour, adjacent to the densely populated capital, over eight days in July 

(Encounter ID: 60; Figure 3.3). This whale was widely covered in the mainstream 

media and remained a social media sensation even after he had left the area. 
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Events like these, with species having widespread popular appeal, often invoke 

conservation action through increased public awareness and empathy (Ducarme 

et al. 2013; Mannocci et al. 2021). Therefore, it is unsurprising that the whale was 

reported more on social media than through official DOC sightings reporting 

channels. Following this, public awareness and sightings reporting campaigns 

were emphasised by DOC and, more recently, by marine conservation charity Live 

Ocean, in an effort to continue to engage the public and report sightings to the 

DOC database. It is important to leverage opportunities to promote existing citizen 

science initiatives as a low-cost way to keep these databases going (Di Minin et al. 

2015; Lloyd et al. 2020).  

 

3.4.2      Supplement from Social Networking Sites (SNS) 
 

The data obtained from SNS did not produce as many sightings as the traditional 

DOC database. This was expected because the DOC database is designed 

explicitly for cetacean sightings reports, and DOC often advertises for more SRW 

sighting reporting in peak seasons. To date, data obtained from SNS has been 

considered supplementary to the official DOC cetacean sightings reporting, with 

the database manager occasionally checking social media content as time allows 

(H. Hendriks, pers. comm.). As we have shown, accessing information from SNS 

is relatively easy. We suggest database managers consider regular monitoring of 

SNS to improve the long-term sightings data for these elusive species.  

 

With SNS information not necessarily permanent, as social media users can edit 

or delete posts, along with the associated metadata, retrospective assessment is 

challenging. In our study, all metadata, including location, date, and any photos 

associated with the mined SNS sightings data, were downloaded and saved for 

reproducibility. Sullivan et al. (2019) used SNS metadata as a supplementary data 

source to monitor the endangered Hawaiian monk seal (Neomonachus 

schauinslandi) population. They found considerable evidence from uploaded 

photos and videos of animal disturbances and significantly more human-seal 

interactions compared to those reported through traditional monitoring. Though 

social media data may not be without its limitations, the sheer volume of data and 
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less resource-intensive nature presents a valuable data source within conservation 

science if sufficient quality controls and scrutiny can be used (Sullivan et al. 2019; 

Edwards et al. 2021). Additionally, social media has the ability to strengthen public 

awareness and conservation efforts (Wu et al. 2018), which can encourage long-

term citizen science initiatives such as the Cape Solander Whale Migration Study, 

where dedicated observers count northward migrating humpback whales 

(Megaptera novaeangliae) off Sydney, Australia and have resulted in population 

growth models based off of the citizen science data and effort (Pirotta et al. 2020b). 

 

Combining data from the DOC sightings database and SNS posts has been 

valuable in showing the consistency with which the recovering population of SRWs 

frequent most coastal regions of mainland New Zealand (Patenaude 2003; Carroll 

et al. 2014a). They are present in all months of the year, although still nowhere 

near their pre-whaling numbers (Richards 2002; Jackson et al. 2011b). Cow-calf 

pairs continue to be sighted during the austral winter, as previously reported 

(Patenaude 2003; Carroll et al. 2014a). However, in the time period examined here, 

2011 to 2021, almost one-third fewer cow-calf pair sightings were reported around 

the mainland since Carroll et al. (2014a). We cannot be certain that this is a real 

effect or an artifact of the lack of dedicated public outreach for sightings over this 

time period. It is important to note that the current recovery of the species (7% 

growth per annum; 1995-2009) is based on data from the primary calving ground 

in the subantarctic Auckland Islands (Carroll et al. 2013) and does not include the 

mainland. 

 

Despite a gradual increase in the number of reported sightings of whales around 

the mainland, when we take into account the wide availability of SNS data in our 

study, compared to previous work, in particular Patenaude (2003), there is little 

evidence to support substantial reestablishment or recolonisation of the former 

mainland habitat (Carroll et al. 2014a; Baker et al. 2019). This could reflect a 

historic loss of matrilineal subpopulations which utilised the mainland wintering 

grounds during the whaling era and were subsequently removed from the 

population. In addition, the cultural knowledge of the mainland wintering ground 

was lost (Carroll et al. 2014a; Carroll et al. 2015). 
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We suggest that there is little evidence to support substantial reestablishment or 

recolonisation by SRW of their former mainland habitat (Carroll et al. 2014a; Baker 

et al. 2019). Despite the increasing number of sightings between 2003 to 2010 

(Carroll et al. 2014a) compared with 1976 to 2002 (Patenaude 2003), we did not 

find a sustained increase in sightings between 2011 and 2021. This could reflect a 

historic loss of matrilineal subpopulations which utilised the mainland wintering 

grounds during the whaling era and were subsequently removed from the 

population (Carroll et al. 2014a; Carroll et al. 2015). It could also be an artifact of 

very few whales, widely dispersed around the mainland, limiting the socially 

aggregating species from gathering in larger numbers, as suggested for humpback 

whales (Clapham & Zerbini 2015). 

 

3.4.3      Caveats 
 

Undeniably there are observer biases and limitations to collecting non-systematic 

sightings data from a variety of sources, including citizen science initiatives (Di 

Minin et al. 2015). As such, there are likely to be observer biases or errors in 

reporting species identification, group composition, and size accurately as a result 

of a lack of expertise, regardless of the data source (Di Minin et al. 2015; Hochmair 

et al. 2020). Efforts were made to reduce this bias by using sightings with 

photo/video or genetic evidence, which were then verified. Similarly, sightings 

without such evidence were scrutinised against the known expertise of the reported 

observer. Additionally, the opportunistic nature of sightings data from both the DOC 

database and from SNS means there is no dedicated sampling effort, and 

interpretation of trends needs to be done with caution (Matutini et al. 2021). 

Specifically, the increased sightings reporting on SNS in areas with high population 

density may not reflect actual SRW occurrence (Elqadi et al. 2017). Finally, it is 

important to recognise that there are also ethical considerations for using citizen 

science data for marine mammals (Di Minin et al. 2015; Sullivan et al. 2019; Di 

Minin et al. 2021). Notably, whether the data from SNS comply with laws around 

how close members of the public can approach whales (Di Minin et al. 2015) or 

data privacy concerns associated with mining metadata from SNS (Di Minin et al. 

2021). 
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Using data from social media presents many challenges and limitations, but they 

also have potential value (Roberge 2014; Edwards et al. 2021), one of which is that 

posts are often accompanied by photos or video (Toivonen et al. 2015; Sullivan et 

al. 2019). Globally, the popularity and capability of modern smart mobile devices 

mean ecologically valuable metadata uploaded to SNS in real-time is a largely 

untapped resource (Mesaglio & Callaghan 2021). The value of SNS data is slowly 

being realised with the growth in online apps of differing degrees of sophistication; 

from taking a photo with a geotag and uploading it to identify species (i.e., 

iNaturalist, eBird, Reef Life Survey), through to government developed apps to 

aggregate field data across multiple sites (Crawford et al. 2020; Mesaglio & 

Callaghan 2021). Although SNS data were available in the most recent SRW 

database assessment (Carroll et al. 2014a), their use and available platforms were 

nowhere near as prevalent as now. 

 

3.4.4      Concluding remarks 
 

Given the wide-ranging and relatively low numbers of reported sightings, in addition 

to satellite tag studies on the Auckland Islands winter breeding grounds revealing 

that to date, only a few (two out of 23) whales have briefly come to the mainland 

(Mackay et al. 2020; Riekkola et al. 2021), our research highlights the potential 

value of citizen science to sightings reports of SRWs around the mainland. Here 

we highlight the importance for government-funded monitoring programs to 

optimise supplementary data sources, as we have shown that metadata from SNS 

considerably increases occurrence records and the quality of the data. This is 

particularly because SNS data gave us more confidence in some of the sightings 

that did not previously have photographic or biopsy confirmation of species ID 

(Elqadi et al. 2017; Hochmair et al. 2020). In the absence of dedicated mainland 

research, the sightings data can indicate important habitats (Sullivan et al. 2019), 

particularly with records of whales residing in one location over a longer period. 

 

Today, New Zealand SRWs are considered cold-temperate ocean whales. The 

presence of SRWs in summer in warm northern waters ~0.1 ± 0.2ºC warmer than 
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their subantarctic wintering grounds (Shears & Bowen 2017) is of interest, as, 

historically, SRWs inhabited feeding grounds in the sub-tropical regions to the 

northeast of northern New Zealand (Dawbin 1986; Richards 2002; Smith et al. 

2012; Carroll et al. 2013; Carroll et al. 2014b). Whether the slow recolonisation of 

SRW around mainland New Zealand will continue is uncertain; perhaps the effects 

of anthropogenic climate change, such as increasing SST, may mean historically 

important areas in this region exceed the species¶ thermal range limit, as seen with 

other cetacean species, including in the South Pacific (Ramp et al. 2015; Derville 

et al. 2018). Alternatively, it could be the case of lost knowledge of the former 

wintering ground, and perhaps the whales that are returning are merely extending 

their exploratory range from the main Auckland Island wintering ground (Clapham 

et al. 2008; Carroll et al. 2014a; Carroll et al. 2015). Citizen science and the use of 

SNS data are important for the continued monitoring of the New Zealand SRW 

population, with SNS data creating further opportunities to monitor similarly rare 

and data deficient populations.
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Chapter 4 

General Discussion 

 

 

4.1 Thesis aims  
 

The overarching aim of this thesis was to investigate the foraging ecology and 

distribution of the New Zealand SRW. This was achieved over two data chapters 

which independently explored two very different questions. The results of this 

WKHVLV�VXJJHVW�WKDW�WKH�SRSXODWLRQ¶V�IRUDJLQJ�VWUDWHJLHV�KDYH�FKDQJHG�RYHU�WKH�SDVW�

three decades adding to well-documented shifts since pre-whaling times (Jackson 

et al. 2011b; Smith et al. 2012; Mackay et al. 2020; Riekkola et al. 2021). In 

contrast, movements and recolonisation around the mainland have remained 

consistent over the past 50 years (Patenaude 2003; Carroll et al. 2014a). Our 

findings suggest that as the population recovers from historical exploitation, we see 

adaptation to new foraging grounds and variation in prey sources. This foraging 

success may be a driver behind the steady population growth rate (7% per annum; 

Carroll et al. 2013) of the New Zealand SRW compared to other circumpolar 

populations (Cooke et al. 2015; Brandão et al. 2018; Stamation et al. 2020). Or 

perhaps, some of what we have found can be explained by the wide latitudinal 

gradient (~35°± 65°S) that the New Zealand SRW population have traversed and 

foraged within during a single migration (Mackay et al. 2020; Riekkola et al. 2021). 

 

In Chapter 2, we used bulk tissue stable isotope analysis to characterise the niche 

space of the New Zealand SRW population. We reveal that a multitude of 

processes influences niche space and partitioning. This chapter revealed apparent 
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isotopic differences between pregnant and non-pregnant SRWs, as seen in other 

mammalian species. However, this presented its own challenges, as 

understanding what drives these patterns is uncertain (see section 4.2 for details). 

Specifically, determining the drivers for variation in isotopic profiles between 

different sex and demographic classes has not previously been done for right 

whales; though, these patterns have been observed in some terrestrial mammals 

(Koch 1997; Barboza & Parker 2006). This chapter also revealed a lack of sampling 

and reporting of stable isotope work within the waters south of Australia, around 

the Subtropical Front, and through to the subantarctic region, which limited our 

ability to accurately interpret any shifts in potential prey sources within this under-

sampled region. Specifically, this region is not only a crucial foraging area and 

migratory pathway for various top predator species (Cherel et al. 2000; Lea et al. 

2006; Cherel et al. 2008; Gill et al. 2011; Lowther et al. 2013; Walters et al. 2014; 

Andrews-Goff et al. 2018; Bestley et al. 2019), but there needs to be a strong focus 

on increasing sampling effort in this important and changing transition zone, 

particularly near the Subtropical Front.  

 

Chapter 3 focuses on the distribution of SRWs around mainland New Zealand, with 

sightings highlighting the slowly ongoing recolonisation of their former wintering 

grounds. We incorporated two data sources for sightings; the DOC public sightings 

database, and sightings recorded on increasingly popular social media platforms, 

as a source of supplementary data that were not readily available in the previous 

work (Elqadi et al. 2017; Sullivan et al. 2019). We found that SNS sightings reports 

enhanced the sightings data from the DOC database by increasing the 

spatiotemporal extent of sampling and data quality. However, we found that 

mainland sightings remain rare, as sightings reports were consistent across almost 

50 years of synoptic surveys (1976 ± 2021) (Patenaude 2003; Carroll et al. 2014a). 

This is interesting as within this period, the population residing in the main wintering 

ground at Port Ross in the Auckland Islands has grown at a rate of 7% per annum 

(1997 ± 2009; Carroll et al. 2013). The challenge remains in understanding why 

this population may not be recolonising the former mainland wintering ground in 

parallel to their population growth. It is important to understand whether these 

whales are returning to the mainland to utilise the former wintering ground, of which 

this cultural knowledge was thought to be lost as a result of the whaling era (Carroll 
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et al. 2014b), or if they are simply expanding their range from the current Auckland 

Islands wintering ground in response to increased population growth and 

exploratory behaviours (Carroll et al. 2013; Carroll et al. 2014a).  

 

4.2 Foraging ecology 
 

This thesis reveals that the foraging ecology of the New Zealand SRW population 

is complex, with the drivers of this observed variability still uncertain. Here, we 

found that changes in foraging ground location, prey sources, and physiological 

processes, such as ontogenetic development and gestation, influenced the į13C 

and į15N isotopic profiles of New Zealand SRWs. Teasing apart these factors is 

critical, as in isotope ecology, ³\RX�DUH�ZKDW�\RX�HDW´�(and where you feed; Troina 

et al. 2021), but only after accounting for physiological processes (Whiteman et al. 

2019; Matthews et al. 2020). 

 

Most interestingly, nitrogen depletion was observed in cows sampled on their New 

Zealand subantarctic wintering ground, meaning depletion occurred during the 

gestation period three to five months prior, based on tissue turnover rates for 

baleen whales (Busquets-Vass et al. 2017). These findings are supported by 

ongoing amino acid compound-specific stable isotope work using a subset of the 

SRW samples used in our analysis (S. D. Newsome and G. R. Busquets-Vass, 

personal communication, December 10, 2021) and by previous findings on wild 

horses (Koch 1997), reindeer and caribou (Barboza & Parker 2006), which 

revealed that pregnant females are depleted in 15N compared to other demographic 

classes. It has been suggested that increased nitrogen retention depletes maternal 

tissues of 15N during tissue and protein synthesis as a result of the physiological 

processes involved with gestation (this is also discussed at length in Chapter 2; 

Fuller et al. 2004; Barboza & Parker 2006; Borrell et al. 2016). Here, we reported 

an observed nitrogen depletion in the tissue of pregnant SRWs compared to other 

demographic classes. However, we were unable to disentangle the effects of 

physiology or changes to foraging strategies and location on the nitrogen isotopes, 

as we used bulk tissue stable isotope analysis, which cannot disassociate the 

physiological effects to isotopes from metabolic processes, often confounding 
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dietary niche metrics (Whiteman et al. 2019). Compound-specific SIA can 

disentangle these effects and is a necessary future step; however, it was beyond 

the scope of this research which was limited by time and budget constraints. In 

humpback whales, Riekkola et al. (2019) used satellite tracking data to reveal that 

female humpback mothers with calves migrate differently to those without, 

highlighting demographic differences in niche partitioning and foraging strategies. 

Using isotope analyses, studies have revealed that the Península Valdés SRW 

population exhibit mixed foraging strategies; however, the drivers of this variation 

is unclear (Rowntree et al. 2008; Valenzuela et al. 2018). Specifically, the influence 

of demographic class on niche partitioning needs to be further explored using 

amino acid compound-specific stable isotope analysis, which is able to unravel the 

effects of ontogenetic development and gestation, and changes in foraging ground 

location or prey sources (Fuller et al. 2004; Whiteman et al. 2019; Lübcker et al. 

2020). Compound-specific isotope work is a relatively new field that holds a lot of 

potential for understanding drivers of foraging strategies with a physiological 

context (Matthews et al. 2020; Troina et al. 2021). 

 

We also revealed a lack of sampling and reporting of stable isotope work within a 

substantial area of the SO. The strong focus of prey sampling and isotope reporting 

in the waters around Antarctica has resulted in a deficiency of sampling in the 

waters directly south of Australia through to the subtropical convergence. Tracking 

data highlight that this area is important to SRW foraging and, indeed, other top 

predator species such as seabirds, penguins, pinnipeds and other baleen whale 

species (Hodum & Hobson 2000; Lea et al. 2006; Cherel & Hobson 2007; Andrews-

Goff et al. 2018; Bestley et al. 2019; Mestre et al. 2020). 

 

Determining the foraging ecology of highly mobile species that migrate to wide-

ranging offshore foraging grounds, such as the New Zealand SRW, is challenging. 

We have to rely on SIA as a tool for reconstructing diet and foraging ground 

locations (Newsome et al. 2010). The observed variability in SRW isotopes clearly 

indicated that something significant had occurred over our three-decade study 

period (1995 ± 2020), where we have distinct isotopic differences across time in 

the adult population. The adult population (non-lactating whales) is thought to 

reflect the populations¶� IRUDJLQJ� HFRORJ\�without the confounding physiological 
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effects on isotopes from ontogenetic development and gestation, which influences 

cow and calf isotopes. These shifts in foraging ecology across time are not unusual 

in baleen whales and SRWs (Gill et al. 2011; Mate et al. 2011; Bestley et al. 2019; 

Busquets-Vass et al. 2021; van den Berg et al. 2021). In fact, in the South African 

SRW population, a recent shift in foraging strategy was so dramatic and rapid in 

response to changing prey availability and distributions that it has been suggested 

that there may be GLUHFW� LPSOLFDWLRQV� WR� WKH� SRSXODWLRQV¶� UHSURGXFWLYH� VXFFHVV�

through increased calving intervals (van den Berg et al. 2021). In the New Zealand 

population, however, the drivers behind this shift in foraging ecology across time 

are not as clear cut as what we have seen in the van den Berg et al. (2021) study. 

Perhaps it is due to where the whales are feeding. As the New Zealand population 

has been observed migrating and foraging across ~30 degrees of latitude (between 

~35°± 65°S) spanning south of Australia to Antarctica, it could be that there is 

greater prey availability and abundance in the highly productive waters south of 

Australia and in the subtropical convergence. 

 

Given that such large datasets are rarely examined in baleen whale isotope 

ecology, perhaps other studies have had similar uncertainties while attempting to 

disentangle some of these drivers. It could be the result of physiological processes 

within different demographic classes, as seen in other studies (Koch 1997; 

Barboza & Parker 2006), or it could be shifting prey sources or movements in this 

broader SRW foraging ground which could span anywhere from the Australian 

Bight south of Australia, to the east Indian Ocean, the subantarctic waters, and as 

far south as the Antarctic ice edge (Mackay et al. 2020; Riekkola et al. 2021). Given 

the highly variable climatic pressures and variability within the Southern Ocean 

(Forcada et al. 2005; Sallée 2018; Bindoff et al. 2019), prey shifts are going to be 

heavily influenced and driven by prey availability which is also non-uniform 

throughout the extensive latitudinal range of all circumpolar SRW populations 

(Trathan et al. 2007; Hoegh-Guldberg & Bruno 2010; Tulloch et al. 2019). Until we 

determine what the ocean biogeochemistry and baseline isotopic signatures of 

prey species throughout all SRW feeding grounds and foraging ranges, these 

questions regarding the drivers of foraging ecology shifts within the New Zealand 

SRW population may remain unresolved to some extent. 
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4.3 Movement patterns 
 

A key part of this thesis was to advance previous work on our understanding of the 

distribution of SRW around mainland New Zealand (Patenaude 2003; Carroll et al. 

2014a). Crowd-sourcing sightings data from social media and citizen-science 

initiatives often reduces research costs and increases the spatio-temporal extent 

of sampling while increasing public awareness and engagement (Liberatore et al. 

2018; Poisson et al. 2020). The results of our updated census reveal that sightings 

of SRWs around the mainland remain rare, with sightings recorded from social 

media providing a valuable contribution to the 45-year cumulative record of 

occurrence data. 

 

Broadly speaking, sightings reported by members of the public to the DOC 

database are widely dispersed over the duration of the year and often are 

concentrated in areas with higher population densities. These patterns appear 

similarly DFURVV�WLPH�IURP�SULRU�FHQVXV¶ (Patenaude 2003; Carroll et al. 2014a) and, 

therefore, may not reflect the actual occurrence of SRWs around the mainland 

coastline. Likewise, with each subsequent census, the sampling effort became 

more comprehensive, with Carroll et al. (2014a) partnering with DOC to campaign 

for more sightings reports, and with our inclusion here of a supplementary data 

source of sightings reported on SNS. Despite this increase in effort, the number of 

sightings remains fairly constant. 

 

Sightings data from social media are valuable for providing a general idea of rarely 

sighted, widely dispersed taxa but are less robust for more detailed analysis unless 

part of a more dedicated citizen-science campaign (Crawford et al. 2020; Lloyd et 

al. 2020; Pirotta et al. 2020b). Our findings highlight the need to utilise all available 

resources to add greater resolution to current occurrence records of SRWs around 

the mainland. We suggest that DOC incorporate these data in future assessments 

as this is the best available data on the mainland SRW sightings. 

 

Additionally, using two varied streams for data collection can reduce reporting bias 

which may occur when the public does not feel comfortable reporting to a 
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government-run database. The government-run DOC database and sightings 

reports made on SNS may engender two different motivational states for reporting. 

Some citizens may prefer official government reporting, whereas others may be 

unaware of this avenue and report to community-led SNS or post the sighting 

merely for social engagement (Sullivan et al. 2019). However, we found 

considerable overlap in the sightings reports to each data source within our census. 

 

Stable isotope analysis also provided information regarding SRW movement 

patterns. The New Zealand SRW population currently consists of one genetically 

distinct breeding stock, which is thought to no longer utilise the historical foraging 

grounds. Similarly, movements around the mainland remain intermittent (Chapter 

3; Patenaude 2003; Carroll et al. 2014a). It is clear that currently, the New Zealand 

population are primarily found during winter in Port Ross at the Auckland Islands; 

however they also move between Campbell Island and the mainland based on 

satellite tracking, photo ID, and acoustic monitoring data (Rayment et al. 2012; 

Torres et al. 2017; Rayment et al. 2018). Over the past 30 years, evidence from 

satellite tracking studies suggest that the whales from the Auckland Islands 

predominantly migrate southwest to forage (Mackay et al. 2020; Riekkola et al. 

2021). This shift in foraging grounds since pre-whaling perhaps suggests that the 

remnant population no longer contains matrilineal knowledge of the historical 

locations of foraging grounds to the northeast of the mainland and around the 

Kermadec Islands (Richards 2002, 2009), but rather, have persisted as a result of 

this move to the highly productive contemporary foraging ground locations near the 

Subtropical Front (Mackay et al. 2020; Riekkola et al. 2021). Alternatively, fidelity 

to these contemporary areas very well could have persisted since the whaling era, 

with the few survivors (between 30 to 40 females) passing on these migratory 

traditions through the generations to the present-day population²the reason for 

this shift is still unclear.   

 

4.4 Concluding remarks and future directions 
 

Stables isotopes are a valuable tool for investigating the foraging ecology and 

distribution of a highly migratory, capital breeding baleen whale when access to 
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their feeding grounds is logistically challenging. Here, we used isotopes to 

characterise niche space and partitioning within the New Zealand SRW population, 

which highlighted how we need to consider all demographic classes under a 

changing ocean and with recovering populations for all SRWs. The reproductive 

success and recovery of the New Zealand SRW population suggest that they are 

clearly proficient in finding prey (Carroll et al. 2013; Christiansen et al. 2018). 

However, it is unclear if this will continue if the whales are currently foraging in a 

relatively small area of the ocean (Mackay et al. 2020; Riekkola et al. 2021). This 

is also reflected in our isotope data (Chapter 2) and further highlights how the 

whales have not always foraged in this area. With an almost certain change in prey 

availability and anthropogenic climate change having an effect on the subtropical 

convergence south of Australia, these whales will likely have future shifts in 

foraging ecology, just as our research has shown that these whales have moved 

and adapted to local prey availability over the past three decades. Will the New 

Zealand SRW population have the ability to move with changes in prey availability, 

as seen in van den Berg et al. (2021)? However, the response of the South African 

SRW population to changes in prey availability had reproductive consequences, 

which we are yet to see in the New Zealand population, if any. The future directions 

of this work aim to enhance further and complete our understanding of the New 

Zealand SRW foraging ecology and distribution. This could involve broad-scale 

analysis of differences in isotopic compositions between all demographic classes 

and further amino acid compound-specific stable isotope work to dissociate the 

physiological effects between reproductive states. Additionally, future work on the 

biogeochemistry of the Southern Ocean isoscape and isotopic composition of 

baseline prey species can further enhance our understanding of the dietary niche 

metrics of these whales. This would involve a comprehensive and collaborative 

effort to sample prey species in and around the waters south of Australia through 

to the subantarctic.  

 

Despite an increasing population size, there are still very few reports of SRWs 

around mainland New Zealand, and any dedicated research on these animals, 

including determining their migration paths and foraging grounds, will be limited in 

scope. Public sightings reports are still very useful for sightings of whales around 

mainland New Zealand, but in some areas where whales often come near to shore, 
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perhaps acoustic monitoring or land-based camera recordings could be valuable, 

particularly in low population density areas where sightings reports are rare 

(Rayment et al. 2018). The census we undertook is valuable, as here we have a 

continuation of opportunistic sightings surveys across almost five decades (1976 ± 

2021) which report similar findings with mainland sightings remaining rare, even 

with the increase in comprehensive sampling effort following each successive 

census (Patenaude 2003; Carroll et al. 2014a). We highlight how social media can 

enhance the dataset through increased spatiotemporal extent and data quality. 

With the ability for instant communication and real-time uploads of sightings reports 

through SNS, we hope that traditional government monitoring programs will look 

to utilise SNS metadata as a highly valuable supplementary data source for 

occurrence records or potentially create a government platform that can emulate 

the efficiency and crowd-sourced nature of social media sightings reports. 

 

Although the New Zealand SRW population may experience new and 

unpredictable challenges with increasing climate variability and anthropogenic 

climate change, our work reveals that their adaptability over the past three decades 

suggests that the New Zealand population¶s continued recovery remains 

promising. Particularly, technological developments and new research approaches 

can advance and enhance our understanding of these whales, which live in some 

of the most remote places. We are so lucky to still have these important taonga 

(treasures) in New Zealand waters today, and we look forward to future 

contributions to a growing body of research on these whales.
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Appendices 

 

Appendix 1 Individual southern right whales that were sampled in a subsequent recapture period. 

&HOOV�FRQWDLQ�D�XQLTXH�LGHQWLILDEOH�LQGLYLGXDO�FRGH��WKH�LQGLYLGXDO¶V�VH[��WKH�\HDU�RI�ILUVW�FDSWXUH�DQG�

a corresponding demographic class, and the year of recapture and recaptured demographic class. 

Individual code Sex 
Year of first 

capture 

First capture 

demographic 

Year of 

recapture 

Recaptured 

demographic 

194AI F 1995 Cow 2007 Cow 

100AI F 1995 Adult female 2009 Cow 

285AI F 1996 Adult female 2008 Cow 

363AI F 1996 Adult female 2009 Cow 

228AI M 1997 Adult male 2008 Adult male 

244AI F 1998 Adult female 2008 Cow 

257AI F 1998 Adult female 2008 Cow 

65AI F 1998 Cow 2008 Cow 

263AI F 1998 Cow 2008 Cow 

372AI F 1998 Adult female 2009 Cow 

5AI F 2007 Calf 2008 Adult female 

8AI M 2007 Adult male 2008 Adult male 

115AI F 2007 Calf 2009 Adult female 

23AI M 2007 Adult male 2009 Adult male 

41AI F 2007 Adult female 2009 Adult female 

48AI F 2007 Adult female 2009 Cow 

51AI F 2007 Adult female 2009 Cow 

29AI F 2007 Adult female 2009 Adult female 
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32AI M 2007 Adult male 2009 Adult male 

33AI M 2007 Adult male 2009 Adult male 

25AI M 2007 Adult male 2009 Adult male 

53AI F 2008 Adult female 2009 Adult female 

56AI M 2008 Adult male 2009 Adult male 

60AI M 2008 Adult male 2009 Adult male 

67AI M 2008 Adult male 2009 Adult male 

69AI M 2008 Adult male 2009 Adult male 

72AI F 2008 Calf 2009 Adult female 

79AI F 2008 Adult female 2009 Cow 

83AI M 2008 Adult male 2009 Adult male 

85AI M 2008 Adult male 2009 Adult male 

47AI M 2007 Adult male 2020 Adult male 

216AI F 2008 Adult female 2020 Cow 

218AI F 2008 Cow 2020 Cow 

66AI F 2008 Adult female 2020 Cow 

282AI F 2008 Adult female 2020 Cow 

313AI F 2009 Cow 2020 Cow 

356AI F 2009 Cow 2020 Cow 

109AI M 2009 Adult male 2020 Adult male 
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Appendix 2 Mean (±SD where applicable) į13&�DQG�į15N values of potential prey sources of SRWs and Southern Ocean predator species from published and 

unpublished peer-reviewed literature and metadata, found within the subantarctic region, south of Australia and New Zealand (between 37° ± 75°S and 62° ± 

150°E). Source references can be found in the main reference list. 

Species Sampling Location Year n Mean (± 6'��į13&��Å� Mean (± 6'��į151��Å� Source 

SRW PREY SPECIES 

Krill 

Euphausia crystallorophias 
68°S, 78°E 2000 1 -25.3 5.1 Hodum and Hobson (2000) 

66°S, 140°E 2002 10 -25.4 ± 0.4 6.8 ± 0.7 Cherel (2008) 

Euphausia frigida 65°S, 75°E 2016 24 -27.2 ± 1.2 4.9 ± 1.0 Swadling (2019) 

Euphausia superba 

65°S, 118°E 1984 ± -28.7 1.9 Wada et al. (1987) 

67°S, 71°E 1993 10 -25.0 ± 0.3 4.0 ± 0.2 Hodum and Hobson (2000) 

66°S, 140°E 2002 22 -25.6 ± 0.6 5.5 ± 0.4 Cherel (2008) 

66°S, 140°E 2005 12 -25.8 ± 0.4 5.5 ± 0.4 Cherel et al. (2008) 

65°S, 120°E 2007 5 -26.8 ± 0.4 5.7 ± 0.6 Jia et al. (2016) 

65°S, 120°E 2012 25 -26.9 ± 1.8 4.0 ± 0.9 Jia et al. (2016) 

65°S, 75°E 2016 8 -29.3 ± 1.3 2.9 ± 0.8 Swadling (2019) 

Euphausia triacantha 

61°S, 150°E 1984 ± -29.1 3.1 Wada et al. (1987) 

49°S, 70°E 2014 23 -23.2 ± 0.9 6.7 ± 0.7 Cherel (2014) Unpubl. data 

65°S, 75°E 2016 12 -27.0 ± 1.0 6.2 ± 0.8 Swadling (2019) 

Euphausia vallentini 49°S, 70°E 1984 10 -22.9 ± 2.9 3.6 ± 1.2 Cherel et al. (2002) 
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43°S, 147°E 1997 ± -23.4 ± 0.3 -0.7 ± 1.0 Cherel et al. (2005) 

49°S, 70°E 2005 10 -20.0 ± 1.2 5.4 ± 0.8 Cherel et al. (2008) 

49°S, 70°E 2014 12 -21.8 ± 1.1 4.6 ± 0.6 Cherel (2014) Unpubl. data 

Euphausiid spp. 75°S, 150°E 2010 10 -26.7 ± 1.0 6.51 ± 0.8 Brault et al. (2018) 

Nematoscelis megalops 43°S, 147°E 1997 ± -21.7 ± 0.6 9.5 ± 1.2 Cherel et al. (2005) 

Nyctiphanes australis 43°S, 147°E 1997 ± -20.4 ± 0.3 11.7 ± 0.3 Cherel et al. (2005) 

Thysanoessa macrura 

49°S, 70°E 2014 22 -22.3 ± 0.3 6.5 ± 0.4 Cherel (2014) Unpubl. data 

65°S, 120°E 2007 3 -26.7 ± 0.2 5.5 ± 1.0 Jia et al. (2016) 

65°S, 120°E 2012 20 -28.6 ± 0.9 6.3 ± 1.0 Jia et al. (2016) 

65°S, 75°E 2016 32 -29.2 ± 0.8 4.7 ± 0.6 Swadling (2019) 

 
Copepod 

      

Calanoides acutus 65°S, 120°E 2007 ± -27.7 4.6 Jia et al. (2016) 

Calanus propinquus 
65°S, 120°E 2007 22 -28.7 ± 1.1 1.5 ± 1.8 Jia et al. (2016) 

65°S, 120°E 2012 18 -30.3 ± 1.2 5.1 ± 0.7 Jia et al. (2016) 

Copepod spp. 75°S, 150°E 2010 6 -27.4 ± 0.9 6.5 ± 0.7 Brault et al. (2018) 

Euaugaptilus laticeps 64°S, 135°E 1984 ± -28.7 9.6 Wada et al. (1987) 

Eucalanus longiceps 65°S, 120°E 2012 ± -33.5 3.4 Jia et al. (2016) 

Euchaeta antarctica 

64°S, 135°E 1984 ± -29.5 8.3 Wada et al. (1987) 

65°S, 120°E 2007 3 -27.8 ± 2.0 11.7 ± 1.9 Jia et al. (2016) 

65°S, 120°E 2012 6 -30.1 ± 1.9 6.7 ± 1.6 Jia et al. (2016) 
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Nototanais dimorphus 
66°S, 110°E 2006 12 -13.7 ± 1.8 5.8 ± 1.4 Gillies and Stark (2008) 

68°S, 78°E 2006 ± -12.9 8.3 Gillies and Stark (2008) 

Oithona spp. 65°S, 120°E 2012 3 -24.6 ± 0.2 6.4 ± 0.8 Jia et al. (2016) 

Pseudochirella mawsoni 64°S, 135°E 1984 ± -29.2 9.8 Wada et al. (1987) 

 
Other Zooplankton 

      

Chaetognatha spp. 65°S, 120°E 2012 4 -27.8 ± 0.7 8.4 ± 0.7 Jia et al. (2016) 

Clio pyramidata 55±65°S, 71±93°E 2016 149 -28.1 ± 0.9 3.8 ± 0.6 Swadling (2019) 

Clione antarctica 65°S, 120°E 2012 3 -28.9 ± 3.6 5.9 ± 1.9 Jia et al. (2016) 

Clione limacina 
59±66°S, 62±93°E 2016 17 -28.3 ± 1.0 4.6 ± 0.7 Swadling (2019) 

75°S, 150°E 2010 3 -27.5 ± 0.5 5.8 ± 0.6 Brault et al. (2018) 

Eudorella splendida 66°S, 110°E 2006 2 -12.8 ± 1.9 7.3 ± 0.8 Gillies and Stark (2008) 

Gammarid spp. 75°S, 150°E 2010 3 -25.7 ± 1.3 6.4 ± 1.0 Brault et al. (2018) 

Heterophoxus videns 
66°S, 110°E 2006 12 -13.2 ± 1.5 7.9 ± 2.1 Gillies and Stark (2008) 

68°S, 78°E 2006 2 -16.1 ± 0.2 13.8 ± 1.7 Gillies and Stark (2008) 

Hyperiid spp. 75°S, 150°E 2010 3 -27.5 ± 1.3 7.5 ± 1.0 Brault et al. (2018) 

Limacina helicina 

65°S, 120°E 2007 4 -24.5 ± 0.2 3.7 ± 1.0 Jia et al. (2016) 

65°S, 120°E 2012 3 -26.2 ± 4.6 5.9 ± 1.7 Jia et al. (2016) 

75°S, 150°E 2010 2 -27.4 ± 0.8 5.4 ± 0.9 Brault et al. (2018) 

Lysianassidae spp. 65°S, 120°E 2012 2 -25.3 ± 1.8 7.9 ± 1.1 Jia et al. (2016) 
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Methalimedon nordenskjoldi 66°S, 110°E 2006 2 -14.6 ± 0.9 9.3 ± 0.3 Gillies and Stark (2008) 

Orchomenella franklini 
66°S, 110°E 2006 16 -14.7 ± 1.7 4.3 ± 2.1 Gillies and Stark (2008) 

68°S, 78°E 2006 2 -16.3 ± 1.1 9.4 ± 0.0 Gillies and Stark (2008) 

Orchomenella pinguides 66°S, 110°E 2006 19 -15.1 ± 0.9 4.6 ± 3.1 Gillies and Stark (2008) 

Paramoera walkeri 
66°S, 110°E 2006 31 -13.2 ± 0.9 5.8 ± 0.6 Gillies and Stark (2008) 

68°S, 78°E 2006 5 -15.2 ± 0.5 7.3 ± 0.5 Gillies and Stark (2008) 

Primno macropa 
49°S, 70°E 2014 22 -21.8 ± 0.5 5.9 ± 0.9 Cherel (2014) Unpubl. data 

65°S, 120°E 2007 4 -27.2 ± 2.0 3.3 ± 1.6 Jia et al. (2016) 

Sagitta marri 65°S, 120°E 2007 3 -28.4 ± 0.3 12.4 ± 2.2 Jia et al. (2016) 

Sagitta maxima 61°S, 150°E 1984 ± -26.1 5.6 Wada et al. (1987) 

Salpa thompsoni 
61°S, 150°E 1984 ± -28.1 1.8 Wada et al. (1987) 

65°S, 75°E 2016 58 -29.6 ± 1.4 1.3 ± 0.8 Swadling (2019) 

Themisto gaudichaudii 

60°S, 116°E 1984 ± -27.1 1.8 Wada et al. (1987) 

68°S, 78°E 2000 5 -26.8 ± 0.4 6.8 ± 0.9 Hodum and Hobson (2000) 

49°S, 70°E 1987 10 -25.5 ± 2.5 4.5 ± 2.1 Cherel et al. (2002) 

43°S, 147°E 1997 ± -23.2 ± 0.6 1.6 ± 1.8 Cherel et al. (2005) 

49°S, 70°E 2005 10 -22.8 ± 0.7 5.0 ± 1.2 Cherel et al. (2008) 

49°S, 70°E 2014 24 -21.9 ± 1.3 4.5 ± 1.0 Cherel (2014) Unpubl. data 

Tryphosella spp. 68°S, 78°E 2006 4 -20.5 ± 0.3 10.9 ± 0.2 Gillies and Stark (2008) 

Paramoera walkeri 
66°S, 110°E 2006 4 -18.7 ± 0.7 9.4 ± 0.2 Gillies and Stark (2008) 

68°S, 78°E 2006 3 -21.3 ± 0.6 10.2 ± 0.2 Gillies and Stark (2008) 
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SOUTHERN OCEAN PREDATOR SPECIES   

Humpback Whale       

Megaptera novaeangliae 43°S, 147°E 1940±2015 557 -24.2 ± 2.1 6.8 ± 1.9 Eisenmann et al. (2016) 

 
Southern Elephant Seal 

      

Mirounga leonina 
49°S, 70°E 2005 32 -21.4 ± 0.8 10.1 ± 0.3 Cherel et al. (2008) 

49°S, 70°E 2006±2018 1684 -21.4 ± 0.9 11.4 ± 0.4 Mestre et al. (2020) 

 
Fur Seals 

      

Arctocephalus gazella 49°S, 70°E 2005 10 -20.8 ± 0.4 10.7 ± 0.2 Cherel et al. (2008) 

Arctocephalus tropicalis 37°S, 77°E 2005 10 -18.1 ± 0.2 13.5 ± 0.4 Cherel et al. (2008) 

Arctocephalus pusillus doriferus 39°S, 146°E 2013 ± -19.4 ± 0.2 15.9 ± 0.4 Kernaléguen et al. (2015) 

 
Penguins 

      

Aptenodytes forster 66°S, 140°E 2002 19 -24.4 ± 0.3 12.2 ± 0.6 Cherel (2008) 

Aptenodytes patagonicus 49°S, 70°E 2005 12 -21.6 ± 0.3 9.8 ± 0.2 Cherel et al. (2008) 

Eudyptes chrysocome filholi 49°S, 70°E 2005 20 -21.6 ± 0.6 8.1 ± 0.3 Cherel et al. (2008) 

Eudyptes chrysolophus 49°S, 70°E 2005 11 -21.3 ± 0.3 7.0 ± 0.5 Cherel et al. (2008) 

Pygoscelis adeliae 
66°S, 140°E 2002 28 -24.9 ± 0.3 9.0 ± 0.5 Cherel (2008) 

66°S, 140°E 2005 10 -25.4 ± 0.2 7.9 ± 0.1 Cherel et al. (2008) 

Pygoscelis papua 49°S, 70°E 2005 10 -18.1 ± 1.1 10.4 ± 1.3 Cherel et al. (2008) 
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Seabirds 

      

Daption capense 68°S, 78°E 1995 80 -24.5 ± 0.5 10.6 ± 1.0 Hodum and Hobson (2000) 

Diomedea melanophrys 49°S, 70°E 1995 51 -18.0 ± 0.6 14.9 ± 0.5 Cherel et al. (2000) 

Fulmarus glacialoides 68°S, 78°E 1995 69 -24.5 ± 0.5 10.4 ± 1.3 Hodum and Hobson (2000) 

Pagodroma nivea 68°S, 78°E 1995 73 -24.5 ± 0.5 10.9 ± 0.9 Hodum and Hobson (2000) 

Puffinus tenuirostris 43°S, 147°E 1997 23 -25.3 ± 0.7 9.9 ± 1.0 Cherel et al. (2005) 

Thalassoica antarctica 68°S, 78°E 1995 68 -25.1 ± 0.4 9.9 ± 0.9 Hodum and Hobson (2000) 
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Appendix 3 Sampling locations of potential prey sources of SRWs and Southern Ocean predator species from published and unpublished peer-reviewed 

literature and metadata, found within the subantarctic and Antarctic region, south of Australia and New Zealand. Striped areas indicate a range where sampling 

occurred throughout. Source references can be found in the main reference list. 
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Appendix 4 All sightings of southern right whales reported around mainland New Zealand between 2011 and 2021. Resightings are italicised using the same 

encounter ID as the initial sighting. DOC = Department of Conservation; SNS = Social Networking Sites. Refer to Table 3.1 for sightings grading criteria. 

Encounter 
ID Data source Date Location Region Group size 

Cow-calf 
pair 

present? 
Photo / video / 

biopsy evidence 
Sighting 

grade 

1 DOC 4th Jun 2011 MƗhia Beach Hawke's Bay 2 ± ± 3 

± DOC 4th Jun 2011 Foveaux Strait Southland 5 ± ± 4 

± DOC 5th Jun 2011 Foveaux Strait Southland 5 ± ± 4 

1 DOC 7th Jun 2011 Whareongaonga Bay Gisborne 2 ± ± 2 

± DOC 21st Jun 2011 Ackers Point Southland 2 ± ± 4 

± DOC 29th Jun 2011 Otago Harbour Otago 1 ± ± 4 

± DOC 30th Jun 2011 Otago Harbour Otago 1 ± ± 4 

± DOC 2nd Jul 2011 Foveaux Strait Southland 1 ± ± 4 

± DOC 9th Jul 2011 Brighton Beach Otago 2 ± ± 4 

± DOC 10th Jul 2011 Kuri Bush Otago 5 ± ± 4 

± DOC 10th Jul 2011 Taieri Mouth Otago 12 ± ± 4 

± DOC 17th Jul 2011 Neils Beach West Coast 2 ± ± 4 

2 DOC 17th Jul 2011 Ross Beach West Coast 1 ± ± 3 

2 DOC 18th Jul 2011 ƿNƗULWR�5LYHU�0RXWK West Coast 1 ± ± 2 

3 DOC 18th Jul 2011 ƿNƗULWR�5LYHU�0RXWK West Coast 2 Yes Photo 1 

4 DOC 22nd Jul 2011 St Clair Beach Otago 2 ± Photo 1 
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± DOC 4th Aug 2011 Carters Beach West Coast 6 ± ± 4 

± DOC 6th Aug 2011 Kaka Point Beach Otago 1 ± ± 4 

± DOC 6th Aug 2011 Kuri Bush Otago 2 Yes ± 4 

± DOC 7th Aug 2011 Nugget Point Otago 1 ± ± 4 

± DOC 18th Aug 2011 Offshore Dagg Sound Southland 2 ± ± 4 

5 DOC 20th Aug 2011 Acheron Passage Southland 2 ± Photo 1 

± DOC 20th Aug 2011 Chalky Inlet Southland 1 ± ± 4 

± DOC 6th Sep 2011 Te Awaiti Bay Marlborough 1 ± ± 4 

± DOC 12th Sep 2011 Clutha River Mouth Otago 1 ± ± 4 

6 DOC 12th Sep 2011 South Bay Canterbury 1 ± Photo 1 

± DOC 16th Sep 2011 Akaroa Heads Canterbury 1 ± ± 4 

7 DOC 18th Sep 2011 Akaroa Heads Canterbury 2 ± Photo 1 

7 DOC 22nd Sep 2011 Akaroa Harbour Canterbury 2 ± Photo 1 

± DOC 23rd Sep 2011 Kaka Point Beach Otago 1 ± ± 4 

± DOC 7th Oct 2011 Otago Harbour Otago 1 ± ± 4 

± DOC 12th Oct 2011 Cosy Nook Southland 2 Yes ± 4 

8 DOC 22nd Oct 2011 Doubtful Sound Southland 1 ± Photo 1 

9 DOC 26th Oct 2011 Te Oka Bay  Canterbury 1 ± Photo 1 

± DOC 9th Dec 2011 Jackson Bay West Coast 1 ± ± 4 

10 DOC 14th Feb 2012 Great South Basin Otago 1 ± ± 2 
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10 DOC 19th Feb 2012 Great South Basin Otago 1 ± ± 2 

11 DOC 13th Mar 2012 Kaikoura Beach Canterbury 1 ± Photo 1 

± DOC 8th May 2012 Back Beach Taranaki 1 ± ± 4 

± DOC 25th Jun 2012 Nugget Point Otago 2 ± ± 4 

± DOC 25th Jun 2012 Penguin Bay Otago 3 ± ± 4 

12 DOC 27th Jun 2012 Oakura Beach Taranaki 2 ± Photo and biopsy 1 

13 DOC 27th Jun 2012 Onaero Beach Taranaki 2 Yes Photo and biopsy 1 

13 DOC 1st Jul 2012 Bell Block Beach Taranaki 2 Yes Photo and biopsy 1 

± DOC 1st Jul 2012 Karitane Beach Otago 2 ± ± 4 

14 DOC 1st Jul 2012 Karitane Beach Otago 1 ± Photo 1 

± DOC 1st Jul 2012 Ulva Island Southland 1 ± ± 4 

± DOC 1st Jul 2012 Ulva Island Southland 2 ± ± 4 

15 DOC 2nd Jul 2012 Goose Bay Canterbury 2 Yes Photo 1 

± DOC 5th Jul 2012 Edwards Island Southland 1 ± ± 4 

± DOC 5th Jul 2012 Fortrose Southland 2 ± ± 4 

± DOC 6th Jul 2012 Colac Bay Southland 1 ± ± 4 

16 DOC 6th Jul 2012 Coal Island  Southland 2 Yes Photo 1 

± DOC 13th Jul 2012 Glory Cove Southland 2 ± ± 4 

± DOC 15th Jul 2012 Sandhill Point Southland 4 ± ± 4 

± DOC 15th Jul 2012 Port Craig Southland 1 ± ± 4 
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± DOC 19th Jul 2012 Te Oka Bay  Canterbury 6 Yes ± 4 

17 DOC 20th Jul 2012 Colac Bay Southland 2 Yes Photo 1 

± DOC 20th Jul 2012 Te Waewae Bay Southland 1 ± ± 4 

± DOC 20th Jul 2012 Te Waewae Bay Southland 2 Yes ± 4 

± DOC 20th Jul 2012 Te Waewae Bay Southland 8 Yes ± 4 

± DOC 22nd Jul 2012 Patterson Inlet Southland 2 Yes ± 4 

± DOC 22nd Jul 2012 Monkey Island Beach Southland 3 ± ± 4 

± DOC 22nd Jul 2012 McCrackens Rest Southland 1 ± ± 4 

± DOC 23rd Jul 2012 Fish Rock Southland 1 ± ± 4 

± DOC 24th Jul 2012 Ocean Beach Southland 2 Yes ± 4 

18 DOC 26th Jul 2012 Te Waewae Bay Southland 8 Yes Photo and biopsy 1 

± DOC 26th Jul 2012 Colac Bay Southland 2 Yes ± 4 

± DOC 26th Jul 2012 Ocean Beach Southland 1 ± ± 4 

± DOC 5th Aug 2012 Te Waewae Bay Southland 2 ± ± 4 

19 DOC 8th Aug 2012 Henderson Bay Northland 2 Yes ± 3 

19 DOC 10th Aug 2012 Henderson Bay Northland 2 Yes ± 3 

19 DOC 12th Aug 2012 Bay of Islands Northland 2 Yes ± 3 

20 DOC 14th Aug 2012 Port Craig Southland 7 ± ± 2 

± DOC 14th Aug 2012 Rowallan Southland 2 Yes ± 4 

19 DOC 15th Aug 2012 Campbells Bay Beach Auckland 2 Yes ± 3 
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21 DOC 15th Aug 2012 Kaikoura Beach Canterbury 2 Yes ± 2 

19 DOC 21st Aug 2012 Milford Beach Auckland 2 Yes ± 2 

19 DOC 21st Aug 2012 Castor Bay Auckland 2 Yes Photo 1 

22 DOC 21st Aug 2012 Milford Sound Southland 1 ± Photo 1 

19 DOC 22nd Aug 2012 Whangaparoa Auckland 2 Yes ± 2 

23 DOC 24th Aug 2012 St Kilda Beach Otago 1 ± Video 1 

19 DOC 25th Aug 2012 Waikauri Bay Auckland 2 Yes ± 3 

19 DOC 26th Aug 2012 Omaha Beach Auckland 2 Yes Photo 1 

± DOC 26th Aug 2012 McCrackens Rest Southland 5 Yes ± 4 

± DOC 26th Aug 2012 Mokotahi Hawke's Bay 1 ± ± 4 

19 DOC 28th Aug 2012 Goat Island Auckland 2 Yes ± 2 

24 DOC 15th Sep 2012 Porpoise Bay Southland 2 ± Photo 1 

25 DOC 16th Sep 2012 Otahome Wellington 3 Yes Photo 1 

± DOC 16th Sep 2012 George Sound Southland 2 Yes ± 4 

± DOC 19th Sep 2012 Nugget Point Otago 1 ± ± 4 

± DOC 4th Oct 2012 Cape Wanbrow Otago 1 ± ± 4 

± DOC 10th Oct 2012 Moureeses Bay Beach Northland 1 ± ± 4 

26 DOC 24th Dec 2012 Haumuri Bluff Walk Canterbury 1 ± Photo 1 

± DOC 17th Apr 2013 Aramoana Beach Otago 1 ± ± 4 

± DOC 28th Apr 2013 Marine Parade Hawke's Bay 1 ± ± 4 
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± DOC 28th Apr 2013 Kirikiri Bay Wellington 5 ± ± 4 

± DOC 20th May 2013 Te Waewae Bay Southland  2 Yes ± 4 

± DOC 25th May 2013 St Clair Beach Otago 2 ± ± 4 

± DOC 2nd Jun 2013 St Clair Beach Otago 1 ± ± 4 

± DOC 22nd Jul 2013 Te Waewae Bay Southland 4 ± ± 4 

27 DOC 23rd Jul 2013 Gemstone Beach Southland 4 Yes ± 3 

28 DOC 31st Jul 2013 Cosy Nook Southland 1 ± ± 2 

± DOC 3rd Aug 2013 Gemstone Beach Southland 5 Yes ± 4 

± DOC 3rd Aug 2013 Sunset Beach Auckland 1 ± ± 4 

27 DOC 6th Aug 2013 Te Waewae Bay Southland 4 Yes ± 2 

± DOC 7th Aug 2013 Te Waewae Bay Southland 3 ± ± 4 

29 SNS 11th Aug 2013 Bluff Harbour Southland 1 ± Photo 1 

30 DOC 22nd Aug 2013 Kawaroa Taranaki 2 Yes ± 2 

± DOC 22nd Aug 2013 Cape Saunders Otago 2 ± ± 4 

± DOC 23rd Aug 2013 Wakaouaiti Otago 2 ± ± 4 

± DOC 30th Aug 2013 Paekakariki Beach  Wellington 2 Yes ± 4 

± DOC 4th Sep 2013 Palliser Bay Wellington 2 Yes ± 4 

± DOC 5th Sep 2013 Palliser Bay Wellington 2 Yes ± 4 

± DOC 16th Sep 2013 Offshore New 
Plymouth Taranaki 1 ± ± 4 

31 DOC 25th Sep 2013 Tolaga Bay Wharf Gisborne 1 ± Photo 1 
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± DOC 2nd Oct 2013 Katiki Beach Otago 4 Yes ± 4 

± DOC 2nd Oct 2013 Shag Point  Otago 1 Yes ± 4 

± DOC 5th Oct 2013 Porpoise Bay Southland 2 Yes ± 4 

± DOC 5th Oct 2013 Curio Bay Southland 1 ± ± 4 

32 SNS 18th Oct 2013 Halfmoon Bay Southland 1 ± Photo 1 

± DOC 7th Dec 2013 Te Arai Point Auckland 1 ± ± 4 

± DOC 1st Jan 2014 Golden Bay Tasman 20 ± ± 4 

± DOC 5th Apr 2014 Wellhead Platform Taranaki 2 ± ± 4 

± DOC 25th Apr 2014 Mangakuri Beach Hawke's Bay 1 ± ± 4 

± DOC 18th May 2014 Peach Cove Northland 1 ± ± 4 

± DOC 1st Jun 2014 Otewhata Point Otago 1 ± ± 4 

33 DOC and SNS 12th Jun 2014 Patea Taranaki 1 ± Photo 1 

34 SNS 29th Jun 2014 Boom Rock Wellington 1 ± Photo 1 

± DOC 10th Jul 2014 Milford Sound Southland 2 ± ± 4 

35 DOC 25th Jul 2014 Bligh Sound Marlborough 1 ± ± 3 

35 DOC 31st Jul 2014 Bligh Sound Marlborough 1 ± Photo 1 

± DOC 17th Aug 2014 St Clair Beach Otago 1 ± ± 4 

36 DOC 25th Aug 2014 St Clair Beach Otago 2 ± ± 2 

± DOC 25th Aug 2014 Bull Creek Otago 1 ± ± 4 

36 DOC 26th Aug 2014 Taiaroa Head Otago 2 ± ± 2 
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37 DOC 27th Aug 2014 Ohau Point Canterbury 1 ± ± 2 

38 DOC 27th Aug 2014 Boom Rock Wellington 1 ± Photo 1 

39 DOC and SNS 28th Aug 2014 Otago Harbour Otago 2 Yes Photo 1 

± DOC 28th Aug 2014 Bull Creek Otago 1 ± ± 4 

± DOC 29th Aug 2014 Makara Beach Wellington 1 ± ± 4 

± DOC 30th Aug 2014 Tautuku Bay Southland 1 ± ± 4 

± DOC 31st Aug 2014 Makara Beach Wellington 2 Yes ± 4 

± DOC 31st Aug 2014 Deborah Bay Otago 1 ± ± 4 

38 DOC and SNS 1st Sep 2014 Sirens Rock Wellington 1 ± Photo 1* (3) 

40 DOC 8th Sep 2014 Mahanga Beach Hawke's Bay 1 ± ± 2 

± DOC 12th Oct 2014 Bream Head Northland 1 ± ± 4 

± DOC 8th Dec 2014 Wellhead Platform Taranaki 1 ± ± 4 

41 SNS 22nd Dec 2014 Taiaroa Head Otago 1 ± Photo 1 

± DOC 4th Jan 2015 Hokitika Trench West Coast 20 ± ± 4 

± DOC 5th Apr 2015 Wellhead Platform Taranaki 2 ± ± 4 

42 DOC 31st May 2015 Te Waewae Bay Southland  2 Yes ± 2 

± DOC 5th Jul 2015 Jacks Bay Otago 1 ± ± 4 

43 DOC and SNS 7th Jul 2015 Cape Saunders Otago 1 ± Photo 1 

± DOC 14th Jul 2015 Tahakopa Bay Southland 2 ± ± 4 

± DOC 14th Jul 2015 St Clair Beach Otago 1 ± ± 4 
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± DOC 20th Jul 2015 Papamoa Bay of Plenty 1 ± ± 4 

44 DOC 21st Jul 2015 Papamoa Bay of Plenty 4 ± Photo 1 

45 DOC 22nd Jul 2015 Mount Maunganui Bay of Plenty 1 ± Photo and video 1 

45 DOC 24th Jul 2015 Whangamata Waikato 1 ± Photo 1 

45 DOC 25th Jul 2015 Te Karo Bay Waikato 1 ± ± 3 

45 DOC 26th Jul 2015 Mercury Bay Waikato 1 ± ± 3 

45 DOC and SNS 28th Jul 2015 Simpsons Beach Waikato 1 ± Photo 1 

45 DOC 30th Jul 2015 New Chums Beach Waikato 1 ± ± 3 

± DOC 3rd Aug 2015 Curio Bay Southland 2 Yes ± 4 

45 DOC 3rd Aug 2015 Fantail Bay Waikato 1 ± Photo 1 

± DOC 5th Aug 2015 Kuri Bush  Otago 1 Yes ± 4 

45 DOC 5th Aug 2015 Whanganui Island Waikato 1 ± ± 3 

45 DOC 9th Aug 2015 Orere Point Auckland 1 ± ± 3 

45 DOC 10th Aug 2015 Maraetai Auckland 1 ± ± 3 

45 DOC and SNS 11th Aug 2015 Okahu Bay Auckland 1 ± Photo 1 

± DOC 11th Aug 2015 Ruby Bay Tasman 2 Yes ± 4 

± DOC 11th Aug 2015 Bruce Bay West Coast 1 ± ± 4 

45 DOC 12th Aug 2015 Whangaparoa Auckland 1 ± ± 3 

45 DOC 15th Aug 2015 Langs Beach Northland 1 ± Photo 1 

± DOC 15th Aug 2015 Waipu Cove Northland 1 ± ± 4 
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45 DOC 16th Aug 2015 Smugglers Bay Northland 1 ± Photo 1 

± DOC 17th Aug 2015 Long Beach Otago 1 ± ± 4 

± DOC 18th Aug 2015 Kaikoura Beach Canterbury 1 ± ± 4 

45 DOC 18th Aug 2015 Daisy Bay Northland 1 ± ± 3 

± DOC 23rd Aug 2015 Pukehina Beach Bay of Plenty 1 ± ± 4 

± DOC 23rd Aug 2015 Kuri Beach Otago 2 ± ± 4 

± DOC 24th Aug 2015 Bull Creek Otago 1 ± ± 4 

± DOC 25th Aug 2015 Kaikorai Estuary  Otago 1 ± ± 4 

± DOC 27th Aug 2015 Wainui Bay Northland 1 ± ± 4 

46 DOC 3rd Sep 2015 Karitane Beach Otago 3 ± Photo 1 

± DOC 13th Sep 2015 Big Sandy Bay Waikato 1 ± ± 4 

47 DOC 15th Sep 2015 Sugarloaf Island  Taranaki 1 ± Photo 1 

± DOC 25th Sep 2015 Knights Point West Coast 3 ± ± 4 

± DOC 25th Sep 2015 Haast West Coast 3 ± ± 4 

± DOC 25th Jan 2016 Bay of Islands Northland 1 ± ± 4 

48 DOC 15th Apr 2016 Maari Field Taranaki 4 ± ± 2 

± DOC 28th May 2016 Leigh Auckland 1 ± ± 4 

49 SNS 3rd Jul 2016 Kaukapakapa Auckland 2 ± Video 1 

± DOC 4th Jul 2016 ƿSXQDNH Taranaki 1 ± ± 4 

± DOC 7th Aug 2016 Aramoana Otago 1 ± ± 4 



   
 

116 
 

50 DOC and SNS 10th Aug 2016 Raumati Wellington 1 ± Photo 1* (4) 

50 DOC and SNS 11th Aug 2016 Makara Beach Wellington 1 ± Photo 1* (4) 

51 DOC 11th Aug 2016 St Clair Beach Otago 2 ± Video 1 

± DOC 13th Aug 2016 Ashburton Canterbury 1 ± ± 4 

52 DOC 22nd Aug 2016 Molyneux Bay Otago 1 ± Photo 1 

± DOC 23rd Aug 2016 Bluff Harbour Southland 1 ± ± 4 

± DOC 24th Aug 2016 Bull Creek Otago 1 ± ± 4 

± DOC 29th Dec 2016 Cable Bay Nelson 2 ± ± 4 

± DOC 10th Jan 2017 Blackhead  Otago 1 ± ± 4 

± DOC 16th May 2017 Magnet Bay Canterbury 1 ± ± 4 

± DOC 26th May 2017 Nugget Point Otago 1 ± ± 4 

± DOC 14th Jul 2017 Tautuku Bay Otago 1 ± ± 4 

53 DOC 30th Aug 2017 Akaroa Heads Canterbury 1 ± Photo 1 

54 SNS 3rd Sep 2017 Muriwai Waikato 1 ± Photo 1 

55 DOC 7th Sep 2017 Otago Harbour  Otago 1 ± Photo 1 

56 DOC 8th Sep 2017 Whirinaki Beach Hawke's Bay 1 ± ± 3 

57 DOC 19th Sep 2017 Whirinaki Beach Hawke's Bay 1 ± Photo 1 

58 SNS 8th Oct 2017 Whanarua Bay Bay of Plenty 1 ± Photo 1 

59 SNS 24th May 2018 Marine Parade Hawke's Bay 1 ± Video 1 

60 SNS 4th Jul 2018 Wellington Harbour Wellington 1 ± Photo 1 
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60 SNS 5th Jul 2018 Wellington Harbour Wellington 1 ± Photo 1 

60 SNS 6th Jul 2018 Wellington Harbour Wellington 1 ± Photo 1 

60 SNS 7th Jul 2018 Wellington Harbour Wellington 1 ± Photo 1 

60 SNS 8th Jul 2018 Wellington Harbour Wellington 1 ± Photo 1 

60 SNS 9th Jul 2018 Wellington Harbour Wellington 1 ± Photo 1 

60 SNS 11th Jul 2018 Miramar Peninsula Wellington 1 ± Photo 1 

60 SNS 12th Jul 2018 Miramar Peninsula Wellington 1 ± Photo 1 

61 SNS 20th Aug 2018 Oamaru Otago 2 ± Photo 1 

62 SNS 24th Aug 2018 Halfmoon Bay Southland 1 ± Video 1 

63 SNS 25th Aug 2018 Foxton Beach Manawatu-
Wanganui 1 ± Photo 1 

± DOC 28th Aug 2018 Wellington Harbour Wellington 2 Yes ± 4 

64 DOC 29th Aug 2018 Te Horo Beach Wellington 2 Yes Photo 1 

63 SNS 30th Aug 2018 Paekakariki Beach Wellington 1 ± Photo 1 

63 SNS 31st Aug 2018 Paekakariki Beach Wellington 1 ± Photo 1 

64 DOC and SNS 2nd Sep 2018 Paraparaumu Beach Wellington 2 Yes Photo 1* (3) 

65 SNS 24th Sep 2018 Wainui Beach Gisborne 1 ± Video 1 

66 DOC 29th Nov 2018 Islet Cove Southland 1 ± Photo 1 

67 SNS 21st Jan 2019 Otago Harbour Otago 1 ± Photo 1 

± DOC 22nd Jun 2019 Bluff Harbour Southland 3 Yes ± 4 

68 SNS 26th Jun 2019 Island Bay Wellington 1 ± Video 1 
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± DOC 6th Jul 2019 Victory Beach Otago 2 ± ± 4 

69 DOC and SNS 21st Jul 2019 Tarakena Bay Wellington 1 ± Photo 1 

± DOC 6th Sep 2019 Te Waewae Bay Southland 4 Yes ± 4 

± DOC 8th Sep 2019 Monkey Island Beach Southland 2 Yes ± 4 

± DOC 4th Oct 2019 Oamaru Otago 1 ± ± 4 

± DOC 14th Jan 2020 Rangaunu Harbour Northland 1 ± ± 4 

± DOC 5th Aug 2020 Te Waewae Bay Southland 1 ± ± 4 

70 SNS 5th Aug 2020 Sumner Beach Canterbury 2 Yes Photo and video 1 

70 SNS 8th Aug 2020 New Brighton Canterbury 2 Yes Video 1 

71 SNS 13th Aug 2020 Raglan Waikato 2 Yes Photo and video 1 

71 DOC 15th Aug 2020 Raglan Waikato 2 Yes ± 3 

72 SNS 15th Aug 2020 Te Waewae Bay Southland 2 Yes Video 1 

73 SNS 17th Aug 2020 Waikuku Canterbury 2 Yes Photo 1 

74 SNS 22nd Aug 2020 Kuri Bush  Otago 1 ± Photo 1 

± DOC 3rd Sep 2020 Taylors Mistake Canterbury 2 Yes ± 4 

75 DOC 14th Sep 2020 Bluff Harbour Southland 1 ± ± 2 

± DOC 21st Sep 2020 Whitianga Waikato 2 ± ± 4 

76 SNS 28th Sep 2020 Bull Creek Otago 1 ± Photo 1 

± DOC 3rd Oct 2020 Marine Parade Hawke's Bay 1 ± ± 4 

± DOC 3rd Oct 2020 Miners Head Auckland 1 ± ± 4 
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± DOC 24th Oct 2020 Golden Bay Tasman 1 ± ± 4 

± DOC 7th Feb 2021 Waihi Beach Waikato 1 ± ± 4 

± DOC 20th Mar 2021 Ohau Bay Wellington 2 Yes ± 4 

± DOC 16th May 2021 Sumner Beach Canterbury 2 Yes ± 4 

77 DOC 19th Jul 2021 St Clair Beach Otago 1 ± ± 3 

± DOC 20th Jul 2021 Allans Beach  Otago 2 ± ± 4 

77 DOC 20th Jul 2021 St Clair Beach Otago 1 ± Photo 1 

± DOC 23rd Jul 2021 Southgate  Wellington 1 ± ± 4 

78 SNS 29th Jul 2021 Kaikoura Beach Canterbury 2 Yes Video 1 

79 DOC and SNS 5th Aug 2021 Sumner Beach Canterbury 1 ± Photo 1* (4) 

78 DOC 6th Aug 2021 Taylors Mistake Canterbury 2 Yes Photo 1 

78 DOC and SNS 7th Aug 2021 Taylors Mistake Canterbury 2 Yes Photo 1* (3) 

78 DOC 8th Aug 2021 New Brighton Canterbury 2 Yes ± 3 

78 DOC and SNS 10th Aug 2021 Christchurch Beach Canterbury 2 Yes Video 1 

± DOC 12th Aug 2021 Bluff Southland 1 ± ± 4 

± DOC 15th Aug 2021 Leithfield Beach Canterbury 2 ± ± 4 

78 DOC 19th Aug 2021 Amberley Beach Canterbury 2 Yes Photo 1 
 

* Sightings were reclassified as a grade 1 sighting after photo evidence was obtained from an equivalent SNS report. Prior grade is recorded in brackets. 
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