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Executive Summary

Fishing mortality in the Centrostephanus rodgersii fishery is represented by the
use of catch (tonnes) as a proxy. In the most recent 2020/21 season, the annual
catch in Tasmania increased to 497 tonnes, the second highest catch in the history
of the fishery. The region with the highest catch is St Helens, consistent with
previous years.

There is no evidence of biomass depletion through the observed catch rates,
however the standardised catch rate appears to have levelled off when examining
the whole east coast and has dropped slightly in the most heavily fished blocks in
the northeast. In addition, the mean depth of the fishery has increased over time,
suggesting depletion of stock in the shallower depths.

Biomass in the Centrostephanus rodgersii fishery is indicated by two methods:
extrapolation from counts obtained from fishery-independent transect surveys;
and trends in catch per unit effort (CPUE). Biomass assessed by fishery-
independent transect data has increased over the last two decades. State-wide
CPUE has not decreased over the span of the fishery from the first 2008/2009
season to the most recent 2020/2120 season even in the most heavily fished

blocks.

Tasmanian Longspined sea urchin fishery

Catch, effort, CPUE trends and transects.




C. rodgersii has been harvested commercially in Tasmania since 2009. The annual catch
remained below 100 tonnes for the first 10 years of the fishery, but in 2017 increased
markedly, averaging around 500 tonnes for the last 3 seasons with 497 tonnes for the most
recent 2020/21 season. To date there is no evidence of widespread decrease in biomass
when comparing catch rates over time, and only the slightest decrease in annual catch rate

in the most heavily blocks around St Helens in the northeast of the state.

Catch rates would not necessarily decline as biomass falls because divers can shift to new
areas. A recent survey of the commercial divers has suggested that in some areas divers
have been forced into deeper waters by using Nitrox to sustain high catch rates (Cresswell
et al. 2019). This is supported by the data; the mean depth of the fishery has increased over
time, suggesting depletion of stock in the shallower depths. Fisheries-independent surveys
indicate that biomass increased between 2001 and 2017 on the east coast of Tasmania,
during which period only small fishing catches were taken from 2009 onwards. The survey
showed a general trend of highest biomass/densities in the northeast to the lowest in the
southeast (Johnson et al. 2005, Ling and Keane 2018). Given that this species is not endemic
to Tasmania and has a negative impact on the ecosystem here, a depleting status for the
fishery may be desired. This is supported by our observed latitudinal trend in catch rates,

which clearly decrease from north to south.

Biomass was estimated through a scientific survey in 2001/02 in 6 to 24 m depth (the depth
of the dive fishery) to be ~2500 tonnes (Table 1). This depth band covered 80% of the urchin
biomass. A resurvey was conducted in 2016/17 and biomass was estimated at ~4400
tonnes. Some small-scale removals from harvesting occurred through this period. Over the
period between the two surveys, and accounting for removals from fishing, the average
(linear) biomass increase was 153 tonnes/year. Catch in each of the four years since the last

survey has exceeded this amount.



Table 1. Biomass estimated from scientific survey in 2001/02 and 2016/17 in bold and asterix, with average
biomass increase (assuming a linear relationship) and removals from harvesting, culling and the complete harvest
project (explained in text). Average linear biomass increase from the 2001/02 season to the 2016/17 season is

153 tonnes per year, accounting for the removals from harvesting.

Estimated Average linear Removals from Removals from Removals from
Year biomass 6 to 24m biomass increase harvesting culling (tonnes) “take-all” harvest
depth (tonnes) (tonnes) (tonnes) (tonnes)
2001/02 2523 153
2002/03 153
2003/04 153
2004/05 153
2005/06 153
2006/07 153
2007/08 153
2008/09 153 7
2009/10 153 12
2010/11 153 64
2011/12 153 61
2012/13 153 81
2013/14 153 97
2014/15 153 19
2015/16 153 40
2016/17 4434 153 41
2017/18 185
2018/19 560
2019/20 327 14.8 349
2020/21 493.6 3.4




Stock status definitions

We have adopted the most recent guidelines for national stock status categories, as

specified by the Fisheries Research and Development Corporation.

Description

Potential implications for

management of the stock

Sustainable Biomass (or proxy) is at a level sufficient to ensure that, Appropriate management is
on average, future levels of recruitment are adequate in place.
(recruitment is not impaired) and for which fishing
mortality (or proxy) is adequately controlled to avoid the
stock becoming recruitment impaired (overfishing is not
occurring).

Depleting Biomass (or proxy) is not yet depleted and recruitment is Management is needed to
not yet impaired, but fishing mortality (or proxy) is too reduce fishing mortality and
high (overfishing is occurring) and moving the stock in ensure that the biomass
the direction of becoming recruitment impaired. does not become depleted.

Recovering Biomass (or proxy) is depleted and recruitment is Appropriate management is
impaired, but management measures are in place to in place, and there is
promote stock recovery, and recovery is occurring. evidence that the biomass is

recovering.

Depleted Biomass (or proxy) has been reduced through catch Management is needed to
and/or non-fishing effects, such that recruitment is recover this stock; if
impaired. Current management is not adequate to adequate management
recover the stock, or adequate management measures measures are already in
have been put in place but have not yet resulted in place, more time may be
measurable improvements. required for them to take

effect.

Undefined Not enough information exists to determine stock status. Data required to assess

stock status are needed.

Negligible Catches are so low as to be considered negligible and Assessment will not be
inadequate information exists to determine stock status. conducted unless catches

and information increase.
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Introduction

Overview

Centrostephanus rodgersii (the Longspined sea urchin or Centro) is not native to Tasmania
historically, nor is it considered an introduced marine pest. Rather, evidence suggests that
this species has recently undergone a range extension to Tasmania from NSW due to
extensions in the warm East Australia Current brought about by climate change (Johnson et
al. 2005, Ridgway 2007, Ling 2008). Increased populations of Longspined sea urchins are of
concern because they can damage kelp forests through overgrazing (Ling et al. 20093,
Johnson et al. 2011, Marzloff et al. 2016). Once established on a reef, increases in urchin
density and subsequent grazing pressure of this species leads to discrete patches of bare
rock termed ‘incipient’ barrens (Johnson et al. 2005). If urchin density continues to increase
in incipient barrens, the grazed patches grow and join together into larger patches, leading
to the formation of ‘extensive’ urchin barrens (Flukes et al. 2012), a habitat largely devoid of
macroalgae (Lawrence 1975, Chapman 1981, Andrew and Underwood 1989). This
fundamental change in the ecosystem has a substantial impact on a broad range of species
and reduces the utility for human activities including diving, and recreational and

commercial fishing of a number of species.

A commercial fishery for Longspined sea urchins began in 2009 in response to their
increased biomass and densities in Tasmania. The total annual catch was low for the first 10
years of the fishery but has increased fivefold over the last 4 years. The Tasmanian
commercial fishery now exports nationally and internationally. Catch can only be taken by
holders of a commercial dive license. There are no recreational regulations. In the 2019/20
season beginning September 1%t 2019, there were 29 divers involved in the fishery. Most
fishing effort occurs from December/January to June when roe quality is suitable for

harvest.



Fishery-independent biomass data

The abundance of Centrostephanus rodgersii and the extent of its impact on kelp beds in
eastern Tasmanian has been surveyed by divers and underwater towed-video in 2001/02
and again in 2016/17, with a current survey taking place 2021/22. A total of 13 regions have
been surveyed along the east coast of Tasmania, containing four transects within three
subsites for each of the larger regions (Ling and Keane 2018). The fishery and most of the
biomass is contained within regions 1-9, with minimal abundances (near zero or zero
observed) south of region 9. The biomass of urchins from 4 to 24m depth for regions 1-9
was estimated to be ~2523 tonnes in 2001/02 and had increased to ~4434 tonnes for the
2016/17 survey, however some regions showed a greater increase than others. The results

of the most recent survey are anticipated this year.

Species biology

The Longspined sea urchin is a large, fast growing Diadematidae that inhabits temperate
reefs at varying depths up to 60m around southeast Australia, Norfolk and Lord Howe
Islands, the Kermadec Islands and northern New Zealand (Schiel et al. 1986, Andrew 1993,
Andrew and Byrne 2007, Pecorino et al. 2012, Perkins et al. 2015). In Australia, evidence
suggests that the species arrived to the east coast of Tasmania via larval transport from
spawning communities in coastal NSW and Victoria; it was first recorded in the northeast
coast of Tasmania in 1978 (Edgar and Barrett 1997, Johnson et al. 2005, Ling 2008). The
species matures sexually at around 4 to 5 years old at a test diameter (TD) of 40-60mm
(Table 2), approaching a maximum TD of ~120mm (Ebert 1982) at ~25 to 35 years of age,
after which, growth slows considerably (Ling et al. 2009a). The skeleton of a sea urchin is
known as the “test”. The diameter of the test is measured using callipers placed between

the spines to measure the diameter of the skeleton without the spines.



Table 2. Biological parameters for Longspined sea urchins.

Parameter Meaning Value
Test diameter at | Size at which 50% of 40 to 60 mm (King et al. 1994) (NSW)
maturity population becomes

60 to 70 mm (Andrew and Byrne 2007) (NSW)
mature

Maximum test The asymptotic length at >110 mm (Andrew and Byrne 2007) (NSW)
diameter which growth in zero 120 mm (Ebert 1982) (NSW)
126 mm (Pecorino et al. 2012) (New Zealand)

133 mm (Ling et al. 2009b) (TAS)

Lifespan Time to reach 95% 20 years (Andrew and Byrne 2007) (NSW)

maximum test diameter 15 to 20 years (Pecorino et al. 2012) (New Zealand)

25 to 30 years (Ling et al. 2009b) (TAS)

Weight Weight calculated from Weight (g) = 0.0032*TD%¢® (live weight)
test diameter (TD) Weight (g) = 0.0035*TD*%2% (factory weight)

*data collected in May 2020 from Complete Harvest
project, John Keane unpublished data)

Sea urchin gonads or “roe” have been consumed by some cultures for millennia and are
now highly appreciated worldwide as a gourmet product comparable to caviar (Andrew et
al. 2002, Sun and Chiang 2015, Lourenco et al. 2019). The profitability of a sea urchin fishery
relies heavily on the marketable condition of the sea urchins’ roe, which can vary greatly
between individuals depending on many factors (Blount and Worthington 2002, Blount et
al. 2017). Gonad yield (as a percentage of body weight) and quality (judged by texture,
colour, granularity and many other factors) are both affected by food availability, diet,
season and individual movement, not just size and age (Lawrence et al. 1997, Lawrence et
al. 2001, Andrew and Byrne 2007, Phillips et al. 2009, Phillips et al. 2010). Roe quality varies
seasonally, with energy intake increasingly proportioned towards gonad development
resulting in higher roe quality in the lead up to spawning, which for this species occurs
around August (Ling et al. 2008). During and immediately following spawning, the
roe/gonads are at low quality for the fishery, so the bulk of harvesting in Tasmania occurs
between December and June (see below). The native Tasmanian short-spined sea urchin
Heliocidaris erythrogramma has a complementary spawning season to the Longspined,

meaning factories can continue processing sea urchins in Tasmania all year around.

10



Sea urchin populations, like other low-mobility resources, are spatially structured with
aggregations occurring primarily because of habitat structure and food availability, making
them highly patchy as a resource (Ouréns et al. 2015, Gutierrez et al. 2017). Longspined sea
urchins have low mobility, homing strongly to available crevices, but do not show directional
movement towards food sources (Flukes et al. 2012) unlike other sea urchins, where
directional movement towards available food results in mobile grazing fronts (Lauzon-Guay
et al. 2006). Tracey et al. (2015) demonstrated this lack of directional movement in a culling
experiment conducted in 2012 in Wineglass Bay Tasmania, showing that when plots were
surveyed a year after targeted culling efforts, C. rodgersii densities had not increased.
Because of this patchiness in stock, assessment methods should avoid the assumption of
uniform distribution, and keep in mind that fishers will be concentrating their efforts in the

higher density patches (Hernandez-Flores et al. 2018, Casal et al. 2020).

Species ecological role

Longspined sea urchins have a pelagic larval stage of ~100 days (Huggett et al. 2005)
meaning this species can travel long distances in ocean currents under the right conditions
for their temperature limits (Ling et al. 2009b). Larvae have likely travelled to Tasmania
through the poleward advance of the warm East Australia Current, which has extended
further south with greater frequency over the past 60 years due to climate change (Ridgway
2007, Banks et al. 2010). Longspined sea urchins were first reported on the east coast of
Tasmania in 1978 (Edgar and Barrett 1997) but now extend down most of the east coast
(Johnson et al. 2005, Ling and Keane 2018). The first major fisheries-independent survey
conducted in 2001/02 established a baseline estimate of the biomass of this species in
Tasmania at 6.7 million individuals (Johnson et al. 2005). A repeat survey conducted 15
years later estimated the population to have grown to almost 20 million individuals (Ling

and Keane 2018).
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IMAS have been researching Longspined sea urchins and their associated barrens since the
late 1990s . Above threshold densities of ~700g/m? the species can have devastating
impacts on reefs due to overgrazing which can lead to the formation of extensive urchin
barrens (Ling et al. 2015). The barren state is problematic because urchins can exist in a
starvation state on an extensive barren for decades (Filbee-Dexter and Scheibling 2014). To
convert extensive barren back to forest nearly all Longspined urchins need to be removed,
so that urchin density is below 70g/m?, or around one 350g urchin per 5m? (Ling et al.
20093, Filbee-Dexter and Scheibling 2017). Removal experiments, such as those conducted
by Tracey et al. (2015) in Wineglass Bay, Tasmania, show that after targeted and systematic
removals, kelp forest regrows. The regrowth of kelp after a reduction in urchin density
below a given threshold is a pattern that has been demonstrated repeatedly elsewhere in
Australia and around the world (Keats et al. 1990, Leinaas and Christie 1996, Ling et al.

2015, Tracey et al. 2015, Kriegisch et al. 2016, Sanderson et al. 2016).

Urchin density control

In Tasmania, there has been research into various strategies for reducing urchin densities to
prevent or reverse barren formation, one of which is to increase numbers of their
predators. Worldwide, there are numerous examples of where overfishing the apex
predator has led to a loss of kelp forests through the creation of urchin barrens (Steneck et
al. 2002) and also the reverse effect where reduced harvest rates on urchin predators have
resulted in the reestablishment of kelp forests, such as rebuilding sea otter populations in
Alaska (Estes and Palmisano 1974) and rock lobster populations in South Africa (Mayfield
and Branch 2000).

Southern Rock Lobster Jasus edwardsii is the key predator for the native sea urchin
Heliocidaris erythrogramma in Tasmania (Pederson and Johnson 2006). Southern Rock
Lobster has also been shown to predate the Longspined sea urchin and is the only known
predator of large emergent urchins in Tasmania (Ling et al. 2009a). As a result of prolonged
intense fishing pressure, the Southern Rock Lobster biomass off eastern Tasmanian had
dropped to extremely low levels prompting the development of the East Coast Rock Lobster

12



Stock Rebuilding Strategy in 2013. Catches have been maintained at below half the recent
peak in the mid 2000s and has led to stock rebuilding that will continue into the future. The
interactions between seaweed, Longspined sea urchins and Southern rock lobster in
Tasmania have been examined in detail by a simulation model of Tasmania reef
communities, called TRITON (Marzloff et al. 2013, Johnson et al. 2014). One of the main
findings of the model was that the initial prevention of urchin barren formation through
increased predator numbers would be more effective than reversal through the same
strategy, and that reduced catch of lobster on incipient barrens could mitigate the
formation of extensive barrens in these areas within a 20 year time frame (Johnson et al.
2014). Recent work found that the rebuilding of lobster populations (in sites not targeted
by the urchin fishery) could prevent the formation of urchin barrens, especially in areas of
incipient barren rather than extensive barren (Ling and Keane 2021), agreeing with previous
studies that lobsters would be more effective at aiding the prevention of urchin barrens

rather than as a cure.

Other strategies have been explored in Tasmania to reduce urchin densities in an effort to
prevent or reverse urchin barren formation. Culling is an alternative removal method to
harvesting in diveable depths. When harvesting, divers remove urchins generally in the mid-
large size range of >85mm test diameter leaving smaller urchins and are limited to finding
urchins with roe quality that is acceptable to the processor. This means urchin harvesting
takes place outside of spawning season, with most harvesting taking place between
approximately December and June. In comparison, divers that are culling can kill urchins of
most size ranges (that are visible) at any time of year by smashing them with a spike or
similar instrument. When culling, divers are not limited to choosing urchins of high roe
quality or transporting urchins to the boat and truck. On extensive barrens in Victoria, the
rate of culling is reported to be close to 3x faster than harvesting (John Minehan, pers.
comm.). However, culling is labour-intensive and can be costly compared to subsidised
harvesting depending on subsidy rate, whether divers are paid for culling, and the density of
urchins (Tracey et al. 2015, Cresswell et al. 2019). Culling by commercial divers has been
funded in small areas on the Tasman Peninsula and there is also volunteer culling by

abalone and recreational divers.
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In other parts of the world, problems of high urchin densities and associated extensive
urchin barrens have been dealt with by use of quicklime (Leighton et al. 1966). Quicklime,
which is made by heating limestone and is used in cement, has been used to control starfish
in oyster bed and sea urchins in commercially harvested kelp beds (Bernstein and Welsford
1982). It releases heat when combined with water and kills echinoderms by causing
epidermal lesions that permit bacteria to enter (Bernstein and Welsford 1982). Kill rates in
excess of 96% can be achieved with an apparatus that mixes quicklime with sea water at the
surface and then pumps the slurry through a hose to the bottom. In some cases, greater
precision is achieved by a diver who directs the flow onto sea urchins (Bernstein and
Welsford 1982). In Tasmania, recent trials of quickliming showed mortality in
Centrostephanus at rates as high as 100%, but was also shown to induce mortality in Blacklip
Abalone at concerning rates (Keane 2021). For this reason, it may be best suited for
application to extensive barrens with negligible abundances of abalone. There are difficult
technical challenges and associated costs in transporting sufficient dosages of quicklime at
depth, with the cost of using quicklime in shallow waters equivalent of what is already being

spent on a subsidised fishery (Keane 2021).

The Commercial Fishery

Catch and effort

In Tasmania, C. Rodgersii are harvested by commercial divers, about half of whom also dive
commercially for abalone. Commercial urchin divers in Tasmania tend to target individual C.
rodgersii of a size between the range of 85 to 125mm test diameter (Johnson 2016). Catch
weight is confirmed by a log recording from the processor who receives the catch. The
location of the catch is recorded using the blocks of the commercial fishery (shown in Figure
3). Depth is not recorded. A finer-scale approximate location, such as name of the point or
bay, is recorded in the log by the diver, along with diver ID, date, and total time of dive/s
(effort in hours). For the 2020/21 season GPS and depth logger units have been used by

most divers, which will provide more accurate data both spatially and temporally. Divers are
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paid either by total wet weight of catch (S/kg) or by weight and quality of roe from the

processor.

Commercial harvesting began in March 2009. The total annual harvest began at less than 10

tonnes a year and gradually increased to 100 tonnes in 2013/14, followed by a decline in
2015 following the closure of the main processor (Figure 1). The catch in the most recent
2020/21 season increased to 497 tonnes from the previous year’s catch of 376 tonnes. In
total the commercial harvest has removed more than 2000 tonnes of Longspined urchins

over the last 13 years.
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Figure 1. Annual catch of Longspined sea urchins.

Monthly effort for the fishery is focussed between January and June (Figure 2), which is

complementary to the spawning season which occurs around August (Ling et al. 2008).
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Figure 2. Monthly effort (hr) averaged by year since the beginning of the fishery 2009 to the current season
2020/21, error bars represent standard error.

Spatial distribution of the catch

The fishery-independent transect survey of the east coast involved segmenting the coast
into thirteen regions, numbering 1 to 13 from north to south (Johnson et al. 2005, Ling and
Keane 2018). For this assessment we used regions 1 to 9 (Figure 3), because surveyed
abundance of Longspined sea urchins in regions 10 to 13 was negligible for both transect
surveys. A subsidy began in late 2016 at $0.75/kg in all subsidy zones. The structure changed
on March 11t 2019 to be $0.50/kg in the northern zones, $0.75/kg in the central zone and
S1/kg in the southern zone. A new subsidy structure was implemented from March 15t
2020 (the start of the licensing year) with 2 extra zones added north of Eddystone Point
(Figure 3). This subsidy structure remained for the 2020/21 season until changes were made

from 13% June 2021, with a further zone added and some prices changed.
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Figure 3. Map of regions referred to in this report (left), coloured labelled areas show which blocks have
contributed catch to each of the regions. Subsidy zone boundaries for the subsidy in effect from March 1% 2020
(centre), and further changes in effect June 13™ 2021 (right) labelled with the commercial fishing blocks used in

the fishery.

The total catch in each commercial fishing block for the most recent season 2020/21 shows

a different spatial distribution to the summed preceding 12 years of the fishery (2008/09 to

2018/19) (Figure 4). While most of the catch was concentrated in commercial fishing blocks

AW45 and AW46, which are in the St Helens region (region 2), a higher relative catch was

removed from blocks BH46 (Schouten Island) and BK44 (Maria Island) suggesting higher

numbers of urchins in these areas than previously.
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Figure 4. Total catch summed over each commercial fishery block for the 2020/21 season (right) and summed
over the previous 12 years of the fishery (left). Tick labels show the commercial fishing block names. Blue lines
show the divisions between the northern, central and southern subsidy zones.

Length and weight of the catch

A selection of the catch, measuring the weight and test diameter of individual urchins, has
been sampled for a part of each season since early 2020. The measurements were taken at
True South Seafood processing facility, with the aim to measure at least 250 to 300 urchins
from a minimum of 3 different divers for each factory visit. Most urchins caught were within
80 to 125mm, with a mean length of 102.4mm in 2019/20 and 101.7mm in 2020/21. A
histogram of length frequency indicates that smaller size classes of urchins were caught
proportionally more in the 2020/21 season compared to the previous 2019/20 season,

which may indicate the impact of fishing on the stock (Figure 5).
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The difference in size of catch between 2019/20 and 2020/21 is greatest in the Schouten

Island region (Figure 6). Size of caught individuals is similar for each of the recorded regions.
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Depth of catch

In the logbook data, divers record the estimated depth of their catch. The annual mean
depth of fishing has increased since the 2015/16 season until last season, levelling out
during the 2020/21 season (Figure 7). The mean depth of fishing has increased markedly
since the beginning of the fishery, indicating that divers are forced into deeper depths to
maintain catch rates. Longspined sea urchins are located in high densities at depth in

Tasmania (Perkins et al. 2015, Ling and Keane 2018).
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Figure 7. Annual mean depth of the catch as reported by the diver, with error bars showing standard deviation.

Catch rate

Catch rate or catch-per-unit-effort (CPUE) is calculated per dive day by the total wet weight
of harvest (in kg, measured at the boat ramp) divided by the dive time (hr). CPUE can give
an indication of relative biomass over time. However, with a highly aggregated species such
as sea urchins, CPUE throughout the range of the fishery may remain stable as the stock is

being depleted. This is especially the case for developing fisheries that target spatially
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structured stocks, because fishers may continue to move to new areas and/or depths while
maintaining a high CPUE but sequentially depleting reefs over time and space. Longspined
sea urchins are patchy because of low movement rates and homing to crevices (Flukes et al.
2012), so density is highly dependent on substrate. In addition, the fishery data is currently
recorded at a very coarse spatial scale, with commercial fishing blocks at the scale of 11.1
km by 11.1 km. An area of this size may contain many reefs. Due to the coarse spatial scale,
divers may be undertaking a rotational or sequential harvest of different reefs within the
one block without affecting CPUE data. The results here should be considered in the context

of these limitations.

Data was filtered to exclude dives with the top and bottom 5% of effort (hours per dive).
Annual catch rate was calculated by averaging all individual dive catch rates for the year. We
then standardised the catch rate by the effects of individual diver ID, latitudinal region and
time of year (month) (Figure 8). The regions are identified above (Figure 3). There is no
discernible trend in CPUE for the entire east coast of Tasmania over the course of the

fishery, and the catch rate has remained stable for the last 3 years of the fishery.
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Figure 8. Standardised annual catch per unit effort (CPUE) (solid black line and points) averaged for the entire
Tasmanian east coast relative to the annual geometric mean (dashed line). Error bars show the log normally
distributed 95% confidence intervals for the standardised model. Horizontal grey line is the geometric mean of all
the catch rate data.
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Catch rate was further examined for the most heavily fished region (region 2) St Helens,
which is the region with the greatest abundance of urchins and the longest history of fishing
on the east coast. Catch rate was standardised for the effects of diver ID and month (Figure

9). There is no discernible trend in catch rate in the St Helens region over time
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Figure 9. Standardised catch per unit effort (CPUE) (solid line) for the St Helens region relative to the geometric
mean (dashed line). Error bars show the 95% confidence intervals for the standardised model. The horizontal
grey line is the geometric mean of all the catch rate data.

Finally, we examined the catch rate in the most heavily and consistently fished blocks of the
highest fished region, blocks AW45 & AWA46 in region 2, St Helens (Figure 10). There is no
noticeable trend for the average annual CPUE recorded in these blocks over time, although

there is a slight decrease in CPUE over the last 3 years.
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Figure 10. Standardised catch per unit effort (CPUE) (solid line) for blocks AW45 and AWA46 in the St Helens
region relative to the geometric mean (dashed line). Error bars show the 95% confidence intervals for the
standardised model. The horizontal grey line is the geometric mean of all the catch rate data.

Unstandardised mean annual CPUE decreases from north to south (region 1 to 9) along the
east coast (Figure 11). This is consistent with observations from fishery-independent
surveys and is important as it demonstrates a link between CPUE and density. This is
evidence that CPUE provides value as an indicator for assessing this fishery despite issues

around hyper-stability as noted previously.
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Figure 11. Latitudinal annual trend in CPUE from north (region 1) to south (region 9), unstandardised. Solid line is
linear regression trend in data for annual latitudinal catch rate.
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Bycatch, habitat and other sources of

mortality

Bycatch
There is no bycatch in this fishery as urchins are harvested by hand.
Protected species interaction

Interactions with protected species and the vessel or dive gear are possible although

unlikely. The same gear has been assessed as negligible risk in abalone fishing

Habitat interaction

Interaction between the habitat and fishery is limited to catch bags and considered

negligible risk. The fishery (removal of urchins) will promote habitat recovery.

Indigenous fishing

The species has only been present in Tasmanian waters since 1978 thus there was no
historic Indigenous harvesting. There is no regulation of current Indigenous harvesting. No
information has been collected but the volume of catch is considered negligible relative to

commercial harvesting.

Recreational fishing

There is no regulation of recreational harvesting. No information has been collected but the

volume of catch is considered negligible relative to commercial harvesting.

Culling

No official culling events were sponsored for this season.
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“Take-all” harvest project

A three day ‘take-all’ harvest was conducted April 9t to 11* 2021 from around 7,500m
coast line on Babel, Cat and Storehouse Islands in the very north of the east coast (2016).
This was a joint project between commercial urchin divers (Tasmanian Commercial Dive
Association) and IMAS researchers were involved, sponsored by the Abalone Industry
Reinvestment Fund. The ‘take-all’ harvest removed all (detectable) size classes of C.
rodgersii from target regions and transported viable urchins to a mother boat where they
were held in live tanks as well as in bulk bins on the final day, after which True South
Seafood received and processed the urchins. Measurements of urchin size and weight were
taken, along with urchin density and depth of harvested areas. A total of 3.44 tonnes of

urchins were removed.

25



References

2016. FRDC (Fisheries Research and Development Corporation). Status of Australian fish
stocks reports 2016. Fisheries Research and Development Corporation.
http://fish.gov.au/, Canberra, Australia.

Andrew, N. L. 1993. Spatial Heterogeneity, Sea-Urchin Grazing, and Habitat Structure on
Reefs in Temperate Australia. Ecology 74:292-302.

Andrew, N. L., Y. Agatsuma, E. Ballesteros, A. G. Bazhin, E. P. Creaser, D. K. A. Barnes, L. W.
Botsford, A. Bradbury, A. Campbell, J. D. Dixon, S. Einarsson, P. K. Gerring, K. Hebert,
M. Hunter, S. B. Hur, C. R. Johnson, M. A. Juinio-Menez, P. Kalvass, R. J. Miller, C. A.
Moreno, J. S. Palleiro, D. Rivas, S. M. L. Robinson, S. C. Schroeter, R. S. Steneck, R. L.
Vadas, D. A. Woodby, and Z. Xiaoqi. 2002. Status and management of world sea
urchin fisheries. Oceanography and Marine Biology, Vol 40 40:343-425.

Andrew, N. L., and M. Byrne. 2007. The ecology of Centrostephanus rodgersii Pages 149-160
in J. M. Lawrence, editor. Edible Sea Urchins: Biology and Ecology. Elsevier Science,
Amsterdam.

Andrew, N. L., and A. J. Underwood. 1989. Patterns of Abundance of the Sea-Urchin
Centrostephanus-Rodgersii (Agassiz) on the Central Coast of New-South-Wales,
Australia. Journal of Experimental Marine Biology and Ecology 131:61-80.

Banks, S., S. Ling, C. Johnson, M. Piggott, J. Williamson, and L. Beheregaray. 2010. Genetic
structure of a recent climate change-driven range extension. Molecular Ecology
19:2011-2024.

Bernstein, B., and R. Welsford. 1982. An Assessment of Feasibility of Using High-Calcium
Quicklime as an Experimental Tool for Research Into Kelp Bed/Sea Urchin
Ecosystems in Nova Scotia.

Blount, C., R. C. Chick, and D. G. Worthington. 2017. Enhancement of an underexploited
fishery - Improving the yield and colour of roe in the sea urchin Centrostephanus
rodgersii by reducing density or transplanting individuals. Fisheries Research
186:586-597.

Blount, C., and D. Worthington. 2002. Identifying individuals of the sea urchin
Centrostephanus rodgersii with high-quality roe in New South Wales, Australia.
Fisheries Research 58:341-348.

Casal, G., M. Fernandez-Bodn, N. Fernandez, J. Freire, and L. Fernandez. 2020. Spatial
structure and abundance of the sea urchin Paracentrotus lividus in subtidal fishing
grounds of the Galician coast (NW- Spain). Estuarine, Coastal and Shelf Science
239:106753.

Chapman, A. R. O. 1981. Stability of Sea-Urchin Dominated Barren Grounds Following
Destructive Grazing of Kelp in St-Margarets Bay, Eastern Canada. Marine Biology
62:307-311.

26



Cresswell, K. A,, J. P. Keane, E. Ogier, and S. Yamazaki. 2019. Centrostephanus subsidy
program: initial evaluation. Institute for Marine and Antarctic Studies, University of
Tasmania, Hobart, Tasmania.

Ebert, T. A. 1982. Longevity, Life-History, and Relative Body Wall Size in Sea-Urchins.
Ecological Monographs 52:353-394.

Edgar, G. J., and N. S. Barrett. 1997. Short term monitoring of biotic change in Tasmanian
marine reserves. Journal of Experimental Marine Biology and Ecology 213:261-279.

Estes, J. A, and J. F. Palmisano. 1974. Sea Otters - Their Role in Structuring Nearshore
Communities. Science 185:1058-1060.

Filbee-Dexter, K., and R. E. Scheibling. 2014. Sea urchin barrens as alternative stable states
of collapsed kelp ecosystems. Marine Ecology Progress Series 495:1-25.

Filbee-Dexter, K., and R. E. Scheibling. 2017. The present is the key to the past: linking
regime shifts in kelp beds to the distribution of deep-living sea urchins. Ecology
98:253-264.

Flukes, E. B., C. R. Johnson, and S. D. Ling. 2012. Forming sea urchin barrens from the inside
out: an alternative pattern of overgrazing. Marine Ecology Progress Series 464:179-
194.

Gutierrez, N. L., P. Halmay, R. Hilborn, A. E. Punt, and S. Schroeter. 2017. Exploring benefits
of spatial cooperative harvesting in a sea urchin fishery: an agent-based approach.
Ecosphere 8.

Hernandez-Flores, A., A. Cuevas-Jiménez, A. Poot-Salazar, A. Condal, and J. C. Espinoza-
Méndez. 2018. Bioeconomic modeling for a small-scale sea cucumber fishery in
Yucatan, Mexico. Plos One 13:e0190857.

Huggett, M. J., C. K. King, J. E. Williamson, and P. D. Steinberg. 2005. Larval development
and metamorphosis of the Australian diadematid sea urchin Centrostephanus
rodgersii. Invertebrate Reproduction & Development 47:197-204.

Johnson, C. R., S. C. Banks, N. S. Barrett, F. Cazassus, P. K. Dunstan, G. J. Edgar, S. D. Frusher,
C. Gardner, M. Haddon, F. Helidoniotis, K. L. Hill, N. J. Holbrook, G. W. Hosie, P. R.
Last, S. D. Ling, J. Melbourne-Thomas, K. Miller, G. T. Pecl, A. J. Richardson, K. R.
Ridgway, S. R. Rintoul, D. A. Ritz, D. J. Ross, J. C. Sanderson, S. A. Shepherd, A.
Slotvvinski, K. M. Swadling, and N. Taw. 2011. Climate change cascades: Shifts in
oceanography, species' ranges and subtidal marine community dynamics in eastern
Tasmania. Journal of Experimental Marine Biology and Ecology 400:17-32.

Johnson, C. R., S. D. Ling, J. Ross, S. Shepherd, and K. Miller. 2005. Establishment of the long-
spined sea urchin (Centrostephanus rodgersii) in Tasmania: first assessment of
potential threats to fisheries. Fisheries Research and Development Corporation,
University of Tasmania, Hobart, Tasmania, Australia.

Johnson, C. R., S. D. Ling, J. C. Sanderson, J. G. Dominguez, E. B. Flukes, S. Frusher, C.
Gardner, K. Hartmann, S. Jarman, L. R. Little, M. P. Marzloff, J. C. Soulie, J.
Melbourne-Thomas, and K. S. Redd. 2014. Rebuilding ecosystem resilience:
assessment of management options to minimise formation of ‘barrens’ habitat by

the long-spined sea urchin (Centrostephanus rodgersii) in Tasmania.

27



Johnson, 0. 2016. Effects of commercial fishing on population dynamics of the range-
extending sea urchin Centrostephanus rodgersii. University of Tasmania, Hobart,
Tasmania.

Keane, J. P. 2021. Resetting urchin barrens: liming as a rapid widespread urchin removal
tool. Institute for Marine and Antarctic Studies, University of Tasmania, Hobart
Tasmania.

Keats, D. W., G. R. South, and D. H. Steele. 1990. Effects of an Experimental Reduction in
Grazing by Green Sea-Urchins on a Benthic Macroalgal Community in Eastern
Newfoundland. Marine Ecology Progress Series 68:181-193.

King, C. K., O. Hoeghguldberg, and M. Byrne. 1994. Reproductive-Cycle of Centrostephanus-
Rodgersii (Echinoidea), with Recommendations for the Establishment of a Sea-Urchin
Fishery in New-South-Wales. Marine Biology 120:95-106.

Kriegisch, N., S. Reeves, C. R. Johnson, and S. D. Ling. 2016. Phase-Shift Dynamics of Sea
Urchin Overgrazing on Nutrified Reefs. Plos One 11.

Lauzon-Guay, J. S., R. E. Scheibling, and M. A. Barbeau. 2006. Movement patterns in the
green sea urchin, Strongylocentrotus droebachaensis. Journal of the Marine
Biological Association of the United Kingdom 86:167-174.

Lawrence, J., A. Lawrence, S. McBride, S. George, S. Watts, and L. Plank. 2001.
Developments in the use of prepared feeds in sea-urchin aquaculture. World
Aquaculture September:34-39.

Lawrence, J. M. 1975. On the relationship between marine plants and sea urchins.
Oceanography and Marine Biology: An Annual Review 13:213-286.

Lawrence, J. M., S. Olave, R. Otaiza, A. L. Lawrence, and E. Bustos. 1997. Enhancement of
gonad production in the sea urchin Loxechinus albus in Chile fed extruded feeds.
Journal of the World Aquaculture Society 28:91-96.

Leighton, D. L., L. G. Jones, and W. J. North. 1966. ECOLOGICAL RELATIONSHIPS BETWEEN
GIANT KELP AND SEA URCHINS IN SOUTHERN CALIFORNIA. Pages 141-153 in E. G.
Young and J. L. MclLachlan, editors. Proceedings of the Fifth International Seaweed
Symposium, Halifax, August 25—-28, 1965. Pergamon.

Leinaas, H. P., and H. Christie. 1996. Effects of removing sea urchins (Strongylocentrotus
droebachiensis): Stability of the barren state and succession of kelp forest recovery
in the east Atlantic. Oecologia 105:524-536.

Ling, S. D. 2008. Range expansion of a habitat-modifying species leads to loss of taxonomic
diversity: a new and impoverished reef state. Oecologia 156:883-894.

Ling, S. D., C. R. Johnson, S. Frusher, and C. K. King. 2008. Reproductive potential of a marine
ecosystem engineer at the edge of a newly expanded range. Global Change Biology
14:907-915.

Ling, S. D., C. R. Johnson, S. D. Frusher, and K. R. Ridgway. 2009a. Overfishing reduces
resilience of kelp beds to climate-driven catastrophic phase shift. Proceedings of the
National Academy of Sciences of the United States of America 106:22341-22345.

28



Ling, S. D., C. R. Johnson, K. Ridgway, A. J. Hobday, and M. Haddon. 2009b. Climate-driven
range extension of a sea urchin: inferring future trends by analysis of recent
population dynamics. Global Change Biology 15:719-731.

Ling, S. D., and J. P. Keane. 2018. Resurvey of Longspined sea urchin (Centrostephanus
rodgersii) and associated barren reef in Tasmania. Hobart.

Ling, S. D., and J. P. Keane. 2021. Decadal resurvey of long-term lobster experimental sites
to inform Centrostephanus control. Institute for Marine and Antarctic Studies,
University of Tasmania, Hobart, Tasmania.

Ling, S. D., R. E. Scheibling, A. Rassweiler, C. R. Johnson, N. Shears, S. D. Connell, A. K.
Salomon, K. M. Norderhaug, A. Perez-Matus, J. C. Hernandez, S. Clemente, L. K.
Blamey, B. Hereu, E. Ballesteros, E. Sala, J. Garrabou, E. Cebrian, M. Zabala, D. Fujita,
and L. E. Johnson. 2015. Global regime shift dynamics of catastrophic sea urchin
overgrazing. Philosophical Transactions of the Royal Society B-Biological Sciences
370.

Lourenco, S., L. M. P. Valente, and C. Andrade. 2019. Meta-analysis on nutrition studies
modulating sea urchin roe growth, colour and taste. Reviews in Aquaculture 11:766-
781.

Marzloff, M. P., C. R. Johnson, L. R. Little, J. C. Soulie, S. D. Ling, and S. D. Frusher. 2013.
Sensitivity analysis and pattern-oriented validation of TRITON, a model with
alternative community states: Insights on temperate rocky reefs dynamics.
Ecological Modelling 258:16-32.

Marzloff, M. P., L. R. Little, and C. R. Johnson. 2016. Building Resilience Against Climate-
Driven Shifts in a Temperate Reef System: Staying Away from Context-Dependent
Ecological Thresholds. Ecosystems 19:1-15.

Mayfield, S., and G. M. Branch. 2000. Interrelations among rock lobsters, sea urchins, and
juvenile abalone: implications for community management. Canadian Journal of
Fisheries and Aquatic Sciences 57:2175-2185.

Ouréns, R., I. Naya, and J. Freire. 2015. Mismatch between biological, exploitation, and
governance scales and ineffective management of sea urchin (Paracentrotus lividus)
fisheries in Galicia. Marine Policy 51:13-20.

Pecorino, D., M. D. Lamare, and M. F. Barker. 2012. Growth, morphometrics and size
structure of the Diadematidae sea urchin Centrostephanus rodgersii in northern
New Zealand. Marine and Freshwater Research 63.

Pederson, H. G., and C. R. Johnson. 2006. Predation of the sea urchin Heliocidaris
erythrogramma by rock lobsters (Jasus edwardsii) in no-take marine reserves.
Journal of Experimental Marine Biology and Ecology 336:120-134.

Perkins, N. R., N. A. Hill, S. D. Foster, and N. S. Barrett. 2015. Altered niche of an ecologically
significant urchin species, Centrostephanus rodgersii, in its extended range revealed
using an Autonomous Underwater Vehicle. Estuarine Coastal and Shelf Science
155:56-65.

29



Phillips, K., P. Bremer, P. Silcock, N. Hamid, C. Delahunty, M. Barker, and J. Kissick. 2009.
Effect of gender, diet and storage time on the physical properties and sensory
quality of sea urchin (Evechinus chloroticus) gonads. Aquaculture 288:205-215.

Phillips, K., J. Niimi, N. Hamid, P. Silcock, C. Delahunty, M. Barker, M. Sewell, and P. Bremer.
2010. Sensory and volatile analysis of sea urchin roe from different geographical
regions in New Zealand. Lwt-Food Science and Technology 43:202-213.

Ridgway, K. R. 2007. Long-term trend and decadal variability of the southward penetration
of the East Australian Current. Geophysical Research Letters 34.

Sanderson, J. C., S. D. Ling, J. G. Dominguez, and C. R. Johnson. 2016. Limited effectiveness
of divers to mitigate 'barrens' formation by culling sea urchins while fishing for
abalone. Marine and Freshwater Research 67:84-95.

Schiel, D. R., M. J. Kingsford, and J. H. Choat. 1986. Depth Distribution and Abundance of
Benthic Organisms and Fishes at the Subtropical Kermadec Islands. New Zealand
Journal of Marine and Freshwater Research 20:521-535.

Steneck, R. S., M. H. Graham, B. J. Bourque, D. Corbett, J. M. Erlandson, J. A. Estes, and M. J.
Tegner. 2002. Kelp forest ecosystems: biodiversity, stability, resilience and future.
Environmental Conservation 29:436-459.

Sun, J., and F.-S. Chiang. 2015. Use and exploitation of sea urchins. Pages 25-45 in N. P.
Brown and S. D. Eddy, editors. Echinoderm aquaculture. Wiley-Blackwell, Hoboken,
NJ.

Tracey, S. R., T. Baulch, K. Hartmann, S. D. Ling, V. Lucieer, M. P. Marzloff, and C. Mundy.
2015. Systematic culling controls a climate driven, habitat modifying invader.
Biological Invasions 17:1885-1896.

30



