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Sagartia ornata is an alien anemone that occurs intertidally within the West Coast National Park 
(WCNP). Whilst baseline distributional data was gathered in 2001, the range and abundance 
of this alien has not been reassessed. The present study aimed to determine the current status 
and distribution of this anemone, to assess its diet so as to establish the role it may play as 
predator and to investigate its impact on sandy-shore communities. Sagartia ornata was found 
to be restricted to the WCNP, where it occurred in densities of up to 508 ± 218 individuals per 
m2. Within the park the distribution of this anemone had changed. Populations were recorded 
in Nanozostera capensis seagrass beds for the first time and this alien was absent from two 
areas in which it had previously occurred. Diet analysis revealed indigenous polychaetes 
and amphipods as the dominant prey items consumed by S. ornata. This alien was found to 
significantly alter sandy-shore community structure, with differences caused primarily by 
increases in the abundance and biomass of the tanaid Anatanais gracilis and the polychaete 
Orbinia angrapequensis. Additionally, invaded areas supported significantly greater invertebrate 
diversity, density and biomass. It is concluded that whilst this anemone negatively affects 
native biota, its current dependence on restricted habitats precludes widespread impacts with 
the park.

Conservation implications: With regard to conservation implications, this invasion should be 
routinely monitored outside the WCNP as in its native range S. ornata occurs on rocky shores 
and kelp holdfasts, suggesting a potential for spread along the west coast of South Africa.
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Distribution and impact of the alien anemone  
Sagartia ornata in the West Coast National Park

Introduction
The human-mediated spread of marine species from their natural ranges to new habitats is 
occurring with increasing frequency (Seebens, Gastner & Blasius 2013) and resulting invasions 
have been reported from most regions (Molnar et al. 2008). These invasions result primarily 
from shipping, the main vector being ship hull fouling (Hewitt, Gollasch & Minchin 2009; Mead  
et al. 2011a). Other shipping-related vectors include ballast water (Klein et al. 2010) and sediment 
retained in ballast tanks (Briski, Bailey & MacIsaac 2011). The increase in the number of ships 
and ballast tank size (Carlton 1996), accompanied by an increase in transoceanic travel (Ruiz et al. 
1997) over the last century, has led to an increase in the introduction and rate of establishment of 
invasive marine species around the world (Wonham et al. 2000). This is cause for concern as these 
alien species can pose a threat to indigenous biota (Gurevitch & Padilla 2004; Molnar et al. 2008; 
Strain & Johnson 2013) and can have negative economic impacts (Cinar 2013; Pimentel, Zuniga 
& Morrison 2005).

In South Africa, 90 introduced and 39 cryptogenic species have been recognised to date 
(Bolton, Andreakis & Anderson 2011; Clark & Griffiths 2012; Mead et al. 2011b; Peters et al. 
2014), although this is likely to be an underestimation as alien species are continuously being 
introduced into the country. Most introductions are recorded along the cool-temperate west 
coast (Mead et al. 2011a); most occurring within harbours, a moderate number on rocky shores 
and in estuaries and very few offshore (Mead et al. 2011a). Following global trends, most 
species alien to South African waters have been introduced via hull fouling and ballast water 
(Mead et al. 2013).

The West Coast National Park (WCNP) is situated in the Saldanha Bay system on the cold west 
coast of South Africa and includes Langebaan Lagoon (Robinson, Griffiths & Kruger 2004). It 
was established in 1985 and is the only national park for the protection and conservation of 
marine species north of the Cape Peninsula (Robinson et al. 2004). The WCNP faces numerous 
threats, including increased pollution within the bay owing to industrial development and 
urbanisation (Kruger et al. 2005), expanding mariculture (Olivier, Heinecken & Jackson 2013) and 
the introduction of marine alien species associated with the port (Robinson et al. 2004). Presently 
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more alien marine species occur within the Saldanha Bay–
Langebaan Lagoon system than in any other location along 
the South African coast (Mead et al. 2011a).

The alien anemone Sagartia ornata was first recorded along 
Langebaan Lagoon’s western shoreline in 2001 in the upper 
intertidal zone (Acuña, Excoffon & Griffiths 2004). Here, 
S. ornata was found intertidally on sandy shores partially 
covering the underlying rocks and in Spartina maritima 
beds (Robinson et al. 2004), where its densities reached up 
to 426 ± 81 (s.d.) individuals per m2 (Robinson et al. 2005). 
Sagartia ornata’s introduction to the lagoon is thought to have 
occurred unintentionally through shipping via the harbour 
of Saldanha Bay (Robinson et al. 2004). It is most likely that 
the introduction is recent, as extensive annual sampling of 
the lagoon failed to detect this anemone until 2001 (Acuña 
et al. 2004). This species originates from Western Europe, the 
Mediterranean and Britain (Robinson et al. 2004). There it is 
found widely occurring on kelp holdfasts and in crevices 
on rocky shores (Gibson, Hextall & Rogers 2001). Thus, the 
South African west coast, known for its cold water, rocky 
shores and extensive kelp beds, is very similar to S. ornata’s 
native home range (Acuña et al. 2004) and much potential 
exists for this species to spread along this coast. Despite this, 
S. ornata’s distribution and abundance was last assessed 
more than 10 years ago (Robinson et al. 2004) and its impact 
on indigenous sandy-shore communities has not been 
considered. This is a notable gap in current knowledge as sea 
anemones can play an important role in marine communities 
through their role as predators (Kruger & Griffiths 1998).

Against this background, this study aimed firstly to determine 
the current status and distribution of S. ornata, secondly to 
assess the diet of this anemone so as to establish its role as 
an alien predator and thirdly to investigate its impact on the 
structure of the sandy-shore communities of invaded areas in 
Langebaan Lagoon.

Research method and design
Setting
This study was conducted within Langebaan Lagoon in the 
WCNP (Figure 1). The lagoon forms a wetland of international 
importance and is registered under the Ramsar and Bonn 
conventions. The lagoon opens into the southern end 
of Saldanha Bay (Pitcher & Calder 1998) and consists of 
sandflats with clean, fine sand as well as salt marshes. The 
lagoon supports a great diversity of marine taxa, many of 
which are not found elsewhere along the west coast or are 
restricted to estuarine environments (Robinson & Griffiths 
2002).

Distribution and abundance of Sagartia ornata
Sampling was undertaken in April and May 2013. The 
lagoon was divided into areas of 3 km, following Robinson  
et al. (2004) (Figure 1). Boundaries of areas used remain the 
same although the areas have been renumbered 1–15 for 

convenience. Areas supporting suitable habitat (containing 
S. maritima beds or sand-covered rocks) were visited. In areas 
where the anemone was detected 10 quadrates of 0.25 m2 
were randomly placed in each shore zone (high-, mid- and 
low-shore zones) and the number of anemones recorded. In 
addition, areas outside of the WCNP but within Saldanha 
Bay (i.e. Marcus Island, Small Bay and Lynch Point), as 
well as rocky shores 10 km north (i.e. Jacobs Bay) and south 
(i.e. Tsaarsbank) of the mouth of the bay were searched to 
determine if this species had spread outside the park.

Coelenteron contents analysis
To assess S. ornata’s role as a predator, the coelenteron 
contents of 50 individuals that were collected randomly 
in various habitats around the lagoon were analysed. 
Anemones were collected during low spring tide and each 
was placed into a separate jar. To each jar a mixture of 
one part sea water and one part 10% magnesium chloride 
(MgCl2) solution was added to relax and narcotise the 
anemones. These were then frozen at -4 °C. To collect any 
organisms egested during the period of transportation and 
preservation, the liquid from each jar was poured through a 
15 µm mesh prior to processing. A dissecting microscope was 
used to examine the retrieved organisms and the anemones. 
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FIGURE 1: Map of Saldanha Bay and Langebaan Lagoon, showing the 15 study 
areas which were sampled as well as the West Coast National Park boundaries.
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The anemones were cut longitudinally to open their 
coelenterons and prey items were removed. Prey items were 
identified to the lowest taxonomic group possible, counted 
and their wet-mass recorded. The shells of hard-shelled 
animals were also included in the weighing process. Inedible 
items such as exoskeletons, empty shells and debris, as well 
as unidentifiable detritus were excluded from analysis, as it 
was unclear whether these items were ingested as debris or 
are parts of digested prey. The number of prey and the total 
mass of prey consumed by each anemone was expressed as a 
percentage. The percentage frequency of occurrence of each 
of the different types of prey organisms was determined. An 
index of relative importance (IRI) was calculated for each 
prey species as an indication of the importance of each food 
item in the diet of S. ornata. These calculations were made 
using the following equation (Berg 1979):

IRI = (%N + %M) × %F [Eqn 1]

where: %N = average numerical percentage occurrence of 
each item in the diet; %M = average percentage by mass 
of food item in all the guts examined; %F = frequency of 
occurrence of the food item.

Sample sizes were represented by the number of coelenterons 
examined that contained food items. Occurrence is thus 
expressed as the percentage of coelenterons containing food 
in which each particular food category was found.

Community structure
To determine the impact of S. ornata on community structure, 
community composition was compared between an invaded 
and uninvaded area. The areas were located in the mid-shore 
zone, as this was the zone where S. ornata was found. In each 
area, 10 randomly placed quadrats of 0.25 m2 were used to 
quantify community composition. All sediment within each 
quadrat was removed until the underlying rock to which the 
anemones were attached was reached (a depth of not more 
than 10 cm). This sediment was sieved through a 1 mm sieve 
to retain organisms occurring within the sediment. All biota 
recovered from above and below ground were identified to 
species level, counted and wet-weighed.

Statistical analyses
Prior to all univariate analysis, data were tested for 
homoscedasity and homogeneity of variances using 
STATISTICA for Windows (Version 11). The abundance of 
the anemones recorded in each area was compared to that 
recorded in 2001 (Robinson et al. 2004). A generalised least 
square (GLS) model was used to determine the effect of area 
and year on the abundance of anemones. The dredge function 
in R Studio (Version 5.1) was used to select the model that 
best explained anemone abundance. The best model was 
selected based on the lowest Akaike information criterion. 
Invertebrate abundance (individuals per m2) and biomass 
(g per m2) were compared between invaded and uninvaded 
sites using a Mann-Whitney U test.

The PRIMER software package (Plymouth Marine Laboratory, 
Plymouth, UK) was used to consider community composition 
(based on numerical abundance and biomass) in invaded and 
uninvaded areas. To detect significant differences between 
the communities of the two sites, ANOSIM (based on Bray-
Curtis similarities) was used. A SIMPER analysis identified 
the species which contributed most to any differences 
detected. Non-metric multidimensional scaling (MDS) plots 
and hierarchical cluster analysis was used to create a visual 
representation of any differences between communities. 
All multivariate analyses were carried out on fourth-root 
transformed non-standardised data. To complement the 
analysis of community composition, the Shannon-Wiener 
diversity index (H′) was used to assess the species diversity 
of each site (Clarke & Warwick 2001):

H′ = -∑ ipi(log pi) [Eqn 2]

where pi is the proportion of the total number of individuals 
arising from the ith species. This index was compared between 
invaded and uninvaded sites using a Mann-Whitney U test.

Results
Distribution and abundance of Sagartia ornata
Sagartia ornata occurred in the mid-shore zone. The abundance 
of S. ornata individuals differed significantly between areas 
(GLS, F(7) = 13.67, p < 0.01) and years (GLS, F(1) = 12.25, 
p < 0.01), with more anemones being recorded in areas 2, 10 
and 14 in 2013 (t = 3.6, p < 0.01) ( 2). The presence of S. ornata 
was recorded in areas 3 (6.0 + 2.4 [SE] individuals per m2) 
and 5 (3.6 + 2.2 [SE] individuals per m2) for the first time 
in 2013 whilst it no longer occurred in areas 9 and 13. High 
densities of the alien anemone were maintained through time 
in area 14 (372.6 + 24.7 [SE] and 508.4 + 69.1 [SE] in 2001 and 
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FIGURE 2: Mean density (+SE) of Sagartia ornata recorded per m2 in 2001 and 
2013.
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2013, respectively). Whilst S. ornata occurred in sandy areas 
covering underlying rock and in S. maritima beds in 2001, in 
2013 it was no longer present in the S. maritima beds but was 
found instead in Nanozostera capensis beds (areas 2 and 5) and 
attached to rocks resting on fossilised oyster beds (areas 3 
and 10). No anemones were found outside the WCNP within 
Saldanha Bay or on the open coast.

Coelenteron contents analysis
Only 35 of the 50 anemones whose coelentera were inspected 
contained prey items. Table 1 presents the percentages of 
numerical occurrence (%N), mass (%M) and frequency of 
occurrence (%F) as well as the IRI of prey items, which were 
identified to taxonomic group. This index identified polychaetes 
as the most important prey, occurring most frequently (i.e. in 
83% of anemones), accounting for 53% of prey by numbers and 
31% by mass. Amphipods were the second most important 
food item by mass (25%) and IRI. Leptostraca and tanaids both 
occurred in the same numbers (16%), although tanaids were 
recorded in more anemones (29%) than the tiny leptostraca 
(20%). Crabs, bivalves, gastropods and hemichordata were 
present in the diet of S. ornata.

Community structure
Invaded communities supported a significantly higher 
abundance (Mann-Whitney, U(18) = 56.5, p < 0.05) (Figure 3a) 
and biomass (Mann-Whitney, U(18) = 55, p < 0.05) (Figure 3b) 
of invertebrate individuals. Additionally, multivariate 
comparisons of community structure revealed significant 
differences in communities in terms of both abundance 
(ANOSIM, R = 0.799, p < 0.01) and biomass (ANOSIM,  
R = 0.916, p < 0.01) (Figure 4). These differences remained 
the same even when the contribution made by S. ornata 
was excluded. The SIMPER revealed that differences in 
community structure were not caused by the loss or gain of 
any one species, but rather by changes in the abundance and 
biomass of numerous indigenous species. These included 
increases in the tanaid Anatanais gracilis, the polychaete 
Orbinia angrapequensis, the hermit crab Diogenes brevirostris 
and gastropod Clionella sinuata and concurrent decreases in 
the gastropod Volvarina capensis and the crab Hymenosoma 
orbiculare in invaded areas. Invaded areas supported 
significantly higher species diversity (H′) (Mann-Whitney, 
U(18) = 78, p < 0.05) (Figure 5).

Discussion
Sagartia ornata has a wide native distribution that spans the 
Mediterranean, Britain and Western Europe (Acuña et al. 
2004). This species was first recorded in South Africa in 2001, 
at which time it occurred only along Langebaan Lagoon’s 
western shoreline within the WCNP (Robinson et al. 2004). 
Following this initial work, no follow-up studies have been 
conducted until now. This study found that S. ornata was still 
restricted to Langebaan Lagoon, although its distribution 
within the lagoon had changed.

Despite S. ornata living on rocky shores and in kelp holdfasts 
in its native habitat (Gibson et al. 2001), it occurs in different 
habitats in South Africa. In Langebaan Lagoon, S. ornata has 
been recorded in shallow sand partially covering underlying 
rocks, in S. maritima beds (Robinson et al. 2004), attached to 
loose rocks on fossilised oyster beds and in beds of the Cape 
eelgrass N. capensis. This shift in habitat is not uncommon 
for invading species. For example, the invasive zebra mussel 
Dreissena polymorpha that occurs on hard substrates in rivers 
and lakes in its native range occurs on soft sediments in its 
invaded range (Berkman et al. 2000). This exploitation of new 
habitats might reflect the adaptive ability often expressed by 
alien species (Berkman et al. 2000). The spread of S. ornata to 

TABLE 1: The prey items found in the coelentera of Sagartia ornata as well as 
their numerical percentage of occurrence (%N), percentage by mass (%M) and 
their frequency of occurrence (%F) in the diet.

Prey category %N %M %F IRI
Polychaetes 53 31 83 6934
Leptostraca 16 † 20 323
Tanaids 16 3 29 532
Amphipods 10 25 29 1009
Crabs 1 3 3 11
Bivalves 1 14 3 43
Gastropods 2 † 3 6
Hemichordata 1 24 3 72
IRI, index of relative importance.
IRI = (%N + %M) × %F.
†, indicates < 0.50% contribution to mass.
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oyster beds). It is also possible that S. ornata might have been 
overlooked in the latter habitat in the 2001 survey, as it is 
not the type of habitat that was anticipated to support this 
anemone. It is unlikely, however, that this anemone will 
spread extensively within the lagoon because of the relatively 
restricted extent of the habitats in which it has been recorded. 
In addition to changes in distribution, the abundance of S. 
ornata has also changed, as more anemones were recorded 
during 2013 than during the 2001 survey. However, the 
reason for this change is not obvious. Whilst the 2001 and 
2013 surveys were conducted at the same time of the year (i.e. 
seasonal variation is unlikely to be of importance), routine 
monitoring of this anemone may reveal the drivers of the 
observed changes in abundance.

Previous studies have shown that anemones can be 
important predators in marine communities (Kruger & 
Griffiths 1997; Posey & Hines 1991) and as such the impact 
of S. ornata as a predator on the sandy-shore communities 
within Langebaan Lagoon is of interest. The coelenteron 
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new areas within the park since 2001 is notable and is linked 
to its exploitation of new habitats (i.e. in N. capensis beds and 
the rather cryptic habitat of loose rocks resting on fossilised 
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content analysis revealed that S. ornata ate a very limited 
diet, sand-dwelling polychaetes and amphipods being the 
most important prey items. The diet of an anemone normally 
reflects the faunal communities supported in its habitat 
(Chintiroglou & Koukouras 1992; Kruger & Griffiths 1998) 
and as the sandy-shore communities provide habitat for 
sand-dwelling and burrowing species (Branch et al. 2010), 
it may explain their importance in the diet of S. ornata. Sea 
anemones are sessile passive feeders mostly relying on prey 
to come to them (Sebens 1981) and have various feeding 
mechanisms to meet their daily nutritional requirements. 
These include absorption of dissolved organic matter, 
forming of mutualisms with photosynthetic zooxanthellae 
(Tsuchida & Potts 1994), filter-feeding (Lampitt & Paterson 
1987) and feeding macrophagously on either motile or 
wave-tumbled prey (Sebens 1981). Although the feeding 
mechanisms of S. ornata have not been investigated, it 
occurs in a sheltered habitat with little wave action, a habitat 
type where anemones rely to a great extent on mobile prey 
(Kruger & Griffiths 1998). It is therefore likely that S. ornata 
employs a prey catching strategy, as is common to anemones 
in temperate regions (Kruger & Griffiths 1996). The feeding 
mechanism of an anemone is an important determinant 
of its impact on the surrounding communities. Anemones 
relying on wave action to supply them with prey would 
not have direct impacts on communities, as prey items 
would already have been removed from source populations 
(Kruger & Griffiths 1998). In contrast, anemones such as 
S. ornata that rely on mobile prey are more likely to affect 
their communities as prey are actively removed from 
communities.

Diet analyses can be affected by a variety of factors, such 
as poor preservation of specimens, egestion (Lampitt & 
Paterson 1987), digestion rate and turnover times (Kruger &  
Griffiths 1997), as they influence the retention time and 
quantities of prey items available for analysis (Kruger &  
Griffiths 1998). In addition, diet can vary on a seasonal 
and temporal basis (Kruger & Griffiths 1996). Thus, the 
present study cannot be considered an exhaustive analysis 
of S. ornata’s diet. However, it does provide an indication 
of the taxa consumed and insight into the predatory role of 
S. ornata.

Although the ecological role of S. ornata has not been 
documented in its native range, it was anticipated that this 
anemone would negatively affect native communities as this 
is a well-documented impact associated with many sandy-
shore invaders (Grosholz et al. 2000; Robinson et al. 2007; 
Ross et al. 2004). As predicted this pattern was observed for 
S. ornata, with invaded areas supporting a higher invertebrate 
abundance, biomass and diversity, as well as altered 
communities. As these changes were not driven by the loss 
of the species that were found to dominate S. ornata’s diet, it 
is unlikely that this anemone is exerting its impact on native 
communities through its role as a predator. Rather, these 
changes may be the result of impacts on the invaded habitat 
by S. ornata and indirect effects on native biota. This anemone 

appears to alter the surrounding habitat, consolidating sand 
and trapping coarse sediment (Robinson pers. obs.). This has 
been observed elsewhere where alien species have changed 
soft sediment systems by altering abiotic factors such as 
water movement and sediment characteristics (Berkman et al. 
2000; McKinnon et al. 2009; Ruiz et al. 1997). In turn, sediment 
type and structure influence the distribution, abundance and 
biomass of associated species (Nel & Branch 2013; Thrush et 
al. 2003). This may explain the higher invertebrate abundance, 
biomass and elevated diversity observed in the sites where  
S. ornata has invaded. Notably, the high abundance of tanaids 
recorded in the presence of S. ornata is likely a reflection 
of domination by coarser sediments, as these crustaceans 
are known to have reduced rates to tube building in the 
presence of sediments below 63 µm (Krasnow & Taghon 
1997). In addition, tanaids themselves are known to change 
community structure by altering the habitat and preying 
on small and juvenile soft-bodied invertebrates (Oliver & 
Slattery 1985). It is thus suggested that a synergy between 
the primary impacts of S. ornata on habitat structure and 
the secondary impacts of these small crustaceans ultimately 
result in the observed differences between invaded and 
uninvaded areas.

Conclusion
This study aimed to provide an updated baseline on the 
status and distribution of S. ornata, to assess the diet of this 
alien anemone and to investigate its impact on the structure 
of the sandy-shore communities of the WCNP. A survey of 
the lagoon found that S. ornata remained restricted to the 
WCNP, although its distribution had changed. Notably 
this anemone was recorded in N. capensis seagrass beds for 
the first time. Nonetheless it is unlikely that S. ornata will 
spread extensively within this marine protected area because 
of the restricted nature of the habitats in which it occurs. 
Diet analysis revealed the dominant prey items consumed 
by S. ornata were indigenous sand-dwelling polychaetes 
and amphipods. Multivariate analysis showed that in 
invaded areas this alien altered sandy-shore community 
structure, increased diversity, density and biomass of native 
invertebrates. Despite these impacts, the geographically 
restricted nature of the habitat types currently invaded by 
S. ornata limits the potential of this alien to negatively affect 
indigenous biota within the WCNP. However, routine 
monitoring of surrounding areas should be undertaken as 
the occurrence of S. ornata on rocky shores and in kelp beds 
in its native range suggests that this anemone could spread 
to outside the park.
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