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EXECUTIVE SUMMARY

The objectives of this report were to provide the Commonwealth Department of Sustainability,
Environment, Water, Population and Communities with an update on new (unpublished)
information relating to the genetic population structure of the Australian sea lion (ASL)
population in South Australia; and an assessment of the likely reduction in ASL bycatch
mortality in the gillnet sector of the Southern and Eastern Scalefish and Shark Fishery
(SESSF) off South Australia, achieved through the introduction of the Australian Fisheries
Management Authority’s (AFMA) ASL Management Strategy (enacted 1 July 2010). Key
management actions include Formal Closures in the fishery (Actions 1-4) and an Adaptive
Management System (Action 5) that would enact temporary closures in regions of the fishery
if ASL bycatch trigger limits are exceeded.
Preliminary analyses of genetic data for 478 individual ASL from 17 colonies in South
Australia (SA) are presented. Analyses of 468 bp from the mtDNA control region, identified 21
individual haplotypes of which 11 were unique to a particular colony. Half of the colonies
contained haplotypes not shared with another colony and overall fixation among colonies was
high (Φst= 0.75, P<0.001). There was strong genetic partitioning among colonies with most
being characterised as individual populations, however, there was support for three clusters
The Pages Islands, Dangerous Reef and English Island in Spencer Gulf and the Nuyts
Archipelago. Results corroborate the findings of Campbell (2003) and Campbell et al. (2008),
identifying strong genetic subpopulation structure within the SA population of the species.
The introduction of AFMA’s Formal Closures has reduced the area of the Commonwealth
managed gillnet sector off South Australia by 7,208 km2, or 3.9%. Using the modelling tools
developed by Goldsworthy et al. (2010) and assuming that fishing effort (set at 100,000
km.hrs.yr-1) that occurred within the Formal Closures is displaced into the remaining areas of
the fishery where ASL forage (i.e. no overall reduction in fishing effort), the expected reduction
in ASL bycatch that will result from the Formal Closures is 19.0%. Total bycatch following
introduction of closures is estimated to be 279 (207-377) ASL per breeding cycle, including
144 (106-194) females and 135 (100-183) males. The estimated reduction in female bycatch
mortality that would be achieved from the closures is 35 per breeding cycle. The percentage
of subpopulations estimated to have decreasing growth rates following introduction of Formal
Closures would be reduced from 90 to 88%, 50 to 44% and 40 to 21%, assuming low (stable),
medium (2.5% growth) and high (5%) recovery potentials (intrinsic growth rates), respectively.

Executive Summary

3

These outcomes represent very modest reductions in risk compared to the fishery prior to
AFMA’s Formal Closures and even assuming the highest recovery potential (5% intrinsic
growth rate), 21% of subpopulations are still expected to be in decline.
To examine whether the ASL bycatch trigger limits, proposed for seven regions by AFMA are
set at appropriate levels, a bootstrapping procedure was used to generate random samples of
bycatch levels expected to be observed within each region, based on the proposed level of
observer effort. Results indicate that the current AFMA trigger limits are on average 4.4 (3.07.3 95%CL) times higher than the expected observed bycatch levels set across the regions.
Furthermore, the overall AFMA trigger limit of 15 ASL per fishing season across all regions is
1.4 times higher than the expected observed bycatch levels. Based on these analyses, current
AFMA trigger limits are set well above the expected observed bycatch levels, and as such,
none of the regional or overall trigger limits are likely to be exceeded. As a consequence, the
adaptive management strategy is unlikely to have any impact in reducing the level of bycatch
within areas open to the fishery. Preliminary genetic data for the SA ASL population also
provide no support to grouping colonies into the seven management regions developed by
AFMA (2010).
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INTRODUCTION

The Australian sea lion (Neophoca cinerea) (ASL) is Australia’s only endemic seal species
and is also its least numerous. It is unique among pinnipeds because it is the only species that
has a non-annual breeding cycle, which is temporally asynchronous across its range. It has
the longest gestation period of any pinniped, as well as protracted breeding and lactation
periods. The evolutionary determinants of this unusual reproductive strategy remain
enigmatic. These factors, including the species' small population size (~14,700 individuals),
which is distributed over numerous, small colonies (see Figure 1), make the ASL vulnerable to
extinction (Goldsworthy & Page 2007). Recent population genetic studies have indicated little
or no interchange of females among breeding colonies, even those separated by short
distances (Campbell et al. 2008). The important conservation implication is that each breeding
colony is a closed population. As such, the Australian sea lion poses significant conservation
and management challenges. The species is listed as vulnerable under the threatened
species category of the Commonwealth Environment Protection and Biodiversity 1999 Act
(EPBC Act), vulnerable under the South Australian National Parks and Wildlife Act (1972) and
was recently upgraded to endangered by the IUCN Red List (www.iucnredlist.org).
The most pressing threat to the recovery of the species is bycatch in commercial fisheries.
Bycatch from gillnet fisheries has been identified as the most important of these fisheries
interactions (Goldsworthy et al. 2007; Goldsworthy & Page 2007). Based on the distribution of
fishing effort between January 2007 and July 2009, a recent South Australian Research and
Development Institute (SARDI) report has estimated that 374 (272-506, ±95%CL) ASL
bycatch mortalities occur off South Australia (SA) each breeding cycle (17.5 months) in the
gillnet sector of the Commonwealth managed Southern and Eastern Scalefish and Shark
Fishery (SESSF) (Goldsworthy et al. 2010). Based on bycatch models and population viability
analyses (PVA) the report concluded that the majority of ASL subpopulations in SA are
exposed to unsustainable levels of bycatch mortality and, if modifications were not made to
the levels and distribution of fishing effort or to the methods of fishing (e.g., gear type), further
population declines, subpopulation extinctions and reductions in range were likely
(Goldsworthy et al. 2010).
On 1 July 2010, the Australian Fisheries Management Authority (AFMA) enacted its Australian
sea lion Management Strategy (AFMA 2010). This strategy is directed at meeting AFMA’s
obligations under the Fisheries Management Act 1991 (FMA) and the EPBC Act. The specific
objectives of the strategy were to significantly reduce the ecological risk the SESSF poses to
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ASL and enable their recovery. These are to be achieved by implementing long-term
management measures, that will be clearly directed towards enabling recovery of the species,
including all sub–populations (AFMA 2010). The key management measures include the
introduction of Formal Closures (Actions 1-4) and an Adaptive Management System (‘trigger
limits’, Action 5) (AFMA 2010).
Formal Closures include:
Action 1
7.3 km (4 nm) radius closures around all Australian sea lion (ASL) colonies.
Acton 2
7.3 km (4 nm) coastal closures from the West Australian border to Twin Rocks (Head of the
Bight).
7.3 km (4 nm) coastal closures from Cape Bedout to Point Reynolds (south coast Kangaroo
Island).
11.1 km (6 nm) radius closures around the Nuyts East Reef, Point Fowler and Dorothee
Island.
Action 3
11.1 km (6 nm) radius closures around Jones, Rocky North, Four Hummocks, and Price
Islands; also East Island (off North Neptune Island).
Action 4
14.8 km (8 nm) radius closures around South Page and North Page Islands, Olive, Nicolas
Baudin, Ward and Waldegrave Islands.
18.5 km (10 nm) radius closures around Seal Bay [Kangaroo Island].

The adaptive management system (Action 5) aims to implement significant spatial closures if
unacceptable levels of ongoing ASL interaction are observed. It includes the following key
elements:
Division of fishing areas off SA into seven regions (A-G) (see Figure 2).
Trigger levels set at a predetermined number of ASL bycatch interactions observed within
each region.
If bycatch trigger limits are reached within a region, it is closed for the remainder of the fishing
season.
An overall trigger limit across all regions of 15 ASL per season is also set, and if exceeded,
will result in closure of any regions open to fishing for the remainder of the season.
The percentage of observer coverage proposed within each region for 2010/11 ranges from
5.7% to 30.3% (AFMA 2010).

Australian sea lion bycatch in the gillnet SESSF- Report to DSEWP&C

6

AFMA (2010) indicate that part of the justification for these regions was based on ‘metapopulations’ suggested by Goldsworthy et al. (2009). There is uncertainty as to what
population management unit should be adopted for the management of ASL bycatch mortality.
From a precautionary basis, Goldsworthy et al. (2010) assumed that individual colonies were
subpopulations, following the genetic studies of Campbell (2003) and Campbell et al. (2008)
that identified extreme philopatry and population subdivision in the species.
The objectives of this report are to advise the Commonwealth Department of Sustainability,
Environment, Water, Population and Communities (DSEWP&C) on new information regarding
the genetic population substructure of ASL in SA based on preliminary findings from a PhD
project being conducted by Mr Andrew Lowther (University of Adelaide; co-supervised by
A/Prof Simon Goldsworthy, SARDI; Prof Robert Harcourt, Macquarie University; and Prof
Steven Donnellan, South Australian Museum). The work presented here is unpublished and
much of the analysis is at an early stage. As such limited formal discussion of the results is
provided. In addition, the report provides an assessment of the likely reduction in bycatch of
ASL following introduction of AFMA’s Formal Closures (Actions 1-4) using the methodology
developed by Goldsworthy et al. (2010). This includes an assessment of changes in recovery
potential of all subpopulations.

Finally, the report provides an assessment of the

appropriateness of the trigger limits adopted as part of AFMA’s adaptive management system
(Action 5) for each of the seven fishery management regions, based on the proposed level of
observer coverage (AFMA 2010).

3

METHODS

a. Genetic data on the SA ASL population
Hair samples were collected from ASL pups (aged <3mths) at 17 colonies along the southern
coast of South Australia (SA) (Figure 3) between January 2008 and October 2009.
Approximately 60% of all pups produced in each colony were sampled. Mitochondrial DNA
(mtDNA) was extracted from five to 50 hair samples using the Gentra Puregene© DNA
purification kit (Qiagen Pty Ltd, Victoria Australia). All laboratory work was conducted at the
University of Adelaide’s Evolutionary Biology Unit (EBU). Amplification of a 650bp fragment of
the mtDNA control region was performed using the following specifically designed primer pair:
forward 5’ ACACCCAAAGCTGACGTTCTC 3’ (EBU nomenclature: M1214) and reverse 5’
TGAAATGCACCTCATGGTTGTA 3’ (EBU nomenclature: M1216). Cleaned PCR product was
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sent to the Australian Genome Research Facility (AGRF) for sequencing on an AB 3730 DNA
Sequencer (Applied Biosystems Inc).

Sequences were aligned manually using BioEdit 7.0.5.3 (Hall 1999). Kimura's two-parameter
model of nucleotide substitution (Kimura 1980) was selected as the most appropriate model of
nucleotide substitution using the Akaike Information Criterion (AIC) in jModelTest

v0.1.1

(Posada 2008). Haplotype composition, haplotype diversity (h) and nucleotide diversity (π)
were estimated, with Tajima's D (Tajima 1989). Fu's Fs (Yun-xin 1997) tests was employed to
detect deviations from neutrality and recent population expansion events in DNAsp v5.10.01
(Librado & Rozas 2009). Geographical distance was calculated as the shortest swimming
distance in kilometres between colonies (Gonzalez-Suarez et al. 2009).
The use of Spatial Analysis of Molecular Variance (SAMOVA) to detect clusters of populations
that are maximally differentiated can be confounded in the presence of isolation by distance
(Dupanloup et al. 2002). Therefore the analytical software SAMOVA 1.0 was employed to
develop hypotheses of clustered populations from k=2 to k=16 clusters, and tested each
hypothesis using Analysis of Molecular Variance (AMOVA) in Arlequin (Manier & Arnold
2006).

Optimal cluster selection was based on maximised between-cluster significant

differences (Φct) as recommended by Dupanloup et al. (2002).
Possible effects of isolation by distance were assessed using a plot of Slatkins linearised Φst
(calculated in Arlequin v3.5.1.2) (Excoffier et al. 2005) with geographic distance, and a Mantel
Test (Mantel 1967) was conducted in Arlequin (significance being determined after 10,000
permutations).

b. AFMA’s Formal Closures (Actions 1-4)
The modelling tools developed by Goldsworthy et al. (2010) were used to estimate changes in
ASL bycatch that would result from different distributions and extent of fishing effort. The
default bycatch scenario used by Goldsworthy et al. (2010), was used as the reference level
of bycatch from which changes in bycatch level due to AFMAs Formal Closures were
estimated. The default bycatch scenario is based on the distribution of fishing effort (January
2007- July 2009) and a mean fishing effort of 100,000 km.hrs/yr-1. As there is no restriction on
fishing effort in AFMA’s ASL Management Strategy, fishing effort displaced from the closures
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was apportioned across the remaining area of the fishery relative to the distribution of fishing
density.
Methods detailed in Goldsworthy et al. (2010) were used to assess the impact of estimated
bycatch levels on subpopulation growth rates, assuming different underlying intrinsic growth
rates (stable 0%, medium 2.5% and high 5%).

c. Adaptive Management System (Action 5)
To better estimate the likely number of ASL bycatch incidents that would be observed within
each of AFMA’s seven fishery management regions (AFMA 2010) (Figure 2), spatial data on
the distribution of fishing effort across all 1 km2 nodes within each region were extracted, and
the corresponding values of ASL bottom-time foraging effort were derived from spatial models
developed in Goldsworthy et al. (2010). The percentage observed fishing effort within each
region (AFMA 2010), was converted to the number of net-hauls observed based on a mean of
21.3 km.hrs per net-set (Goldsworthy et al. 2010).
A bootstrapping procedure was used to resample (1,000 times with replacement) the node
distribution of ASL foraging effort within each region. Each sample size was based on the
estimated number of net-hauls to be observed per year. For example, in Region A 20.5% of
fishing effort or approximately 56 net-hauls is proposed to be observed per year (AFMA 2010).
As such, a random sample of 56 net-hauls was taken from 43,576 fished nodes, 1,000 times,
each time retrieving a mean and median value of ASL foraging effort. Grand means and
median values were estimated from each bootstrapping routine, and 95% confidence limits
were calculated as the 2.5 and 97.5 percentile of each distribution.

4

RESULTS AND DISCUSSION

a. Genetic data on the SA ASL population
Diversity within the mitochondrial DNA control
The final edited alignments reduced useable sequence from 650 to 464 bp of the mtDNA
control region from 478 individuals. The sequenced region contained 21 polymorphic sites of
which 19 were informative under parsimony. 21 individual haplotypes were identified of which
11 were unique to a particular colony (Table 1, Figure 2), with one haplotype (A) being shared
between seven colonies ranging from The Pages Islands to Olive Island. Half of the colonies
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(8 out of 16 – The Pages combined) contained unique haplotypes not shared with other
colonies. Haplotype (h) and nucleotide (π) diversities ranged from 0 to 0.86 (mean 0.53
±0.239) and 0 to 0.0069 (mean 0.0028 ± 0.002), respectively, with two colonies being fixed for
a single (same) haplotype (Blefuscu and Lounds Islands) (Table 1, Figure 2). There was no
evidence for a departure from neutrality or evidence of population expansion (Tajima's D =0.86 to 2.77; Fu's Fs >0.62, P>0.23 at all colonies for both parameters).

Strong genetic partitioning among colonies
Overall fixation among colonies was high (Φst= 0.75, P<0.001).

Maximising significant

between-group Φct variation clustered ASL breeding colonies into 10 putative groups
(Φct=0.66, P<0.001; Figure 4).

The Pages Islands, Dangerous Reef and English Island

(Spencer Giulf), and the Nuyts Archipelago (Blefuscu, Lilliput, West, Fenellon, Purdie and
Lounds Islands) formed three clusters, with all other colonies being characterised as individual
subpopulations (Figure 3).

Between-group corrected pair-wise Φst comparisons generally

supported these clusters. Spatial autocorrelation suggested significant genetic structuring
occurred at a distance of approximately 40km (Figure 4).
Of the three clusters, The Pages Islands (North and South Page) were the most similar to
each other in terms of haplotype frequency. Genetic data indicate that the two islands
(separated by 1.8 km) are a single colony, sharing only two haplotypes with very similar
frequencies (Table 1). One haplotype is not shared with any other colony (Figure 3).
Dangerous Reef and English Island demonstrate much greater haplotype diversity with one
colony having a unique haplotype not shared with the other colony (Table 1). This suggests
that despite being clustered together, migration rates between colonies are low.
Within the six colonies sampled in the Nuyts Archipelago, two haplotypes (C and E)
predominate, but representation of these varies markedly among colonies (Table 1, Figure 3).
Lilliput and Purdie Islands have unique haplotypes not shared with any other colony. Blefuscu
and Lounds Islands are fixed for the same haplotype (C). Differences in haplotype frequencies
suggest that migration rates among colonies within the Nuyts Archipelago are low (Table 1,
Figure 3).
Campbell (2003) and Campbell et al. (2008) analysed a smaller mtDNA control region
fragment (360 bp vs 456 bp this study) in their studies of ASL genetics, but identified a similar
number of variable sites. For 10 colonies sampled across the range of the species, Campbell
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et al. (2008) noted 18 haplotypes, 16 (89%) of which were unique to individual colonies. This
compares to Lowther’s (unpublished) study of 16 colonies, 21 haplotypes, 11 (52%) of which
were unique to an individual colony. Both Campbell et al. (2008) and Lowther (unpublished
data) noted high fixation among colonies Φst= 0.93 vs. 0.75, respectively). The generally
higher levels of unique colony haplotypes and fixation levels among colonies in Campbell
(2003) and Campbell et al. (2008), reflect their study covering the entire geographic range of
the species, with greater average geographic distance among sampled colonies. Despite this,
Lowther’s (unpublished) data strongly corroborate the findings of Campbell (2003) and
Campbell et al. (2008), identifying strong genetic subpopulation structure of ASL in SA.
Although two breeding sites (North and South Page Islands) are clearly the same colony, the
two other clusters identified each had one or more colonies with unique haplotypes, and
marked variation in haplotype frequency. Together, these results suggest low rates of mtDNA
exchange (migration) among colonies. Among all other colonies, a high degree of population
subdivision was supported.

b. AFMA’s Formal Closures (Actions 1-4)
Estimate of extent of closures
This assessment identifies that the area of the Formal Closures is 10,692 km2 of which 3,484
km2 (32.6%) lies within pre-existing fishery closures. Overlaps with pre-existing closures
include the 4 nm closure from the WA border to Twin Rocks, which is an extension of the
Head of Bight fishery closure which includes a 2 nm closure from the WA border to Eyre Bluff,
and a 3 nm closure near the WA border. Many of the sea lion colony closures (eg. Southern
Spencer Gulf) lie fully or partly within Internal State waters or within existing AFMA fishery
closures (eg. Murat Bay, Kangaroo Island, Seal Bay, The Pages, Backstairs Passage). As
such the Formal Closures (Action 1-4) add 7,208 km2 to pre-existing closures.
The area of the gillnet sector SESSF fishery off South Australia prior to the introduction of
AFMAs Formal Closures was 182,792 km2 (Figure 5a). Subtracting new areas closed within
the Formal Closures (7,208 km2), the area presently available to the fishery off South Australia
in estimated to be 175,584 km2 (Figure 5b). As such the Formal Closures reduce the area of
the fishery as it was in December 2009, by 3.9%.
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ASL bycatch reduction off SA
The distribution of the gillnet sector SESSF fishery off SA pre and post- AFMA’s (2010)
Formal Closures, is presented in Figure 6a. The predicted distribution of ASL bycatch postclosures is presented in Figure 6b. Comparison of the estimated ASL bycatch in the fishery
pre and post-closures is presented in Table 2.
With the introduction of the Formal Closures:
the estimated total ASL bycatch per breeding cycle (17.5 m or 1.46 years) would be 279 (207377) ASL, including 144 (106-194) females and 135 (100-183) males (Table 2).
sea lion bycatch mortality is estimated to be reduced by 19.0% overall; female sea lion
bycatch mortality is estimated to be reduced by 19.8% and male sea lion bycatch mortality
reduced by 18.1% (Table 2).

ASL bycatch reduction per subpopulation
A comparison of the estimated ASL subpopulation bycatch breakdown before and after
AFMA’s Formal Closures is presented in Table 3. The estimated reduction in female bycatch
mortality that would be achieved from the proposed closures is 35 per breeding cycle (Table
3). Across SA this is expected to achieve:
- no reduction in female ASL bycatch mortality for the Bunda Cliffs subpopulations and Nuyts
Reef and Pt Fowler subpopulations;
- a reduction of 2.2 females per breeding cycle across all Nuyts Archipelago subpopulations
(Purdie to Lilliput Island);
- a reduction of 17.8 females

per breeding cycle across all Western Eyre Peninsula

subpopulations (Olive to Price Island);
- a reduction of 2.4 females per breeding cycle across all Spencer Gulf and Lower Eyre
Peninsula subpopulations (Liguanea Island to Peaked Rocks); and
- a reduction of 12.9 females per breeding cycle across all Kangaroo and Pages Islands
subpopulations (North Casuarina to North Page Islands).

Do AFMA closures reduce the risk to ASL subpopulations?
The most practical measure for assessing population recovery potential in the short term is
from the level of positive population growth trajectories achieved under 0%, 2.5% and 5%
intrinsic growth rate scenarios calculated over short time-frames (20 breeding cycles)
(Goldsworthy et al. 2010). Because these estimates are estimated over short time periods,
they are less affected by uncertainties relating to density dependence, and provide direct
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measures of the performance of AMFA’s management strategies objectives (i.e. ‘enable
recovery of the species, including all subpopulations’)(AFMA 2010).
Table 4 compares the projected growth rates of subpopulations under the pre-closure and
post-closure scenarios. Based on these assessments, the closures would increase the mean
per breeding season growth rates of subpopulations from -3.1% to -2.4%; -0.9 to -0.1%; and
1.2 to 2.1% assuming 0%, 2.5% and 5% intrinsic growth rates, respectively (Table 4).
Following the introduction of AFMA’s Formal Closures, the majority of western and lower Eyre
Peninsula and Kangaroo Island region subpopulations are estimated to have negative growth
rates, even under the most optimistic intrinsic growth scenarios (Table 4, Figures 7a-c.).
The percentage of subpopulations that are estimated to have decreasing growth rates would
be reduced from 90 to 88%, 50 to 44% and 40 to 21%, assuming low (stable), medium and
high recovery potentials, respectively (Table 4). These outcomes represent very modest
increases in the recovery potential of some subpopulations compared to the fishery prior to
AFMA’s Formal Closures. Even with the most optimistic recovery potential (5% intrinsic
growth rate), 21% of subpopulations are still expected to be in decline (Table 4, Figure 7c).

c. Adaptive Management System (Action 5)

Trigger limits relative to expected observed levels of bycatch
Based on the distribution of fishing effort between January 2006 and July 2009, the number of
fished nodes within each AFMA region ranges from 8,726 to 43,576, and fishing effort ranged
from 4,378 to 37,954 km.hrs.yr-1 (Table 5).
Based on the estimated ASL bycatch following introduction of spatial closures (see above),
the expected total ASL bycatch in each zone is presented in Table 4. These estimates have
been multiplied by the percentage of observer effort proposed within each region to estimate
the bycatch within each region that AFMA observers can be expected to observe (Table 5).
These estimates indicate that the AFMA trigger limits are either higher than (Region A, B, E),
at the same level as (Region C, G) or slightly lower than (Region D, F) the expected levels of
observed bycatch within each region (Table 5). However, these expected levels of observed
bycatch assume that the distribution of observer effort exactly matches the actual distribution
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of fishing effort. Given the relatively low percentage of fishing effort proposed to be observed,
this is unlikely.
The number of bycatch incidents that would be expected to be observed was estimated from
the mean and median ASL foraging estimates (with their 95% confidence limits) and the level
of fishing effort (Table 5) using the equal sample size bycatch rate estimation method (bycatch
= 0.000511 x mean or median ASL foraging effort x observed fishing effort [km.hrs])
(Goldsworthy et al. 2010). Results of these estimates for each region are presented in Table
6. The extent to which the AFMA trigger limits exceed the bycatch numbers that would be
expected to be seen by AFMA observers within each region (±95% CL) based on mean and
median ASL foraging effort is also given (Table 6).
Because the distributions of ASL foraging effort within each region are heavily left-skewed (i.e.
not normally distributed) (Figure 8), median values provide better bycatch estimates than
means. AFMA trigger limits are on average 4.4 (3.0-7.3 95%CL) times the expected bycatch
levels based on median ASL foraging effort (Table 6). The trigger limits for Zones A and B are
particularly high, ranging from 4.8 to 18.8 (±95% CL) times the expected level of observed
bycatch (Table 6). For Zones C to G, trigger limits are set between 1.0 to 3.5 times the
expected levels of observed bycatch (Table 6). The total level of bycatch expected to be seen
by AFMA observers across all regions is 11.4 based on median estimates of ASL foraging
effort (Table 6). The overall AFMA trigger limit of 15 ASL across all regions exceeds this
estimate by a factor of 1.4.
AFMA (2010) indicate that trigger limits were set by determining the maximum bycatch rates
that would still enable the recovery of all regional populations. Based on their analyses, AFMA
suggested that the maximum bycatch rate that would still allow population growth in each of
the regions was approximately 2% per year (or 3% per breeding cycle), which equated to a
target reduction in the total predicted sea lion mortalities under the trigger system from 256
per fishing season (374 per breeding season) to 136 per fishing season or 47% (AFMA 2010).
Based on the analyses presented in this report, the trigger limits set for each region are
actually set at or well above the expected observed bycatch levels, and as such, none of the
regional or overall trigger limits are likely to be exceeded with the current level of observer
effort. As a consequence, the adaptive management strategy is unlikely to have any impact in
reducing the level of ASL bycatch within the areas that are open to the fishery. As such the
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adaptive management strategy will not help AFMA meet its target ASL bycatch reduction of
47%.
The above estimates of the level of bycatch that is expected to be seen by AFMA observers
assume that observer coverage is randomly distributed across the fishing distribution within
each zone. For a number of reasons this is probably an unrealistic assumption. AFMA (2010)
note that one of the underlying assumptions in the adaptive management strategy is that the
observer coverage is representative of the areas being fished by the entire fishing fleet. AFMA
(2010) indicate that they will assess this at regular intervals to ensure that there is no
detectable ‘observer effect’.

Finally, the genetic data provide no support to the grouping of colonies into the seven
management regions, as developed by AFMA (2010). Genetic data indicate that the majority
of colonies sampled by Lowther (unpublished data) are subpopulations, and until further
genetic analyses can be undertaken to derive estimates of migration rates among colonies,
the assumption that the majority of colonies represent discrete management units should be
maintained (Campbell et al. 2008).
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Table 1. Haplotype frequency of ASL colonies sampled throughout South Australia. Colonies are ordered East-West and those clustered by SAMOVA are highlighted. Eleven
of 21 haplotypes (bold) were unique to a particular colony (B, D, G, J, O, P, Q, R, S, T and U)..
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Table 2. Comparison of the estimated bycatch of ASL before and after introduction of Formal
Closures by AFMA on 1 July 2010.
Estimated bycatch of ASL per breeding cycle (~1.46
years)
Pre-closures*
(±95%CL)

Post-closures
(±95%CL)

Estimated mean bycatch
reduction
(%)

Total sea lions

344 (257-470)

279 (207-377)

19.0%

Total females

179 (134-245)

144 (106-194)

19.8%

Total males
165 (123-225)
* from Goldsworthy et al. 2010

135 (100-183)

18.1%
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Table 3. Estimated subpopulation breakdown of bycatch mortality (±95% CL) of ASL females
per breeding cycle in the gillnet GHAT fishery off SA pre- and post-introduction of Formal
Closures. Expected changes in the number and percentage of female bycatch mortalities
from each subpopulation are presented.

Female ASL bycatch

Change in female
bycatch
No.

Subpopulation
B9
B8
B7
B6
B5
B4
B3
B2
B1
NR W
NR E
Pt Fowler
Purdie
West
Fenelon
Lounds
B'water
Gliddon
Blefuscu
Lilliput
Olive
N Baudin
Pt Labatt
Jones
Dorothee
Pearson
Ward
Waldegrave
Four Hummocks
Rocky North
Price
Liguanea
Lewis
East Island
South Neptune
Albatross
English
Dangerous
North Islet
Peaked Rocks
N Casuarina
Cape Bouguer
Cave Point
Seal Bay
Black Point
Seal Slide
SPage
NPage
Total (sum)

Pre-closures*
0.4 (0.3-0.6)
1 (0.7-1.3)
0.1 (0.1-0.1)
0.3 (0.2-0.4)
0.9 (0.6-1.2)
0 (0-0.1)
0.6 (0.4-0.8)
0 (0-0.1)
0.1 (0.1-0.2)
0.3 (0.3-0.5)
0.1 (0.1-0.1)
0 (0-0)
4.9 (3.6-6.7)
2.6 (2-3.6)
2 (1.5-2.7)
0.4 (0.3-0.6)
0.1 (0.1-0.1)
0 (0-0)
4.2 (3.2-5.8)
0.6 (0.4-0.8)
12.8 (10-18.2)
8.1 (6.1-11.1)
0.6 (0.5-0.9)
1.7 (1.3-2.3)
0.1 (0.1-0.2)
4.6 (3.4-6.2)
6.7 (4.9-9)
19.6 (14.5-26.5)
2.4 (1.8-3.3)
1.7 (1.3-2.3)
5.1 (3.8-6.9)
4.2 (3.1-5.6)
0.2 (0.2-0.3)
1.1 (0.8-1.4)
0.3 (0.2-0.4)
0.5 (0.4-0.7)
0 (0-0)
0.1 (0.1-0.1)
0.2 (0.2-0.3)
0.4 (0.3-0.5)
0.5 (0.4-0.7)
0.4 (0.3-0.5)
0.4 (0.3-0.5)
33.8 (25.4-46.3)
0.1 (0.1-0.2)
2.2 (1.7-3)
29.8 (22.4-40.9)
22.5 (16.9-30.9)
179 (134-245)

* from Goldsworthy et al. 2010

Post- closures
0.4 (0.3-0.6)
1 (0.7-1.3)
0.1 (0.1-0.1)
0.3 (0.2-0.4)
0.9 (0.7-1.2)
0 (0-0.1)
0.6 (0.4-0.8)
0 (0-0.1)
0.1 (0.1-0.1)
0.3 (0.2-0.4)
0.1 (0.1-0.1)
0 (0-0)
4.5 (3.4-6.1)
1.8 (1.4-2.5)
1.8 (1.3-2.4)
0.3 (0.3-0.5)
0.1 (0-0.1)
0 (0-0)
3.5 (2.6-4.8)
0.4 (0.3-0.6)
6.2 (4.6-8.4)
6.6 (4.9-8.9)
0.5 (0.4-0.7)
1.5 (1.1-2)
0.1 (0.1-0.1)
3.8 (2.8-5.2)
5 (3.7-6.8)
15.4 (11.4-20.9)
1.7 (1.2-2.2)
1.5 (1.1-2.1)
3.3 (2.5-4.5)
3.3 (2.5-4.5)
0 (0-0)
0.4 (0.3-0.6)
0.1 (0.1-0.1)
0.3 (0.2-0.4)
0 (0-0)
0 (0-0)
0.1 (0.1-0.2)
0.3 (0.2-0.4)
0.3 (0.2-0.5)
0.3 (0.2-0.4)
0.3 (0.2-0.4)
26.1 (19.3-35.3)
0.1 (0.1-0.1)
1.7 (1.2-2.3)
27.3 (20.3-37)
20.7 (15.4-28.1)
144 (106-194)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1
0.0
0.0
-0.4
-0.7
-0.2
-0.1
0.0
0.0
-0.7
-0.1
-6.7
-1.5
-0.1
-0.2
0.0
-0.7
-1.6
-4.1
-0.8
-0.2
-1.8
-0.8
-0.2
-0.6
-0.2
-0.3
0.0
-0.1
-0.1
-0.1
-0.2
-0.1
-0.1
-7.7
0.0
-0.6
-2.5
-1.8
-35.3

%

2.5%
3.2%
3.8%
4.0%
2.0%
1.5%
0.6%
-7.4%
-18.5%
-14.6%
-14.7%
-14.3%
-7.8%
-28.4%
-10.1%
-12.9%
-10.4%
-13.3%
-16.7%
-24.0%
-51.9%
-19.0%
-16.5%
-12.6%
-14.4%
-16.0%
-24.2%
-21.1%
-31.8%
-11.1%
-34.8%
-19.5%
-86.6%
-60.8%
-62.8%
-49.2%
-33.9%
-100.0%
-35.1%
-27.8%
-34.3%
-30.9%
-29.9%
-22.8%
-18.0%
-24.8%
-8.2%
-7.9%
-19.7%
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Table 4. Pre and post-Formal Closure estimates (±95% CL) of the growth rate
(calculated over 20 breeding cycles ~29 years) of each ASL subpopulation
based on stable (0%) medium (2.5%) and high (5%) intrinsic subpopulation
growth rates. Pre-closures estimates from Goldsworthy et al. (2010). In the
two bottom rows, the overall means (±95% CL) for all subpopulations, and the
percentage of subpopulations with negative growth rates (±95% CL) are
presented.
Subpopulation

0% Growth rate

Pre-closures
2.5% Growth

5% Growth rate

0% Growth rate

B9
B8
B7
B6
B5
B4
B3
B2
B1
NR W
NR E
Pt Fowler
Purdie
West
Fenelon
Lounds
B'water
Gliddon
Blefuscu
Lilliput
Olive
N Baudin
Pt Labatt
Jones
Dorothee
Pearson
Ward
Waldegrave
Four Hummocks
Rocky North
Price
Liguanea
Lewis
East Island
South Neptune
Albatross
English
Dangerous
North Islet
Peaked Rocks
N Casuarina
Cape Bouguer
Cave Point
Seal Bay
Black Point
Seal Slide
SPage
NPage
Mean
% of subpops -ve

-1.3 (-1.8--0.9)
-1.6 (-2.1--1.2)
-0.2 (-0.5-0)
-0.7 (-1.2--0.3)
-1.3 (-1.7--1)
-0.1 (-0.3-0.1)
-3.3 (-3.4--3.2)
0.2 (0-0.3)
-0.1 (-0.2-0.1)
-0.9 (-1.6--0.5)
-0.3 (-0.6--0.1)
-0.3 (-0.5--0.1)
-2.2 (-2.9--1.6)
-2.8 (-3.8--2.1)
-2.9 (-4--2.2)
-0.8 (-1--0.6)
0 (-0.1-0.1)
0.6 (0.5-0.6)
-2.9 (-4--2.2)
-0.5 (-0.7--0.4)
-3.6 (-5.1--2.8)
-4.9 (-6.6--3.6)
-4.7 (-6.4--3.5)
-6.5 (-9--4.7)
-3.1 (-4.3--2.1)
-7.7 (-10.4--5.7)
-8.6 (-11.7--6.4)
-7.2 (-9.7--5.3)
-11.6 (-16.1--8.4)
-6 (-8.2--4.4)
-11.9 (-16.1--8.8)
-5.7 (-7.6--4.2)
-0.1 (-0.2--0.1)
-4 (-5.6--2.9)
-2.1 (-2.9--1.5)
-1.8 (-2.5--1.2)
0.1 (0.1-0.1)
0 (0-0)
-0.4 (-0.6--0.3)
-0.9 (-1.2--0.6)
-4.4 (-6.1--3.1)
-3.1 (-4.4--2.2)
-3.1 (-4.4--2.2)
-7.4 (-10.1--5.5)
-3.3 (-4.6--2.3)
-7.8 (-10.8--5.8)
-5.2 (-7.1--3.9)
-4.9 (-6.8--3.7)
-3.1 (-4.3--2.3)
90 (85-92)

1.1 (0.5-1.5)
0.9 (0.4-1.3)
2 (1.6-2.2)
1.4 (0.8-1.8)
1.3 (0.8-1.6)
2.2 (1.9-2.4)
1.4 (1-1.6)
2.2 (2-2.3)
2.2 (2.1-2.3)
1.2 (0.5-1.6)
1.8 (1.5-2.1)
1.9 (1.6-2.2)
0.3 (-0.5-0.8)
-0.3 (-1.4-0.3)
-0.6 (-1.6-0.2)
1.7 (1.4-1.9)
2.4 (2.3-2.4)
2.7 (2.6-2.7)
-0.6 (-1.6-0.2)
1.9 (1.7-2.1)
-1.2 (-2.7--0.4)
-2.4 (-4.2--1.2)
-3.1 (-5.3--1.5)
-4.3 (-6.8--2.5)
-1.6 (-3.2--0.5)
-5.4 (-8.2--3.4)
-6.4 (-9.4--4.1)
-4.9 (-7.5--3)
-9.7 (-14.2--6.4)
-4 (-6.3--2.3)
-9.8 (-14.1--6.6)
-3.3 (-5.3--1.8)
2.4 (2.3-2.4)
-2 (-3.6--0.8)
0.2 (-0.7-0.9)
0.5 (-0.3-1.1)
2.3 (2.3-2.3)
2.5 (2.5-2.5)
1.8 (1.6-1.9)
1.3 (1-1.6)
-3.3 (-5.4--1.7)
-1.7 (-3.3--0.5)
-1.6 (-3.3--0.5)
-4.9 (-7.7--3.1)
-1.9 (-3.6--0.7)
-5.9 (-9--3.8)
-2.8 (-4.7--1.5)
-2.5 (-4.4--1.2)
-0.9 (-2.2-0)
50 (44-56)

3.3 (2.8-3.7)
3.4 (2.9-3.8)
4.1 (3.7-4.4)
3.8 (3.2-4.2)
3.7 (3.3-4)
4.3 (4-4.6)
2.2 (2-2.4)
4.4 (4.2-4.6)
4.4 (4.2-4.5)
3.5 (2.9-4)
3.9 (3.5-4.3)
4 (3.6-4.3)
2.7 (1.9-3.3)
2.1 (1-2.8)
1.9 (0.8-2.6)
4.1 (3.9-4.3)
4.6 (4.5-4.7)
4.8 (4.7-4.9)
1.9 (0.8-2.7)
4.5 (4.3-4.6)
1.2 (-0.3-2.1)
-0.1 (-1.9-1.2)
-1.3 (-3.5-0.4)
-2.2 (-4.7--0.3)
-0.4 (-2.3-1.1)
-3.1 (-5.9--1)
-4.1 (-7.3--1.8)
-2.6 (-5.3--0.6)
-7.6 (-12.2--4.2)
-1.7 (-4.1-0)
-7.5 (-11.9--4.3)
-1 (-3.1-0.5)
4.9 (4.8-4.9)
0.2 (-1.4-1.4)
2.2 (1.2-3)
2.7 (1.9-3.2)
4.9 (4.9-4.9)
5 (5-5)
4.4 (4.2-4.5)
3.9 (3.5-4.1)
-2.4 (-5--0.4)
-0.4 (-2.5-1)
-0.4 (-2.4-1.1)
-2.8 (-5.7--0.9)
-0.7 (-2.8-0.8)
-3.7 (-6.9--1.5)
-0.4 (-2.4-0.9)
-0.3 (-2.2-1)
1.2 (-0.1-2.2)
40 (21-44)

-1.3 (-1.8--0.9)
-1.6 (-2.2--1.2)
-0.3 (-0.5--0.1)
-0.8 (-1.3--0.3)
-1.3 (-1.7--1)
-0.1 (-0.3-0.1)
-3.3 (-3.4--3.2)
0.2 (0.1-0.3)
0 (-0.1-0.1)
-0.7 (-1.2--0.3)
-0.2 (-0.4-0)
-0.2 (-0.4-0)
-2 (-2.7--1.5)
-2 (-2.7--1.5)
-2.6 (-3.5--2)
-0.7 (-0.9--0.5)
0 (0-0.1)
0.6 (0.5-0.7)
-2.4 (-3.3--1.8)
-0.4 (-0.5--0.3)
-1.8 (-2.4--1.3)
-3.9 (-5.3--2.9)
-4 (-5.4--2.9)
-5.7 (-7.8--4.1)
-2.6 (-3.6--1.8)
-6.5 (-8.7--4.8)
-6.6 (-8.8--4.9)
-5.7 (-7.7--4.2)
-7.7 (-10.7--5.5)
-5.3 (-7.3--3.9)
-7.7 (-10.5--5.7)
-4.6 (-6.2--3.4)
-0.1 (-0.1--0.1)
-1.3 (-2--0.9)
-0.8 (-1--0.5)
-0.7 (-1.1--0.4)
0.1 (0.1-0.1)
0 (0-0)
-0.2 (-0.4--0.2)
-0.6 (-0.8--0.4)
-2.7 (-3.8--1.9)
-2 (-2.9--1.3)
-2 (-2.9--1.4)
-5.7 (-7.7--4.2)
-2.6 (-3.7--1.8)
-5.8 (-8--4.2)
-4.7 (-6.4--3.5)
-4.6 (-6.2--3.4)
-2.4 (-3.3--1.7)
88 (83-92)

Post- closures
2.5% Growth
1 (0.5-1.4)
0.9 (0.4-1.3)
1.9 (1.6-2.2)
1.3 (0.7-1.8)
1.2 (0.8-1.5)
2.2 (1.9-2.3)
1.4 (1-1.6)
2.2 (2.1-2.3)
2.3 (2.2-2.4)
1.4 (0.9-1.8)
2 (1.7-2.2)
2.1 (1.8-2.3)
0.5 (-0.3-1)
0.5 (-0.2-1)
-0.3 (-1.2-0.4)
1.8 (1.6-1.9)
2.4 (2.3-2.4)
2.7 (2.6-2.8)
0 (-0.9-0.6)
2.1 (1.9-2.2)
0.7 (0.1-1.2)
-1.5 (-2.9--0.5)
-2.1 (-3.9--0.8)
-3.4 (-5.6--1.8)
-1 (-2.4-0)
-4.2 (-6.5--2.5)
-4.3 (-6.6--2.5)
-3.3 (-5.4--1.8)
-5.7 (-8.7--3.4)
-3.2 (-5.3--1.7)
-5.5 (-8.4--3.5)
-2.2 (-3.8--1)
2.5 (2.5-2.5)
0.8 (0.2-1.3)
1.9 (1.6-2.2)
1.6 (1.2-1.9)
2.3 (2.3-2.3)
2.5 (2.5-2.5)
2 (1.8-2)
1.6 (1.4-1.8)
-1.2 (-2.6--0.1)
-0.3 (-1.4-0.5)
-0.3 (-1.4-0.5)
-3.2 (-5.3--1.7)
-1 (-2.4-0)
-3.8 (-6--2.1)
-2.3 (-4.1--1.1)
-2.1 (-3.7--0.9)
-0.1 (-1.1-0.6)
44 (33-48)

5% Growth rate
3.3 (2.7-3.7)
3.4 (2.8-3.8)
4 (3.6-4.3)
3.7 (3.1-4.1)
3.7 (3.2-4)
4.3 (4-4.6)
2.2 (2-2.4)
4.5 (4.3-4.6)
4.5 (4.4-4.6)
3.8 (3.3-4.2)
4.1 (3.8-4.4)
4.2 (3.8-4.5)
2.9 (2.2-3.4)
2.9 (2.2-3.4)
2.2 (1.2-2.9)
4.2 (4-4.4)
4.7 (4.6-4.7)
4.8 (4.8-4.9)
2.4 (1.5-3)
4.6 (4.5-4.7)
3.2 (2.5-3.6)
0.9 (-0.6-2)
-0.2 (-2.1-1.1)
-1.3 (-3.5-0.3)
0.4 (-1.2-1.7)
-1.8 (-4.2--0.1)
-1.9 (-4.3--0.1)
-1 (-3.1-0.5)
-3.5 (-6.6--1.2)
-1 (-3.1-0.5)
-3.2 (-6.1--1.1)
0.2 (-1.5-1.4)
4.9 (4.9-5)
3 (2.4-3.5)
4 (3.6-4.3)
3.8 (3.4-4)
4.9 (4.9-4.9)
5 (5-5)
4.6 (4.4-4.6)
4.2 (3.9-4.3)
0.2 (-1.5-1.5)
1.3 (-0.1-2.3)
1.3 (-0.1-2.3)
-1 (-3.2-0.5)
0.4 (-1.3-1.6)
-1.6 (-3.9-0.1)
0 (-1.7-1.3)
0.2 (-1.5-1.4)
2.1 (1.1-2.8)
21 (8-40)
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Table 5. The level of fishing effort expected within each AFMA region since the introduction of
AFMA’s Formal Closures. Estimates are based on the spatial distribution of fishing effort
(January 2007 to July 2009), and an average annual (January 2007- July 2009) fishing effort
of 100,000 km.hrs (Goldsworthy et al. 2010). The observer coverage in km.hr and net-hauls
per year is based on AFMA’s proposed percentage observer coverage. The total annual
estimated ASL bycatch (per year), and that expected to be observed with the proposed
observer coverage is presented for each region (and overall), along with AFMA’s ASL bycatch
trigger limits.

Region

+

Fished
nodes

Fishing
effort

AFMA observer effort/yr-1

Estimated ASL bycatch/yr-1

%+

km.hrs

Net-hauls

Total

With proposed
observer effort

AFMA Trigger
limit+

No.

km.hrs.yr-1

A

43,576

5,773

20.5%

1,183

56

5

1.0

3

B

35,068

13,614

5.7%

776

36

31

1.8

4

C

15,362

19,917

10.1%

2,012

94

42

4.2

4

D

8,726

8,255

29.8%

2,460

115

13

3.8

3

E

9,699

4,378

30.3%

1,326

62

6

1.7

3

F

9,057

10,110

17.3%

1,749

82

35

6.1

5

G

26,139

37,954

10.1%

38,33

180

60

6.0

6

100,000

13.3%++

13340

626

191*

25

Total

from AFMA’s Australian sea lion Management Strategy (Table 3)
++
this assessment based on km.hrs.yr-1, AFMA’s estimate is 11% observer coverage
* equivalent to estimated bycatch of 279 per breeding cycle in Table 1
**total fishery Trigger limit

28

(15**)
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Table 6. The mean and median (±95% CL) ASL bottom-time foraging effort (see Goldsworthy
et al. 2010) and bycatch number expected to be observed within each AFMA region, based
on the stipulated level of observer coverage (see Table 4). Estimates of ASL foraging effort
are based on a sampling with replacement bootstrapping procedure where the expected
number of net-hauls to be observed was sampled with replacement from fishing all 1 km2
nodes within each region. This was done 1,000 times for each zone. Confidence limits were
calculated as the 2.5 and 97.5 percentile. The expected number of bycatch incidents
observed was estimated based on mean and median ASL foraging estimates and on the level
of fishing effort (from Table 4) using the equal sample size bycatch rate estimation method
(Goldsworthy et al. 2010). The ±95% CL of expected bycatch to be seen by AFMA observers
based on mean and median ASL foraging effort is also given for each region. The extent to
which the AFMA trigger limits exceed the expected observed bycatch levels within each
region (±95% CL) based on mean and median ASL foraging effort is also given.
Estimated ASL foraging effort
seal days.yr
Region

A

Expected ASL bycatch
observed/yr

Trigger limits as a multiple of
expected bycatch

AFMA
Trigger
limit

Mean
(±95% CL)

Median
(±95% CL)

Mean

Median

Mean

Median

3

0.8 (0.5-1.1)

0.4 (0.3-0.6)

0.5 (0.3-0.7)

0.3 (0.2-0.3)

6.2 (9.4-4.3)

11.7 (18-8.8)

B

4

2.8 (1.5-4.5)

1.1 (0.5-2.1)

1.1 (0.6-1.8)

0.4 (0.2-0.8)

3.6 (6.7-2.2)

8.9 (18.6-4.8)

C

4

2.9 (2.2-3.6)

1.7 (1.1-2.3)

2.9 (2.3-3.7)

1.8 (1.2-2.3)

1.4 (1.8-1.1)

2.3 (3.5-1.7)

D

3

2.1 (1.7-2.6)

1.3 (0.9-1.9)

2.6 (2.2-3.3)

1.6 (1.1-2.4)

1.1 (1.4-0.9)

1.9 (2.8-1.2)

E

3

2.5 (2-2.9)

2.1 (1.4-2.8)

1.7 (1.4-2)

1.4 (1-1.9)

1.8 (2.2-1.5)

2.1 (3.1-1.6)

F

5

5.7 (4.7-6.8)

3.9 (2.9-5.5)

5.1 (4.2-6.1)

3.5 (2.6-4.9)

1 (1.2-0.8)

1.4 (1.9-1.0)

G

6

2.8 (2.3-3.3)

1.2 (0.9-1.6)

5.4 (4.4-6.5)

2.4 (1.8-3.2)

1.1 (1.4-0.9)

2.5 (3.3-1.9)

Total

Total.

Ave.

Ave.

19.3 (15.3-24.1)

11.4 (8-15.9)

2.3 (3.4-1.7)

4.4 (7.3-3.0)

Total

28 (15*)

*total fishery trigger limit
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Figure 1. The location of Australian sea lion breeding sites in SA and their relative pup production per breeding cycle. Bathymetry lines are indicated from light
to dark blue (100, 200, 500, 1000, 2000m). From Goldsworthy et al. (2010)
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Figure 2. Map of regional closures that implemented in the adaptive management component (Action 5) of the ASL Management Strategy (AFMA 2010). In
this example the trigger in region C (shaded red) has been reached and that region is closed. From AFMA (2010).
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A.

B.

Figure 3. Haplotype distribution maps of ASL colonies of A) Western Eyre Peninsula and Nuyts
Archipelago and B) southern Spencer Gulf and Kangaroo Island. Pie charts depict relative frequency
of haplotypes (see legend).
Dotted lines surround groups of colonies clustered together by
SAMOVA. Numbers after colony names represent sample size, haplotype diversity and ± S.E. (source
Lowther unpublished data).
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Figure 4. Plot of Slatkins Linearised Φst on geographic distance. Overall there was evidence of
significant Isolation by distance (Mantel R=0.39 P<0.001) (source Lowther unpublished data).
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A.

B.

Figure 5. Area available to the gillnet sector SESSF off South Australia prior to (A), and after (B)
introduction of the Formal Closures, implemented by AFMA 1 July 2010.
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A.

B.

Figure 6. Estimated distribution of fishing effort within the gillnet sector SESSF after the introduction of
the Formal Closures implemented by AFMA on 1 July 2010 (A), and the expected distribution of ASL
bycatch (B). The gradient from red to light blue colours indicates high to low values.
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A.

B.

C.

Figure 7. Estimated ASL subpopulation growth rates (±95% CL) based on the estimated bycatch
mortalities resulting from pre and post-closure distributions of fishing effort in the gillnet sector SESSF
off SA. Subpopulation growth rates are estimated for 20 breeding cycles (~29 years) for three different
intrinsic growth-rate scenarios (A-stable, 0%), B-medium (2.5%) and C-high (5%).
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Figure 8. Distribution of values of ASL bottom-time foraging effort (days/yr-1) from fished 1 km2 nodes
within each of the AFMA management regions. Data sourced from Goldsworthy et al. (2010)
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