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EXECUTIVE SUMMARY  

Seal populations are a key biodiversity feature of Kangaroo Island. It is the only location where 

breeding populations of all three of Australia’s (mainland) resident seal species co-occur, 

including the largest population of long-nosed fur seals (LNFS), and one of the largest breeding 

sites for the threatened Australian sea lion (ASL).  Seals are one of the premier tourism 

attractions on Kangaroo Island and they underpin a regional multimillion dollar tourism industry. 

Populations of seals on Kangaroo Island have been monitored for about 30 years. This report 

provides and update on the status and trends in abundance of the Australian sea lion population 

at Seal Bay and Seal Slide, following the 2016 breeding season; and the long-nosed fur seal 

population following the 2016/17 breeding season in the Cape Gantheaume Wilderness 

Protection Area, which contains the largest seal population in Australia.  

 

The 2016 Australian Sea Lion (ASL) breeding season commenced at Seal Bay on 17 May 2016. 

The median pupping date was 28 August 2016 (sd = 53 days), with 90% of births occurring over 

176 days (5.8 months), between 1 June 2016 and 23 November 2016. Pup production for the 

breeding season, based on the cumulative number of births, was estimated to be 244. Trend 

estimates for eight breeding seasons between 2004 and 2016 indicate that pup production at 

Seal Bay is declining by -1.4% per year, or -2.0% per breeding season.  

 

The maximum count of live ASL pups was 163, the highest count recorded since 1987, and is in 

part a consequence of the low pup mortality recorded for the season (17.6%). Maximum counts of 

live pups are now available for 22 consecutive breeding seasons (1985 to 2016). Trend estimates 

are similar to those for pup production, and indicate that over the last 31 years, live pup counts 

have been declining by 1.5% per year, or 2.2% per breeding season.  

 

A microchipping program commenced at Seal Bay in 2002, with the aim of monitoring population 

vital rates (survival and reproductive success). A total of 201 pups were microchipped during the 

2016 breeding season. Microchip scanning efforts directed towards breeding females indicate 

that 90% (219) of all (244) females that pupped in the 2016 breeding season at Seal Bay were 

scanned, of which 64% (141) had a microchipped (i.e. of known age). With the exception of one 

4.5 year-old female, recruitment to the breeding population commenced at age 6 (28 females 

born in the 2010 breeding season) with the oldest known-age females being 13.5 years old (born 

in the 2002/03 breeding season, coinciding with the beginning of the microchipping program).  
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ASL pup production at Seal Slide was estimated to be 15 for the 2016 breeding season. Trend 

analyses suggests that pup abundance at Seal Slide is increasing by about 1% per year, or 1.5% 

per breeding season, however, given the low pup abundance there is high uncertainty in these 

trends.  

 

The estimate of pup abundance of LNFS for the whole Cape Gantheaume Wilderness Protection 

Area (CGWPA) in the 2016/17 breeding season was 4,825 (95% CL 4,784 – 4,866). The pup 

abundance estimate represents a decline of 1.6% compared with the previous breeding season 

(4,904). Since January 1989, estimated LNFS pup production within the CGWPA has increased 

by a factor of 10.5 (from 458 to 4,825) and at an annual rate of 8.9% per year (n = 29 seasons). 

However, it is clear that growth in this population is no longer exponential. Pup production has 

grown by 3.0% per year over the last decade, but has declined to -0.1% per year over the last five 

years, suggesting that LNFS pup production has likely peaked in the colony, with relatively stable 

pup production over the last five years.  

 

The monitoring program continues to provide important information to inform both State and 

National Governments on conservation and management policy for these protected marine 

species. 



Goldsworthy, S. D. et al. (2017)                             Monitoring pinniped populations on Kangaroo Island 

 

3 
 

1 INTRODUCTION  

 

Seals are one of the premier tourism attractions on Kangaroo Island (KI) and they underpin a 

regional multimillion dollar tourism industry, the centrepiece of which is the Australian sea lion 

(ASL, Neophoca cinerea) population in the Seal Bay Conservation Park. Information on the status 

and trends in abundance of the Seal Bay ASL population is essential for ensuring that ongoing 

tourism activities and developments are undertaken sustainably and in a way that does not 

impact natural population processes (Department of Sustainability Environment Water Population 

and Communities 2013). The information is also needed to provide long-term economic security 

to the regional tourism industry that is directly or indirectly dependent on Seal Bay (Department of 

the Environment, Water and Natural Resources (DEWNR), Commercial Tour Operators, regional 

tourism businesses). This is especially pertinent given that ASL are a listed threatened species 

under the Environment Protection and Biodiversity Act 1999 (EPBC Act), endangered under the 

International Union for the Conservation of Nature (IUCN) Redlist (Goldsworthy 2015), and based 

on a recent comprehensive State-wide census, the South Australian population is presently 

declining by ~3% per year, and has declined by almost 25% over the last decade or so 

(Goldsworthy et al. 2015b).  Seal Bay forms a critical monitoring site for ASL and is the only 

location where the species’ population vital rates (survival and reproductive rates) are being 

monitored (Goldsworthy et al. 2015a). Such data are important to assess the performance of 

mitigation measures (fishery closures and bycatch trigger limits) introduced by the Australian 

Government to protect ASL from bycatch in gillnet fisheries (Australian Fisheries Management 

Authority 2015).  

 

In contrast to ASL, the rapid recovery of long-nosed fur seal (LNFS, Arctocephalus forsteri) and 

recent colonisation and growth of Australian fur seal (Arctocephalus pusillus dorifierus) 

populations has created public concern from some fisheries and ecotourism sectors, and 

knowledge on their status and trends in abundance is important to assist DEWNR in species 

management decisions. The last 27 years have seen a 3.5 fold increase in the population of 

LNFS in South Australia (SA), which now number ~100,000 individuals (Shaughnessy et al. 

2015). Pup production in the Cape Gantheaume Wilderness Protection Area (CGWPA) on KI has 

been monitored annually each January since 1989 (Goldsworthy et al. 2015a, Shaughnessy and 

Goldsworthy 2015). Over this period pup production has increased from ~450 to 5,300, which is 

equivalent to a ~10% increase per year (Shaughnessy and Goldsworthy 2015).  

 

This is the third consecutive three-year program to monitor the status and trends in abundance of 

Kangaroo Island pinniped populations supported by the DEWNR. The first two extended from 
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2010 to 2012 and from 2013 to 2015. The current project extends the monitoring from 2015 to 

2018. Its aims are to:  

1. maintain monitoring of Australian sea lion pup production during the 2016 and 2017/18 

breeding seasons at Seal Bay and the Seal Slide, Kangaroo Island;  

2. maintain monitoring of population, survival and reproductive success of Australian sea 

lions between 2015 and 2018 at Seal Bay; 

3. provide detailed reports on population dynamics and trends subsequent to the 2016 and 

2017/18 breeding seasons; 

4. maintain the annual monitoring of long-nosed fur seal pup production in the Cape 

Gantheaume Wilderness Protection Area over three consecutive breeding seasons 

(2015/16, 2016/17 and 2017/18), and provide reports on their status and trends in 

abundance; and 

5. provide a final report at the end of the program including an assessment of ongoing seal 

population monitoring needs for the Kangaroo Island region. 

 

This report provides details on monitoring of the 2016 ASL breeding season at Seal Bay and the 

2016/17 LNFS survey in the CGWPA.  

 

2 METHODS 

 
2.1 Australian sea lions 

2.1.1 Field sites 

Seal Bay is part of the Seal Bay Conservation Park situated on the south coast of Kangaroo 

Island, centred on 35.996°S, 137.327°E. The ASL colony comprises four main areas (Figure 1) 

that are referred to as Pup Cove (2 km west of the visitor centre), the Western Prohibited Area 

(WPA), Main Beach (MB), including the sand dunes and swales inland from MB and the scrub 

behind the swales (referred to as the Road Reserve), and the Eastern Prohibited Area (EPA). 

Limestone promontories separate the WPA from MB and the EPA from MB. Most pups are born 

in the WPA and at the western end of MB, with smaller numbers of pups born in Pup Cove, inland 

from the WPA and MB, in the dunes behind the eastern end of MB, and in the EPA (Goldsworthy 

et al. 2007). The WPA and EPA were declared in 1972 under the National Parks and Wildlife Act 

1972 (SA Government Gazette, December 7, 1972, pp. 2543-2544) for the “purposes of 

conserving the native animals on that portion of the Seal Bay Conservation Park described”.  
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The ASL colony known as the Seal Slide (36.028°S, 137.539°E) is located in the CGWPA, on the 

south-east coast of Kangaroo Island. The colony can be accessed by 4WD vehicle and was 

visited twice during the 2016 breeding season.  

2.1.2 Pup production and population growth estimates 

At Seal Bay, 69 surveys were conducted between 17 May 2016 and 15 February 2017. Two 

methods were used to estimate pup abundance: direct counts of live and dead pups, and the 

cumulative count of new births and deaths throughout the colony based on repeat (usually twice-

weekly) surveys (Goldsworthy et al. 2008, 2011). The latter is the main method of estimating pup 

production and we refer to it as the estimate based on the cumulative number of births. It can also 

be determined from the number of microchipped pups plus cumulative dead (not microchipped) 

pups at the end of the breeding season.  

 

Previously, mark-recapture methods using the Petersen estimate were also used to estimate pup 

production, using pups that had been clip-marked during the microchipping process. However, we 

are now aware that clip-marks applied to pups in their brown lanugo may not be readily 

detectable once these pups have moulted. The loss of marks violates the assumptions of the 

Petersen estimate (Caughley 1977), and has likely led to over-estimates of pup abundance in 

some years. Therefore, we no longer use the Petersen estimate to estimate pup abundance. 

 

The mortality rate of pups was calculated as the number of cumulative dead pups at the end of 

the breeding season, divided by the overall estimate of pup production. The median date of birth 

and the period over which 90% of births occurred were determined using a modified probit 

analysis of cumulative pup production data (Caughley 1977). 

 

The methodology to survey the Seal Slide followed that described by Goldsworthy et al. (2007) 

for small colonies and is referred to as the cumulative mark and count (CMC) method. 

 

To estimate tends in abundance, we used the method developed by Johnson and Fritz (2014). It 

uses a Bayesian modelling and Markov Chain Monte Carlo method, and a hierarchical model to 

make inferences of trends in abundance. Analyses were undertaken using the R package 

‘agTrend’ (Johnson and Fritz 2014). The agTrend analyses produce plots of abundance trends, 

with a line fitted to the median of the posterior predictive counts bounded by the 90% highest 

probability density credible interval. Where there are >10 observations, a Generalised Additive 

Model (GAM) is used, where there are 6 to 10 observations, a General Linear Model (GLM) is 
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fitted to the data and where there are <6 observations, a GLM with intercept only is fitted 

(Johnson and Fritz 2014).  

2.1.3 Seal Bay - microchipping and demography program 

Pups older than two-months of age and un-attended by an adult female were captured by hand, 

weighed in a canvas bag using a spring balance to the nearest 0.1 kg, and then sexed and 

measured (standard length - nose to tail to the nearest ± 0.5 cm). Each pup was externally 

marked by clipping the fur across the rump (Figure 3) and a Passive Integrated Transponder tag 

(PIT tag: TIRIS™ RFID 23 mm) was subcutaneously implanted using a sterile single-use needle. 

PIT tags (microchips) were inserted in the clipped area, parallel to the spine and close to the tail 

to minimise the effect of gravitation.  

 

During the breeding season and between breeding seasons, hand-held scanning of animals 

(using Aleis Model 9030 readers; and Allflex RS320 EID ‘boom’ readers) was undertaken 

regularly throughout the colony. To successfully identify seals with a microchip, the Radio 

Frequency Identification (RFID) reader was held near the animal within a distance of 10 cm from 

the insertion site (rump) (Figure 3). Mother-pup pairs were also targeted throughout the breeding 

season to assess the tagged status of the pups and identify if the mother had been microchipped. 

In addition to monitoring during the breeding season, all available sea lions were scanned over 3 

days at approximately two-month intervals to monitor individual survival. All scanning data were 

entered in real time into a purposely developed data management app (Seal Bay ASL Monitoring 

V2) developed using the Fulcrum software (https://web.fulcrumapp.com) and operated on a 

handheld device. 

 

 

2.2 Fur seal surveys 

2.2.1 Field sites 

The CGWPA contains two large sub-colonies of LNFS: Berris Point and Cape Gantheaume 

(Figure 2). The Berris Point sub-colony is divided into three sectors referred to as ‘North’, ‘Middle’ 

and ‘South’ separated by deep channels extending through the schist to the base of the limestone 

slopes. The Cape Gantheaume sub-colony is also separated into sectors as described by 

Shaughnessy (2011). In addition, there are several small aggregations of LNFS that form part of 

the Cape Gantheaume sub-colony: i) 0.5 km west of the Cape Gantheaume headland on small 

sandy beaches at the base of limestone cliffs, and ii) in the bay immediately north-east of the 

https://web.fulcrumapp.com/
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Cape Gantheaume sub-colony, known locally as ‘Little Weirs Cove’. Finally, there is a third, small 

but rapidly increasing sub-colony at Cape Linois in the north-east part of the CGWPA.  

2.2.2 Direct counting  

Numbers of LNFS in small aggregations were counted by one or two members of the survey team 

while walking through the aggregation; these are referred to as 'direct counts' to distinguish them 

from the mark-resight estimates.  

2.2.3 Mark-resight estimation - marking  

LNFS pups were marked by clipping the black natal hair (lanugo) on the top of their heads 

between the eyes and down toward the nose with curved surgical scissors to reveal the light grey 

underfur. This clip provides a temporary mark, in that the natal hair is shed between March and 

April, when the adult-type pelage emerges. Pups were marked by a team of people with one 

person acting as scribe to record the number marked. Effort was made to apply marks uniformly 

throughout each sector of the colony (~50% of pups present).  

2.2.4 Mark-resight estimation - recapturing  

The ‘recapturing’ of pups was undertaken by visual resighting, and did not require physically 

handling them. Resights were conducted by individuals walking through the colony and visually 

scanning pups' heads to identify them as either ‘marked’ (clip-marked) or ‘clear’ (unmarked). 

Information was recorded on tally-counters, one in each hand, with one to record marked pups 

and the other to record clear pups. At the completion of each sector, data were recorded in a field 

notebook and tally-counters were reset to zero. Between nine and 16 resights were conducted of 

each colony sector by individuals, typically 10-15 minutes apart. Resights were undertaken 

between 1 and 5 days after pups had been marked to enhance the potential for mixing of marked 

and clear pups.  

 

By distributing marks and conducting resight sessions uniformly throughout each colony sector, 

the sampling process at resighting is assumed to be random with respect to the marking process. 

This is an important assumption of mark-recapture estimation (Caughley 1977). The sampling 

was done without replacement; that is, care was taken to avoid recording pups more than once 

during each resight session. The percentage of marked pups in a sector or a colony was 

calculated using the number of pups marked and the mark-resight estimate of live pups. 
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2.2.5 Dead pups 

The number of pups found dead was recorded when pups were marked and also during resight 

sessions. Dead pups were spray painted or covered with large rocks to indicate that they had 

already been counted. Dead pups counted during resight sessions were recorded as ‘marked’ or 

‘clear’. Dead marked pups were subtracted from the total number of marked pups (M) at risk of 

being resighted (see below). 

2.2.6 Calculation of pup abundance using mark-recapture estimates 

The estimate of pup numbers (N) was calculated using a variation of the Petersen method (Seber 

1982), with the formula  

𝑁 =
(𝑀 + 1)(𝑛 + 1)

(𝑚 + 1)
− 1; 

 

where M is the number of marked pups available for resighting during recapture sessions (minus 

any dead marked pups sighted during recapture session), n is the total number of pups examined 

in the recapture (resight) sample, and m is the number of marked pups in the recapture sample.  

 

The variance of this estimate was calculated from 

 

𝑉 =
(𝑀 + 1)(𝑛 + 1)(𝑀 − 𝑚)(𝑛 − 𝑚)

(𝑚 + 1)2(𝑚 + 2)
 . 

 

Since there were several mark-recapture estimates (Nj) for each colony, one from each recapture 

session, they were combined by taking the mean (N) for each colony using formulae from White 

and Garrott (1990, pp. 257 and 268):  

𝑁 = ∑
𝑁𝑗

𝑞⁄

𝑞

𝑗=1

; 

 

where q was the number of estimates for the individual colony (i.e., the number of recapture 

sessions). The variance of this estimate was calculated from  

𝑉𝑎𝑟𝑁 =
1

𝑞2
∑ 𝑉𝑎𝑟(𝑁𝑗)

𝑞

𝑗=1

 . 

 

Its standard error (s.e.) was calculated from 

[𝑉𝑎𝑟(𝑁)]  
1

2⁄ ; 
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(see Chapman 1952, Fowler et al. 1998, Kuno 1977). The 95% confidence limits were calculated 

from  

 

𝑁 ± (1.96 × [𝑉𝑎𝑟(𝑁)]  
1

2⁄ ). 

 

The Cape Gantheaume and Berris Point sub-colonies were divided into several sectors, and pup 

numbers calculated for each sector by the above method. An estimate for the whole sub-colony 

was then obtained by summing the estimates for each sector. The variance of that combined 

estimate was obtained by summing the variances of each sector, and dividing by the square of 

the number of recapture sessions. The standard error was calculated by taking the square root of 

the variance.  

 

For each colony, the number of dead pups was added to the estimate of the number of live pups 

to give the overall estimate of pup numbers in a colony. Means for mark-recapture estimates are 

presented as ± standard error (s.e.).  

2.2.7 Trends in pup abundance 

Trends in abundance were calculated using linear regression of the natural logarithm of the mean 

estimate of pup numbers against year. This gives an exponential rate of increase, which has 

been demonstrated for LNFS on Kangaroo Island (Shaughnessy et al. 1995) and for other 

species. The intrinsic rate of increase (𝑟) is the slope of the regression line. It can be expressed 

as a percentage rate of growth (𝜆) as follows:  

 

λ = (𝑒𝑟 − 1) × 100. 

 

As indicated in section 2.1.2, we used the method developed by Johnson and Fritz (2014) to 

estimate tends in abundance of fur seal colonies. 

2.2.8 Pup weight and length  

A sample of pups was weighed using scales (20 kg range) suspended from a surveyor’s tripod. 

Pups were sexed, placed in a weighing sling (an adjustable looped rope placed around the neck 

and under one fore-flipper) and weighed, their standard length (straight–line distance between tip 

of nose and tip of tail) was then measured using a 1 m ruler. A small clip of fur was removed from 

each pup’s rump to indicate it had been weighed before it was returned to its place of capture.  
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3 RESULTS AND DISCUSSION 

3.1 Seal Bay 

3.1.1 Pup production and population growth 

Results of the surveys for pup births and deaths undertaken during the 2016 breeding season at 

Seal Bay are presented in Table 1 and Figure 4. The breeding season commenced with the first 

pup birth on 17 May 2016. The last pup birth occurred two to three weeks before the last survey 

on 15 February 2017. Based on these observations, the duration of the breeding season was 

approximately 8 months. A probit analysis of the cumulative number of births, estimated the 

median pupping date to be 28 August 2016 (sd = 53 days), with 90% of births occurring over 176 

days (5.8 months), between 1 June and 23 November 2016 (Table 2).  

 

Variation in the chronology of breeding across the last ten breeding seasons is presented in 

Figure 5. The mean breeding interval (period between successive median pupping dates) for ten 

consecutive breeding seasons since the 2002/03 breeding season was 546 days (range 541 - 

553, sd = 4.6) or 18.0 months (range 17.8 - 18.2, sd = 0.1) (from data in Table 2, Figure 5).  

 

The pup production estimate based on the cumulative number of births recorded for the 2016 

breeding season at Seal Bay was 244 (Table 1, Figure 4). Most pups were born in the Main 

Beach (MB) area west of the area accessed by the public (100 pups, 41.0%) and in the Eastern 

Prohibited Area (EPA) (79 pups, 32.4%), with 41 pups (16.8%) reported for the Western 

Prohibited Area (WPA) and 24 pups (9.8%) for Pup Cove (Figure 1). As Pup Cove could only be 

surveyed from along the cliff-line at various vantage points, the number of cumulative births for 

this area may be an under-estimate.  

 

The maximum direct count of live pups was 163 on 14 November 2016, when the cumulative 

number of dead pups was 29. The cumulative number of pup deaths to the end of the breeding 

season was 43 on 15 February 2017 (Table 1). A total of 201 pups were microchipped by the end 

of the breeding season, the minimum estimate of pup production based on the total number of 

microchipped pups, plus cumulative dead (less 10 dead microchipped pups) was 234 (Table 1). 

3.1.2 Trends in maximum live-pup counts, estimated pup production and mortality 

Trends in direct counts of the maximum number of live pups counted throughout a breeding 

season extend over 22 consecutive breeding seasons between 1985 and 2016 (Figures 6 and 7). 

The maximum live pup count for the 2016 breeding season (163) is the highest recorded since 
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1987, and is in part a consequence of the very low pup mortality recorded for the breeding 

season (see below). A regression model fitted to the median of the posterior predictive counts 

bounded by the 90% highest probability density credible interval indicates that live pup counts at 

Seal Bay have been declining by 1.5% per year (range -5.9 to 3.6), or 2.2% per breeding season 

(range -8.8 to 5.3) (Figure 7).  

 

The trend in estimated pup production based on the cumulative number of births for eight 

breeding seasons between 2004 and 2016 is presented in Figures 6 and 8. A regression model 

fitted to the median of the posterior predictive counts bounded by the 90% highest probability 

density credible interval indicates a change in pup production of -1.4% per year (range -2.7 to 

0.0), or -2.0% per breeding season (range -4.0 to 0.0) (Figure 8). 

 

Based on a pup production estimate of 244 pups for the 2016 breeding season at Seal Bay, and 

a total of 43 cumulative pup deaths at the end of the breeding season, the mortality rate for the 

breeding season was estimated to be 17.6% (Table 2, Figure 6). The average rate over the last 

eight breeding seasons is 26.6% (sd = 8.5); it has varied between 17.6% and 41.8%, and 

oscillated between the low and high end of that range in consecutive seasons, with 2016 being a 

low mortality season, and the lowest breeding season mortality rate ever recorded at Seal Bay 

(Figure 6). Pup mortality in the breeding seasons with relatively low mortality has averaged 21.8% 

(sd = 3.4), while in the high mortality breeding seasons it averaged 34.2% (sd = 8.5) (from Table 

2). There was no apparent trend in pup mortality between 2007 and 2016.   

3.1.3 Age distribution of breeding females  

Since the 2011/12 breeding season, scanning of breeding females to monitor reproductive rates 

has been conducted more assiduously. This involves attempts to scan as many females as 

possible during the peri-natal period (when females are mate-guarded) or later in order to identify 

known-age females and monitor age-specific and seasonal variation in fecundity (live births per 

breeding season).  

 

Of the 244 females that pupped in the 2016 breeding season, 213 (87%) were scanned within 

(197) or just outside of (16) the peri-natal period, leaving 31 (13%) un-scanned. Of the unscanned 

females, eight were within the main colony area, while 23 were inaccessible (either in Pup Cove 

or EPA Bays 4 and 5). At least six of these females were microchipped, as they were scanned in 

the main colony area with older pups in January 2017 (known as ‘Discovery scans’). Locations of 

the birth sites of these females are uncertain. It is possible that additional non-chipped females 

that pupped outside of the main colony area were scanned outside of the peri-natal period, but as 
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they are unidentifiable, the number of non-chipped females in the remaining ~25 un-scanned 

females is unknown. This gives a minimum total of 219 (213+6) females (90% of the estimated 

244 females that pupped) that were scanned during the 2016 breeding season; of these 141 

(64%) were microchipped (i.e. of known age).  

 

The age distribution of the 141 microchipped breeding females that are known to have pupped 

during the 2016 breeding season at Seal Bay is presented in Table 3. With the exception of one 

4.5 year-old female, recruitment to the reproductive population commenced at age 6 (28 females 

born in the 2010 breeding season), with the oldest known-age females being 13.5 years old (born 

in the 2002/03 breeding season, coinciding with the beginning of the microchipping program). The 

age distributions of known-aged female ASL in the last four breeding seasons (2011/12, 2013, 

2014/15, 2016 and pooled) are presented in Figure 9a and 9b.  

 

 

3.2 Seal Slide 

3.2.1 ASL pup abundance 

Ground counts were undertaken at Seal Slide on 27 July 2016 when 9 pups were counted (2 

black mate-guarded, 4 black, 3 brown), and on 7 September 2016 when 15 pups were counted 

(14 brown, 1 dead). Seven available pups were microchipped. It is estimated that the September 

survey was undertaken near the end of the breeding season, and as an additional follow-up 

survey was not undertaken, it was not possible to utilise the cumulative mark and count (CMC) 

method this season. As such the total estimate of pup production for the Seal Slide colony for the 

2016 breeding season was 15 births. 

 

Estimates of pup abundance at the Seal Slide with a high degree of confidence are now available 

for the last ten breeding seasons since 2002/03 (Figure 10). A total of 9 pups in 2002/03 and 11 

pups in 2004 (Shaughnessy et al. 2009); 10 pups in 2005/06 (Goldsworthy et al. 2007); 15 pups 

in 2007 (Goldsworthy et al. 2008); 12 pups in 2008/09 (Goldsworthy et al. 2010); 10 pups in 2010 

(Goldsworthy et al. 2011); 13 pups in 2011-12 (Goldsworthy et al. 2013); 10 pups in 2013 

(Goldsworthy et al. 2014); and 8 in 2014/15 (Goldsworthy et al. 2015a) (Figure 10). A regression 

model fitted to the median of the posterior predictive counts bounded by the 90% highest 

probability density credible interval indicates that pup abundance at Seal Slide is increasing by 

about 1% per year (range -5.5 to 7.8), or 1.5% per breeding season (range -8.2 to 11.6), although 

the credible range is large indicating high uncertainty in the current trends (Figure 10).  
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3.3 Fur seal surveys 

3.3.1 Pup marking  

In the January 2017 survey of LNFS in the CGWPA, a total of 2,859 pups were marked: 163 at 

Cape Linois, 675 at Berris Point and 2,021 at Cape Gantheaume (Table 4). 

3.3.2 Pup abundance estimates  

In the Cape Gantheaume sub-colony (which includes Little Weirs Cove), the mean proportion of 

marked pups was 0.59. The estimated number of pups in the colony was 3,444 (95% CL 3,408 – 

3,480). This estimate includes 110 dead pups (3.2%) (Table 4). 

 

At the Berris Point sub-colony, the mean proportion of marked pups in the resight sessions was 

0.65. The estimated number of pups in the sub-colony was 1,038 (95% CL 1,023 – 1,053). This 

estimate includes 18 dead pups (1.7%) (Table 4).  

 

At the Cape Linois sub-colony, the mean proportion of marked pups was 0.48 and the estimated 

number of pups in the sub-colony was 343 (95% CL 329 – 357). This estimate includes 11 dead 

pups (3.2%) (Table 4).  

 

The estimate of pup abundance for the whole CGWPA was 4,825 (95% CL 4,784 – 4,866), the 

proportion of marked pups was 0.59 and 2.9% of pups were found dead (Table 4). The estimate 

represents a decline of 1.6% compared with the previous breeding season (4,904, 95% CL 4,865 

– 4,942) (Goldsworthy et al. 2016). 

3.3.3 Trends in pup abundance  

At the Cape Gantheaume sub-colony, estimates of pup numbers increased from January 1989 to 

January 2016 (Table 5, Figures 11 and 12). Growth rates in the sub-colony have declined from 

2.3% per year over the last decade to -0.7% over the last five years (Table 6).  

 

The Berris Point sub-colony was established in 1996/97 and grew rapidly throughout the 2000s, 

peaking at 1,344 pups in the 2013/14 breeding season. Much of this increase was likely to have 

been sustained through immigration from the Cape Gantheaume sub-colony. Average growth in 

the Berris Point sub-colony has declined from 2.6% per year over the last 10 years, to  

-3.9% per year over the last five years (Table 6, Figures 11 and 12).  
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The first breeding record at the Cape Linois sub-colony was in 2001/02 when a single pup was 

sighted. Over the last seven years, pup numbers have increased rapidly from 6 to 343. Pup 

production over the last 10 years has grown at a rate of 71.7% per year, similar to the rate over 

the last five years (70.3% per year) (Table 6, Figures 11 and 12).  

 

Since January 1989, pup numbers within the CGWPA have increased by a factor of 10.5 (from 

458 to 4,825). Overall, this increase has been at an average exponential rate of r = 0.085, 

equivalent to 8.9% per annum (n = 29 seasons, r2 = 0.92) (Figure 13). There appear to be two 

apparent phases to the recovery of fur seals in the CGWPA, the first between January 1989 and 

1998 when the population increased at an average exponential rate of r = 0.159, equivalent to 

17.2% per annum (r2 = 0.99); the second phase was between January 1999 and 2017 when the 

population increased more erratically and at the lower exponential rate of r = 0.057, equivalent to 

5.9% per annum (r 2 = 0.81) (Figure 14).  

 

As detailed above, growth models of pup production in the three sub-colonies indicate that with 

the exception Cape Linois, which has established in the last decade, population change in the 

Cape Gantheaume and Berris Point sub-colonies has declined over the last decade from positive 

to negative growth, with the overall growth in pup production in the CGWPA declining from 3.0% 

per year over the last decade, to -0.1% per year over the last five years (Table 6, Figure 11), 

suggesting that LNFS pup production may have peaked in the colony, with relatively stable pup 

growth over the last five years (Figure 11). 

3.3.4 Pup mortality  

The number of pups found dead was recorded when pups were marked and also during resight 

sessions a few days later. In January 2017, a total of 139 dead fur seal pups were recorded at 

sub-colonies in the CGWPA. This represents 2.9% of the 4,825 pups estimated at these sites 

(Table 4). This estimate of pup mortality should be considered an underestimate because some 

of the dead pups would have been overlooked, including some that might have been washed out 

to sea or into rock pools, or taken by scavengers (Shaughnessy and Goldsworthy 2015).  

3.3.5 Pup weight and length 

A total of 110 pups were weighed at Cape Gantheaume on 27 January 2017 (Table 7): males and 

females weighed 7.03 kg and 6.02 kg on average, and were 72.7 cm and 69.3 cm in length, 

respectively. Fluctuations in the mass of male and female pups over 29 consecutive years are 

presented in Figure 15. Both show a steady decline in average mass since the late 1990s; 

although male pups were heavier in 2016 and 2017 relative to previous years.  
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3.3.7 Australian fur seals  

Only two Australian fur seals (Arctocephalus pusillus doriferus) were recorded at Cape 

Gantheaume sub-colony (Sector AB) on 23 January 2017, one juvenile and one sub-adult male. 

No pups were recorded.  

 

4 CONCLUSION 

This project aimed to provide DEWNR with information on the status and trends in abundance of 

the ASL population at Seal Bay and the Seal Slide, and the LNFS population in the Cape 

Gantheaume Wilderness Protection Area. Seal Bay and Cape Gantheaume represent the most 

well studied populations for each species, respectively. These studies are therefore of critical 

importance for informing both State and National Governments on conservation and 

management policy for these protected marine species. In addition, seals form an integral part of 

the Kangaroo Island ecotourism industry. In 2011/12, of the 193,975 visitors to Kangaroo Island, 

67% viewed ASL at Seal Bay and 79% of visitors went to see LNFS at Admirals Arch (information 

from the South Australian Tourism Commission). Hence, knowledge on the status and health of 

seal species is relevant to ensure long-term sustainability of this important eco-tourism industry. 

 

The ASL pup production estimate for Seal Bay for the 2016 breeding season was 244, which is 

similar to recent estimates of pup production. Trends in estimated pup production available for 

seven of the last eight breeding seasons between 2004 and 2016 indicate there has been a 

decline of -1.4% per year (range -2.7 to 0.0%), or -2.0% per breeding season (range -4.0 to 

0.0%).  

 

The maximum direct count of live pups at Seal Bay for the 2016 breeding season was 163. 

Analysis of trends in live pup counts over 22 consecutive breeding seasons between 1985 and 

2016 indicates a decline of 1.5% per year (range -5.9 to 3.6%), or 2.2% per breeding season 

(range -8.8 to 5.3%). 

 

At the Seal Slide, the estimate of pup production for the 2016 breeding season was 15. Pup 

abundance there has been increasing by about 1% per year (range -5.5 to 7.8%), or 1.5% per 

breeding season (range -8.2 to 11.6%), although the credible range is large indicating high 

uncertainty in the current trends.  
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In the Cape Gantheaume Wilderness Protection Area, the LNFS pup production estimate for the 

2017 breeding season was 4,825 (95% CL 4,784 – 4,866), a decline of 1.6% compared with the 

previous breeding season (4,904). The only part of the fur seal colony in the CGWPA that 

increased was at Cape Linois, where the estimate for 2017 was 343 pups. 

 

Since January 1989, pup numbers within the CGWPA have increased over the 29 breeding 

seasons by a factor of 10.5 (from 458 to 4,825). This increase has been at an average 

exponential rate of r = 0.085, equivalent to 8.9% per annum. But over the last decade, overall 

growth in pup production in the CGWPA has declined to 3.0% per year and over the last five 

years, the rate of change has been -0.1% per year, suggesting that LNFS pup production has 

likely peaked in the colony. Despite this, it remains the largest colony for the species in Australia.  
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Table 1. Summary of surveys of Australian sea lion pups at Seal Bay during the 2016 breeding season 
undertaken for new births and dead pups, cumulative births and deaths, and direct counts of brown pups 
(BP), moulted pups (MP) and total live pups. 

 

 
 

Survey Date Survey New New Cummulative Counts

No. day Births Dead Born Dead Alive BP MP Total live

1 17/05/2016 0 1 0 1 0 1 1 0 1

2 26/05/2016 9 1 0 2 0 2 1 0 1

3 30/05/2016 13 1 0 3 0 3 1 0 1

4 2/06/2016 16 1 0 4 0 4 1 0 1

5 7/06/2016 21 1 1 5 1 4 1 0 1

6 8/06/2016 22 1 0 6 1 5 1 0 1

7 10/06/2016 24 1 0 7 1 6 1 0 1

8 14/06/2016 28 5 0 12 1 11 5 0 5

9 16/06/2016 30 2 0 14 1 13 2 0 2

10 20/06/2016 34 4 1 18 2 16 14 0 14

11 23/06/2016 37 2 0 20 2 18 12 0 12

12 27/06/2016 41 5 1 25 3 22 5 0 5

13 30/06/2016 44 2 0 27 3 24 11 0 11

14 7/07/2016 51 7 0 34 3 31 23 0 23

15 11/07/2016 55 7 0 41 3 38 27 0 27

16 14/07/2016 58 9 1 50 4 46 31 0 31

17 18/07/2016 62 7 1 57 5 52 37 0 37

18 21/07/2016 65 9 1 66 6 60 43 0 43

19 22/07/2016 66 0 1 66 7 59 0 0 0

20 26/07/2016 70 4 0 70 7 63 39 0 39

21 28/07/2016 72 10 1 80 8 72 54 0 54

22 1/08/2016 76 11 3 91 11 80 61 0 61

23 4/08/2016 79 3 0 94 11 83 47 0 47

24 8/08/2016 83 11 2 105 13 92 66 0 66

25 11/08/2016 86 6 1 111 14 97 64 0 64

26 15/08/2016 90 14 2 125 16 109 72 0 72

27 18/08/2016 93 7 0 132 16 116 69 0 69

28 22/08/2016 97 4 1 136 17 119 52 0 52

29 23/08/2016 98 4 0 140 17 123 4 0 4

30 25/08/2016 100 13 0 153 17 136 74 0 74

31 29/08/2016 104 5 1 158 18 140 87 0 87

32 1/09/2016 107 8 2 166 20 146 88 0 88

33 5/09/2016 111 7 1 173 21 152 91 0 91

34 8/09/2016 114 2 2 175 23 152 88 0 88

35 10/09/2016 116 9 0 184 23 161 116 0 116

36 15/09/2016 121 4 0 188 23 165 68 0 68

37 19/09/2016 125 8 2 196 25 171 85 0 85

38 22/09/2016 128 3 1 199 26 173 94 0 94

39 26/09/2016 132 5 0 204 26 178 110 0 110

40 3/10/2016 139 3 0 207 26 181 109 0 109

41 6/10/2016 142 1 0 208 26 182 111 0 111

42 10/10/2016 146 4 0 212 26 186 110 0 110

43 13/10/2016 149 1 0 213 26 187 118 0 118

44 17/10/2016 153 2 0 215 26 189 135 0 135

45 20/10/2016 156 3 0 218 26 192 112 0 112

46 24/10/2016 160 3 0 221 26 195 134 0 134

47 27/10/2016 163 2 1 223 27 196 0 0 0

48 3/11/2016 170 5 0 228 27 201 139 3 142

49 7/11/2016 174 1 0 229 27 202 139 2 141

50 10/11/2016 177 1 1 230 28 202 145 1 146

51 14/11/2016 181 0 1 230 29 201 161 2 163

52 17/11/2016 184 2 0 232 29 203 144 0 144

53 21/11/2016 188 1 1 233 30 203 157 0 157

54 24/11/2016 191 1 3 234 33 201 142 0 142

55 28/11/2016 195 2 0 236 33 203 137 0 137

56 1/12/2016 198 1 0 237 33 204 139 0 139

57 12/12/2016 209 2 1 239 34 205 133 0 133

58 15/12/2016 212 1 0 240 34 206 106 10 116

59 22/12/2016 219 0 2 240 36 204 96 9 105

60 29/12/2016 226 1 0 241 36 205 89 10 99

61 5/01/2017 233 0 0 241 36 205 107 8 115

62 12/01/2017 240 0 1 241 37 204 103 0 103

63 16/01/2017 244 0 0 241 37 204

64 19/01/2017 247 0 1 241 38 203

65 2/02/2017 261 0 1 241 39 202

66 6/02/2017 265 0 2 241 41 200

67 7/02/2017 266 1 1 242 42 200

68 9/02/2017 268 1 1 243 43 200

69 15/02/2017 274 1 0 244 43 201
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Table 2. Summary of the timing and duration of nine consecutive breeding seasons of the Australian sea lion at Seal Bay, and pup abundance estimates including 
cumulative births and deaths; maximum live pup count; total numbers of microchipped pups and minimum pup production (microchipped + cumulative pup deaths); 
and the overall estimate of pup production. Estimated mortality rate is also included. Comparative data for the 2002/03, 2004 and 2005/06 breeding seasons are 
from McIntosh et al. (2006) and McIntosh et al. (2012) unless otherwise indicated. Data for the 2007, 2008/09, 2010, 2011/12, 2013 and 2014/15 breeding seasons 
are from Goldsworthy et al. (2008, 2010, 2011, 2013, 2015). Data from the 2016 season is from this report. Note, overall estimates of pup production for some 
seasons may differ from previous reports because mark-recapture methods are no longer included as part of the estimation procedure.   
 

 2002/03 2004 2005/06 2007 2008/09 2010 2011/12 2013 2014/15 2016 

Month breeding commenced Dec-02 Jun-04 Dec-05 May-07 Oct-08 May-10 Oct-11 Mar-13 Aug-14 May-16 

Season duration (m) 9 7 6 7 7 9 8 12 12 8 

Median pupping date 13-Mar-03 5-Sep-04 28-Feb-06 27-Aug-07 24-Feb-09 28-Aug-10 21-Feb-12 25-Aug-13 1-Mar-15 28-Aug-16 

± s.d. (days) 42 39 36 36 41 46 47 47 53 53 

90% births (5%- 95%) 2 Jan—21 May1 3 Jul -1 Nov 4 Jan-18 Apr 28 Jun-26 Oct 18 Dec-3 May 14 June-11 Nov 5 Dec -9 May 8 June - 11 Nov 3 Dec-27 May 1 June – 23 Nov 

90% births (days) 1391 121 104 120 136 150 156 156 175 176 

Maximum live pup count 122 148 125 154 122 119 84 99 103 163 

months from beginning of BS 6 7 6 6 7 6 6 4 12 6 

Max live pup count + 
cumulative dead2 

185 208 197 198 197 189 167 126 170 192 

Cumulative births - 200 207 245 268 259 249 259 239 244 

Cumulative pup deaths 73 70 75 51 88 66 104 54 67 43 

Mortality rate  25.7%  20.1% 32.8% 24.7% 41.8% 20.8% 28.0% 17.6% 

Total pups microchipped 148 202 144 203 161 201 118 161 145 201 

Minimum pup production3 221 272 219 254 249 267 222 215 212 234 

Pup production estimate - 272 - 254 268 267 249 259 239 244 

 

1Shaughnessy et al. (2006). 

2at time of maximum live count. 

3total microchipped + cumulative dead at end of the breeding season (less dead microchipped pups). 
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Table 3. The age distribution of 141 microchipped females known to have pupped during the 2016 breeding season 
at Seal Bay. The cohort (season of birth) associated with each age-class is included. 

 

Cohort Age 
Number of 
Females 

2016 0 0 

2014/15 1.5 0 

2013 3 0 

2011/12 4.5 1 

2010 6 28 

2008/09 7.5 23 

2007 9 29 

2005/06 10.5 25 

2004 12 24 

2002/03 13.5 11 
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Table 4. Estimates of abundance of long-nosed fur seal pups at breeding colonies in the Cape Gantheaume Wilderness Protection Area, Kangaroo  
Island in January 2017. Survey methods: count = direct count; MR = mark-resight estimate. 

 

 

Site (& survey method)

Date 

marked or 

counted

Date of 

resight
Live count

No. pups 

marked

No. pups 

dead

No. 

resight 

estimates

Overall 

Estimate
95% CL

% pups 

marked

% pups 

dead

Cape Linois

Cape Linois (MR) 22-Jan-17 27-Jan-17 - 163 11 9 341 327-355 47.8% 3.2%

Cape Linois East (count) 27-Jan-17 6 0 - 6 - - -

Subtotal Cape Linois - 163 11 347 333-361 46.9% 3.2%

Berris Point 

New site 1km east of Berris Nth 24-Jan-17 5 0 5

North (MR) 22-Jan-17 24-Jan-17 - 314 6 14 476 465-487 66.0% 1.3%

Middle (MR) 22-Jan-17 24-Jan-17 192 6 13 291 284-299 65.9% 2.1%

South (MR) 22-Jan-17 24-Jan-17 169 6 14 265 258-273 63.7% 2.3%

Subtotal Berris Point 675 18 1038 1023-1053 65.0% 1.7%

Cape Gantheaume 

 Little Weirs East (count) 26-Jan-17 - 20 0 - 20 - - -

 Little Weirs East (MR) 23-Jan-17 26-Jan-17 - 70 2 14 148 141-155 47.4% 1.4%

 Little Weirs West (count) 26-Jan-17 - 1 0 - 1 - - -

 West of Beach (count) 25-Jan-17 - 24 - 1 - 25 - - -

 Cave (count)* 25-Jan-14 - 15 - 0 - 15 - - -

 Sector Beach (MR) 22-Jan-17 24-Jan-17 - 279 25 16 684 664-703 40.8% 3.7%

 Sector A, B (MR) 23-Jan-17 25-Jan-17 - 92 8 15 151 145-158 60.7% 5.3%

 Sector C, D, E (MR) 23-Jan-17 25-Jan-17 - 257 12 15 333 326-340 77.1% 3.6%

 Sector F, G, H (MR) 23-Jan-17 25-Jan-17 - 293 11 15 443 430-457 66.1% 2.5%

 Sector I, J (MR) 23-Jan-17 25-Jan-17 - 445 20 15 731 715-747 60.9% 2.7%

 Sector K, L (MR) 23-Jan-17 25-Jan-17 - 585 31 15 892 874-910 65.6% 3.5%

Subtotal Cape Gantheaume 2021 110 3444 3408-3480 58.7% 3.2%

Total 2859 139 4829 4784-4866 59.2% 2.9%
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Table 5. Numbers of long-nosed fur seal pups in sectors of the Cape Gantheaume sub-colony, 
Kangaroo Island in 29 breeding seasons to 2016-17. Dead pups are included, but the sectors Little 
Weirs and West of Beach are not included. Data for breeding seasons from 1990-91 to 2005-06 may 
differ from those of Shaughnessy et al. (2006, Table 13) because they have been revised. Data for 
2016-17 are from Table 4 of this report.  

 
   Sectors    

Year Beach Cave A, B C, D, Ea F to Lb Overall 

1988-89
c,d

 0 0 233 205 19 457 

1989-90c 0 0 237 234 54 525 
1990-91  0 0 279 238 89 606 
1991-92  2 0 312 310 112 736 
1992-93  2 0 370 313 179 864 
1993-94  22 0 380 311 225 938 
1994-95  92 0 350 409 263 1114 
1995-96  211 6 337 426 425 1405 
1996-97  341 0 275 478 485 1579 
1997-98  548 12 270 408 694 1932 
1998-99  623 0 201 402 822 2048 
1999-00  590 8 132 408 994 2132 
2000-01  523 5 73 222 832 1655 
2001-02  633 22 71 289 1117 2131 
2002-03  618 33 71 310 1138 2170 
2003-04  692 45 85 370 1443 2635 
2004-05 750 41 92 394 1704 2980 
2005-06 731 41 106 360 1883 3120 
2006-07 690 41 100 314 1817 2963 
2007-08 635 9 100 293 1782 2819 
2008-09 804 - 107 347 2079 3337 
2009-10 548 28 72 261 1671 2580 
2010-11 707 28 100 319 2177 3324 
2011-12 792 22 115 320 2260 3509 
2012-13 723 20 116 355 2113 3327 

2013-14 882 15 118 387 2353 3755 

2014-15 668 - 134 317 2083 3217 

2015-16 715 - 159 342 2122 3353 

2016-17 664 - 151 333 2066 3214 

 
a Includes sector Ew each year, but did not include sector Ee until 1995-96. 
b Includes sector Ee until 1995-96; data have been adjusted to include sector K from 1996-97 and 
sector L from 1999-2000. 
c
From Goldsworthy (1990, Table 8).  

d All tagged.  
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Table 6. Trend estimates of growth in LNFS pup production for the three main sub-colonies (Cape 
Gantheaume, Berris Point and Cape Linois) and for all breeding sites combined within the CGWPA, 
calculated using the hierarchical modelling and Bayesian inference methodology (see Johnson and 
Fritz 2014). Trend estimates (λ per year) are given for the posterior median of λ, and lower and upper 
90% highest probability density credible intervals (CI) (in parentheses) of λ by year for  the last five 
(2011/12-2016/17) and ten (2006/07 to 2016/17) year periods. 
 

 

Site 

Growth rate last 10 years 

(λ/yr) 

Growth rate last 5 years 

(λ/yr) 

Cape Gantheaume 2.3 (1.3 to 3.2) -0.7 (-2.7 to 1.7) 

Berris Point 2.6 (1.7 to 3.5) -3.9 (-6.0 to -2.0) 

Cape Linois 71.7 (63.4 to 77.7) 70.3 (63.8 to 80.0) 

Cape Gantheaume WPA 3.0 (2.3 to 3.7) -0.1 (-1.6 to 1.6) 

 

 
 
 

 

 
Table 7. Mass (kg) and standard length (cm) of long-nosed fur seal pups at Cape Gantheaume sub-
colony, Kangaroo Island on 27 January 2017.  
 

 2017 

 Male Female 

Mass (kg)   
Mean  
(min-max) 

7.03 
(4.75 - 11.4) 

6.02 
(3.7 – 9.5) 

   
Standard deviation 1.54 1.17 
   
   
Standard length   
Mean  
(min-max) 

72.7 
(65 - 79) 

69.3 
(61 -78) 

   
Standard deviation 3.6 3.8 
   
Sample size 58 52 
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Figure 1. Map of Seal Bay breeding colony of Australian sea lions, on Kangaroo Island, extended to Bay 2 (EPA 2) of the Eastern Prohibited Area (EPA). The 
Western Prohibited Area (WPA), Main Beach and EPA comprise the main areas of the site. 
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Figure 2. Main sector boundaries used in the mark-recapture procedures at Cape Gantheaume and Berris Point long-nosed fur seal sub-colonies in the Cape 
Gantheaume Wilderness Protection Area. 
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Figure 3. A brown pup with clipped rump which indicates that it has been microchipped (above); and 
typical scanning attempt of a resting Australian sea lion at Sea Bay using an Allflex RS320 EID 
‘boom’ reader (below). 
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Figure 4. Changes in the number of cumulative pup births, cumulative pup deaths, minimum number 
of pups alive (cumulative alive), and number of live pups counted during surveys of Australian sea 
lion pups at Seal Bay conducted between 1 May 2016 and 28 February 2017.  
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Figure 5. Variation in the breeding season phenology of Australian sea lions at Seal Bay, across ten 
consecutive breeding seasons. Median pupping dates are indicated by circles (summer/autumn 
breeding season) and squares (winter/spring breeding seasons) and error bars represent the spread 
of 90% of births (5-95%) based on the probit analyses of cumulative pup births.  
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Figure 6. Trends in the abundance of Australian sea lion pups at Seal Bay based on maximum live 
pup counts for 22 breeding seasons between 1985 and 2016. Trends in the overall estimate of pup 
production and pup mortality rate are presented for 8 of the last 9 breeding seasons.  
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Figure 7. Trend in the abundance of Australian sea lion pups at Seal Bay based on maximum live 
pup counts for 22 breeding seasons between 1985 and 2016. The blue envelope is the 90% highest 
probability density credible intervals. The red line is the fitted least-squares predictive trend and the 
black line is the median of the posterior predictive counts.  
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Figure 8. Trend in the abundance of Australian sea lion pups at Seal Bay from the estimated pup 
production based on the cumulative number of births for eight breeding seasons between 2004 and 
2016. The blue envelope is the 90% highest probability density credible intervals. The red line is the 
fitted least-squares predictive trend and the black line (overlain by the red line) is the median of the 
posterior predictive counts. 

 

 
 

 

 

  



Goldsworthy, S. D. et al. (2017)                       Monitoring pinniped populations on Kangaroo Island 

 

31 
 

a. 

b.  

     

 

Figure 9. Age distribution of known-age Australian sea lion females that pupped at Seal Bay in the 
2011/12, 2013, 2014/15, and 2016 breeding seasons (a). The pooled age-distribution of females that 
pupped across the last four breeding seasons is also presented (b). Note that microchipping 
commenced in the 2003 breeding season, so the oldest known-aged females were 13.5 years in 
2016, and no data are available for females >13.5 years of age.  
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Figure 10. Trends in the estimated Australian sea lion pup production at the Seal Slide (Kangaroo 
Island), over ten consecutive breeding seasons (2002/03 to 2016). The blue envelope is the 90% 
highest probability density credible intervals. The red line is the fitted least-squares predictive trend of 
pup counts and the black line is the median of the posterior predictive counts.   
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Figure 11. Annual pup production of long-nosed fur seal pups in the entire CGWPA, and at the Cape 
Gantheaume, Berris Point and Cape Linois sub-colonies, monitored each January between 1989 and 
2017. 
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Figure 12. Estimates of LNFS pup production per year for the three main sub-colonies (Cape 
Gantheaume 1988/89-2016/17, Berris Point 1996/97 – 2016/17 and Cape Linois 2001/02 – 2016/17) 
and for all breeding sites combined within the CGWPA (1988/89 - 2016/17), calculated using the 
hierarchical modelling and Bayesian inference methodology (see Johnson and Fritz 2014). The blue 
envelope is the 90% highest probability density credible intervals. The red line is the fitted least-
squares predictive trend for the last 10 years and last 5 years, on the left hand side and right hand 
side, respectively.  
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Figure 13. Annual pup production of long-nosed fur seals in the entire Cape Gantheaume Wilderness 
Protection Area between January 1999 and 2017. The blue envelope is the 90% highest probability 
density credible intervals. The red line is the fitted least-squares predictive trend for the last 29 years. 
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Figure 14. Changes in long-nosed fur seal (LNFS) pup production in the entire CGWPA, for the two 
periods of the recovery: January 1989 to 1998 (at 17.2% per annum) and January 1999 to 2017 (at 
5.9% per annum). 
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Figure 15. Changes in the mean mass (±SE) of male and female long-nosed fur seals pups weighed 
at Cape Gantheaume between January 1989 and 2017. 
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