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1.  INTRODUCTION 

Population connectivity, i.e. the exchange of indi-
viduals among geographically separated populations 
(Cowen et al. 2007), is central in the functioning of 
marine ecosystems (Beger et al. 2022), but it is partic-

ularly difficult to assess. The challenge comes from 
the complexity of directly observing the exchange of 
individuals in marine systems, particularly during 
the larval phase (Cowen & Sponaugle 2009), when 
most individuals disperse and are too small to follow 
in situ. Moreover, larval dispersal depends on several 
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physical and biological processes operating simul -
taneously at different temporal and spatial scales 
(Pineda et al. 2009), making connectivity a complex 
integrative mechanism. Finally, multiple approaches 
are used to estimate marine connectivity (Leis et al. 
2011) for different life history stages, which makes 
the studies particularly difficult to compare and 
to draw general conclusions on the consistency of 
patterns. 

A major global review of >1000 marine population 
connectivity studies by Bryan-Brown et al. (2017) 
pointed at the lack of connectivity studies conducted 
in Africa. Although connectivity studies in Africa are 
unarguably lacking, a number of studies were 
missed in that review because of the search proce-
dure the authors applied to identify papers dealing 
with marine connectivity. Papers often use geo-
graphically-specific terms (e.g. ‘Benguela’) instead of 
generic terms like ‘marine’, ‘ocean’ or ‘coastal’ used 
by Bryan-Brown et al. (2017), which could explain 
the exclusion of relevant papers. Such an issue is 
inevitable in global reviews, but this also means that 
there is a need to complement the work of Bryan-
Brown et al. (2017) in order to provide a broader view 
of African research on marine connectivity. 

Detailed knowledge on connectivity is essential to 
implement effective marine spatial planning strate-
gies, and in particular to assess the effectiveness of 
existing marine protected areas (MPAs) and identify 
new areas to be protected (Balbar & Metaxas 2019, 
Popova et al. 2019, Maina et al. 2020). Waters around 
southern Africa support a broad range of livelihoods 
and include >100 declared MPAs (Kirkman et al. 
2021, UNEP-Nairobi Convention & WIOMSA 2021), 
making this region an important area for marine con-
nectivity research. The region is also characterized 
by a complex mix of eastern and western boundary 
current systems that strongly influence connectivity, 
challenging the design and management of MPAs. 

There is therefore a need to review marine connec-
tivity research around southern Africa, and, speci -
fically, to collate existing knowledge coming from 
different disciplines on corridors and barriers to con-
nectivity in the region. A number of other marine 
connectivity reviews have pertinence for our study, 
but none has specifically addressed the multiple 
approaches of connectivity in this region. For exam-
ple, Teske et al. (2011) reviewed connectivity studies 
conducted in southern Africa, but used primarily a 
phylogeographic viewpoint. This review was also 
published more than a decade ago. Obura et al. 
(2019) did consider multiple approaches of evaluat-
ing connectivity to review barriers to dispersal, but 

only for the northern Mozambique Channel. There 
was also a recent review of lagoon and lake connec-
tivity in South Africa (Whitfield et al. 2017), but that 
study did not address marine ecosystems. 

In order to identify appropriate publications in 
the literature, we used both Web of Science search 
strings and our own expert knowledge. We then 
selected the corridors and barriers that were repeat-
edly referred to in the publications. In most cases, 
there was wide agreement in the literature on the 
corridors, as these are linked to well documented 
oceanographic features. Some of the barriers were 
more difficult to interpret and had less universal 
 support in the literature, with some being identified 
for certain taxa and not for others. In general, for 
cases where the presence of a barrier is uncertain, 
we included references to both literature identifying 
the barrier and literature indicating the absence of a 
barrier. Our overall aim was not to conduct a compre-
hensive review of biophysical modelling, ecological 
and molecular studies conducted in southern Africa, 
but to use these studies as illustrations of the effects 
(or absence of effects) of the identified corridors and 
barriers to connectivity. Importantly, biophysical 
modelling works focus on larval dispersal connectiv-
ity, whereas ecological and molecular studies can 
include other types of connectivity, such as onto -
genetic movement and migration, depending on spe-
cies mobility as juveniles and adults. 

We first outline the ocean dynamics and marine 
ecosystems in our study region, and then follow with 
a detailed examination of corridors and barriers to 
marine connectivity around southern Africa, from 
the west to the east, as identified from biophysical 
modelling, ecological and molecular studies. We 
 conclude the review by highlighting the complemen-
tarity or contrast from results derived from the dif -
ferent approaches considered, and also identify the 
lack of knowledge relative to specific regions and 
methodologies. 

2.  OCEANOGRAPHIC CONTEXT 
OF SOUTHERN AFRICA 

Around southern Africa, the confluence of vastly 
different water masses and ocean circulation (Fig. 1) 
create potential corridors and barriers to marine con-
nectivity. The South Equatorial Current (SEC) flows 
from far east towards the eastern coast of Madagas-
car, where it separates into the southern and north-
ern branches of the East Madagascar Current (sEMC 
and nEMC, respectively) (Schott et al. 2009, Halo et 
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al. 2014a, Voldsund et al. 2017). The nEMC flows 
over the northernmost tip of Madagascar merging 
with the northern branch of the SEC until the 
African mainland where it bifurcates into the East 
Africa Current (EAC) flowing to the north, and the 
northern Mozambique Channel circulation to the 
south (Backeberg & Reason 2010). The sEMC flows 
southwestwards over the southernmost tip of Mada-
gascar, shedding meso scale eddies towards the 
African mainland, while another portion of it re -
troflects to flow eastwards joining the South Indian 
Countercurrent (SIC) (Siedler et al. 2006, 2009, Halo 
et al. 2014a, Voldsund et al. 2017). In the Mozam-
bique Channel, between Mozambique and Mada-
gascar, the ocean circulation is dominated by a train 
of eddies propagating poleward, particularly on the 
western edge (Sætre & Da Silva 1984, Schouten et 
al. 2003, Halo et al. 2014a). These eddies, together 

with those from the EMC, contribute to and influ-
ence the Agulhas Current (AC) that descends the 
east coast of South Africa (Lutjeharms 2006a, Beal et 
al. 2011). This major current travels along the south-
ern coast of South Africa off the Agulhas Bank, mov-
ing along the edge of the southeast Atlantic Ocean 
before retroflecting and returning eastward into the 
Indian Ocean, forming the Agulhas Return Current 
(ARC), which flows along the northern edge of 
the Southern Ocean (Gordon et al. 1987, Duncombe 
Rae 1991, Lutjeharms & Ansorge 2001, Lutjeharms 
2006a). Another portion of the Agulhas Current 
waters sheds into the Atlantic Ocean as large rings, 
i.e. the Agulhas Rings and Leakage (Lutjeharms & 
Gordon 1987, Richardson et al. 2003, Lutjeharms 
2006a). The capes along the south coast are charac-
terized by episodic upwelling events during periods 
of easterly winds, mixing cold, nutrient-rich bottom 
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Fig. 1. Climatology of near-surface currents flowing around southern Africa as derived from oceanographic drifters of the 
Global Drifter Program (Laurindo et al. 2017). Colors indicate the direction of the currents (in radians; light blue flow to the 
east, dark blue flow to the west) and transparency the speed. White labels refer to the major currents mentioned in the text. 
BC: Benguela Current; AC: Agulhas Current; ARC: Agulhas Return Current; nEMC (sEMC) northern (southern) branch of the 
East Madagascar Current; SEC: South Equatorial Current; SIC: South Indian Countercurrent; EAC: East Africa Current. Black 
labels refer to the countries and locations mentioned in the text. AN: Angola; NA: Namibia; SA: South Africa; MO: Mozam-
bique; TA: Tanzania; MA: Madagascar; SHB: St Helena Bay; CB: Camps Bay; AB: Agulhas Bank; G: Gqeberha (formerly Port 
Elizabeth); PA: Port Alfred; EL: East London; PSJ: Port St Johns; D: Durban; SL: St Lucia; DB: Delagoa Bight; SB: Sofala Bank; 
CA: Comoros Archipelago; SMB: Saya de Malha Bank; NB: Nazareth Bank; RoI: Rodrigues Island; MI: Mauritius Island;  

RéI: Réunion Island



Mar Ecol Prog Ser · Advance View

waters with the warm waters of the Agulhas Cur-
rent, producing a highly productive and dynamic 
environment. The western edge of the African con -
tinent is a classic eastern-boundary up welling sys-
tem characterized by the strong alongshore equator-
ward flow of the Benguela Current (BC), with cold 
and highly productive waters (Stramma & Peterson 
1989). Nevertheless, upwelling is not uniform along 
the coast, but rather peaks in certain areas, the best 
known of which is the Lüderitz upwelling cell off 
Namibia. 

3.  CORRIDORS AND BARRIERS 
TO MARINE CONNECTIVITY 

3.1.  Lüderitz upwelling cell barrier 

The first significant barrier on the west coast of 
southern Africa is the Lüderitz upwelling cell around 
26° S (label 1 in Fig. 2), which splits the northern from 
the southern Benguela sub-systems (Boyer et al. 
2000, Largier & Boyd 2001, Hutchings et al. 2009). 
This cold thermal barrier can also shift slightly north 
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Fig. 2. Corridors (blue arrows) and barriers (red bars) to marine connectivity acting for a notable set of species in southern 
Africa. Barrier 11b is dashed because it was not clear where to indicate it exactly. References supporting the importance of the  

represented corridors and barriers are listed in Table 1 and discussed in the text. Country abbreviations as in Fig. 1
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or south depending on the intensity of the upwelling 
(Fréon et al. 2010) and has long been identified as a 
potential barrier to the exchange of biota (Boyd & 
Cruickshank 1983, Agenbag & Shannon 1988). 

Virtual larvae released close to the surface in the 
vicinity of the Lüderitz barrier are mostly advected 
offshore (Lett et al. 2007), outside habitats favourable 
to larval recruitment. This result is consistent with 
observed surface drifter trajectories (Largier & Boyd 
2001). At the subsurface, however, exchanges be -
tween the northern and southern Benguela appear to 
be possible, although the lower temperature at depth 
(<14°C at 75 m) could limit larval survival (Lett et al. 
2007). The Lüderitz barrier may then act as a hydro-
dynamic barrier to connectivity close to the surface 
and as a thermal barrier at the subsurface. 

Several well documented examples suggest that 
the Lüderitz upwelling cell indeed represents a bar-
rier to gene flow between populations along the 
coast. This is the case for the coastal fishes Lichia 
amia (Henriques et al. 2012) and Atractoscion 
aequidens (Henriques et al. 2014), silver kob Argyro-
somus inodorus (Henriques et al. 2015), bluefish 
Pomatomus saltatrix (Reid et al. 2016b), kingklip 
Genypterus capensis (Schulze et al. 2020) and kelp 
Laminaria pallida (Assis et al. 2022). Furthermore, 
genetic differentiation (Henriques et al. 2016) and 
differences in otolith shapes (Shoopala et al. 2021) 
were found between the southern and northern 
Benguela stocks for the shallow-water hake Mer -
luccius capensis. 

Some genetic studies, however, found low or a lack 
of genetic differentiation along the Benguela across 
the Lüderitz upwelling. This would suggest that for 
some species, the barrier can be weak or absent due 
to sufficient levels of gene flow to prevent the popu-
lations from diverging. This is the case for the Cape 
horse mackerel Trachurus capensis (Boyer et al. 
2000, Healey et al. 2020), the copepod Calanoides 
natalis (Höring et al. 2017) and the bearded goby 
Sufflogobius bibarbatus (Gunawickrama et al. 2020). 
For the copepod, the absence of genetic differences 
could be due to the markers used (nuclear and 
mtDNA sequences) that have lower resolution than 
microsatellite markers used in other studies. During 
rare periods, the Lüderitz upwelling cell can weaken, 
allowing the exchange of individuals and thus con-
necting both sides of the barrier (Boyer et al. 2000). A 
study evaluating the intensity and direction of gene 
flow in P. saltatrix across this barrier found that it was 
mostly from the south to the north (Reid et al. 2016b). 
Conversely, Kapula et al. (2022) demonstrated that 
migration in M. capensis was predominantly from 

north to south, but that in the winter there was a 
small south−north migration. Overall, the studies 
finding weak genetic differences concerned mainly 
pelagic species, whereas most studies showing gen -
etic subdivision were conducted on benthopelagic 
species. This suggests that the evidence of genetic 
isolation or lack thereof can be attributed to a combi-
nation of species life history traits and specific hydro-
logical conditions across space and depth. The effect 
of markers could also play a role, as markers with low 
resolution like mtDNA are more prone to show a lack 
of genetic structure. 

3.2.  Agulhas Current corridor 

The AC (label 2 in Fig. 2; Lutjeharms 2006a) is the 
strongest western boundary current in the southern 
hemisphere, with broad effects on water circulation 
and climate (Beal et al. 2011). It is a clear, unidirec-
tional, warm current flowing southwestwards. It can 
therefore act as a strong corridor, but it is believed to 
be detrimental to early life stages of marine organ-
isms because eggs and larvae of shelf species 
entrained into this current would be transported in 
the open ocean into areas unfavourable to settlement 
(Hutchings et al. 2002). 

Oceanographic drifters caught in the AC drifted 
primarily offshore (Zardi et al. 2011), as did particles 
in larval dispersal simulations (Jacobs et al. 2022a, 
Muller et al. 2023 this Theme Section). However, Le 
Gouvello et al. (2020) simulated the transport of tur-
tle hatchlings by the AC and showed that they may 
be transported ‘back’ into the Indian Ocean when 
trapped by the ARC, or penetrate the South At lantic 
Ocean via mesoscale eddies, known as Agulhas 
Rings, thereby contributing to the Agulhas Leakage. 
The AC and Leakage were also found to connect 
southern Indian and Atlantic Ocean populations of 
rock lobsters (Jasus tristani and J. paulensis), which 
have a long (up to 20 mo) dispersal phase (Silva et 
al. 2021). Simulations showed that the transport of 
mangrove tree propagules from the South African 
coastline to the South Atlantic coastline was also 
possible but not far enough to the north to connect 
to the mangroves located in Angola (Raw et al. 
2023). The Agulhas Leakage is episodic and viewed 
as an environmentally forced biological barrier that 
limits the dispersal of plankton, explaining why 
South Atlantic planktonic diversity is lower than 
that of the Indian Ocean, at least when examined at 
a fine taxonomic resolution and for plankton >20 
μm (Villar et al. 2015). 
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The AC is a large-scale feature which has a major 
influence on the whole southern Africa region and 
interacts with many smaller-scale localized coastal 
features (Lutjeharms 2006a) that will be discussed in 
the following sections of our review. 

3.3.  Good Hope Jet corridor 

The Good Hope Jet (label 3 in Fig. 2) is a north-
ward intrusion of warm Agulhas waters from the 
Agulhas Bank off the Cape Peninsula (Bang & An -
drews 1974, Veitch et al. 2018). This shelf-edge 
coastal rapid stream current flowing to the northwest 
forms a sharp front with the cold water upwelled on 
the shelf (Gordon et al. 1987). 

Several modelling studies have demonstrated that 
ichthyoplankton can be transported by the Good 
Hope Jet, which is consistent with broad ecological 
knowledge (e.g. Hutchings et al. 2002) and trajectories 
of surface drifters (Lutjeharms et al. 2007). Multiple 
simulations have shown that the jet could connect 
spawning areas located on the Agulhas Bank, off 
the South African southern coast, to nursery areas lo-
cated on the west coast north of St Helena Bay, for 
both the anchovy Engraulis encrasicolus (Huggett et 
al. 2003, Mullon et al. 2003, Parada et al. 2003, 2008, 
Koné et al. 2013) and the sardine Sardinopos sagax 
(Miller et al. 2006, McGrath et al. 2020). Simulations 
suggested that connectivity by the Good Hope Jet is 
more efficient (Huggett et al. 2003, Mullon et al. 2003) 
and faster (Ragoasha et al. 2019) in austral spring and 
summer, with interannual variability (Miller et al. 
2006, McGrath et al. 2020, Ragoasha et al. 2022) and 
an influence of wind conditions (Blanke et al. 2009). 
Biological factors such as egg buoyancy (Parada et al. 
2003), larval vertical migration (Parada et al. 2008) 
and larval growth (Koné et al. 2013) are additional 
factors affecting ichthyoplankton connectivity. Other 
simulations showed that the same jet also contributes 
to the transport of Cape hake ichthyoplankton from 
offshore spawning areas to onshore nursery grounds 
(Garavelli et al. 2012). The 2 hake species (shallow-
water M. capensis and deep-water M. paradoxus) are 
presumed to interact differently with the jet, with spe-
cies-specific drifting routes towards their relative 
nurseries; M. capensis follows a more inshore drift 
route than M. paradoxus (Stenevik et al. 2008). 

Some species show limited genetic differentiation 
between Cape Point and the South African west 
coast, which suggest that their larvae could benefit 
from the Good Hope Jet to connect populations 
located on either side (von der Heyden et al. 2008, 

Teske et al. 2014 and references therein, Bennett et 
al. 2017). The use of low-resolution markers is an 
alternative explanation for this absence of genetic 
structure, but if the gene flow was confirmed, then 
the jet could be considered as a corridor increasing 
marine genetic connectivity in the region. However, 
there are some species that show signs of restriction 
of gene flow or genetic structuring, including Clinus 
cottoides, C. supercilliosus, Muraenoclinus dorsalis, 
Gilchristella aestuaeria, Exosphaeroma hylecoetes 
(von der Heyden 2009) and the isopod Excirolana 
latipes (von der Heyden et al. 2020). For these spe-
cies, the evidence of the Good Hope Jet acting as a 
corridor remains limited. 

3.4.  Cape Agulhas barrier 

Cape Agulhas (label 4 in Fig. 2) is the southern most 
tip of Africa and is often considered the point where 
the Atlantic and Indian Oceans divide. Two different 
upwelling regimes operate on either side of the cape 
(Chang 2009), which could therefore constitute a 
physical barrier to connectivity. There are indications 
that the region around Cape Agulhas constitutes a 
biogeographic boundary from a cool-temperate re -
gion to a warm-temperate zone (Harrison 2002), and 
a phylogeographic break (Teske et al. 2011). 

Modelling studies have indeed identified Cape 
Agulhas as a ‘dividing line’, with particles released 
east of the Cape being largely retained there as 
opposed to being mostly transported to the South 
African west coast when released west of the Cape 
(Lett et al. 2006, 2015). A transport-based subsystem 
west of Cape Agulhas and a retention-based subsys-
tem east of it have also been highlighted in biophys-
ical models of sardine (Miller et al. 2006, McGrath 
et al. 2020), matching the 2 high-density areas for 
sardine separated approximately at Cape Agulhas 
(Teske et al. 2021). 

The existence of a significant genetic break across 
Cape Agulhas has been reported for several species 
(von der Heyden 2009), although a limited level of 
gene flow can be observed mainly from the west to 
the east rather than in the opposite direction. Species 
characterized by genetic differences across this bar-
rier include the abalone Haliotis midae (Evans et al. 
2004, van der Merwe 2009), the klipfish C. cottoides 
(von der Heyden et al. 2008), the shrimp Palaemon 
peringueyi (Teske et al. 2007b), the mudprawn 
Upogebia africana, the isopod Exosphaeroma hyle-
coetes (Teske et al. 2006) and the coastal shark 
Mustelus mustelus (Maduna et al. 2016). 
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Other species show no genetic structure across the 
whole southern coast of South Africa, including the 
goby Caffrogobius caffer (Neethling et al. 2008) and 
the silver kob Argyrosomus inodorus (Mirimin et al. 
2016). These contrasting results further suggest that 
the evidence of gene flow partly depends on the 
ecology of the studied species (Griffiths 1997). Alter-
natively, the absence of genetic differences could be 
due to the failure of some markers to appropriately 
detect more subtle genetic differences because of 
their resolution. This is typically the case of mtDNA 
markers that are well known for having lower resolu-
tion and power to detect genetic differences than 
microsatellite markers. To discriminate between the 
effect of life history traits and markers, new 
approaches based on whole-genome sequencing 
could be informative. Interestingly, 2 out of 10 
drifters released on the eastern Agulhas Bank by 
Zardi et al. (2011) did pass off Cape Agulhas to the 
west coast, highlighting that this barrier is indeed 
permeable. 

3.5.  Cold Ridge corridor 

The central Agulhas Bank is also characterized by 
the Cold Ridge (label 5 in Fig. 2; Swart & Largier 
1987, Chang 2009), a quasi-permanent in terannually 
variable tongue of cold bottom water transported to 
the surface. The sources of this cold water are mul -
tiple and include the Port Alfred upwelling cell 
 (Lutjeharms 2006b), wind-driven coastal upwelling 
(Roberts 2005) and other localized sources along 
the southeastern shelf-edge of the Agulhas Bank 
(Schumann & van Heerden 1988, Boyd & Shillington 
1994, Jackson et al. 2012). Biologically, the Cold 
Ridge drives high primary productivity (Mazwane 
et al. 2022) and copepod concentrations (Peterson 
et al. 1992). 

Similar to the Good Hope Jet, the Cold Ridge is an 
important corridor for larval transport, in particular 
for chokka squid Loligo reynaudii that aggregate 
about 200 km upstream of the Cold Ridge for spawn-
ing (Roberts 2005), allowing westward transport of 
paralarvae into the ridge where maximum copepod 
production awaits them. This feature was first 
described as the ‘westward transport hypothesis’ by 
Roberts (2005) and was confirmed later by several 
numerical studies (Roberts & Mullon 2010, Martins et 
al. 2010, 2014, Downey-Breedt et al. 2016, Jacobs et 
al. 2022b) and drifter trajectories (Hancke et al. 
2023). A minor proportion of simulated larvae of 
mussels (Mytilus galloprovincialis) could, however, 

be transported eastwards by coastal counter-currents 
(Assis et al. 2015). 

3.6.  Natal Pulse barrier 

One of the largest hydrographic mesoscale fea-
tures that influence the circulation on the entire 
Agulhas Bank is the intermittent Natal Pulse (label 6 
in Fig. 2; Lutjeharms & Roberts 1988). Natal Pulses 
are linked to the nearshore intrusions and offshore 
displacements of the AC (Gründlingh 1979, Bryden 
et al. 2005). The estimated frequency of occurrence 
of Natal Pulses per year lies between 1.6 (Krug & 
Penven 2011, Krug et al. 2014, Elipot & Beal 2015) 
and 5 (Lutjeharms et al. 2001, Bryden et al. 2005), 
with considerable interannual variability (Yamagami 
et al. 2019). Despite the intermittent nature of these 
meanders, Natal Pulses can influence the tempera-
ture of the Agulhas Bank (Malan et al. 2018) and its 
circulation for 110 d a year (Krug et al. 2014). 

Natal Pulses have been recognized as important 
potential barriers to the connectivity of intertidal 
populations due to the inshore intrusions being fol-
lowed by offshore export of propagules outside suit-
able recruitment habitats (Porri et al. 2014, Weidberg 
et al. 2015). However, the intermittent nature of 
pulses, and a possible mismatch between the repro-
ductive cycle of species and the occurrence of a 
pulse, may result in breaks in the barrier (Roberts 
2010, Porri et al. 2014). 

This ecological view has been largely confirmed by 
modelling results. Preliminary simulations showed 
that Natal Pulses are indeed detrimental to transport 
to, and retention on, the shelf (Heye 2021). Up to 
50% of simulated particles were lost offshore when a 
pulse occurred; however, 1−2 wk after the passage of 
a pulse, coastal retention increased back to 90−100% 
(Jacobs et al. 2022a). Hence, the timing of Natal 
Pulses relative to particle release, i.e. species spawn-
ing, is likely crucial for successful recruitment. 

Genetic breaks have been identified in the area 
between Gqeberha (formerly named Port Elizabeth) 
and Port Alfred for several species (von der Heyden 
2009), supporting the potential role of the Natal Pulse 
as a genetic barrier. The species with genetic struc-
ture in the region include the goby Caffrogobius caf-
fer (Neethling et al. 2008), the klipfish C. cottoides 
(von der Heyden et al. 2008), the cumacean Iphinoe 
truncata (Teske et al. 2006), the estuarine fish 
Gilchristella aestuaria (Norton 2005), the sandprawn 
Kraussillichirus kraussi (Golla et al. 2020) and the pill 
bug Tylos capensis (Bezuidenhout et al. 2021). 
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3.7.  Wild Coast barrier 

A thermal barrier occurs along the southeast coast 
of South Africa, on the steep transition from the tem-
perate south coast water regime to the warmer-sub-
tropical Agulhas waters, between Algoa Bay and 
the Wild Coast (i.e. Gqeberha to East London; label 
7 in Fig. 2). This area constitutes a phylogeogra -
phic break (Teske et al. 2011) and a biogeographic 
boundary from a warm-temperate zone to a subtrop-
ical region (Harrison 2002). For example, it consti-
tutes the lowest temperatures that the tropical and 
subtropical goatfish Upeneus floros can bear (Uiblein 
et al. 2020), with the temperate water regime pre-
venting a westward spread of this species. By con-
trast, the area constitutes the highest temperature 
that the mussel M. galloprovincialis can handle, as 
this species does not spread farther along the coast 
into the warmer waters to the east (Assis et al. 2015). 
A mussel dispersal model, however, showed that 
without taking temperature into account, larval 
transport beyond this thermal barrier was possible 
(Assis et al. 2015), suggesting that the area acts as a 
thermal, but not as a hydrodynamic barrier. 

The Wild Coast is expected to be a region of bio-
geographic transition, with species overlapping on 
the edges of their distribution ranges. This is the case 
for the congeneric crabs Hymenosoma longicrure 
and H. projectum that inhabit the temperate and 
tropical bioregions, respectively (Jooste et al. 2018), 
and for different lineages of the same mussel species 
(Zardi et al. 2007). This region is also characterized 
by populations of the estuarine sandprawn Kraussil-
lichirus kraussi that are genetically unique (Golla et 
al. 2020), indicating that the Wild Coast can consti-
tute a distinct bioregion for some species (Toms et al. 
2014). Two species of crabs with restricted dispersal 
abilities also showed very contrasting genetic struc-
tures in the region. Despite its abbreviated larval 
phase and the importance of estuaries for its devel-
opment, H. longicrure showed a nearly panmictic 
single population, whereas Neorhynchoplax bovis, a 
direct developer, showed highly structured popula-
tions (Qhaji et al. 2015). This highlights again that 
life history traits play a major role in the connectivity 
of marine species around southern Africa. In this 
case, the type of markers is not in question concern-
ing the lack of genetic structure, as the authors used 
the same set of markers for the 2 species. 

Some species show limited genetic differences 
along the east coast of South Africa, including the 
lobster Palinurus delagoae (Gopal et al. 2006), lim -
pets belonging to the genus Siphonaria (Teske et al. 

2007a), the estuarine prawn Callianassa kraussi 
(Teske et al. 2009), the coral Pocillopora verrucosa 
(Ridgway et al. 2008) and the white steenbras Litho-
gnathus lithognathus (Bennett et al. 2017), whereas 
others do present significant population structuring, 
such as the mussel Perna perna (Zardi et al. 2007, 
Ntuli et al. 2020), the mudprawn Upogebia africana 
(Teske et al. 2006) and the seagrass Zostera capensis 
(Phair et al. 2019). In some of these examples, the 
lack of genetic structure may be due to the resolution 
of the markers used. The observation of east and 
west genetic lineages in Perna perna (Zardi et al. 
2007) stimulated interest for possible physiological 
differences among the 2 distinct groups (Zardi et al. 
2011), as well as for hydrographic barriers that could 
have determined such separation. The trajectories of 
drifters released at eastern and western locations of 
the mussel genetic break revealed little to no over-
lap, hence in part providing support for a physical 
surface barrier (Zardi et al. 2011). 

3.8.  Sardine run corridor and  
Waterfall Bluff barrier 

Knowledge of the hydrodynamics of the South 
African eastern coast have benefited much from the 
analysis of the unique seasonal occurrence of the 
‘sardine run’ (label 8 in Fig. 2). This is the term used 
to characterize the spectacular eastward and further 
northeastward movement of these fish and their 
predators to reach spawning grounds in southern 
KwaZulu-Natal (Fréon et al. 2010), against the 
 general circulation. Temporary favourable nearshore 
northwestward counter currents, associated with a 
series of coastal upwelling cells, occur in the regions 
of Port Alfred, East London and Port St Johns, allow-
ing the sardine run along this section of the coast 
(Roberts et al. 2010). Further northeast, however, 
warm waters and the prevalent southwestwards cur-
rent flow function as thermal and hydrodynamic bar-
riers to the northeastward movement of sardines, 
especially when the Agulhas Current encroaches on 
the Pondoland shelf. Roberts et al. (2010) named that 
barrier the ‘Waterfall Bluff gateway’ (label 9 in 
Fig. 2), which can, however, be released by counter-
currents during the occurrence of a stationary and 
transient breakaway Durban Cyclonic eddy as well 
as during the intermittent generation of Natal Pulses 
(Roberts et al. 2010). These events allow the sardine 
run to pass the gateway and progress further north. 
Using recent genomic and transcriptomic data, Teske 
et al. (2021) found that sardines taking part in the run 
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are mostly of Atlantic origin and thus prefer cold 
waters. These sardines separate from the warm-tem-
perate stock to enter temporarily favourable Indian 
Ocean habitats during episodic cold-water upwelling 
events (Beckley 1995), where they become trapped 
as soon as these events end. 

3.9.  KwaZulu-Natal Bight barrier 

Moving further northeast, the Kwazulu-Natal 
Bight (label 10 in Fig. 2) is an oceanographically 
dynamic shelf region due to the influence of the AC 
(Schumann 1988). In this area, Natal Pulses initiate 
(Lutjeharms & Roberts 1988), and topographically 
driven up welling occurs in the north, which at times 
can prevail through the entire shelf and affect nutri-
ent composition (Lutjeharms et al. 2000). There are 
also the Thukela River discharges, which cause fur-
ther alterations of the flow (Bosman et al. 2007), and 
a coastal counter-current (Heye et al. 2022). Such 
complex and unpredictable hydrographic features 
would seem an obvious barrier to biological activity. 

Dispersal simulations showed that the offshore 
meanders of the AC govern both connectivity cor -
ridors and barriers in the region (Heye 2021). Dur-
ing periods where the AC is relatively stable, the 
up welling cell in the north and, particularly, the 
Durban cyclonic lee eddy in the south, trapped sim-
ulated larvae, promoting locally inshore retention. 
This limits along- and cross-shelf dispersal, posing a 
barrier to connectivity, as previously suggested by 
ecological studies of ichthyoplankton distribution 
for coastal linefish species (Beckley 1995). On the 
other hand, during periods when the AC meanders 
and is less stable, anticyclonic eddies carried larvae 
offshore that entered the AC and were transported 
southwards (Heye 2021). These larvae could then 
either reach the coast downstream, retroflect into 
the Indian Ocean or leak into the Atlantic Ocean 
(Singh et al. 2018), making the barrier to dispersal 
permeable. 

Most genetic studies focusing on the region have 
found little to no genetic differences relative to the 
neighbouring locations southwards or northwards 
(von der Heyden 2009). We note that the region is 
unique in terms of biogeography, as several broad-
cast spawner species from both tropical and sub-
tropical regions overlap here (Sink et al. 2005, Gopal 
et al. 2006, Teske et al. 2009). It is also the distri -
bution range edge of several species from the south 
and from the north, with very limited taxa that are 
endemic to the region (Forbes 1973, Teske et al. 

2009). Therefore, this is an important transition zone 
that will likely increase in importance (in terms of 
possible shift or strength) because of climate change 
(Griffiths et al. 2010). 

3.10.  Mozambique Channel eddies corridor  
and Sofala Bank barrier 

Ocean circulation in the Mozambique Channel 
(label 11a in Fig. 2) between the African mainland 
and Madagascar is characterized by intermittent tur-
bulent eddies (Sætre & Da Silva 1984, Biastoch & 
Krauß 1999) which propagate southwards at ~3−
6 km d−1, with currents reaching up to 2 m s−1 at the 
edge of large anticyclonic eddies (Schouten et al. 
2003, Halo et al. 2014a). 

Several biophysical modelling studies showed that 
early life stages of several species entrained into 
these eddies were transported southwards mainly 
along the western side of the Channel into the AC 
system in South Africa, e.g. for shrimp from the 
Sofala Bank (Malauene 2015), spiny lobster (Singh et 
al. 2018), sea turtle (Jensen et al. 2020) and tuna 
(Nikolic et al. 2020). Consistently, surface drifters 
entering the northern Mozambique Channel moved 
southwards (Hancke et al. 2014). This shows that the 
regular presence of mesoscale eddies creates a corri-
dor connecting the northern Mozambique Channel 
to southern Mozambique and northern South Africa. 

Evidence from fish larval assemblages confirms the 
importance of this southwards corridor. Hence, the 
most plausible origin of larvae collected in the St 
Lucia region in South Africa was South Mozambique 
(Beckley 1995, Harris et al. 1999). The recent discov-
ery of a new goatfish species in northern Mozam-
bique and KwaZulu-Natal in South Africa (Uiblein et 
al. 2020) and the presence of a single homogeneous 
population throughout the region for spiny lobster 
Panulirus homarus rubellus (Singh et al. 2018, 2019) 
also corroborate a southwards corridor. 

Within the Mozambique Channel, although the 
dom inant mesoscale eddy field propagates south-
wards, drifters can occasionally move in the frontal 
flow field between eddies (i.e. interstitial transport) 
northward and across the Channel, in both east-
ward and westward directions, between the 
Mozambican and Madagascan shelves (Hancke et 
al. 2014). Northward dispersal was observed off 
Madagascar in simulations (Ramanantsoa et al. 
2018, Jensen et al. 2020). Cross-channel connectiv-
ity between the coast of Mozambique and the west 
coast of Madagascar, i.e. connectivity eastwards, 
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was also evident from biophysical simulations for 
mangrove propagules (Van der Stocken & Mene-
menlis 2017), soft coral Octocorallia: Alcyonacea 
(Schleyer et al. 2019), fish (Reid et al. 2016a) and 
hypothetical reef species (Crochelet et al. 2016) 
larvae. Simulations also illustrated that larvae from 
southeast Madagascar could be advected across 
the Channel to the central Mozambique shelf 
(Singh et al. 2018, Schleyer et al. 2019), i.e. con-
nectivity westwards. Dispersal be tween Madagas-
car and Mozambique may, however, be limited 
(Huyghe & Kochzius 2018) and slow. 

Localized connectivity barriers can be found in the 
Channel. The presence of 2 genetic groups of spiny 
lobsters, P. h. homarus in the north and P. h. rubellus 
in the south of the Delagoa Bight in southern Mo -
zambique, suggests that the strong upwelling cells in 
this area create a physical barrier that isolates the 
populations (Singh et al. 2018). A recent study on 
brooding corals showed the same patterns, with a 
divide between northern and southern populations 
within the Mozambique Channel (van der Ven et al. 
2021). O’Donnell et al. (2017) studied 2 species of 
coral reef fish with contrasting dispersal capacities 
and found that the one with a short larval duration, 
Amphiprion akallopisos, had higher genetic differ-
entiation among populations located in islands along 
the Mozambique Channel than the species with the 
longer pelagic larval span, Dascyllus trimaculatus. In 
other studies, genetic differentiation appears to be 
moderate to high within the Mozambique Channel, 
e.g. for green turtles (Bourjea et al. 2015), the man-
grove crab Neosarmatium meinerti (Ragionieri et al. 
2010), the reef fishes Myripristis berndti and Epi-
nephelus merra (Muths et al. 2011, 2015), tropical 
brittle-stars (Hoareau et al. 2013), the mud crab 
Scylla serrata (Fratini & Vannini 2002) and the cat-
face grouper Epinephelus andersoni (Coppinger et 
al. 2019). Environmental conditions in the Mozam-
bique Channel can also foster the evolution of cryptic 
species through restriction of gene flow and diversi-
fication, as seen for reef brittle-stars (Hoareau et al. 
2013). Major habitat changes along the coast of 
Mozambique, with mostly mangroves located be -
tween ~16 and 21° S in the Sofala Bank area (Barbosa 
et al. 2001), and the complexity of circulation pat-
terns within the Mozambique Channel, could both 
contribute to create these phylogeographic breaks, 
in particular for species requiring hard substrate 
(label 11b in Fig. 2). However, the absence of a bar-
rier to gene flow all along the Mozambique Channel 
has also been reported, for example for the man-
grove tree Avicennia marina (Amade et al. 2021). 

3.11.  South Madagascar–South Africa corridor 

Unidirectional flow of larvae and other biological 
material from south Madagascar to South Africa 
(label 12 in Fig. 2) driven by mesoscale eddies (Halo 
et al. 2014b, Marsac et al. 2014, Ockhuis 2016) is 
referred to as the ‘suitcase hypothesis’, a hypothesis 
supported by genetic examinations of meroplankton 
species composition (Ockhuis 2016, Ockhuis et al. 
2017) and gene flow in spiny lobster (Singh et al. 
2019). Hence, species with long-lived larvae, like 
lobsters, may connect south Madagascar to South 
Africa, but not species with short larval durations, 
such as barnacles and prawns, explaining the 
absence of genetic structure observed for lobsters 
(Singh et al. 2019) and the significant structures seen 
for barnacles (Tsang et al. 2012) and prawns (Mkare 
et al. 2017). One study combining biophysical model-
ling and genetics suggested the possibility of a con-
nection in the opposite direction, from South Africa 
to Madagascar, for the dusky grouper Epinephelus 
marginatus (Reid et al. 2016a). 

3.12.  Comoros eddies barrier 

In the Comoros Basin, local instabilities generate 
both anticyclonic and cyclonic eddies (Collins et al. 
2014) that persist in the basin from 2 mo up to about 
1 yr before they decay or move southwards into the 
Mozambique Channel (Collins et al. 2014, Hancke 
et al. 2014). 

This pattern was shown to create a barrier to con-
nectivity (label 13 in Fig. 2), with simulated larvae 
entrained in large eddies being trapped and isolated 
in the Comoros Basin, resulting in high retention for 
virtual coral reef larvae (Gamoyo et al. 2019), fish lar-
vae (Maina et al. 2020) and hatchling sea turtles 
(Jensen et al. 2020). In some of these studies, how-
ever, larvae could eventually escape and connect to 
shelves along the coasts of Tanzania, Mozambique 
and Madagascar (Gamoyo et al. 2019, Jensen et al. 
2020). This pattern is par ticularly important for spe-
cies with a long larval duration. 

A recent genetic study is consistent with the results 
obtained from the above simulations and illustrated 
how the Comoros eddies can represent a barrier to 
gene flow between populations of brooding coral 
Seriatopora hystrix on either side of the northern 
Mozambique Channel (van der Ven et al. 2021). In 
this specific case, the short larval stage of the species 
reinforced the effect of the eddies by completely 
restricting gene flow between locations sampled in 
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Madagascar and along the African coast. A similar 
result was obtained for the mangrove tree Rhizo -
phora mucronata (Triest et al. 2021). 

3.13.  Central Mascarene Plateau corridor 

Across the central Mascarene Plateau, between 
Saya de Malha and Nazareth Banks, the SEC creates 
a corridor (label 14 in Fig. 2) connecting central Mas-
carene to Madagascar and the African mainland 
through the nEMC and the Comoros eddies (Backe-
berg & Reason 2010). 

Simulated eel larvae in this region were advected 
westward by the strong northern branch of the SEC, 
joining the nEMC across the northernmost tip of 
Madagascar into the Comoros Basin within 60 d 
(Pous et al. 2010). These larvae could subsequently 
connect to Tanzania and northern Mozambique. A 
small proportion of simulated larvae from central 
Mascarene followed the relatively weaker and 
slower southern branch of the SEC, merging with the 
sEMC and eventually reaching southeast Madagas-
car in 110 d (Pous et al. 2010). These results illustrate 
the role of this region as a corridor. In contrast, the 
southern Mascarene Plateau around Mauritius and 
Réunion islands is more isolated, with low connec-
tion to Madagascar (Pous et al. 2010, Crochelet et al. 
2013, 2016, 2020) and also low connection from 
Rodrigues to Mauritius and then Réunion (Crochelet 
et al. 2013, 2016). 

There is a recognized lack of in situ information 
about connectivity in the northern Mascarene Pla -
teau (Miller et al. 2019, Fauvelot et al. 2020, Kim et 
al. 2022). In the southern part, genetic studies gen-
erally indicated strong genetic differentiation be -
tween populations found in the Mascarene Islands 
and those found in the Mozambique Channel (Hoa -
reau et al. 2007, Muths et al. 2011, 2012, Hoareau 
et al. 2013, Muths et al. 2015, Borsa et al. 2016, 
Kiper 2019). This suggests the existence of a 
barrier to gene flow between these distant regions, 
possibly associated with the SIC flowing to the 
east. The genetic differentiation of populations 
from the Mascarene Islands has also been recently 
highlighted for corals (Gélin et al. 2018) and giant 
clams (Fauvelot et al. 2020). A study combining 
genetics and simulated larvae showed that specific 
oceanographic conditions linked to a cyclone were 
the most likely ex planation for rare colonization 
events of vagrant individuals of E. marginatus from 
the east coast of Madagascar to Réunion (Reid et 
al. 2016a). This study illustrates that rare and 

extreme oceanographic conditions can explain pat-
terns of connectivity that would seem counter-
 intuitive at first glance. 

3.14.  Small-scale corridors and barriers 

In addition to the corridors and barriers reported 
above, which have effects on marine species disper-
sal and connectivity at regional scales, several stud-
ies have reported smaller-scale (<10 km) corridors 
and barriers due to features such as bays, headlands, 
eddies, river plumes and fronts. 

Ecological and molecular studies of invertebrate 
adult assemblages (especially mussels) have described 
contrasting patterns between bays and downstream 
headlands, on the south coast (Zardi et al. 2007, von 
der Meden et al. 2008) and the west coast (Hoffmann 
et al. 2012) of South Africa. The dominance of bays as 
the principal source populations in the region has 
been largely confirmed for several early life stages 
for invertebrates, including spawning (McQuaid & 
Phillips 2006), larval availability (McQuaid & Phillips 
2006, Mian 2015), settlement (von der Meden 2009, 
Hoffmann et al. 2012) and recruitment (McQuaid & 
Phillips 2006, von der Meden 2009, Pfaff et al. 2011). 
As shown for St Helena Bay (Penven et al. 2000) and 
Camps Bay (Largier 2003) on the South African coast, 
topographic eddies could favour the retention of 
propagules in the lee of bays, whereas strong off-
shore advection prevails at the headlands, thereby 
creating along-shore and cross-shore discontinuities 
in species distributions. In Algoa Bay, a recent mod-
elling study found higher simulated recruitment for 
the blacktail seabream Diplodus capensis on the lee-
ward side of the bay than on the windward side 
(Muller et al. 2023), consistent with field data (Pat-
trick & Strydom 2014). 

Wind forcing can also result in the formation of 
along-shore fronts, either as surface foam lines and 
slicks or below the surface (Largier & Swart 1987, 
Jackson et al. 2012). These small-scale fronts can 
both create convergence zones that delay or prevent 
cross-shore larval transport (Franks 1992, Pineda 
1999, Shanks et al. 2000, Weidberg et al. 2014) and 
also facilitate final transport of larvae of coastal 
organisms to the shore (Lagos et al. 2008, Woodson et 
al. 2012). Larval behavioural shifts for active depth 
regulation and adaptive response to the flow dyn -
amics may interact with these small-scale features 
(Weidberg et al. 2019, Pattrick et al. 2021), including 
the fine-scale, front-associated foam that dissipates 
intertidally (Porri et al. 2021). A combination of be -
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havioural responses and the duration, intensity and  
co-occurrence with biological processes (Largier 
1993) will determine the realized role of coastal 
fronts as barriers or corridors. 

4.  DISCUSSION 

We identified 7 corridors and 8 barriers to marine 
connectivity in southern Africa from biophysical 
modelling, ecological and molecular studies (Fig. 2, 
Table 1). A variety of approaches were used in the 
different studies for a variety of vertebrate and inver-
tebrate taxa of commercial and ecological interest. 
Different molecular techniques were developed over 
the years, which allowed historical results to be com-
pared to new ones using more recent, stronger, 
markers. A variety of modelling platforms were also 
used in the reviewed works to simulate hydrodyn -
amics (HYCOM, MITgcm, NEMO, ROMS [now 
CROCO]) and marine dispersal (Ariane, Ichthyop, 
MGET, Parcels, Pyticles). This seems to be mostly 
due to different research teams using different tools, 
but it still indicates that research on marine con -
nectivity has been very active in the region, and it 
paves the way for future multi-model ensemble 
approaches. When corridors and barriers were inves-
tigated from different approaches, e.g. molecular 
and modelling, results were generally consistent. 
However, contrasting results obtained with different 
approaches may also occur, and the most striking 
example comes from a study where genetics and 
modelling were conducted together. Along the west 
coast of South Africa, the simulations of Mertens et 
al. (2018) showed that the Cape urchin Parechinus 
angulosus had a long-distance dispersal potential 
that was higher than that of the granular limpet 
Scutellastra granularis, as expected from its longer 
planktonic larval duration (70 d for the urchin vs. 
10 d for the limpet). Yet the genetics revealed a 
strong genetic structure for the urchin population 
and panmixia for the limpet. As there is no known 
strong barrier to marine connectivity along the whole 
area studied by Mertens et al. (2018), the urchin 
genetics result is particularly puzzling and points to 
the importance of post-settlement processes warrant-
ing further investigation. We also identified broad 
knowledge gaps from particular regions and meth-
ods, in particular a lack of ecological studies con-
ducted in the Comoros eddies region and the north-
ern Mascarene Plateau, a lack of modelling studies 
investigating the south Madagascar to South Africa 
corridor and a lack of genetic studies specifically 

designed to assess corridors and barriers within 
bioregions (but see Dalongeville et al. 2022) and at 
scales <10 km. 

The identified barriers are broadly consistent with 
transitions between marine bioregions (i.e. transi-
tions in coastal marine community compositions) 
described in studies at the global scale (i.e. studies 
identifying large-scale marine bioregions) and at the 
regional scale (i.e. studies specifically concerned 
with our southern African study region). At a global 
scale, 3 marine biogeographic regions are generally 
distinguished over southern Africa: the Benguela, 
Agulhas, and Western Indian Ocean provinces 
(Spalding et al. 2007, Toonen et al. 2016), separating 
around the Cape of Good Hope (immediately west of 
barrier 4 in Fig. 2) and Cape Vidal (immediately east 
of barrier 10). These 2 breaks were also reported at 
regional scales, with additional ones around St 
Helena Bay (Griffiths et al. 2010), Cape Agulhas (bar-
rier 4) (Teske et al. 2011, Kirkman et al. 2016), Algoa 
Bay (immediately east of barrier 6) (Teske et al. 2011) 
and the Wild Coast (barrier 7) (Griffiths et al. 2010, 
Teske et al. 2011). Griffiths et al. (2010) focused on 
South Africa, so their study domain did not extend up 
to our barriers 1, 11b and 13. Teske et al. (2011) noted 
that the few studies conducted outside South Africa 
made it difficult to determine phylogeographic 
breaks there. Biogeographic breaks were suggested 
in Namibia at ~20° S and in Mozambique at ~26° S 
(Whitfield 2005, Potts et al. 2015), not fully matching 
our barriers 1 and 11b, although these breaks were 
based on the assessment of estuarine fauna only. 
However, Barrier 1 (Lüderitz upwelling) is consistent 
with the sub-systems proposed by Kirkman et al. 
(2016) for ecosystem-based management of the 
Benguela ecosystem, and barrier 11b (Sofala Bank) is 
consistent with the ecoregions of Spalding et al. 
(2007). 

Understanding life history traits appears to be 
essential to explaining why a particular barrier may 
be important for some species and not for others. Dis-
persal mode and larval duration mediate the degrees 
and scales of connectivity, with the dispersal of long-
lived broadcast spawners more likely to be dictated 
by shelf and pelagic oceanographic dynamics (Teske 
et al. 2015), whereas species with short larval dura-
tion may be more influenced by localized retention 
mechanisms. Given that the ability to disperse is 
taxon- and size-dependent, large-bodied propagules 
are expected to have shorter dispersal distances than 
small-sized plankton and hence depend less on the 
broad global environmental connectivity (Villarino et 
al. 2018), but rather on the localized spatio-temporal 
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configuration of barriers, relying on the local abun-
dance to maintain and replenish populations. 

We also highlighted that multiple, and at times 
synergistic, interactions among factors and the pres-
ence of a diverse array of drivers of dispersal indicate 
how the absence of strong hydrographic barriers 
does not necessarily result in a broad and uniform 
connectivity of populations. Many of the processes 
involved in the realized connectivity are indeed time 
and space dependent and operate at different scales 
(McQuaid et al. 2015). For example, small changes in 
cross-shore dispersal, mediated either by the physi-
cal environment or by the behaviour of a species, 
such as vertical diel migration, can have large reper-
cussions in along-shore transport and final delivery 
of propagules (Largier 2003). The complexity of driv-
ers involved in connectivity makes it difficult not only 
to observe and describe it, but also to project it in 
order to manage marine populations efficiently. 

The biophysical modelling works we reviewed 
were mostly about larval connectivity; however, the 
genetics results can include any type of connectivity, 
not only larval connectivity, depending on species 
mobility as juveniles and adults. Small- (Bennett et al. 
2012) to large-scale (Daly et al. 2019) connectivity has 
also been largely investigated for adults using 
acoustic telemetry, in particular for fish species of 
ecological and economic importance, as well as to 
study habitat shifts between juvenile and adult stages 
(Childs et al. 2015). Results from telemetry studies 
support the existence of corridors used by fish for 
large-scale movements along the south and east 
coasts of South Africa and identify important trans-
boundary routes of animal migration, such as the 
 migration at the border between South Africa and 
Mozambique (Cowley et al. 2017). Adult movements 
may contribute to overcome barriers to larval disper-
sal and thereby homogenize populations. Conversely, 
as suggested for silver kob, populations can be genet-
ically connected by possibly overlapping or extended 
spawning grounds and seasons, yet hydrographic 
 fidelity can still partially isolate populations with 
management and conservation repercussions (in sil-
ver kob, fish from the southeastern putative stock 
have a limited offshore movement in winter relative 
to the southern group due to the narrower Agulhas 
Bank) (Griffiths 1997, Mirimin et al. 2016). Recent 
sources of ecological and physiological barriers also 
come from water pollution or general anthropogenic 
impacts, e.g. boat traffic, spills and fisheries activities 
(Donaldson et al. 2014). These environmental impacts 
can alter the common habitat use or migration routes 
of estuarine-dependent and coastal species, for ex-

ample forcing individuals to find alternative spatial 
and trophic niches (Eggenberger et al. 2019). 

Climate change may act on marine population dis-
persal and connectivity in many ways, including 
changes in ocean circulation, temperature, food 
availability, larval dispersal duration and shifts in 
habitat and/or phenology (Harley et al. 2006, Gerber 
et al. 2014, Llopiz et al. 2014, Wilson et al. 2016, 
Bashevkin et al. 2020). In southern Africa, historical 
changes in sea level drove changes in habitats that 
likely had large impacts on population connectivity, 
sometimes explaining the strong divergence seen 
today between populations of species occupying cer-
tain areas (Toms et al. 2014). On a more recent time 
scale, over the last decades, the AC was found to be 
warming (Rouault et al. 2009), broadening (Beal & 
Elipot 2016) and weakening (Biastoch et al. 2009), 
leading to increased Agulhas Leakage (Biastoch et 
al. 2009, van Sebille et al. 2009, Backeberg et al. 
2012) and thereby to an increased connectivity 
between Indian and Atlantic Ocean waters. There 
are also indications of an intensification of the SEC 
and of accelerated eddy propagation in the Mozam-
bique Channel (Backeberg et al. 2012), two of the 
corridors that were highlighted in this review. The 
western Indian Ocean has been identified as one of 
the fastest-warming regions in the world (Roxy et al. 
2016). Modelling outputs have also highlighted that 
the multidecadal variability in temperature on the 
Agulhas shelf is driven by changes in coastal winds 
(Malan et al. 2019). Species tolerance to temperature 
is therefore another important species trait to con-
sider, as species with a short tolerance range will be 
more impacted by thermal barriers than more toler-
ant species. Teske et al. (2019) showed that thermal 
selection can act as a driver of speciation along the 
South African coastline. We refer to Potts et al. (2015) 
for a thorough review of the projected impacts of cli-
mate change on coastal fishes in the different bio-
geographic regions composing southern Africa. 

Meso- to local-scale changes in the flow can alter 
the delicate use of currents by organisms with reper-
cussions on population resilience. For example, 
changes in currents may alter or break the connec-
tion between spawning and feeding grounds for 
chokka squid (Roberts 2005). Similarly, sardines may 
find new (unsurmountable) barriers during their 
‘run’ to spawning areas in the east (Fréon et al. 2010, 
Teske et al. 2021). During the interaction between 
Natal Pulses and the inshore intrusions of the AC, 
propagules of coastal invertebrates may be more 
intensively transported to offshore waters and be -
come unable to replenish and maintain the intertidal 
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adult populations (Porri et al. 2014). Similarly, in the 
KwaZulu-Natal Bight, an intensified meandering of 
the AC may entrain more coastal larvae offshore 
(Heye 2021) in areas unfavourable to recruitment. At 
a larger scale, given the importance of the Agulhas 
Rings in shaping circulation in the Atlantic and cli-
mate (Beal et al. 2011) and their influence on plank-
ton diversity (Villar et al. 2015), alterations in the 
Agulhas Leakage may have important repercussions 
on the connectivity, functioning and resilience of 
communities therein. At any scale, such changes are 
difficult to observe, and therefore, described cases of 
impacts on marine populations are still limited in 
southern Africa (Griffiths et al. 2010). As a comple-
ment to observations, biophysical modelling using 
projected future environmental conditions is a prom-
ising approach to investigate and anticipate the 
effects of climate change on marine population dis-
persal and connectivity (Lett et al. 2010). 

Our review underlines the value of including stud-
ies from different disciplines in order to have a broad 
view of marine connectivity, and in particular the 
complementarity of larval dispersal biophysical mod-
els and seascape genetics (Jahnke & Jonsson 2022). 
This multidisciplinary approach could be used in 
other regions where similar works on corridors and 
barriers to marine connectivity focused on genetics 
(e.g. Pascual et al. 2017, in the Mediterranean Sea) or 
biophysical models (e.g. Treml et al. 2015, in the 
Indo-West Pacific). Our review also highlights again 
the importance of ocean circulation to shape marine 
connectivity, as reported in the California Current 
(Checkley & Barth 2009), Canary Current (Arístegui 
et al. 2009) and Humboldt Current (Montecino et 
al. 2005, Montecino & Lange 2009) upwelling eco -
systems. There are indeed similarities in the oceano-
graphic features influencing marine connectivity in 
these ecosystems and in the Benguela upwelling 
ecosystem, such as the Lüderitz barrier in the 
Benguela with Point Conception in California 
(Chavez & Messié 2009), as well as similarities 
between the AC meandering corridor and the 
Kuroshio Current (Yasuda et al. 2009) and between 
the Mozambique Channel eddies and the Canary−
African eddies (Landeira et al. 2017). However, the 
marine environment around southern Africa is truly 
unique in that it brings together 2 oceans in a tem-
perate region, connecting a warm-water western 
boundary current to a cold-water eastern boundary 
upwelling system in a complex mix of flow patterns 
and eddies that make it an excellent place to study 
the impacts of connectivity on the dynamics of 
 marine organisms. 

The corridors and barriers to connectivity identi-
fied around southern Africa represent baselines to 
critically assess existing MPAs and prioritize future 
spatial management efforts to mitigate human im -
pacts on marine ecosystems. This review should 
therefore contribute to improved integration of mar-
ine connectivity research into MPA design and spa-
tial conservation planning (Balbar & Metaxas 2019, 
Beger et al. 2022, Fontoura et al. 2022). 
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