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Abstract — The marine macroalgae of Madagascar have been poorly studied, probably due
to difficulties in accessing most of the 4,828 kms of coastline spreading across more than 14°
of latitude. Recent collecting trips in the southern and northern sections of the island
provided large collections to contribute towards a better knowledge of the marine
macrophyte diversity of Madagascar. The present study focuses on the brown macroalgal
genus Sargassum. Based on morphological and molecular analyses of the nuclear ITS2,
chloroplastic partial RuBisCO operon and mitochondrial cox3 and 23S, we delineated a
total of 11 taxa including seven new records (*) for Madagascar and an unidentified taxon:
S. elegans*, S. ilicifolium, S. ilicifolium var. acaraeocarpum*, S. incisifolium, S. cf. latifolium,
S. obovatum¥*, S. polycystum, S. portierianum?®, S. robillardii*, S. swartzii* and S. sp In
addition, nine taxa listed in the literature were not found during these recent collecting trips,
implying a possible full list of 20 Sargassum species for Madagascar. More collections are
required for a comprehensive revision of the Sargassum diversity of the island, particularly
along its west and east coasts.

Cox3 / diversity / Indian Ocean / ITS-2 / mt23S / phylogeny / RuBisCO / seaweeds /
systematics

Résumé — Les macroalgues marines de Madagascar ont été peu étudiées, probablement due
a la difficulté d’acces de la majorité des 4828 kms de cotes qui s’étendent sur plus de 14°
de latitude. De récentes campagnes d’échantillonnage, menées dans les régions Sud et Nord
de T'ile, ont permis de constituer d’importantes collections dans le but de contribuer a la
connaissance de la Flore marine de Madagascar. Notre étude s’est concentrée sur I’analyse
du genre d’algues brunes Sargassum. L’analyse combinée de la morphologie et de quatre
marqueurs moléculaires, (ITS2, opéron RuBisCO partiel, cox3 et mt23S), a permis
I'identification de 11 taxons dont sept sont nouveaux pour Madagascar (*) et un reste sans
nom: S. elegans* S. ilicifolium, S. ilicifolium var. acaraeocarpum*, S. incisifolium,
S. cf. latifolium, S. obovatum*, S. polycystum, S. portierianum¥*, S. robillardii*, S. swartzii*
et S. sp.*. Neuf taxons supplémentaires sont recensés dans la littérature disponible pour
Madagascar mais n’ont pas été re-collectés lors des campagnes d’échantillonnage récentes,
en conséquence la liste complete des Sargasses de Madagascar compte un total de
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20 especes. Des collections supplémentaires, en particulier le long des cotes Est et Ouest de
Madagascar sont nécessaires afin de finaliser la réévaluation de la diversité du genre
Sargassum a Madagascar.

Cox3 / diversité / Océan Indien / ITS-2 / mt23S / phylogénie / RuBisCO / algues marines /
systématique

INTRODUCTION

Madagascar is the largest island state in the Indian Ocean. It spreads
across 14° of latitude, with a coastline that is 4,828 kms long (http:/
world.bymap.org/Coastlines.html) and represents more than a third of the total
length of the East African coast from the tip of Somalia down to the Cape of
Good Hope. From a biogeographical perspective, Madagascar is a very interesting
region in the Indian Ocean. To the west, the Mozambique Channel is
characterised by strong currents and eddies that create turbulent and specific
circulation patterns (Quartly & Srokosz, 2004; Halo et al., 2014; Hancke et al.,
2014). These result in unique patterns of distribution and connectivity over the
whole latitudinal gradient of the west of the island, and between adjacent coasts
and islands (Forbes et al., 1999; Gopal et al., 2006; Braby, 2014; José et al., 2014;
Marsac et al., 2014). A global study that selected the 200 World’s ecosystems most
important for conservation placed the ‘Western Madagascar marine ecosystems’
among the 23 “coral reef and associated marine ecosystem regions” chosen (Olson
& Dinerstein, 1998). The Marine Ecosystems of the World system (MEOW:
Spalding et al., 2007) recognises two distinct marine ecoregions in Madagascar.
Coasts in the northern Mozambique Channel (within the Western and Northern
Madagascar Ecoregion) support a high diversity of corals (Obura 2012). On the
other hand, in the southern Mozambique Channel (including southern
Madagascar) there is higher productivity due to eddy-shelf interactions and
upwelling from the South Madagascar Plateau, resulting in a transition to colder/
higher nutrient fauna and habitats, and lower coral diversity (Obura, 2012).

The marine Flora of Madagascar is probably one of the poorest
documented in the Western Indian Ocean. A search on Algaebase.org (Guiry &
Guiry, 2014) returned a list of only 339 marine macrophytes which is considerably
fewer than states with smaller coastlines in the region (e.g Seychelles: 431 spp.,
Mauritius: 435 spp., Tanzania: 506 spp., Kwazulu Natal, South Africa: 508 spp.;
Bolton et al., 2012; Guiry & Guiry, 2014). The low number of taxa recorded for
Madagascar is most probably due to the inaccessibility of most of the island’s
coastline.

Few recent expeditions have aimed at making an inventory of marine
macrophytes from various sections of the coastline. The largest collection was
obtained in 2010 from the “Atimo Vatae” expedition to the south of the island.
A second smaller expedition, focussed on marine macrophytes, was carried out in
2012 in the northern part of the island. Further specimens were obtained during
sampling around Fort Dauphin in the south-east of Madagascar in 2013.

The present study focused on specimens of the brown algal genus

Sargassum C. Agardh, that were collected during the expeditions mentioned
above.
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The genus Sargassum is ecologically significant in many regions of the
world (Phillips, 1995), providing shelter and a nursery for numerous marine
species, including commercial fish (Tanaka & Leite, 2003; Aburto-Oropeza et al.,
2007). However, it is taxonomically very complex and in great need of revision
(Mattio & Payri, 2011). This is particularly true in the South-West Indian Ocean
region where the genus has been reassessed only for the Mascarene Islands and
South Africa (Mattio et al., 2013, 2015). A number of studies have demonstrated
the need for an integrated approach, combining morphological and molecular
analyses for species identification in Sargassum (Mattio & Payri, 2010, 2011;
Camacho et al., 2015). Analyses using a range of molecular markers have not been
able to separate closely related taxonomic units belonging to some of the sections
of the genus (e.g. Mattio et al., 2009; Cho et al., 2012; Camacho et al., 2015). The
combination of the nuclear ITS2, chloroplastic partial RuBisCo and mitochondrial
cox3 and 23S, however, remains the mostly widely used to-date and therefore
provides the best comparative dataset (Mattio et al., 2013).

The principal aim of this study was to assess the Sargassum diversity from
recent field collections and contribute towards the revision of the 13 current
Sargassum epithets recorded in the literature available for Madagascar. To do this
we used a combined analysis of morphological characters and the four DNA
markers listed above. We also compare the Sargassum flora of Madagascar with
that of neighbouring regions in the southwest Indian Ocean, and discuss patterns
in its biogeographical distribution.

MATERIALS AND METHODS

Study sites and specimen collection

The specimens used in this study were collected during three different
sampling trips. The largest collection (a total of 24 Sargassum sampled from 12
localities) was obtained from the 2010 Afimo Vatae expedition to southern
Madagascar, a joint initiative of the Muséum National d’Histoire Naturelle
(MNHN, France) and Pro-Natura International (PNI). A second smaller
expedition, focusing on marine macrophytes, was carried out in 2012 in the
northern part of the island as part of a collaboration between L. Scott (ASCLME-
IRD, South Africa), L. Mattio (UCT, South Africa) and F.X. Mayer (CetaMada,
Madagascar). A total of 12 Sargassum samples were collected from eight sites
spread between the Island of Sainte Marie in the north-east, Diego Suarez at the
northern-most tip, and the island of Nosy Be, Marovasa Be and Majunga in the
north-west. A third sampling trip in 2013 (K. Sink, SANBI, South Africa)
provided seven more samples collected from five sites around Fort Dauphin,
south-east Madagascar. Sampling localities are detailed in Table 1. All samples
were pressed as herbarium voucher specimens (except as indicated in Table 1)
and subsamples were preserved in silica gel for later molecular analyses (Chase &
Hills, 1991).
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Morphological analyses

Morphological analyses were performed on dried specimens and/or
photographs of fresh specimens. All morphological features were thoroughly
examined, including holdfasts, axes, leaves (or fronds), vesicles and receptacles
(Yoshida, 1983; Mattio & Payri, 2011). Groups of specimens representing a
morphological continuum were considered as a single morphotaxon as previously
described by Mattio et al. (2013).

DNA processing and phylogenetic analyses

Silica gel samples were processed partly at the Central Analytical
Facility, DNA sequencer, Stellenbosch University (South Africa) and partly in the
systematics laboratory in the Department of Biological Sciences, University of
Cape Town (South Africa) The nuclear ITS-2 (Internal Transcribed Spacer 2),
chloroplastic partial RuBisCO operon, mitochondrial cox3 (Cytochrome c
Oxydase subunit 3) and mt23S (mitochondrial ribosomal DNA 23S subunit)
regions were PCR amplified using primers listed in Mattio et al. (2013).
Purification and sequencing of all PCR products was done at the Central
Analytical Facility using the NucleoFast membrane (Machery-Nagel, Diiren,
Germany) on a Freedom Evo robot (Tecan Group Ltd., Médnnedorf, Switzerland)
followed by the BigDye Terminator v3.1 sequencing kit (Life Technologies,
Johannesburg, South Africa).

Nuclear ITS-2 sequences were aligned manually using the BioEdit
sequence alignment editor (Hall, 1999), following the method of Stiger et al. (2003).
Partial RuBisCO operon, cox3 and mt23S sequences were aligned by eye with no
ambiguities. Sequences for as many subgenera and sections of the genus Sargassum
as possible, emphasising those present in the South Western Indian Ocean, were
selected from those previously published (Table 1) and included in the alignments.
The best-fit models for each individual alignment were estimated with FindModel
(available online at http://www.hiv.lanl.gov) based on AIC values, as follows: ITS2
and cox3: General Time Reversible plus Gamma, partial RuBisCO operon:
Hasegawa-Kishino-Yano plus Gamma, and mt23S: Tamura-Nei plus Gamma.
Bayesian Inference and Maximum Likelihood were applied to a partitioned (ITS-2
+ cox3 + partial RuBisCO operon + mt23S) dataset using BEAST v.1.8.0
(Drummond & Rambaut, 2007) and RAXML-HPC v.8. (Stamatakis, 2014) through
the online CIPRES Science Gateway (Miller et al., 2010, 2011). BEAST analyses
used estimated base frequencies, 4 categories to model among-site rate
heterogeneity, a relaxed lognormal molecular clock, a coalescent tree prior with a
randomly generated starting tree, and were run for 50 million generations. Every
5,000th tree was sampled, outputs were analysed in Tracer v1.6.0 (Rambault ef al.,
2014) and the consensus tree created in TreeAnnotator, with 10% of the trees
discarded as burn-in. RAXML analyses used a GTRCAT model and 1,000
bootstrap replications. Trees were visualised in FigTree v1.3.1 (Drummond &
Rambaut, 2007) and rooted with three sequences of species of the closely related
genus Turbinaria (Mattio et al., 2009).

Species identification and taxonomic revision

For the preliminary identification of morphotaxa we used literature that
lists or describes Sargassum species in Madagascar and the South West Indian
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Ocean region (Bory de Saint-Vincent, 1828; Suhr, 1840; Kiitzing, 1860, 1861;
Martens, 1866; Grunow, 1868, 1915, 1916; Bornet, 1885; Hariot, 1902; Stephenson
et al., 1937; Papenfuss, 1940, 1952; Stephenson, 1944, 1948; Isaac, 1957; Isaac &
Chamberlain, 1958; Price et al., 1978; Seagrief, 1984; Bolton & Stegenga, 1987,
1990; Rabesandratana, 1988, 1996; Farrell, Critchley & Aken, 1993; Silva, Basson
& Moe, 1996; Stegenga et al., 1997; De Clerck et al., 2005; Oliveira et al., 2005;
Mattio et al., 2013, 2015), studies describing within-taxon morphological variation
(Mattio et al., 2008, 2009, 2010; Mattio & Payri, 2009), and historical diagnoses of
various species for the genus (e.g. C. Agardh, 1820, 1824; J. Agardh 1848, 1889).
Phylogenetic trees were then used to test the grouping of specimens based on
morphological analysis, as well as a tool to help with identification when
sequences clustered with published, reliably identified specimens, or sequences
obtained from type localities. Although the genetic markers used here have
proven useful to confirm most species as distinct in previous studies (Mattio &
Payri, 2010; Cho et al, 2012), we were aware that they might not always
discriminate between closely related species; in all such instances it was decided
that morphological characters were to be considered as diagnostic. Finally, species
names were confirmed by comparison with our collection of scans and
photographs of type specimens.

RESULTS

Phylogenetic analyses

A total of 38, 36, 29 and 40 new sequences were obtained for ITS-2
(335-460 bp), cox3 (434 bp), the partial RuBisCO operon (593-607 bp) and the
mt23S (401-414 bp) respectively and included in the alignment (available upon
request to the first author). GenBank accessions are given in Table 1. A number
of sequences representing the various subgenera and sections of Sargassum were
selected from among those previously published and available on GenBank. The
final dataset comprised 2078 bp-long concatenated sequences (including gaps) for
a total of 89 Sargassum specimens.

The tree resulting from the partitioned BEAST analysis is presented in
Fig. 1, support for nodes are displayed for posterior probabilities (PP) above 0.90
and bootstrap support (BS) above 90% obtained from the ML analysis. Results
displayed, within the genus Sargassum, two main fully supported clades (PP =1,
BS =100%) representing both subgenera.

Bactrophycus and Sargassum. The first was further divided into one fully
supported clade (PP =1, BS =100%) representing the S. sect. Halochloa and the
second, moderately supported (PP = 0.87, BS = 99%), the three other sections of S.
subgenus Bactrophycus (S. sect. Hizikia, Spongocarpus and Teretia). Three
sequences newly obtained from Malagasy specimens clustered with two sequences
of S. incisifolium (Turner) C. Agardh from South Africa and two from Madagascar
in a fully supported group within the S. sect. Halochloa clade. The S. sect.
Halochloa clade further included Genbank sequences from Japan and Australasia,
while the other clades of S. subgenus Bactrophycus were represented by East
Asiatic and European Genbank sequences (Fig. 1, Table 1). The S. subgenus
Sargassum clade was further divided into six fully supported subclades representing
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Fig. 1. Partitioned BEAST Bayesian Inference consensus tree based on partitioned ITS2, cox3,
partial RuBisCO and mt23S; posterior probabilities greater than 0.9 and ML bootstrap greater
than 90% are displayed. Country abbreviations: Aus, Australia; C, Colombia; HI: Hawaii;
FJ: Fiji; FP, French Polynesia; Kr, Korea; JP, Japan; MAD, Madagascar; MAUR, Mauritius;
MAY, Mayotte; NL, Netherlands; NC, New Caledonia; NZ, New Zealand; RUN, Réunion;
Va: Vanuatu; SA, South Africa; Kr, South Korea; TZ, Tanzania.
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six sections of S. subgenus Sargassum (8. sect. Binderiana, Cladophyllum, Ilicifolia,
Polycystae, Sargassum and Zygocarpicae). Sequences recently published for the
three sections S. sect. Herporhizum, Horridum and Lapazeanum endemic to the
Gulf of California (Andrade-Sorcia et al., 2014), were not included in the present
analyses. Sequences obtained from specimens collected in Madagascar clustered in
all sections except S. sect. Cladophyllum and Zygocarpicae. The clade for S. sect.
Polycystae was not significantly further subdivided. Further subdivisions of the
S. sect. Sargassum clade were not supported by the ML analysis and most, except
two, also not supported by the Bayesian analysis. The S. sect. Binderiana clade was
subdivided into five fully to moderately supported subclades (PP =1,
BS =74-100%), four of which contained previously-identified and GenBank-
published sequences for S. aquifolium (Turner) C. Agardh, S. obovatum Harvey,
S. robillardii (Grunow) Mattio et al. and S. swartzii C. Agardh. Sequences for seven
Malagasy specimens clustered in the S. obovatum, S. robillardii and S. swartzii
subclades, while three others formed the fifth subclade that did not contain
previously-identified GenBank-published sequences. The S. sect. Ilicifolia clade
was subdivided into three well supported subclades (PP =1, BS = 94-98%). Two of
them were represented by previously identified and GenBank-published sequences
for S. pfeifferae Grunow and S. ilicifolium (Turner) C. Agardh, respectively. A
sequence obtained for one Malagasy specimen clustered within the S. ilicifolium
subclade, while eight others formed the third subclade of S. sect. llicifolia together
with two new sequences obtained from Tanzanian specimens.

Species identification

A total of eleven morphotaxa were discriminated based on
morphological characters and comparison to type specimens when available
(Tables 2 & 3). Ten of them were identified to the following currently accepted
names: S. elegans Suhr, S. ilicifolium, S. ilicifolium var. acaraeocarpum Grunow,
S. incisifolium, S. cf. latifolium (Turner) C. Agardh, S. obovatum, S. polycystum
C. Agardh, S. portierianum Zanardini, S. robillardii and S. swartzii. The remaining
morphotaxon, collected from the southern region of Madagascar, could not be
identified to species with confidence and is referred to hereafter as Sargassum sp.
The morphology of the above mentioned morphotaxa is synthetised in Table 3.

Finally, the three S. sect. Sargassum morphotaxa, although morphologically
different, were not significantly distinct molecularly (Fig. 1 and Table 3). Most
specimens collected in the south of the island, and referred to as S. sp., were
morphologically similar to each other but not to any species previously listed for
Madagascar. These samples share, however, some characters with S. cymosum var.
scabriusculum Grunow described from South Africa (Grunow, 1916: 142), but do not
agree fully with it. Further study in the South West Indian Ocean region is needed to
uncover its identity. The two other S. sect. Sargassum morphotaxa were similar to
S. elegans and S. portierianum, though only one specimen of each was collected from
Port Dauphin in the south-east (PC0166774) and Marovasa Be in the north-west
(MAD-LYD124), respectively. Morphotaxa were then compared to results of the
partitioned BEAST analyses (Fig. 1). As detailed above, the sequences newly
obtained for Malagasy specimens appeared in nine distinct and well supported clades
thus confirming the distinctness of at least nine of them. Sargassum incisifolium is the
only member of S. subgenus Bactrophycus in Madagascar; its morphological
distinctness (incl. three-sided axes and incised leaves; see Mattio et al., 2015 and
Table 3) led easily to its identification which was confirmed by the grouping of its
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sequences with previously published sequences including some from the type locality
of the species (Table 2). The identification of S. ilicifolium, S. obovatum, S. robillardii,
S. polycystum and S. swartzii were similarly confirmed by the clustering of South
African sequences with Genbank sequences for the same species from various Indo-
Pacific localities, including sequences from some of the type localities (Fig. 1,
Table 2). Sequences for a total of nine specimens morphologically identified as
S. ilicifolium var. acaraeocarpum clustered in a subclade of S. sect. llicifolia, sister to
both S. ilicifolium and S. pfeifferae. This subclade also contained a sequence for a
specimen from the type locality (IRD#TZ631; Zanzibar, Tanzania), confirming the
morphological similarity to Grunow’s diagnosis (Grunow, 1915: 407-408). The three
specimens identified to S. cf. latifolium clustered on their own within the S. section
Binderiana clade, lending support to the distinctness of this morphotaxon. We
believe, however, that the epithet needs to be confirmed with a sequence from the
type locality.

DISCUSSION

Sargassum diversity in Madagascar

Using a combined analysis of morphological characters and four
concatenated molecular markers we highlighted the occurrence of 11 distinct
Sargassum taxa in Madagascar, one belonging to S. subgenus Bactrophycus
(8. incisifolium), and 10 to S. subgenus Sargassum (section Binderiana: S. cf.
latifolium, S. obovatum, S. robillardii and S. swartzii; section Ilicifolia: S. ilicifolium
and S. ilicifolium var. acaraeocarpum, section Polycystae: S. polycystum; section
Sargassum: S. elegans, S. portierianum and S. sp.).

An inspection of the literature available for Madagascar revealed a list of
16 different epithets for Sargassum, of which 13 are regarded as currently
accepted taxonomically (Table 2; Guiry & Guiry, 2014). Only four of these taxa
were re-collected during the present study, while we add six new records and an
unidentified species to the list. The nine taxa not re-collected during the present
study could, in part, have been misidentified (cf. Table 2). A closer look at
previous records indicated that four taxa have their type or syntype localities in
Madagascar, and all of these appeared to be varieties described by Grunow (1915,
1916): S. cinctum var. thiebautii Grunow, S. gracile var. pseudogracile Grunow,
Sargassum latifolium var. seychellense Grunow, S. pulchellum var. gracilensis
Grunow. The present study adds one more to the list, S. ilicifolium var.
acaraeocarpum Grunow; whether or not the name should be elevated to species
level or considered a synonym of some other species requires the study of further
specimens in the region. The situation is similar for the 33 remaining varieties and
forms probably “over-enthusiastically” described by Grunow, and listed for the
South West Indian Ocean region: we believe all are in critical need of revision.
The most complete list of Sargassum taxa for Madagascar to date is provided in
Table 2 and records a total of 20 species, 10 of which are still in need of taxonomic
revision. Besides extending sampling locations to the west and east coast, we
believe that these must be revised in a regional framework to assess region-wide
morphological variations.
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Biogeography

Out of the 11 taxa analysed for the purpose of the present study, a total
of nine occurred in the south while only five occurred in the north. Although this
difference could in part be explained by a larger sampling effort in the southern
section of the Island, only three of the 11 taxa (S. ilicifolium var. acaraeocarpum,
S. polycystum and S. robillardii) were found both in the southern and the
Northern sections of the Island, highlighting existing differences in species
assemblages. These different assemblages and the central geographic position of
Madagascar in the south-western Indian Ocean raise interesting questions about
the distribution and phylogeny of the genus in the region.

Sargassum spp. are known for their high dispersion/invasion potential
(Paula & Eston, 1987; Hoek, 1987). Like Macrocystis (Macaya et al., 2005),
Sargassum can form rafts, drift long distances and release propagules upon arrival
at new favourable habitats (Thiel & Gutow, 2005a b; Yatsuya, 2008; Mattio et al.,
2013). As a consequence, the distribution and connectivity of Sargassum
populations are probably largely shaped by regional oceanic circulation. In a
recent publication, Mattio et al. (2013) revised the Sargassum diversity in the
Mascarene Islands and recorded six species of which three appear to be shared
with northern Madagascar (S. polycystum, S. portierianum and S. robillardii). In
the same paper, the authors discussed the distribution of the species in the region
based on hydrodynamic models. Their results indicated that the likelihood of an
export of particles (i.e. Sargassum) from the Mascarenes to the north-east of
Madagascar is weak but possible in 40 days and not possible in the other direction.
According to their results, the Mascarenes, Cargados and Tromelin are the only
source of connectivity at a reasonable distance to the east of northern Madgascar,
and given regional patterns of circulation described by Hancke et al., (2014), more
connection may be expected with the Seychelles, the Comoros or the coasts of
Tanzania and Northern Madagascar.

In the southern section of the Mozambique Channel, the warm
temperate species S. incisifolium and S. elegans are found both in southeast
Madagascar and in South Africa, raising some interesting question about
connectivity between the two regions Interestingly, sea temperatures around the
southeast of Madagascar may be seasonally cooler than surrounding tropical
regions, due to localised upwelling events (Machu et al., 2002), a situation that
may be similar to what is observed along the eastern coast of South Africa (Smit
et al, 2013). There is limited, but growing, evidence for a number of species
shared between the Southern coast of Madagascar and the warm temperate/sub-
tropical coastline of South Africa, and southern Mozambique. This is the case in
particular of a number of invertebrates (e.g. Jackson, Smale & Berry, 1991; Gopal
et al., 2006), but the similarity has also been show for the marine flora. Hence,
Laurencia complanata (Suhr) Kiitzing (formerly considered to be a South African
endemic) also grows in Southern Madagascar, as does Laurencia natalensis Kylin,
another common and abundant Southern African species (Francis, 2014). The
current study recording the occurrence of the most common South African
Sargassum species, Sargassum incisifolium and S. elegans, in Madagascar and the
sharing of four more species between the two regions, (S. ilicifolium, S. ilicifolium
var. acaraeocarpum, S. obovatum and S. polycystum) is further evidence of this
phenomenon. These similarities raise questions on the geographical origin of the
species and their conspecificity. Are species links prior to the separation of
Madagascar from the African continent (ca. 170 Ma ago) and have they
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maintained gene flow since, or have they colonized one region from the other
more recently?

The Mozambique Channel, ca. 1,000 kms wide in its southern section,
probably represents a geographical barrier difficult to cross for most coastal
organisms. A study on the scalloped spiny lobster, Reddy et al. (2014) showed an
absence of contemporary gene flow across the Mozambique Channel between
Malagasy and South African populations. The African lineage appeared to be
ancestral, and the source population for the Madagascan population. The
molecular data presented in the present paper (FIG. 1) also showed a
geographical pattern for S. incisifolium and produced two fully supported and
distinct subclades grouping the Malagasy and South African morphologically
similar specimens, respectively. The present-day pattern of circulation in the
Mozambique Channel is highly complex and several studies have put forward
mesoscale eddies as potential vectors of connectivity between Madagascar and the
East coast of Africa (Quartly & Srokosz, 2004; de Ruijter et al., 2004; Tew-Kai &
Marsac, 2009; Marsac et al., 2014). Mesoscale eddies have been shown to
propagate westward from southern Madagascar and across the Mozambique
Channel to reach southern Mozambique and the Kwazulu-Natal (KZN) region in
South Africa (Marsac et al., 2014). Although the propagation of those mesoscale
eddies is relatively slow, experiments have demonstrated that particles travelling
at the periphery of eddies, within corridors existing between contra-rotating
eddies, could travel between southern Madagascar and southern Mozambique in
less than 50 days (Hancke et al., 2014). Yatsuya (2008) indicated that the floating
period of Sargassum is dependent on species (specific density) and the timing
(season) at which the individual is detached in its life cycle. According to these
authors most of the detached sargassacean thalli in nature will float for 14 days or
less, and very few of them have more than 42 days (maximum 98 days) longevity
in floating conditions. These figures and travelling times measured by Hancke et
al. (2014) support the hypothesis that Sargassum specimens from the southeast
coast of Madagascar could cross the Mozambique Channel and settle on the coast
of Southern Mozambique and Kwazulu Natal in South Africa. Although our
results lend support to an absence of gene flow between the two regions, we
believe the analysis of more specimens from each region is needed to clearly
assess connectivity.
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