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1. INTRODUCTION

The state of knowledge regarding the conservation 
status of species worldwide remains inadequate, with 
efforts to quantify endangered or extinct species pop-
ulations only gaining momentum recently, especially 
for invertebrates (Whittaker et al. 2005, Hoffmann et 

al. 2008, McCauley et al. 2015). Terrestrial and charis-
matic marine species that are easily observed and 
monitored over time have received considerable 
research focus to understand their extinction risks 
(Simberloff 1998, Jones et al. 2013). By contrast, other 
marine species often languish in obscurity, because 
their population changes go unnoticed underwater 
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ing. P. vivipara density has experienced a decline of 90% from the first surveys in 1974–2001 
to recent surveys in 2022. Based on the current trajectory, it is predicted that the density of P. vivi-
para will decline to 1 ind. m–2 by 2033 and 1 ind. site–1 by 2111, with some locations experiencing 
this decline even sooner. The rapid decline and restricted area of occupancy mean that P. vivipara 
qualifies for Critically Endangered status under IUCN Red List criteria A1 and B1. There is a press-
ing need for standardised and ongoing monitoring, management of key threats, and recovery 
strategies to bolster local and global P. vivipara populations against the threat of extinction.  
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(Myers & Ottensmeyer 2005, Edgar et al. 2023). The 
disparity in attention is even more pronounced for 
small, rare, cryptic marine species, which are 
frequently underrepresented in surveys, resulting in 
a lack of comprehensive data about their distribution 
and ecology (MacKenzie et al. 2005, Bozec et al. 
2011). This underrepresentation extends to the IUCN 
Red List of Threatened Species, which, despite asses-
sing >150 000 species, includes only 15% that are 
marine species (https://www.iucnredlist.org/). The 
limited number of marine species listed as threatened 
is likely driven by deficits in data rather than accurate 
population trends (Alroy 2008, Mace et al. 2008). 

Marine invertebrates, constituting 92% of oceanic 
life, receive disproportionately less attention when it 
comes to describing species and conservation status 
assessments (Chen 2021, Rogers et al. 2023). Thriving 
in diverse oceanic zones, from intertidal areas to the 
deep sea, marine invertebrates display remarkable 
adaptions for survival (Rogers et al. 2023). The great 
diversity of marine invertebrates underpins many eco-
logically important functions, including improvement 
of water quality, nutrient cycling, trophic food webs, 
and habitat engineering, as well as various human ap-
plications, such as aquaculture, fisheries, and medi-
cine (Chen 2021). Among these, Asteroidea, or sea 
stars, play critical ecological roles as herbivores and 
predators, redistributing organic matter across trophic 
levels and influencing the distribution and abundance 
of other organisms (Iken et al. 2010, O’Hara & Byrne 
2017, Rahman et al. 2018). Despite their significance, 
the abundance of many sea star species is in decline 
(Roediger & Bolton 2008, Rahman et al. 2018, O’Hara 
et al. 2019), warranting comprehensive spatial and 
temporal monitoring, particularly in zones where they 
form a major component of the benthic community. 

The intertidal zone, often overlooked in marine 
conservation efforts, is home to many invertebrate 
species with remarkable resilience to abiotic and bio-
tic factors (Fredston-Hermann et al. 2018). These spe-
cies provide a multitude of ecological functions and 
services (Perkins et al. 2015, Dhanjal-Adams et al. 
2016). However, burgeoning development and urba-
nisation accompanying the growth of the human pop-
ulation are causing notable and widespread impacts 
on intertidal habitats (Bugnot et al. 2021). Across the 
globe, many coastal cities have already lost more than 
half of their intertidal habitats through shoreline mod-
ification, dredging, agriculture/aquaculture, pollution, 
and climate change (Mieszkowska et al. 2006, Strain 
et al. 2019). Unfortunately, many intertidal habitats fall 
into a regulatory gap, not receiving the protection af -
forded by terrestrial or marine conservation laws. In 

Australia, for example, only a mere 2.6% of intertidal 
zones are afforded both marine and terrestrial protec-
tion (Dhanjal-Adams et al. 2016). The lack of protection 
places the many species supported by these habitats 
vulnerable to extinction (Mieszkowska et al. 2006). 

Southeast Tasmanian intertidal shores are home to an 
endemic sea star, Parvulastra vivipara, commonly known 
as the Tasmanian live-bearing sea star (Dartnall 1969). P. 
vivipara is a small (maximum radius of 15 mm), orange-
yellow sea star that is 1 of only 6 hermaphrodite Asteroi-
dea species worldwide known to give birth to live young 
(Byrne 1996, Khan et al. 2019). Its distinctive reproduc-
tive strategy, coupled with its restricted distribution, low 
genetic diversity, and spatially separated populations, 
makes P. vivipara highly sus ceptible to localised and 
global extinction (Byrne 1996, Prestedge 1998, Keever 
et al. 2013). The species was listed as vulnerable in 2008 
under the Threatened Species Protection Act 1995 and 
Environmental Protection and Biodiversity Conserva-
tion Act 1999 (https://www.threatenedspecieslink.tas.
gov.au/Pages/Tasmanian-Live-bearing-Seastar.aspx). 
How ever, recent research by Parsons (2020) has re-
vealed a dramatic population decline in the Pitt Water 
Estuary, the location containing the largest popula-
tions of P. vivipara, emphasising the urgent need for 
population-wide research to understand the extent of 
this decline and its underlying causes. 

Historically, surveys of P. vivipara populations in 
southeast Tasmania have employed a wide array of 
methods (e.g. shoreline searches [Prestedge 1998], 
timed searches [Liversage & Byrne 2018], fixed and 
random quadrats [Rowland 2001], and transects [Par-
sons 2020]). The rationale for using different survey 
methods includes the need to address different re-
search questions, account for site-specific variation in 
topography, consider the patchy distribution of some 
P. vivipara populations, and to navigate limitations in 
resources (Parsons 2020). However, the use of histori-
cal data collected with varying survey techniques can 
make it difficult to discern changes in species popula-
tion abundances, due to methodological differences 
(Magurran & McGill 2010). In the case of P. vivipara, 
the diversity of survey methods and long intervals be-
tween surveys, coupled with the lack of information 
about the methods used to calculate density and pop-
ulation abundances, in some studies (e.g. Prestedge 
1998, Rowland 2001), has potentially re duced our ca-
pacity to monitor changes in popu lations of the sea 
star effectively. It is essential to de termine which of 
these commonly used historical methods can be used 
to undertake a quantitative survey of the global pop-
ulation, to ensure the availability of reliable data for 
assessing the conservation status of P. vivipara. 
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We conducted an extensive survey of all doc-
umented P. vivipara locations in southeast Tasmania. 
Our objectives were to determine the current popula-
tion distribution and size, and evaluate the species’ 
conservation status. To achieve this, we used a variety 
of methods, drawing upon historic surveys to establish 
a consistent time series. Additionally, we explored the 
relationship between area sampled and the density of 
P. vivipara to provide recommendations for future 
monitoring. Specifically, we (1) assessed conservation 
status of P. vivipara by providing density and popula-
tion estimates, (2) trialed various historical survey 
methods to determine best practice for future surveys, 
and (3) investigated the relationship between survey 
area and sea star counts. This is the first comprehensive 
study of the global P. vivipara population. 

2.  MATERIALS AND METHODS 

2.1.  Study sites 

Tasmania’s rocky coastline spans ~2237 km (Short 
2006), with only a small amount consisting of interti-
dal bedrock (Short 2006), which is suitable habitat for 

Parvulastra vivipara. The rocky intertidal shorelines 
in southeastern Tasmania are a mixture of dolerite, 
granite, and sandstone (Short 2006). These shorelines 
cover a spectrum of coastal environments, ranging 
from exposed areas subject to heavy wave action to 
sheltered bays and estuaries with virtually no wave 
action (Short 2006). 

The live-bearing sea star P. vivipara has previously 
been recorded at 15 locations (kilometres apart) 
(Prestedge et al. 2001) in southeastern Tasmania 
(Fig. 1). Among these locations, the Pitt Water con-
tains the largest population of sea stars distributed 
across 6 sites (metres apart), which are separated 
by  the waterway or artificial structures. These in -
clude Midway Point Causeway, Sorell Causeway, Pitt 
Water Bluff, Northeast Midway Point, South Midway 
Point, and Barren and Woody Islands (Fig. 1). In these 
locations, P. vivipara populations are found on a vari-
ety of habitat types within the intertidal zone, includ-
ing natural reef platforms, rocky shorelines, and 
estuarine beaches, as well as artificially constructed 
shorelines which contain a mixture of dolerite, sand-
stone, and granite rocky types. These rocky habitats 
are often on sheltered, gently sloping coastlines with 
low-medium locally generated wind-wave energy 
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vivipara has been recorded



Endang Species Res 54: 341–351, 2024

that typically give way to fine sand in the lower inter-
tidal zone (Prestedge 1998). The tidal range is <1 m 
(Edgar 1984). 

2.2.  Distribution, density, and population 
 abundances of P. vivipara 

To determine the density of P. vivipara, we laid out 
a perpendicular (vertical) transect line from the high 
tide to low tide mark and recorded the number of sea 
stars on and under rocks in 0.5 m distance on each 
side of the transect (for full details, see Table S1 in the 
Supplement at www.int-res.com/articles/suppl/n054
p341_supp.pdf). The transects were placed at histori-
cal points, but where this information (i.e. survey GPS 
points) was not available, they were placed randomly 
~100 m apart. 

To assess the extent of P. vivipara, we conducted 
surveys along the mid-tide mark running parallel 
(horizontal) to the shoreline (as determined from the 
perpendicular transects). We randomly selected 
rocks and counted sea stars found present on or un -
der them for two 30 min intervals, covering the entire 
shoreline. The linear extent of the shoreline where P. 
vivipara was observed was recorded. The GPS coordi-
nates for all perpendicular transects and parallel 
searches were recorded, and data was submitted to 
the Tasmanian Natural Values Atlas (https://www.
naturalvaluesatlas.tas.gov.au/). 

We calculated the density of P. vivipara per m2 for 
each location and site across the entire length of the 
1  m wide transects. To estimate population abun-
dance, we determined the total area inhabited by 
P. vivipara by multiplying the linear length (obtained 
from timed parallel searches) and the width of the 
shoreline (derived from perpendicular transects) oc -
cupied by the sea star. Area was then multiplied by 
the density of P. vivipara per m2 to obtain population 
abundance estimates. 

2.3.  Effect of survey area on P. vivipara  
density estimates 

The most commonly used historical method for sur-
veying P. vivipara populations was through perpen-
dicular transects of varying width. To assess the effect 
of search area on P. vivipara counts, we also assessed 
the number of sea stars on or under rocks within vary-
ing widths (0.25, 0.5, 1, and 5 m) along the same per-
pendicular transects. We surveyed 2 or 3 transects at 
4 sites within the Pitt Water (Midway Point Cause-

way, Sorell Causeway, Pitt Water Bluff, and South 
Midway Point) as well as an additional 6 locations 
(Lewisham, Susans Bay, Peppermint Bay, Pipe Clay 
Lagoon, Northeast Southport Lagoon, and Northwest 
Southport Lagoon). All surveys were conducted at 
low tide (≤0.3 m) between February and August 2022. 

2.4.  Historical methods used to survey P. vivipara 

Since their initial discovery, P. vivipara populations 
have been assessed using various survey methods. To 
understand which locations were surveyed and the 
specific methods used, we undertook a literature 
review (Table S2). Subsequently, we extracted data 
on the density of P. vivipara (m–2) at locations that 
had undergone population assessments at 2 or more 
distinct time points (Table 1). To ensure a more con-
sistent dataset, we excluded data that primarily 
focused on targeted searches of P. vivipara in specific 
areas such as fixed quadrats (Prestedge 1998, Row-
land 2001), fissures, or mussel beds (Rowland 2001), 
undefined search area (Prestedge 1998) or those that 
involved translocated populations (Aquenal 2005). 
These exclusions were made due to their limited 
scope, not encompassing population surveys across 
the entire location or natural populations. 

Depending on the available metrics, P. vivipara 
density (m–2) was either directly extracted from the 
literature, calculated by dividing the total abundance 
by total area searched, or derived from raw data. 

2.5.  Analysis 

We used a generalised linear mixed-effects model 
with a quasi-Poisson distribution to examine the rela-
tionship between area searched (fixed, 0.25, 0.5, 1, or 
5 m) and the density of P. vivipara. In this analysis, we 
included transect (26 levels) and site (random inter-
cept, 10 levels) as random factors in the model. Fur-
thermore, we used another generalised linear mixed-
effects model with a quasi-Poisson distribution to 
examine changes in the density of P. vivipara between 
survey years (fixed, covariate) while accounting for 
the effect of site (random intercepts, 12 levels). 
Additionally, we considered orientation (perpendicu-
lar or parallel of the historical transects) and method 
(8 levels) as random factors in the model. 

To determine whether transect and site in the first 
model or orientation and method in the second model 
were needed, we used the Bayesian information crite-
rion (BIC), a criterion that balances model fit and 
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complexity. The most parsimonious model, as indi-
cated by the lowest BIC value, was selected for inter-
pretation and did not include method or orientation 
in the second model. 

Using the results from the chosen model, we deter-
mined the year in which P. vivipara could potentially 
become extinct (declines of 90%, decreased to 1 ind. 
m–2, or decreased to 1 ind. site–1) across all survey 
sites. The generalised linear mixed-effects models 
were implemented using the function glmmPQL in 
the package MASS. All models were checked for tem-
poral autocorrelation with plots. Spatial autocorrela-
tion was accounted for using site as a random effect in 
the model. All statistical analyses and plots were 
undertaken in R v.4.3.0 (R Core Team 2023). 

3.  RESULTS 

Our results showed that Parvulastra vivipara is cur-
rently found at 16 sites, spanning 10 locations within 
southeast Tasmania (Fig. 2, Table 2). However, our 

survey also confirmed the local extinction of P. vivi-
para at 5 out of 15 historical locations, 3 of which 
occurred in the last 2 decades (Fig. 2). 

The remaining sites where P. vivipara is still found 
include Bambra Reef at Roches Beach; Fortescue Bay 
and Tessellated Pavement on the Tasman Peninsula; 
Pitt Water Bluff, Northeast Midway Point, South Mid-
way Point, Midway Point Causeway, Sorell Cause-
way, and Pitt Water Islands in Pitt Water and Lewi-
sham; Susans Bay at Primrose Sands; Lumeah Point in 
Pipe Clay Lagoon; Peppermint Bay at Woodbridge; 
and Northeast and Northwest Southport Lagoon 
(Fig. 2). In Peppermint Bay, where P. vivipara was 
introduced, numerous hybrids were discovered; how -
ever, only the unmistakable live-bearing sea star indi-
viduals were counted. Additionally, we included data 
from 1 new site containing P. vivipara at Southwest 
Pipe Clay Lagoon (Parsons 2023a). 

We estimate a population size of 41 629 individuals 
across the 9 extant locations (Table 2), and a total 
extent of occurrence of 16 940 m2. The sites with the 
highest densities of P. vivipara were Bambra Reef, 
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Method                      References                  Description                                                                           Locations surveyed                Data source 
 
Parallel 1 m2             Polanowski (2002)    Quadrat was placed at random positions                   Fortescue Bay,                         Extracted 
 quadrats                                                                                                                                                           Susans Bay 

Parallel 4 m2             Rowland (2001)         Quadrat containing a grid of elastic cord                   Bambra Reef,                            Extracted 
 quadrats                                                          every 200 mm. Ten squares were randomly              Lumeah Point, 
                                                                             selected and sampled. Quadrats were placed          Peppermint Bay 
                                                                             randomly 

Parallel shore-         Prestedge (1998),      Search of shoreline noting location of first                Bambra Reef,                            Calculated 
 line search              Rowland (2001)          and last found sea star                                                     Fortescue Bay, 
                                                                                                                                                                              Tessellated Pavement 

Perpendicular or     Hoggins (1976),         Transect line laid out from high tide to low tide       Tessellated Pavement,          Calculated, 
 parallel 0.25 m       DPIW (2006)               mark or in the mid tide; all sea stars within              Pitt Water Bluff,                    extracted 
 wide transects                                                0.25 m of 1 side of the transect were counted          Northeast Southport 
                                                                                                                                                                              Lagoon 

Perpendicular or     Aquenal (2005,          Transect line laid out from high tide to low tide       Pitt Water Bluff,                      Raw data 
 parallel 0.5 m         2013), K. E. Parsons    mark; all sea stars or in the mid tide within              Northeast Midway 
 wide transects       (unpubl. data)             0.25 m either side of the transect line were               Point, South Midway 
                                                                             counted. At Bambra Reef, the search included       Point, Midway 
                                                                             2 m long blocks, with each block 1 m2 of reef          Causeway, Bambra Reef 

Perpendicular          K. E. Parsons              Transect line laid out from high to low tide               Islands 
 1 m wide                  (unpubl. data)             mark; all sea stars within 0.5 m of the transect 
 transects                                                          line were counted 

Perpendicular          Parsons (2020)           Transect line laid out from high tide to low tide       Pitt Water Bluff North- 
 5 m wide                                                          mark; all sea stars within 2.5 m either side of           heast Midway Point, 
 transects                                                          the transect line were counted                                      South Midway Point,  
                                                                                                                                                                              Midway Point Causeway, 
                                                                                                                                                                              Sorell Causeway, 
                                                                                                                                                                              Lewisham

Table 1. Historical survey methods and sites used in the analyses of Parvulastra vivipara density estimates. See Table S2 
for further information
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Northeast Southport Lagoon, Southwest Pipe Clay 
Lagoon, and the 2 causeways within Pitt Water 
(Table 2). Notably, Pitt Water had the highest area of 
occupancy and total abundance of P. vivipara, fol-
lowed closely by Bambra Reef and then Pipe Clay 
Lagoon and Southport Lagoon. By contrast, at the 
remaining 4 locations, Fortescue Bay, Lewisham, 
Susans Bay, and Peppermint Bay, there were very 
small populations of P. vivipara, with estimates of 
<150 individuals (Table 2). 

Our analysis showed there was a weak but signi -
ficant negative relationship between the density of 
P. vivipara and the transect width across all sites 
(Table 3). The estimates of P. vivipara density showed 
a slight decline with increasing transect width 
(Fig. 3). This implies a negative relationship between 

P. vivipara detectability and transect width. However, 
this effect is very small compared to the variation 
between sites (Fig. 3). 

Since the species was described in 1969, there have 
been 10 different methods used to survey P. vivipara 
populations (Table S1). These methods included per-
pendicular transects, parallel transects and quadrats 
and shoreline searches, each differing in the amount 
of area searched. Notably, perpendicular transects of 
varying widths (0.25, 0.5, 1, and 5 m) were the most 
consistently used survey method through time and 
across sites (Table 1, Table S1). 

The densities of P. vivipara at all sites have shown a 
consistent decline through time (Fig. 4, Table 4). 
Notably, our data suggests there was a 90% reduction 
in P. vivipara between 1974 and 2001 (Fig. 4). Based 

346

Fig. 2. Locations where Parvulastra vivipara was recorded in 2022. In locations where no P. vivipara was detected (red dots), the  
most recent year record of its presence is indicated
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on the current trajectory, it is projected this species 
will decline to only 1 ind. m–2 by 2033 (95% CI: 2022–
2050) and ultimately diminish to a single individual 
per site by the year 2111 (95% CI: 2086–2155) (Fig. 4). 

4.  DISCUSSION 

Understanding the population status of threatened 
species is essential for their conservation and man-
agement. For many marine species, including the 

live-bearing sea star Parvulastra vivipara, this infor-
mation is lacking. The present study revealed that 
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Location                  Site                                                                Shoreline                    Density           Density per            Area of               Total 
                                                                                                               type                         per site               location            occupancy      abundance 
                                                                                                                                                  (m–2)                   (m–2)              per location             per 
                                                                                                                                                                                                               (m2)                location 
 
Pitt Water               Pitt Water Bluff                                   Estuarine beach          0.44 ± 0.20        1.47 ± 0.36               9125                 13422 
 Estuary                 Northeast Midway Point                  Estuarine beach          1.18 ± 0.38                                                                              
                                  South Midway Point                          Estuarine beach          0.12 ± 0.12                                                                              
                                  Pitt Water Islands                               Estuarine beach          0.57 ± 0.24                                                                              
                                  Midway Point Causeway                        Artificial                 4.67 ± 1.64                                                                              
                                  Sorell Causeway                                        Artificial                 4.07 ± 1.96                                                                              

Pitt Water               Lewisham                                               Rock platform                                          0.08 ± 0.08                 31                        2 
 Estuary 

Roches Beach        Bambra Reef                                          Rock platform                                        13.93 ± 3.29               945                  13161 

Pipe Clay                Lumeah Point                                        Rock platform            1.30 ± 0.92        2.66 ± 1.78               3174                  8418 
 Lagoon                  Southwest Pipe Clay Lagoon          Estuarine beach          4.59 ± 3.25                                                                              

Southport                Northeast Southport Lagoon          Estuarine beach          5.66 ± 0.99        2.45 ± 1.36               2562                  6272 
 Lagoon                  Northwest Southport Lagoon         Estuarine beach          0.31 ± 0.26 

Primrose                  Susans Bay                                           Rocky shoreline                                        1.14 ± 0.32                122                     138 
 Sands 

Tasman                    Tessellated                                             Rock platform                                          0.53 ± 0.13                205                     108 
 Peninsula               Pavement 

Tasman                    Fortescue Bay                                       Rock platform                                          0.35 ± 0.23                 22                        8 
 Peninsula 

Woodbridge          Peppermint Bay                                    Rock platform                                          0.14 ± 0.09                754                     100

Table 2. Density (mean ± SE), area of occupancy and abundance of Parvulastra vivipara populations from the 2022 surveys

Fig. 3. Overall relationship between density (±95% CI) of 
Parvulastra vivipara and transect width (0.25, 0.5, 1, or 5 m) 

based on 2022 surveys

Random effects       Variance        SD 
 
Transect                         0.67           0.82 
Site                                  2.61           1.62 

Fixed effects            Estimate        SE               Z                p 
 
Intercept                        0.07           0.32           0.21          >0.05 
Area                                 –0.06           0.03           –2.02         0.048

Table 3. Generalised linear model testing the relationship 
between search area (0.25, 0.5, 1, or 5 m) and the number of 
Parvulastra vivipara. Bold p-values: significant at p < 0.05
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there are approximately 41 629 remaining individuals 
of P. vivipara, distributed across 16 sites within 10 dis-
tinct locations and covering a total area of 16 940 m2. 
The density of this species has declined by >90% from 
the first surveys between 1974 and 2001 to the recent 
surveys in 2022, with local extinctions recorded in 5 
locations, 3 of which occurred in the last 2 decades. 
Extant sites hold small and fragmented populations, 
making them more susceptible to ex tirpation and 
extinction through increased vulnerability to envi-
ronmental stochasticity, reduced gene flow, exposure 
to edge effects, and reduced adaptive capacity (Mat-
thies et al. 2004, Mullu 2016). To prevent the global 
extinction of this species, there is a pressing need for 
greater consistency and continuity in survey methods, 
mitigation of key threats, and investigation of feasibil-
ity of population intervention and recovery strategies. 

Among the remaining locations, the sites exhibiting 
the highest densities of P. vivipara aligned closely 
with historical records. In both the historic and cur-
rent surveys, the causeways in the Pitt Water, and the 
natural rock reefs areas at Bambra Reef, Southwest 
Pipe Clay Lagoon, and Northeast Southport Lagoon 
had the highest densities of P. vivipara (Hoggins 
1976, Aquenal 2005, 2013, DPIW 2006). Although the 
causeways in Pitt Water have demonstrated some of 
the most rapid declines in P. vivipara densities, the 
high initial abundance of sea stars in these locations 
likely contributed to the persistence of these popula-
tions. Notably, large densities of P. vivipara were also 
observed at the Pitt Water Bluff, Northeast Midway 
Point, South Midway Point, and Tessellated Pave-
ment in the early 2000s (Rowland 2001, Aquenal 
2005). However, by 2022, densities of P. vivipara at 
these sites had substantially decreased. The decline 
of P. vivipara populations at these key sites is likely 
linked to various localised anthropogenic impacts. 

The known threats to P. vivipara populations in -
clude nutrient enrichment and sedimentation from 
agriculture and urban discharges and runoff and 
aquaculture activities (Prestedge 1998, Liversage & 
Byrne 2018). Key locations containing P. vivipara 
populations have been rated as severely or highly 
impacted by anthropogenic activities, as they are 
occupied by Pacific oyster (Magallana gigas) farms, 
surrounded by agricultural land, and affected by 
increasing urbanisation (Edgar et al. 2000). The influx 
of nutrients and sediment from these inputs alters 
benthic assemblages and availability of food and 
shelter for P. vivipara (Prestedge 1998). The prolifera-
tion of invasive species M. gigas and porcelain crabs 
Petrolisthes elongatus have been associated with de -
clines in the abundances of Parvulastra vivipara and 
behavioural changes (Fitzpatrick 2023). Addi tionally, 
hybridisation between the native sea star P. exigua 
and P. vivipara poses a threat their genetic viability, 
reminiscent of the extinction of another native sea 
star, Patiriella littoralis (O’Hara et al. 2019). However, 
it is important to note that these threats have localised 
impacts primarily affecting specific locations, such as 
Pitt Water Nature Reserve, Pitt Water Estuary, Pep-
permint Bay, Pipe Clay Lagoon, Susans Bay, and Tes-
sellated Pavement. 

In other remote locations where Parvulastra vivi-
para populations are also declining, there is a grow-
ing likelihood that, similar to many other benthic 
invertebrates in southern Australia, the species is 
contending with the impacts of global climate change 
(Balogh & Byrne 2020, Edgar et al. 2023). Asterinid 
sea stars are known for their tolerance to various envi-
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Random effects             SD        Residual 
 
Site                                  1.09 
Method                          0.87           3.11 

Fixed effects            Estimate        SE               Z                 p 
 
Intercept                      187.53        21.26       –8.68       <0.001 
Year                               –0.09         0.02         –8.68       <0.001

Table 4. Generalised linear model testing the effects of 
 survey year, site, and survey method on the density of Par- 

vulastra vivipara. Bold p-values: significant at p < 0.05

Fig. 4. Density (±95% CI) of Parvulastra vivipara through  
time based on historical and current surveys
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ronmental factors such as temperature and salinity 
but face potential mortalities with prolonged expo-
sure to higher temperature and lower pH conditions 
(Prestedge 1998, Byrne & Walker 2007, O’Hara et al. 
2019). Drawing insights from a closely related spe-
cies, P. parvivipara, researchers have demonstrated a 
negative correlation between population densities 
and increased water flow and wave energy (Roediger 
& Bolton 2008). Wave energy significantly contrib-
utes to the displacement of small boulders and the 
dislodgement of various taxa from hard substratum, 
exposing them to predation and diminishing habitat 
suitability (Roediger & Bolton 2008, Liversage 2015), 
and can lead to local extirpation of intertidal asterinid 
populations. However, waves of such intensity to 
entrain boulders would only be an ongoing issue on 
the open-ocean beaches or rocky shores or during 
extreme high-energy conditions in estuaries. These 
factors all have the potential to impact P. vivipara 
habitat and population abundances. 

Our study revealed that historically, 10 different 
survey methods have been used to assess P. vivipara 
populations, which created challenges in accurately 
assessing the species’ conservation status. We 
assumed that P. vivipara detectability was consistent 
across methods and through time; however, this may 
not be the case. Consequently, the exact year of its 
extinction remains uncertain. To improve future pop-
ulation assessments, we propose a standardise ap -
proach, and recommend quantifying the density of P. 
vivipara at each of the 16 remaining sites, annually. 

We suggest sampling perpendicular transects of 1 m 
width from mid to low tide, where the species is found, 
with a focus on known spatial points recorded through 
transects and timed searches. These transects should 
be conducted at identified points and at intervals of at 
least every 10 m along the shoreline from the historical 
points. This approach will allow for comparison with 
most of the historical data. The timed searches, while 
useful for searching large areas of low complexity, do 
not allow comparisons of sea star densities between 
different locations and sites within locations. Integrat-
ing environmental DNA (eDNA) sampling of seawater 
(Beng & Corlett 2020) could further enhance survey 
accuracy by minimising habitat disturbance and facili-
tating the detection of juvenile P. vivipara, which are 
under-sampled by traditional survey techniques. Mon-
itoring should be accompanied by proactive manage-
ment of localised threats to increase the resilience of P. 
vivipara populations and prevent further unnoticed 
local extinctions. 

The information provided in this study suggests 
that P. vivipara should be listed as Critically Endan-

gered under the IUCN Red List categories and crite-
ria (IUCN 2001). The rapid and ongoing population 
declines, coupled with unknown and unabated 
causes, as well as the limited area of occupancy, 
means this species meets the criteria to be classified 
as Critically Endangered under IUCN Red List crite-
ria A2 and B1. Our findings also underscore the criti-
cal importance of managing the localised threats 
in  all remaining locations containing P. vivipara. 
Notably, the increasing coastal development and 
intensified catchment uses in the Pitt Water are 
resulting in significant loss of habitat, and adverse 
impacts on the surrounding water quality, thereby 
placing the largest populations of P. vivipara at signif-
icant risk (Parsons 2020). To protect this species, key 
management measures could include the develop-
ment of captive breeding facilities to bolster dwin-
dling populations, the use of ecological engineering 
techniques to increase habitat availability (Parsons 
2023b), the introduction of nutrient and sediment 
budgets to enhance the local water quality, diversion 
of storm water and sewage outfalls away from key 
intertidal habitats (Prestedge et al. 2001, Rowland 
2001), assisted colonisation to new areas, and removal 
of key invasive species, in particular M. gigas and 
Petrolisthes elongatus, which compete with Parvulas-
tra vivipara for space in the crevice (Fitzpatrick 2023). 
These strategies are essential for the conservation 
and recovery of P. vivipara in its intertidal rocky reef 
habitat. 

We further highlight the notable scarcity of com-
prehensive ecological monitoring datasets for track-
ing the population status of species in intertidal tem-
perate reefs within southeast Australia (Poloczanska 
et al. 2007, Edgar et al. 2023). This lack of data signif-
icantly heightens the risk of rapid species declines 
and potentially also extinctions occurring without 
detection, and prevents the capacity to implement 
appropriate management strategies for declining 
species. There is a pressing need for extensive mon-
itoring using standardised and appropriate methods, 
especially for intertidal sea stars and other echino-
derms in this region. This is because species within 
this phylum are particularly vulnerable to the effects 
of rising temperatures, sea level rise, and other 
impacts associated with global climate change, pri-
marily due to disease outbreaks, boom and bust life 
cycles, and their calcified skeletons which make them 
susceptible to ocean acidification (Uthicke et al. 2009, 
Nicholls & Cazenave 2010, Gibson et al. 2011, Kapla-
nis et al. 2020). Additionally, it is essential to recog-
nise that southeast Australia is a climate change hot-
spot, where many species are already at the edge of 
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their range (Gervais et al. 2021), further heightening 
the importance of ecological monitoring in this 
region, which will allow us to track changes in species 
trajectories. Such monitoring efforts are critical for 
understanding and addressing the impacts of climate 
change on marine ecosystems and for allowing mar-
ine managers to implement timely conservation mea-
sures (i.e. assisted relocation, development of artifi-
cial habitats, and captive breeding programs) to 
protect existing and emerging threatened species. 
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