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Abstract

This study reports on the first discovery of the marine bryozoan Amathia verticillata
(delle Chiaje, 1822) from South Africa. In November 2023, an unusual soft-bodied
bryozoan was observed within the Langebaan Lagoon Marine Protected Area on the
west coast of South Africa. Taxonomic investigations confirmed it to be 4. verticillata.
In response, surveys were conducted to assess its abundance and distribution within
the MPA. The tidal estuarine lagoon was divided into 15 sampling areas, with each
searched for A. verticillata colonies. Additionally, colonies were collected to identify
associated epifaunal assemblages. Amathia verticillata was detected in 60% of areas,
with a total of 2333 colonies recorded. Colonies varied greatly in size, with some
more than two meters long. Most concerning was the presence of 4. verticillata within
meadows of the regionally endangered seagrass Zostera capensis. A total of 33
epifaunal species were recorded within the stolonal matrices, of which three were
alien and one was cryptogenic. This highlights the role that A. verticillata may play
in habitat provisioning. Amathia verticillata was most likely introduced to the
system via biofouling, with spread facilitated by local tidal flow regimes. It is
recommended that a seasonal monitoring plan be implemented to track the spread and
density of the species within the lagoon. Given the potential impacts that A. verticillata
may have on vulnerable native species, it is recommended that best practice to
prevent spread be established, and that areas susceptible to secondary spread be
monitored, to support rapid response to additional incursions by this invader.

Key words: Bryozoa, epifauna, Langebaan Lagoon, marine bioinvasions, Marine
Protected Area

Introduction

The bryozoan Amathia verticillata (delle Chiaje, 1822), formerly known as
Zoobotryon verticillatum, is a marine ctenostome bryozoan first described
in 1822 in Naples, Italy (Marchini et al. 2015). The origin of this species has
long been debated (Nascimento et al. 2021); however evidence suggests
that its native range is within the Caribbean Sea (Winston 1995; Galil and
Gevili 2014). Amathia verticillata has been recorded as invasive in numerous
regions (i.e. the United States (Williams 2007), Galapagos (McCann et al.
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2019), Mexico (Humara-Gil and Cruz-Gémez 2019), Brazil (Miranda et al.
2018), Argentina (Lopez-Gappa and Liuzzi 2016), Portugal (Gestoso et al.
2017), the Mediterranean Sea (Marchini et al. 2015), Angola (Pestana et al.
2020), India (Jebakumar et al. 2017), Pakistan (Aslam et al. 2019), Taiwan
(Minchin et al. 2016), Australia (Tilbrook 2012) and New Zealand (Gordon
and Mawatari 1992)). Despite its broad geographic distribution, recent
molecular work suggests that A. verticillata is a single widely distributed
species and not a complex cryptogenic species (Nascimento et al. 2021).

Amathia verticillata is described as a eurytopic species as it occurs in many
different habitats, including mangroves, oyster reefs, rocky shores, seagrass
meadows (Marchini et al. 2015) and on artificial substrata (Nascimento et al.
2021). This species has been recorded mostly within enclosed and sheltered
areas (e.g. coastal lagoons and bays) and has established in artificial equivalents
(e.g. marinas and harbours) (Marchini et al. 2015; Lépez-Gappa and Liuzzi
2016; Jebakumar et al. 2017; McCann et al. 2019). Long distance spread of
this bryozoan likely occurs through hull fouling (McCann et al. 2015), with
a very short larval stage thought to exclude dispersal via ballast water
(Minchin 2012; Marchini et al. 2015; McCann et al. 2015; Miranda et al. 2018).

The success of this species in its invaded ranges can be attributed to its
euryoecious nature and its reproductive strategies (Vieira et al. 2014;
Marchini et al. 2015). Colonies of A. verticillata can develop through budding
and fragmentation (Marchini et al. 2015) and are able to attach to substrata
following local spread (McCann et al. 2015). Drifting colonies also have the
potential to release viable larvae, further amplifying its ability to colonise
new areas (McCann et al. 2015). In regions with favourable environmental
conditions, A. verticillata has the ability to reproduce sexually year-round (e.g.
Azores Archipelago (Micael et al. 2018)). Other physiological characteristics
that contribute to its success include rapid growth, regeneration potential
after periods of dormancy, hermaphroditism, and tolerance to variable
salinities and temperature conditions (Nascimento et al. 2021). Colonies
vary greatly in size and shape, with elongated or hanging colonies reaching
lengths of two metres (Minchin 2012), while short, bushy colonies can
remain as small as two centimetres (Marchini et al. 2015).

The environmental and socio-economic impacts of A. verticillata have
been well-documented. It is known to cause extensive fouling in artificial
habitats, resulting in economic loss through vessel hull fouling (Minchin
2012; Galil and Gevili 2014), blocking of intake pipes for industrial plants
and vessels (Coleman 1999) and fouling of commercial fishing gear
(Jebakumar et al. 2017). From an environmental perspective, A. verticillata
colonies have the potential to rapidly proliferate and cover benthic areas,
which can result in shading of native algae (e.g. shading of Zostera marina
(Linnaeus, 1753) seagrass meadows leading to mass mortality and canopy
collapse (Williams 2007)), spatial dominance (e.g. forming large mats draped
over mangrove limbs in Tortuga Bay, Santa Cruz Island (McCann et al. 2015))
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and modification of trophic dynamics (e.g. the removal of large volumes of
planktonic material through suspension feeding, affecting food web dynamics
(Amat and Tempera 2009)). Due to its structural complexity, this bryozoan
also offers habitat to other biota (Guerra-Garcia et al. 2024) and has been
known to facilitate the introduction and establishment of other alien
species (Marchini et al. 2015).

The present study documents the first record of A. verticillata in South
African waters and assesses the abundance and distribution of this bryozoan
within Langebaan Lagoon Marine Protected Area (MPA), a sheltered MPA
along the west coast of South Africa. Additionally, epifauna associated with
A. verticillata stolonal matrices were investigated.

Materials and methods

Langebaan Lagoon Marine Protected Area (MPA) falls within the West Coast
National Park (WCNP) and the larger Saldanha Bay system. This lagoon is
the only estuarine tidal lagoon and one of the few sheltered bays along South
Africa’s west coast (Figure 1). Composed primarily of intertidal sandflats and
marshland, this tidal lagoon serves as an important refuge for a diverse
suite of marine organisms, coastal birds, and at-risk species (Hanekom et al.
2009), including the critically endangered endemic limpet Siphonaria compressa
(Allanson, 1958) (Angel et al. 2006) and the regionally endangered Cape
dwarf seagrass Zostera capensis (Setchell, 1933) (Adams and van der Colff
2018). During spring tides, the lagoon experiences a tidal range of 1.8 m at
the mouth to 1-1.5 m at the head (Day 1959).

In November 2023, an unusual bryozoan was observed on the jetty at
Kraalbaai (Figure 2A). The identification of this species was confirmed as
Amathia verticillata in December 2023 (see results below). To assess the
extent of the invasion, field surveys took place during spring low tide in
austral summer, February 2024. Following the design of previous surveys for
alien species within the MPA (Robinson et al. 2004; Robinson and Swart
2015), the estuarine tidal lagoon was divided into 15 areas, each 3 km in
length (Figure 1). In each area, three researchers spent one hour searching
the intertidal and shallow subtidal (0-1 m) zones for A. verticillata. Search
areas were stratified to ensure that colonies could not be counted by more
than one researcher. The number of colonies detected were summed to
provide a total count per tidal zone in each area. The number of colonies
greater than 0.2 m” were also noted. When abundance allowed, three colonies
were randomly collected from each zone and returned to the laboratory. All
associated epifauna were identified using Griffiths (1976), Kensley (1978),
Samaai and Gibbons (2005), Schwindt et al. (2018), Conlan et al. (2021)
and Branch et al. (2022). In addition to the above surveys, subtidal artificial
habitats (i.e. houseboats in Kraalbaai (Area 13) and a shipwreck in Zone B
(Area 5)), were checked by two researchers for the presence of the bryozoan
while snorkelling.
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Figure 1. Map of the West Coast National Park (WCNP) showing Langebaan Lagoon Marine
Protected Area and the 15 areas searched for Amathia verticillata. Other locations mentioned in
the text are also indicated.

Results

Following the descriptions of Osburn and Soule (1953), Winston (2004)
and Vieira et al. (2014), the specimens found in Kraalbaai were identified as
Amathia verticillata (Figure 2B). The morphology of this species is distinct
from that of the three congeners previously reported from South Africa (i.e.
Amathia gracilis (Leidy, 1855), Amathia lendigera (Linnaeus, 1758) and
Amathia populea (d’'Hondt, 1983) (Boonzaaier 2017)) as none of these taxa
have zooecium in two rows along the stolon. Additionally, another important
diagnostic feature of A. verticillata is the presence of trifurcating branches.
Amathia verticillata was detected within nine of the fifteen sampled
areas, with a total of 2333 colonies recorded (Figure 3; Supplementary material
Table S1). The majority of colonies were recorded in areas ten (1021 colonies;
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Figure 2. (A) A colony of Amathia verticillata attached to the jetty at Kraalbaai where the
species was first detected in November 2023 (photo by Sarah Jane Ackland). (B) Some of the
defining taxonomic characters used to identify A. verticillata (photo by Tammy Robinson).
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Figure 3. The total number of Amathia verticillata colonies recorded from the intertidal and
subtidal zones in Langebaan Lagoon Marine Protected Area. Note: asterisks identify zones in which
single colonies were recorded, numbers next to bars indicate the number of colonies greater
than 0.2 m”and the illustration represents areas in which Zostera capensis meadows are present.

43.8%), eight (534 colonies; 22.9%) and eleven (491 colonies; 21%). These areas
are located in the restricted and sanctuary areas of the Langebaan Lagoon. A
total of 39 colonies were greater than 0.2 m” in size (Figure 4A). Overall, a
higher number of colonies were detected within the intertidal zone (72.3%)
than in the shallow subtidal (27.7%) (Figure 3). While some colonies were
attached to artificial structures, including the support beams of bird hides
and jetties, others were anchored into sand prawn (Kraussillichirus kraussi
(Stebbing, 1900)) holes and thus occurred on the sandflats (Figure 4B). Dense
subtidal populations were detected on the houseboats and the wreck. In both
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Figure 4. (A) A large colony of Amathia verticillata smothering Zosteria capensis seagrass at low tide. (photo by Alison Kock).
(B) A. verticillata colonies anchored to sand prawn (Kraussillichirus kraussi) holes (photo by Tammy Robinson).

Table 1. Epifaunal taxa detected on Amathia verticillata colonies within Langebaan Lagoon Marine Protected Area. For each
species, status (following Robinson et al. 2016; Robinson et al. 2020; Robinson unpublished data) and typical habitat are indicated
(rocky (R) and/or sandy shores (S) following Branch et al. (2022)).

Taxon Status Habitat Taxon Status Habitat
PORIFERA MOLLUSCA
Hymeniacidon perlevis Cryptogenic R Assiminea globulus Native S
CNIDARIA Burnupena lagenaria Native R
Actiniaria spp - R,S Carditella capensis Native S
NEMERTEA Clionella sinuata Native RS
Nemertea spp - R,S Crepidula porcellana Native R
ANNELIDA Dendrofissurella scutellum Native R,S
Platynereis spp - R,S Hydrobia spp Native S
ARTHROPODA Nassarius capensis Native R,S
Cymadusa filosa Native R Nassarius kraussianus Native S
Danielella edwardsii Native S Oxystele antoni Native R
Exosphaeroma kraussi Native R Tellimya trigona Native S
Exosphaeroma truncatitelson Native S Sepia spp eggs Native R,S
Hymenosoma orbiculare Native S ECHINODERMATA
Jassa slatteryi Invasive R Amphipholis squamata Native S
Mysid spp - S Parvulastra exigua Native R
Paridotea reticulata Native R CHORDATA
Pilumnus minutus Native R Ascidiacea spp 1 - R
BRYOZOA Ascidiacea spp 2 - R
Bugula neritina Invasive R Clinus heterodon Native R
Watersipora subtorquata Invasive R RHODOPHYTA

Ceramium atrorubescens Native R

instances, the percentage cover of the bryozoan exceeded 65% of the hard
substrate present. Additionally, colonies were found attached to algal wrack,
dead sponges, solitary ascidians (Pyura herdmani (Drasche, 1884)) and
fossilised oyster beds.

A total of 33 epifaunal species were recorded within the A. verticillata
colonies (Table 1). The majority of these were native taxa, with three alien
(i.e. the amphipod Jassa slatteryi (Conlan, 1990) and two bryozoans Bugula
neritina (Linnaeus, 1758) and Watersipora subtorquata (d’Orbigny, 1852))
and one cryptogenic (i.e. the sponge Hymeniacidon perlevis (Montagu,
1814)) species detected. Almost half of the species recorded typically occur
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on rocky shores and are thus not normally found on the sandflats of the lagoon.
The most abundant taxonomic groups found inhabiting A. verticillata were
amphipods and gastropods, accounting for 25% and 64% of all individuals
respectively. The specimens that could not be identified to species level
were all juveniles.

Discussion

The west coast is the most invaded region of the South African coastline
(Robinson et al. 2020), with the highest number of alien species known
from Saldanha Bay (Peters and Robinson 2018). This likely reflects the
confluence of many introduction pathways, including an international port, a
regional fishing harbour, multiple marinas and mariculture operations
(Haupt et al. 2010; Faulkner et al. 2017; Peters and Robinson 2017, 2018).
As such, it has been suggested that Saldanha Bay could seed alien species to
the surrounding areas, including Langebaan Lagoon and the West Coast
National Park (Peters and Robinson 2017). The detection of Amathia
verticillata takes the number of alien species known from this system to 29
(Mead et al. 2011; Robinson et al. 2016; Peters and Robinson 2018).
Amathia verticillata was found to be most abundant at the head of the tidal
lagoon and occurred in meadows of the endangered seagrass Zostera capensis.
Notably, this species provided a complex habitat for several rocky shore
species within a dominantly sandy environment, with three alien species
and one cryptogenic species associated with the bryozoan.

Amathia verticillata is likely to have arrived within Saldanha Bay via
biofouling and then spread via fragmentation. After the initial introduction
of A. verticillata, colonies were most likely dispersed short distances by drifting
as rafted masses (Winston 2004) or attached to floating debris (Farrapeira
2011). Amathia verticillata colonies were detected almost exclusively within
the southern portion of the lagoon (Areas 6 to 13), with a single detached
colony detected in area two. This localised distribution is likely driven by
flow regimes, in which strong tidal flow through the mouth of the lagoon
(Day 1959) carried A. verticillata larvae and/or fragments from the bay to
shallower areas at the head, where particles are deposited by reduced water
flow (Day 1959). Additionally, numerous large colonies were found
attached to the hulls of houseboats moored at Kraalbaai (Area 13) and a
shallow shipwreck (Area 5). Hard substrata like these and the wooden
support beams of bird hides may act as stepping stones for spread within
the lagoon by providing a permanent habitat in an otherwise unsuitable
environment (Bieler et al. 2017; de Oliveira Soares et al. 2020; Hoeksema et al.
2023). Reports of biofouling on environmental monitoring devices within
the lagoon (K. Hutchings pers. comm.) and the presence of A. verticillata in
the background of bird images taken from the Geelbek bird hide and
uploaded to the citizen science platform, iNaturalist (S.J. Ackland pers. obs.),
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suggest that A. verticillata has been present in the lagoon since at least
2021. Since then, this invader has become abundant at the head of the
lagoon, with most colonies unattached and drifting among Z. capensis
seagrass meadows or entangled in Spartina maritima (Curtis) cordgrass.

The epifauna collected from the stolonal matrices of A. verticillata colonies
revealed a diversity of associated fauna. This observation is consistent
with other studies that have found a range of macrofauna associated with
A. verticillata (e.g. Farrapeira 2011; Ferrario et al. 2014), including alien
invertebrates (Marchini et al. 2015; Guerra-Garcia et al. 2024). The presence
of A. verticillata within the lagoon may affect the structure of the communities
that naturally occur within the area by providing a complex habitat for
sessile benthic species that are generally not supported by the adjacent sandy
areas of the lagoon. The microhabitats within the stolon matrices of the
bryozoan could offer a substrate for settlement while providing protection
from predators and fluctuating environmental conditions (Zavacki et al.
2025). A similar outcome was recorded in the lagoon when the Mediterranean
mussel Mytilus galloprovincialis (Lamarck, 1819) invaded Centre Banks
(Robinson and Griffiths 2002) with the complex mussel matrix increasing
diversity and abundance of biota, primarily by offering a suitable substratum
for rocky shore species that do not normally occur on sandflats (Robinson
et al. 2007).

The overlapping distribution of A. verticillata and Z. capensis within
Langebaan Lagoon may be a cause for concern. Langebaan Lagoon is one
of the few sheltered areas on the South African coast that supports Z. capensis
(Adams 2016). This species is considered “Vulnerable” by the IUCN (Short
et al. 2010) but “Endangered” within South Africa (Adams and van der
Colff 2018). As such, there are active efforts to experiment with restoration
to conserve meadows in Langebaan Lagoon (Watson et al. 2023). This
seagrass is an important habitat for macrofauna (Barnes 2013; Lawrence
2024) and meaningfully contributes to blue carbon storage (Wasserman et al.
2023). Additionally, this macrophyte supports South Africa’s most endangered
marine mollusc, the pulmonated limpet Siphonaria compressa, which is
endemic to just two localities (i.e. Langebaan Lagoon and the Knysna Estuary
(Angel et al. 2006)). Amathia verticillata is known to occur in seagrass beds
in many invaded regions (e.g., Camps-Castella et al. 2020; El Zrelli et al.
2021; Kumar et al. 2022), with the species causing mass mortality by
shading and fouling meadows (Williams 2007). In this study, A. verticillata
was found in two of the five main seagrass meadows, raising concerns
about the potential impacts on the limpet and seagrass. Especially worrisome
was numerous large (+ 2 m long) colonies in the meadow in Area 8. It should
be noted that the largest seagrass meadow within the lagoon (i.e. Centre
Banks) was not sampled in this study. While greater water flow in this area,
when compared to the meadows at the head of the lagoon (Day 1959), may

Ackland et al. (2025), Biolnvasions Records 14(1): 183—196, https://doi.org/10.3391/bir.2025.14.1.15 190


https://doi.org/10.3391/bir.2025.14.1.15
https://www.invasivesnet.org

)

&

INVASIVESHET

Amathia verticillata in South Africa

prevent the accumulation of A. verticillata on Centre Banks, future work
should consider the distribution of A. verticillata within this seagrass meadow
and assess the implications for Z. capensis.

The growth and sexual reproduction of A. verticillata has been linked to
temperature (Bullivant 1968), with abundance following a clear seasonal
pattern in many invaded regions (e.g. Winston 1995; Coleman 1999; Micael et
al. 2018; Guerra-Garcia et al. 2024; Zavacki et al. 2025). Amathia verticillata
has been reported to reach maximum biomass during the warmest months
of the year. For example, in Mission Bay, USA, cover of this bryozoan is
known to increase rapidly from ~ 20% to greater than 80% in less than a
month during summer (Zavacki et al. 2025). As temperature declines in
autumn, this species begins to enter a senescence period (Guerra-Garcia et
al. 2024), during which branches fall off and biomass declines (Micael et al.
2018). In winter, a complete absence of the species has been noted in some
regions (e.g. Guerra-Garcia et al. 2024; Zavacki et al. 2025), while sexually
reproducing colonies have still been found in others (Micael et al. 2018).
The cycle completes when temperatures rise in the spring and biomass
increases (Zavacki et al. 2025). While the mechanism behind the apparent
disappearance and the reemergence of A. verticillata in some regions remains
unknown, it has been suggested that the benthos may act as a repository for
A. verticillata, allowing the species to survive and resettle once temperatures
begin to rise (Zavacki et al. 2025).

Given the variability in the temporal abundance of this species in its
invaded range, together with a lack of understanding of how it might affect
vulnerable species, there is a need to quantify these aspects in the context
of Langebaan Lagoon. To achieve this, it is recommended that seasonal
monitoring of A. verticillata be instituted to assess abundance; colony
characteristics that might provide insight into variability in abundance (e.g.
size and biomass, strength of branches, presence of reproductive ovicells,
changes in colouration); and environmental conditions that may drive
temporal abundance patterns (e.g. temperature and salinity (Guerra-Garcia et
al. 2024; Zavacki et al. 2025)). This monitoring should be prioritised in key
seagrass meadows such as Geelbek and Centre Banks, given the importance of
preserving these habitats (Barnes 2013; Wasserman et al. 2023; Lawrence
2024). Additionally, the potential impacts of A. verticillata on Z. capensis
and the abundance of the endemic and endangered S. compressa should be
assessed. This information can then be used to inform evidence-based
management of A. verticillata within Langebaan Lagoon MPA. Eradication
of marine invasive species is seldom feasible (Roy et al. 2024) and not a viable
option for managing A. verticillata in Langebaan Lagoon. However, impacts
of A. verticillata could be mitigated if removal strategies are implemented
around target areas and seasons to suppress the population. For example, if
abundance is found to vary seasonally as in other locations (Guerra-Garcia
et al. 2024; Zavacki et al. 2025) and large mats are found to smother seagrass
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beds in late summer, a feasible approach may be simply to remove the large
mats from meadows at this time of the year and institute no interventions
through the rest of the year when the risk of smothering is reduced.

Potential secondary dispersal of A. verticillata from Langebaan Lagoon to
other suitable areas along the South African coast via fouling on small
vessels (Ulman et al. 2019; Ashton et al. 2022), commercial fishing gear
(Jebakumar et al. 2017), drifting (Marchini et al. 2015) or floating debris
(Farrapeira 2011; Garcia-Gémez et al. 2021) is a cause for concern. Given
that successful eradication is unlikely once A. verticillata is established (Amat
and Tempera 2009; McCann et al. 2015), it is important that management
authorities evaluate and refine guidelines for vessels moving in and out of
the lagoon (e.g. visiting yachts and houseboats) and for activities like hull
cleaning within the MPA. Additionally, locations within the region of Saldanha
Bay that may offer suitable habitat for A. verticillata, especially those with
seagrass (e.g. Berg River Estuary and Olifants River Estuary (Adams
2016)), should be closely monitored to allow for early detection and rapid
response to A. verticillata before it becomes established (Reaser et al. 2020).
In order to facilitate such monitoring, it is paramount that regional rangers
are trained to identify A. verticillata.

To ensure a coordinated response to the discovery of this species, it is
crucial to communicate with government agencies, local communities (such
as fishing and aquaculture groups), and other stakeholders (like yacht clubs
and research institutes) using established working groups and coastal
committees. This will facilitate the flow of information about measures aiming
to prevent spread and new detections. This is particularly important as
A. verticillata poses a threat not only to the MPA, but also to local industries
in Saldanha Bay, including aquaculture and shipping.

This study documents the first occurrence of A. verticillata in South
Africa, providing foundational knowledge on this globally invasive species
within Langebaan Lagoon MPA. Considering the high abundance and wide
distribution of this bryozoan within the lagoon, together with the likelihood of
the species being present within the greater Saldanha Bay system, eradication
is unfeasible. Nonetheless, monitoring locations that may be vulnerable to
secondary spread coupled with rapid response to new detections will likely
offer the most effective approach to preventing spread and ultimately
minimising impacts on native taxa.
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