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Abstract

The porcelain crab Porcellana africana Chace, 1956, a species native to NW Africa, between Western Sahara and Senegal, is
reported from Saldanha Bay, South Africa, and both morphological evidence and DNA analysis are used to confirm its
identity. The taxonomic history of P. africana is summarized, and the taxonomic implications of the DNA analysis are
discussed. The observations that the South African population appeared suddenly and that it is located in and around a major
international harbour, strongly suggest that it represents a recent shipping introduction. Porcellana africana was first detected
at a single site within Saldanha Bay in 2012, but by 2016 was abundant under intertidal boulders and within beds of the
invasive mussel Mytilus galloprovincialis across most of the Bay. It remains absent along the adjacent oceanic coastline and

in other regional harbours, but these should be monitored to detect any subsequent range expansion.
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Introduction

Several fairly recent reviews have outlined the history
of marine bioinvasions in South Africa (Griffiths et
al. 2009), or have listed the introduced marine species
reported from the region and discussed various
aspects of their status, distribution patterns, areas of
origin, and/or possible impacts (Mead et al. 20113, b;
Robinson et al. 2016). The most recent regional
listing by Robinson et al. (2016) recognises 53 marine
species as invasive (those that have spread signifi-
cantly from their initial points of introduction), plus
36 additional species as alien (those that have not yet
spread significantly). Three decapod crustaceans are
among the listed introductions. Two of these are
considered invasive, these being the European shore
crab Carcinus maenas (Linnaeus, 1758), which has

spread between (but remains almost entirely confined
to) two harbours in the Cape Town area (Hampton
and Griffiths 2007; Mabin et al. 2017) and the pea
crab Pinnixa occidentalis Rathbun, 1894, which is
spreading within the Saldanha Bay system (Clark
and Griffiths 2012). The third introduced decapod,
the furrowed crab Xantho hydrophilus (Herbst, 1790)
(reported as X. incisus), is categorised as alien, as it
is known only from a single record within an
onshore oyster culture facility at Kleinsee, on the
Atlantic coastline of the Northern Cape province
(Haupt et al. 2010).

Prior to this study, the only anomuran crustacean
reported as introduced in South Africa was a checklist
entry by Emmerson (2016: 446) of the European
porcelain crab Porcellana platycheles (Pennant, 1777),
which he listed, without further comment, as a “new
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invasive alien”. Emmerson’s report was in fact based
on specimens collected by one of us (GMB) from
Saldanha Bay in 2012 (as detailed further below).
Based on this same record, and on early drafts of this
paper, the species is also reported, now correctly as
P. africana (Chace, 1956), in the most recent edition
of a regional field guide (Branch et al. 2016), but again
without supporting evidence. Subsequent surveys of
Saldanha Bay have revealed that this population is
now abundant and well established. The aim of this
paper is thus to report in more detail on the true
identity and likely origins of this non-native porcelain
crab, and to benchmark the current distribution,
density and structure of the introduced population in
South Africa.

Taxonomic background

Prior to the discovery documented here, only five
other species from the family Porcellanidae had been
reported in South Africa (Emmerson 2016), but most
of these have subtropical distributions and only one,
Pisidia streptocheles (Stimpson, 1858), is known
from temperate regions of the country, including the
cool-temperate west coast (see Barnard 1950; Kensley
1981, both as Porcellana streptocheles). Pisidia
streptocheles is, however, unlikely to be confused
with species in the genus Porcellana, as its body is
not pubescent, the chelae are not strongly flattened,
and the inner apex of the merus is produced into a
distinctive, strong, squarely-truncated tooth.

The porcelain crab, Porcellana platycheles is a
small, pubescent anomuran with large, flattened
chelae and is usually found clinging to the underside
of rocks in the intertidal zone. Its range has
historically been considered to include the European
Atlantic shores and Mediterranean Sea, with an
extralimital occurrence in the Canary Islands (e.g.,
Bouvier 1940 and references therein). Chace (1956),
however, subdivided P. platycheles into two subspe-
cies, a northern subspecies P. platycheles platycheles,
distributed on the European coasts and the Canary
Islands, and a new, southern subspecies, which he
described as P. p. africana, and which was distributed
intertidally to a depth of 22 m along the coast of
northwestern Africa, from Western Sahara to
Senegal. Chace examined only two specimens of
what he considered P. p. platycheles from the Canary
Islands. Chace (1956: 24-30, Figure 7) differentiated
the two subspecies primarily based upon the presence
of three distinct spines on the outer margin of the
carpus (in addition to a distal spine) of the major
cheliped in P. p. platycheles, whereas no such spines
(other than the outer distal spine) were present on the
outer margin of the carpus in P. p. africana. He also
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noted that the southern subspecies was less spinose
and more tuberculate and rugose beneath the hairy
covering than was the northern subspecies. Chace’s
southern subspecies has not been reported since his
original description. The subspecific division of
P. platycheles, however, has seldom been used, as
most taxonomic and other works continued to report
the European and Mediterranean taxon using the
specific rank, P. platycheles (e.g., Zariquiey 1968;
Davenport 1972; Tirkay et al. 1987; Garcia-Raso
1990; Hayward and Ryland 1990; Lépez de la Rosa
and Garcia Raso 1992; Gonzélez-Gordillo et al. 1996).
Even reports of new specimens from the Canary
Islands used that same species rank (Fransen 1991;
Gonzélez Pérez 1995). It was d’Udekem d’Acoz (1999)
who considered the two subspecies of P. platycheles
proposed by Chace (1956) to be sufficiently distinct to
justify elevating them to specific rank, and that ranking
has been accepted since (Osawa and McLaughlin 2010;
WOoRMS Editorial Board 2017). A single specimen
described from the coast of Brazil, as P. paivacarvalhoi
Rodrigues da Costa, 1968, was also considered by
Veloso and Melo (1993) and subsequent Brazilian
catalogues (Young 1998; Melo 1999) as a junior
synonym of P. platycheles. However, Rodriguez et
al. (2005) questioned the single Brazilian record of
this European species from the western Atlantic, and
thus excluded it as a component of the porcellanid
fauna from that region. This record might, however,
represent another introduction and merits further inves-
tigation. In summary, it seems that both P. platycheles
and P. africana should be considered as valid species
and we treat them as such in this paper.

Methods

Identification and DNA analyses

Two males and two female specimens collected in
Saldanha Bay were preserved in ethanol and sent to
one of us (RL) for more thorough identification and
comparison with paratypes of P. platycheles africana
(Figure 1), and these have been deposited in the
National Museum of Natural History, Smithsonian
Institution, Washington DC, USA (USNM 1292094).
Two additional specimens were also sent to CDS
and KE at the University of Regensburg, Germany,
where they were sequenced and compared with
samples of P. platycheles from both the Mediterranean
Sea and the European coast of the Northern Atlantic.

The sequenced samples have been deposited in
the Senckenberg Museum, Frankfurt under catalogue
number SMF-50858. Representative samples of the
material collected in Saldanha Bay have also been
deposited in the 1ziko South African Museum, Cape
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[EIMEENE Left: dorsal and ventral views of male paratype of Porcellana platycheles africana (partially denuded), carapace
width 8.9 mm, Western Sahara, collected 2 Nov 1935, USNM 98968. Right: dorsal and ventral views of male specimens 8 mm
carapace width, collected from Saldanha Bay, May 2016. Photo by ?

Table 1. Data for specimens of Porcellana platycheles and P. africana used for genetic analysis.

Locality/species

Specimens examined

Geographic coordinates Collection date

P. platycheles Spain, Alicante 16
Turkey, lzmir 10
France, Normandy 11
P. africana Spain, Gran Canaria 18
Saldanha Bay, South Africa 2

38.686389; 0.1475 2011 and 2015
38.328611; 26.295694 2015
48.910167; —1.570367 2012

27,907, —15,38 2015

33.61962; 18.15709 2016

Town, South Africa (SAMC) under catalogue numbers
MB-A067556 (preliminary August 2015 sample) and
MB-A067557-60 (main May 2016 survey samples).
DNA analyses were undertaken for material listed
in Table 1. DNA-extraction was performed with a
Puregene Kit (Gentra Systems: Minneapolis, MN55447,
USA), using muscle tissue from walking legs or chelae.
The selective amplification of an approximately 850
basepair fragment from the cytochrome oxidase
subunit I (COI) gene was carried out by polymerase
chain reaction (PCR) (40 cycles; 45 s 95 °C / 60-90 s
45-48 °C / 90 s 72 °C; denaturing/annealing/extension

temperatures) with the forward-degenerate primer
COLG6b (Schubart and Huber 2006; ACAAATCATAA
AGATATYGG) and the reverse degenerate primers
COH1b (Schubart 2009; TGTATARGCRTCTGG
RTARTC) or COH3 (Reuschel and Schubart 2006;
AATCARTGDGCAATWCCRSCRAAAT). DNA
sequencing was carried out as EZ-sequencing by
Macrogen Europe, Inc. (The Netherlands). Sequences
were edited manually with the program Chromas
Lite Version 2.1.1 (Technelysium Pty Ltd) and aligned
without gaps in BioEdit version 7.2.5 (Hall 1999).
Haplotype networks were created with the TCS-



method (Clement et al. 2002) and saved as graphics
with the program PopART (Leigh and Bryant 2015).
Accession numbers for these samples are GenBank
MHO045618-MH045674.

Distribution, density and population structure

The distribution pattern, abundance and sex and size
distributions of the intertidal P. africana population
in Saldanda Bay were assessed based on a suite of
intertidal samples collected between May and July
2016, following the methods detailed by Robinson et
al. (2004), who surveyed this same area for alien
species in 2003. In summary, the coastline of Saldanda
Bay and Langebaan Lagoon was divided into 2-km
sections and one intertidal transect was carried out
randomly within those sections that contained suitable
rocky shore habitat and that could be accessed.
Many of the 2-km sections within the Langebaan
Lagoon section consist exclusively of soft mud,
which is not a suitable habitat for P. africana, and
these sites were not surveyed, while a few sections
could not be sampled, as they house military or port
facilities to which we were denied security access.

To assess whether P. africana was present at
other sites in the region, additional surveys were
carried out at nearby locations on the open coast
outside the Bay, as well as around the Cape Peninsula,
about 100 km to the south, and in Table Bay Harbour,
Cape Town, which is the closest other major interna-
tional harbour.

Surveys were conducted at Low Water of Spring
Tides (LWS). At each transect site the intertidal zone
between the drift-line and LWS was divided into
20-cm height strata and, if present, any boulders within
an area of 1 m? were turned over and inspected for
porcelain crabs. If there were no boulders, three 0.1 m?
quadrats were placed on the rock and any attached
fauna (principally mussels and barnacles) that could
be concealing crabs was scraped off and searched.
All porcelain crabs found were placed in labelled
jars and subsequently counted, sexed (on the basis of
pleopod structure and position), and their carapace
widths measured using Vernier callipers. Based on
the width of each intertidal stratum in metres, we
subsequently calculated the total numbers of porcelain
crabs per linear metre of rocky shoreline within each
coastal section.

Results

Identification and origin

Figure 1 shows a male specimen of Porcellana africana
from Saldanha Bay alongside a largely denuded
paratype of Chace’s (1956) P. platycheles africana.
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A comparison of our specimens from Saldanha Bay
and the Canary Islands with Chace’s (1956) paratypes
of P. p. africana, showed that they agree morpholo-
gically and thus we believe represent what is currently
considered a full species, P. africana.

Identification based on morphological characteristics
was supported by genetic evidence. A TCS network
based on an 850 bp long alignment (Figure 2) shows
the two South African individuals (green) examined
as fitting most closely to those from the Canary
Islands (white), and differing considerably from
individuals of P. platycheles from the Mediterranean
Sea and the European coast of the Northern Atlantic
(red, blue and yellow). This supports the morpho-
logical comparisons and suggests that the specimens
from South Africa and the Canary Islands both
represent P. africana, while the other specimens in the
network from Europe, including the Mediterranean
Sea, correspond to P. platycheles. The large number
of mutational steps between the two validates their
distinction as separate species.

Distribution, density and population structure

Porcellana africana specimens were found at eight
sites around the perimeter of Saldanha Bay (Figure 3),
but were absent from Langebaan Lagoon, most
likely due to lack of suitable rocky shore habitat in
this sheltered, muddy lagoon. The sites where
populations were established were distributed around
the northern, eastern and western shores of the Bay,
but excluded the site closest to the mouth of the Bay
and that furthest into the Lagoon, although both of
these sites appeared to contain ample suitable
boulder habitat. Populations were present not only
on boulder shores, where the crabs congregated
under loose rocks, but also in areas where the shore
comprised large, smooth granite boulders and
platforms devoid of loose rocks. There the crabs
were found sheltering within dense beds of the
introduced mussel Mytilus galloprovincialis, which
is abundant on rocky shores throughout this region
(Robinson et al. 2004) and greatly increase habitat
complexity, providing habitat for multiple species
(Sadchatheeswaran et al. 2015).

Additional surveys were undertaken on the open
coast at Tsaarsbank, just to the south of Saldanha
Bay and at Jacob’s Bay and Paternoster, about 10 and
25 km north of the entrance to the Bay respectively,
but no Porcellana specimens were found at any of
these sites, nor were any seen during numerous
recent collecting trips by CLG to the open coastlines
of Table Bay and False Bay, or along the shores of
the Cape Peninsula, some 100 km to the south, nor
in Table Bay Harbour.
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Figure 2. COIl haplotype network based on an 850 bp alignment, highlighting that specimens from Saldanha Bay (South Africa, green dots)
correspond most closely to specimens of P. africana from the Canary Islands (white dots) rather than to P. platycheles from Turkey and the
European mainland. Black dots symbolize mutational steps in undetected haplotypes. Numbers in brackets indicate numbers of mutational
steps between specimens from South Africa and the Canary Islands, and those from the European mainland.

The size composition of the sample of 100
individuals at Schaapen Island in 2012 was bimodal,
with a large peak at 3 mm and a much smaller one at
10 mm and a full range of size classes present, the
smallest being 1 mm carapace width, and the largest
a single exceptionally large male of 14 mm. Of the
total of 223 individuals collected in 2016, 110 were
males and 113 were females, giving a sex ratio of 1:1.
The size distribution of the sampled population
(Figure 4) was unimodal and showed males to be on
average about 1 mm larger than females, the largest
male being 10 mm and the largest female 9 mm. The
most abundant size classes were 6—7 mm for males
and 5-6 mm for females. Only three of the sampled
females (of 6, 7 and 7 mm carapace width respectively)
were ovigerous at the time of sampling.

Extrapolating from the densities in these sub-
samples, total population densities on rocky shores
within Saldanha Bay in 2016 were estimated as ranging
from 15 to as many as 976 crabs per linear metre of
rocky shoreline. In terms of intertidal distribution,
crabs were widely distributed across the intertidal
zone from 20 cm below LWS (the lowest level

sampled) to 60-80 cm above LWS, approximately
representing mid-tide level. Maximum densities
occurred in the zone 20-40 cm above LWS and
dropped evenly both above and below this zone.

Discussion

Identification, origin, and taxonomic implications

The genetic evidence presented in this study clearly
points to the existence of two distinct species, P. platy-
cheles and P. africana. The morphological evidence,
although valid, is less conclusive, as considerable
variation and overlap is now known to occur in the
characters proposed by Chace (1956) to separate the
two taxa. In fact, Chace’s report of P. platycheles (as
subspecies P. p. platycheles) from the Canary Islands
needs reevaluation in light of our finding that the
specimens analysed herein from the Canary Islands
are genetically different from European and Medi-
terranean specimens, and instead are conspecific with
the South African specimens of P. africana from
Saldanha Bay. The fact that the South African



Figure 3. Saldanha Bay and Langebaan
Lagoon with coastline divided into 2-km
sections assessed for Porcellana africana
abundance. Sections marked with a dash
contained no suitable rocky substrata. Those
with numbers indicate average densities of

P. africana per linear m rocky shoreline. Those
marked X are security areas to which we were
unable to gain access.
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specimens differ by several mutational steps from
the Canary Island specimens also suggests that the
source population for the South African invasion may
have originated from another (unsampled) location,
possibly on the west African mainland, or that we
missed populations in our sampling of the genetically
diverse Canary lIslands that are more genetically
similar to the individuals we detected in South
Africa.

Since the marine fauna of West Africa remains
very poorly sampled, it could be argued that the
arrival of P. africana in South Africa might represents
a natural range extension of a widespread tropical
African population. However, this seems highly
unlikely, as (a) this would represent a range expansion
of some 6,300 km from the nearest known popu-
lations, (b) the species has not been detected during
other rocky intertidal surveys along the coasts of
southern Angola (Kensley and Penrith 1973), Namibia
(Penrith and Kensley 1970a, b), or along the west
coast of South Africa (e.g. Hammond and Griffiths
2006; Robinson et al. 2007; Tucker et al. 2017), and
(c) the current records are restricted to a major
international bulk cargo port. Saldanha Bay is also
home to numerous other marine invasive species
(Robinson et al. 2004; Mead et al. 2011a, b),
including the brachyuran crab Pinnixa occidentalis,
recently recorded as being introduced to just this one
bay (Clark and Griffiths 2012).

The most probable mode of introduction of
P. africana seems to be shipping, in particular
introduction of larvae via ballast water, or of adults
in niche areas on the hulls of vessels, as the
introduction site is a major international harbour,
frequented mostly by bulk carriers. These vessels
were reported to discharge nearly 20 million tonnes
of ballast water into the harbour between January
1999 and June 2002 (Awad et al. 2003). The dischar-
ging vessels at that time originated from no less than
131 source ports, the largest nhumber of these being
in Europe and Asia, but including Las Palmas
(Canary Islands) and several ports in West Africa
(Awad et al. 2003), one of more of which could have
served as source for this species.

The date of introduction of P. africana can also
be estimated, based on the date of first discovery and
that of earlier surveys. The first specimens were
collected in South Africa by one of us (GMB) on
Schaapen Island, Saldanha Bay in April 2012. At
that time the population was already well established
(n = 100 were collected) and comprised animals of a
range of sizes up to 14 mm carapace width, indi-
cating that the population must have been extant for
at least 2-3 years. Prior to that sample, a previous

survey of alien marine species of Saldanha Bay had
been undertaken by Robinson et al. (2004). They
sampled intertidal sites all around the Bay during
2003 and it would have been most unlikely that they
would have failed to detect this unusual and easily
recognised species, had it been present at that time.
The date of first successful establishment can thus be
confidently estimated as being between 2003 and 2009.

Local distribution, density and population structure

Although Porcellana africana was first found in the
study area in 2012, no attempt to quantify density or
distributional range was made until 2016. By that
time the species was found living in considerable
densities of up to nearly 1000 individuals per linear
metre of shore on suitable sites around Saldanha Bay
(the equivalent of > 100 per m? at some sites).
Interestingly though, it was absent nearest the mouth
of the Bay and at sites along the open coastline both
north and south of the Bay (Figure 3). Neither has it
been been recorded in recent surveys of invasive
species in other harbours around the region (Peters et
al. 2014), nor in recent surveys of boulder shores
(their favoured habitat) undertaken by Tucker et al.
(2017) at several sites along the SW coastline of
South Africa. Also none were seen on the open
coastline during recent (2016-2018) survey work at
numerous sites in both False Bay and Table Bay
(CLG, pers. obs.). We thus deduce that this invasive
species is currently restricted to Saldanha Bay.

Measures of population density and of size
structure indicate that the invasion is well estab-
lished, comprising a dense population containing a
full range of size-classes. In addition, the occurrence
of many individuals in the size class 1-2 mm and the
bimodality of samples taken at Schaapen Island in
2012 suggest that reproduction and recruitment was
already taking place in the area at that date. By 2016,
this species had become one of the more abundant
and conspicuous intertidal crustaceans in Saldanha
Bay. We did not extend our survey significantly into
the subtidal, for logistical reasons, but consider
P. africana to be primarily intertidal, although the
known depth range extends to 22 m (Chace 1956).
According to field guides, the ecologically equi-
valent European species, P. platycheles, is also
“primarily intertidal” (e.g. Gibson et al. 2001). Our
own observations for P. africana in Saldanha Bay
and from the Canary Islands confirm this, and show
maximum densities to occur 20—40 cm above LWS
with a sharp decline in densities occurring at the
lowest level sampled, which was from LWS to 20 cm
below LWS.



This is the first recorded occurrence of an
invasive porcelain crab in South Africa (Robinson et
al. 2016), and indeed, this group is poorly represented
among the numerous marine crustaceans reported as
being alien or invasive globally (Galil et al. 2011).
The only porcelain crabs we are aware of as being
invasive are Petrolisthes elongatus in Australia and
P. armatus (Gibbes, 1850) in the southeastern USA.

Petrolisthes elongatus (Milne-Edwards, 1837) is
native to New Zealand, but has been introduced to
Tasmania and Victoria, Australia, where it occurs
under stones in the low intertidal and on shallow
reefs. Little appears to be known about the impacts
of this invasion, although invasive populations attain
higher abundances in the mid-low intertidal, and
attain higher male (but not female) biomass than that
reported in the native range (Gribben et al. 2013).

Petrolisthes armatus appears to have a broad
native range in both tropical Atlantic and Pacific
Oceans (Hiller and Lessios 2017), but has recently
expanded into Georgia and South Carolina, where it
has become extremely abundant, reaching densities
of 4000-11000 crabs m? in some locations
(Hollebone and Hay 2007). At these high densities,
both mesocosm and field experiments have shown
that the species can have numerous ecological
impacts, including supressing the growth of small
oysters, the biomass of benthic microalgae and
recruitment of mud crabs (Hollebone and Hay 2008).
It also has a variety of impacts on trophic rela-
tionships, including acting as prey for native crabs
(Wassick et al. 2017).

Ecological impacts of the invasion of Porcellana
africana in Saldanha Bay, South Africa, as reported
here, remain unquantified. This species is a cryptic
filter feeder that may also pick up detrital particles
(Stevcic 1988) and it thus seems unlikely that the
current population would have dramatic impacts on
other benthic invertebrates, or in terms of forming a
major prey item for predatory fish. However, the
current density remains more than an order of
magnitude lower than that reported for invasive
Petrolisthes armatus in the southern USA (Hollebone
and Hay 2007), and may thus still be well below
saturation level. The population should thus be
monitored to assess whether it is increasing in
density, as well as to determine whether the species
expands onto the open coastline, or colonises other
suitable harbours in the region. Experimental studies
could also be undertaken to determine its impacts on
other invertebrates with which it shares habitat, and
stomach contents analysis could determine whether
it is being consumed by predators such as intertidal
fish or shore birds.

C.L. Griffiths et al.
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