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EXECUTIVE SUMMARY 

The invasive alga Caulerpa taxifolia has been established in the Port River-Barker Inlet system 

since 2002. A containment area was declared in 2011 which includes all waters of the Port River 

and Barker Inlet system. In autumn 2015, C. taxifolia was reported at the Royal South Australian 

Yacht Squadron (RSAYS) marina at Outer Harbor, which is within the containment area but 

beyond the previously recorded distribution. SARDI conducted surveys of the RSAYS marina, the 

adjacent Port River channel, and other high risk areas in April-May 2015 and May-June 2016. In 

2015, large populations of C. taxifolia were detected in the RSAYS marina at Outer Harbor, and 

the adjacent Port River channel between the Outer Harbor swing basin and the end of the northern 

breakwater. A few individual alga were also found in the entrance of the Gulf Point Marina at North 

Haven outside the management area. In 2016 the RSAYS marina, northern breakwater and Gulf 

Point marina were re-surveyed. Surveys were also conducted near the containment area edge 

around Section Bank and along the St Kilda coast. Continued presence of dense C. taxifolia 

stands was confirmed in the RSAYS marina and adjacent Port River channel to near the edges 

of the management area. Several patches and scattered individual alga were found in the Gulf 

Point marina and also around Section Bank near the edge of the containment area. No C. taxifolia 

was found in the St Kilda coast survey area. 

The C. taxifolia populations in RSAYS marina and the Port River-Barker Inlet are large, within the 

containment area, and subject to continual recolonisation from the Port River. Control of this 

population is not feasible or cost-effective. The population of C. taxifolia in Gulf Point marina, 

outside the containment area, is established but small. The site is unlikely to have been colonized 

by natural spread from the Port River and this population creates additional risk of further spread 

of the alga. Control of this population is feasible based on its 2016 extent. Occurrence of 

C. taxifolia in marinas indicates that ongoing education about basic biosecurity practices and 

reporting should be a priority. These measures decrease the chance of further establishment 

outside the containment area and maximise probability of early detection of new populations. 

Monitoring the population at the margins of the Port River-Barker Inlet containment area would 

aid in determining if C. taxifolia is likely to spread naturally outside the containment area. 

 



Wiltshire, K.H. and Deveney, M.R. (2017)  Caulerpa taxifolia surveys at Outer Harbor and North Haven 

2 

1. INTRODUCTION 

1.1. Background 

The alga Caulerpa taxifolia (Vahl) C. Agardh has a native circumtropical distribution and formed 

invasive populations in numerous areas outside its native range, particularly in the Mediterranean 

Sea (Meinesz et al. 2001; Cevik et al. 2007), with impacts on seagrass, macroalgae, fish and 

invertebrates (de Villèle and Verlaque 1995; Boudouresque et al. 1996; Ferrer et al. 1997; York 

et al. 2006; Gribben et al. 2009; Tanner 2011). In Australia, invasive populations have established 

in New South Wales (Creese et al. 2004) and South Australia (SA) (Cheshire et al. 2002; Wiltshire 

2010). 

The invasive population of C. taxifolia in the Port River-Barker Inlet system is biologically dissimilar 

from native Caulerpa spp., has negative environmental impacts and cannot be eradicated with 

current technology (Deveney et al. 2008). Surveys of the C. taxifolia distribution in the Port River-

Barker Inlet system were conducted annually from 2003-2010 to inform management of the 

invasion (Wiltshire 2010). A risk assessment identified areas most at risk from further outbreaks, 

and the likely impacts of spread of the alga (Deveney et al. 2008). Management of the invasive 

population in the Port River is facilitated by a designated containment area for C. taxifolia, which 

was established on 1 March 2011. The containment area includes all waters of the Port River and 

Barker Inlet (PIRSA 2013, Figure 2) and is regarded as ‘infested’, but the rest of South Australia 

is considered ‘free’ of the alga. Discovery of C. taxifolia outside the containment area triggers 

consideration of potential responses. Prior to the declaration of the containment area, 

management of the alga included eradication attempts of populations in the Upper Port River 

(Westphalen et al. 2004), and anchoring bans in parts of the Port River (Deveney et al. 2008). 

Occurrence of the alga outside the Port River-Barker Inlet have triggered responses, including 

comprehensive surveys of the North Haven coast in 2005 following discovery of drift C. taxifolia 

at Largs Bay and eradication of an outbreak of the alga in the Gulf Point marina at North Haven 

in 2008 by suction dredging (Wiltshire et al. 2010). 

The range and abundance of C. taxifolia increased from 2003-2006, with a range decrease in 

2007. The alga spread further into Barker Inlet in 2008, coincident with the outbreak at Gulf Point 

marina, followed by some regression in 2009-2010. In 2010 dense areas of C. taxifolia remained 

near the edges of its distribution in the Port River along the western edge of Torrens Island, and 

at the Angas Inlet-Barker Inlet junction (Wiltshire 2010). These areas remained heavily infested 

in 2013 when the community group Reef Watch surveyed the area, but at that time there was little 
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evidence for an overall increase in abundance or further spread of the alga. These surveys did 

not, however, aim to cover the entire distribution, and may not have determined the outer extent 

of the alga in the Port River (Wiltshire and Deveney 2013). 

In March 2015, C. taxifolia was discovered in the Royal South Australian Yacht Squadron 

(RSAYS) marina at Outer Harbor. This marina is within the containment area, but outside the 

recorded range of C. taxifolia in the Port River (Wiltshire 2010). Presence of C. taxifolia in this 

marina may increase the risk of its transport to sites outside the containment area because 

recreational vessels and associated equipment are high risk vectors (see Sant et al. 1996; West 

et al. 2007; West et al. 2009). Occurrence of the alga at this site also suggested a large increase 

in range and abundance within the Port River, with a risk that spread may also occur (or have 

occurred) to habitats outside the containment area, triggering consideration of the feasibility and 

cost effectiveness of control. The RSAYS marina and the adjacent Port River Channel were 

surveyed in April 2015 to confirm and delineate the presence of C. taxifolia. The Gulf Point marina 

at North Haven was also surveyed; that area has been regarded as high risk for invasion since 

the outbreak there in 2008, but time constraints meant that only the marina entrance, and not all 

areas affected by the 2008 outbreak, were surveyed. The RSAYS marina and Outer Harbor 

entrance channel where C. taxifolia was found in 2015 were resurveyed in May-June 2016, along 

with additional areas in Gulf Point marina, and the edges of the containment area near Section 

Bank and along the St Kilda coast. Control and management options for C. taxifolia were reviewed 

to assess the feasibility of their application and cost effectiveness as responses to the spread of 

the alga, both within and outside the containment area. 

1.2. Objectives 

This project aimed to: 

 Define the extent of infestation of C. taxifolia in the Port River-Barker Inlet system; 

 Determine if the alga occurs outside the containment area; 

 Assess the feasibility of managing C. taxifolia if found outside the containment area. 
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2. METHODS 

The 2015 surveys took place over three consecutive days from 29 April – 1 May, while the 2016 

surveys took place between 4 May and 14 June. The areas surveyed in 2015 and 2016 are shown 

in Figure 1 and Figure 2, respectively. In 2015, the RSAYS marina was visually surveyed using 

SCUBA to confirm the reported occurrence of C. taxifolia. A further SCUBA survey was performed 

to determine the extent and main areas of occurrence within the marina, focusing on the edges 

of berths, the marina entrance, and the south-western edge of the marina from the entrance to 

the boat ramp. Other areas likely to be favourable for algal growth around the marina corners and 

slipway were also surveyed. Caulerpa taxifolia occurrence was recorded using GPS (Garmin 

GPS78sc) from a vessel positioned above the SCUBA diver. In the main area of C. taxifolia 

occurrence, only major patches were marked with GPS, but where the alga was scarce, all 

attached plants were recorded to delineate the affected area. The 2016 survey of the RSAYS 

marina was conducted using the same methods, but focused on areas where the alga was 

detected in 2015. 

The 2015 RSAYS survey found abundant C. taxifolia around the marina entrance. The area 

outside the RSAYS marina entrance was therefore also surveyed, as was the opposite (north-

western) edge of the Port River Channel, and sections along both northern and southern 

breakwaters to determine the outermost extent of C. taxifolia occurrence in relation to the 

containment area. In 2016, the areas surveyed were the bank near the RSAYS entrance, and the 

Outer Harbor entrance channel along the norther breakwater. Surveys of these areas followed 

the methodology of previous SARDI surveys (Wiltshire 2010). Visual surveys along transects of 

~100 m length were conducted targeting the shallow subtidal zone (low tide water depth 0.5 to 2 

m) by snorkelers. Coverage of C. taxifolia was estimated using a modified Braun-Blanquet scale 

(Table 1). The start and end point of each transect was referenced using a GPS from the tender 

vessel. Braun-Blanquet estimates of the cover of seagrass (Zostera spp.) and other Caulerpa 

species were also calculated. 

An outbreak of C. taxifolia occurred in 2008 in the Gulf Point marina at North Haven (see Rowling 

2008). This outbreak was eradicated by suction dredging (Wiltshire et al. 2010), with no C. taxifolia 

detected in the marina when surveyed in 2010 (Wiltshire 2010), but the location is regarded as 

high risk for introduction of the alga (Deveney et al. 2008). To determine if the alga had reoccurred 

in this area, a visual survey was conducted in 2015 using SCUBA. The entrance to North Haven 

marina was surveyed, but due to time constraints, this survey did not reach the main area that 

was previously colonised (Figure 1). In 2016, this entrance area was re-surveyed, as was the 
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basin near the boat ramp where the 2008 outbreak occurred, and the sandbank along the marina 

edge between the boat ramp and Cruising Yacht Club of SA (Figure 2). 

Table 1. Braun-Blanquet scale that was used to record coverage of Caulerpa taxifolia (and other major 
community types) per 100 m transect during the survey (based on a method developed in Mueller-
Dombois and Ellenberg 1974). 

 

Score Percent Cover 

0 Absent 
1 < 5 % 
2 5 – 25 % 
3 26 – 50 % 
4 51 – 75 % 
5 76 – 95 % 
6 > 95 % 

 

In 2016, areas near the edges of the containment area along Section Bank and the St Kilda 

coastline were also surveyed (Figure 2). For both 2015 and 2016 surveys in Gulf Point marina, 

and for the Section Bank and St Kilda surveys, where C. taxifolia was attached, its location was 

recorded by GPS from the tender vessel. 

Maps were produced using ArcGIS Desktop 10.3.1 (Esri inc., California). 

Literature on control of invasive seaweeds, and C. taxifolia specifically, were reviewed to identify 

potential options. The feasibility of these options was assessed based on their efficacy, 

cost-effectiveness, and practicality of application to the relevant area. This assessment was 

informed by discussion with relevant stakeholders as well as the literature review. 
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3. RESULTS AND DISCUSSION 

In 2015, Caulerpa taxifolia was found in the RSAYS marina at the location from which it was 

reported (see Figure 1). The initial visual search found several patches of alga approximately 2-

5 m in diameter in this location and substantial patches around the edges of berths along this 

wharf and towards the marina entrance. Several patches of C. cylindracea (formerly C. racemosa 

var. cylindracea) were also found in this area, along with filamentous brown algae. The following 

survey determined that the main area of C. taxifolia occurrence was around the westernmost end 

of the wharves and along the south-western embankment near the marina entrance. Sparse 

C. taxifolia plants were found towards the northern corner of the marina and also to the east of 

the main infected area, but none were present near the boat ramp. Only one plant was found on 

the western side of the central wharves. The eastern-most wharf was not surveyed, but a search 

of the eastern marina end, including the slipway, showed this area to be free of C. taxifolia. Inner 

areas of the marina were devoid of all algal growth. C. cylindracea was found in the same areas 

as C. taxifolia, while filamentous algae extended slightly further than the Caulerpa spp. but were 

absent from the central wharves and eastern end of the marina. 

The 2016 survey of RSAYS focused on the westernmost wharves and marina entrance. A dense 

bed (near-continuous cover) of C. taxifolia was found at the marina entrance, extending to the 

south-east and north-east between the edges of the marina and the westernmost wharf. Further 

into the marina, cover was patchy or sparse (Figure 2). 

Surveys of the Port River channel edges adjacent to the RSAYS marina targeted a low-tide water 

depth of 1-2 m, consistent with previous SARDI surveys. Near the marina entrance, only sparse 

C. taxifolia was found at this depth in 2015, despite several large patches being observed on 

SCUBA at ~4 m depth during the RSAYS survey. Areas of greater density (>25% cover per 100 

m) were found along the sandbank towards Outer Harbor Berth 6 (Figure 1). In 2016, sparse 

C. taxifolia still occurred in this area (Figure 2). The 2016 survey was performed on a higher tide 

than the 2015 survey, and visibility was limited, so denser patches may have been present in 

deeper water than could be surveyed by snorkellers. 
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Figure 1. Results of 2015 surveys for Caulerpa taxifolia in the RSAYS and Gulf Point marinas, and Port 
River at Outer Harbor. Inset map shows survey locations in relation to the distribution of C. taxifolia in 2010. 
Braun-Blanquet scores (Table 1) were used for the 2010 survey and for the current survey of the Port River 
channel at Outer Harbor (see methods). Within marinas, density estimates were not made, but C. taxifolia 
was noted as being sparse (isolated plants) or patchy (having several patches >2m diameter) where 
present. 
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Figure 2. Results of 2016 surveys for Caulerpa taxifolia in the RSAYS and Gulf Point marinas, Outer 
Harbor, and Section Bank/St Kilda. Inset map shows survey locations in relation to the C. taxifolia 
containment area. Braun-Blanquet scores (Table 1) were used for the 2016 survey of the channel at Outer 
Harbor (see methods). Within marinas, density estimates were made, with C. taxifolia noted as being sparse 
(isolated plants), patchy (having several patches >2m diameter) or dense (near continuous) where present. 
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No C. taxifolia was found along the southern breakwater in 2015 (Figure 1) and this area was not 

re-surveyed in 2016. The dredged area from Berth 1 to Berth 4 was not surveyed in 2015 or 2016 

as this area is >10 m deep. Along the northern breakwater, isolated C. taxifolia plants were found 

in 2015 growing on the sand to within 250 m of the outer end of the breakwater, which is the 

westernmost limit of the containment area (PIRSA 2013). Along both breakwaters, C. cylindracea 

was common on the rocks, and some patches of native C. trifaria were also observed. In 2015, 

areas of dense C. taxifolia cover (>50%) occurred approximately 750 m upstream of the channel 

entrance and around the edges of the Outer Harbor swing basin. In 2016, attached plants were 

found within 150 m of the end of the northern breakwater, and the area of dense cover ~750 m 

from the entrance continued to occur. The swing basin was not re-surveyed in 2016 because the 

primary aim of the survey was to determine the outer extent of the distribution. 

Individual C. taxifolia were found in the Gulf Point Marina at North Haven in 2015, sparsely along 

the embankment of the northern marina edge, around 400-500 m from the marina entrance, and 

in ~4 m water depth. The main area affected in 2008 was not surveyed due to time constraints. 

The 2016 survey also found individual C. taxifolia plants along this embankment, and one patch 

of ~2 m2 was also present. In 2016, two additional areas were also surveyed: the basin where the 

main outbreak occurred in 2008, and the embankment between the boat ramp and the Cruising 

Yacht Club of SA, where some C. taxifolia also occurred in 2008 (Figures1, 2). No C. taxifolia was 

observed within the basin, individual plants and several patches were present along the 

embankment (Figure 2). 

Areas near the edges of the containment area around Section Bank and the St Kilda coast were 

also surveyed in 2016 to determine the proximity of C. taxifolia to the boundary of the containment 

area, and whether alga had established outside the containment area. No C. taxifolia was found 

on the St Kilda coast or on the south-western side of Section Bank. Abundant drift C. taxifolia was 

found on the north-western edge of Section Bank near Black Pole, where it was entangled in 

Posidonia sp. seagrass, particularly around the edges of the Posidonia patches. One plant was 

found attached at a site on the boundary of the containment area (Figure 2). There was sparse 

cover of C. taxifolia (frequent scattered plants) along the Barker Inlet side of Section Bank (Figure 

2), where the alga was also found in 2008 (Rowling 2008; Wiltshire 2010). This location is ~1 km 

inside the containment area. 
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4. CONCLUSIONS 

Caulerpa taxifolia is established in the RSAYS marina at Outer Harbor, and along the adjacent 

Port River channel. It is also common, although sparse, in the outer reaches of Barker Inlet, along 

Section Bank. During the surveys drift alga was commonly sighted near Black Pole. These 

findings represent a range extension in the Port River; previous surveys did not detect attached, 

growing C. taxifolia north of Snapper Point. In 2010, it was not found north of the Torrens Island 

quarantine station jetty (Figure 1). Seagrass in this area has been replaced by C. taxifolia. The 

area around the Outer Harbor swing basin supported medium to dense (25-75%) cover of Zostera 

seagrass in 2010. Zostera was still present in the 2015 survey, but at nil to <50% cover, and 

restricted to a narrow band at the top of the channel edge (2015 survey data). This area was not 

included in the 2016 survey. 

The ongoing expansion of these populations of C. taxifolia highlight that the environmental 

determinants of C. taxifolia populations remain poorly understood. Caulerpa taxifolia has been 

regarded as cold water intolerant and poorly suited to the South Australian marine environment 

(Nelson 2006; O'Loughlin et al. 2006), and the temperature tolerance and patterns of winter 

senescence of the alga suggested that establishment at the edges of, or outside, the Port River-

Barker Inlet was unlikely. The populations at Outer Harbor and North Haven persisted for more 

than 12 months between the 2015 and 2016 surveys, however, which included a colder than 

average winter for Adelaide (Bureau of Meteorology 2016). The replacement of Zostera by 

C. taxifolia at Outer Harbor also contrasts the resilience of Zostera to C. taxifolia in Barker Inlet 

(Wiltshire 2010). The Port waterways have been subject to a continuing water quality 

improvement plan (McDowell and Pfennig 2011), including substantial reductions in nitrogen 

inputs since 2010. Burfeind and Udy (2009) found that lower nutrient conditions favour seagrass 

rather than C. taxifolia, and so factors other than nutrients may affect the interactions between 

C. taxifolia and Zostera in Outer Harbor. Without knowledge of the factors driving changes in the 

distribution of C. taxifolia, it is difficult to predict population trends. The abundant population at 

Outer Harbor, and recurrence at Section Bank and Gulf Point suggest that areas identified as 

moderate risk by Deveney et al. (2008) could support C. taxifolia populations. Other sensitive 

areas of South Australia may be at risk of invasion. The abundant drift alga found near Black Pole 

demonstrates that C. taxifolia is transported outside the containment area, with areas of 

accumulation determined by local hydrodynamics. Where accumulation of drift C. taxifolia 

coincides with suitable habitat, such as is likely near Black Pole (Deveney et al. 2008), there is a 

high risk of establishment. 
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Marinas also remain at risk of future C. taxifolia introductions and are likely to provide suitable 

habitat and environmental conditions for establishment (Deveney et al. 2008). Recreational 

vessels are a vector for the transport of C. taxifolia, although this does not infer that the alga was 

directly transported by vessels to the RSAYS marina. Given the abundance of the alga along the 

Port River channel near Outer Harbor, it is possible that vegetative growth has been the primary 

mechanism of spread to this area. Introduction of C. taxifolia to Gulf Point marina at North Haven 

is unlikely to occur by natural spread from the Port River and suggests that a transport 

mechanism, probably vessels, is periodically introducing the alga to this site. Vessels may 

contribute to the spread of C. taxifolia through transport on anchors, chains, and other equipment 

including fishing gear, or through fragmentation (Sant et al. 1996; West et al. 2007, 2009). 

Regardless of the mechanism for introduction to marinas, the occurrence of C. taxifolia within 

marinas poses a risk of further spread. 

4.1. Control options: feasibility and cost effectiveness 

Anderson (2007) reviewed methods for controlling invasive seaweeds and Walters (2009) 

reviewed control options for C. taxifolia, which include manual and vacuum pump harvesting, 

covering colonies with opaque tarpaulins, and subjecting C. taxifolia to a range of chemical, 

temperature, and salinity shocks. Industry and Investment NSW (2009) reviewed all options and 

found that application of salt (NaCl) was the preferred management option because it was 

relatively easy to apply, had high efficacy, low environmental and WHS risks, and low cost. In a 

shallow marina environment with small colonies salt deployment is not unduly labour intensive, 

little sensitive biota or habitat is likely to be affected, and colonies can be thoroughly treated 

(Glasby et al. 2005; O'Neill et al. 2007). 

The C. taxifolia populations in RSAYS marina and the Port River-Barker Inlet are large but are 

within the containment area, and the RSAYS site would be subject to continual recolonisation 

from proximal dense patches of C. taxifolia in the Port River. The RSAYS marina has no public 

boat ramp (there are two ramps for members), the vessels using the marina do not typically 

anchor, and, in general, further spread from this site does not appear more likely than from the 

Port River more broadly. Controlling this population does not appear to be feasible, mainly 

because of its large size. Education of users of the marina and Port River waterways could assist 

in preventing further spread.  

A small but persistent population of C. taxifolia is established in Gulf Point marina, outside the 

containment area. The site is unlikely to have been colonised by natural spread from the Port 
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River and provides additional risk of further spread of C. taxifolia because of its proximity to a 

heavily used public boat ramp and areas where small vessels anchor. There is also lower public 

awareness of biosecurity principles outside the containment area. Control of this population is 

feasible based on its 2016 extent.  

The Management Plan for introduced Caulerpa spp. in South Australia (Deveney and Wiltshire 

2017) indicates that to minimise risk, populations of C. taxifolia outside the containment zone 

should be managed where feasible and cost-effective. Management of C. taxifolia outside the 

containment zone has benefits of reducing likelihood of further spread, supporting the aims of the 

containment area, providing community confidence in South Australia’s biosecurity system, and 

reducing the probability of C. taxifolia having adverse effects on South Australia’s environment. 

Impacts of managing this population are the cost of control activities, possible minor interruptions 

to marina activities, and short-term incidental environmental effects. The main risk of 

management is ongoing cost; efficacy may be lower than expected leading to increased short-

term costs, and, in the absence of guidelines for transitioning from containment to mitigation, 

increased long-term costs may be incurred by small ongoing responses. The main risks of not 

managing are increased probability of spread and negative environmental effects caused by 

C. taxifolia. Not managing the population outside the containment area could also result in loss of 

community confidence and involve costs associated with revising the administrative 

arrangements for the containment area.  

Occurrence of C. taxifolia in marinas indicates that ongoing education advising boat owners to 

clean vessels and infrastructure, remain alert and report occurrence of C. taxifolia should be a 

priority. Ongoing education has been shown to decrease the risk of spread (Anderson 2005; 

Glardon et al. 2008) and is also likely to increase the chance of early detection of new populations 

outside the containment area. Monitoring the population at the margins of the Port River-Barker 

Inlet containment area would help to determine if C. taxifolia is likely to spread outside the 

containment area by natural dispersal or vegetative growth. 

4.2. Management implications 

When incorporating this information into the management framework for Caulerpa taxifolia, 

consideration should be given to: 

 Actively communicating the risk of Caulerpa spread to marina users and managers; 
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 The benefits of managing the population of C. taxifolia in Gulf Point marina while the 

population is small against the risk of population consolidation, growth and increased 

likelihood of human-mediated spread if management is not attempted; 

 Monitoring the C. taxifolia population in the Port River-Barker Inlet to assess if it is 

spreading naturally outside the containment area to understand if the management area 

approach remains supportable. 
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