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Abstract 

Southern right whales (SRWs) Eubalaena australis, are listed as Least Concern under the 

International Union for Conservation of Nature (IUCN) Red List and in Australia they are 

listed as endangered under the Commonwealth Environment Protection Biodiversity and 

Conservation (EPBC) Act 1999. SRWs were reduced to near extinction globally from 

commercial whaling in the 19th century. Signs of the return of SRWs to Southern 

Hemisphere winter calving grounds were recorded in the late 1960’s, but Soviet Pelagic 

Southern Hemisphere catches at that time slowed their recovery for several years. SRWs 

have a circumpolar distribution between 16˚ and 65˚ S. Four genetically distinct 

populations occupy the southern coastlines of Argentina, South Africa, Australia and New 

Zealand during the Austral winter where they calve, mate and rest. SRW numbers are 

increasing in Australia. However current abundance of the Australian population is 

approximately 2,500 and they are divided into two sub-populations (the ‘western’ with 

~2,200 whales and the ‘eastern’ with ~ 300 individuals). The two sub-populations are 

estimated to be less than 20% of their pre-whaling abundance of approximately 15,000.  

The long-term recovery objective in the Commonwealth SRW Conservation Management 

Plan is to minimise anthropogenic threats to allow the conservation status of the SRW to 

improve so that it can be removed from the threatened species list under the EPBC Act. 

A key interim recovery objective is to demonstrate that the number of SRWs occurring off 

south-west Australia is increasing at or near the maximum biological rate. To fulfil these 

national research priorities, long-term research in the order of decades is required to 

assess the species’ population biology and demographics. Population demographics 

including long-term trends in abundance, rate of increase, distribution, life history 

parameters and movements provide critical information for population recovery 

assessment and monitoring of changes to a population over time. 

There are 13 known aggregations of SRWs in Australia with the Head of the Great 

Australian Bight (GAB), South Australia (SA) representing the major calving ground for 

the Australian population. Southern right whales at Head of Bight (HoB) are protected 

under the Marine Mammal Protection Zone (MMPZ) in the GAB Commonwealth Marine 

Reserve through seasonal exclusion of all human activities between May 1 and October 

31. The GAB is a multi-use area and the management of interactions between threatened 

EPBC listed species such as the SRW, and human activities requires a baseline 

understanding of distribution, abundance and movements of the species. Understanding 
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the timing of arrival and departure of the whales along the Australian coastline and the 

coastal movements and connectivity between the areas is required for impact assessment 

and management of SRW population recovery.  

The overall objective of this thesis was to assess the population demographics of SRWs 

at the two calving areas in the GAB, the primary aggregation area at HoB and the smaller 

established aggregation at Fowlers Bay (FB) (160km southeast of HoB). Specifically, the 

aims of this thesis were to assess the: inter- and intra-seasonal trends in abundance and 

distribution; life history parameters including age of sexual maturity and age at first 

parturition, date of calving; and, residency and site fidelity, for SRWs at HoB. This thesis 

also aimed to characterise SRW distribution, abundance, and residency of SRWs at FB. 

The coastal movements and connectivity of SRWs between FB and other calving areas 

in Australia and New Zealand were assessed.  

To achieve the thesis aims, counts and photo identification mark recapture data were used 

from a combination of long term cliff-based surveys, aerial surveys and vessel surveys. 

Annual cliff based research was undertaken at HoB during 1991-2016 and provided an 

unbroken time series dataset on population trends across 26 years. The survey effort each 

year was variable across the 26-year study and the research was expanded to 3.5 months 

between 2014 and 2016 for this PhD research. Data from annual aerial surveys 

undertaken by J. Bannister of the Western Australian Museum (WAM) during 1993-2016 

for the ‘western’ sub-population of SRWs in Australia contributed to results presented. 

Specifically, SRW count and photo ID data from FB between 1993 and 2016 were 

contributed, along with sighting histories of whales identified at HoB and FB for 

assessment of life histories, connectivity and movements. Vessel surveys were completed 

at FB on board the local tourism operator vessel (Fowlers Bay Whale Eco Tours) between 

July and September, 2014-2016. 

This research improves the understanding of SRW population demographics in Australia. 

The rates of population increase estimated for HoB of 3.7% per annum (p.a.) for all 

individuals and 4.6% p.a. for females accompanied by a calf for years 1992-2016 are 

lower than prior estimates made for HoB (5.3% p.a. and 5.6% p.a., respectively) for the 

years 1992-2006. Results are also lower than the rate of increase for the overall ‘western’ 

sub-population of 5.55% p.a. for total individuals and 6.01% p.a. for females accompanied 

by a calf (1993-2016), although results are within the confidence intervals and show no 

significant difference. The growth rate of SRW at HoB relative to the overall western 

population appears to have declined slowly over time, possibly representing saturation of 
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the HoB aggregation. Current estimates show that the ‘western’ sub-population is 

increasing at or near the maximum biological rate for the species of 6-7% p.a. The 

estimated apparent mean calving interval was 3.3 years (SD=0.8, ± 0.3, 95% CI); and 

mean age at first parturition 9.3 years (n=22, SD=2.1, ± 0.9, 95% CI). The oldest known 

female was estimated to be in her mid-50s. Estimated life history parameters are 

comparable with previous studies on this population (1991-2007), and with research on 

other SRW populations in the Southern Hemisphere. Consistent with SRWs in other parts 

of their range in Australia, SRWs at HoB and FB were primarily distributed within 1 km of 

shore and within the 10 m depth contour between May and October. Inter and intra-

seasonal variation in abundance was observed. SRWs generally arrived at HoB in late 

May and June; abundance peaked in July and August.  Results show that a maximum of 

approximately a quarter of pregnant females that occupied HoB migrated to the study area 

by mid-June and over half of the breeding females remained at the site at the end of 

September. By late-October most females with calves had departed their winter ground. 

Group composition of SRWs at HoB and FB were primarily female and calf pairs, 

representing 70% of all sightings at HoB and 80% of all sightings at FB. Unaccompanied 

adults represented 30% of all sightings at HoB and 20% of sightings at FB.  

The proportion of SRWs relative to the annual count for the overall ‘western’ sub-

population decreased with time at HoB and increased with time at FB. The relative 

proportion of the overall ‘western’ sub-population that visited the Australian coastline each 

year that HoB represented ranged from a maximum of 48% in 1994 to a minimum of 21% 

in 2002. Increased immigration and emigration into and out of HoB was observed, but 

overall the population increased over the study period. Increased movement into and out 

of HoB in recent years is supported by the increase in new females accompanied by a 

calf that have not previously been sighted in the area or females with their first calf. Mark 

recapture resightings decreased from 85% during 1995-1999, to 52% during 2014-2016, 

with a mean of 70% resightings across all years. Residency periods also decreased over 

time with female and calf pairs mean residency of 71 days between 1992 and 1994 

reducing to 40 days between 2014 and 2016.  

These results suggested that the primary area occupied by SRWs at HoB may have 

reached a saturation capacity and that habitat dispersal can be expected with further 

population increase. Based on nearest neighbour distances of 150 m (Pirzl, 2008) 

between individuals or pairs and the area occupied by 95% of SRWs at HoB, the area 

could reach saturation capacity at 68 female and calf pairs. Maximum abundance ever 

recorded at HoB is 172 total individuals including 81 female and calf pairs, recorded in 
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mid-August 2016. Results from helicopter aerial surveys completed in 2013-2014 showed 

that a maximum of 17% of sightings in the HoB area were recorded outside of the cliff 

based study area, during mid-July near the seasonal peak in abundance, perhaps 

indicating animals were beginning to disperse during high density periods.   

The occurrence of SRWs monitored at FB since 2004 highlights the significance of the 

area as a calving and nursing ground.  At FB, the rate of increase in abundance between 

2004 and 2014 of 38.8% p.a. (SE=29.7), although highly variable, exceeded the maximum 

plausible rate of increase for the species. Within and between seasonal movements were 

recorded between FB and eight different locations, most commonly between FB and HoB. 

No movements were recorded between FB and the south-east of Australia. A single 

across year movement was recorded between FB and Auckland Islands 3,400 km away. 

First time breeders to FB and a possible remnant population were represented by 40% of 

calving females identified at FB. Site fidelity was low at FB for calving females (21%) 

compared with HoB (70%). Shifts in selected calving habitats were recorded for 45% of 

calving females, most commonly from HoB to FB. Increased abundance at FB correlated 

with high abundance of female and calf pairs at HoB and as alluded above likely 

represents a dispersal from adjacent habitat at HoB that may have reached a saturation 

capacity. Increased abundance at FB in years of high abundance of SRW in Australia may 

also be attributed to individuals calving early and selecting the nearest suitable habitat for 

nursing. Whilst there is movement of individuals recorded between FB and six other areas 

in south-western Australia and NZ, the increase in abundance in the last decade is 

predominantly related to emigration from HoB. This study highlights the importance of 

established and emerging aggregation areas along the Australian coastline as the 

population continues to grow, and the potential importance of coastal migratory corridors 

connecting these aggregation areas.  

The improved understanding of population demographics provided by this research will 

inform the assessment of recovery targets and management goals for SRW. Life history 

parameters and changes to the population over time will be used to inform marine park 

management, management of activities inside and outside of the marine reserve and 

future monitoring planning.  Recovery planning for the endangered SRW would benefit 

from an Australia-wide assessment with detailed mark recapture analysis of estimated 

abundance and connectivity across the SRW range in Australia. As the ‘western’ sub-

population continues to grow in Australia and disperses along the coastline, an increase 

in interactions between SRWs and human activities can be expected. Conservation and 

management of potential threats from increased human interactions with whales and 
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understanding SRW population growth are critical for the recovery and protection of 

endangered SRW in Australia.  
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1 INTRODUCTION 

 

Southern right whales (SRWs) Eubalaena australis, were reduced to near extinction globally 

from commercial whaling in the 19th (Dawbin, 1986) and 20th century (Tormosov et al., 1998; 

IWC, 2013). An estimated 55,000 to 70,000 whales were present in the Southern 

Hemisphere in the late 1700s. By the 1920s there may have been fewer than 300 individuals 

remaining throughout the Southern Hemisphere (Tormosov et al., 1998). The Australian 

population is thought to have been reduced from approximately 15,000 individuals 

(Bannister, 1990). Although SRWs became protected in 1935, there were signs of population 

increase but it was delayed until the 1960’s and 1970’s due in part to illegal pelagic catches 

by the Soviet Union (Tormosov et al., 1998). As of 2009, global abundance estimates of 

SRWs were approximately 13,600 individuals (IWC, 2013).  

SRWs are found in the Southern Hemisphere and have a circumpolar distribution between 

latitudes of 16°S and 65°S. They migrate from southern feeding grounds in Sub-Antarctic 

waters to temperate northern breeding grounds to breed, calve and rest during the austral 

winter. Genetically distinct populations exist in South Africa, Argentina, Australia and New 

Zealand (Patenaude et al., 2007; Rosenbaum et al., 2000). A further, population exists off 

Chile and Peru (Galletti et al., 2014). Whilst SRWs are listed as least concern under the 

International Union for Conservation of Nature (IUCN) red list, in Australia they remain listed 

as endangered under the Commonwealth Environment Protection Biodiversity and 

Conservation (EPBC) Act 1999. 

SRWs are baleen whales, feeding on large amounts of krill and other copepods to sustain 

their large body size. SRWs grow to a maximum length of approximately 17.5 m and weigh 

up to 80 tonnes, with males slightly smaller than females. SRWs can be recognised by the 

lack of a dorsal fin, rotund body shape and whitish callosities on their head. Callosities are 

patches of keratinised skin colonised by cyamids - small crustaceans that persist throughout 

life (Payne et al., 1983). SRWs have two blowholes on the top of their heads   and can be 

recognised by their v-shaped blow.  

In Australian coastal waters, SRWs occur along the southern coastline of the mainland and 

Tasmania and generally extend as far north as Sydney (33°53’S, 151°13’E) on the east coast 

and Perth (31°55’S, 115°50’E) on the west coast (DSEWPaC, 2012). There are occasional 

sightings further north, with the extremities of their range recorded at Hervey Bay (25°00’S, 

152°50’E) and Exmouth (22°23’S, 114°07’E) (DSEWPaC, 2012).  For management purposes, 

the Australian population of SRWs is divided into two sub-populations or management units, 

one in the south-west and the other in the south-east of Australia (DSEWPaC, 2012). Genetic 

studies suggest that the south-’eastern’ sub-population of SRWs represents a remnant stock, 
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distinct from the ‘western’ sub-population based on significant differentiation in mitochondrial 

DNA haplotype frequencies and contrasting patterns of recovery (Baker et al., 1999; 

Bannister, 2001; Carroll et al., 2011, Jackson et al., 2016). However, some limited movement 

between the two areas has been recorded (Burnell, 2001; Pirzl et al., 2009).  

The ‘western’ sub-population occurs predominantly between Cape Leeuwin, Western 

Australia (WA) and Ceduna, South Australia (SA).  This sub-population comprises most of 

the Australian population and is estimated at around 2,200 individuals in 2016, increasing at 

an annual rate of approximately 5.5 % per annum (p.a.) (Bannister, 2017). The ‘eastern’ sub-

population can be found along the south-’eastern’ coast, including the region from Tasmania 

to Sydney, with key aggregation areas in Portland and Warrnambool in Victoria. The ‘eastern’ 

sub-population is estimated at less than 300 individuals and is showing no signs of increase 

(Bannister, 2017). A rate of around 6-7% p.a. is considered the maximum biological rate of 

increase for SRWs (IWC, 2013). The Australian Government’s SRW Conservation 

Management Plan (2011-2021) has given high priority to understanding population dynamics 

and measuring population recovery of both Australian sub-populations (DSEWPaC, 2012). 

Very little is known about the summer feeding grounds or the offshore distribution and 

migration pathways of SRWs. Current knowledge on the potential location of SRW feeding 

grounds and movement to and from coastal aggregation areas is based on historical whaling 

data (Townsend, 1935), Discovery marks (Tormosov et al., 1998), photo-ID matches 

(Bannister et al., 1997) and satellite tracks of SRWs from New Zealand (NZ) (Childerhouse 

et al., 2010) and Tasmania to the South Pacific Ocean (DSEWPaC, 2012). It is generally 

thought that SRWs from Australian populations probably forage between about 40°S and 

65°S, generally south of Australia (Bannister et al., 1999). They mainly consume copepods 

between latitudes of approximately 41 - 44°S, in the region of the Sub-Tropical Front and 

they mainly feed on krill in higher latitudes south of 50°S (IWC 2013).  SRWs are thought to 

be primarily surface skim feeders, completing shallow dives and skimming across the 

surface, filtering plankton through their baleen plates Right whales also feed underwater and 

have been observed with mud on their rostrum in the North Atlantic and in Argentina (Vicky 

Rowntree pers. comms.).The migration pathways of SRWs are generally unknown. Southern 

right whales satellite tagged off New Zealand (NZ) (Childerhouse et al., 2010), South Africa 

(Mate et al., 2011) and Argentina (Zerbini et al., 2015) showed that SRW distribution in the 

summer feeding months was associated with the Southern Tropical Convergence. A satellite 

tagging study conducted at HoB in 2014 by Mackay et al., (2015) successfully obtained 

location data from three female SRWs accompanied by a calf. These data showed that two 

whales had a southern migration pathway directly south from HoB and the other travelled 

west from HoB parallel to the coast and into the Indian Ocean. Burnell (2001) hypothesised 

that SRWs show a general east to west movement along the southern Australian coastline 
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within the breeding season, based on observations of SRWs arriving and leaving calving 

grounds and from photo-ID matches of individuals between southeast and southwest 

Australia (Burnell, 2001; 2008). The movements of SRWs from HoB obtained by satellite 

tagging suggest movement of females with calves does occur directly south from HoB as 

well as to the west. Mean recorded swim speeds of SRWs are between 3 - 3.3 km/hr (Mate 

et al., 2011; Mackay et al., 2015).  

Known and potential threats that may have individual or population level impacts to SRWs 

include: entanglement in fishing gear, vessel disturbance, orca and shark attacks, climate 

variability and change, noise interference, habitat modification and overharvesting of prey. 

Ship strike and elevated underwater noise from vessel traffic has had a significant impact on 

critically endangered North Atlantic right whales (Eubalaena glacialis) (Clarke et al., 2009; 

Rice et al., 2014). Currently, entanglement in fishing gear is the major cause of death in North 

Atlantic right whales. Right whales have a reference for nearshore shallow water habitat, 

making them susceptible to human interference.  

In winter/spring adult females approach the coast to calve, mate and rest, where they 

distribute across thirteen primary aggregation areas along the southern coast of Australia 

(Figure 1-1) (Bannister, 2017; DSEWPaC, 2012). The largest established calving areas in 

Australia include Head of Bight (HoB) in SA, and Doubtful Island Bay and Israelite Bay in 

WA. Smaller but established aggregation areas regularly occupied by SRWs include Yokinup 

Bay in WA, Fowlers Bay in SA and the Warrnambool and Portland in Victoria. Emerging 

aggregation areas include Flinders Bay, Hassell Beach, Cheyne/Wray Bays, and Twilight 

Cove in WA, and sporadically occupied areas include Encounter Bay in SA (DSEWPaC, 

2012). SRWs generally occupy shallow sheltered bays within 2 km of shore and within water 

depths of less than 10m.  
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Figure 1-1: Southern right whale distribution range in Australia. Source: DSEWPaC, 2012 

 

SRWs show strong philopatry to calving grounds (Burnell, 2001). However, movement of 

calving and non-calving adults has been recorded across broad distances both within and 

across seasons (Pirzl et al., 2009). SRWs have a three-year calving cycle on average; 

causing cohort structured breeding cycles and variability in inter-annual calf production 

(Brandão et al., 2011; Burnell, 2001; Best et al., 2001; Cooke, 2001; Payne et al., 1990). It 

is assumed that the year of calving is followed by a resting year with no migration (or 

migration to elsewhere), and then a mating year when animals migrate to areas alternate to 

their selected calving ground (Brandão et al., 2011; Burnell, 2001; Cooke et al., 2001). 

Female and calf pairs generally stay within the calving ground for 2–3 months (Burnell, 2001). 

Gestation is estimated to last 11-12 months and lactation for at least 7-8 months with weaning 

completed within 12 months (Best et al., 2001; Burnell, 2001).  

Two key long-term population monitoring studies have been undertaken in Australia to 

monitor the south-’western’ sub-population of SRWs. Annual aerial surveys have been 

completed through the Western Australian Museum (WAM) since the mid-1970s (Bannister, 

1999; 2001; 2011; 2016), and annual cliff based count and photo-ID surveys at the major 

aggregation ground at the HoB in the Great Australian Bight (GAB), SA since 1991 (Burnell 
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and Bryden, 1997; Burnell, 2001; Burnell, 2008; Charlton and Burnell, 2011; Charlton et al., 

2014). Long-term monitoring studies have assessed abundance and rate of increase in 

SRWs in the south-west of Australia and provided information on long term trends in 

abundance over time, population biology and life histories for species assessments 

(Bannister, 2017; Burnell, 2001). Whilst Bannister (2017) provides up to date abundance 

estimates and distribution and abundance information, life history parameters influencing 

population increase such as calving intervals and age of sexual maturity have not been 

published in peer reviewed literature since Burnell (2001).  There is a need for updated 

analysis of life history parameters to inform recovery assessments.  

Head of Bight, SA is the most important calving aggregation ground for the ‘western’ sub-

population of SRWs in Australia. HoB is within the GAB Commonwealth Marine Reserve, 

which was established in 1995 to provide protection and a sanctuary to recovering SRWs 

(Figure 1-2). SRWs are protected within the GAB Marine Reserve at HoB with vessel 

closures between May 1 and October 31 in the Marine Mammal Protection Zone (MMPZ). 

The HoB aggregation remains one of the largest wintering aggregations in Australia. HoB 

was reported to represent up to 40% of the Australian population (Burnell, 2001). The 

geographic isolation, limited shoreline access and harsh weather conditions of the Southern 

Ocean served as natural protection for the whales from being hunted at HoB during the 

whaling era, though not at Fowlers Bay. Population recovery of SRWs at HoB was estimated 

at 5.5% p.a. over the years 1991-2006 (Burnell, 2008).  

The wider GAB is a multi-use area for commercial fisheries, marine parks, tourism and 

offshore oil and gas activities (Figure 1-2). Ongoing and planned offshore oil and gas 

activities in the GAB include seismic exploration and exploratory drilling. Oil and Gas 

activities have been undertaken in the GAB basin since the 1970s, with the first two wells 

drilled in 1972. The last of the nine wells drilled to date was drilled in 2003. No oil discoveries 

have been made. Seismic exploration has occurred in the ‘eastern’ GAB over the last three 

decades, with the most recent campaigns operating from 2011-2015. Existing permit lease 

holders in the ‘eastern’ GAB include: Chevron, Statoil, Murphy Oil, Santos, Karoon Gas and 

Bight petroleum. The major players Statoil and Chevron are each scheduled to start a four-

well exploration drilling programme in 2018/2019, pending environmental approval.  
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Figure 1-2: Regional map of the Great Australian Bight, including southern right whale aggregation 
areas and study sites at Head of Bight and Fowlers Bay, South Australia, marine park boundaries and 
oil and gas permit lease areas in South Australia.  

 

Fowlers Bay (FB) in the GAB is a small established aggregation area for SRWs in the Nuyts 

Archipelago State Marine Park (Figure 1-2) approximately 160 km southeast of HoB. 

Increased sightings of SRWs at FB have occurred since the mid-2000s based on aerial 

survey data (Bannister, 2011) and anecdotal reports by tourism operators. Understanding of 

the characteristics of SRWs in established and emerging aggregation areas such as FB is 

required to facilitate recovery planning, including management of potential anthropogenic 

impacts and the setting of population recovery targets, with the aim to see the species 

delisted from endangered status in Australia. 

The Australian Government’s SRW Conservation Management Plan 2011-2021 has given 

high priority to understanding life history parameters and measuring population growth of 

both Australian sub-populations (DSEWPaC, 2012). Life histories are an important indicator 

of population health and recovery potential. Therefore, analyses of long-term datasets that 

enable assessment of life histories and changes to these parameters over time are critical 

for conservation and management. For effective management of the marine park and 

management of human activities in the GAB, an understanding of the seasonal trends in 

distribution and abundance, timing of arrival and departure from the site and peak abundance 

periods is required. 
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1.1 Objectives 

The aim of this research is to assess the population demographics of southern right whales 

in the Great Australian Bight, South Australia. Specifically, the objectives of each research 

chapter include:  

1. Assess the within season trends in distribution and abundance of SRWs at HoB, 

using 3 years of cliff based research 2014-2016 (Chapter 2) 

2. Assess the long-term trends in abundance and life history parameters of SRWs at the 

HoB over 26 years (1991-2016) (Chapter 3) 

3. Assess the residence, site fidelity and date of calving of SRWs at the major calving 

area at HoB, SA (Chapter 4) 

4. Quantify the long term and seasonal trends in abundance, distribution, residency and 

within season movement of SRWs at FB, SA (Chapter 5) 

5. Assess the connectivity and movement of SRW between FB and other aggregation 

areas in Australian and NZ (Chapter 6). 
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1.2 Layout of thesis 

This thesis contains five data chapters, each addressing one of the objectives detailed above. 

As the data chapters are in the format of scientific papers, each comes complete with its own 

Abstract, Introduction, Methods, Results and Discussion. Every effort has been made to 

provide a comprehensive yet non-repetitive literature review; however, it is inevitable that 

some overlap occurs given the preparation of chapters as ‘papers’. The content of the data 

chapters is detailed below: 

 

Chapter 2: Seasonal trends in the distribution and abundance of southern right whales 

(Eubalaena australis) at the Head of the Great Australian Bight Commonwealth Marine 

Reserve, South Australia 

Chapter 3: Long term trends in abundance and life history parameters of southern right 

whales (Eubalaena australis) at Head of Bight, South Australia (1991-2016) 

Chapter 4: Residency, site fidelity and date of calving of southern right whales 

(Eubalaena australis) at the major calving area at the Head of the Great Australian Bight, 

South Australia 

Chapter 5: Southern right whales (Eubalaena australis) return to a former wintering 

ground:  Fowlers Bay, South Australia 

Chapter 6: Connectivity and movement of southern right whales (Eubalaena australis) 

between Fowlers Bay, South Australia and other aggregation areas in Australia and New 

Zealand 

 

The thesis concludes with a general discussion intended to reflect on the significant findings 

from the project, and identifies limitations and future research directions. 
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2 Seasonal trends in the distribution and 
abundance of southern right whales 
(Eubalaena australis) at the Head of the Great 
Australian Bight Commonwealth Marine 
Reserve, South Australia (1991-2016) 
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2.1 Abstract  

Seasonal trends in the distribution and abundance of Southern right whales (SRWs) 

Eubalaena australis, were assessed at Head of Bight, South Australia, using count data from 

annual cliff based surveys undertaken between June and October 1992-2016. SRWs were 

primarily distributed within a 15 km by 2 km area within the 10 m depth contour (with 95% of 

whale sightings made within a 10 km2 area). The distribution of SRWs at Head of Bight varied 

within an individual season but was consistent between the years of this study. The 

composition of SRW sightings at HoB was 70% females accompanied by a calf and 30% 

unaccompanied adults. SRWs occupy the area between May and October and whilst there 

was some variation in the two-week peak abundance period, peak abundance was recorded 

between mid-July and end-August for both female-calf pairs and unaccompanied adults. A 

mean of 16% (range=8-28%, SD= 6.5, 95% CI=0.15) of calving females were present at the 

site in mid-June and a mean of 37% (range=13-61%, SD= 15.8, 95% CI=0.37) remained at 

the site at the end of September. Based on nearest neighbour distances of 150 m (Pirzl, 

2008) the area occupied by 95% of SRW at Head of Bight could reach saturation capacity at 

68 female and calf pairs. Results suggest that the primary aggregation area at Head of Bight 

may have reached saturation capacity and that habitat dispersal can be expected as the 

population increases. This study provides information on SRW seasonal trends in distribution 

and abundance, timing of arrival and departure from the site and peak abundance periods 

that can be applied to conservation and marine park management of this population.  
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2.2 Introduction 

Southern right whales (SRWs) Eubalaena australis, were reduced to near extinction globally 

from commercial whaling in the 19th (Dawbin, 1986) and 20th century (Tormosov et al., 1998; 

IWC, 2013). Although SRWs became protected in 1935, signs of population recovery were 

not evident until the 1970’s in part due to illegal catches by the Soviet Union in the 1960s 

(Tormosov et al., 1998). SRWs occupy Southern Hemisphere latitudes of 16°S to 65°S and 

migrate between high latitude feeding grounds where they presumably spend most of the 

austral summer and low latitude breeding grounds where they spend the austral winter 

(Bannister 1996). Genetically distinct populations exist in South Africa, Argentina and Brazil, 

Australia, New Zealand (Patenaude et al., 2007; Rosenbaum et al., 2000) and Chile- Peru 

(Galletti et al., 2014). While, SRWs are listed as least concern on the International Union for 

Conservation of Nature (IUCN) Red List, they remain listed as endangered under the 

Australian Commonwealth Environment Protection Biodiversity and Conservation (EPBC) 

Act (1999).  

The population of SRWs that occurs seasonally off the coast of Australia is divided into two 

sub-populations; ’western’ and the ’eastern’, based on genetic differentiation (Carroll et al., 

2011), photo-ID data (Burnell, 2001) and different increase rates and population sizes 

(Bannister, 2017). The Australian population is currently estimated to be approximately 2,500 

animals, with approximately 2,200 individuals in the ‘western’ sub-population and 

approximately 257 individuals in the ‘eastern’ sub-population (Bannister, 2017). The 

‘western’ sub-population occurs off southern Western Australia (WA) and South Australia 

(SA) and the ‘eastern’ sub-population occurs off Victoria, New South Wales (NSW) and 

Tasmania. The ‘western’ sub-population occurs predominantly between Cape Leeuwin, WA 

and Ceduna, SA and comprises most of SRWs in Australian waters. SRWs, including the 

‘western’ and ‘eastern’ sub-populations are distributed across thirteen identified aggregation 

areas along the southern coast of Australia (Bannister, 2017; DSEWPaC, 2012) and are 

known to occupy shallow sandy bays that offer protection from south westerly weather, within 

2 km from shore and 10 m water depth (Pirzl, 2008). The annual rate of increase of ‘all 

animals’ in the ‘western’ population between 1991 and 2016 was estimated to be 

approximately 5.55% (95% CI, 3.78, 7.36) per annum (p.a.) and 6.01% (95% CI, 3.49, 8.59) 

p.a. for females accompanied by a calf (Bannister, 2017). The ‘eastern’ sub-population, found 

along the south-eastern coast, including Tasmania and rarely further north than Sydney, is 

showing no signs of increase (Bannister, 2017).  

Head of Bight (HoB), SA is a major aggregation area for SRWs in Australia that is within the 

Great Australian Bight (GAB) Commonwealth Marine Reserve, which was established in 

1995 to provide protection and sanctuary to recovering SRWs. Over the past two decades, 

as much as 48% of the ‘western’ population of SRWs has been estimated to use the HoB 
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aggregation area, but in more recent years it has decreased to around 25% (Charlton, 2017 

- Chapter 3). Based on cliff-based surveys of SRWs conducted at Head of Bight annually 

during 1991-2016, maximum annual counts of between 18 (1992) and 81 (2016) female and 

calf pairs were recorded (Burnell and Bryden, 1997; Burnell, 2001; Charlton, 2017- Chapter 

3). A maximum of 172 SRWs were recorded on a single day at HoB in 2016, including 81 

females accompanied by a calf (Charlton, 2017- Chapter 3). There is high inter-annual 

variability in long-term abundance trends due to the average three-year calving cycles that 

SRWs have throughout the Southern Hemisphere (Payne, 1984; Payne et al., 1990; 

Bannister et al., 1999; Best et al., 2001; Burnell, 2001; Cooke et al., 2003; Charlton, 2017 - 

Chapter 3). 

Two long term monitoring programs have operated for the ‘western’ sub-population of SRWs, 

including annual aerial surveys between Cape Leeuwin, WA and Ceduna, SA undertaken 

during 1993 - current (Bannister, 2001; Bannister, 2017), and cliff based surveys at HoB 

undertaken during 1991-current (Burnell, 2001). While broad inter-annual trends are 

understood (Bannister, 2017; Burnell, 2001), current knowledge on within season trends in 

the distribution and abundance of SRWs at HoB remains limited (Burnell and Bryden, 1997; 

Burnell, 2001). It is known that SRWs occupy the Australian coast between May and October. 

However, how they are distributed and move between aggregation areas during their 

breeding season remains unclear. In addition, the timing of arrival and departure of whales 

and the peak abundance period in coastal aggregation areas is required to inform future 

planning and management. Thus, this study assesses the intra-seasonal trends in 

distribution and abundance of SRWs, peak abundance periods at HoB using 26 years of cliff 

based research. Assessment of inter-seasonal trends in the distribution and abundance will 

inform management on the effectiveness of sanctuary zones, such as the GAB 

Commonwealth Marine Reserve established to manage potential human impacts. The 

resulting information will also inform management outside protected areas and restricted 

access periods through improved understanding of the timing of arrival and departure and 

periods of peak abundance of whales within the marine park. The likelihood of the 

aggregation area reaching saturation capacity due to density resource (space) pressures is 

assessed using nearest neighbour estimates for female and calf pairs at HoB (Pirzl, 2008). 

As this key aggregation area reaches maximum capacity this could be expected to lead to 

increased dispersal and coastal movements, which has implications for habitat protection 

and the future management of the Australian population.  
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2.3 Methods 

2.3.1 Study area 

The study area at the Head of the Great Australian Bight (31° 29' S, 131° 08' E) is in the 

broader region of the Great Australian Bight (GAB) and is located on the far west coast of 

SA, 300 km west of Ceduna and 200 km east of the WA border. The wider GAB is a multi-

use area for commercial fisheries, marine parks, tourism and oil and gas activities offshore. 

Ongoing and planned oil and gas activities in the GAB include seismic exploration and 

exploratory drilling. Current oil and gas lease areas granted in the GAB cover approximately 

115,000 km² (~750 km x ~150 km) and are located approximately 200 km offshore from the 

coastal aggregation area at HoB, on the continental shelf.  HoB is within the Marine Mammal 

Protection Zone (MMPZ) of the GAB Commonwealth Marine Reserve that covers State and 

Commonwealth waters. The study area is also within the Far West Coast State Marine Park 

that covers the state waters out to 3 nautical miles (nm). HoB is adjacent to Yalata Aboriginal 

Land on the Nullarbor Plain. The MMPZ of the GAB Commonwealth Marine Reserve was 

established in 1995 to provide a sanctuary for these whales (Figure 1-2). All vessels and 

general access are prohibited in the MMPZ of the GAB Marine Reserve between 1 May and 

31 October each year (there is a complete no access zone- no fishing or recreational 

activities). The MMPZ area is approximately 9,000 km² in area (~100 km x ~90 km).  The 

study area for this research is within the MMPZ and covers an area approximately 75 km² in 

size spanning approximately 15 km east to west along the coast and out to 8 km offshore 

(Figure 2-1).   

Habitat characteristics of the study area at HoB include a shallow, gently sloping, sandy bay 

in the east leading at the ‘western’ end of the study site to the 33-53 m high Bunda Cliffs 

which provide some shelter from the dominating south westerly wind and swell. Along these 

cliffs, water depths drop to around 20 m within approximately 300 m of shore. Whales are 

often sighted directly below these cliffs within 50 m of shore (Figure 2-1). 
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Figure 2-1: Study area and Southern right whales shore-based observation stations southern right 
whales at Head of Bight in the eastern Great Australian Bight, South Australia. Observations sites on 
the cliffs are labelled west to east. 

 

2.3.2 Data collection 

The study methods are consistent with the population census and photo-identification (ID) 

study completed annually at HoB between 1991 and 2015 described in Burnell and Bryden 

(1997), Burnell (2001) and Charlton et al., 2014. Seasonal trends in abundance were 

assessed for SRWs at HoB using daily counts over 25 of the 26 years since the study began 

in 1991. Count data from 1991 were excluded because in that year the number of groups 

was recorded rather than number of individual whales, and therefore the data are not 

consistent with the rest of the dataset. Daily counts provide a snap shot of whale numbers 

and location on a given day. While the maximum value of the daily counts within a year was 

indicative of numbers using the site at on any one day during that season, they are likely an 

underestimate of the true maximum number of individual whales visiting the site since whales 

are known to immigrate and emigrate, to and from the site over the course of a season.  

The within seasonal trends in distribution of SRWs at the HoB study area were assessed 

using three years (2014-2016) when quantitative data on whale locations were recorded. 

Prior to 2014, the spatial distribution of whales was recorded at a coarse resolution and is 

not comparable to the distribution data collected from 2014 onwards.  

SRWs within the study area were surveyed from 16 land based observation stations (Figure 

1) along a stretch of approximately 15 km of coastline. Observation stations on Bunda Cliffs 

ranged in height from 53 m towards the west to 33 m towards the east of the study area, and 



22 
 

were between 300 and 1000 metres apart. Observation stations were selected based on 

safety and topographic features to ensure full visual coverage of the study site (i.e. if the 

contour of the cliff line obstructed observer view, then the observation stations were closer 

together to allow unobstructed observations of whales along the 15 km stretch of coastline). 

During each daily survey, surveys from each station were conducted beginning at the 

‘western’-most station and ending at the ‘eastern’-most station. The time spent travelling 

between stations ranged from 2 to 6 minutes.  

Observations at each station consisted of systematic scans using 10x50 Bushnell binoculars 

and the naked eye at an angle of approximately 180° east to west and as far as the eye could 

see offshore to the south from the horizon down to the cliffs. To avoid duplicate sampling 

between adjacent stations, only individuals in front or to the west of observation stations were 

recorded. To further reduce the risk of duplicate sightings, the location of sighted whales at 

each station was mapped in real time based on measurements of distance and angle to 

whale, individuals were identified using photo-ID, and the location and ID was cross checked 

with sightings at a similar location at the next adjacent station. All surveys were completed in 

Beaufort Sea States of 3 or less and wind speeds less than 18 knots to reduce bias in counts 

due to weather conditions. Environmental conditions including wind speed and direction in 

knots, cloud cover in percentage, sea state using the Beaufort scale and swell height were 

recorded qualitatively at the start and end of each census. Glare was not recorded as 

observations were timed to avoid glare. Daily cliff-based survey effort ranged from 2.9 hours 

to 4.9 hours (mean=3.6 hours). Start times were roughly 08:30 and end times ranged 

between 12:30 and 16:00. Observations were timed to avoid glare in the early morning and 

sea breeze in the afternoon. Effort reported here excludes travel times between vantage 

points.   

Most animals, particularly females accompanied by a calf, were easily observed in the 

relatively clear and shallow waters within a few hundred metres of observation stations, even 

when they were below the surface of the water. Thus, the probability of whales being 

available to be sighted within this distance of the observation stations was assumed to be 1 

(Burnell, 2001; Bannister, 2017). A minimum of 10 minutes was spent observing at each 

station based on the assumption that at ranges beyond 5 km (where the larger incident 

angles of observation make detections of animals below the surface of the water more 

difficult), SRWs were at the surface at some point during that period. The minimum 10-min 

survey period at each observation station improved the detection probability of animals at a 

distance from observation stations while ensuring that whale movements were visually 

tracked to avoid double counting. Female and calf pairs spend the majority of their time on 

the surface and a maximum of 8 -minute dive times in 22 minutes for calves was recorded 

by Thomas and Taber (1984). Surface behaviour is common for young calves and dive times 
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are generally less than a few minutes (Charlton unpublished observations 2017). The data 

are biased towards potentially having greater detection probability for females and calves 

than unaccompanied adults. However, the overlap in observation stations and methodology 

moving west to east, increases the likelihood of sighting most animals. Longer time periods 

were spent at a location if additional time was required to capture photo ID’s. A maximum of 

50 minutes was spent at a location. In this instance, a dedicated observed watched the 

position of the whales to ensure that no animals had moved into or out of the observation 

station range. If a whale moved out of the observation station range to the east, it was later 

counted. If it moved out of the observation station range to the west, there was no risk of 

double counting the individual so it was still marked at the location station where it was first 

sighted. Photo-ID was abandoned if there was a risk of jeopardising the accuracy of the 

count. Whale location and assessment of distribution in the study area is biased by the 

movement of whales into an area when longer than 10 minutes was spent at an observation 

station. The whales move around the area frequently so the bias is not considered a limiting 

factor for the assessment of distribution and abundance. 

Observer bias was reduced by using two trained and experienced observers during surveys 

and minimising rotation of researchers across the duration of the long-term study. For each 

SRW sighting the following variables were recorded: date, time, observation station (1-16), 

group composition (number, age class, and group type which included female accompanied 

by a calf, unaccompanied adult or unknown status). Unknown status was recorded when the 

observer could not be sure if the individual had a calf or was unaccompanied. A group of 

whales was defined as one or more whales within 100 m of each other that were seen to be 

interacting or travelling together. Range and bearing of the whale to the observer was 

recorded using a Bushnell 1600 laser range finder and marine grade Bushnell 10x50 

binoculars fitted with a compass. Compass readings were taken in the absence of any metal 

objects that could have interfered with the accuracy of the reading. In instances where the 

whale was outside the rangefinder detection range (typically greater than approximately 450 

m), reticule binoculars fitted with a compass were used to measure increments below the 

horizon to the whale. Various handheld GPS units were used to log the position of each 

observation station, all using the WGS 84 chart datum (equivalent to GDA 90). 
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2.3.3 Analysis 

Visual detection range 

Visual detection range of whales was defined conservatively at the observation station with 

the lowest elevation. The visual detection range was estimated by calculating the range to 

each sighting over 2014-2016 using sightings to the south east (< 150o) from station 16, the 

‘eastern’ most observation station, and establishing the range at which 95% of the whales 

were detected. At observation site 16 the shore line forms a boundary of the study area and 

the elevated Bunda Cliffs turn into lower elevation sand dunes. Thus at 33 m this site has the 

lowest elevation of the study sites. 

Distribution 

Whale distribution was mapped using location data calculated from range and bearing of 

whale plus elevation of observer. The equivalent measure in degrees for vertical angles 

associated with binocular reticules was calibrated using the distances and heights of known 

targets. Whale ranges using the reticules or theodilite were calculated assuming a spherical 

earth and allowing for observer-eye elevation. Height above sea level and GPS location of 

the observer eye was calculated for each of the 16 observation stations by using a theodolite 

to determine the angle below the horizontal down to a feature at the water’s edge (usually a 

rock) to which the range was established using the laser range finders. Geometry then gave 

the theodolite elevation. Whale positions were calculated using code developed at the Centre 

for Marine Science and Technology, Curtin University (CMST) using MATLAB (The 

MathWorks, Inc.). The mapping toolbox was used to plot the location of whales based on the 

range estimate and true compass heading (corrected for variation at the site). The error 

associated with tide was considered minimal given the tidal changes (<1.5 metres) relative 

to the distance that whales were sited (most within 1 km) and measurement errors. There 

was some error in the precision of sighting locations between 1° and 120° (horizontal angle) 

at observation station 16 caused by land blocking the horizon. In 2015 and 2016 the vertical 

angle of the horizon was estimated from which location data in this area were estimated to 

have an error in the range of 1-300 m. In 2014, locations were not collected between 1° and 

120° at observation station 16. Count data were however collected and recorded in all 

locations.  

Spatial data processing used purpose-built programs in MATLAB software to generate whale 

locations. Maps were generated in MATLAB using Australian Hydrographic Service charts 

under Seafarer GeoTIFF license No 2618SG (Curtin University). Spatial data were 

normalised for effort (time spent at each observation station) and displayed as Kernel Density 

distribution plots (whales/0.5km²) using ArcMap v10. All times were presented in Australian 
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Central Standard Time (UTC + 9.5 hours). Bathymetry was retrieved from the Geoscience 

Australia 0.00250 grid (Whiteway 2009).  

An estimate of the portion of the study area used by 95% of whales was made. To define the 

offshore 95% limit firstly the minimum range of each whale to the zero-m depth contour was 

calculated, with the zero-depth contour digitised from Australian Chart 341. The zero-

bathymetry contour derived from the Geoscience Australia bathymetry Atlas (Whiteway, 

2009) was slightly incorrect according to the Australian Chart. The minimum ranges of each 

whale from the zero-m depth contour were sorted and the value which encompassed 95% of 

all values taken as the distance offshore for 95% of whales. To define the alongshore 95% 

bounds of whales, as the study area was aligned roughly east-west, the whale longitude 

values were sorted (smallest to largest) and the longitudes at which 0.025 and 0.975 of the 

total number of values found. This gave the 2.5% and 97.5% longitude bounds, which gave 

the alongshore bounds for 95% of whales. Using the offshore and alongshore 95% bounds 

in which whales were found gave the area used by most whales.     

Abundance 

Within seasonal trends in abundance between June and October (1992-2016) were analysed 

by plotting the abundance of female and calf pairs and unaccompanied adults and calculating 

the proportion of each group type that was present in the study area during each month 

surveyed. The variation in abundance of each group type (females accompanied by a calf, 

unaccompanied adult) was assessed to provide information on immigration and emigration 

into and out of the site. The timing of arrival and departure of whales to and from the site was 

assessed using daily counts and calculating the percentage of whales from each group type 

present at the site at the start and end of the study period.  

Peak abundance 

Inter-annual comparison of peak abundance periods was assessed using a 14-day period 

because that is the duration of the comparable study period consistently sampled throughout 

this 26-year study. To maintain comparability of inter-annual trends in abundance between 

years, the abundance study was always completed between August 15 and 30. Outside of 

that period, the study effort varied between years (1991-2016). There was a need to 

determine if the 14-day study period between August 15 and 30 was reflective of the peak 

abundance period. Therefore, a 14-day moving average with a 12-day overlap was selected 

for analysis of the peak abundance period. The maximum daily count for each year was 

normalised to a scale of 0-1. Estimates of 14-day peak abundance periods were calculated 

using 14-day sliding averages with 12-day overlaps using Julian Day as the time base. 

Changes to the mean peak abundance period were assessed. To account for variation in 

sampling effort across years a null value was given where there was a gap in sampling and 
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the peak value data were presented with sampling effort. Analysis excluded years when only 

a two-week survey was completed (2007-2013). Normalised peak abundance periods and 

maximum annual counts were presented on a scatterplot for each year, 1992-2006 and 2014-

2016.  

2.4 Results 

2.4.1 Study period 

Over the period 1992 – 2016, a total of 805 daily surveys were conducted at the HoB study 

area between the months of June and October. Effort was variable across the years but an 

average number of 35 surveys per year were conducted, with the number of surveys ranging 

from eight in 2013 to 112 in 1993 (Table 2-1Table 2-1). Surveys resulted in 42,725 whale 

sightings over the 25-year study period.  
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Table 2-1: Southern right whale abundance and distributional study effort at the Head of Bight study 
area, South Australia between 1992 and 2016. 

 
 Year Survey days Survey period 

1992 60 25 Jun - 10 Oct 

1993 112 18 Jun - 13 Oct 

1994 88 19 Jun - 12 Oct 

1995 46 27 Jun - 10 Oct 

1996 41 7 Jul – 9 Oct  

1997 41 7 Jul - 6 Oct 

1998 22 30 Jun – 2 Oct 

1999 30 2 Jul - 7 Oct 

2000 32 3 Jul - 7 Oct 

2001 33 3 Jul - 4 Oct 

2002 32 13 Aug - 9 Oct 

2003 36 1 Jul -7 Oct 

2004 36 3 Jul -3 Oct 

2005 33 4 Jul - 30 Sept 

2006 26 5 Jul - 29 Sept 

2007 15 16 Aug - 30 Aug 

2008 12 13 Aug - 25 Aug 

2009 12 21 Aug - 2 Aug 

2010 9 24 Aug - 1 Sept 

2011 13 15 Aug - 26 Aug 

2012 9 14 Aug - 29 Aug 

2013 8 18 Aug - 30 Aug 

2014 41 19 Jun - 28 Sept 

2015 41 18 Jun - 25 Sept 

2016 33 16 Jun - 25 Sept 

 

2.4.2 Visual detection range  

The maximum detection range was approximately 10 km, however, 95% of all sightings 

offshore of the cliffs were recorded within 1 km, with a drop off after this point (Figure 2-2). 

Whales were distributed within the 20 m depth contour and most whales were sighted in less 

than 10 m. When considering only sightings recorded at observation station 16, the visual 

detection range for 95% of whales sighted extended to 4.5km (Figure 2-3). 
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Figure 2-2: Distributions of Southern right whale distance from 0 bathymetry contour (left) 
and depth (right), for sightings at Head of Bight recorded between June and September, 
2014-2016. 

 

Figure 2-3: Detection range with distance from observation station 16 to the south-east of the 
study site. 
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2.4.3 Distribution 

The distribution of SRWs sighted in the HoB study area was recorded for 1,621, 1,069 and 

1,955 adults in 2014, 2015 and 2016, respectively. The mean group size of SRWs at HoB in 

2014-2016 was 2.2 individuals (range 1-8; median 2). The mean group size for 

unaccompanied adults was 2.3 (range=1-7, SD=1.9, 95% CI=0.003) and 2.3, (range 2-8, 

SD=1.8, 95% CI=0.003) for females accompanied by a calf. The distribution of SRWs was 

similar between years (Figure 2-4). In 2014 whales were not sighted as close to shore at the 

‘eastern’ most point as they were in 2015 and 2016 due to variation in the method, therefore 

the distribution in this area could not be compared. Within, the study area, SRWs were 

predominantly distributed along 15 km of the coast and within 2 km from shore (95% were 

within 1 km of shore) in water depths less than 20 m (Figure 2-4). Females accompanied by 

a calf were mostly distributed in the shallow sandy bay to the east primarily within 10m water 

depth. Sightings of unaccompanied adults were most frequently made along the cliff line in 

the centre and west of the study area primarily within 10-20m water depth (Figure 2-5).  

Distribution of 95% of all SRW sightings recorded between 2014 and 2016 occurred within 

an area 10.16 km wide from east to west and within 1.04 km from shore. Based on calculated 

distances between mother and calf pairs (Pirzl 2008) a minimum preferred spacing distance 

between female and calf pairs of 150 m is assumed, in which case the area occupied by 95% 

of all whales sighted would reach capacity at 68 female and calf pairs, assuming a perfect 

packing density. If a minimum spatial requirement of 100 m is tolerated by SRWs at Head of 

Bight, the area occupied by 95% of whales sighted would reach capacity at 155 female and 

calf pairs, assuming a perfect packing density. 
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Figure 2-4: All sightings of Southern right whales recorded within the Head of Bight study site 
in the Great Australian Bight, South Australia between 19 June and 28 September 2014 (A), 
between 18 June and 25 September 2015 (B) and between 16 June and 25 September 2016 
(C), showing females accompanied by a calf in open circle, unaccompanied adults as X. 
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Figure 2-5: Kernel density plot of SRWs female and calf pairs (top) and unaccompanied adults 
(bottom) at Head of Bight study site, South Australia between June-September using pooled data 
collected between 2014 and 2016.  

SRWs displayed within season variation in distribution at HoB (2014-2016). At the beginning 

of the season in June, when calves were very young or females were still pregnant, whales 

were commonly distributed in the shallow bay area in the east of the study area. As the 

season progressed, the distribution of female and calf pairs increasingly extended along the 

Bunda Cliffs to the west of the study area (Figure 2-6). Unaccompanied adults were 

predominantly distributed along the cliffs in the centre of the study area throughout the 

season. 
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Figure 2-6: Within season distribution of Southern right whales at the Head of Bight, South Australia using pooled data 2014-2016: A) June; B) July; C) August; D) 
September  
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2.4.4 Abundance 

A total of 794 counts resulted in a total of 24,806 SRW sightings at the HoB study area over 

the 25 years between 1992 and 2016. Sightings of female and calf pairs, unaccompanied 

adults and unknown status represent 67%, 27% and 6% of all sightings, respectively. SRWs 

displayed within season variation in abundance at the HoB study area (Figure 2-7).  Whales 

arrive at the site in June and July, and reach their peak in August and then start to depart the 

site in September and October. 

 

Figure 2-7: Mean percentage of female and calf pairs observed at Head of Bight between June and 
October 1992-2016 

Female and calf pairs occupy the site between June and October. Based on the proportion of 

female and calves recorded within season, across the study period, a mean of 16% (range 8-

28%, SD= 6.5, 95%CI=0.15) of the females that were sighted with calves during the season 

were present in the study area in mid-June, and a mean of 27% (range 13-61%, SD= 15.8, 

95%CI=0.37) of females with calves remained in the area in late September (Figure 2-8).  

Unaccompanied adults occupied the site in the greatest abundance between July and August, 

with few sightings before mid-June or in September. The percentage of unaccompanied adults 

sighted within the HoB study area throughout the season was 8% in June, 23% in July, 44% 

in August, 18% in September and 7% in October.  
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2.4.5 Peak abundance period 

The peak abundance period of SRW at Head of Bight during 1992-2006 and 2014-2016 was 

between late July and mid-September, with peak abundance mostly occurring between mid to 

late August (Figure 2-8). The overall mean peak abundance period for a 14-day moving 

average with 12-day overlap occurs between August 3 to 17 for total individuals at HoB. The 

years 2007-2013 were excluded from this analysis because only the two-week period was 

surveyed between August 15 and 30. There was some inter-annual variability in the 14-day 

peak abundance period.  

The overall mean 14-day peak abundance period occurs between July 20 to August 3 for 

females accompanied by calves at HoB.  Inter-annual variation in peak abundance was 

recorded for female and calf pairs. The peak abundance period was recorded between early 

July and early September, with most variability occurring between 1992 and 2006 (Figure 2-9). 

Between 2014 and 2016 there was no significant difference in the 14-day peak abundance 

period, which was recorded in August.  

The peak abundance period for unaccompanied adults was not significantly different across 

all years and was recorded between mid-August and early September, except for 1991 and 

2016 (Figure 2-9). In 1991 the 14-day period of peak abundance was recorded between early 

and mid-September and in 2016 in late-July to early-August.  

 

Figure 2-8: Abundance of (a) the total southern right whales and (b) females accompanied by a calf 
sighted at the Head of Bight study area between 1992 and 2016 using a 14-day moving average with 
12-day overlap (presented as proportion of overall sightings). The dotted lines represent the 95% 
confidence limits. 
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Figure 2-9: Mean peak abundance of southern right whales recorded within the HoB study area 
between May and October 1992-2016, using a 14-day moving average with 12-day overlap (top) with 
female and calf pairs in black and unaccompanied adults in red. The line represents a 14-day period. 
The maximum daily relative abundance count recorded per year is presented below with black circles 
showing female and calf pairs and red circles showing unaccompanied adults.  

 

2.5 Discussion  

Within and between season trends in distribution and abundance for SRWs at the major 

aggregation ground at HoB were investigated using 25 years (1992-2016) of count data 

collected during annual cliff based research. The distribution of SRWs at HoB showed 

variability within season and variation between seasons in the HoB study area, with variability 

within season more pronounced. Mother calf pairs were typically more densely distributed in 

the shallow sandy habitat in the east of the study site during June, becoming more widely 

distributed to the west along the deeper, cliff coast in July/August. Unaccompanied adults 

were more densely distributed towards the west of the study site. Consistent with findings from 

this study for the years 1991-1999 (Burnell and Bryden, 1997; Burnell, 2001), SRWs at HoB 

were distributed across the whole study area along approximately 15 km stretch of coast and 

within 2 km of shore at HoB.  

Within season variability in abundance occurs at HoB as SRWs arrive in late-June to early-

July, peaking in abundance during late-July to mid- August, and departing in late September 
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to early-October.  Unaccompanied adults were more transient into and out of the site and their 

abundance was more variable than females accompanied by a calf. Within season variation 

indicates immigration and emigration of individuals into and out of the study site, particularly 

for unaccompanied adults. 

Within season abundance varies for different populations of the species in the Southern 

Hemisphere. Peak periods of abundance were recorded earlier in the year for SRWs in 

Australia compared with Argentina, South Africa and Brazil. SRWs migrate to waters off 

Australia, South Africa, Argentina, Brazil, New Zealand and Chile during the austral winter, 

however the timing and duration of the ‘calving’ seasons can vary between locations. In South 

Africa, SRW's can be sighted all year round but with calves they are sighted between June 

and December, and peak numbers recorded in September (Best and Scott, 1993). At 

Peninsula Valdes, Argentina, the calving season is between May and December, with the 

maximum number of whales present from August to September (Crespo et al., 2017; 

Rowntree et al., 2001; Payne, 1984 &1986). In Patagonia SRWs dispersed into a new area in 

San Matias Gulf, near Peninsula Valdes. Whales were observed from August to October with 

a peak in late August-early September (Arias et al. 2017). Off the coast of Chile, sightings of 

‘eastern’ South Pacific SRWs were recorded between July and October with resident times of 

up to three months, and within season movements of up to 159 km (Galletti et al., 2014). 

Similarly, in southern Brazil sightings occur from May to December, with most recorded 

between July and September (Camara and Palazzo, 1985; Simoes-Lopes et al., 1992). An 

earlier peak in calving in Australia (late-July to early-August) may be attributed to the shorter 

distance travelled from feeding grounds. Triggers for arrival and departure to wintering 

aggregation areas also include weather and climate factors such as local storm events, air 

and water temperature influencing thermoregulation (Burnell and Bryden, 1997) and physical 

condition (Lockyer, 1981). 

Results here provide information on timing of arrival and departure of SRWs to the HoB coastal 

aggregation area, which is required for species management in Australian waters and risk 

minimisation. Considering the proportion of the breeding population recorded at HoB from mid-

June to late-September, and the maximum percentage of breeding females at HoB remaining 

at the end of the study period (61%), SRWs and their newborn calves may be sensitive to 

potential impacts in the broader GAB area between May and October or beyond. The number 

of breeding females present at the start of the season is an underestimate because pregnant 

females are not recorded as part of that season’s breeding cohort until they are sighted with 

a calf. For example, of the five unaccompanied adults photo-identified between 16 and 19 

June 2016, three were sighted later in the season with a calf.   



37 
 

There is some variability in the peak abundance period for female and calf pairs, ranging from 

mid-July to early September. There is less observed variation in the peak abundance period 

for unaccompanied adults, ranging from late July to early September. Although the study 

period August 15 to 30 is not always inclusive of the 14-day peak abundance period, the 

maximum daily count was always recorded during this period and it is considered the most 

representative period to sample female and calf pairs and unaccompanied adults.  

Most females have calved by mid-August; therefore, for analysis purpose it is assumed that 

counts completed during August 15-30 include the majority of all breeding females that select 

the HoB study area as a calving/nursing habitat for that season (Burnell, 2001; Burnell and 

Bryden, 1997). To cover the peak abundance period for female and calf pairs as well as for 

unaccompanied adults, a six-week field study between mid-July and late-August is 

recommended. Future monitoring planning needs to take this into account whilst maintaining 

comparability with the long-term time-series. Females have been recording the month after 

peak calving in South Africa (Best 1990) and Argentina (Rowntree pers comms.). Whilst 

mother calf pairs are sighted for the first time at HoB in September, these individuals are 

generally transiting through the area and not selecting HoB as a primary nursing ground. 

Distribution and abundance reported here may have had biases associated with lower 

detectability with range in the ‘eastern’ end of the study area. However, aerial surveys 

conducted through the Western Australian Museum (Bannister, 2017) within the HoB study 

area following the coastline at a range of approximately 1 km indicate that the cliff-based 

surveys compare favourably. For example, in 2016, 66 females with calves and 11 

unaccompanied adults were counted from the aircraft on one day. On the same day, the cliff-

based team counted 66 females with calves and 10 unaccompanied adults.  

A total of 95% of all SRW sightings recorded between 2014 and 2016 occurred within an area 

10.16 km long from east to west and within 1.04 km from shore. Research suggests a minimum 

spatial distance of 150-200m between adults at Head of Bight (Pirzl, 2008). Based on a 

spacing distance of 150 m, the area occupied by 95% of female and calf pairs sighted would 

reach capacity at 68 female and calf pairs, assuming a perfect packing density. Given that a 

minimum spatial requirement of 100 m can be tolerated by SRWs at HoB, the area occupied 

by 95% of whales sighted would reach capacity at 155 female and calf pairs, assuming a 

perfect packing density. However, it is considered unlikely that whales would tolerate such 

crowding as habitat dispersal has been observed with much fewer whales. Results suggest 

that the primary habitat for SRW at Head of Bight may have already reached capacity with a 

maximum of 172 individuals including 81 female and calf pairs sighted on one day in 2017. 

Helicopter surveys completed by the South Australian Research and Development Institute 

(SARDI) in 2014 (Mackay et al., 2015) of the broader region between the WA border in the 
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west and Fowlers Bay in the east showed that up to 17% of whale sightings occurred outside 

of the HoB cliff based study area. Density resource pressures i.e. space will cause SRWs to 

disperse outside of the desired habitat in the primary aggregation area at HoB. It can be 

expected that habitat dispersal outside of Head of Bight will occur with an increasing 

population.  

While this study provided a clear indication of the consistency and timing of abundance of 

SRWs in the study area, daily counts provide a snap shot of SRWs distribution and abundance 

on a given day within the study area, and do not consider immigration and emigration of whales 

to and from HoB. Therefore, the maximum daily count is an underestimate of the true 

maximum number of individuals using the HoB aggregation area in a season. Photo-ID mark 

recapture shows that the number of individuals photographed in a season often exceeds the 

maximum daily count, implying immigration and emigration across a season (Burnell, 2001; 

Charlton, 2017- Chapter 2). Unaccompanied adults were more transient than females 

accompanied by a calf, displaying greater immigration and emigration from the site.  

In summary, this study has improved our understanding of seasonal trends in distribution and 

abundance of SRWs at the major aggregation area, HoB using data over the period 1991-

2016. Information on the timing of arrival and departure of whales to and from HoB highlights 

that May through to October are sensitive periods for SRW migration to and from the coast of 

Australia. Results show that whilst the MMPZ effectively provides protection for the whales at 

HoB, the movement of whales outside of this area has increased with population growth. The 

primary area occupied by SRW at HoB is likely to reach saturation capacity in years of 

abundance greater than 138 individuals and therefore dispersal into alternative habitat can be 

expected. It is important that recovery goals prioritise the management of SRW outside of the 

MMPZ, along the coastline and in small and emerging aggregation areas.   Identification of 

the peak periods of abundance at HoB between mid-July and late-August will direct future 

monitoring planning. The historical study period (August 15-30) successfully covers the peak 

annual counts, however to ensure coverage of the full peak abundance period, surveys at HoB 

between mid-July and late August are recommended. This study provides a baseline for 

detecting changes in population size over time. Ideally, future monitoring and research should 

consider the full distribution of SRWs in Australia and connectivity between coastal 

aggregation grounds, to ensure protection of the population and continued recovery of the 

species. 
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3 Long term trends in abundance and life history 
parameters of southern right whales 
(Eubalaena australis) at Head of Bight, South 
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3.1 Abstract 

Long term trends in abundance and life history parameters for southern right whales (SRWs), 

Eubalaena australis at Head of Bight (HoB), South Australia were estimated using 26 years of 

photo identification mark recapture and 25 years of count data. The long-term cliff based SRW 

count and photo identification study was completed annually between 1991 and 2016. The 

estimated mean rate of increase in SRW at HoB was 3.17% (SD= ± 95% CI) per annum (1992-

2016). The corresponding mean rate of increase for females accompanied by a calf was 4.6% 

(SD= ± 95% CI). Owing to cohort structure and pulses in calf production, the annual maximum 

abundance recorded was highly variable across years (X̅ =39, SD=17.8). The photo 

identification database includes 1,186 non-calf individuals, of which 459 are reproductive 

females with 471 inter-annual calving intervals. SRW sighted at HoB represent 0.21-0.48 of 

Australian ‘western’ sub-population in Australia. Mean photo identification success of 92% was 

recorded for females with a calf and mark recapture resights were recorded for 70% of those 

females. The estimated apparent mean calving interval was 3.3 years (SD=0.8, ± 0.3, 95% 

CI); and mean age at first parturition 9.3 years (n=22, SD=2.1, ± 0.9, 95% CI). Results from 

cross matching completed to date between the HoB and the rest of the ‘western’ sub-

population provided an additional 207 calving events from 267 individuals. The combined data 

resulted in the same mean calving interval recorded for only HoB of 3.3 years. The data 

provide information on life history parameters for recovery assessments, species conservation 

management and global comparative studies.  
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3.2 Introduction 

Southern right whales (SRWs), Eubalaena australis are listed as of least concern under the 

International Union for Conservation of Nature (IUCN) Red List, as endangered under the 

Australian Commonwealth Environment Protection Biodiversity and Conservation (EPBC) Act 

(1999). SRW were depleted to near extinction by commercial whaling in the 19th century 

(Dawbin, 1986) with further depletion in the mid-20th century (Tormosov et al., 1998; IWC, 

2013). Although SRWs became protected internationally from commercial whaling in 1935, 

illegal catches by the Soviet Union prevented continued increase in their abundance until the 

1970’s (Tormosov et al., 1998). The global population estimate of SRWs recorded in 2009 

was 13,600 individuals (IWC, 2013). SRWs are found in Southern Hemisphere latitudes 

between 16° S to 65° S, with genetically distinct populations in Australia, New Zealand (NZ), 

South Africa, Argentina and Chile-Peru (Portway et al., 1998, Baker et al., 1999, Patenaude 

et al., 2007, IWC, 2013; Galletti et al., 2014). SRWs migrate to northern aggregation grounds 

to breed, calve and rest during the austral winter.  

Since overexploitation by commercial whaling, the endangered SRW was not rediscovered off 

Australia until anecdotal reports were made of a small number of whales during 1955–1968 

(Bannister, 1986). Although the Australian population is now increasing, there is a marked 

difference in population size and rate of recovery between the ‘western’ sub-population, found 

in south-Western Australia (Western Australia [WA] and South Australia [SA]) and the ‘eastern’ 

sub-population found in south-’eastern’ Australia (Victoria, New South Wales and Tasmania) 

(Bannister, 2017). Evidence of genetic differentiation has led to the proposed delineation of 

distinct south-’western’ and south-’eastern’ Australian management units (Carroll et al., 2011, 

Carroll et al., 2015, Jackson et al., 2016). The ‘western’ sub-population occurs predominantly 

between Cape Leeuwin, WA and Ceduna, SA and comprises most SRWs in Australia. The 

current abundance estimate for the ‘western’ sub-population is around 2,200 individuals and 

the annual rate of increase is approximately 5.55% (95% CI 3.78, 7.36) per annum (p.a.) for 

all animals and 6.01% (95% CI 3.49, 8.59) p.a. for females with a calf, based on aerial surveys 

undertaken between 1993 and 2015 (Bannister, 2017). The ‘eastern’ sub-population can be 

found along the south-’eastern’ coast of Australia, including Tasmania and rarely further north 

than Sydney, with key aggregation areas in Portland and Warrnambool in Victoria. It is 

estimated at 257 individuals and is showing no signs of increase (Watson et al., 2013; 

Bannister, 2017). A rate around 6-7% p.a. is considered the maximum biological rate of 

increase for SRWs (IWC, 2013). The Australian Government’s SRW Conservation 

Management Plan (2011-2021) has given high priority to understanding life history parameters 

and measuring population growth of both Australian sub-populations (DSEWPaC, 2012). 
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Head of Bight (HoB) in the Great Australian Bight (GAB), SA is a major aggregation area for 

SRWs in Australia and is close to the ‘eastern’ range of the ‘western’ sub-population. The rate 

of increase in total whales at HoB was estimated at 4.3% p.a. between 1991 and 2007 (Burnell, 

2008). The comparable estimate for the ‘western’ population was approximately 5.2% p.a. 

(1993-2007 Burnell, 2008). The lower rate of increase estimated at HoB, compared to the 

overall ‘western’ subpopulation was an indicator of possible changes in habitat dispersal, 

immigration or emigration and movement between coastal aggregation areas (Burnell, 2001). 

A particularly low abundance year at HoB in 2007 influenced the lower rate of increase 

observed by Burnell (2008). The rate of increase between 1991 and 2006 was comparable 

between HoB of (5.4% p.a.) and the ‘western’ sub-population (6% p.a.) (Burnell, 2008).  

Analysis completed to date on the HoB photo identification (ID) dataset includes life history 

parameters analysed using empirical photo-ID mark recapture data collected between 1991 

and 1997 (Burnell, 2001) and 1991 and 2007 (Burnell, 2008). Population estimates, rate of 

increase and distribution of SRW are available through long-term aerial surveys between 1993 

and 2016 undertaken through the Western Australian Museum (WAM) (Bannister 1999, 2001, 

2011 and 2016).  An updated assessment of life history parameters is needed to inform 

species recovery assessments.  

Long-term monitoring of SRWs using photo-ID mark recapture methods can provide 

information on population estimates (Whitehead et al. 2000, Cooke et al. 2001, Best et al. 

2005, Bannister, 2017; Jackson et al., 2016), calving intervals (Burnell, 2001 & 2008; Cooke 

et al., 2001; Best et al., 2005), age of first calving (Burnell, 2001, 2008, Cooke et al., 2001, 

Best et al., 2005), site fidelity (Burnell, 2001; Carroll et al., 2014; Charlton, 2017 – Chapter 4) 

and movements (Burnell, 2001; Pirzl et al. 2009; Carroll et al., 2014; Roux et al., 2015; 

Charlton, 2017 – Chapter 6). Life history parameters are fundamental to the assessment of 

population rate of increase and viability analysis and include calving intervals, age at first 

parturition, survival and mortality (Brandão et al., 2011; Cooke et al., 2001; Skalski et al., 2005; 

Mace and Lande 1991; Zerbini et al., 2010). Biological parameters are subject to variability 

due to density dependence, habitat occupancy, or other natural influences such as prey 

availability, health and body condition. A change in these factors can alter the rate of 

population increase over time. Life histories are an important indicator of population health 

and recovery. Analyses of long term datasets that enable assessment of life histories and 

changes to these parameters over time are critical for conservation and management. 

This study aimed to assess the long-term trends in abundance and life history parameters of 

SRWs at HoB over 26 years (1991-2016). Life history parameters assessed included mean 

calving interval, mean age at first parturition and longevity. Mark recapture resight rates were 

calculated along with the subsequent number of new individuals not previously sighted at HoB 
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with a calf. The number of individuals sighted at HoB relative to the number of individuals 

recorded annually along the Australian coast for the ‘western’ sub-population was also 

assessed as an indicator of the relative significance of the calving site.  

3.3 Methods 

3.3.1 Study area 

Head of Bight is in the GAB in the far west of SA (31° 29' S, 131° 08' E, Figure 3.1) 

approximately 270 km west of Ceduna and 210 km east of the WA border (using shortest 

swim distance). The site is adjacent to Yalata Aboriginal Land on the Bunda Cliffs of the 

Nullarbor Plain. The HoB aggregation area is within the Marine Mammal Protection Zone 

(MMPZ) of the GAB Commonwealth Marine Reserve and the Far West Coast State Marine 

Park. The GAB Marine Reserve was established in 1995 to protect the SRW aggregation 

area at HoB. The study site is selected to include the primary aggregation area and extends 

approximately 15 km along the coast and 5 km offshore (Figure 3-1). 

 

 
 
Figure 3-1: Boundaries of the study site and location of observation stations for Southern right whales 
at Head of Bight in the eastern Great Australian Bight, South Australia. 

 

3.3.2 Study period 

Land based field surveys were completed at HoB annually between May and October, 1991-

2016. During each year, a minimum of eight days within a two-week period was surveyed 
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between August 15 and 31 to provide inter-annual comparisons of population trends at the 

site. The study period was selected because it was considered the peak period of abundance 

with high likelihood of sighting most females accompanied by a calf (Burnell and Bryden, 

1997). Calving females (female accompanied by a calf of the year) are expected to have 

calved by the middle to end of August (Burnell, 2001), and it was assumed that the study 

period provided access to all calving females that selected HoB as calving/nursing habitat in 

that season (Burnell and Bryden, 1997, Burnell, 2001). Whilst it is recognised that immigration 

and emigration occurs, it is assumed that mother calf pairs that selected HoB as a nursey 

ground remained in the area long enough to be captured during counts and photo ID. Females 

accompanied by a calf were distributed along the Bunda Cliffs in late July-August where 

optimal photo-ID images can be collected (Charlton, 2017 – Chapter 2). Outside of the two-

week field study (August 15-31), the study effort was variable across years (Table 2-1Table 

2-1).  

Survey methods for SRW counts and photo-ID at HoB study site were consistent with those 

described by Burnell and Bryden (1997) and Burnell (2001). Methodology for counts is 

described in detail in Charlton, 2017 (Chapter 2) and photo-ID methods are described below. 

3.3.3 Counts 

SRW within the study area were surveyed from 16 land based observation stations along a 

stretch of approximately 15 km of coastline out to 5 km from shore, with observer elevation 

between 33 m high in the east and 53 m high in the west. Observations consisted of systematic 

scans using 10x50 Bushnell binoculars and the naked eye. Duplicate sightings were obviated 

by recording distance and angle to whale from the observation station, marking the whale 

location on a map in real time, minimising the time taken to transit between each station, and 

collecting photo-ID images where possible to validate individuals sighted at the previous 

observation station. Surveys were completed in Beaufort Sea States of three or less to reduce 

bias in counts due to weather conditions.  

Most animals, particularly females accompanied by a calf, were easily observed in the 

relatively clear and shallow waters at HoB and the probability of sighting within the study area 

was assumed to be one (g (0)) (Burnell, 2001; Bannister, 2017). Observer bias was reduced 

by using two trained and experienced observers and minimising rotation of researchers across 

the duration of the study. A minimum of eight counts was completed each year and the 

maximum daily count was used to inform population increase over time. The maximum daily 

count number is reflective of the number of individuals present in the HoB study site on one 

day during the study period. While the maximum daily count is indicative of numbers using the 



44 
 

site on a given day, it is likely an underestimate of the true maximum number using the site in 

a season, since whales immigrate and emigrate to and from the site throughout the season.  

A breeding cohort is referred to as the group of females accompanied by their calves in each 

year. SRW females form breeding cohorts based on their mainly three-year calving intervals. 

Females display high site fidelity to calving grounds in the year of calving (Burnell, 2001; 

Payne et al., 1990). It is assumed that the year of calving is followed by a ‘rest’ year with no 

migration (or migration to elsewhere), and then a lactating year when animals migrate to areas 

alternate to their selected calving ground (Best, 1994; Brandão et al., 2011; Burnell, 2001; 

Cooke et al., 2001). Therefore, annual monitoring is required to assess the trends in 

abundance and increase in each breeding cohort to understand the overall population trends 

and potential changes to the rate of increase over time (Bannister et al., 2011). 

For each SRW sighting the following variables were recorded: date, time, observation station, 

group composition (number and classification of individuals i.e. female accompanied by calf, 

unaccompanied adult (male or female not accompanied by a calf of the year), unknown status 

(undetermined if whale was accompanied by a calf of the year or not due to limited visual 

record), range and bearing. Environmental conditions including wind speed and direction in 

knots, cloud cover in percentage, Beaufort Sea State and swell height were recorded 

qualitatively at the start and end of each daily survey. 

3.3.4 Photo identification 

Photographs of individual whales were obtained for comparing and matching individuals 

photographed previously. Photographs used for identifying individuals (photo-IDs) taken from 

the 33-53 m high Bunda Cliffs provided the required vantage point for collecting high quality 

images of the dorsal surface of the whale at proximity. Photographs of the dorsal surface allow 

callosity patterns on the head that are unique to each individual to be documented. Callosity 

patterns are keratinised skin patches colonised by cyamids that provide unique markings on 

the dorsal surface of the rostrum, the lip line of the lower jaw and just posterior to the blowhole 

that persist throughout life (Payne et al., 1983). To capture the unique callosity patterns, 

photographs of the rostrum from above and left and right lateral perspectives of the dorsal 

side of the whale were obtained when possible. The ventral side of whales was also 

photographed if presented, to document the size and shape of white pigmentation (also 

persistent and unique) and the ano-genital configuration (to give information on sex). Evident 

markings and scarring were also photographed. Photographs were taken using a Nikon 7100 

or D100 digital SLR camera with a Nikon 500 mm (effective 750 mm) or Sigma 500 mm lens 

mounted on a tripod. 
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For the purposes of this study, collection of photo-ID of adults were targeted including 

mother/calf pairs and unaccompanied adults because their callosity patterns are well 

developed. Photo-ID effort for calves increased later each season when their callosity patterns 

were developed enough to enable future resights. This study provides the only individuals of 

known age for the Australian SRW population through identification of calves in their year of 

birth. For cliff-based photo-ID, capturing photos of adequate quality was not possible when 

whales were at greater distances than approximately 300 m from the cliff top. However, since 

whales commonly move within the aggregation area, many individual whales present at 

locations where photo-ID was not possible on a particular day, were often photographed at a 

location amenable to photo-ID later. Furthermore, in 2016, the use of Unmanned Aerial 

Vehicles (UAVs or drones) in collaboration with Murdoch University Cetacean Research Unit 

provided access to all whales in the site for photo-ID. The whale position, behaviour, group 

composition, age class and reproductive status were recorded for each whale. Photo-ID 

images obtained during this study were supplemented by similar images provided in-kind from 

aerial surveys across the entire ‘western’ population range completed through the Western 

Australian Museum (1993-2016) courtesy of J. Bannister.  

3.3.5 Data Analysis 

Long term trends in abundance and rate of increase 

Long term trends in abundance and the annual rate of increase were estimated using all years 

of count data, except for 1991 where numbers of groups were recorded rather than individuals. 

Two methods were used to estimate the rate of increase in SRW at HoB to be comparable 

with past analysis for HoB (Burnell, 2008) and current analysis applied to the ‘western’ sub-

population (Bannister, 2017). The two methods include: 1) compound annual growth rate 

(CAGR) (Burnell, 2008), and 2) linear regression of the natural logarithm of count data 

(Bannister, 2017).  

For method 1), the mean compound annual growth rate was calculated using a three-year 

sliding average to consider the average 3 calving intervals of SRWs and subsequent cohort 

structured calving cycles. A simple exponential regression was fitted to the long-term count 

data and presented with 95% confidence intervals and standard deviation. For method 2), data 

were presented as a linear regression of the natural logarithm of the annual count data for ‘all 

animals’ and for females with a calf. The 95% confidence intervals were calculated for the rate 

of increase and data presented with R² value on exponential regression.  

3.3.6 Life histories  

Life history parameters including mean calving interval and mean age at first parturition were 

estimated using photo-ID images collected of calves in their year of birth and using photo-ID 
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resight data for individual whales collected over all years (1991-2016). To estimate life history 

parameters, only the sightings of females accompanied by a calf were used (Payne et al., 

1990; Cooke et al., 2001). Sighting histories of individuals that were not previously sighted 

with a calf were not included in the analysis because their sex and maturity status were not 

always known (Cooke et al., 2001). Calculation of mean observed calving interval considers 

calving intervals between one and five years only.  It is assumed that individuals sighted at 

HoB with a calving interval of six years or greater were likely to have either calved somewhere 

else, were missed by observers, or represent a failed calving in the intervening period (Burnell, 

2001; Cooke et al., 2003; Brandão et al., 2011).  

Photo-ID resights were identified through matching photographs within and across years by 

cross matching with the long-term photo-ID catalogue developed in the Big Fish v6 Microsoft 

Access database (Pirzl et al., 2007). Photographic quality was assessed and poor images of 

low resolution were discarded. Individuals were only matched when identifiable features were 

recorded sufficiently to identify both sides of the rostrum. Only individuals with complete 

profiles were added to the master catalogue. Identification images were compared manually 

by a small number of persons experienced in right whale photo-ID and matching. All matches 

were independently verified by at least one primary researcher. Digital photo-ID images were 

sorted daily in the field, including within season cross matching of individuals, to document the 

total number of individuals identified in that year and to confirm photo-ID success. 

The following assumptions were made in Brandão et al., (2011), and are relevant in this study: 

1. Observed calving intervals are biased representations of the true calving frequency, 

because inter alia females on longer intervals are under-represented in the sample 

(having a greater proportion of incomplete calving intervals) (Brandão et al., 2011).  

2. No allowance is made for calving events missed by the observer. A female calving in 

a year might not be photographed because (a) the calf died before the survey, or was 

born after the survey, or (b) the female plus calf were outside the survey area at the 

time of the survey, or (c) they were in the survey area but were missed. 

3. Age at first parturition is biased in that later maturing individuals may be relatively 

under-represented, and some first calving will go undetected. 

To account for the assumptions described above, the recorded calving intervals or ages of 

first parturition were maximum intervals, with the possibility that a calving event was missed 

in surveys. Results present raw data on life history parameters. Data are provided for 

population modelling to validate raw results and extrapolate for comparison with international 

datasets from other SRW populations.  
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Cross matching completed to date between the HoB and the Western Australian Museum 

(WAM) catalogues (Burnell, 2008) were analysed to assess the mean calving interval using 

combined data. Cross matching of the catalogue to date includes years 1991-2007 of the HoB 

catalogue with 1993-2004 (and some individuals to 2007) of the WAM catalogue. Sighting 

histories available from the HoB and WAM catalogue for the 267 matched individuals were 

then updated to include all available sightings up to 2012 for WAM and 2016 for HoB 

catalogue. The results for apparent mean calving interval calculated for the HoB dataset 

(1991-2016) were compared with the analysis of HoB and WAM data combined. This study 

provides the most comprehensive assessment of SRW life histories in Australia. The analysis 

was needed to assess the error in estimates calculated for the HoB catalogue; given that HoB 

is an open population. 

3.3.7 Longevity 

The longevity of SRW was assessed using early sightings records from within the long-term 

photo ID resight database. Sightings included images and sightings collected opportunistically 

from as early as 1970 and including matching completed between the HoB and the WAM 

catalogues between 1975 and 2007 (Burnell, 2008).  

3.4 Results 

3.4.1 Trends in long-term abundance  

A total of 805 daily cliff-top surveys were conducted between 1992 and 2016 at the HoB 

aggregation area. Counts from 1991 were excluded due to the inconsistent count method that 

year. An average of 35 surveys was completed per year, from eight in 2013 to 112 in 1993. 

Surveys resulted in 42,725 whale sightings over the 25-year study period. Of the total whale 

sightings recorded, 80% were females accompanied by a calf, 16% unaccompanied adults 

and 4% were of unknown status (Figure 3-2). 
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Figure 3-2: Abundance (or maximum daily count in a season) of Southern right whale females 
accompanied by a calf, unaccompanied adults and unknown status at Head of Bight, South Australia 
1992-2016. 

Within each year, the maximum count on any one survey day was extracted and used as a 

proxy for the number of whales using the aggregation area that year. The maximum number 

of all SRWs sighted (in a single survey day per year) increased from 43 in 1992 to 172 in 2016 

at a mean rate of 5.5% (SD=2.5, ± 1.07, 95% CI) p.a. based on the CAGR and 3.6% (R²=0.54, 

±  1.3, 95% CI) based on a simple exponential regression (i.e. a linear regression of the natural 

log of the count on year) of the data (Figure 3-4 and Table 3-1). The maximum count was 

recorded in 2016 when a total of 172 individuals, including 81 females accompanied by a calf, 

and 29 unaccompanied adults, were sighted on one day in the HoB study area (Figure 3-3). 

Prior to 2016, the highest abundance was recorded in 2011 when a total of 172 individuals 

were also sighted on a single day, including 67 females accompanied by a calf and 35 

unaccompanied adults. The growth rate of SRW at HoB showed no significant difference 

across years 1992-2016, however, the growth rate relative to the overall western population 

appears to have declined slowly over time, possibly representing saturation of the HoB 

aggregation (Figure 3-5). 
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Figure 3-3: Southern right whale abundance trends at Head of Bight, South Australia between 1992 
and 2016. 
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Figure 3-4: Linear regression of the logarithm value for the maximum count per year of Southern right 
whales at Head of Bight, South Australia between 1992 and 2016 for A) ‘all animals’ and B) female and 
calf pairs. 
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Table 3-1: The rate of increase calculated for ‘all animals’ and for females with a calf at HoB between 
1992 and 2016 using Compound Annual Growth Rate (CAGR) and Linear Regression analysis. 
*Taken from Burnell (2008), ** taken from Bannister (2017). 

Year and area All animals Females with calves 

 CAGR Linear 
regression 

CAGR Linear 
regression 

HoB 1992-2006 5.3%* 4.1%, 95% CI 
± 2.8, R²=0.43 

5.4%* 5.4%, 95% CI 
± 1.7, R²=0.54  

HoB 1992-2007 4.3%* 3.4%, 95% CI 
± 2.5, R²=0.37 

3.6%* 3.6%, 95% CI 
± 3.4, R²=0.28 

HoB 1992-2016 5.5%, 95% CI ± 
1.07, SD=2.5 

3.2%, 95% CI 
± 1.3, R²=0.54  

4.9%, 95% CI 
± 0.85, SD=1.9 

4.61%, 95% CI 
± 1.7, R²=0.57,  

WAM 1993-2016 
** 

 5.55%, 95% 
CI, 3.78, 7.36 

 6.01%, 95% 
CI, 3.78, 7.36 

 
 

 
Figure 3-5: Incremental growth rate using a logarithm regression analysis for southern right whales at 
Head of Bight, South Australia between 2006 and 2016, for female and calf pairs (black-CC) and total 
adults (red-TA), with 95% error bars. 

 
The sum of total females accompanied by a calf recorded during maximum daily counts across 

the 25 years was 980 individuals. The maximum number of females accompanied by a calf 

sighted increased from 18 in 1992 to 81 in 2016 at a mean CAGR rate of 4.9% (SD=1.9, ± 

0.85, 95% CI) p.a. or 4.6% (R²=0.57, ± 1.7, 95% CI) using the linear regression of the log 

value (Figure 3-4 and  
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Table 3-1). There was high annual variability abundance of females accompanied by a calf, 

due to pulses in calf production (�̅�=39, SD=17.8). The long-term abundance trend clearly 

demonstrates cohort structured calving cycles, with distinct peaks of calving females apparent 

every three to five years after 1998 (Figure 3-2). Triennial peaks in abundance were most 

commonly observed, representing three primary calving cohorts, for example, in 2005, 2008, 

2011 and 2014.  

Lower numbers than the prior year and the prior calving cohort year of females accompanied 

with a calf were recorded in 1998, 2007 and 2015 and these resulted in a reduced rate of 

increase in abundance. For example, in 2015, the maximum number of females accompanied 

by a calf (n=29) was 51% lower than in 2014 (n=60) and 47% lower than the same cohort year 

in 2012 (n=55).  

The number of unaccompanied whales sighted within the HoB study area increased at a mean 

rate of 3.2% (SD=3.5, ±1.4, 95% CI) p.a. between 1992 (n=7) and 2016 (n=29), also based 

on the CAGR and (Figure 3). The annual rate of change was highly variable (range 7-35, 

�̅�=23, SD=7.1). The maximum number of unaccompanied whales recorded on one day during 

the study period was 35 individuals in 2011 (Figure 3-2 and Figure 3-4). A simple exponential 

regression using a linear regression of the logarithm of the annual count data resulted in a 

rate of increase in unaccompanied adults of 1.7 % (R²=0.1, ± 2.0, 95% CI). 

Few animals of undetermined status were recorded, ranging from three in 1996, 2011, 2015 

and 2016, to 15 in 2005 (range=3-15, �̅� = 6, SD = 3). 

3.4.2 Proportion of SRW at Head of Bight relative to the ‘western’ 

population  

The proportion of calving females sighted at HoB each year relative to the overall ‘western’ 

sub-population recorded through annual aerial surveys by Bannister (2016) between 1993 and 

2016 varied with time. The relative proportion ranged from a maximum of 0.48 in 1994 to a 

minimum of 0.21 in 2002 (�̅�=0.32, SE=0.01) (Figure 3-6). Over the years, the proportion that 

SRWs at HoB represented of the overall ‘western’ sub-population showed a visual trend 

towards decreasing, however the regression fit was poor and the trend was not significant 

(R²=0.05 with a polynomial best fit p-value = >0.05).  



53 
 

 
Figure 3-6: Proportion of Western Australian sub-population of Southern right whales sighted at Head 
of Bight annually, 1993-2016, based on aerial survey annual counts, Cape Leeuwin WA – Ceduna SA, 
and maximum annual counts from cliff based surveys at Head of Bight, South Australia.  
 

3.4.3 Life history parameters 

Life history parameters were estimated using mark recapture photo-ID data collected at HoB 

between 1991 and 2016. Matching was facilitated using the HoB digital photo-ID catalogue 

containing 10,879 images that included high quality images of 1,186 individual non-calf SRWs 

and 362 individual calves.  A total of 459 individual reproductive females and 727 individual 

unaccompanied adults were identified.  

Photo-ID success was achieved for 91% of the total 980 females accompanied by a calf 

sighted during daily cliff based counts. Percentages of whales with calves photographed 

ranged from 36% in 2009 to 150% in 2014 (�̅�= 91%, SD=21.9). Photo-ID success greater 

than 100% occurred when a greater number of individuals was photo-ID’d throughout the 

season than the maximum daily count, indicating immigration and emigration of whales into 

and out of the site during the season. Resights of known individuals previously sighted at 

HoB were obtained for a mean annual total of 70% (range=46-94%, SD=15.5) of females 

accompanied by a calf HoB between 1996 and 2016 (Figure 3-7). The data for 1996-2016 

(rather than from 1991) were analysed to account for a possible maximum calving cycle of 

five years, thus 1991-1995 was not included because the analysis requires a 5-year lead 

time.   
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3.4.4 New calving females not previously sighted at Head of Bight 

The mean annual number of calving females not previously matched with the long-term photo-

ID catalogue and therefore not previously sighted at HoB was 30% (SD=15.3) (Figure 3-7). 

The number of new calving females not previously sighted at HoB increased linearly from a 

minimum of 6% in 1999 to a maximum of 54% in 2011 at a maximum rate of 8.3% (R²=0.71, 

P-Value=<0.05) p.a. (Figure 3-7).  

 

 
 
Figure 3-7: The proportion of southern right whale females with a calf not previously sighted 
at Head of Bight, South Australia compared with females that were known to have previously 
been identified at Head of Bight with a calf, 1996 to 2016.  
 

3.4.5 Apparent mean calving interval 

A total of 459 reproductive females were recorded at HoB, producing a total of 980 calves 

between 1991 and 2016. Of the 459 individual reproductive females, 186 (41 %) were 

recorded with a calf on two or more occasions, providing 471 inter-calf intervals (n=663 calves) 

for analysis of mean recorded calving interval (Table 3-2). Of the 471 inter-calf intervals, 

available for analysis, 78.9% of intervals recorded were five years or less and 21.1% of 

intervals recorded were greater than five years. Intervals of greater than five years were 

excluded from the analysis as they may represent a missed calving event: the animal may 

have calved at an alternate location or been missed by observers at HoB, or they may have 

had a still born calf or a calf that died earlier. 
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Table 3-2: Number of photographed female Southern right whales with a calf (bolded bottom 

cell of each column), and number of those same individuals photographed with a calf in 

subsequent years (in the row corresponding to the bolded cell) at Head of Bight between 1991 

and 2016.  

 

The mean observed calving interval for individual reproductive females at HoB was 3.3 

(SD=0.8, ± 0.3, 95% CI) years, excluding observed intervals greater than five years (Figure 3-

8 and Figure 3-9). The most frequent mean annual calving interval across all years between 

1996 and 2016 was three years representing 59.6% of intervals, followed by four year intervals 

(26.5%), five year intervals (9.7%) and two year intervals (4.2%) (Figure 3-9). There was no 

significant difference in the mean recorded calving interval across years, although the last four 

years displayed a greater spread of data compared to prior years (Figure 3-9). The mean 

calving interval increased to above four years in 2015 and 2016 for the first time in the 26-year 

dataset. There were no three-year calving intervals recorded for calving females at HoB in 

2015 and the second fewest three year intervals were recorded in 2016 (21% of calving 

females). 

 



56 
 

 

Figure 3-8: Mean calving interval for southern right whales identified in photographs between 1996 and 
2016 at Head of Bight, South Australia, displayed as a box plot with the mean displayed as black 
horizontal line, standard deviation as white box and range displayed as vertical tails or black dots. 

 

 

Figure 3-9:  Frequency distribution of intervals between observed calving of individually 
identified southern right whales at Head of Bight, South Australia between 1996 and 2016.  
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Apparent mean calving interval using HoB and WAM data combined  
 
A total of 267 individual females were matched to the WAM catalogue (1993-2004 and some 

individuals to 2007). The cross matching of the two datasets between 1991 and 2007 for 

HoB and 1993 and 2004 for WAM resulted in an additional 73 calving events for analysis, to 

add to the 500 calving events recorded in the HoB dataset in 2007 (Burnell, 2008). When 

sighting histories for the 267 matched individuals were updated from the WAM catalogue 

(1993-2012 inclusive) and the HoB catalogue (1991-2016 inclusive), 207 calving events 

recorded in the WAM catalogue contributed to the 910 calving intervals in the HoB 

catalogue. The matching exercise resulted in 27 additional reproductive females meaning 

that these individuals were sighted at HoB as unaccompanied adults and by the WAM 

surveys as calving females. 

The mean observed calving interval for individual females recorded for the HoB data was 3.3 

years (SD=0.78, ± 95% CI 0.14), which is the same as the calving interval recorded for HoB 

data only of 3.3 years (SD=0.8, ± 0.3, 95% CI).   

 

3.4.6 Shifts in calving intervals 

Shifts in calving intervals by reproductive females were observed for the Australian SRW 

population. The prior calving intervals were studied for individuals recorded with a four-year 

calving interval in 2015 and 2016 to see if a ‘shift’ in calving cohort had occurred and influenced 

the reduced number of observed three year intervals. On two occasions, a reproductive female 

shifted its calving interval from three to four years. One female had a prior calving interval of 

two years, followed by a four-year interval.  

The increase in the mean calving interval recorded in 2015 and 2016 was also influenced by 

a greater proportion of calving intervals recorded above five years. For example, the mean 

percentage of individuals with greater than five year intervals in 2015 of 25.8% and 2016 of 

25.3% significantly exceeded the overall mean of 9.8%.  

3.4.7 Age at first parturition 

A total of 362 individuals was photographed and identified in their year of birth, of which 69 

were re-sighted in at least one subsequent year, and provide the majority of the individual 

whales of known age within the Australian population. Within the catalogue of known aged 

individuals, 23 were since sighted with a calf providing information on age at first parturition. 

The minimum age at first parturition recorded in this study was six years, showing that SRW 

can become sexually mature as early as five years old. The maximum age at first parturition 

recorded was 18 years. The individual first sighted with a calf at 18 years was considered to 

have likely calved at another location earlier and was excluded from the analysis. The median 
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age at first parturition was 9.5 years with a mean of 9.3 years (n=22, SD=2.1, SE=0.46, ±0.9, 

95% CI) (Figure 3-10). 

 

Figure 3-10: Frequency distribution of age at first parturition of Southern right whales of known 
age at Head of Bight, South Australia (n=23). 
 
 

3.4.8 Longevity  

The oldest known female is an adult female (H9220) first photographed in 1970 off Boston 

Bay, SA. She was sighted 14 times between 1970 and 2010 and 12 of those times were at 

HoB with the first in 1983. The next oldest SRW is a female (H9318) sighted with a calf in 

1984 who returned to HoB with a calf 10 times between 1984 and 2016. Another three females 

were identified with a calf in 1984 and were last sighted at HoB in 2014, 2007 and 2005, 

respectively (the last sighting of these individuals were all with a calf).  

 

3.5 Discussion 

Long term trends in abundance and life history parameters provide critical information for 

population recovery assessment and monitoring of changes to a population over time. This 

study reports on the long-term trends in abundance and life history parameters including 

apparent mean calving interval and age at first parturition at HoB - the most important calving 

ground for SRWs in the ‘western’ sub-population in Australia. Abundance trends and life 

histories were presented using 26 years of unbroken time-series count and photo-ID data 

collected annually between 1991 and 2016. The estimates of the life history parameters 

presented in this analysis update those previously reported for this population for the years 
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1991 to 2007 (Burnell, 2001 and 2008) with a total of 26 years of data included in this 

assessment compared to 17 years reported by Burnell (2008).  

The estimates presented here relate to a single large calving aggregation area on the 

Australian coastline at HoB, SA. This is not a closed population and the estimates were 

confounded to some extent by movements in and out of the site and from other coastal 

aggregation areas outside of HoB, primarily from the remainder of the ‘western’ sub-

population.  

3.5.1 Long term trends in abundance 

To detect changes in the rates of increase and recovery of long lived and slow to recover 

marine mammals, long term monitoring in the order of decades is required. Detecting changes 

in the rate of increase in SRW requires annual monitoring due to their three to four-year calving 

cycles. To detect change on a time scale relevant for management, assessment of each 

breeding cohort is required (Bannister et al., 2011, Burnell, 2001). At HoB, the updated 

estimated mean annual rate of increase of 5.5% (± 1.07) p.a. based on the mean CAGR for 

all whales sighted between 1992 and 2016 was consistent with estimates of 5.3% p.a. for the 

years between 1991 and 2006 (Burnell, 2008). Using a simple linear regression of the 

logarithm of annual count data, the rate of increase for ‘all animals’ was 3.7% and resulted in 

a lower value although within the bounds of the confidence intervals of the overall ‘western’ 

population of 5.6% (95% CI 3.78, 7.36) p.a. (Bannister, 2017). For reproductive females, the 

updated rate of increase at Head of Bight of 4.9% (95% CI 0.85) p.a. was slightly lower than 

the previous estimate of 5.4% p.a. for the years 1991-2006 (Burnell, 2008). When compared 

to the estimate for the ‘western’ sub-population of 6.01% (95% CI 3.49, 8.59) p.a. (Bannister, 

2017), the rate of increase of 4.6%, is also lower, although within the bounds of the confidence 

intervals. The growth rate of SRW at HoB relative to the overall western population appears 

to have declined slowly over time, possibly representing saturation of the HoB aggregation. 

Current estimates suggest that SRW in the ‘western’ sub-population and at the HoB 

aggregation area, are increasing at or near the estimated biological maximum rate of increase 

for the species of 6-7% p.a. (IWC, 2013).  

Changes in the rate of increase in abundance at HoB compared with the overall Australian 

population were reported for years 1992-2007 (Burnell, 2008) and are likely attributed to 

increased immigration and emigration across the aggregation areas in Australia, with an 

increasing population. Although known female SRWs at HoB display a high degree of 

philopatry (Burnell, 2001, Charlton 2017 – Chapter 4), coastal movements and changes in 

selected calving habitat are also known to occur (Burnell, 2001, Pirzl et al., 2009, Charlton, 

2017 – Chapter 6). As the population increases, what are likely to be historically used 
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aggregation grounds are re-emerging (Bannister, 2017; DSEWPaC, 2012). The finding in this 

study that the proportion of the annual sightings of individuals from the ‘western’ sub-

population occurring at HoB has decreased from approximately one half to a fifth since the 

early 1990’s supports the assumption that reproductive female whales emigrate from HoB to 

other small or emerging aggregation areas.  

The rate of increase of reproductive females for the ‘western’ sub-population in Australia and 

at HoB is also lower than SRW populations elsewhere in the world. The South African 

population of SRWs has been increasing at an estimated 6.8% (± 0.4%) p.a. between 1979 

and 2008 (Brandão et al., 2011). The Argentinean population is increasing at an estimated 

6.0% (± 0.5%, 90% CI) p.a. for years between 1979 and 2010 (IWC, 2013). In contrast, the 

NZ population and the ‘eastern’ Australian sub-population are estimated to be increasing at a 

different rate from other SRW populations. The difference in growth rates is considered to be 

as a result of increased historical whaling pressure being more concentrated in the South 

Pacific Ocean leading to the absence of a remnant stock of whales returning to the area (IWC, 

2013). The NZ population of SRWs is estimated to be increasing at a rate of 4.8% (95% CI, 

2.4% to 6.4%) p.a. between 2006 and 2016 (Davidson et al., 2016), whilst the ‘eastern’ 

Australian sub-population is showing no signs of increase (Bannister, 2017). The lower rate of 

increase recorded at HoB is likely reflective of the site being an open population and regular 

movement of individuals into and out of the area, from the broader ‘western’ sub-population. 

Similarly, lower rates of increase were recorded for HoB compared with the overall ‘western’ 

sub-population for 1992-2006 reported in Burnell (2008). 

Within the overall increasing trends in abundance at HoB, SRWs display three to five year 

peaks in abundance corresponding to different calving cohorts, driven by the three to five-year 

calving intervals. Individual female calving intervals can vary in time and result in changes to 

the size of each breeding cohort and subsequently result in trends in peaks in abundance at 

the site (Burnell, 2008). For example, the high abundance recorded at HoB in 1998 and in 

2005 was a direct result of a number of calving females from 1994 and 2001 ‘switching’ from 

the typical three-year interval to a four-year interval and effectively redistributing into the 1995 

and 2002 breeding cohorts respectively (Burnell, 2008). Similar changes in calving intervals 

and shifts in calving cohorts have also been observed in Argentina and South Africa (Best et 

al., 2001, Cook et al., 2001).  

3.5.2 New calving females not previously sighted at HoB 

The number of new calving females not previously sighted at HoB grew from a mean of 15% 

of all female and calf pair sightings (1995-1999), to a mean of 48% (2012-2016). This 

increased percentage of new breeding females to HoB relative to individuals sighted 
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previously at HoB with a calf can only be due to increased emigration of females that had 

already calved or immigration of new calving females into the study area. Further modeling is 

required to compare the expected recruitment of first time breeders versus the immigration 

and emigration of calving females to and from the study area. To assess the within and across 

seasonal movements of whales between aggregation areas and to understand the mixing 

between the ‘western’ and the ‘eastern’ sub-populations and NZ, a comparison of SRW photo-

ID’s catalogues from Australia and New Zealand is required. 

3.5.3 Mean observed calving interval 

The mean observed calving interval shows no significant difference across the duration of this 

study, with an overall mean calving interval of 3.3 years (SD=0.8, ± 0.3, 95% CI). A mean 

apparent calving interval of 3.4 years (95% CI, 3.29 - 3.46 years) for 1991-2007 at HoB was 

recorded by Burnell (2008). The mean observed calving interval for the HoB is comparable 

with estimates for the SRW population in South Africa of 3.16 years (95% CI, 3.13-3.19) 

(Brandão et al., 2011) and the SRW in Argentina of 3.42 years (SE=0.11) (Cooke et al., 2003). 

The increase in the observed mean calving interval in 2015 and 2016 of 4.2 and 4.1 years 

respectively, was influenced by a greater proportion of calving intervals above five years 

recorded. The extended field seasons during 2014-2016 meant that females passing through 

the area were captured through photo-ID and may have fidelity to other areas for 

calving/nursing and were just passing through HoB, thus possibly leading to increased 

recordings of five year intervals or above. It is also possible that calving events were not 

detected in prior years. Although a low occurrence of shifts in calving intervals was recorded 

in 2015 and 2016, this does not entirely explain the increased mean calving interval from three 

years to four years recorded in 2015 and 2016. Further investigation into the connectivity of 

whales from HoB to other Australian aggregation areas and assessment of potential links 

between reproduction, feeding, health and climate factors is required to assess drivers of 

observed changes in calving intervals. 

Burnell (2001) hypothesised that a two-year calving interval represents a female that has lost 

a calf in the preceding year and has therefore become pregnant in the following year, resulting 

in a two-year cycle. A female (H9216) was reported with a two-year calving interval in 1994 

and 1996, and was recorded losing her neonate calf in 1992 and 1994 (Burnell, 2001). The 

body condition of this female appeared moderate judging from the fat reserve on the post blow 

hole, based on visual observations of photo-ID images (1992, 1994, 1996, 1998, 2000). This 

individual has not been sighted at HoB since 2000.  

Variation in calving rate (not due to measurement error or loss of calves) may have been 

influenced by climate factors impacting changes to calving intervals (Pirzl et al., 2009). Links 
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between sea surface temperature in feeding areas and the calving success of Southern right 

whales in Argentina have been documented (Leaper et al., 2006). Inter-annual variability 

observed in the Australian SRW population was related to Southern Ocean climate factors 

(Pirzl et al., 2009). SRW reproductive success was linked to krill density and climate for SRWs 

in Brazil (Seyboth et al., 2016). Climate associated changes in prey availability was linked to 

a depression in calving intervals and population growth of critically endangered North Atlantic 

right whales (Meyer-Gutbrod et al., 2015). Reproductive success was linked to body condition 

for ‘western’ grey whales (Bradford et al., 2008) and North Atlantic right whales (Miller et al. 

2011 and 2012). Foraging and distribution patterns of SRWs in the Southern Ocean are poorly 

understood, causing difficulty in making a correlation between prey abundance, climate factors 

and demographic parameters. Further assessment is required to identify linkages between 

climate, prey availability, body condition and reproduction for right whales globally. At HoB, 

the positive anomalies in SRW calf production observed in 1998, 2005 and 2016, the negative 

anomaly observed in 2007 and 2015, and the increase in four-year calving intervals in 2015 

and 2016 require further assessment.  

Results demonstrate that the HoB population is an open population. Whilst females display 

philopatry to HoB, observations of calving events outside of HoB strengthen the analysis of 

life history parameters for this population. However, the additional sightings of 207 calving 

events available through the WAM catalogue resulted in no significant difference to the 

apparent calving interval of 3.3 years recorded for HoB. The analyses do not consider calving 

intervals of six years or greater and therefore calving events that may have been missed at 

HoB that were detected by the WAM surveys were not included in this assessment. For 

example, if an individual was recorded at HoB having a six-year interval when in fact she was 

sighted outside of the HoB by the WAM aerial survey on a three-year interval, this reduced 

calving interval is not accounted for the mean apparent calving interval analysis. Therefore, 

when including six year intervals, the mean may be lower for the WAM and HoB analysis 

compared with HoB alone.  

3.5.4 Age at first parturition  

Apparent age at first parturition data indicate that sexual maturity can be reached by age five, 

at least in some individuals. The median age of first parturition was 9.5 years and the oldest 

first-time mother observed was 18 years. The mean age at first parturition at HoB of 9.3 years 

(SD=2.1, ± 0.9, 95% CI, n=22) is consistent with earlier calculation of a median age at first 

parturition of 9 years and a mean of 9.1 years (± 0.48, 95% CI) by Burnell (2008). A mean age 

at first parturition of 8.6 years was recorded off South Africa (Brandão et al., 2011), and a 

mean age of 9.1 years was recorded off Argentina (Cooke et al., 2001) and more recently at 

8.4 years (IWC, 2013). To estimate age at first parturition of SRW in South Africa, only females 
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that have a white dorsal blaze were included (Brandão et al., 2011). The slighter lower age at 

first parturition recorded in South Africa is likely attributed to the fact that the surveys in 

Argentina include the whole population whereas the surveys at HoB do not. It is possible that 

calving events may have occurred in areas outside of the study area and thus reflected a 

different mean age at first parturition.  

3.5.5 Longevity  

 
The oldest known female was first sighted in 1970 and based on size and body shape was 

assumed to be a mature adult at that time and therefore she would have already been about 

9 years old. However, she has never been sighted with a calf and her age at first sighting is 

unknown. The female was sighted 12 times at HoB without a calf, with the last sighting in 

2010, which would put her at about 50 years old. The oldest known breeding females were 

sighted with a calf in 1984 and therefore the mean age of first calving of nine years is assumed. 

The oldest recorded female was last sighted at HoB in 2016 and therefore was around 41 

when she had her last calf and the other was last sighted with a calf in 2014 and was therefore 

around 39 when she had her last calf. Therefore, calving females between the ages of 6 and 

around 41 years were recorded at HoB. The oldest Right Whale reported was a female North 

Atlantic Right Whale that was photographed with a calf in 1935 and authors estimated that 

she was at least 10 at the time. Therefore, they used 70 as her age and she was last seen in 

August 1995 with a large propeller wound (Hamilton et al., 1998). The lifespan of Bowhead 

whales, a close relative to the Right Whale is known exceed 200 years (Keane et al., 2015).  

 

3.5.6 Conclusion 

In this study, long term trends in abundance and life history parameters for SRWs at their 

major aggregation ground at HoB are presented using 26 consecutive years of photo-ID mark 

recapture data. Data from the annual WAM aerial surveys were also integrated into this 

project. The combined dataset provides information to directly address key priorities and 

objectives in the Commonwealth SRW Conservation Management Plan to understand life 

history parameters and measure population growth. Baseline data are provided for 

assessment of potential before and after assessment of impacts associated with marine based 

activities in the broader area. Key findings of this study show that the rate of increase in the 

population of SRW at HoB is consistent with prior findings for this site, and are lower than 

recorded rates for the ‘western’ sub-population of SRWs in Australia and the maximum 

biological rate of increase for the species. The change in the relative proportion of SRW at 

HoB compared with the annual sightings for the ‘western’ sub-population indicates that 

movement of individuals into and out of the area is increasing with an increasing and 
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expanding population. Estimated demographic parameters including mean calving interval, 

age at first parturition compare favorably with previous research completed for this population 

(Burnell, 2001), and with studies on other SRW populations in the Southern Hemisphere 

(Payne et al., 1990; Best et al., 2001; Cooke et al., 2001 and 2003; Brandão et al., 2011). 

Information provided by this study can be used to inform population status and recovery 

assessment, expanding habitat use, linkages to health and climate factors, and global 

comparative studies of SRW populations. For a complete assessment of SRW life history 

parameters and recovery in Australia a national assessment collating all available photo-ID 

mark recapture datasets is recommended. 
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4.1 Abstract 

Residency, site fidelity and date of calving for Southern right whales (Eubalaena australis) in 

South Australia were assessed using 26 years of photo-identification mark recapture data. 

Shore based count and photo-identification studies were undertaken annually at the major 

aggregation and calving area at the Head of the Great Australia Bight (HoB) between 1991 

and 2016. Although the mean residency varies over time, females with calves of the year will 

spend up to 2-3 months in aggregation areas, while unaccompanied adults are more transient 

with much shorter residency periods. Over the 26 years documented in the study, the number 

of females identified calving at the site increased from 81 to 459. The mean within-year 

residency of females with calves declined from 70.1 days recorded during 1992-1994 

compared with 40.0 days during the 2014-2016 period. Mean residency for unaccompanied 

adults of 20.4 days during 1992-1994 was recorded compared with 14.7 days during 2014-

2016. Site fidelity was displayed for 67% of calving females, consistent with previous findings 

for this population. Site fidelity of females with calves to HoB was displayed for 41% (n=187) 

of the population that were sighted more than once with a calf. Females were recorded 

returning to the study site to calve up to 10 times with the mean number of calves per individual 

was two (SD=1.7). The calculated mean date of calving at HoB is July 23. Evidence of natal 

site fidelity was provided (n=23). The probability of calves being resighted at HoB was greater 

six years after birth, supporting the theory that calves may disperse to other areas and return 

to their site of birth once they reach sexual maturity. Results highlight the importance of 

wintering aggregation areas for southern right whales and the need to understand more about 

the movement and connectivity of the population across southern Australia. 
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4.2 Introduction 

Southern right whales (SRWs) Eubalaena australis, have a circumpolar distribution between 

16˚ and 65˚ S and migrate to the Southern Hemisphere aggregation areas between May and 

November to calve, mate and rest. SRWs were protected from commercial whaling in Australia 

in 1935, although signs of population increase were delayed until the 1970’s due in part to 

illegal pelagic catches by the Soviet Union (Tormosov et al., 1998). Signs of the return of SRW 

to the Australian coastline were recorded in the 1960’s and 1970’s (Bannister, 1994). 

Female SRWs typically show strong fidelity to calving and nursing grounds (Best and Scott, 

1993; Burnell, 2001; Crespo et al., 2017; Rowntree et al., 2001). Long-term photo-identification 

(ID) studies show that females return to the same areas to calve over several decades 

(Bannister et al., 2011; Best et al., 2001; Burnell, 2001; Charlton, 2017 – Chapter 3). Early 

SRW sightings globally were restricted to areas where the largest remnant populations existed 

(Burnell, 2001; Rowntree et al., 2001, Bannister, 2001). Conspecific attraction and historic 

whaling effort combined with philopatry appear to be the main drivers of SRW calving ground 

occupation (Payne, 1986; Best et al., 2001; Burnell, 2001, Rowntree et al., 2001; Pirzl, 2008). 

While site fidelity of SRWs to calving grounds is typically high, there is evidence that SRWs 

can shift selected calving habitat and display flexibility in their philopatric behaviour (Best et 

al., 1993; Groch et al., 2005; Carroll et al., 2014; Charlton, 2017 – Chapter 5). Movement of 

calving and non-calving adults has been recorded across broad distances within and across 

seasons (Pirzl et al., 2009; Charlton, 2017 – Chapter 6; Roux et al., 2015). 

The long-term relative abundance and distribution of SRWs in Australia is well understood 

through annual aerial studies undertaken by J. Bannister of the Western Australian Museum 

(WAM) since 1976 (Bannister, 2001 and 2017; Bannister et al., 2011). The current population 

estimate for SRWs in Australia is 2,500, with 2,200 in the western sub-population and less 

than 300 in the eastern sub-population (Bannister, 2017). The western sub-population is 

showing signs of increase at a rate of approximately 6% per year, which is at or near the 

biological maximum for the species of 6-7% (IWC, 2013), while the eastern sub-population is 

not showing any signs of increase (Bannister, 2017). SRW wintering aggregations are 

distributed between Albany in Western Australia (WA) and Warrnambool in Victoria, with rare 

sightings recorded as far north as Exmouth in WA and Moreton Bay, Queensland on the east 

coast. In Australia, SRWs have dispersed their winter habitat range into small and emerging 

aggregation areas with increased abundance in south-western Australia in recent years 

(Bannister, 2017; DSEWPaC, 2012; Charlton, 2017 – Chapter 6).  

Shore based research on the population biology of SRWs has been undertaken at one of 

Australia’s largest and most important calving aggregation areas at the Head of the Great 
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Australian Bight (HoB) in South Australia (SA) (31˚28’S, 131˚08’E) from 1991 to present 

(Burnell, 2001; Burnell and Bryden, 1997; Charlton, 2017 – Chapter 2 and 3). Coastal 

aggregation areas on the southern coast of Australia are occupied by SRWs between May 

and October with peak numbers recorded in August (Burnell, 2001; Charlton, 2017 – Chapter 

2). Females with calves are known to reside in calving grounds for two to three months 

(Burnell, 2001). Information on residency and site fidelity for the Australian SRW population 

was reported for years 1991-1995 (Burnell and Bryden, 1997; Burnell, 2001). Mean residency 

periods of 70.9 days were recorded for female and calf pairs and 20.4 days for unaccompanied 

adults (individuals not accompanied by a calf of the year) (Burnell and Bryden, 1997). Site 

fidelity to the HoB aggregation area was reported for 69% (n=56) of females with a calf sighted 

at HoB between 1991 and 1995 (n=81) (Burnell, 2001). For unaccompanied adults, site fidelity 

to the HoB aggregation area was reported for 23.4% (n=46) of the total 197 individuals 

identified at HoB between 1991 and 1995 (Burnell, 2001). Of the 20 calves identified at HoB 

during 1991-1995, 17 (85%) displayed site fidelity to their place of birth. Natal site fidelity could 

not be assessed because at the time of the Burnell (2001) study, the calves identified in their 

year of birth (1991-1995) had not reached sexual maturity. The mean date of calving for SRW 

was reported as July 16 (Burnell and Bryden, 1997). An additional 19 years of data is now 

available from annual research undertaken at HoB during 1996-2016 to update previous 

findings on residency, site fidelity and date of calving of SRWs in Australia (Burnell and 

Bryden, 1997; Burnell, 2001). During this time the abundance and number of photo-IDs in the 

HoB catalogue has significantly increased. Between 1991 and 1995 the mean maximum 

abundance recorded on a single day per year at HoB was 55 (SD=9.1, range=43-65) 

individuals and the number of individuals identified was 350 (Burnell, 2001). Mean maximum 

abundance recorded on a single day per year at HoB between 1996 and 2016 was 105 

(SD=36.9, range=49-172) individuals and the number of individuals identified was 836 

(Charlton, 2017 – Chapter 3). 

The long-term photo-ID study at HoB (1991-2016) provides an unbroken time series dataset 

with sighting histories of known individuals. The HoB photo-ID catalogue currently (to the end 

of 2016) includes 1,186 adults including 459 reproductive females and 910 calving events 

(Charlton, 2017 – Chapter 3). The HoB photo-ID dataset provides the only information on 

known aged individuals photographed in the year of their birth to assess natal site fidelity for 

the Australian SRW population. 

With an increasing population and evidence of habitat dispersal of SRWs in south-western 

Australia, there is a need to assess changes to residency and site fidelity to inform 

management of changes to the site occupancy of SRW in wintering aggregation areas in 

Australia. Recovery actions in the Commonwealth Conservation Management plan for the 



68 
 

SRW include research into the population biology, movements and connectivity of SRWs. This 

study aims to assess residency, site fidelity and date of calving of SRWs at major calving 

aggregation area at the HoB in SA using 26 years of photo-ID mark recapture data (1991-

2016). 

4.3 Methods 

4.3.1 Study site 

Head of Bight is in the Great Australian Bight (GAB) in the far west of SA (31° 29' S, 131° 08' 

E, Figure 4-1) approximately 270 km west of Ceduna and 210 km east of the WA border (using 

shortest swim distance). The site is adjacent to Yalata Aboriginal Land on Bunda Cliffs of the 

Nullarbor Plain. The HoB aggregation area is within the Marine Mammal Protection Zone of 

the GAB Commonwealth Marine Reserve and the Far West Coast State Marine Park. The 

GAB Marine Reserve was established in 1995 to protect the wintering SRW aggregation at 

HoB. The study site is selected to include the primary aggregation area and extends 

approximately 15 km along the coast and 8 km offshore (Figure 4-1). The HoB study was 

completed from land based vantage points of 33 m – 53 m elevation. 

 

Figure 4-1: Boundaries of the study site and location of observation stations for southern right 
whales at Head of Bight in the central Great Australian Bight, South Australia. 
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4.3.2 Data collection 

The study methods are consistent with the long-term shore based population census and 

photo-ID study, completed annually at HoB between 1991 and 2016 (Burnell and Bryden, 

1997; Burnell, 2001; Charlton, 2017 – Chapter 1 and 3).  

Study period 

Field surveys were completed at HoB annually between June and October 1991-2016. For 

inter-annual comparison of maximum daily counts during the peak season, surveys were 

completed between mid to late August. Outside of that period, the study effort was variable 

across years. During 1991-1997 and 2014-2016 surveys were undertaken between June and 

October and provide comparable data to assess SRW residency and date of calving. Site 

fidelity is assessed using 26 years of photo-ID mark recapture data at HoB.  

Photo identification 

Photo-ID of SRW is achieved through photographing the callosity patterns on the rostrum and 

lower lips of individual whales and resighting individuals over time. Callosity patterns are 

keratinised skin patches colonised by cyamids that form on the dorsal surface of the rostrum, 

the lip line of the lower jaw and just posterior to the blowhole on SRWs (Payne et al., 1983). 

Callosities that appear white from a far provide individually unique markings on SRWs that 

persist throughout life (Payne et al., 1983). To record callosity patterns and other unique 

identifying marks, high resolution telephoto images are taken from the cliff top vantage points 

at HoB. A Nikon 7100 or D100 digital SLR camera with a Nikon 500 mm (effective 750 mm) 

or Sigma 500 mm lens mounted on a Manfrotto tripod is used for ID photography.  

Dorsal and ventral photographs are obtained wherever possible. Left and right lateral 

perspectives of callosity patterns, as well as the size and shape of ventral pigmentation (also 

persistent and unique) and the ano-genital configuration (sex) are documented with 

opportunistic photographs. Markings and any scarring are likewise photographed. Photo-ID is 

not possible when whales are further offshore than 300 m, nor for whales residing in the area 

off the beach at the eastern end of the study site. Since movement around the aggregation 

area is common, many of the individual whales present are likely to be available for photo-ID 

at some stage during the surveyed days. Photography was concentrated primarily on adults 

as callosity patterns are well developed. Photo-ID effort for calves was increased later in the 

season, as they are generally too young to distinguish unique callosity patterns for future 

identification mark-recapture early in the season. 

Digital photo-ID images were sorted daily in the field, including within season cross matching 

of individuals to document the total number of individuals identified in that year. Individuals 
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were then matched against the long-term catalogue (Big Fish v6 Microsoft Access), including 

all calves photographed in previous years to document previously sighted and newly sighted 

whales.  

Photo-ID images were contributed by J. Bannister of the WAM from annual aerial surveys 

completed at HoB (2014-2016) and the long-term HoB photo-ID catalogue includes sighting 

histories from matches completed with the WAM catalogue 1993-2007 (Burnell, 2008). The 

methodology for collection of images during annual aerial surveys are outlined in Bannister 

(2016) and summarised in Charlton (2017- Chapter 6). Individual sighting records from aerial 

survey photo-ID images contribute to the assessment of site fidelity and residency. Because 

of the 3-4-month duration of the study period in 2014-2016, the aerial survey data from the 

single survey contributed single resights of individuals that were sighted many times 

throughout the season. Therefore, the observer bias introduced by including aerial survey 

images is obsolete. 

In collaboration with Murdoch University, Unmanned Aerial Vehicles (UAVs) were used in 

2016 to photograph SRW at HoB and these images contributed to the assessment of 

residency. The collection of photo-ID images using UAV’s was a part of a wider study to assess 

SRW body condition by Murdoch University Cetacean Research Unit:  http://mucru.org/our-

research/research-projects/baleen-whale-body-condition/. Aerial surveys and UAV’s provide 

access to whales in the east of the study area that are unavailable for cliff based photography. 

4.3.3 Data Analysis 

Residency 

Residency of females with calves and unaccompanied adults within a season were assessed 

using photo-ID mark recapture resights between June and September 2014-2016. Mean 

residency periods recorded for 2014-2016 were compared with earlier published data for 

1992-1994, collected between June and October (Burnell and Bryden, 1997). Residency was 

assessed for individuals that were sighted at least twice and the date of first and last sighting 

was considered the residency period. The assessment of residency was limited by the survey 

duration and the residency is considered a minimum duration that SRWs occupy the site. 

Residency recorded during 2014-2016 is compared with prior studies for this area during 

1992-1994 (Burnell and Bryden, 1997). The early 1990’s study was completed for a mean of 

116 days across three seasons, whilst this study was completed for a mean of 98 days across 

three years. Therefore, the results are skewed due to the shorter survey period in 2014-2016. 

The resights collected using UAVs are excluded from the comparison of mean residency 

period between 2014-2016 and 1992-1994. The UAV resights are used for a comparison of 

the mean residency of female and calf pairs and unaccompanied adults in 2016 using two 

http://mucru.org/our-research/research-projects/baleen-whale-body-condition/
http://mucru.org/our-research/research-projects/baleen-whale-body-condition/
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methodologies: 1) cliff based photo-ID only, and; 2) cliff based and UAV photo-ID. The 

comparison of mean residency using the two methods improves the assessment of residency 

and provides data to inform the future direction of the research. 

Site fidelity 

Site fidelity was assessed for the calving female population using 26 years of inter-annual 

resights using photo-ID mark recapture. An individual was considered to display a degree of 

fidelity to HoB if it was sighted at least twice at HoB in different years, either with a calf or 

without. The fidelity of females with a calf was assessed based on the number of sightings of 

a female with a calf in different years.  

The site fidelity of SRW seen only once at HoB and not sighted elsewhere was deemed 

indeterminable (Burnell, 2001). This study assessed only sighting histories recorded at HoB 

and does not consider other sightings of the same individuals in other areas in Australia. 

Therefore, an individual that displayed site fidelity to HoB may also display fidelity to another 

area. For example, an individual may have been sighted with a calf in two different years at 

HoB but also been sighted during the WAM aerial surveys with a calf on three occasions in 

Esperance, WA. This study attempts to assess only site fidelity to HoB. Burnell (2001) 

assessed the site fidelity of individuals to HoB relative to other areas by including sighting 

histories of individuals from the south-west and the south-east of Australia. Given the number 

of non-calf individuals identified in the HoB dataset alone (n=1,186) and the Western 

Australian dataset (~2,500), it was not feasible to assess all sighting histories in this study.  

Natal site fidelity 

Calves identified in their year of birth at HoB that were later sighted with a calf of their own at 

HoB were considered to have natal site fidelity. The mean number of calves for each individual 

with natal site fidelity was assessed. The probability of sighting the calves at HoB prior and 

post maturity was assessed by plotting the total number of calves identified against the number 

of calves resighted prior to the mean age of first parturition of nine years (Charlton, 2017 – 

Chapter 3).  

Date of calving 

The date of calving was estimated using data from three seasons (2014-2016) when data was 

collected between mid-June and the end of September and resight information on pregnant 

females is available. A female was determined pregnant if she was sighted as an 

unaccompanied adult and later that season sighted with a calf. The mean date of calving was 

estimated using the average between the last day an individual was sighted as a pregnant 

female (or unaccompanied adult) and the first date sighted with a calf. There is a bias 
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considering that the exact date of calving is unknown. By selecting the mean date between 

sightings the adult without a calf (underestimate) and with a calf (overestimate) is considered 

counteract the bias. This data builds on the assessment of date of calving completed by 

Burnell and Bryden (1997) using data from 1993-1994. 

4.4 Results 

4.4.1 Residency 

Photo-identification success 

The photo-ID success and effort varied among years. Whilst the study period was consistent 

among years with surveys completed across 100 days in 2014 and 2016 and 98 days in 2015, 

the photo-ID effort varied.  The number of sightings recorded per year between 2014 and 2016 

for female and calf pairs was 552, 203 and 247, respectively and for unaccompanied adults 

was 157, 133 and 44, respectively. Inter-annual variation in maximum abundance of SRWs at 

HoB and in number of individuals photo-ID’d in the study site was also observed between 

2014 and 2016 (Table 4-1).  
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Table 4-1: Southern right whale study periods at Head of Bight, South Australia, 1992-1994 and 2014-2016, mean residency periods for calving females and 
unaccompanied adults, maximum daily counts per year and photo identification success, and mean number of resights.  

 

  Mean days within aggregation 

area and range 

Maximum daily count, (number of 

individual’s photo identified) and 

photo ID success (%) 

Mean resights per 

individual (range) 

Year Start-Finish dates and 

study period (days) 

Calving 

females  

Unaccompanied 

adults  

Calving females  Unaccompanied 

adults  

Calving 

females  

Unaccompanied 

adults  

1992 25 Jun - 10 Oct: 111 72  18  18 (17) 94% 7 (18) 257%   

1993 18 Jun - 13 Oct: 120 75  20  26 (26) 100% 21 (41) 195%   

1994 19 Jun – 12 Oct: 116 66  21  23 (24) 104% 24 (74) 308%   

Mean 1992-

1994 

116 days 70.9 (1-118) 20.4 (1-93) 22 (67) 100% 17 (133) 256%   

2014 19 Jun - 28 Sept: 100 23 (1-73) 13 (1-52)  60 (87) 145% 17 (47) 276% 3 (1-10) 2 (1-6) 

2015 18 Jun - 25 Sept: 98 47 (1-92) 18 (1-47) 28 (36) 129% 27 (78) 289% 6 (1-17) 2 (1-5) 

2016 16 Jun - 25 Sept: 100 48 (1-99) 14 (1-47) 81 (92) 114% 29 (105) 362% 6 (1-22) 2 (1-8) 

Mean 2014-

2016 

99 days 40 (1-99) 14.7 (1-52) 169 (215) 127% 73 (230) 315%   
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Photo-ID success was high and exceeded 100% when the number of individuals photo-

ID’d was compared to the maximum daily count of the year, for female and calf pairs and 

unaccompanied adults. The total number of female and calf pairs photo-ID’d between 

2014 and 2016 (n=215), exceeded the maximum daily counts (n=169), by a third. There 

was some inter-annual variation in the number of individuals photo-ID’d relative to the 

maximum daily count. For example,  the number of female and calf pairs photo-ID’d 

exceeded the maximum daily count by 1.45 times in 2014, 1.29 times in 2015 and 1.14 

times in 2016 (Table 4-1). For unaccompanied adults the total number of individuals 

photo-ID’d between 2014 and 2016 (n=230), exceeded the maximum daily counts (n=73) 

by three times (Table 4-1). There was also inter-annual vairability in photo-ID success for 

unaccompanied adults. Photo-ID success ranged from 2.89 times the maximum daily 

count in 2014, to 3.62 times the maximum daily count in 2015. 

Residency periods 

Residency periods were available for an average of 78% (SD=20%) of females with calves 

and 38% (SD=10.4%)  of unaccompanied adults that were sighted at least twice in a 

season (2014-2016). The mean number of photo-ID resights of individual whales between 

2014 and 2016 was five (SD=2.3, range=1-22) for female and calf pairs and two (SD=1.2, 

range=1-8) for unaccompanied adults. The number of resights of individuals per year 

varied across years (Table 4-1).  

Mean residency for female and calf pairs at HoB between 2014 and 2016 was 40.0 days 

(SD=13.8, range=2-99 days) and for unaccompanied adults was 14.7 days (SD=1, 

range=2-52 days) (Table 4-1). There was inter-annual variation in the mean residency 

period recorded for females with a calf, with the lowest mean residency of 23 days 

recorded in 2014 compared with 47 days in 2015 and 48 days in 2016 (Table 4-1). The 

inter-annual variation was significant when comaring 2014 with 2015 and 2016 (p-

value=<0.0001), however there was no significant difference in the mean residency 

periods recorded in 2015 and 2016 (p-value=0.79). The mean residency of 

unaccompanied adults was consistent across years and ranged from 13 days in 2014 to 

18 days in 2015. 

Residence periods were assessed using additional sightings contributed in 2016 from the 

Murdoch University UAV study. An additional 777 sightings of females with a calf and 55 

sightings of unaccompanied adults were collected during the UAV study. Additional 

sightings resulted in a mean residency of 61 days (SD=21, range=2-99 days) for female 

and calf pairs and 15 days (SD=12, range=2-52 days) for unaccompanied adults. When 
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using the UAV and cliff based sightings, the mean residency is significantly greater (p-

value=< 0.0001, SD=22.43) for female and calf pairs and not significantly different for 

unaccompanied adults (p-value=0.65, SD=12.7), compared to using the cliff based 

sightings alone. The contribution of UAV sightings resulted in a 12 day increase in the 

mean residency for female and calf pairs and 1.4 day increase for unaccompanied adults. 

4.4.2 Site fidelity 

Site fidelity was assessed for calving females (n=459) with sighting histories available 

from at least two sightings in different years between 1991 and 2016. Sighting history was 

available for individuals that were matched to individuals previously sighted at HoB in the 

long-term photo-ID catalogue. The mean annual number of calving females that were 

matched to the long-term photo-ID catalogue between 1991 and 2016 was 67% 

(SD=20%). A maximum of 94% of females with calves were matched to the catalogue in 

1999 and a minimum of 46% of individuals were matched to the catalogue in 2011. 

Therefore, 67% of calving females display some site fidelity to HoB. Of the 459 calving 

females in the HoB photo-ID catalogue, 186 (40.5%) were sighted with two or more calves 

at HoB. The number of calves recorded at HoB for calving females that displayed site 

fidelity to the area ranged from two to ten calves, with two being the most frequently 

recorded number of calves for each individual (n=68 individual) after a single calf (n=273) 

(Table 4-2, Figure 4-2). 

Table 4-2: Number of calvings for reproductive females at Head of Bight, South Australia. 
1992-2016 
 

No. 

calves 

1 2 3 4 5 6 7 8 9 10 

# (n. 459) 273 68 46 26 17 12 11 4 1 1 

% 59.5 14.8 10.0 5.7 3.7 2.6 2.3 0.9 0.2 0.2 

 

Resights of calves occurred for 69 (16.8%) individuals out of the 410 calves photographed 

in their year of birth. The proportion of calves resighted increases after six years after birth 

(Figure 4-3).  The maximum number of calves resighted in a single year was 15 out of 25 

resights (60%) recorded in 1993.  
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Figure 4-2: Frequency distribution of number of calves produced at Head of Bight by known 
reproductive females (n= 459).  

 

Figure 4-3: The proportion of southern right whale calves resighted at Head of Bight, South 
Australia, recorded between 1991 and 2016 with the year from birth starting at 1991 extending to 
25 years after birth in 2016. 

 

4.4.3 Natal site fidelity 

Natal site fidelity was displayed for 23 of the 69 calves that were identified in their year of 

birth.at HoB and resighted there in later years. The number of calves recorded for 
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individuals that displayed natal site fidelity ranged from one to five, with a mean of two 

calves (SD=1.3). The number of sightings of individuals that returned to HoB as juveniles 

or unaccompanied adult with natal site fidelity HoB ranged from zero to five sightings, with 

a mean of 1.4 sightings (SD=1.3). For calves that displayed natal site fidelity, 43% 

returned to HoB as yearlings and 60% returned to HoB as sub-adults in their first six years 

after birth. 

4.4.4 Date of calving 

The date of calving was estimated for 19 individuals between 2014 and 2016, that were 

sighted as an unaccompanied adult (pregnant) and later sighted in the same season with 

a calf (Table 4-3). The minimum number of days between sighting as pregnant and then 

with a calf was one day, providing evidence that at least some SRW must calve within the 

HoB study area. The mean date of calving was July 23 (SD=14.6). The last sighting of a 

pregnant female occurred on July 30. The number of calves sighted at HoB increased 

between June 15 (the start of the study period) and August 20 at HoB between 2014 and 

2016 (Figure 4-4). 
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Table 4-3: Mean date of calving for female southern right whales at Head of Bight, South 
Australia (N=19), using the average date between the last sighting of female unaccompanied 
(UA) and the first date of sighting  with a calf (Cow Calf = CC).Table includes HoB code for 
known individual, the year that the female was sighted as pregnant, the date of last sighting as an 
unaccompanied adult (UA) and date of first sighting with a calf (Cow Calf = CC)  

 

HoB 
Code 

year date last sighted 
UA 

Date first sighted 
CC 

H9357 2014 25-Jun 20-Jul 

H0807 2015 25-Jun 31-Jul 

H1507 2015 2-Jul 7-Aug 

H1509 2015 1-Jul 15-Aug 

H1510 2015 9-Jul 16-Aug 

H1511 2015 19-Jul 17-Aug 

H0451 2015 2-Jul 27-Aug 

H1501 2015 27-Jun 1-Jul 

H1608 2016 25-Jun 1-Jul 

H0150 2016 25-Jun 3-Jul 

H1611 2016 25-Jun 2-Jul 

H1613 2016 2-Jul 19-Jul 

H9401 2016 19-Jul 20-Jul 

H0945 2016 29-Jun 14-Jul 

H0703 2016 29-Jun 6-Jul 

H1622 2016 8-Jul 3-Aug 

H1625 2016 19-Jun 3-Aug 

H1628 2016 18-Jul 4-Aug 

H1638 2016 30-Jul 22-Aug 

  Mean 3-Jul 26-Jul 
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Figure 4-4: Stacked plot of number of southern right whale calves sighted at Head of Bight, 
South Australia in 2014, 2015 and 2016, between mid-June and reaching a maximum abundance 
by August 20.  

 

4.5 Discussion  

4.5.1 Residency 

Southern right whale females with a calf and unaccompanied adults displayed residency 

at HoB. Residency periods for SRW calving females are known to be significantly greater 

than those for unaccompanied adults (Burnell, 2001). There was variation in the mean 

residency period for calving females between 2014 and 2015/2016. The lowest mean 

residency was recorded in the year with the greatest recorded movement of female and 

calf pairs into and out of the area (2014), based on the number of individual’s photo ID’d 

(n=87) exceeding the maximum daily count for female and calf pairs (n=60) by almost 

half. In 2014, females with calves were recorded in the area for less than a week for 20% 

of all sightings greater than one day. In contrast, of the female and calf pairs resighted at 

least once, no female and calf pairs resided for less than a week in 2015 and 3% of female 

and calf pairs resided at HoB for less than a week in 2016. Thus, movement of individuals 

through the area for short periods (<7 days) in 2014 resulted in a lower mean residency 

period. Using historical abundance trends and cohort structured breeding groups driven 

by the mean calving interval of 3.3 years for the population, 2014 is recognised as the 

largest breeding cohort (Charlton, 2017 – Chapter 3). In the year of the largest breeding 

cohort, the movements of individuals into and out of the study area throughout the season 
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increased and resulted in a lower mean residency period. Individuals moving into the area 

later in the season and staying for shorter periods of time also reduced the overall mean 

residency in 2015 and 2016.  

When using the UAV and cliff based sightings, the mean residency is significantly greater 

for female and calf pairs and not significantly different for unaccompanied adults, 

compared to using the cliff based sightings alone. The use of UAV’s provide access to 

whales in the eastern end of the study area that are not available for photo-ID from the 

cliff line. Females and their calves primarily occupy habitat in the shallow sandy gentle 

sloping bay in the east of the study area in the months of June and July. As the season 

progresses and the calf develops the female and calf pairs move along the cliffs to the 

centre and west of the study area and become available for photo-ID from the elevated 

Bunda cliffs (Charlton, 2017 – Chapter 2). UAV’s proivide excellent image quality and 

access to the whales and are recommended for future use in this study. 

The mean residency period for calving females was significantly different (p-value= 0.036) 

when comparing 2014-2016 with 1991-1994. The mean residency of 40 days during 2014-

2016 was lower when compared with the mean residency of 71 days during 1992-1994 

(Burnell and Bryden, 1997). Some of this variation is attributed to the longer study periods 

in 1992-1994 (X̅=116 days) compared to 2014-2016 (X̅=99 days), although it is likely to 

be primarily attributed to the increased abundance of whales at the site (resulting in 

reduced sampling frequency for individual female-calf pairs) and the increased movement 

into and out of the area. The lower abundance in the early 1990’s meant that the likelihood 

of collecting resights of individuals increased, introducing an observer bias. The maximum 

residency period recorded for a female and calf pair was 99 days (2016), compared to the 

maximum recorded for 1992-1994 of 118 days (1993). The total number of female and 

calf pairs photo-ID’d at HoB was 67 during 1992 to 1994 compared to 215 during 2014 to 

2016. Between 1992 and 1994 the total number of individuals identified at the site (n=67) 

did not exceed the maximum number of female and calf pairs sighted on one day. 

However, 27% (n=215) more individuals were identified during 2014-2016 than the 

maximum daily counts (n=169), indicating movement into and out of the site with 

increased abundance. Results suggest that on average females reside for longer periods 

at HoB when there are fewer whales at the site. In years of high abundance, spatial 

pressures or conspecific attraction may enhance movement out of the area and 

subsequently reduce the mean residency.  
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There was very little variation across years for the residency period for unaccompanied 

adult at HoB and the mean residency period of 14.7 days during 2014-2016 was not 

significantly different (p-value=0.16) to the mean residency period of 20.4 days recorded 

for 1992-1994 (Burnell and Bryden, 1997). The maximum residency period for an 

unaccompanied adult was 52 days in 2014, compared with 93 days in 1993. The 

maximum residence period of unaccompanied adults was driven up in 1992 (n=93 days) 

and 1994 (n=76 days) with the presence of an individual H9220, whose residence period 

greatly exceeded the mean residency for unaccompanied adults (Burnell and Bryden, 

1997). H9220 was sighted at HoB a total of 12 times between 1988 and 2010 and is a 

known female that has never been sighted with a calf of her own but was regularly 

observed socialising with other female and calf pairs. This individual returned to HoB on 

two year intervals from 1992 until she was last sighted in 2010, with the exception of her 

presence three years in a row at HoB between 1994 and 1996.  

The HoB study area provides a unique site to observe whales in their calving habitat from 

cliff top vantage points throughout the calving season with high cost efficiency. The whales 

at HoB primarily aggregate with an area of approximately 10 km by 1 km (Charlton, 2017 

– Chapter 2). Whilst it is known that whales spend extended periods residing in the 

wintering aggregation areas (Best and Scott, 1993; Carroll et al., 2014; Crespo et al., 

2017; Rowntree, 2001), this study and Burnell and Bryden (1997) provide the only 

published observations of SRW residency periods in their calving ground across three 

decades between June and October. A maximum residency period of 58 days was 

reported for a SRW female and calf pairs in mainland New Zealand, with distances 

between capture and recapture of 610 km (Carroll et al., 2014). Extended seasonal 

presence of SRWs to Saldanha Bay on the west coast of South Africa were observed 

along with year-round presence of right whales, however residency of individual whales 

was not assessed (Barendse and Best, 2014). Off the coast of Chile, sightings of ‘eastern’ 

South Pacific SRWs were recorded between July and October with resident times of up 

to three months (Galletti et al., 2014).  

4.5.2 Site fidelity 

Site fidelity of SRW calving females to HoB is consistent across the survey years. A total 

of 67% of the breeding population identified between 1991 and 2016 (n=459) were sighted 

more than once and displayed a degree of fidelity to the site. Similarly, site fidelity was 

recorded for 69% of the breeding females identified between 1991 and 1995 (n=81) 

(Burnell, 2001). Whilst almost three quarters of the calving population display a degree of 
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site fidelity to HoB, less than half have been sighted with a calf more than once and display 

site fidelity to the wintering habitat for calving. Whilst individuals females were recorded 

with a calf at HoB up to ten times, the mean number of times that females were sighted 

with a calf at HoB was two, indicating that whales may chose alternative habitat to calve 

and reinforcing that the HoB aggregation is an open population. The number of new 

individuals being sighted at HoB increased annually at an exponential rate and the 

proportion of the western population of SRW (in the Australian context) that HoB 

represents has reduced with time (Charlton, 2017 – Chapter 3). Fidelity shown to HoB by 

calving females does not imply exclusive use of the area by the individual whale. It is 

known that females display choice in breeding site selection and that movement and shifts 

in selected calving habitat occur for SRW (Best et al., 1993; Carroll et al., 2014; Charlton, 

2017 – Chapter 3 and 6).  

Within and between season movements of SRWs on the southern Australian coastline 

are documented (Burnell, 2001; Pirzl et al., 2009; Carroll et al., 2011; Charlton, 2017 – 

Chapter 6). Shifts in selected calving habitat were recorded for females that had 

previously displayed breeding fidelity to HoB and then re-selected calving habitat to 

adjacent habitat at Fowlers Bay, SA. Charlton (2017- Chapter 6) reported that shifts in 

calving habitat from HoB to Fowlers Bay in years of high abundance at HoB were driven 

by spatial pressures and the HoB site having possibly reached a finite saturation capacity. 

Habitat dispersal of SRW from primary aggregation areas into alternative habitat with 

population growth was also recorded for right whale populations in Argentina and Brazil 

(Rowntree et al., 2001; Danilewicz et al., 2016; Seyboth et al., 2016), South Africa 

(Barendse and Best, 2014) and NZ (Carroll et al., 2011 and 2014). 

4.5.3 Natal site fidelity 

Of the 69 calves that were resighted at HoB since the year of birth, 23 individuals 

displayed natal site fidelity and were sighted at HoB at least once with their own calves. 

The sex of all calves was unknown so a percentage of female calves that return to calve 

was not calculated, although close to 50:50 male female sex ratio is reported for SRW 

(Best, 2012). The probability of calves being resighted at HoB increased six years after 

their birth. Overall, the proportion of calves that returned to HoB within the first six years 

was 10% of resights. This data supports that calves may disperse to other areas and 

return to their site of birth once they reach sexual maturity. Age of first parturition for the 

Australian population of SRW is a minimum of six years and a mean of 9.3 years 

(Charlton, 2017 – Chapter 3). Of the calves that displayed natal site fidelity (n=23), 60% 
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returned to the site within the first six years since birth and 43% were sighted at HoB as 

a yearling. Results suggest that the return of juveniles to their site of birth, particularly as 

yearlings, may increase the likelihood of natal site fidelity.  

It is assumed that the level of difficulty in photographing calves when their callosities 

have developed increased with increased abundance. The development of callosities 

suitable for photo-identification recapture occurs when the calf is approximately 2-3 

months old, which means that calf photo-ID’s can only be collected during late-August 

and September. The female and calf pairs depart the site from August- October and 

thus there is only a small window of opportunity to photograph calves. Photo-ID images 

were collected during daily counts and the need to maintain consistency in the count 

and keep track of the whales often limited the amount of time that was spent with each 

female and calf pair to successfully collect photo-ID images of all calves.  

4.5.4 Mean date of calving 

The mean date of calving recorded in this study of July 23 is comparable to the estimated 

date of calving of July 16 reported previously for this population (Burnell, 2001).  

The calving season varies for different populations of SRW in the Southern Hemisphere. 

For example, in South Africa, SRW's can be sighted all year round but females with calves 

are sighted between June and December, and peak numbers recorded in September 

(Best and Scott, 1993). In Peninsula Valdes, Argentina, the calving season is between 

May and December, with the maximum number of whales reached from August to 

September (Crespo et al., 2017; Rowntree et al., 2001; Payne, 1986). The reasons for 

changes to the breeding season is unknown but could be related to the distances travelled 

to feeding grounds i.e. SRWs in Australia must travel further to southern feeding grounds 

and therefore the breeding season is shorter than Argentina and South Africa that are at 

higher latitudes and therefore shorter distances to feeding grounds. Triggers for arrival 

and departure to wintering aggregation areas also include weather and climate factors 

such as local storm events, air and water temperature influencing thermoregulation, but 

are most likely influenced by the arrival of spring plankton blooms (Burnell and Bryden, 

1997) and physical condition (Lockyer, 1981). 

This study improves the understanding of residency site fidelity and date of calving of 

SRWs within a coastal wintering aggregation area in Australia. It highlights the importance 

of calving aggregation areas and the need to understand more about the movement and 

connectivity of SRWs between aggregation areas in Australia. With an increasing 
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population and increased dispersal of SRWs to wintering aggregation areas it is important 

to understand site occupancy to direct future management planning.  
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5.1 Abstract 

Southern right whales (SRWs) Eubalaena australis, have begun utilizing some of their 

historically important former winter habitat ranges in recent years along the southern 

Australian coast. Fowlers Bay (FB) in ‘western’ South Australia was a shore based whaling 

station in the early 19th century. Since whaling stopped, few SRWs have been sighted at 

FB until the mid-2000s. Here we present findings of increased abundance of SRWs at FB 

since 2004. This study investigates relative abundance trends, distribution and site 

occupancy for SRWs at FB, using sighting and photo-identification data from annual aerial 

surveys (1993-2016) and vessel surveys (2014-2016). Only three female and calf pairs in 

total were sighted during annual aerial surveys at FB between 1993 and 2003, compared 

with 62 female and calf pairs and 154 unaccompanied adults between 2004 and 2014. 

The estimated rate of increase in SRWs abundance at FB between 2004 and 2014 of 

38.8% p.a. has high variability (SE=29.7) however, it exceeds the biological maximum for 

the species of about 7%. The only explanation for this rapid increase is that there is high 

immigration of SRWs into the FB area. Maximum abundance over the years was recorded 

between 20 July and 17 August, with a maximum daily count in 2011 of 16 female and 

calf pairs (range=0-16, �̅� =4.8, SD=4.6) and 23 unaccompanied adults (range=0-16, 

�̅� =5.7, SD=6.9). Minimum mean residency was 24.5 days (range=1-74 days, SE=4.28) 

for females accompanied by a calf and two days (range=1-7 days, SE=0.33) for 

unaccompanied adults. FB since 2004 highlights the renewed significance of the area as 
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a calving and aggregation area. The high variability in abundance and reduced sightings 

in 2015 and 2016 compared with the years 2004-2014 suggest that re-establishment to 

FB is not consistent between years, or that it is in part due to the different cohorts of adult 

females using FB. Conservation and management of potential disturbance to the SRWs 

is important to promote their establishment in this historically important area in the future.  

To collected the data needed to monitor the population annual surveys need to be 

continued. This is especially true because of the different cohorts of females that calf 

along the southern Australian coast. 

5.2 Introduction 

Southern right whales (SRWs) Eubalaena australis, were heavily exploited and reached 

near extinction globally owing to commercial whaling mainly in the 19th century (Dawbin, 

1986) and again in the mid-20th century (Tormosov et al., 1998; IWC, 2013). Whaling took 

place in Australia from approximately 1805 to the early 1900s and included bay whaling 

and ship based operations, with SRWs being the main target of the industry. Bay whaling 

involved shore based stations along the southern coasts where whales visited to calve, 

mate and rest during the austral winter months. Ships from at least America, Britain, 

France and Australia sheltered in bays and inlets, hunting whales while they were there 

(Dakin, 1938). Shore and ship-based whaling was heavily concentrated in south-’eastern’ 

Australia west to Adelaide in South Australia (SA) and east to New Zealand (NZ) where 

two thirds of the estimated minimum of 26,000 SRWs were caught from 1827 to the early 

1900s (Dawbin, 1986). Most of this whaling took place between 1835 and 1844 (Dawbin, 

1986). There were approximately 115 Australian shore-based whaling stations in 

approximately 50 areas along the southern coast of Australia (Pirzl, 2008). Recordings of 

the number of whale takes and species are few, with the humpback whale being the other 

main species hunted (Megaptera novaeangliae). Estimates of historical catches were 

based on oil yields (by converting barrels, gallons or tons to the number of whales 

(Dawbin, 1986; IWC, 2013). 

The only available record of the number of whales taken at Fowlers Bay (FB) in a single 

year is from the log of the American ship ’Amazon’ which took 33 SRWs and eight 

humpback whales in 1840 (Bannister, 1986). Kemper and Samson (1999) reported that 

at least 65 SRWs were taken by bay whalers during 1840-1844 from the FB region. FB 

was thus an historically important calving and nursery area, although very few sightings 

were recorded during aerial surveys completed between 1980 and 2003, during which 

SRWs were increasing in south-Western Australia (Bannister, 1990).  
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Despite almost a century of protection since 1935, SRW sightings have been restricted to 

areas where the largest remnant populations existed (Burnell, 2001; Rowntree et al., 

2001; Bannister et al., 2011). At these locations signs of population increase at or near 

the maximum plausible rate of around 7% per annum (p.a.) were recorded (Best et al., 

2001; Bannister, 2017; Cooke et al., 2003). Conspecific attraction (safety in numbers) and 

historic whaling effort combined with philopatry appear to be the main drivers of southern 

right whale calving ground occupation (Payne 1986, Best et al., 2001; Burnell, 2001; 

Rowntree et al., 2001; Pirzl, 2008). These factors are considered key drivers for the 

differences in mitochondrial DNA haplotype frequencies between the ‘western’ and 

‘eastern’ sub-populations in Australia, and the New Zealand, Argentinian and South 

African populations (Baker et al., 1999, Patenaude et al., 2007, Carroll et al., 2011, 

Jackson et al., 2016). In contrast to the typically strong fidelity to calving grounds, there is 

also evidence that SRWs can shift selected calving habitat and display flexibility in their 

local philopatric behaviour (Best et al., 1993; Groch et al., 2005; Carroll et al., 2014). 

The current population estimate for SRWs in Australia is around 2,500 individuals divided 

by genetic and geographical diversity into two sub-populations; the ‘western’ sub-

population in the south-west of Australia of around 2,200 individuals and the ‘eastern’ sub-

population in the south-east of Australia of less than a few hundred individuals (Bannister, 

2017; Carroll et al., 2011; Jackson et al., 2016). In Australia, SRWs have dispersed their 

habitat range with increased abundance in south-Western Australia in recent years. There 

are now 13 recognised aggregation areas along the southern coastline of Australia: 

including large established aggregation areas at Doubtful Island Bay and Israelite Bay in 

Western Australia (WA) and Head of Bight in SA; small established aggregation areas 

regularly occupied, including Yokinup Bay in WA, Fowlers Bay SA and the Warrnambool 

region in Victoria. Other aggregation areas that are sporadically occupied include Flinders 

Bay, Hassell Beach, Cheyne/Wray Bays, Twilight Cove in WA, and Encounter Bay in SA 

(DSEWPaC, 2012). SRWs are mainly concentrated along the south-west coast of 

Australia (representing the ‘western’ sub-population), between Cape Leeuwin, WA and 

Ceduna, SA (Bannister, 2001; Pirzl, 2008).  

Annual aerial surveys conducted through the Western Australian Museum (WAM) since 

1976 provide information on long-term trends of the ‘western’ sub-population of SRWs in 

Australia (Bannister, 2001, 2010 and 2016; Bannister et al 2011). The annual aerial survey 

programme began following increasing reports of SRWs off the south coast of WA in the 

early 1970s (Bannister, 1990). From 1976 to 1992 surveys were undertaken between 

Cape Leeuwin, WA and Israelite Bay and occasionally to Twilight Cove, WA. From 1993 
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to 2016 aerial surveys have been undertaken between Cape Leeuwin, WA and Ceduna, 

SA. Whilst there is knowledge on the broad scale distribution and abundance trends 

(Bannister, 2001, 2010 and 2016; Bannister et al., 2011), spatial ecology (Pirzl, 2008), 

and fine scale demographics at the primary aggregation area at Head of Bight (Burnell 

and Bryden, 1997; Burnell, 2001; Charlton, 2017 - Chapter 3 and 3), it is prioritised in the 

Commonwealth SRW Conservation Management Plan to understand the characteristics 

of SRWs in small established and emerging aggregation areas (DSEWPaC, 2012). 

Knowledge of SRWs in established and emerging aggregation areas is required to 

facilitate recovery planning, including management of potential anthropogenic impacts 

and setting of population recovery targets, with the aim of seeing the species delisted from 

its endangered status in Australia.  

FB is a small established aggregation area at the ‘eastern’ range of the ‘western’ sub-

population of SRWs and approximately 160 km south-east of the most important calving 

ground at Head of Bight. Increased sightings of SRWs at FB have occurred since the mid-

2000s based on aerial surveys (Bannister, 2011) and anecdotal reports by tourism 

operators since 2010. In this study, the long-term and seasonal trends in abundance, 

residency, distribution and within season movement of SRWs at FB are quantified, using 

23 years of count data from annual aerial surveys undertaken through the WAM (1993-

2016) and three years of vessel-based research (2014-2016).  

5.3 Methods 

5.3.1 Study Site 

Fowlers Bay (32° 0' S 132° 30' E) is on the far west coast of SA approximately 710 km 

west of Adelaide, SA (34° 55' S, 138° 35' E), 110 km west of Ceduna (32° 08’ S, 133° 41’ 

E), which is the ‘eastern’ range of the ‘western’ subpopulation, and 370 km east of the 

SA/WA state border (31°41’ S, 129° 00 ’E) (Figure 5-1). FB is approximately 160 km south-

east of the aggregation area at Head of Bight, SA (31° 29' S, 131° 08' E) in the Great 

Australian Bight Commonwealth Marine Reserve, and is located within the Great 

Australian Bight which extends from Cape Arid, WA to Port Lincoln, SA. Fowlers Bay is 

approximately 95 km2 in area and is in a habitat protection zone within the Nuyts 

Archipelago Marine Park (Figure 5-2). The area is open to fishing and no access or fishing 

restrictions apply in the Marine Protected Area. SRWs are known to occupy shallow gently 

sloping sandy bays in water depths of less than 10 m and within 2 km of the coast (Pirzl, 

2008). FB provides sheltered sandy habitat, protected from the prevailing south-westerly 

weather conditions, and has water depths ranging from 0-20 m within 5 km of the shore. 
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Figure 5-1. Southern right whale aerial survey off southern Australia from 1993 to 2016. Dashed 
line represents approximate survey route but further offshore so that contour is visible (Source: 
Bannister, 2017). 

 

Figure 5-2: Southern right whale vessel survey study area at Fowlers Bay, South Australia.  
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5.3.2 Data collection 

Data were collected using a combination of aerial and vessel-based surveys.  

Aerial survey  

Aerial surveys of the ‘western’ sub-population of SRWs were undertaken by J. Bannister 

of the WAM annually from 1993 to 2016 between Cape Leeuwin (34°22′S and 115°08′E), 

WA and Ceduna, SA (Bannister, 2001, 2011 and 2016) (Figure 5-1). Count data and photo 

identification (ID) images collected at FB during annual aerial surveys were contributed to 

this research by J. Bannister of WAM.  

The annual aerial survey design and methods are described in Bannister (2016). The 

surveys consisted of a single transect running parallel to the coast approximately between 

0 km and 1.85 km offshore (ca 0-1 nautical miles) of the coast as SRWs are known to 

aggregate in shallow waters close to shore on breeding grounds along the southern 

Australian coast. The distance from shore was dependent on whale sightings as once a 

whale was sighted; they were circled by the aircraft after which the aircraft returned to the 

transect line. Within FB, the aerial survey transect covered approximately 10 km of 

coastline.  . Parameters of a large proportion of the population can be measured with 

these near-shore surveys. A single transect was completed from west to east on an 

‘outward’ leg, followed by a second count on an ‘inward’ (return) leg from east to west, 

weather permitting. The higher count of the two flights on the single transect has been 

taken as the minimum estimated abundance of whales in the area. Within FB, the aerial 

transect was undertaken within a single day, as part of the longer leg of the aerial survey 

from Head of Bight to Ceduna. A five-day weather window is allowed between August 15 

and September 15 each year for completion of the whole survey. The surveys are 

considered comparable for recording minimum number of SRWs occupying the Australian 

coast each year. Mean residence periods of 49 days (Charlton 2017 – Chapter 4) and 81 

days (Burnell, 2001) were recorded for SRW calving females at Head of Bight and patterns 

in seasonal abundance show that whales depart the general region in 

September/October. Therefore, it is assumed that locations of female and calf pair 

sightings during the aerial surveys represent their selected calving and/or nursing habitat 

for that season. Unaccompanied adults are highly transient within season and therefore 

aerial surveys capture a snapshot of information on habitats used by unaccompanied 

adults. Surveys were completed using a high-wing, single engine aircraft (Cessna 172), 

crewed by a pilot/observer and photographer/observer, flying at 304m (1000 ft.) and 
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speeds of 185 km hr-1 (100 knots) for searching while on transect and 148 km hr-1 (80 

knots) when circling whales for counting/photography. 

Flights were undertaken only in wind speed conditions of <8 km hr-1 (15 knots) for 

comparability in counts. When a group of whales was sighted, the group size and 

composition (‘unaccompanied’ animals; i.e. juveniles or adults not unaccompanied by a 

calf of the year and female and calf pairs) were recorded and individuals circled for 

verification of group size and composition and to obtain photo-ID images (Bannister, 

2017). Methodology for photo-ID is described below. GPS location was recorded in 

degrees and decimal minutes. Most animals, particularly female and calf pairs are easily 

observed in the relatively clear and shallow waters on the south coast and the probability 

of sighted is assumed to be 1 (g (0)) (Bannister, 2017). Observer bias is reduced where 

possible by using experienced observers and the same pilot and observer/photographer 

from year to year. 

Vessel surveys 

Vessel-based surveys were undertaken on-board one of three FB Eco Whale Tours 

charter vessels between July and September from 2014 to 2016 (Table 1). The vessel 

used by the tourism operator depended upon availability. The vessels included: a 13.58 

m (45 ft.), aluminium Cathedral hull vessel, with 600HP Yanmar inboard engines, with a 

4.5 m vantage height (named Asheera); a 6 m (20 ft.) Fibreglass Tri Hull vessel with 2 x 

70HP Yamaha outboard engines and a 1.5 m vantage height (named Jaguar): and a 15 

m (50 ft.) fibreglass catamaran with 395 kW Volvo Penta inboard engine, with a 5 m 

vantage height (named Calypso). Surveys were conducted opportunistically in Beaufort 

Sea State conditions of three or less. The operational area extended approximately 12 

km in the SW to NE direction and six km from shore in the NE to SE direction, covering 

an approximate area of 35 km². Tracks were haphazard in their spatial coverage since 

they were determined by the tourism operation. Vessel tracks were recorded using a 

Holux M-1000C GPS data logger that recorded the latitude and longitude of the vessel 

every second.  

During vessel surveys, two observers searched for whales using a combination of the 

naked eye and Nikon 10 x 50 marine grade binoculars from the foredeck of the boat. This 

vantage point allowed unrestricted, 180° views forward of the vessel. When searching, 

one observer scanned from 0° forward to 180° on the port side of the vessel, while the 

second observer scanned from 0° forward to 180° on the starboard side of the vessel. 

Scanning was undertaken by continuously searching the entire visible area of the ocean 
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from the horizon down to the vessel, or shore to the vessel. The detection range was 

limited to approximately 4 km by the relatively low vantage point.  

When an individual or group of SRWs was sighted, the vessel changed from search mode 

to closing mode with a minimum approach distance of 150 m (required by the licence 

conditions). Once the group of whales was approached, the following data were recorded 

at the closest distance reached to the whale: GPS location of the vessel in latitude and 

longitude; range (if possible) using Bushnell Elite 1600 ARC laser rangefinders; bearing 

from the vessel to whale using a compass; group size and group composition (female 

accompanied by a calf, unaccompanied adult i.e. juvenile or adult not accompanied by a 

calf of the year, or unknown); behaviour; time and date. To ensure that error in the 

compass was not introduced by nearby ferromagnetic metal, observers did not stand near 

non-aluminium metal and ensured they did not have any metal objects on them. The 

following weather conditions were recorded qualitatively at the start of each survey: wind 

speed, wind direction, Beaufort Sea State, swell height (m), and percentage of cloud 

cover. In addition, water and air temperature were recorded from instruments on the 

vessel. Photographs of individual whales were collected opportunistically for identification. 

Once data were obtained from the group and the whale-watch interaction terminated, the 

vessel departed the group and continued its search. Interactions with whales generally 

ranged from 2 to 30 minutes.  

Photo Identification 

Photographs of individual whales were obtained for comparing and matching individuals 

photographed previously. Photographs of the dorsal surface allow callosity patterns on 

the head, unique to each individual, to be documented. Callosity patterns are keratinised 

skin patches colonised by cyamids that provide individually unique patterns on the dorsal 

surface of the rostrum, the lip line of the lower jaw and just posterior to the blowhole, that 

remains recognisable for life (Payne et al. 1983). In addition to callosity patterns, dorsal 

blazes and notable scars were also be used as identifiable features when present. 

Images for photo-ID were obtained using a Nikon 5200 Camera fitted with a Nikon 300 

mm lens. Photos of the left, right and front of the head including perspectives from the left 

and right posterior and anterior of each animal were obtained when possible. Digital 

photo-ID images were sorted daily in the field, including within season cross matching of 

individuals to document the total number of individuals identified in that year and photo-

ID success. Quality of images was dealt with by grading images and selecting the best 

images for future matching. The grading scale for images included excellent, good, and 
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poor. Only excellent or good images were used for future matching, although all images 

were stored. Images collected during aerial surveys were provided by J. Bannister of the 

WAM directly after the survey so that vessel-based images could be compared with aerial 

images in the field. For between year comparisons, Photo-ID resights were identified 

through matching photographs photo-ID catalogue developed in Big Fish v6 Microsoft 

Access database (Pirzl et al., 2007).  

5.3.3 Data analysis  

Long term trends in abundance were assessed using count data from single aerial surveys 

undertaken annually between 1993 and 2016. Within and among seasonal trends in 

relative abundance were assessed using vessel survey counts undertaken during July-

September between 2014 and 2016. 

Long-term trend in abundance (using aerial survey count data) 

Long-term trends in abundance were assessed and the annual rate of increase estimated 

using aerial count data from 1993 to 2016. General linear models (GLMs) with a log link 

(Poisson distribution) were fitted to the count data and loess smoothers used to show the 

overall trend using packages ggplot and GLM. The mean rate of increase is presented 

with confidence intervals, standard error and standard deviation. The percentage that the 

SRW represent relative to the overall ‘western’ sub-population was calculated by dividing 

the annual aerial survey count from FB by the ‘western’ sub-population derived from aerial 

survey data, as provided through WAM.  

Within and among seasonal trend in abundance (using vessel based counts) 

Within and among seasonal trends in relative abundance were assessed using SRW 

count data collected between July and September during the years 2014 to 2016. The 

highest daily count was used on days when two vessel surveys were completed. The 

variation in relative abundance of each population class (females accompanied by a calf, 

unaccompanied adults) was assessed using highest maximum daily counts. Relative 

abundance counts were not corrected for effort and are considered the minimum number 

of whales present in the area on the day of survey. The proportion of the maximum count 

of the season in July, August and September were calculated and displayed as a stacked 

bar chart using the R package ggplot to assess the relative seasonal usage of the area  

Residency 

Residency of females accompanied by a calf and unaccompanied adults were assessed 

through resighted animals captured by photo-ID during vessel surveys and aerial surveys 
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between 2014 and 2016. Resights within season were logged and residency was 

considered the minimum period that an individual spent in FB because observations were 

limited to the period in which survey effort occurred. If no sightings were recorded for days 

between resights it is possible that the animal left the area and then returned or was 

outside of the vessel survey area. Sightings of resident whales were generally regular and 

thus the date of first and last sighting was considered the residency period of SRW in FB.   

Distribution  

Spatial data processing used purpose built programs in MATLAB software to generate 

whale locations. Maps were generated in MATLAB from Australian Hydrographic Service 

charts under Seafarer GeoTIFF license No 2618SG (Curtin). GPS location of the vessel, 

the range between vessel and whale and the angle of the vessel height were considered 

when calculating the whale location. Errors in location data are within 100m. Spatial data 

were normalised for effort to number of whales per km² and displayed as kernel density 

distribution plots using ArcMap v10. Whale distribution was normalised for effort by 

dividing the number of whales sighted by the minutes of observation spent in each 500m² 

grid. For relative abundance assessment, the maximum daily count represents the 

minimum number of individuals in the study area. All times were presented in Australian 

Central Standard Time (UTC + 9.5 hours). Various handheld GPS units were used to log 

position, all using the WGS 84 chart datum (equivalent to GDA 90). Bathymetry was 

retrieved from the Geoscience Australia ~250 m resolution grid (Whiteway 2009).  

Movement  

Movement patterns between days from resights within the season were available for 

female and calf pairs that displayed residency to FB in 2015 and 2016. In 2014, the 

identification of the individual was not recorded with the location of each sighting and 

therefore individual movements could not be assessed. The location and identification of 

each female and calf pair were recorded for each resight. The locations of known 

individuals were mapped using ArcMap v10, with a number representing sightings of the 

same individual recorded on different days. If an individual is sighted greater than once 

on a single day, the same value is used twice.  Maps present location data showing site 

use and movement patterns. 
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5.4 Results 

5.4.1 Long-term trend in abundance between 1993-2016 (WAM aerial 
counts) 

A total of 139 individual sightings of SRW adults were recorded during annual aerial 

surveys at FB between 1993 and 2016, of which 74 were unaccompanied adults and 65 

were females accompanied by a calf of the year. SRW group compositions at FB included 

53% unaccompanied adults and 47% females accompanied by a calf.  

Few SRWs were sighted at FB between 1993 and 2003, and from 2004 onwards, 

sightings were recorded annually. During aerial surveys, a total of six different individuals 

were sighted at FB over the 10 years between 1993 and 2003, including one female and 

calf pair in 1993 and two female and calf pairs in 1999 (Figure 5-3). In comparison, a total 

of 216 different individuals were sighted over the 10 years between 2004 and 2014, 

including 74 unaccompanied adults and 62 females accompanied by a calf.  No SRWs 

were sighted during aerial surveys at FB in 2015 or 2016. The mean rate of increase in 

abundance for total individuals was 38.8% p.a. (SE=29.7) and 29.2% p.a. (SE=31.2) for 

female and calf pairs between 2004 and 2014. In comparison, there was no sign of 

increase in abundance between 1993 and 2003 or between 2015 and 2016. However, 

SRWs were present during vessel surveys in 2015 and 2016 (See Section 5.4.2,  

Table 5-2). The post-hoc test indicated differences in the rate of increase between all 

years between 1993 and 2003 and all years between 2004 and 2016.  SRWs sighted at 

FB represent a minimum percentage of the ‘western’ sub-population of approximately zero 

from 1993-2001, 0.9% in 2002 and 7.4% in 2009. 
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Figure 5-3: Abundance of southern right whales at Fowlers Bay South Australia from Western 
Australian Museum aerial surveys 1993-2016 (fitted with loess smoother with 95% CI), a) total 
individuals (All), b) abundance of females accompanied by a calf (CCPairs), and c) abundance of 
unaccompanied adults.  

 

Inter-annual variation in abundance (SE=29.7) was high during years when whales were 

present. Triennial peaks in SRW numbers were observed in 2005, 2008, 2011 and 2014 

and an additional peak in 2009 (Figure 5-3). Between 2004 and 2014, females 

accompanied by a calf were sighted annually, except for 2010 when no female and calf 

pairs were sighted. The mean daily maximum number of females accompanied by a calf 

recorded between 2004 and 2014 was 5.6 (range=0-16, SD=4.5, ± 2.7 95% CI). A 

maximum of 55 total individuals were sighted during the 2011 aerial survey, including 16 

females accompanied by a calf and 23 unaccompanied adults. Unaccompanied adults 

were observed annually during the aerial survey between 2004 and 2014 with a mean 

maximum sighting of 6.7 individuals (range=1-23, SD=7.0, ± 4.1, 95% CI). Triennial peaks 

in abundance were also observed for unaccompanied adults in years 2005, 2008 and 

2011 (Figure 5-3). 
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5.4.2 Seasonal trends in abundance between 2014-2016 (Vessel 
surveys) 

A total of 147 hours of observation was undertaken in 65 days during 73 vessel surveys 

between 4 July and 18 September, 2014-2016 (Table 5-1). On eight days, two surveys 

were completed on a single day, one in the morning and one in the afternoon. The vessel 

used varied throughout the surveys, with 53% of all surveys completed on Ashera with a 

vantage height of 4 m above sea level; 29% of surveys completed on Tuna Explorer with 

a 4.5 m high vantage height, and; 15% of surveys completed on Jaguar with a 1.5 m 

vantage height (Table 5-1). Whilst the distance to the horizon ranged from 4.4 to 7.6 km, 

the maximum visual detection range was considered <5 km from all platforms, measured 

through sighting frequency histogram. The average vessel speed was 11.5 km (6.2 knots) 

(Range=0-24kn, SE=0.047). While the vessel tracks varied between years, the survey 

effort was primarily concentrated between one and eight km north east of the FB jetty, 

with effort expanding in 2016 out to the area around Fowlers Point and into the middle of 

the bay due to fewer SRWs in the region (Figure 5-4). 

Table 5-1: Vessel survey effort during 2014, 2015, and 2016 in Fowlers Bay, South 
Australia. 

Year # 

surveys 

Total 

Effort 

(vessel 

hours) 

Number of surveys 

undertaken per vessel 

Survey dates 

 

Tuna 

Explorer 

Jaguar Ashera 

2014 31 58 21 10 0   4 July – 12 September 

2015 27 49 0 2 25 26 July – 29 August 

2016 15 40 0 0 15 17 July – 18 September 

Total 73 147 21 (29%) 12 

(16%) 

40 

(55%) 

  4 July – 18 September 
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Figure 5-4: Vessel tracks from surveys conducted between June and September, 2014-
2016 on-board Fowlers Bay Eco Whale Tours vessels in Fowlers Bay, South Australia.  

 

A total of 440 sightings of individual whales were recorded during the 73 vessel surveys 

at FB. Out of all surveys, 79% (n=173) were females accompanied by a calf and 21% 

(n=90) were unaccompanied adults. Relative abundance of SRWs varied across years 

and within seasons at FB between 2014 and 2016 ( 

Table 5-2; Figure 5-5). Variation in effort between years was not corrected, however, 

maximum daily counts completed between July and September were comparable for this 

assessment. Variation in effort was influenced by visual observation of whale locations 

made from land. The mean maximum relative abundance recorded between years 

through daily vessel surveys was, six total individuals with a range of 0-22 individuals 

(SD=5.3, ±1.23, 95% CI) between 2014 and 2016. Between 0 and 10 female and calf 

pairs were sighted on one day, with a mean of maximum daily count of two females and 

calf pairs (SD=2.5, ±0.59, 95% CI). Between 0 and 7 unaccompanied adults were sighted 

on one day and the mean maximum daily count was one unaccompanied adult (SD=1.8, 

±0.41, 95% CI). 
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Table 5-2: SRWs sighted at Fowlers Bay, South Australia in 2014, 2015 and 2016. 

 2014   2015  2016   

 Daily 

range  

�̅� SD Daily 

range 

�̅� SD Daily 

range 

�̅� SD 

Females-Calf 

Pairs 

0-10 9 3.1 1-2 1.2 0.7 0-2 1 0.5 

Unaccompanied 

Adults 

0- 4 0.7 1.2 0-7 2.2 2.2 0-5 0.9 1.6 

Daily Total 0-22 9 6.6 0-9 4.5 2.3 0-7 2.9 1.9 
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Figure 5-5: Southern right whale maximum daily vessel based sightings of females accompanied 
by a calf of the year (cow), calves and unaccompanied adults at Fowlers Bay, South Australia 
between 4 July and 12 September 2014, 26 July and 29 August 2015, and 17 July and 18 
September 2016. 

 

Within season trends in abundance show variation in SRW abundance between July and 

September, with peak numbers recorded in July and August. The period of peak 

abundance, indicated through vessel based maximum daily counts (2014-2016) was 

recorded between July 20 and August 17 (Figure 5-5). When normalised to the maximum 

daily count each year and calculated as a percentage of overall sightings between 2014 
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and 2016, a total of 60% of all whales was observed in July, 39% in August and only 1% 

in September.  Female and calf pairs occupied the site throughout the study period (July 

to September). Between 20% and 100% of females accompanied by a calf were present 

at FB at the start of the study period in mid-July and between zero and 50% of females 

accompanied by a calf remained in the study area at the end of the study period in late 

September. There was variation in within seasonal trends in abundance between years 

(Table 5-2; Figure 5-5). 

Unaccompanied adults were more transient and their abundance more variable than 

females accompanied by a calf. Unaccompanied adults occupied the site in the greatest 

abundance in July and August, with up to 57% of all unaccompanied adults observed in 

mid-July and no unaccompanied adults sighted in FB in September. Variation in daily 

count data indicates immigration and emigration into and out of the area throughout the 

season, particularly for unaccompanied adults (Table 5-2; Figure 5-5). 

5.4.3 Residency  

Residency was assessed using successful photo-IDs of 46 individual adults obtained 

during daily vessel surveys between 2014 and 2016. When compared with maximum 

annual relative abundance counts, a total of 0.87 (or 87%, n=14) of females accompanied 

by a calf and 1.76 (or 176%, n=32) of unaccompanied adults were successfully identified 

(Table 5-3). Photo-ID results showed that the number of unaccompanied adults 

photographed exceeded the maximum daily count in all seasons, suggesting movement 

of individuals into and out of the area within a season.  

Within season resights were recorded for 72% of all individuals’ photo-ID’d during vessel 

surveys, including 100% of females accompanied by a calf and 44% of unaccompanied 

adults (Table 5-3). The number ranged from 0 to 20 between 2014 and 2016, including a 

maximum of 20 resights (�̅�=6, SD=5.4) for females accompanied by a calf and 6 resights 

(�̅�=1.2, SD=1.9) for unaccompanied adults (Table 5-3).  



Population demographics of southern right whales in South Australia 
 

102 
 

Table 5-3: Number of SRW photo-identified, number resighted, range in the number of 
times animals were resighted, days of site occupancy (range and mean) for 2014, 2015, 
and 2016 at Fowlers Bay, South Australia. 
 

Year Group 

type 

# SRW 

Photo-

ID’d 

# SRW 

resighted 

Range in 

the # of 

times 

SRWs 

were 

resighted 

Range in 

site 

occupancy 

(days) 

�̅� site 

occupancy 

(days) 

2014 CC 11 11 0-11 1-75 27 

 UA 8 2 1-3 1-2 1 

2015 CC 2 2 3-20 11-35 29 

 UA 17 12 1-6 1-15 4 

2016 CC 1 1 12 12 12 

 UA 7 0 0 1-1 1 

total CC 14 14 0-20 1-75 23 

 UA 32 14 0-6 1-15 2 

 

Females accompanied by a calf displayed residency to FB whilst unaccompanied adults 

were more transient through the area. Residence periods for females accompanied by a 

calf of up to 74 days (range 1-74 days, �̅� =24.5 days, SD=20) were recorded and seven 

days (range=1-7 days, �̅� =2 days, SD=1.8) for unaccompanied adults. Anecdotally, in 

2015 a female and calf pair was in the Bay when the surveys began on 26/07/2015 and 

remained for 25 days after the survey finished on 29/08/2015 (total residency was 59 days 

for this animal). Residency periods varied across years at FB with whales displaying 

greater residency periods in years of higher relative abundance ( 

Table 5-2 and Table 5-3).  
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One calving female in 2014 was first sighted as a pregnant female and sighted 22 days 

later with a calf in FB, indicating that females are calving in the area and selecting FB as 

a nursing habitat. 

5.4.4 Distribution  

The distribution of SRWs at FB was available from sightings data collected on vessel 

surveys from 2014 to 2016. A total of 440 sightings of SRW individuals were recorded on 

vessel surveys between 2014 and 2016, with 280, 117 and 43 sightings recorded in 2014, 

2015 and 2016, respectively. The maximum group size recorded on daily surveys for 

females accompanied by a calf was 11 individuals (range=2-11, �̅� =2.5, SD=1.5) and for 

unaccompanied adults was four (range=1-4, �̅� = 2.3, SD=1.0). The median group size for 

unaccompanied adults and for females accompanied by a calf was two. 

There was little variation in distribution of female and calf pairs or unaccompanied adults 

when comparing 2014 and 2015. In 2015 and 2016 whales were sighted around Point 

Fowler. In comparison, in 2016 females accompanied by a calf were recorded very close 

to the shore and unaccompanied adults sighted were recorded further away from the 

shore and around Point Fowler (Figure 5-6).  

SRW sightings at FB during vessel surveys (2014-2016) were predominantly within the 

10 m depth contour within 1-2km from shore, and most commonly within a few hundred 

metres of shore. SRW sightings in the study area were between Point Fowler and 8 km 

south east of the FB jetty and were most common 1-5 km north-east of the jetty (Figure 

5-7). Whale sightings were overlayed with vessel tracks to show the density distribution 

of whales compared to spatial effort (Figure 5-7).  
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Figure 5-6: Southern right whale sightings of female and calf pairs (open circles) and 
unaccompanied adults (x) recorded within the Fowlers Bay South Australia study site 
during vessel surveys between 4 July 2014 and 12 September 2014 (a); 26 July 2015 and 
29 August 2015 (b); and 17 July 2016 and 18 September 2017 (c). 

a) 

b) 

c) 
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Figure 5-7: Kernel density distribution of southern right whales normalised for effort per 
km² using sightings data collected during vessel surveys at Fowlers Bay, South Australia 
between 2014 and 2016 (top). Kernel density plot overlaid with vessel tracks to show effort 
(bottom).  
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Whilst, in general, SRWs at FB displayed little within seasonal variation in distribution, 

there was evidence that the fine scale distribution patterns varied within season among 

some individuals. For example, a female and calf pair sighted 20 times in 2015 across 33 

days displayed very little movement during the first 12 days (sighting #1-9) and then 

expanded its occupancy range on days 15 to 33 (sighting #10-20) before departing the 

site (Figure 5-8).  

Site use patterns and range in occupancy varied among individuals (Figure 8). For 

example, in 2015, there were two female and calf pairs sighted at FB (CC1 and CC2) with 

resident periods of 35 days and 12 days, respectively. CC1 displayed a greater occupancy 

range within the FB study site than CC2 (Figure 5-8). Both female and calf pairs sighted 

at FB in 2015 displayed westerly movement and were later sighted during that season at 

the annual cliff-based SRW population monitoring at Head of Bight, 160 km to the west of 

FB. CC1 was sighted three times at Head of Bight between 8 September and 17 

September, and CC2 was sighted once at Head of Bight on 15 August. 
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Figure 5-8: Examples of the movement patterns of SRW females accompanied by a calf at Fowlers 
Bay, South Australia in 2015 and 2016; individual whale ‘CC1’ sighted 20 times between 26 July 
2015– 28 August 2015 (top left); CC2 sighted 9 times between 26 July 2015 and 5 August 2015 
(top right), and; CC3 sighted 13 times between 17 July 2016 and 22 August 2016- (bottom right). 
The sightings numbers are in chronological order and correspond to a date in the tables displayed 
at the bottom right of the figure. Multiple values represent more than one sighting in one day. 
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5.5 Discussion  

SRW numbers in FB have increased since 2004, with the area representing an expanding 

critical habitat for resident females accompanied by a calf. The abundance of SRWs at 

FB was highly variable across years (SE=16.8), but had a marked increase after 2003. 

The estimated rate of increase in SRW abundance recorded at FB between 2004 and 

2014 of 38.8% p.a. (± 58, 95% CI) for total individuals exceeds the biological maximum 

for the species of 6-7% p.a. (IWC, 2013) and the rate of increase estimated for the 

‘western’ sub-population of SRWs in Australia of 5.55 p.a. (95% CI 3.78, 7.36) (Bannister, 

2017). The accelerated rate of increase in abundance of SRWs at FB since 2004 suggests 

that there is high immigration of SRWs into the site since it is not biologically possible for 

a remnant population of SRWs to increase at that elevated rate.  

SRWs sighted at FB represent a small but increasing percentage of the ‘western’ sub-

population, going from zero between 1993-2001, to 0.9% in 2002 and 7.4% in 2009. The 

percentage of SRW that FB represents of the overall ‘western’ sub-population provides 

information on how the site is used over time and the growing importance of the area for 

SRWs. While there is an increase in the percentage of the ‘western’ sub-population of 

SRW sighted in FB, the relative proportion sighted at nearby HoB is decreasing. For 

example, in the early 1990’s, SRWs at HoB represented up to 48% of the total ‘western’ 

subpopulation and in 2016, the SRWs at HoB represented 25% of the overall ‘western’ 

sub-population (Charlton, 2017 – Chapter 3). Results suggest that as the population of 

SRW grows there is increased emigration of animals from HoB, and increased 

immigration to FB. 

The estimates of abundance are limited to the count data recorded from a single aerial 

survey undertaken in mid-late August to early September (1993-2016). Counts are 

consistent across years 1993-2016 with a single aerial survey completed annually in late 

August or early September. Vessel based surveys completed throughout the season 

(July-September, 2014-2016) compared with overlapping aerial surveys indicate that a 

greater number of individuals occupied FB throughout the season than the number of 

individuals sighted during the aerial survey on a single day. No SRWs were recorded 

during aerial surveys in 2015 and 2016. However, 27 adults and three calves were photo-

identified in both seasons during vessel-based surveys and had departed the area prior 

to the aerial survey. Resident periods of animals sighted in 2015 and 2016 at FB ranged 

from 1 to 15 days for unaccompanied adults and 11 to 35 days for female and calf pairs. 
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Aerial surveys provide a snapshot of the SRW distribution on the day of the survey and 

represent a minimum number of individuals occupying the area in a season.    

Variability in SRW abundance is generally driven by pulses in calf production due to their 

three to four-year calving cycles from different cohorts of females (Burnell, 2001; Charlton, 

2017 – Chapter 3). Triennial peaks revealed in long-term abundance trends at FB 

compare with peaks recorded for the ‘western’ sub-population and Head of Bight 

(Bannister, 2017; Charlton, 2017 – Chapter 3). Peaks in abundance were recorded at FB 

and Head of Bight in 2005, 2008, 2011 and 2014. High years of abundance at Head of 

Bight typically correlated with high abundance at FB. For example, the maximum daily 

count of total individuals was recorded at FB in 2011 (n=55) which was the second highest 

abundance recorded at Head of Bight (n=172) (Charlton, 2017 - Chapter 3). It is 

hypothesised that the increased abundance of SRWs at FB is influenced by the adjacent 

habitat at Head of Bight reaching saturation capacity and individuals re-selecting to 

alternate suitable habitat at FB.. The increased abundance at FB is also likely a result of 

females calving before reaching Head of Bight and then selecting FB because it is the 

closest suitable habitat. In years of high abundance, it can be assumed that the number 

of females that calve early and don’t make it to Head of Bight also increases. Cross 

matching of individuals’ photo-ID’d at Fowlers Bay to other available photo-ID catalogues 

is required to assess where the individuals sighted at FB come from, or what proportion 

of the population represents a remnant population or first time breeders to the site.  

In contrast to the mirrored years of high abundance at Head of Bight and FB, in 2016 

record numbers of female and calf pairs were sighted at Head of Bight (172 total 

individuals and 81 female and calf pairs) (Charlton, 2017 – Chapter 3), while the lowest 

number of female and calf pairs in more than a decade was sighted in FB (no SRWs were 

sighted during aerial surveys and a single female and calf pair recorded residing in the 

Bay by vessel survey. A maximum of five unaccompanied adults were sighted on one day 

at FB in 2016 ( 

Table 5-2). SRW abundance at FB in 2016 was lower than expected and was the second 

consecutive year that whale numbers were low in FB. The lower than expected numbers 

observed in 2015 and 2016 at FB together with the high annual variation in abundance, 

suggest that the established use of the area is not consistent between years. One 

possibility would be that human disturbance leads to variation in the use of the area by 

right whales. Possible disturbances to the whales in FB include recreational and 

commercial fishers and whale watching tourism. Further study of possible sources of 
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anthropogenic disturbance is needed but at this time [subjective analysis leads to the 

conclusion that] levels do not seem sufficient to deter whales from using FB. A key driver 

of variation in abundance in right whales is the cohort structured breeding cycles based 

on an average of three-year calving intervals. Typically, key drivers of habitat occupancy 

are conspecific attraction, philopatry and topography. Lower than expected SRW 

abundance was observed for the ‘western’ population between Cape Leeuwin, WA and 

Ceduna, SA in 2015 (Bannister, 2017; Charlton, 2017- Chapter 3). High variability of SRW 

abundance for populations elsewhere in the Southern Hemisphere was also observed in 

recent years (Brownell pers. comm.). Variability in SRW abundance requires further 

investigation for possible correlation with drivers such as climate factors and prey 

availability (Leaper et al., 2006). 

Industrial or recreational human use activities have the potential to impact SRW habitat 

occupancy in Australia. Known and potential threats that may have individual or 

population level impacts to SRWs include: entanglement in fishing gear, vessel 

disturbance, climate variability and change, noise interference, habitat modification and 

overharvesting of prey. Ship strike and elevated underwater noise from vessel traffic has 

had a significant impact on critically endangered North Atlantic right whales (Eubalaena 

glacialis) (Clarke et al., 2009; Rice et al., 2014). Currently, entanglement in fishing gear is 

the major cause of death in North Atlantic right whales. There is a need to manage 

potential anthropogenic disturbances to SRWs inside aggregation areas and on coastal 

and offshore migration pathways (although migration routes for Australian SRW are 

currently unknown). Geographic isolation and low population of humans has resulted in 

low levels of potential anthropogenic disturbance to SRW in much of their Australian 

coastal range. However, as the population of SRW increases and habitat range expands, 

the increase in encounters between humans and whales is inevitable. There is a need for 

further studies into anthropogenic impacts to SRW in Australia.   

SRWs display within-season variation in abundance at FB that can be explained in part 

by unaccompanied adult immigration and emigration to and from the area within season. 

Whilst unaccompanied adults displayed mean residency periods of two days, but ranging 

up to 15 days, female and calf pairs were recorded residing in the area for up to two and 

a half months, with mean residency periods of 23 days. Collection of resights may be 

biased towards female and calf pairs because they generally occupy the area for longer 

providing more opportunity to collect images and build profile of left and right side of head 

from low elevation vessel surveys. Mean residency periods recorded at FB are shorter 

than at the adjacent aggregation area at Head of Bight. Charlton (2017 – Chapter 4) 
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reported a mean residency at Head of Bight between 2014-2016 of 40 (rane=23 in 2014 

and 48 in 2016) days for females accompanied by a calf and 15 days for unaccompanied 

adults. Burnell (1999) reported mean residency periods at Head of Bight of up to 71 days 

for female and calf pairs between 1991 and 1997. Residency was assessed at Head of 

Bight between May and October (Burnell, 2001) and at FB between July and September. 

Therefore observer bias may influence residency periods. Anecdotal records from tourism 

operators who operate charters at FB between June and October provide few sighting 

records outside of the research period, suggesting that the observer bias is minimal. 

Residency periods recorded at FB were greater in years of higher abundance within the 

Bay. For example, in 2014, a maximum daily count of 10 female and calf pairs was 

recorded and resident periods reached 74 days, whereas a maximum of two female and 

calf pairs recorded in 2016 had a resident period of only 12 days. SRW mother and calf 

pairs were recorded in Peninsula Valdes, Argentina for up to four months between June 

and November(Thomas and Taber 1984). 

Kernel density distribution plots corrected for effort with number of whales per km² at FB 

support that the most occupied habitat by SRWs in FB is 1-5 km to the east along the 

coast from the pier and within 1 km from shore inside the 10 m depth contour (Figure 5-7). 

This supports the findings that SRWs generally occupy habitat with a shallow sandy 

bottom in a SE facing bay (Bannister, 2017; Burnell, 2001; Payne 1986; Pirzl, 2008). 

Range expansion and recolonization to new areas has been observed for other SRW 

populations. SRWs in Brazil (Danilewicz et al., 2016), Argentina (Arias et al., 2017; 

Rowntree et al., 2001), South Africa (Barendse and Best, 2014) and New Zealand (Carroll 

et al., 2011, Carroll et al. 2014), show evidence of re-colonisation into former areas around 

the main nursery area in association with population growth. For SRWs in Brazil, Groch 

et al., (2005) reported rapid re-colonisation to Santa Catarina in southern Brazil at a rate 

greater than is biologically plausible for the species, based on data collected between 

1987 and 2003, suggesting immigration or re-dispersal from alternate habitat, such as 

Peninsula Valdes. Similarly, Carroll et al., (2014) presented evidence of SRWs re-

colonising former wintering grounds on the mainland of NZ, after nearly four decades post 

whaling, presumably from a remnant population that persisted in the NZ subantarctic 

islands. As populations increase, increased resource pressures at major SRW 

aggregation areas can be expected to promote increased use of connective pathways and 

increased abundance into small and emerging aggregation areas. The origin of breeding 

females sighted at FB is unknown. It is possible that the increased number of SRWs 

represents: a remnant population, post commercial whaling, re-colonising the area; 
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females that are first time breeders selecting FB as a calving ground; or, whales are re-

selecting calving habitat and shifting from other areas, such as Head of Bight. The 

connectivity and movement of SRW from FB with other aggregation areas in Australia and 

New Zealand is assessed in Chapter 6, to provide insight into where the whales in FB 

have come from. 

5.5.1 Conclusion 

While FB was known historically as a location occupied by SRWs for calving and nursing 

their young, aerial surveys conducted between 1993 and 2003 indicate that the location 

was rarely used before 2003. However, this study presents evidence of the re-colonisation 

of SRWs into FB. This study addresses the objective in the Commonwealth SRW 

Conservation Management Plan and characterises the SRW abundance, distribution and 

residency at the small established aggregation area at FB. The occurrence of SRWs at 

FB since 2004 highlights the increasing significance of the area as a calving and nursing 

ground. The significant decline in SRW numbers recorded through aerial and boat-based 

surveys in 2015 and 2016 and the high variability in annual abundance suggests that re-

establishment of FB as a key SRW habitat is fragile and that further investigation into 

population demographics, climate drivers and human disturbances is needed.   
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6.1 Abstract  

Images of southern right whales (SRWs) Eubalaena australis, identified at Fowlers Bay 

(FB), South Australia (SA) while on their winter ground during 1983-2016 were cross-

matched to available major Australian photo identification (ID) catalogues to assess: the 

connectivity and movement of SRWs between FB, SA and other aggregation areas in 

Australia and New Zealand. The origins of calving females, site fidelity and shifts in 

selected calving habitat were also assessed. Photo identification of 40 calving females 

and 58 unaccompanied adults was achieved at FB. Sighting histories were available for 

81% of individuals from successful matches to the photo-ID catalogue from south-west 

Australia. No matches were made with the single catalogue of individuals from the 

‘eastern’ sub-population of SRW in Australia. FB was the recorded place of origin for 40% 

of calving females (n=9), representing a remnant population or first-time breeders. Site 

fidelity of calving females to FB was low (21%) and shifts in selected calving habitat were 
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recorded for 45% of calving females. Within and between season movement was 

recorded across eight locations, most commonly between FB and Head of Bight (HoB), 

160 km apart. Increased abundance at FB correlated with high abundance of female and 

calf pairs at HoB and likely represents a spill over from that primary habitat as it has 

reached a saturation capacity (space). A total of 65% (n=26) of all calving females and 

36% (n=21) of all unaccompanied adults identified at FB were also identified at HoB. One 

animal was cross matched between the Auckland Islands, New Zealand 3,410 km to the 

south-east. Increased SRW abundance at FB represents the expansion of a small 

remnant aggregation as the depleted population recovers. However, the high rate of 

increase is above what is biologically possible and therefore is due in part to immigration 

of whales from other winter grounds. 

6.2 Introduction 

Southern right whales (SRWs), Eubalaena australis, were severely depleted by 

commercial whaling in the 19th and 20th centuries. Today’s distribution of SRWs reflects 

historical exploitation - with winter aggregations that experienced little whaling having 

higher numbers of whales in comparison with those heavily exploited (Bannister, 1990, 

Burnell, 2001, Carroll et al., 2011, Rowntree et al., 2001). SRWs off the southern coast of 

Australia were overexploited by the whaling industry as in other parts of their range. 

Although SRWs became protected in 1935, signs of population increase were delayed 

until the 1970’s due in part to illegal pelagic catches by the Soviet Union (Tormosov et al., 

1998). In Australia, the SRW population was most recently estimated at 2,500 individuals 

in 2016 (Bannister, 2017). The Australian population is divided into two sub-populations; 

the ‘western’ (~2,200 individuals) and the ‘eastern’ (<300 individuals) based on genetic 

differentiation (Carroll et al., 2011), site fidelity based on photo identification (ID) data 

(Burnell, 2001) and different recovery [increase] rates between the two areas (Bannister, 

2017). The ‘western’ sub-population is increasing at a rate of approximately 5.5% per 

year, while the ‘eastern’ sub-population is not showing any sign of increase (Bannister, 

2017). The maximum biological rate of increase for SRWs is estimated at 6-7% per year 

(IWC, 2013).  
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Along the southern coastline of Australia, SRWs occupy 13 recognised wintering 

aggregation areas. The largest aggregations include Doubtful Island Bay and Israelite Bay 

in Western Australia (WA) and Head of Bight (HoB) in South Australia (SA). Smaller areas 

regularly occupied include Yokinup Bay in WA, Fowlers Bay (FB) in SA and Warrnambool 

and Portland in Victoria, and emerging aggregation areas include Flinders Bay, Hassell 

Beach, Cheyne/Wray Bays, and Twilight Cove in WA, and the sporadically occupied 

Encounter Bay and Victor Harbor region in SA (DSEWPaC, 2012). SRWs are 

predominantly concentrated along the south-west coast of Australia (representing the 

‘western’ sub-population), between Cape Leeuwin, WA and Ceduna, SA (Bannister, 2001, 

2011 & 2016; Burnell, 2001, Pirzl, 2008). Strong site fidelity and social cues are thought 

to limit the capacity for SRWs to establish aggregations in new or previously occupied 

locations (Pirzl, 2008, Roux et al. 2015). However, in the last two decades dispersal into 

former habitat ranges has been recorded in Australia (Pirzl, 2008, Bannister, 2017).   

SRWs migrate during the Austral winter to aggregation areas, where pregnant females 

give birth to their calves in ‘calving grounds’ where they are nursed and reared. Shifts in 

selected calving (and nursing) habitat by calving females (a female accompanied by a calf 

of the year) are known to occur occasionally (Groch et al., 2005, Carroll et al., 2015; 

Rowntree et al., 2001). In Australia, SRWs are known to reside in aggregation areas for 

up to three to four months (mean 65 days) (Charlton, 2017- Chapter 4). Because of 

resident periods of up to 4 months recorded for female SRW’s accompanied by a calf , 

the location where a female and calf pair is sighted during mid-season is assumed to be 

the selected calving habitat. However, the exact location of calving is generally unknown, 

but is normally assumed to be in the nursing area as females with calves have been seen 

without calves earlier in the season (Burnell, 2001).  

Fowlers Bay is a small, established aggregation area for SRWs (DSEWPaC, 2012), 

located approximately 160 km south-east of HoB and 150 km west of Ceduna, which is 

considered the ‘eastern’ range of the ‘western’ sub-population. HoB (31° 29' S, 131° 08' 

E) in the Great Australian Bight Commonwealth Marine Reserve is the largest established 

aggregation area for SRWs in Australia, representing up to 48% of the ‘western’ sub-

population (Charlton, 2017 – Chapter 3). Regular sightings of SRWs were recorded at FB 

during annual aerial surveys and vessel based surveys conducted between 2004 and 

2016, with a maximum of 22 female and calf pairs and 23 unaccompanied adults sighted 

in 2011 (Bannister, 2011, Charlton, 2017 – Chapter 5). SRWs sighted at FB represent a 

minimum percentage of the ‘western’ sub-population of approximately between 0.9% in 

2002 (zero from 1993-2001) and 7.4% maximum in 2009 (Charlton, 2017 – Chapter 5). 
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Prior to 2004 very few SRW sightings were recorded at FB (based on surveys between 

1993 and 2004). However, over the subsequent decade (2004 – 2014), SRW abundance 

increased significantly. While SRW have occurred in FB in greater numbers, the variability 

from year to year is high. For example, no whales were recorded in FB during aerial 

surveys in 2015 and 2016 (Charlton, 2017 – Chapter 5), and few were observed during 

vessel surveys over this period.  

The increased abundance at FB since 2004 exceeds the biologically plausible maximum 

for the species (6-7%). Therefore, it is not feasible that the increased abundance is from 

the remnant population and it must be from immigration to the site from elsewhere. The 

connectivity and movement of SRW between FB and other aggregation areas in 

Australian and New Zealand (NZ) is unknown. The question remains: where have the 

whales at Fowlers Bay come from? FB is on the ‘eastern’ range of the ‘western’ sub-

population and the connectivity between the two sub-populations is poorly known. 

Therefore, it is of interest to know whether the whales at FB are immigrants from the 

‘western’ or ‘eastern’ sub-population. Photo-ID images obtained at FB during annual aerial 

surveys (1993-2016) and direct sightings (2014-2016), as well as opportunistic sightings 

prior to 1993, were compared with available major Australian photo-ID catalogues plus a 

NZ catalogue, to provide sighting histories. 

This study uses available sightings data to assess the connectivity and movement of SRW 

between FB and other winter aggregations in Australia and NZ. The first sighting locations 

of a female with a calf were used to assess the origin and shifts in selected calving 

habitats. 

6.3 Methods 

6.3.1 Study site 

FB (32 0' S 132 30' E) is on the far west coast of SA approximately 720 km from Adelaide 

(Figure 6-1). FB is located within the region known as the Great Australian Bight (GAB). 

The bay is approximately 95 km² in area and is within a habitat protection zone within the 

Nuyts Archipelago Marine Park. 



Population demographics of southern right whales in South Australia 
 

117 
 

 

Figure 6-1: The location of Fowlers Bay, South Australia (source: Charlton 2017- Ch4). 

 

6.3.2 Data collection 

SRWs have natural markings (callosities) that form on the dorsal surface of the rostrum, 

the lip line of the lower jaw and just posterior to the blowhole (Payne et al. 1983). 

Callosities that appear white from a far, provide individually unique markings that remain 

recognisable for life (Payne et al. 1983). Callosity patterns can be used to identify whales 

over time, as can additional markings such as scars, pigmentation patterns and 

undulations along the lower lip line (Kraus et al. 1986). Long-term monitoring of SRWs 

using photo-ID mark-recapture methods can provide information on population size 

(Whitehead et al. 2000, Cooke et al. 2001, Best et al. 2005, Bannister, 2017), calving 

intervals (Burnell, 2001, 2008, Cooke et al. 2001, Best et al. 2005, Charlton, 2017 – 

Chapter 3), age of first calving (Burnell, 2001, 2008, Cooke et al. 2001, Best et al. 2005, 

Charlton, 2017 – Chapter 3), site fidelity (Burnell, 2001, Carroll et al. 2014, Charlton, 2017 

– Chapter 4) and movements (Burnell, 2001, Pirzl et al., 2009, Carroll et al., 2014, 

Charlton, 2017 – Chapter 6, Roux et al., 2015).  

Photo-ID images of SRWs sighted at FB were obtained through annual aerial surveys 

completed through the Western Australian Museum (WAM) between 1993 and 2016, and 

vessel based research completed in FB between 2014 and 2016. Detailed methodology 

for collection and processing of photo-ID images at FB during aerial and vessel surveys 
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is available in Bannister (2016) and Charlton (2017 – Chapter 5), respectively. 

Opportunistic sightings that were contributed to major datasets from pre-1993 were also 

contributed to this assessment, including sightings records from aerial surveys undertaken 

by the South Australian Museum 1984-1991 between Port Lincoln SA and Eucla WA (and 

as far west as Twilight Cove, WA post 1988). 

Aerial surveys were carried out by J. Bannister through the WAM since the mid-1970s in 

WA and were extended to include the ‘western’ sub-population (including FB) between 

Cape Leeuwin WA and Ceduna SA, from 1993. Surveys were planned annually between 

August 15 and September 15 and included a single flight in a west to east direction and 

return trip in an east to west direction. The flight followed a single transect parallel to the 

coast at 152-305 m (500-1000 ft.) above sea level and surveyed whales within 2 km from 

shore. During aerial surveys count and photo-ID data were collected for assessment of 

SRW distribution, abundance and life histories (Bannister, 1986 & 2016, Bannister et al., 

1990). ‘Overhead’ photo-ID images were obtained, with images captured whilst a whale 

was at the surface to record rostral callosity and dorsal or ventral blaze patterns. 

Vessel based surveys were completed on board a local tourist operator vessel with a 

focus on SRWs between June and September 2014-2016. The vessel survey period of 2-

3 months between 2014 and 2016 at FB resulted in increased sighting effort during those 

years compared to the single aerial survey completed during 1993 to 2016, potentially 

causing a bias in the data. That bias is particularly relevant for within season movements. 

Researchers recorded SRW location, classification (female and calf pair, unaccompanied 

adult) and opportunistically obtained photo-ID images. The vessel survey area extended 

approximately 12 km SW-NE and 6 km from shore NE-SE, covering an approximate area 

of 35 km². Vessel tracks were haphazard in their spatial coverage as they were 

determined by the tourism operation. Images for photo-ID were obtained opportunistically 

using a Nikon 5200 Camera fitted with a Nikon 300 mm lens. Photos of the left, right and 

front of the head including perspectives from the left and right posterior and anterior of 

each animal were obtained when possible. In addition to callosity patterns, dorsal blazes 

and notable scars were also used as identifiable features when present. 

Processing of photo-ID images was undertaken by sorting images into folders with 

individuals photographed daily, and matched against individuals photographed that 

season. Quality of images was controlled by grading images and selecting the best 

images for future matching. All photo-ID images from aerial and vessel surveys were 

compared and a catalogue was established consisting of folders for each individual whale 
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sighted at FB between 1993 and 2016. If an individual was sighted across multiple years, 

then the photo-ID folder for that individual included multiple date folders. 

6.3.3 Cross matching exercise 

Photo-ID images of individual SRWs sighted and photographed at FB between 1993 and 

2016 were compared with available photo-ID catalogues in Australia: WAM (Bannister, 

2017), HoB (Charlton, 2017 – Chapter 3) and South ‘eastern’ Australia (SEA) (Watson et 

al., 2013). Sightings history available from the HoB and WAM catalogues also includes 

matching completed with the Auckland and Campbell Islands in sub-Antarctic NZ between 

1995 and 1998 (Patenaude et al., 2001, Pirzl et al., 2009). Each individual match was 

completed by a small team of researchers experienced in SRW photo-ID, and verified by 

at least two different individuals. 

The WAM photo-ID catalogue includes over 10,000 images of ~2,500 different non-calf 

individuals. As a part of the annual aerial survey, images collected at FB were matched 

to the WAM catalogue by J. Bannister. Sighting histories of all whales photographed at 

FB were contributed to this study. At the time of the analysis, internal matching of the 

WAM photo-ID catalogue was up to date to 2012. Sighting histories from the WAM 

catalogue were not available for individuals photographed at FB post 2012, however aerial 

images were provided by J. Bannister for cross matching of those individuals (post 2012) 

with other catalogues.  

The HoB photo-ID catalogue contains 10,877 images of 1,186 unique non-calf individuals 

and an additional 362 calves of the year, collected at HoB between 1991 and 2016. 

Images of all individuals’ photo-ID’d at FB were systematically matched manually against 

the HoB catalogue using a computer-aided feature-coding system (BigFish v4.1) custom 

developed for the HoB catalogue (Pirzl et al., 2007). Sighting histories available through 

the HoB dataset includes contribution of opportunistic sightings from the mid-1970s. 

The SEA catalogue includes approximately 6,000 images of 355 whales including 60 

females recorded with a calf, of which 12 were sighted greater than once with a calf. Data 

was collected in the SE between 1993 and 2016 (Watson pers. comms.). Images of 12 

calving females that displayed site fidelity to the SE from the SEA catalogue were provided 

by M. Watson and cross matched manually to all individuals’ photo-ID’d at FB (1993-

2016). No matching was completed for unaccompanied adults (adults not accompanied 

by a calf of the year) from the SEA catalogue. The subset of calving females that displayed 

fidelity to SE Australia was selected for cross matching to assess if individuals had 
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reselected preferred calving grounds from the SE to FB. Cross matching of the other 

calving females in the SEA catalogue is planned for 2017 and 2018. 

There are three photo-ID catalogues in NZ including: the Auckland Islands containing 786 

individuals photographed between 2006 and 2013 (Will Rayment pers. comm. 2017); the 

Campbell Island with 55 individuals photographed in 2014 (Torres et al., 2017), and the 

mainland NZ with 33 individuals photographed between 1976 and 2010 (Patenaude 2003, 

Carroll et al. 2014). Cross matching completed between 1995 and 1998 (Patenaude et 

al., 2001, Pirzl et al., 2009) between Australia and the Auckland and Campbell Islands 

catalogues is included in this assessment. The Pirzl et al., (2009) cross matching included 

only a subset of individuals. Therefore, the sighting histories available for matches made 

between sub-Antarctic NZ and Australia are considered an underestimate of true potential 

matches. Catalogues that were not examined in full include all three catalogues in NZ, 

Tasmania and, unaccompanied adults and calving females sighted only once from SEA. 

Photo ID images from the Victor Harbor/Encounter Bay in SA area are currently not 

catalogued and were not examined in this exercise.  

6.3.4 Data Analysis 

Data do not account for observer bias and variation in effort between the WAM aerial 

flights, HoB cliff based population monitoring, vessel based surveys at FB, or opportunistic 

surveys and photo-ID collection in the SE.  

Cross matching to the WAM catalogue was not completed for the 13 individuals photo-

ID’d at FB during 2012-2016, but was completed for the HoB and 12 individuals in the 

SEA catalogues. Therefore, individuals photographed at FB between 2012 and 2016 are 

excluded from the assessment of origin. The assessment of site fidelity, shifts in calving 

habitat, and within and across seasonal movements includes sighting histories from WAM 

and HoB catalogues before 2012 and only the HoB catalogue after 2012.  

Unless stated otherwise, a sighting of an individual whale is only counted once, per site, 

per year. For the assessment of the origin of calving females photo-ID’d at FB, the location 

of first sighting of a female with a calf is considered the origin of the calving female. The 

site fidelity of calving females seen only once at FB and not sighted elsewhere was 

deemed indeterminable (Burnell, 2001). Therefore, the assessment of site fidelity included 

only individuals that were sighted more than once. A shift in calving habitat was recorded 

each time a calving female was sighted with a calf of that year, in a different location in a 

different year (i.e. a female sighted with a calf at FB, then sighted twice with a calf at HoB 

in different years, and then again at FB, has two recorded shifts in habitat). Assessment 
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of within and across season movements include calving females and unaccompanied 

adults, while the assessment of site fidelity and shifts in selected calving habitat include 

calving females only. Distances between sites were calculated as the shortest possible 

great circle distance by sea using the MATLAB (The Mathworks) Mapping Toolbox. 

6.4 Results 

At FB, a total of 204 sightings, including 65 female and calf pairs and 74 unaccompanied 

adults, were recorded during annual aerial surveys undertaken from 1993 to 2016 (Table 

6-1, Figure 6-2). Of the total sightings recorded during aerial surveys at FB, 98 unique 

individuals were photo-ID’d from either aerial surveys during 1993-2016 or vessel surveys 

during 2014-2016. Of the 98 unique individuals photo-ID’d, 40 were females accompanied 

by a calf and 59 were unaccompanied adults. Therefore, the photo-ID success, when 

compared to annual sightings was 59% for unique female and calf pairs and 61% for 

unique unaccompanied adults. Photo-ID success is defined as the number of individuals 

photographed divided by the maximum daily count of individuals recorded on a single day 

each year. The first SRW was observed at FB in 1983 as an unaccompanied adult and 

contributed to this dataset as an anecdotal sighting and photograph. The first whale 

observed during an aerial survey was a female and calf pair in 1993.  

Table 6-1: Number of total individual southern right whales counted at Fowlers Bay, South Australia 
during annual aerial surveys undertaken through the Western Australian Museum between 1993 
and 2016, the number of unique individuals successfully photo-ID’d during aerial surveys and 
vessel surveys combined, and the total number of photo-ID matches to existing photo-ID datasets. 
The number of total individuals’ photo-ID’d that were sighted outside of Fowlers Bay is also 
recorded. 

 

Class Total 

Count 

photo-

ID 

photo-ID 

Match  

Matched 

to WAM 

catalogue 

Matched to 

HoB 

catalogue 

Matched to 

SE 

catalogue 

Female-calf pair 65 40 33 26 26 0 

Unaccompanied 

adults 

74 59 46 37 21 NA 
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Figure 6-2: Southern right whale abundance count data for total individuals recorded from annual 
aerial surveys undertaken at Head of Bight and Fowlers Bay aggregation areas, South Australia 
from 1993 to 2016 (top), and the abundance trend of southern right whales sighted at Fowlers Bay 
(y-axis) compared with maximum annual counts at Head of Bight (x-axis), fitted with a power curve 
and excluding zero values (bottom). 

 

The increased abundance at FB correlates to the abundance of female and calf pairs at 

HoB. When greater than 55 pairs were sighted at HoB, there is an increase in SRW female 

and calf pairs at FB (Figure 2). Peaks in abundance driven by pulses in calf production 

were observed at HoB and FB in 2005, 2011 and 2014. 

Vessel based surveys at FB recorded a combined maximum daily count from 2014 to 

2016 of 14 female and calf pairs and 16 unaccompanied adults. Successful photo-ID’s 
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were collected for 15 females accompanied by a calf and 32 unaccompanied adults. 

During vessel surveys, a greater number of individuals was photo-ID’d (n=47) compared 

with combined maximum daily counts (n=30). Results display immigration and emigration 

of SRWs into and out of the area throughout the season, particularly for unaccompanied 

adults. 

Matches to existing photo-ID catalogues of known individuals were achieved for a total of 

81% (n= 79) of all SRW individuals photo-ID’d at FB (n= 98). Of the successful matches, 

33 were known calving females and 46 were known unaccompanied adults. All successful 

photo-ID matches of individuals identified at FB were from the WAM or HoB catalogue 

with one match with the NZ catalogue. No matches were recorded for the 11 calving 

females cross-matched against the SEA catalogue. Of the 33 calving females that were 

successfully matched to other catalogues; 26 unique individuals were matched to WAM 

and HoB of which 19 were matched to both,, one individual was matched to NZ. Of the 46 

unaccompanied adults photo-ID’d at FB that were matched to the WAM and HoB 

catalogues, 37 were matched to WAM, 21 to HoB and 12 to WAM and HoB.  

Although no whales were sighted at FB during aerial survey in 2015 and 2016, whales 

were sighted during vessel surveys in those years (detailed below). 

6.4.1 Origin of calving females sighted at FB 

Sightings history from all photo-ID catalogues was available for individuals photographed 

prior to 2012 (n= 22), and therefore these individuals are available for assessment of 

origin. Of these 22 calving females, 40% (n= 9) had a place of origin at FB, 45% (n= 10) 

at HoB, and 14% (n= 3) at another location (Figure 6-3). One each was from Twilight 

Cove, WA, Israelite Bay, WA and Auckland Islands, NZ.  
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Figure 6-3: Origin (first sighting with a calf) of southern right whale calving females sighted at 
Fowlers Bay, South Australia 1986-2012 (n= 22).  

 

6.4.2 Site fidelity and shifts in calving habitat of calving females  

Site fidelity was displayed for five out of 24 calving females that were photo-ID’d in more 

than one year at FB (21%), with a maximum of three photo-ID sightings in different years 

of an individual female with a calf (Table 6-2). A calf was recorded in its year of birth at 

FB in 1996 in mid-August and was then sighted with a calf of its own at HoB in 2003 and 

2006. Assuming this individual was born at or near FB, it did not display natal site fidelity 

to its birth place. One calving female was identified as an unaccompanied adult (or 

pregnant female) at FB in 2014 prior to being sighted with a calf of the year, later that 

season at FB.  
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Table 6-2: Number of times each calving female has been sighted at Fowlers Bay with a 

calf of that year, along with the number of times they have been sighted with a calf of that 

year at locations on the southern Australian coast other than Fowlers Bay (n= 37). Two 

individuals sighted at Fowlers Bay and another location in the same year were excluded 

as it is not confirmed at which location the whale resided first. One calving female was 

sighted at Fowlers Bay as a calf but was never sighted with a calf of her own at Fowlers 

Bay was also excluded. 

 

Number of 

years sighted 

at FB 

Sighted 

nowhere 

else 

Sighted 1x 

elsewhere 

Sighted 2x 

elsewhere 

Sighted 3x 

elsewhere 

Sighted >3x 

elsewhere 

1 14 12 0 4 3 

2 0 1 1 0 0 

3 0 0 1 0 1 

Total (n= 37) 14 13 2 4 4 

 

A total of 89 calving events were recorded for the 40 unique calving females photo-ID’d 

at FB. Calving events for these 40 individuals were recorded at seven locations; FB (n= 

46), HoB (n= 38), and one each for Israelite Bay, WA, Albany, WA, Esperance, WA, 

Twilight Cove, WA and the Auckland Islands, NZ. Of the 89 calving events, 52% originated 

(first photo-ID’d with a calf) at FB, 42.5% at HoB and 5.5% from elsewhere (inclusive of 

individuals who were sighted with a calf of that year at FB and another location). The mean 

number of photo-ID sightings recorded for calving females (unique for a site and year) is 

1.15 (range 0-3, SD 0.53). The mean number of calves recorded for each calving female 

was 2.23 (range 1-7, SD 1.65).  

Of the 40 calving females photo-ID’d at FB, 17 were also photo-ID’d elsewhere with a calf.  

Females sighted with a calf at FB were sighted outside FB as an unaccompanied adult in 

other years on two occasions and as a calf on one occasion. 

Shifts in selected calving habitat were recorded for 45% (n= 17) of females accompanied 

by a calf in FB. The mean number of recorded shifts in selected habitat is 0.66 (n= 38, 

range 0-3, SD 0.85). Shifts in calving habitat were most common from HoB to FB (n= 10). 
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Half of the calving females that shifted selected calving habitat from HoB to FB did so in 

2011 (n= 5). Of the 10 individuals that shifted calving habitat from HoB to FB, four 

individuals were recorded shifting back to HoB to calve in later years. For the 10 

individuals that shifted calving habitat from HoB to FB, HoB was the origin of calving for 

all but two individuals. One female with a calf was first sighted at Auckland Islands, NZ 

(3,410 km from FB) and one female with a calf was first sighted at Twilight Cove, WA, 

before displaying a shift in selected calving habitat to FB.  

Although shifts in selected calving habitat from HoB to FB were most commonly recorded, 

shifts in the other direction, from FB to HoB, were also recorded. A total of five out of the 

17 recorded shifts in calving habitat were recorded from FB to HoB. Of the five individuals 

that shifted calving habitat from FB to HoB, only one individual was recorded shifting back 

to FB to calve in a later year. The origin of calving females that shifted from FB to HoB 

was FB for four individuals and Israelite Bay, WA for the other individual. Two calving 

females were excluded when counting the shifts in selected habitat as they were sighted 

with a calf of that year at two locations in the same year, and it was uncertain which calving 

habitat to attribute their residence to. 

6.4.3 Within and across season coastal movements of SRWs between 
FB and other aggregation areas 

Movement patterns of SRW females with a calf and unaccompanied adults between FB 

and other southern Australian and NZ aggregation areas are displayed in Figure 6-4.  
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Figure 6-4: Example of movements within and across season for southern right whales from 
Fowlers Bay, South Australia to other coastal aggregation areas on the southern coast of Australia 
and the Auckland Islands, New Zealand. 

 

Calving females 

Calving females photo-ID’d at FB (n=40) were recorded a total of 118 times across all 

locations, of which 42% (n=46) of all sightings were recorded at FB. Individual calving 

females were identified at a maximum of four locations (with or without a calf of that year), 

including across and within season sightings. The mean number of photo-ID sighting 

locations was 1.925 (range 1-4, SD= 0.76). A total of 65% of all calving females identified 

at FB were also sighted at HoB (n= 26).  

Within season coastal movements were recorded for eight (20%) calving females 

identified at FB. Within season movement was most common between FB and HoB, with 

seven out of eight calving females photo-ID’d at FB and HoB in the same year with a calf, 

during 2014-2016. Additionally, one within season movement of a female with a calf of 

that year occurred between FB and Point Ann, WA, approximately 1,310 km apart. One 

calving female was photo-ID’d as an unaccompanied adult (without a calf of that year) at 
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FB and Israelite Bay, WA in the same year, approximately 910 km apart. Females 

accompanied by a calf of that year displayed a westerly direction of travel for all within 

season coastal movements recorded between FB and HoB. 

Between season movement between FB and other coastal aggregation areas was 

observed for all calving females with more than one photo-ID sighting (n=23, 58%). 

Calving females were photo-ID’d 71 times (each value is a unique site and year) at another 

location other than FB, with 69% (n=49) of sightings with a calf of that year and 31% 

(n=22) of sightings as unaccompanied adults. Movement between FB and HoB was 

observed for 91% (n= 21) of the across season movements recorded for calving females. 

Across season movement was also seen between FB and West Pt Sinclair, SA, and; FB 

and Israelite Bay, WA, across a maximum distance of approximately 910 km apart.  

Unaccompanied adults 

Unaccompanied adults photo-ID’d at FB (n= 58) were recorded a total of 108 times (each 

value is a unique site and year) across all locations, of which 59 (55%) of all sightings 

were recorded at FB. Photo-ID sightings were recorded at seven locations: FB, HoB, Point 

Ann, WA, Israelite Bay, WA, Point Sinclair, SA, Claire Bay, SA and Port Lincoln SA (Figure 

3). Individual unaccompanied adults were sighted at up to four locations, including across 

and within season sightings. The mean number of sightings for each unaccompanied adult 

is 1.86 (range 1-14, SD=1.99). The mean number of photo-ID sighting locations of an 

unaccompanied adult photo-ID’d at FB is 1.52 (range 1-4, SD=0.75). A total of 36% of all 

unaccompanied adults photo-ID’d at FB were also photo-ID’d at HoB (n= 21).  

Within season coastal movements were recorded for 14 of the 23 unaccompanied adults 

photo-ID’d more than once at FB.  Within season movements were most common 

between FB and HoB (n=12). Within season movement was also recorded between FB 

and West Point Sinclair, SA (n=1) and FB and Clare Bay, SA (n=1). The largest within 

season movement of unaccompanied adults photo-ID’d at FB was between FB and HoB, 

approximately 160 km away. Unaccompanied adults had a westerly direction of travel for 

88% within season coastal movements recorded. 

Between season movement between FB and other coastal aggregation areas was 

observed for 12 of the 23 unaccompanied adults photo-ID’d at FB more than once. 

Between season movement was most common between FB and HoB with 11 out of 12 of 

the unaccompanied adults photo-ID’d at FB moving between these adjacent aggregation 

areas. Between season movement was also recorded for one individual between FB and 

Israelite Bay, WA. The largest between season movement of an unaccompanied adult 
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photo-ID’d at FB was approximately 910 km between FB and Israelite Bay, WA. Calving 

events were recorded for six unaccompanied adults photo-ID’d at FB, of which no calving 

events occurred at FB, and five were recorded at HoB.  

The first recorded sighting of a whale at FB was an unaccompanied adult recorded in 

1983 (H9220). H9220 was first sighted in Port Lincoln, SA in 1970 and it was recorded 

that the whale appeared old, although no evidence is available to suggest her age 

because she was never seen with a calf. The sex of the animal was determined as female 

through visual sightings of the genital area. She was sighted a total of 12 times between 

1970 and 2010 and has not been sighted since, with the last 10 sightings recorded at 

HoB. Of the unaccompanied adults identified at FB, nine were identified as female. Two 

unaccompanied adults (not identified as female) were grey-morph whales that were born 

as white and one had grey blazes. It has been suggested that whales born white animals 

were all males (Schaeff et al., 1999). However, there are at least two cases from the 

Australian ‘western’ sub-population of a grey-morph adult was sighted over several years 

with a calf (Bannister & Charlton unpublished observations).   

In summary, 98 individual SRWs (40 females with a calf and 58 unaccompanied adults) 

were identified in FB between 1983 and 2016. The abundance at FB correlates to the 

abundance of female and calf pairs at HoB: when greater than 55 pairs are sighted at 

HoB, there is an increase in SRW female and calf pairs at FB. Forty per cent of the females 

with calves were first time breeders at FB, but around a quarter (23%) of the calving 

females shifted in other years to other calving habitats after using FB, usually to the 

nearest aggregation area at HoB 160 km to the west. In total 45% of all individuals 

displayed shifts in calving habitat, and immigration from HoB to FB was most commonly 

recorded.  

6.5 Discussion 

SRWs off the southern coast of Australia were overexploited by the whaling industry as in 

other parts of the Southern Hemisphere. Peak years for catches were between 1835 and 

1844 in Australian and NZ waters, but some lower level of exploitation continued until the 

end of the century until the mid-1930s SRWs were given international protection. After 

this protection, SRWs were not rediscovered on the southern coast of Australia until single 

female and calf pairs were observed in 1955 and 1963 off Albany, WA; in July 1967 off 

Leighton Beach, Fremantle, WA; and in 1968 near Port Lincoln, SA (Bannister 1994). 

However, around the same time as their rediscovery they were subjected to illegal Soviet 

pelagic hunting between 1961 and 1971 when 372 individuals were killed in the SW Pacific 
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Ocean on their summer feeding grounds south of Australia and NZ (Tormosov et al., 

1998). These individuals may have been mainly from the ‘eastern’ Australia sub-

population. 

Female SRWs display some fidelity to calving grounds (Burnell, 2001). Long-term photo-

ID studies show that females return to the same areas to calve over several decades 

(Payne 1986, Payne et al., 1990; Rowntree et al, 2001). Whilst site fidelity is displayed for 

SRWs in Argentina, the recognised calving area is 500-800km of coastline and dispersal 

within that area is recorded (Rowntree et al., 2001). Dispersal is also recorded for SRW 

from Peninsula Valdes, Argentina, to Brazil (Best et al., 1983). There is evidence that 

SRWs can shift selected calving habitat and display flexibility in their philopatric behaviour 

(Best et al., 1993, Burnell, 2001; Groch et al., 2005, Carroll et al., 2013; Rowntree et al., 

2001). Site fidelity of calving females to FB was low with only five (21%) out of 24 calving 

females displaying site fidelity to the area with sightings histories from catalogue 

matching. Site fidelity of calving females at FB is low compared to HoB (67%) (Charlton, 

2017 - Chapter 4). Shifts in selected calving habitat were recorded for 55% of calving 

females photo-ID’d at FB which may be a property of a newly established calving ground.  

The rate of increase reported for SRWs at FB during 1993-2014 exceeds the maximum 

plausible rate of increase for the species of 6-7% (IWC, 2013). Whilst 40% of calving 

females sighted at FB had an origin at FB and may represent a remnant population or first 

time breeders selecting FB, most females are known to have calves elsewhere previously 

and re-selected habitat into FB.. It is possible that individuals may have calved elsewhere 

in other years and that a calving event was missed, therefore the sighting histories are 

representative of observed events only and may be biased. Of the nine calving females 

that were first sighted with a calf in FB, five individuals were sighed prior to 1996 and four 

individuals displayed site fidelity to FB, suggesting that they could possibly represent a 

remnant population to FB. However, earlier sighting histories are required to determine 

the remnant population. Of the 60% of calving females that had an alternate place of origin 

to FB, 45% were first sighted with a calf at HoB. All calving females identified at FB had 

an origin in the south-west of Australia, except for one calving female with a place of origin 

in Auckland Islands, NZ, which was then sighted in FB with a calf. No matches were 

recorded with matched calving females from the ‘eastern’ sub-population in the SEA 

catalogue. Matching was completed for a subset of individuals from the SEA and the NZ 

catalogues and therefore, the finding of no matches for the SEA catalogue and one match 

to NZ catalogue is an underestimation of true connectivity. Results show that that 
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immigration to the site has occurred from the ‘western’ sub-population, and most 

commonly from HoB.  

Increased abundance of SRWs at FB is driven by movement of females and calves into 

the area since 2003. The abundance at FB correlates to the abundance of female and calf 

pairs at HoB and when greater than 55 pairs are sighted at HoB, there is an increase in 

SRW female and calf pairs at FB, with the exception of 2016. For example, peaks in 

abundance driven by pulses in calf production were observed at HoB and FB in 2005, 

2011 and 2014. The greatest number of shifts in selected calving habitat from HoB to FB 

was recorded in years of high abundance at HoB. This supports that HoB may have 

approached a saturation capacity which resulted in dispersal of animals outside of the 

core aggregation area into nearby aggregation areas (Charlton, 2017 – Chapter 2). SRWs 

display high connectivity between FB and HoB with 65% (n= 26) of all calving females 

from FB and 36% (n= 21) of all unaccompanied adults from FB recorded at both locations. 

The movement of SRWs between FB and HoB within and across seasons, shows that the 

corridor between the two known aggregation areas is important connective habitat.  

Results support the view that greater abundance promotes increased linkage via 

connective corridors between aggregation areas. The movement of SRWs between the 

more densely populated large aggregation area at HoB and the small adjacent 

aggregation area at FB is an example of spatial density resource pressures and intra-

species interactions influencing dispersal and site selection. 

Increased population abundance and successful protection efforts of SRW have led to 

expansion of species occupancy and re-colonisation to former ranges (Groch et al., 2005, 

Carroll et al., 2014; Rowntree et al., 2001). Changes in distribution of SRWs similar to 

those observed at FB has also been recorded for other right whale populations in 

Argentina and Brazil (Rowntree et al., 2001; Seyboth et al., 2016, Danilewicz et al., 2016), 

South Africa (Barendse and Best, 2014) and NZ (Carroll et al., 2011 and 2014). Rapid re-

colonisation of SRWs to Santa Catarina in southern Brazil was reported at a rate greater 

than biologically plausible for the species, suggesting immigration or re-dispersal from 

alternate habitat, such as Peninsula Valdes (Groch et al., 2005). Similarly, re-colonisation 

and range expansion from the main nursery area around Peninsula Valdes into historically 

important habitat in Patagonia was reported (Arias et al., 2017). In NZ, evidence was 

presented of SRWs re-colonising former wintering grounds on the mainland after nearly 

four decades post whaling, presumably from a remnant population that persisted in the 

NZ subantarctic islands (Carroll et al., 2014). In Australia, the expansion of SRWs into 

new and emerging aggregation areas has been observed here over the last two decades 
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since protection. Strong migration pathways between linked habitats can enhance 

dispersal by reducing strict philopatric affiliations (Pirzl, 2008).  

Within and between season movements of SRWs on the southern Australian coastline 

were documented by Burnell (2001). Within year movements averaged 730 km, over 34 

days. The maximum reported within season movement of an individual SRW across 

coastal southern Australia is 1,490 km. Of the calving females photo-ID’d at FB, one 

individual moved approximately 910 km within a season. Reported between year 

movements of SRWs were an average of 1,036 km, and up to 2,287 km (Burnell, 2001). 

The maximum between season movement of an individual whale photo-ID’d at FB was 

approximately 3,410 km between Auckland Islands and FB. Long-range movements of 

SRWs between Australia and subantarctic NZ aggregation areas of approximately 3,600 

km across years have also been documented (Pirzl et al., 2009). 

6.5.1 Conclusion 

This study presents evidence that the increased abundance and re-colonisation of SRWs 

into FB, observed since 2004, is mainly due to immigration to the site and not due to the 

increase in a remnant population. A total of 40% of calving females were sighted for the 

first time at FB indicating that they may represent a remnant population or first time 

breeders. However, the high degree of immigration of breeding females to and from FB 

and the low site fidelity to the site suggests that the increased abundance is due to 

immigration of whales to the site. Immigration of SRWs to FB from the ‘western’ sub-

population and particularly from HoB was observed. The increased abundance of SRWs 

at FB correlates with high abundance at HoB and suggests that animals are ‘spilling over’ 

as a result of the primary habitat of Australia’s largest calving aggregation ground at HoB 

reaching its physical saturation capacity. Whale dispersal into FB and other coastal 

habitats in Australia can be expected with an increasing population. Changes to the 

distribution of SRW has been observed in Australia with small aggregation areas 

emerging in the south west of Australia. Further research is needed to understand 

distributional shifts in right whale occupancy in Australia. This study highlights the 

importance of established and growing aggregations along the Australian coastline as 

they continue to grow, and the importance of connective corridors between aggregation 

areas. This information can be used to facilitate habitat protection and robust recovery 

planning, including management of potential anthropogenic impacts and the setting of 

population recovery targets. 
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7 General discussion 
 

Population demographics of SRWs in the GAB were studied using long-term time series 

datasets from annual monitoring undertaken since 1991. This research investigated the 

distribution, abundance, life histories, residence and site fidelity of SRWs at the major 

aggregation ground at HoB during 1991-2016, and the small established aggregation area 

at FB during 1993-2016. Key findings of this research show that SRWs at HoB are 

increasing at a slightly lower yet comparable rate to the ‘western’ subpopulation 

(Bannister, 2017). Assessment of life history parameters showed that biological 

parameters influencing population recovery have not changed significantly over time and 

that the mean apparent calving interval and age at first parturition are comparable to other 

populations of SRWs in South Africa (Brandão et al., 2011) and Argentina (Cooke et al., 

2003). This study showed that conservation efforts in the GAB have successfully provided 

sanctuary to most SRWs visiting HoB during the primary calving season, and that 

continued efforts are required to manage the dispersal of an increasing population of 

SRWs into new and emerging aggregation areas such as FB. The re-colonisation of 

SRWs to FB is primarily a result of whales emigrating from HoB and immigrating to FB 

due to density resource pressures in certain years although this fidelity to FB is variable. 

To detect changes in the rates of increase and recovery of long-lived and slow to recover 

marine mammals, such as SRWs, long-term monitoring in the order of decades is 

required. Detecting changes in the rate of increase in SRWs requires annual monitoring 

due to their mainly three and less frequently four or five-year calving cycles (Bannister et 

al., 2011; Charlton, 2017 – Chapter 3). To detect change on a time scale relevant for 

management, assessment of each breeding cohort is required (Bannister et al., 2011; 

Burnell, 2001). The trend in abundance at HoB is highly variable, due to the cohort 

structured breeding cycles driven by the mean three-year calving cycles of SRWs. The 

rate of increase of 3.7% (± 1.3) p.a. of HoB is lower than 5.55% (± 1.9) p.a. of the ‘western’ 

sub-population and supports that HoB is an open population with movement of animals 

into and out of the area.  

The rate of increase of reproductive females for HoB (4.9% ±0.85, 95% CI) is lower 

although not significantly different from the ‘western’ sub-population in Australia (6.01% ± 

1.8, 95% CI). The rate of increase for the ‘western’ sub-population in Australia is 

comparable to those elsewhere in the world. The South African population of SRWs has 

been increasing at an estimated rate of 6.8% (± 0.4%) p.a. between 1979 and 2008 
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(Brandão et al., 2011). The Argentinean population increase has declined from 6.8% 

during 1971-2007 (Cooke et al., 2003)  to 5.1%  and 3.23% during 1999 to2014 (Crespo 

et al., 2017). The NZ population of SRW has been estimated to be increasing at a rate of 

4.8% (95% CI, 2.4% to 6.4%) p.a. between 2006 and 2016 (Davidson et al., 2016). The 

Chile-Peru population and the ‘eastern’ Australian sub-population (Bannister, 2017) are 

not increasing or are estimated to be increasing at a slower rate than other SRW 

populations. The difference in growth rates recorded for SRW in NZ and Chile-Peru and 

eastern Australia are considered to be a result of the increased historical whaling pressure 

being more concentrated in the South Pacific Ocean leading to the absence of a remnant 

stock of whales returning to the area (IWC, 2013).  

In this study, temporal shifts in the peak abundance period for total animals and females 

and calf pairs at HoB were observed, however, the maximum daily count was consistently 

recorded between August 15th and 30th. Seasonal variability in abundance occurs at HoB 

as SRWs arrive to the site between May and early-July, peak in abundance during mid-

July to late- August, and depart the site between September and October. Results provide 

information on timing and arrival of SRWs to the HoB coastal aggregation area, which is 

required for species management in Australian waters and risk minimisation. Considering 

the proportion of the breeding population recorded at HoB in mid-June (mean=16%, 

range=8-28%), and the percentage of breeding females at HoB remaining in late-

September (mean=27%, range=13-61%), SRWs and their newborn calves may be 

sensitive to potential human disturbance during their migration to and from the coast in 

the broader GAB area between May and October. Within season abundance results from 

this study confirmed that the GAB Commonwealth Marine Reserve MMPZ restricted 

access period from May 1 to October 31 is effective at providing sanctuary to most whales 

that visit the HoB aggregation area. The timing and duration of the calving season for 

SRWs varies among the global populations.  In the GAB, the season is shorter than in 

South Africa and Argentina with an earlier peak abundance period. In South Africa SRWs 

can be sighted all year round with calves sighted between June and December, and peak 

numbers recorded in September (Best and Scott, 1993) and in Peninsula Valdes, 

Argentina, the calving season is between May and December, with the maximum number 

of whales reached from August to September (Crespo et al., 2017; Rowntree et al., 2001; 

Payne 1986). 

The mean two-week period of peak abundance for female and calf pairs across the study 

period was July 17 to August 3 and the mean date of calving observed was July 23. Peak 

abundance periods highlighted in this study will inform future monitoring planning. To 
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achieve the objective of photographing all females accompanied by a calf to inform mark 

recapture assessments of life history parameters and population recovery, a six-week field 

season between July 15 and August 30 is recommended. The recommended study period 

covers the peak abundance period (July 17- August 3) and the consistent sampling period 

surveyed annually at HoB (August 15-30) across all survey years. Given the mean 

residency period of 40 days for females accompanied by a calf at HoB, the proposed study 

period would provide coverage and exposure to females and their calves that arrive at the 

site in May/June and may have departed the site before the August 15-30 study period. 

Considering the mean date of calving recorded at HoB (July 23th), it can be assumed that 

the proposed survey period of July 15 - August 30 will enable assessment of whale 

reproductive status. The likelihood of calves being present along the cliff line and having 

callosities developed enough for future identification is increased in late August. The use 

of drone technology improves efficient data collection by providing access to areas 

previously inaccessible for photo-ID and improved image quality.  

The change in the relative proportion of SRWs at HoB compared with the annual counts 

for the ‘western’ sub-population indicates that movement of individuals into and out of the 

area is increasing as the population expands. Therefore, the percentage of the annual 

counts for the ‘western’ sub-population of SRWs that HoB represents is showing a 

decreasing trend with time. For example, in the early 1990’s, SRWs at HoB represented 

up to 48% of the total annual count for the ‘western’ subpopulation, and in 2016 the SRWs 

at HoB represented 25%. Results suggest that immigration and emigration of whales into 

and out of the site has increased in recent years as the population uses more of its former 

habitat range along the southern Australian coast. Furthermore, the number of new 

individuals’ photo-ID’d at HoB, relative to the number of individuals matched to known 

individuals in the photo-ID’d catalogue, showed a trend towards increasing across years. 

This increased percentage of new breeding females to HoB relative to individuals sighted 

previously at HoB with a calf is attributed to increasing emigration of females that had 

already calved previously, or immigration of calving females into the study area, along 

with population growth. New calving females not previously sighted at HoB grew from a 

mean of 15% of all female and calf pair sightings (1995-1999), to a mean of 48% (2012-

2016). Further modelling is required to compare the expected recruitment of first time 

breeders versus the immigration and emigration of calving females to and from the study 

area. To test whether the increase in newly sighted calving females at HoB is likely due 

to immigration and emigration of whales moving in and out of the study area or attributed 
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to population growth, an Australian-wide comparison of SRW photo-ID’s from other 

available catalogues is needed. 

Distribution of 95% of all SRW sightings recorded between 2014 and 2016 at the HoB 

aggregation area occurred within an area 10.16 km wide from east to west and within 0.19 

km from shore, and within the 20m depth contour. Research into the nearest neighbour 

suggests minimum spatial distance of 150-200 m between adults at HoB (Pirzl, 2008). 

Based on the spacing distance between whales of 150 m, the area occupied by 95% of 

all whales sighted would reach capacity at 68 female and calf pairs, assuming a perfect 

packing density. Conservatively, when a minimum spatial requirement of 100 m is 

tolerated by SRWs at HoB, the area occupied by 95% of whales sighted would reach 

capacity at 155 female and calf pairs, assuming a perfect packing density. Results 

suggest that the primary habitat for SRW at HoB may have already reached capacity with 

a maximum of 172 individuals including 81 female and calf pairs sighted one day in 2016. 

Helicopter surveys completed by SARDI in 2014 of the broader region between the WA 

border in the west and FB in the east showed that up to 17% of whale sightings occurred 

outside of the HoB cliff based study area. Density resource pressures (space) will cause 

SRW to disperse outside of the desired habitat in the primary aggregation area of HoB. It 

can be expected that habitat dispersal outside of HoB will occur with an increasing 

population.  

Daily counts provide a snap-shot of SRW distribution and abundance on a given day within 

the study area. Therefore, the maximum daily count is an underestimation of the true 

maximum number of individuals using the HoB and FB aggregation areas during the 

season. Photo-ID mark recapture shows that the number of individuals photographed 

often exceeds the maximum daily count, indicating immigration and emigration across a 

season, particularly for unaccompanied adults (Burnell, 2001; Charlton, 2017- Chapter 3). 

Individuals that are outside of the visual detection range of 5 km from the cliff based 

observation stations at HoB are not detected during daily counts. Helicopter surveys 

showed that in July of 2014, up to 17% of SRWs sighted in the HoB area were recorded 

outside of the HoB cliff based study area (Mackay et al., 2015). Counts completed 

simultaneously between the WAM aerial survey and the cliff based count team resulted in 

comparable counts. For example, in 2016 the WAM aerial survey counted 66 female and 

calf pairs and 11 unaccompanied adults at HoB and the count team sighted 66 female 

and calf pairs and 10 unaccompanied adults. Whilst it is acknowledged that the HoB cliff 

counts have limitations in counting individuals outside of the visual detection range, the 

cliff based counts have compared favourably to the WAM aerial survey counts across 



Population demographics of southern right whales in South Australia 
 

137 
 

years and the cliff surveys give greater precision in establishing a seasonal maximum 

daily count used as a long-term trend metric. The minimum two-week survey period at 

HoB allows for most residing SRW individuals to be captured through photo-ID because 

they move around the study site within that period.  

Long-term trends in abundance and life history parameters provide critical information for 

population recovery assessment and monitoring of changes to a population over time. 

This study reports on the long-term trends in abundance and life history parameters 

including apparent mean calving interval and age at first parturition of SRWs at the major 

aggregation area at HoB. The estimates of the life history parameters presented in this 

analysis update those previously reported for this population for the years 1991 to 2007 

(Burnell, 2001 and 2008). A total of 26 years of data were included in this assessment 

compared to 17 years reported by Burnell (2008), thus nine additional years are analysed 

and presented in this study. Estimated demographics parameters including mean calving 

interval and age at first parturition compare favorably with previous research completed 

for this population (Burnell, 2001 and 2008), and with research completed for other SRW 

populations around the world (Payne et al., 1990; Cooke et al., 2003; Brandão et al., 2011; 

IWC 2013). The mean apparent calving interval for 1991-2007 was 3.4 years ± 95% CI 

3.29 - 3.46 years (Burnell, 2008) and was 3.3 years (SD=0.8, ±0.3, 95% CI) between 1991 

and 2016. Variability in mean apparent calving intervals has increased at HoB since 2011 

with a lower proportion of females displaying a three-year calving cycles compared to a 

four-year interval and higher. The occurrence of four year mean calving intervals in 2015 

and 2016 warrants monitoring into the future to assess if a change to the mean interval is 

occurring. The mean observed calving interval for the ‘western’ sub-population in Australia 

is comparable with estimates for the SRW population in South Africa of 3.16 years (±3.13-

3.19, 95% CI) (Brandão et al., 2011) and the SRW in Argentina of 3.42 years (S.E. 0.11) 

(Cooke et al., 2003).  

Apparent age at first parturition indicate that sexual maturity can be reached by age five, 

at least in some individuals. The median age of 9.5 years and mean age of 9.3 years 

(SD=2.1, ±0.9, 95% CI, n=22) for first parturition are consistent with the earlier calculation 

of a median age at first parturition of 9 years and a mean of 9.1 years (±0.48, 95% CI) by 

Burnell (2008). A mean age at first parturition of 8.6 years was recorded off South Africa 

(Brandão et al., 2011), and a mean age of 9.1 years (SE 0.4) was recorded off Argentina 

(Cooke et al., 2003). 
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The estimates presented here are for the largest calving aggregation area on the 

Australian coastline. This is not a closed population and the estimates were confounded 

to some extent by movements in and out of this site and from other coastal aggregation 

areas outside of the HoB, primarily from other parts of the ‘western’ sub-population. A 

national assessment is needed using all photo-ID datasets available in Australia and NZ 

to better understand life history parameters, coastal movements and the degree of 

connectivity between the ‘western’ and ‘eastern’ sub-populations of SRWs in Australia.   

Drivers of variation in population demographics are expected to be influenced by forcing 

factors impacting changes to calving intervals (Pirzl et al., 2009). Links between sea 

surface temperature in feeding areas and the calving success of SRWs were documented 

for SRWs in Argentina (Leaper et al., 2006). Inter-annual variability observed in the 

Australian SRW population was related to Southern Ocean climate factors (Pirzl et al., 

2009) and SRW reproductive success was linked to krill density and climate for SRW in 

Brazil (Seyboth et al., 2016). Depression in calving intervals and population growth of 

critically endangered North Atlantic right whales was related to climate associated 

changes in prey availability (Meyer-Gutbrod et al., 2015). Prey availability affects body 

condition and poor body condition was linked to reproductive success for North Atlantic 

right whales (Miller et al., 2011 and 2012) and ‘western’ gray whales (Bradford et al., 

2008). Foraging and distribution patterns of SRWs in the Southern Ocean are poorly 

understood, making the correlation between prey abundance, climate factors and 

demographics parameters difficult to understand. Further assessment is required to 

identify correlations between climate, prey availability, body condition and reproduction 

for right whale populations globally. 

Increased abundance and re-colonisation of SRWs into FB, observed since 2004, is due 

to immigration to the site and is not due to a rapid increase from a remnant population. 

The abundance of SRWs at FB has increased since 2004 and the mean annual rate of 

increase in SRWs (38.8% p.a. SE=29.7) vastly exceeded the maximum biological rate of 

increase between 2004 and 2014. SRW occupancy at FB was reported between July and 

September with shorter residency periods for female and calf pairs and unaccompanied 

adults than recorded at HoB. For example, at FB mean residency periods recorded were 

23 days for females accompanied by a calf and two days for unaccompanied adults, 

compared with residency periods at HoB of 40 days for females accompanied by a calf 

and 15 days for unaccompanied adults. The increase in SRWs at FB is attributed to 

immigration to the site from elsewhere and in particular from HoB. Shifts in selected 

calving habitat were recorded for almost half (45%) of the females accompanied by a calf 
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identified at FB. Shifts occurred in selected calving habitat across three aggregation areas 

in Australia and NZ and most commonly between HoB and FB, particularly evident in 

years of high abundance at HoB. Results suggest that density factors (space) are an 

influencing driver for females to display malleable philopatry and shift selected calving and 

nursing habitat. It is possible that increases abundance at FB is also attributed to females 

calving ‘on their’ way to HoB and then selecting FB as a suitable nearby habitat. Habitat 

dispersal driven by location of calving has occurred for the growing population of 

humpback whales in Western Australia and may be expected for SRW into the future. 

Increased population abundance and successful conservation effort has allowed the 

SRWs to recolonise different locations within their former range (Groch et al., 2005, Carroll 

et al., 2014). Changes in the distribution of SRWs like those observed at FB has also been 

recorded for other right whale populations in Argentina and Brazil (Rowntree et al., 2001; 

Seyboth et al., 2015, Danilewicz et al., 2016), South Africa (Barendse and Best, 2014) 

and NZ (Carroll et al., 2011 and 2014). Rapid re-colonisation of SRWs to Santa Catarina 

in southern Brazil was reported at a rate greater than biological plausible for the species, 

suggesting immigration or re-dispersal from alternate habitat, such as Peninsula Valdes 

(Groch et al., 2005). Similarly, re-colonisation and range expansion from the main nursery 

area around Peninsula Valdes into historically important habitat in Patagonia was reported 

(Arias et al., 2015). In NZ, evidence was presented of SRWs re-colonising former 

wintering grounds on the mainland after nearly four decades post whaling, presumably 

from a remnant population that persisted in the NZ subantarctic islands of Auckland and 

Campbell (Carroll et al., 2014). In Australia, the expansion of SRWs into new and 

emerging aggregation areas has been observed over the last two decades. Strong 

migration pathways between linked habitats, such as the connective habitat between HoB 

and FB, can enhance dispersal by reducing strict philopatric affiliations (Pirzl, 2008).  

Evidence of the re-establishment of SRWs into an important historical calving and nursing 

area at FB, SA is presented. This research addresses the objective in the Commonwealth 

SRW Conservation Management Plan to better understand population dynamics in small 

or emerging aggregation areas. The occurrence of SRWs at FB since 2004 highlights the 

increasing significance of the area as a calving and nursing ground. The decline in SRW 

numbers recorded through aerial surveys in 2015 and 2016 of the ‘western’ sub-

population and the high variability in annual abundance suggests that re-establishment to 

FB is not consistent across years. Therefore, it is important to minimise the risk of 

disturbance to the re-established population of SRWs in areas outside of the GAB 

Commonwealth Marine Reserve MMPZ to promote population growth. 
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7.1.1 Conclusion 

Long-term trends in abundance and life history parameters for SRWs were assessed at 

HoB and FB in the GAB using 26 and 23 consecutive years of photo-ID mark recapture 

data, respectively. This research directly addresses key priorities and objectives in the 

Commonwealth SRW Conservation Management Plan to understand life history 

parameters and to measure population growth. This research improves our understanding 

of seasonal trends in distribution and abundance of SRWs at the major aggregation area 

at HoB (1991-2016). Information provided by this research will inform marine park 

management, management of human activities outside of the marine reserve. Specifically, 

the research improves current understanding of the timing of arrival and departure of 

whales to and from the site, and peak abundance periods in abundance. Baseline data 

are provided for detection of population changes over time and to enable before and after 

assessment of impacts associated with marine based activities proposed for the area. 

Information provided by this study informs population status and recovery assessment, 

linkages to health and climate factors, and global comparative studies of SRW 

populations. SRW in the south west of Australia are increasing at or near the maximum 

biological rate of increase. The increase in abundance has led to habitat dispersal into 

former ranges and distribution shifts along the Australian coastline.  

Management applications of this research include: i) Great Australian Bight Marine 

Reserve, Marine Mammal Protection Zone is successfully protecting the largest 

aggregation of SRW in Australia; 2) there is a need to manage SRW habitat outside of the 

Marine Protected Area, particularly as the population increases and habitat range expand, 

and; 3) information is now available for managers and industry for before and after risk 

assessment for marine based activities proposed. Long term annual population monitoring 

programs including long range aerial surveys of the Australian coast and dedicated 

research in important aggregation areas are critical to the assessment of population 

demographics and species recovery over time.  

Future monitoring and research should consider the full distribution of SRWs in Australia 

and connectivity between all the coastal wintering grounds in Australia and NZ, to ensure 

the protection of the population and continued recovery of the species. Future research 

priorities to inform recovery planning and management of SRW in Australia include:  

 Integration of existing major photo ID datasets and mark recapture analysis update 

abundance estimates and assess coastal movements and connectivity; 
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 Understanding the two-population model and drivers for the absence of SRW 

increased abundance in the eastern sub-population 

 Understand offshore distribution, migration pathways and foraging habitat 

 Collaborative studies with other right whale populations around the world to 

compare life history parameters, recovery trajectories and possible mixing of 

populations 

 Understanding anthropogenic disturbances to SRW in Australia 

 Investigation of linkages between health, reproduction and climate factors. 
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