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Abstract

The South Brazil Bight is a section of the Brazilian margin mainly dominated by the poleward Brazil Current flow, their

meanderings and eddies. We evaluated the mean mesoscale for the region, and an anticyclonic feature was highlighted over the

São Paulo Plateau. Around that feature, cyclonic eddies were also accentuated. The combination of these structures dominate

the region, forming an eddy corridor. Using eddy detection dataset, we reveal that the signal on the plateau was directly

related to the presence of anticyclones. The cyclones in the region present both local and remote origins, however, most of the

anticyclones are from remote sources. More than 95% of these anticyclones were Agulhas Rings, which could or could not have

been subjected to splitting or merging processes. On the plateau we observe an average of 5.3 anticyclones per year. However,

these rate is related not only to the number of anticyclones but also to the time they remain there. We observe that Agulhas

Rings reside in the region for 50.8 days, consequently, they occupy the plateau for almost 75% of the year. During half of the

residence time, there is a multi-pattern interaction with cyclones. This relationship between eddies of opposite polarity creates a

shielding process. The anticyclones become shielded and trapped by the cyclones, have their progress delayed, and their course

deflected toward the Brazil Current. This was the first observation of this process involving the Agulhas Rings and the first

study of the subsequent eddy-current interaction in the region.
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Key Points:11

• Surrounding cyclonic eddies compresses the Agulhas Rings over the São Paulo Plateau,12

trapping them in the Brazil Current domain.13

• About 95% of the remote anticyclones observed in the South Brazil Bight are con-14

sidered Agulhas Rings impinging towards the Brazil Current.15

• The Agulhas Rings becomes quasi-steady at the South Brazil Bight, occupying16

a plateau for more than 2/3 of the year.17
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Abstract18

The South Brazil Bight is a section of the Brazilian margin mainly dominated by19

the poleward Brazil Current flow, their meanderings and eddies. We evaluated the mean20

mesoscale for the region, and an anticyclonic feature was highlighted over the São Paulo21

Plateau. Around that feature, cyclonic eddies were also accentuated. The combination22

of these structures dominate the region, forming an eddy corridor. Using eddy detection23

dataset, we reveal that the signal on the plateau was directly related to the presence of24

anticyclones. The cyclones in the region present both local and remote origins, however,25

most of the anticyclones are from remote sources. More than 95% of these anticyclones26

were Agulhas Rings, which could or could not have been subjected to splitting or merg-27

ing processes. On the plateau we observe an average of 5.3 anticyclones per year. How-28

ever, these rate is related not only to the number of anticyclones but also to the time29

they remain there. We observe that Agulhas Rings reside in the region for 50.8 days, con-30

sequently, they occupy the plateau for almost 75% of the year. During half of the res-31

idence time, there is a multi-pattern interaction with cyclones. This relationship between32

eddies of opposite polarity creates a shielding process. The anticyclones become shielded33

and trapped by the cyclones, have their progress delayed, and their course deflected to-34

ward the Brazil Current. This was the first observation of this process involving the Ag-35

ulhas Rings and the first study of the subsequent eddy-current interaction in the region.36

Plain Language Summary37

The South Brazil Bight is a section of the Brazilian coastline where the ocean cur-38

rent flows mainly towards the south, causing meandering and swirling movements in the39

water known as eddies. We evaluated the patterns of these activities and found a spe-40

cific anticlockwise swirling signature over the São Paulo Plateau that is surrounded by41

clockwise features. We discovered that the presence of anticyclones (eddies that spin in42

the contourclockwise direction) was directly related to this signature on the plateau. Most43

of these anticyclones were found to come from a distant source called the Agulhas Retroflec-44

tion, therefore being called Agulhas Rings. We observed an average of 5.3 anticyclones45

per year in the area, but it’s not just the number that matters - it’s also how long they46

stay there. We found that the Agulhas Rings can stay in the region around 2/3 of the47

year. During that time, they can interact with cyclonic eddies (spin in the clockwise di-48

rection) in a way that slows them down and redirects their course towards the Brazil Cur-49

rent. This was the first time this process was observed in this region, and it sheds light50

on how these eddies and currents interact with each other.51

1 Introduction52

The Brazilian Southeast continental margin is characterized in the southernmost53

portion by the presence of the South Brazil Bight (SBB, 23°S–28.5°S) (Zembruscki, 1979;54

Castro & Miranda, 1998; Campos et al., 2000). The Brazil Current (BC) flows poleward55

adjacent to the shelf break along the margin. Due to the shelf break geometry and the56

vertical structure of the BC, unstable meanders and eddies are formed along the bights57

(Schmid et al., 1995; Silveira et al., 2004; Calado et al., 2006; Silveira et al., 2008; Uchoa58

et al., 2022). Underneath the BC, the Intermediate Western Boundary Current (IWBC)59

flows in the opposite direction (Böebel et al., 1999; Silveira et al., 2000, 2004). This re-60

verse flow enhances vertical shear and energy dissipation at the pycnocline level (Lazaneo61

et al., 2020) and triggers eddy formation (Mano et al., 2009; Napolitano et al., 2021).62

This configuration is the source of available potential energy that fuels baroclinic insta-63

bility and makes cyclonic eddies grow (Silveira et al., 2008; Calado et al., 2008; Rocha64

et al., 2014). It has been reported that these cyclones only translate to either north or65

south after being pinched off from the BC (Arruda et al., 2013; Mill et al., 2015; Pereira66

et al., 2019; Silveira et al., 2023). However, BC-IWBC instability might not be the only67
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mechanism influencing the formation and propagation source of these cyclones since ex-68

ternal sources are plausible.69

Among the distinct sources of the vortical features that propagate in the ocean and70

reach the southeast continental margin of Brazil, remote sources have gained greater fo-71

cus in the literature. Among these sources, Agulhas Rings (AgRs) have been reported72

to cross the South Atlantic (Olson & Evans, 1986; de Ruijter et al., 1999; Biastoch et73

al., 2009), reach the Brazilian SE continental margin, and eventually interact with the74

BC and its meanders (Guerra et al., 2018; Laxenaire et al., 2018). Guerra et al. (2018)75

followed one of these AgRs from its origin site to the region off Cape Frio (23°S), where76

it interacted with two cyclonic eddies (potentially Cape Frio Eddies - CFEs), creating77

a vortical triplet that propagated southwestward. This cape is a geomorphological fea-78

ture around which recurrent cyclonic meanders can be formed due to a change in the shelf79

break orientation. Previous studies have noted that the SBB is a region within the BC80

domain prone to this kind of oceanic interaction (Assireu et al., 2003; Oliveira et al., 2009).81

The arrival of AgRs in the SBB must be frequently considered a relevant trigger82

for BC instabilities since CFEs and the Cape São Tomé Eddy are formed at a rate of83

2.3 eddies per year (Silveira et al., 2023). Using altimeter data and an eddy detecting84

algorithm, Guerra et al. (2018) estimated that 6 AgRs are formed at the Agulhas Retroflec-85

tion (AR) on average per year, but only slightly over 50% of them manage to surpass86

the Walvis Ridge and cross the South Atlantic. Laxenaire et al. (2018) used a more com-87

plex eddy-detecting method, identifying 3.5 AgRs, on average, that cross the South At-88

lantic per year upon analyzing a 24 year long time series. Moreover, these latter authors89

mentioned that ring trajectories are complex and subject to a series of nonlinear pro-90

cesses, such as splitting and merging.91

The translation of the AgR into and through the South Atlantic Ocean is a key com-92

ponent of global ocean circulation (Gordon et al., 1992), connecting the South Atlantic93

and Indian Ocean gyres (de Ruijter et al., 1999). Due to this, saltier and warmer wa-94

ters are introduced into the South Atlantic (Lutjeharms & Van Ballegooyen, 1988; Lut-95

jeharms & Cooper, 1996; Biastoch et al., 2009; Nencioli et al., 2018; Capuano et al., 2018;96

Laxenaire et al., 2020), which makes a significant contribution to the amount of energy97

available in the Atlantic system (Olson & Evans, 1986). In addition, the Agulhas Leak-98

age has a relevant feedback relationship with the climate system. On the one hand, the99

number of rings shed between basins is influenced by the position of the westerlies and100

changes in the wind forcing (Biastoch et al., 2009). On the other hand, the increase in101

leakage in a warming scenario could affect the Atlantic overturning circulation (Beal et102

al., 2011) due to the impacts on the global meridional heat flux (Lutjeharms & Gordon,103

1987). Although the excess heat gained through the surface can quickly dissipate into104

the atmosphere (Lutjeharms & Cooper, 1996), the temperature signal can be preserved105

along the South Atlantic crossing in cases where the rings present a thick thermostat (Souza106

et al., 2014; Guerra et al., 2018). The AgRs are emitted and move across the South At-107

lantic in different latitudinal ranges (Laxenaire et al., 2018), crossing the deepest por-108

tion of the Walvis Ridge (Schouten et al., 2000)).109

Despite these recent findings on how the AgR belt is migrating toward the west-110

ern side of the South Atlantic, there is still little information about the passage and per-111

sistence of these eddies along the SBB and their interactions with the BC. To this end,112

we begin this article by describing the occurrence of eddies within the limits of the SBB,113

which are closely related to mesoscale activity. Additionally, we show the arrival of these114

AgRs in the BC system, their persistence, and possible interactions with oceanic surround-115

ing features, such as cyclones and BC. These interactions are evaluated to better under-116

stand their importance and impact on the passage of anticyclones in the region. With117

this description, we assess how the SBB is dominated by mesoscale vortices over time118

and how remote structures participate in shaping this hydrodynamic system.119
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2 Datasets120

To explore ocean surface signals linked to mesoscale activities, we employed the mul-121

tisatellite altimetry Absolute Dynamic Topography (ADT) Level 4 product and derived122

geostrophic currents produced by the Sea Level Thematic Center (SL-TAC) and distributed123

by the Copernicus Marine Environment Monitoring Service (CMEMS, https://www.copernicus124

.eu/en) (Pujol & Mertz, 2019). This dataset is gridded at a 1/4°resolution and spans from125

1993 to the present. However, this time series is reduced to match the temporal cover-126

age of the other dataset used (Laxenaire et al., 2018).127

The altimeter-based eddy-identification algorithm output, developed by Laxenaire128

et al. (2018, 2020), called “Tracked Ocean Eddies” (TOEddies), was employed. This dataset129

contains eddy contours that were defined according to the maximum velocity contour130

around a possible eddy center. Furthermore, this dataset considers the nonlinear inter-131

actions of splitting-merging processes and neutral interactions to track cyclonic and an-132

ticyclonic eddies in the South Atlantic and in part of the Indian Ocean from January 1,133

1993, to May 15, 2017. From this set, we used the daily eddy identification data, which134

contains, among other variables, eddy contours associated with the eddy maximum speed,135

the position of the eddy center, the radius, and a tracking index of each eddy over time.136

For the eddies shed in the Agulhas Retroflection, Laxenaire et al. (2018) generated137

a chain of eddies and routes that called the Agulhas Ring Eddy Network (AREN), which138

connects the South Atlantic to the Indian western boundary. The eddies in this network139

are classified by order from 0 to 29. The zeroth-order eddies are those whose trajectory140

originates directly from the Agulhas retroflection region. These routes are referred to as141

“main trajectories”. The other orders represent secondary trajectories connected to the142

main pathways through splitting and merging events. The eddy orders allows us to as-143

sess whether the eddies present in the South Atlantic western boundary have a remote144

origin, possibly linked to Agulhas Retroflection, or not, as well as their fate. A zero-order145

eddy that is observed in the western portion of the South Atlantic is a feature that di-146

rectly crossed the South Atlantic from the Agulhas retroflection region without having147

constructive or destructive interactions (e.g. (Guerra et al., 2018)).148

3 Climatological Stream Function Pattern in the South Brazil Bight149

The Brazil Current is shallow and weak compared to its analogs in other ocean basins150

(Silveira et al., 2000), with its core approximately positioned over the 1000m isobath (Rocha151

et al., 2014). Therefore, this isobath becomes an important reference for local mesoscale152

dynamics. In local terms, this mesoscale activity is directly related to the shoreline ori-153

entation south of 23°S and to BC meandering, as seen in other cases, such as cyclone154

formation at Vitória-Trindade Ridge (Schmid et al., 1995; Uchoa et al., 2022), Cape São155

Tomé and Cape Frio (Calado et al., 2010; Palóczy et al., 2014; Silveira et al., 2023). In156

addition, remote eddies reach the SBB and interact with BC mesoscale features (Guerra157

et al., 2018).158

We first compute and discuss the mean pattern of the circulation in the SBB to159

seek a meandering BC pattern and other structures that may indicate recurrent and/or160

permanent mesoscale vortical features. We opted to build mean stream function fields161

from the ADT daily maps by simply using162

Ψ = (
g

f0
)×ADT , (1)

where f0 is the Coriolis parameter evaluated at the central latitude of the SBB. We then163

normalize the Ψ maps by subtracting the mean value and dividing by the standard de-164

viation related to that average. Over the normalized maps, we calculated the 1993–2017165

average Ψ map (Figure 1.A). Our intent with normalization is to highlight the Ψ-lines166

–4–



manuscript submitted to JGR: Oceans

associated with features of different polarities (Figure 1.A). Hereafter, we refer to these167

averaged and normalized values as Ψ only.168

We depict a concentration of the most negative Ψ values (between -0.4 and -0.6×104 m2 s−1)169

in a zone along the 1000m isobath from 23°S to 31°S, as shown in Figure 1.A. On the170

shallower side, there is a band with positive Ψ values closer to the shelf break. The pos-171

itive side of this bipolar pathway is mostly related to BC. Intrinsic to the current axis172

signal, we observe the effect of recurrent cyclonic meandering. The signature of recur-173

rent CFE formation at 25°S, as well as the Cape Santa Marta Eddy (29°S), is clear. The174

negative side of the bipolar pathway is associated with the recurrent anticyclonic activ-175

ity (Figure 2.A). This anticyclonic pattern, in addition to the meandering cyclonic as-176

pect of the BC, creates an “eddy corridor” at the SBB, as originally suggested by Belo177

(2011), and is analogous to what was defined by Garzoli and Gordon (1996) for the Benguela178

Current.179

To better identify sites of permanent and/or recurrent mesoscale phenomena, we180

eliminate the underlying large-scale background by applying a 181-day Blackman high-181

pass filter in each grid point of the time series. This filter application reduced seasonal182

variability and allowed us to calculate a long-term “mesoscale mean field” (Figure 1.B).183

The long-term mesoscale mean field depicts the dominance of some distinct patterns. The184

first prominent feature is a negative closed contour centralized at 26.5°S–43.5°W over185

the São Paulo Plateau (SPP, the 2500m isobath is used as a reference for this feature).186

This structure indicates the recurring sign of an anticyclone. Southwest of this contour,187

a continuous anticyclonic strip appears to be confined between the 1000m and 2500m188

isobaths. In the eastern portion, another negative closed contour is present at 26°S–40.5°W.189

After the filtering process, the SBB’s recurrent cyclonic features are also highlighted190

(Figure 1.B). We emphasize that there are indications of recurrent cyclonic structures191

outside the BC domain in the map. Centered at 28°S–44.5°W, there is a positive (cy-192

clonic) closed contour and another vortical feature with lower Ψ values at 27.5°S–41.5°W.193

The presence of a recurrent cyclone oceanward of the BC domain is not observed in the194

unfiltered mean field, where negative values are mainly depicted in the same region (Fig-195

ure 1.A). This recurrent aggregation of cyclonic structures seems to confine the recur-196

rent anticyclonic signal. This potential containment appears to restrict the anticyclonic197

pathway and compresses it against the BC. To the northwest (25.5°S–44.5°W) and north-198

east (24.5°S–42.5°W) of this main negative recurrent feature, we observe recurrent cy-199

clonic meanders and eddies from the BC (Calado et al., 2006, 2008; Uchoa et al., 2022),200

which are close to and/or greater than zero, confining the anticyclonic structure.201
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Figure 1. A. Normalized mean field and B. filtered mean field (181-day high-pass Blackman

filter by convolution) of the stream function field (Ψ) for the South Brazil Bight between January

1993 and May 2017. Negative values are related to anticyclonic features, and positive values are

related to cyclonic features. The grey mask extends from the coast down to the 200 meter iso-

bath, and the 1000 and 2500 meters isobaths are indicated.

4 Climatological Eddy Occurrence Rates202

The climatological Ψ maps (Figure 1) exhibited various vortical features although203

the whole time series (1993–2017) was used to develop them. The series length is still204

not long enough to smooth the eddy signals from the mean circulation maps. The ed-205

dies are so evident that we discuss them almost as synoptic features in the following sec-206

tion. Certainly, from the works by Guerra et al. (2018) and Laxenaire et al. (2018), we207

know that these vortical features are recurrent, remote-origin anticyclones and cyclones208

that arrive continuously in the SBB. The sites where these “mean eddies” are depicted209

are probably subjected to higher occurrence rates and more frequent pathways.210

To identify whether the patterns observed in the mesoscale mean field are related211

to the eddy occurrences, we start by picking the daily eddy contours associated with the212
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eddy maximum speed within the SBB using the Laxenaire et al. (2018) identification set.213

Then, we map the points in the interior of the eddy contours for each day of the time214

series. From these daily SBB eddy maps, we estimate the occurrence rate of cyclones and215

anticyclones per grid point (0.05°×0.05°grid) and create a 2D histogram (Figure 2).216

Based on these occurrence rate maps, we can confirm the direct relationship be-217

tween the above mentioned average maps (Section 3) and the presence of eddies with op-218

posite polarities in the region. This assessment corroborates the vast presence of vor-219

tices in the region also found by Rocha and Simoes-Sousa (2022). Analyzing the anti-220

cyclonic cases (Figure 2.A) shows that anticyclonic eddies occur with the highest frequency221

(≥25%) near the 2500m isobath and is confined to the 1000m isobath to the north, re-222

inforcing the eddy corridor configuration mentioned before. In addition, most anticyclones223

(∼40%) occur over the São Paulo Plateau (Figure 2.A), coinciding with the closed con-224

tour of minimum Ψ values (Figure 1.B). This higher occurrence rate stands out because225

the eddy corridor already presents recurrent structures, and there is an even greater per-226

sistence or concentration of anticyclones in this specific site.227

As previously observed in the mesoscale mean field (Figure 1.B), the anticyclonic228

structure over the SPP is commonly surrounded by cyclonic features. This belt-shaped229

cyclonic feature that surrounds the persistent anticyclonic region (red line in Figure 2.B),230

although not necessarily occurring simultaneously, suggests the capacity to confine these231

anticyclones. Moreover, the cell centered at 28°S–45°W, with an occurrence rate near232

25%, matches the positive sign in Figure 1.B, which is southwest of the anticyclonic fea-233

ture. Cyclonic occurrence is also notable on the continental slope, centered at 24.5°S–234

42.5°W (Figure 1.B). This outstanding formation is due to the recurrence of the CFE,235

which is directly related to the BC meander and plays an important role in the forma-236

tion of dipoles with AgRs that arrive in the western portion of the South Atlantic, such237

as the one observed by Guerra et al. (2018).238
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Figure 2. Occurrence of A. anticyclonic and B. cyclonic eddies in the South Brazil Bight

between January 1993 and May 2017, according to the identification data from Laxenaire et al.

(2018). The closed contours in panel A represent the center of the rings’ path (C0) within the

SBB; the two secondary occurrence maxima northeastward (C-2 and C-1) and southwestward

(C+1 and C+2) related to C0; and the contour related to the structure centered at 26° S–40.5°W
in Figure 1.B (CΨ). The red contour in panel B indicates the isoline of the 25% anticyclonic

occurrence. The gray mask extends from the coast down to the 200 meter isobath, and the 1000

and 2500 meters isobaths are depicted.

5 Anticyclone origin, trajectory and fate239

Initially, the focus is directed on the anticyclonic features, as these are the most240

outstanding mesoscale features in the region (Figure 1.B) and are still not well documented.241

It is possible to identify subregions of higher occurrence based on the map of Figure 2.A.242

These maps reveal the spatial and temporal distribution of the anticyclones that cross243

the SBB. Aiming to sectorize the SBB to better understand the passage of anticyclones244

in the basin, we defined contours over localities with high occurrence (≥25%) as a ref-245

erence for the upcoming analyses. The area with the highest occurrence rate over the246
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SPP is qualified as the center of the rings’ path (C0) within the SBB. We assume that247

the anticyclones may converge in that location.248

We selected two secondary maxima of occurrence northeastward (C-2 and C-1) and249

southwestward (C+1 and C+2) of the central passage area C0. We define these contours250

to investigate the paths that the anticyclones take before and after reaching C0. There251

is a convergence of anticyclonic occurrence in the C-2 and C-1 regions. There is a ten-252

dency for eddies to move by self-induced propulsion (Cushman-Roisin et al., 1990) or to253

be transported northwest in the open ocean until they encounter a physical barrier, such254

as the Brazilian continental slope (Azevedo et al., 2012). Upon reaching the western con-255

tinental margin, the AgRs, for example, tend to typically transit southwest, arriving south256

of Cape Frio (Guerra et al., 2018). Therefore, the secondary maxima C+1 and C+2 are257

the result of these eddies propagating in the same direction as the BC, as shown in Rocha258

and Simoes-Sousa (2022). Finally, we select another contour, named CΨ, that despite259

not appearing as an anticyclonic high occurrence region in the Laxenaire et al. (2018)260

dataset, stands out in Figure 1.B (negative Ψ-values centered at 26.5°S–40.5°W).261

The anticyclone occurrence contours, used as checkpoints, allow for the eddies to262

be classified based on different scenarios: (i) eddies formed within the corridor itself by263

the nonlinear interactions of preexisting features, (ii) the arrival of remote rings, and (iii)264

based on their transit toward the southwest while already in the SBB. To evaluate these265

three scenarios, we considered a valid anticyclonic event to be the one that stays within266

the reference C0 contour for at least one day267

From the selected anticyclones, we develop three quantities to indicate how anti-268

cyclones occur in each of the reference C contours (Table 1). The residence time (RT)269

is calculated based on the length of time that the eddy contour remains in the reference270

area. The yearly residence (YR) is the time per year that each area is occupied by one271

or more of the selected anticyclones, leading to the estimation of the number of anticy-272

clones per year (AY) at each one of the C contours.273

We next explore two elements: the number of anticyclonic eddies (Section 5.1) and274

the residence time along the SBB (Section 5.2). The combination of these factors shows275

us if the occurrence rate is related to a high repetition of anticyclonic events or the per-276

manence of these eddies in a specific C area.277

5.1 Incidence of rings in SBB278

Examining the results for the C0 contour shows that 136 rings were recorded within279

it between 1993 and May 2017 (Figure 2.A). By applying the AREN classification sys-280

tem, used to determine which anticyclones come from the Agulhas Retroflection (Laxenaire281

et al., 2018), it was shown that 130 rings were considered as AgRs, categorized in dif-282

ferent orders. The remaining 6 did not show remote connections. This demonstrates the283

influence that rings shed remotely and propagated across the South Atlantic have over284

the SBB. From now on, we only analyse these 130 AgRs.285

This comprehension of the anticyclone origin is important because the Agulhas Retroflec-286

tion is a unique connection between basins, introducing distinct waters from the Indian287

Ocean to the South Atlantic Ocean (Gordon, 1986), with the potential to carry the in-288

fluence from one western boundary current to another (Guerra et al., 2022). If this ring289

is transported directly from the Agulhas Retroflection, without any nonlinear interac-290

tions, the content present in this eddy is potentially better preserved. When interactions291

occur, the anomaly carried into the SBB can be mitigated (Nencioli et al., 2018; Lax-292

enaire et al., 2020). This shows that it is essential to consider interplays, which are an293

important part of the lifetime of these eddies. Despite having a similar origin, the rings294

are dissimilar in how they cross the South Atlantic. Of the 130 AgRs present at SBB,295
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only 3 cross directly, without undergoing splitting/merging processes (Figure 3.B), which296

is similar to those investigated by Guerra et al. (2018).297

Once we know a given anticyclone origin, we evaluate its arrival at the western South298

Atlantic basin, as well as its trajectory along the SBB (Figure 3.A). Aside from the three299

zeroth-order eddies that reach the western portion of the South Atlantic, the remainder300

had several nonlinear interactions along their path. Their trajectories across the South301

Atlantic are split into threaded segments until one last interaction gives rise to an an-302

ticyclone that enters the SBB system (Figure 3.B). Upon that observation, 53.1% of the303

AgRs’ last segment started before the arrival at the SBB, 36.9% occurred inside the SBB,304

and 10% do not cross the reference contours. Therefore, the latter are disregarded in our305

analysis. Of the AgRs that approach the western edge of the South Atlantic, between306

24°S and 26°S, 90% do so in three different ways: (i) the anticyclones reach C-2, cross307

it, and proceed to C-1; (ii) the anticyclones arrive directly in C-1, and (iii) the anticy-308

clones pass through CΨ to enter the bight. It is important to establish that it was not309

possible to determine if there is a preferred route among the three because, in some cases,310

the same ring can pass through all three areas.311
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Figure 3. A. Distance covered by the Agulhas Rings (AgRs) before (red) and after (blue)

crossing the C0 contour and B. the number of AgR segments that reached and crossed the C0

contour along the South Atlantic between January 1993 and May 2017, according to the iden-

tification data from Laxenaire et al. (2018). The 200 meter and 2500 meter isobath is shown in

gray, and the C0 contour is shown in magenta.

Table 1 shows that a greater number of AY (5.3±1.3) in C0 than in the northern-312

most contoured areas (C-1, C-2 and CΨ) since there is a convergence of routes in this313

region. However, this amount does not represent a sum of the AY in the C-1 and C-2314

contours. This can be due to 3 factors: (i) not all AgRs cross C0; (ii) a single event is315

counted in more than one C contour; and (iii) anticyclonic eddies merged within C0. For316

(i), out of the 213 rings that pass through the northernmost C contours, 2/3 do not reach317

contour C0. However, 47 of these do generate new anticyclones that reach C0 by split-318

ting. For (ii), 109 rings are counted passing through more than one C-contoured area.319

For item (iii), there are 24 anticyclonic eddies that merge in C0, of which 92% involve320

mergers to rings that are already in C0. There are also anticyclones that are destroyed321

in C0, without undergoing any merging processes. Some of these can meld with the BC322

anticyclonic lobe and are, therefore, absorbed by the current. Other eddy-killing pro-323
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cesses have been reported by Renault et al. (2019) for the Gulf Stream and Agulhas Cur-324

rent but not for the BC.325

Not every anticyclone proceeds to C+1 or even to C+2 after passing through the326

C0 contour. Only 64.1% and 38.5% of the AgRs reach these contours, respectively. Thus,327

although the AY quantity is similar or greater, comparing C+1 and C+2 to C0, some328

of these values are associated with the 144 anticyclones that arrive directly at C+1 or329

C+2. Knowing that more than 83% of these are AgRs of different orders, there is a clear330

dominance by remotely originated anticyclonic eddies throughout the entire SBB.331

We can therefore infer from our analysis that there are multiple patterns in both332

how AgR eddies arrive at SBB and how the bight is crossed. In addition, merging and333

splitting processes may occur within the basin, generating new possibilities for the tra-334

jectories and fate of these rings. Thus, evaluations of only the amount of AgRs present335

in the SBB and their paths does not explain the highest occurrence rates that exist within336

the C0 contour over the SPP, as seen in Figure 2.A. If that were the case, these rates337

would be similar between the C0 and C+1 contours and even higher in C+2, the con-338

tour where there the passage of anticyclones per year (AY) is highest.339

Table 1. The number of anticyclones per year (AY), average residence time (RT) and yearly

residence (YR) that cross each contour and belong to Agulhas Rings Eddy Network (AREN);

Number of cyclones (NC) that interact with the AgRs and the mean interacting time (IT).

Contours AY RT (days) YR (days) NC IT (days)

CΨ 3.3±1.2 35.5±24.7 116.9±46.0 109 12.2±14.9

C-2 4.3±1.6 34.5±25.5 148.4±66.0 112 13.1±15.2

C-1 4.5±1.2 32.3±23.7 147.4±50.3 148 13.9±17.3

C0 5.3±1.3 50.8±31.8 271.2±43.5 219 25.2±22.8

C+1 5.2±1.4 34.5±23.7 178.4±54.9 169 14.6±15.9

C+2 5.8±1.4 29.6±17.9 174.0±37.8 144 10.8±13.9

5.2 SBB Crossing time340

In the previous section, we noted that the amount of AgRs that pass through each341

portion of the SBB does not fully explain the occurrence rates shown in Figure 2.A. In342

addition, we also note that there is no proportionality between these rates and the num-343

ber of AgRs in the SBB. This inconclusiveness can be remedied by the time that the an-344

ticyclones take to cross each C-countered region. Consequently, it is necessary to study345

the residence time of the anticyclones in each C region (RT, Table 1).346

The C0 contour presents the highest RT. The permanence difference differs by ap-347

proximately 2 to 3 weeks from the other C-contoured areas. This helps to explain the348

vortical feature over the SPP shown in Figure 1.B. Additionally, we note in Table 1 that349

the RTs in the other C contours do not show great variability among themselves, and350

all are approximately greater than 30 days.351

The combination of the annual amount of AgRs (AY) and their permanence (RT)352

results in an annual occupancy, on average, of almost 75% (YR, Table 1). In addition353

to the convergence of the arrival pathways, there are also merging events that occur at354

the C0 site. These factors may contribute to the greater recurrence and permanence of355

AgRs. Therefore, this shows that the AgRs tend to maintain their integrity longer, with-356

out splitting or dissipation. This can also be observed by the fact that the anticyclones357

in C0 have the highest mean radius values among the contours (121.2 ± 33.8 km). Escudier358
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et al. (2016) observed that there is a relationship between the duration of eddies and the359

radial scale in that long-lived eddies tend to reach larger radii more quickly.360

The persistence of the rings may be related to conditions intrinsic to the SBB or361

the rings themselves, such as baroclinic instability (Rocha et al., 2014) or interaction with362

topography (Soutelino et al., 2013). If the second condition is true, there would be no363

distinction between the RTs in the different contours. As confirmation, there is no sig-364

nificant correlation between the RT of each eddy and its order or lifetime. The order of365

each eddy is directly related to the number of nonlinear interactions that these struc-366

tures went through, according to Laxenaire et al. (2018). The eddy lifetime is related367

to how long the anticyclone remained nearly intact. The correlation between the travel368

time of the ring before (-0.03) or after (0.27) passing through C0 and the RT is weak.369

Therefore, the processes that prolong or shorten the duration of an anticyclone do not370

appear to influence its persistence in the vicinities of the SPP.371

We need to redirect the assessment towards what happens around the anticyclones372

when they arrive in the SBB, mainly in the C0 region. Figure 1.B shows, as pointed out373

earlier, that, together with the noticeable anticyclone signature, the surrounding cyclones374

are also obvious. As seen for the anticyclones, the cyclonic signatures shown in Figure 1.B375

are directly related to the eddies, which corroborates the high concentration of cyclonic376

eddy kinetic energy (EKE) observed next to the SPP by Rocha and Simoes-Sousa (2022).377

In short, in the region where the anticyclonic eddies are permanent, peaks of kinetic en-378

ergy are observed due to the presence of cyclones around them.379

6 The AgR trapping and the role of the cyclones380

We now assess the role cyclones play in the stagnation of AgRs over C0. As pre-381

viously mentioned, other studies have evaluated the formation of cyclones within the basin,382

which are partially indicated near the shoreline of Figure 2.B. As an example, we observe383

their climatological signature centered at 24.5°S–42.5°W, closer to the 1000m isobath384

(Uchoa et al., 2022). However, little is known about the arrival of cyclones from outside385

the basin, which reach the study region.386

Rocha and Simoes-Sousa (2022), based on EKE maps, observed that the oceanic387

portion of the SBB is vastly occupied by mesoscale eddies, as seen in Figure 2.B. The388

authors also noted that local cyclones contribute more to SBB’s EKE than remote cy-389

clones. Interestingly, this remote contribution may have greater importance for systems390

that relies on interactions with anticyclones.391

As a hint of the presence of these remote cyclones, Figure 2.B shows a large num-392

ber of cyclones pairing with the oceanward side of the anticyclonic eddies. The increase393

in the frequency of the cyclones around the C-2, C-1, C0, C+1, and CΨ areas does not394

appear to be related to the local formation by the BC (Figure 2.B) but is instead related395

to eddies that formed remotely. However, despite the observation of this apparent co-396

incident occurrence of anticyclones and cyclones, we cannot confirm that the coincidence397

occurred simultaneously by only inspecting the aforementioned figure. Thus, the forma-398

tion of vortical pairs is not guaranteed.399

Therefore, to study the co-occurrence of cyclones and anticyclones, we select only400

anticyclone events that resulted from the Agulhas Retroflection in our analysis. We again401

only examine the AgRs that cross the C-contoured areas and that remain for more than402

one day over C0. We identify 117 cases of AgRs that arrived at C0 and occupied it for403

6228 days between January 1, 1993, and May 15, 2017, which represent almost 70% of404

the whole period. We interpret that the interaction of eddies of different polarities oc-405

curs when the distance of the eddy cores is shorter than the sum of their radii (Ni et al.,406

2020). Then, based on the identification of the local and remote cyclones that interact407

with the anticyclones (Figure 4), we determined the number of cyclones (NC) and the408
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time of the interaction (IT) (Table 1 and Figure 5.B). We also observe the simultane-409

ous occurrence of cyclones and anticyclones in different C areas, revealing several dif-410

ferent patterns of interaction (Figure 6).411

Focusing on the interaction events in C0, the AgRs interacted with 219 cyclones412

over 2947 days (NC, Table 1), without revealing a common established pattern. In most413

cases (80%), anticyclones interacted with only one cyclone at a time. In the other 20%,414

interaction with 2 to 4 different cyclones could occur simultaneously. Each anticyclone415

interacted on average with 1.9±1.3 cyclones during its residence time in C0. As a ver-416

ification of this result, we show in Figure 5.C that in almost 80% of the cases, the AgRs417

interacted with 1 to 3 cyclones. For the rest of the cases where interactions occurred (4418

to 6 cyclones), we highlight in Figure 5.C how rare it is to observe a single interaction419

between an AgR and 6 cyclones. Thus, the availability of more cyclones around the an-420

ticyclones increases the interaction time (Figure 5.B); however, the configuration pat-421

tern is less common (Figure 5).422

Another interesting piece of information about these interactive cyclones comes from423

their remote or local origin. In Figure 4, using the 2500m isobath as a reference for the424

SBB limit, we can see that many cyclones come from outside the basin. As AgRs pass425

through the SBB, they interact with 447 different cyclones, of which 306 originate in re-426

gions deeper than 2500m. Approximately 57% of these 306 cyclones form less than 111 km427

away from the region where the eddy-eddy interaction is taking place (black line in Fig-428

ure 4). For the remaining cases (43%, 131) originating outside the SBB, we can see in429

Figure 4 the beginning of the cyclone track segments coming from either the south or430

north of the reference contour. Nevertheless, 55% of these originate east of 40°W.431

Figure 4. The cyclonic displacement between January 1993 and May 2017 before reaching the

position where the interactions occur. The black contour is the region that represents the sum of

all cyclone contours in the position when interacting with an AgRs and is used as a reference for

the distance estimate. The trajectories are derived from the identification data from Laxenaire

et al. (2018), and the points that determine the trajectory represent the center of the moving

vortices. The 200 meter and 2500 meter isobath is shown in gray.

This recurring pattern of an anticyclone surrounded by cyclones (Figure 6) has been432

reported in the literature and is called a “shielded eddy” (Carton, 1992; Reinaud, 2017).433
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Carton (2001) showed that cyclones survive as localized smaller features surrounding the434

larger anticyclonic vortical ring by resisting the deformation induced by the interaction.435

On the other hand, the anticyclone also preserves its integrity and stalls, as seen for the436

Lofoten basin eddies (Gordeeva et al., 2021). Shielded anticyclones surrounded by smaller-437

scale cyclones have been observed in the Gulf Stream area (Kennelly et al., 1985), Kuroshio-438

Oyashio frontal zone (Prants, 2015; Prants et al., 2018), Lofoten Basin (Belonenko et439

al., 2021) and northwestern Pacific (Prants et al., 2020) during the stagnation phase of440

anticyclones.441

The previous paragraph showed that there is a relationship between the presence442

of cyclones and the stagnation of anticyclones. In Figure 6, we can observe not only the443

interaction with the cyclones in the shielding process but also with the Brazil Current444

(represented by the blue line) on the inshore side of the AgRs. This is the first descrip-445

tion of the shielding effect and current-eddy interaction involving AgRs within the SBB.446

Azevedo et al. (2012) evaluated the encounter between anticyclones and boundary cur-447

rents and explored how this could impact the current flow and generate a stationary eddy.448

However, as observed by Guerra et al. (2018), this encounter involves the participation449

of other vortices, as confirmed in multiple cases in this assessment. These interactions,450

in addition to impacting the propagation of anticyclones, increase the complexity of en-451

counters between the AgRs and the BC.452

There seems to be a direct relationship between the number of cyclones and the453

residence time in C0 (Figure 5.A). The more cyclones interact with the anticyclone, the454

longer the stagnation period lasts. However, we observe that the correlation between NC455

and RT of the 117 anticyclonic events over C0 is only r = 0.56. This moderate corre-456

lation shows us the importance of the number of cyclones interacting with anticyclones.457

However, this is not the only factor that impacts stagnation. Both the number of cyclones458

and the time that these interactions effectively last need to be evaluated.459
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Figure 5. A. Mean anticyclonic residence time in C0, B. average time interacting with cy-

clones, and C. the number of cases of each interaction configuration, which is related to the

number of cyclones that interact during this stagnation process.

Observing the mean interaction time (IT) in each C contour (Table 1), the longer460

IT is related to longer stagnation of AgRs observed in C0. This is evidenced in a stronger461

correlation (r = 0.73) between the interaction and residence times of the 117 events. There-462

fore, the number of cyclones does not alone guarantee a higher RT, however, it will in-463

crease the IT which, in turn, impacts the stagnation in C0.464

Up to this point, it was observed that the anticyclones tend to stagnate over the465

C0 region, that there is a correlated simultaneous occurrence of cyclones surrounding them,466

and that there is a direct relationship between these factors. However, can a criterion467

be defined to determine whether there is a stagnation of AgRs? We have established the468

importance of the interaction for the stagnation process. Thus, the result from the cases469

where there is no interaction will enlighten us about what we can consider as a minimum470

RT to be considered as a stagnation period. For these cases, the mean RT is 27.7±15.4471

days (∼4 weeks) (Figure 5.A, 0-bar). Thus, using 4 weeks as a threshold for stagnation,472

out of the 117 anticyclonic events passing through C0, only 5 are cases of non-interaction473

with cyclones and have RT greater than this limit. Interestingly, these non-interaction474

events show a merger of the southwestward propagating AgR and a stagnant one that475

previously had arrived in C0, justifying a longer RT, despite the absence of cyclones around.476

Therefore, we considered these as a pseudo-stagnation Belonenko et al. (2021) also ob-477

served pairs of eddies of opposites polarities lasting approximately for a month, consid-478

ering this relationship as rather stable.479

The imposition of the 4-week threshold reduces the number of cases that interact480

with only one cyclone (Figure S1.A). Thus, the stagnation configuration linked to the481
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two-cyclones interaction is the most recurrent. In this way, it is understood that as we482

select anticyclones that remain longer in C0, there will be a tendency to identify cases483

where more recurrent and lasting interactions with cyclones occur (Figure S1.B). We still484

must address remains how the typical configuration of this relation between opposite po-485

larities takes place spatially.486

Figure 6. Occurrence rate of AgRs (shades of red) crossing the contours of the reference A.

CΨ, B. C-2, C. C-1, D. C0, E. C+1, and F. C+2, and of cyclones (shades of blue) that interact

with these anticyclones, between January 1993 and May 2017, based on the identification data

from Laxenaire et al. (2018). In gray, the isobath of 200 and 2500 meters. In blue, the mean

contour of zero-Ψ is based on values of Figure 1, representing the axis of the Brazil Current.

As previously observed, the longer persistence of AgRs in the SBB is related to a487

greater co-occurrence of and more lasting interaction with cyclones (Table 1). Yet, go-488

ing beyond the statistical evaluation, Figure 2.B shows that there are preferred regions489

for the occurrence of cyclones and, consequently, for the interactivity among the eddies490

with opposite polarity. Therefore, we should pursue the understanding of the spatial con-491

figuration of the cyclones during these interactions in the different C-contoured areas in492

the SBB, and how that may affect the trapping of the AgRs.493

The rate of occurrence of anticyclones, the spatial distribution, and the frequency494

of cyclones were found (Figure 6). In the most northern contours (Figure 6.A, B and C),495

there are three different settings. In the CΨ, the lowest cyclonic mean occurrence rate496

is found (1.8±0.3%), which is consistent with the lowest values of NC (Table 1). Due to497

the scattering and lack of cyclonic events around the arriving AgRs, there is low inter-498

action between eddies of opposite polarity, and the annual occupation of this region by499

anticyclones is the smallest among the reference contours. These results are also directly500
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related to the fact that the presence of the cyclones is not necessarily a physical obsta-501

cle to the westward propagation of anticyclones. On the contrary, cyclones sometimes502

form a dipole structure with incoming anticyclones, propagating together, as observed503

in the Brazil Current domain (Arruda et al., 2013; Arruda & da Silveira, 2019), and be-504

tween SBB cyclones and AgRs (Guerra et al., 2018).505

One of the highest cyclonic rates is in C-2 (5.8%), where there is a concentration506

of episodes to the southeast of the anticyclones. In Figure 6.B, there is a pattern that507

repeats itself along the passage of the rings in the SBB: the AgRs not only interact with508

the cyclones but are constrained between them and the Brazil Current (blue contour in509

Figure 6). In Figures 6.B to F, the AgRs are pressed between cyclones and the BC. This510

is an important result because as there is an increase in anticyclonic permanence, there511

will be a crucial enhancement in the eddy-current interaction. That is pronounced es-512

pecially at C0, where there is the highest RT, NC, and IT values. These encounters may513

promote changes in the exchanges between these AgRs and the mean BC structure, af-514

fecting the current speed (Guerra et al., 2018) and meandering (Soutelino et al., 2011;515

Rocha & Simoes-Sousa, 2022). The influence of eddies over currents was also observed516

in other basins (Clément et al., 2016; Shi & Wang, 2021).517

In C-1, despite the increase in NC compared to C-2, there is a reduction in the max-518

imum occurrence rate (4.5%). These differences are due to the change in the position519

of the cyclones relative to what we observed in C-2. There is a greater spread of cyclonic520

structures around the AgR in C-1, and a consequent reduction of the recurrence per grid521

point. In addition to the cyclones observed offshore of the anticyclones, there is inter-522

action with cyclones from the BC, onshore: the CFE. Both inshore and offshore posi-523

tion cyclones, circling the anticyclones to the most southwesterly portion, with values524

that do not exceed 5%. Therefore, despite appearing to be a configuration that would525

provide more significant conditions for the stagnation of anticyclones, the low NC dilutes526

the cyclones around the AgRs and mitigates this potential.527

In C0, as observed so far, the highest occurrences of both anticyclones (48.4%) and528

cyclones (7.7%) are found. Additionally, the greatest overlap of cyclonic and anticyclonic529

rate contours is observed at this position (Figure 6.D). This intersection is equivalent530

to more than 1/3 of the area occupied by anticyclones events. This information corrob-531

orates the fact that in almost 90% of the cases where an anticyclone stagnates in C0, there532

is at least one cyclone co-occurring.533

In addition to these observations, we evaluated the AgR proximity to the BC. To534

do so, we use the mean contour of zero-Ψ (blue dashed line in Figure 6) as reference. This535

represents the center position of the BC jet core (Rocha & Simoes-Sousa, 2022). The stag-536

nant anticyclones in C0 present one of the smallest distances to the reference among all537

the C areas (14.4±22.2 km) and the largest number of events where AgRs merge with538

the contour of the BC core. It is worth mentioning that at C-2, the AgRs begin to ap-539

proach this reference (27.7±25.5 km) and get closer at C-1 (22.2±26.4 km) due to the540

meandering of the BC, related to the change in the orientation of the continental mar-541

gin.542

Synthesizing all information obtained so far, there is a greater probability of an-543

ticyclones stagnating in C0 due to interaction with cyclones, being pushed towards BC,544

and having, finally, their passage towards the southwest strangled and hampered. This545

configuration generates the trapping effect, prolonging the stay of the AgRs in the re-546

gion, and causes a certain eddy deformation, altering the more circular shape of the stag-547

nant feature, to a more elongated shape. We can observe this fact in Figures 1.B and 2.B548

(red contour). Hence, the average radii of AgRs decrease from 121.2 km at C0 to 115.0 km549

at C+1.550
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The rings continue to be strongly influenced by offshore cyclones in C+1, where551

we obtained the second highest occurrence rates of anticyclones (35.7%) and cyclones552

(7.2%). However, despite the similar number of anticyclones in C0 and C+1 (AY in the553

Table 1), the number of cyclones and the interaction time are importantly reduced from554

219 to 169, and from 25.2 days to 14.6 days, respectively. Therefore, the AgRs continue555

to be squeezed against BC, but without the same stagnation effect.556

Finally, at the exit of the SBB region, we can observe the end of the crossing of the557

AgRs in C+2 contour. At this point, the occurrence of anticyclones (33.8%) is still higher558

than those observed in the contours northern of C0. However, the same high occurrence559

does not happen for the cyclones (5.4%). As observed so far, this low occurrence impacts560

the IT, which consequently, creates the condition for the AgR being more distant from561

the BC (27.5±27.5 km). The sum of these factors results in the lowest RT among all the562

C contours.563

7 Summary and final remarks564

The South Brazil Bight is a region populated by high vortical activity, both cyclonic565

and anticyclonic. Through the application of altimeter data, the signal of these mesoscale566

features can be observed along the bight. Among what was observed, two scenarios stand567

out: the eddy corridor together with the Brazil Current meandering structure, and a strong568

signal possibly related to an anticyclonic feature, surrounded by cyclonic features, over569

the São Paulo Plateau. From these observations, we initially investigated the passage570

of anticyclonic eddies through the region, to better understand the reason for the exis-571

tence of a more intense signal over the plateau region.572

To investigate the signature observed over the São Paulo Plateau, we used the eddy573

identification and tracking dataset developed by Laxenaire et al. (2018), from which we574

can extract information such as the position in time and space of the vortex core and575

its contour is determined. In addition, the set considers the processes of merging and split-576

ting of vortices to establish connections between different vortical structures. This al-577

lowed us to follow both the passage of anticyclones through the region and the origin of578

these eddies. Aiming to evaluate the pathway of these anticyclones in the South Brazil579

Bight, we determined a region with a high occurrence rate of these eddies as a reference580

for the analyses. Which in turn coincided with the São Paulo Plateau location, where581

we counted over time the anticyclonic structures that crossed it.582

Between January 1993 and mid-May 2017, 136 anticyclones were observed cross-583

ing the control region, of which 117 have connections that trace back their origin to the584

Agulhas Leakage region. Although only 3 of these are anticyclones that directly cross585

the South Atlantic (order 0th), a wide influence of the Agulhas Rings on the South Brazil586

Bight was noted. According to the Laxenaire et al. (2018) identification, most of the an-587

ticyclones that reach the South Brazil Bight are classified as higher-order eddies, since588

they were subjected to nonlinear interactions (successive merging and splitting). The Ag-589

ulhas Rings that cross the control contour, approach the South Brazil Bight in the lat-590

itudinal range from 24°S to 26°S, without a preferred latitude or route.591

Jointly with the arrival of the Agulhas Rings at the South Brazil Bight, we observe592

the co-occurrence of cyclones interacting with the anticyclones. What we can observe593

is that these cyclones have varied origins. In addition to the well-documented presence594

of locally formed cyclones from the Brazil Current meanders, we observed that most of595

the cyclones that interact with the anticyclones had a remote formation. As the Agul-596

has Rings approach the westernmost portion of the South Atlantic, the contact with the597

cyclone increases, both in terms of recurrence and duration of these interactions. With598

the occurrence of this relationship between eddies of opposite polarity, the anticyclones,599

when approaching the coastal region, begin to also interact with the Brazil Current.600
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Not only do these Agulhas Rings arrive and cross the basin region, but they also601

show a marked permanence (50.8±31.8 days) in the control contour, with an average oc-602

currence of 5.3±1.3 anticyclones per year. Compared to other regions within South Brazil603

Bight, this permanence is almost 60% longer, despite the occurrence per year, on aver-604

age, not being higher in the same proportion. This showed us that the signal observed605

in the altimeter data is more related to a longer permanence of these anticyclones than606

to a greater recurrence of these features of such polarity over the plateau region.607

When observing the occurrence of cyclones around the anticyclonic events, what608

caught our attention was that in the São Paulo Plateau region, the largest number of609

cyclone-anticyclone interactions occur (219), for the longest time (25.2±22.8 days). Due610

to this higher recurrence and duration, these interactions generate a shielding process,611

where an anticyclone is surrounded by at least one eddy of opposite polarity and has its612

translation impacted, being restrained, blocked, or redirected. In the unprecedented case613

of the present study, these shielded anticyclones are even more squeezed by these cyclones614

towards the Brazil Current, as soon as they begin to approach the 2500-meter isobath.615

Under this stagnation process over the control contour, we observed that Agulhas Rings616

can meld with the anticyclonic lobe of the Brazil Current. Because of the shielding phe-617

nomenon, the Agulhas Rings maintain their integrity, and splitting is absent. This is due618

to the assessment that shielded eddies tend to be stable (Reinaud, 2017). By observing619

the effect on the permanence of anticyclones over the São Paulo Plateau, we conclude620

that the interaction time is the substantial factor for the longer permanence of these an-621

ticyclones. As consequence, important eddy-eddy and eddy-current interactions are pro-622

moted, allowing property exchanges between these regionally dominant structures.623

The end of stagnation occurs with the mitigation of the shielding process. This change624

is directly related to the reduction in the occurrence of cyclones and the change in the625

spatial distribution of these features around the anticyclones. As consequence, there is626

a movement away from the Brazil Current. The anticyclones that maintain their integrity,627

will head southwestward until they leave the South Brazil Bight. Although the cyclone-628

anticyclone-Brazil Current interactions in this southern limb of the bight do not provide629

the same pattern of stagnation of the anticyclones in the control region, the Agulhas Rings630

remain over the 2500-m isobath.631

In conclusion, the entire passage of anticyclones, mostly connected to the Agulhas632

Leakage, is influenced by several interactions with local and remote cyclones and the Brazil633

Current. As these anticyclones cross the SBB, both the interaction with cyclones and634

the translation time of Agulhas Rings tend to increase as they approach the São Paulo635

Plateau region. The peak of the residence time is reached in the control contour because636

of the shielding process. The impact of this longer stay in a specific region of the South637

Brazil Bight, linked to greater interaction with cyclones and the Brazil Current, is an638

unexplored and an important topic for the studies of eddy dynamics along the western639

boundary currents. The fate of the Agulhas Ring as they approach the Brazil Current640

retroflection region is yet to be unraveled.641
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