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The satellite free air gravity of the Central, Equatorial 
and South Atlantic Oceans. Fairhead & Wilson



Opening of the Atlantic Ocean ~ 115 m y a



Brazilian EEZ definition

Coastline extension Coastline extension 
8,500 Km8,500 Km

EEZ area = 3,500,000 KmEEZ area = 3,500,000 Km22



Bathymetric, Geophysical, and Biological 
data  acquisition

LEPLAC: Brazilian EEZLEPLAC: Brazilian EEZ

Area definitionArea definition

REVIZEE: biological REVIZEE: biological 
sampling within the EEZsampling within the EEZ

Benthic samples Benthic samples on the on the 
shelf and continental shelf and continental 
marginmargin

Plankton and Fisheries Plankton and Fisheries 
offshoreoffshore
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Brazilian EEZ definition

70% of Brazilian EEZ 70% of Brazilian EEZ ⇒⇒
bathyalbathyal and abyssal and abyssal 

Shelf  breaks at  Shelf  breaks at  
~ 60~ 60--70 m70 m

Shelf  breaks at  Shelf  breaks at  
~ 160 m~ 160 m

Shelf  breaks at  Shelf  breaks at  
~ 80~ 80--100 m100 m



Biological Sampling 
Programmes: 
Seamounts 

MD55: MD55: 
Franco Brazilian Franco Brazilian 
Expedition (Allan Expedition (Allan GuilleGuille))
VitoriaVitoria / / JaseurJaseur / Davis / / Davis / 
DogaressaDogaressa / Columbia / Is / Columbia / Is 
TrindadeTrindade / Is Martin / Is Martin VazVaz

JOPS II:JOPS II:
German Brazilian German Brazilian 
CooperationCooperation

REVIZEE:REVIZEE:
Northeast (NE)Northeast (NE)
Central V & VICentral V & VI

PETROBRASPETROBRAS
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Main currents circulation

Dispersal + biogeography on Dispersal + biogeography on 
continental shelf continental shelf ⇒⇒ organisms organisms 
influenced by shelf processes, i.e., influenced by shelf processes, i.e., 
river outflows, topography (rock reefs, river outflows, topography (rock reefs, 
true reefs), temperature, shelf true reefs), temperature, shelf 
extension, depthextension, depth……

In deeper water situation is certainly In deeper water situation is certainly 
different as influence from turbulence different as influence from turbulence 
and upwelling processes can be and upwelling processes can be 
stronger, more related to features of stronger, more related to features of 
water masses, and less  from shelf water masses, and less  from shelf 
processes. processes. 



Seamounts adjacent to the Northern Brazilian Margin

Koji Koji JinnoJinno & & JairoJairo MarcondesMarcondes de Souza (6de Souza (6thth SBGF 278)SBGF 278)

Several major topographic highs form the North Several major topographic highs form the North 
Brazilian ridge and several scattered seamounts Brazilian ridge and several scattered seamounts 
raising from the ocean floor constrain the NADW flow raising from the ocean floor constrain the NADW flow 

⇒⇒ tturbulent flow and upwelling due to the seamounts urbulent flow and upwelling due to the seamounts 
topographytopography



Fernando de Fernando de NoronhaNoronha Ridge Ridge 
⇒⇒ AtolAtol dasdas RocasRocas

FisheriesFisheries
Ecological reserveEcological reserve

PernambucoPernambuco SeamountsSeamounts
BahBahííaa SeamountsSeamounts
AbrolhosAbrolhos BankBank

National Park ~ 48,000 KmNational Park ~ 48,000 Km22

Royal Charlotte BankRoyal Charlotte Bank
~ 8400 Km~ 8400 Km22

VitVitóóriaria--TrindadeTrindade Seamounts Seamounts 
⇒⇒ Martins Martins VazVaz & & TrindadeTrindade
IslandsIslands

MD55 MD55 –– 7 seamounts and islands7 seamounts and islands
REVIZEE REVIZEE –– whole chain + whole chain + 
adjacent areaadjacent area

Seamounts adjacent to the 
NE & SE Brazilian margin

Koji Koji JinnoJinno & & JairoJairo MarcondesMarcondes de Souza (6de Souza (6thth SBGF 278)SBGF 278)
Helena Helena LavradoLavrado (in Press)(in Press)

““isolationisolation”” gradient gradient 
from west to eastfrom west to east

60 Km between 60 Km between 
seamountsseamounts

65 65 
Km Km 

180 180 
Km Km 

250 250 
Km Km 

5050
Km Km 

Seamounts summits Seamounts summits ⇒⇒ 60 ~ 100 m depth60 ~ 100 m depth
Islands at the end ~ raise 5500 m from  ocean floorIslands at the end ~ raise 5500 m from  ocean floor



Types of substrate
Sand + biogenic calcareous Sand + biogenic calcareous 
pebbles pebbles ⇒⇒ molluscs + molluscs + 
bryozoansbryozoans

Branched Branched corallineouscorallineous algae algae 
⇒⇒ bryozoans, corals, bryozoans, corals, 
molluscs, benthic molluscs, benthic 
foraminiferaforaminifera

Nodules and algae Nodules and algae 
concretions concretions ⇒⇒ brachiopods, brachiopods, 
burrowing organisms, burrowing organisms, 
echinoderms (ophiuroids)echinoderms (ophiuroids)



Seamounts adjacent to the southern Brazilian margin

SãoSão Paulo Paulo 
PlateauPlateau

volcanic ridge / volcanic ridge / 
SãoSão Paulo Paulo 
Channel + Channel + 
seamounts seamounts 
VemaVema Channel / Channel / 
AABW flowAABW flow

Rio Grande RiseRio Grande Rise
giant dome giant dome 
summit 300 ~ summit 300 ~ 
600 m 600 m 
cobalt crusts and cobalt crusts and 
mangenesemangenese
nodulesnodules

Koji Koji JinnoJinno & & JairoJairo MarcondesMarcondes de Souza de Souza 
(6(6thth SBGF 278)SBGF 278)



Sea surface Temperatures (oC)
North of the North of the VitoriaVitoria--
TrindadeTrindade Chain Chain ⇒⇒
warmer temperatures warmer temperatures 
of the of the South South 
Equatorial Current Equatorial Current 
dominate the margin dominate the margin 
at the northern border at the northern border 
where they meet where they meet 
cooler waters of the cooler waters of the 
North Equatorial North Equatorial 
CurrentCurrent
South of the South of the TrindadeTrindade
Chain Chain ⇒⇒ water water 
masses are more masses are more 
stratified as the stratified as the 
southward flow of the southward flow of the 
Brazil Current Brazil Current 
encounters the encounters the 
subtropical gyre subtropical gyre 
south of Rio de south of Rio de 
JaneiroJaneiro

SegallSegall et alet al



Biological Sampling Strategies



Some biological questions…
How is the How is the faunisticfaunistic evolution from evolution from CaboCabo FrioFrio, where the , where the 
upwelling of subupwelling of sub--antarcticantarctic water occurs, to the water occurs, to the AbrolhosAbrolhos
Continental Slope, situated at the limit of tropical coralline Continental Slope, situated at the limit of tropical coralline 
ecosystems? (MD55 / REVIZEE)ecosystems? (MD55 / REVIZEE)

What are depth ranges for abundance, biomass, species What are depth ranges for abundance, biomass, species 
richness, diversity? (MD55 / REVIZEE / richness, diversity? (MD55 / REVIZEE / PetrobrasPetrobras))

What effects do major river outflows have on What effects do major river outflows have on bathyalbathyal
benthic fauna? (REVIZEE)benthic fauna? (REVIZEE)

Canyons Canyons vsvs nonnon--canyon? (canyon? (PetrobrasPetrobras))

How closely related to Caribbean benthic fauna (or even How closely related to Caribbean benthic fauna (or even 
Antarctic) is the Brazilian Antarctic) is the Brazilian bathyalbathyal fauna including fauna including 
seamounts? (REVIZEE / PROANTAR / seamounts? (REVIZEE / PROANTAR / PetrobrasPetrobras) ) 



Methodologies
Field workField work

MD 55 [multidisciplinary effort MD 55 [multidisciplinary effort ⇒⇒

pelagic (34#) pelagic (34#) 

& benthic (66#& benthic (66#)])]

REVIZEE [pelagic & benthic (>200 each)]REVIZEE [pelagic & benthic (>200 each)]

Gear usedGear used::

Water / Plankton (Water / Plankton (NiskinNiskin/plankton nets) /plankton nets) 

Benthos (dredges/trawls/corers)Benthos (dredges/trawls/corers)

BiomassBiomass: : 

weight (MD55) weight (MD55) 

biobio--volume (REVIZEE)volume (REVIZEE)

Treatment of samplesTreatment of samples: depended on taxa protocols for preservation discussed with : depended on taxa protocols for preservation discussed with 
individual taxonomists, but for most samples individual taxonomists, but for most samples ⇒⇒

molecular studiesmolecular studies

fixed in 4% buffered fixed in 4% buffered formalineformaline and transferred to 70% alcoholand transferred to 70% alcohol

organisms photographed on board (depending on taxa and sampling organisms photographed on board (depending on taxa and sampling depth prior to depth prior to 
fixation to register color)fixation to register color)
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REVIZEE Central
From From SãoSão TomToméé (RJ) to Salvador (RJ) to Salvador 
(BA) including (BA) including VitVitóóriaria--TrindadeTrindade
seamounts (ES) + seamounts (ES) + BahiaBahia
seamounts seamounts 
Main cruises: Main cruises: 

Central V Central V 
Central VICentral VI

Depth ranges (5): Depth ranges (5): 
< 75 m< 75 m
7575--100 m100 m
100 100 –– 250 m250 m
250 250 –– 500 m500 m
> 500 (benthos max 2000 m) > 500 (benthos max 2000 m) 

Helena Helena LavradoLavrado (in press)(in press)



REVIZEE Central: macrobenthos results

Relative abundance of Relative abundance of 
main macrofaunal main macrofaunal 
groupsgroups

Higher biomass: Higher biomass: 
PoriferaPorifera, , CnidariaCnidaria, , 
MolluscaMollusca

Helena Helena LavradoLavrado (in press)(in press)



REVIZEE Central: biomass per Brazilian State

Rio de Janeiro (RJ): Rio de Janeiro (RJ): AsteroideaAsteroidea, , EchinoideaEchinoidea, , 
SipunculaSipuncula, , DesmospongiaeDesmospongiae
EspEspííritorito Santo (ES): Calcareous algae, Santo (ES): Calcareous algae, OphiuroideaOphiuroidea, , 
AnthozoaAnthozoa, Bivalvia, Polychaeta, Bivalvia, Polychaeta
BahBahííaa (BA): (BA): DecapodaDecapoda, Gastropoda, , Gastropoda, 
DesmospongiaeDesmospongiae, Polychaeta, Bivalvia, , Polychaeta, Bivalvia, OphiuroideaOphiuroidea



Frequency and total abundance

Benthic macrofauna total Benthic macrofauna total 
abundance (number of abundance (number of 
individuals.100Lindividuals.100L--11) per ) per 
studied depth (m)studied depth (m)

90% of #s 90% of #s ⇒⇒ 100 ind.100 ind.100L100L--11, , 
but 1/3 of this = >1000 but 1/3 of this = >1000 
ind.ind.100L100L--1 1 (<75m, mainly at (<75m, mainly at 
the the VitoriaVitoria--TrindadeTrindade ChainChain



Interaction 
between 
benthos,  
substrate,
and depth

Biological matrix Biological matrix –– estimated abundance of benthic macrofaunal taxa estimated abundance of benthic macrofaunal taxa 
using Brayusing Bray--Curtis similarity Curtis similarity 
There is a significant difference between groups formed by shallThere is a significant difference between groups formed by shallower ower 
stations from the deep ones (R=0.571, p=0.001)stations from the deep ones (R=0.571, p=0.001)
This bears relationship to the type of substrateThis bears relationship to the type of substrate

DeepDeep
Mud / sandMud / sand

Shallower stations (C + D) Shallower stations (C + D) ⇒⇒ corals / calcareous algaecorals / calcareous algae DeepDeep
Mud / sandMud / sand

>1000m>1000m



MDS: sampling stations

Macrobenthic Macrobenthic 
estimated abundance estimated abundance 
/ depth / type of / depth / type of 
substratesubstrate

Corroborates BrayCorroborates Bray--
Curtis analyses Curtis analyses ⇒⇒
deep stations deep stations 
separatedseparated

Shallower #s Shallower #s ⇒⇒
usually calcareous usually calcareous 
concretions concretions 

Deeper #sDeeper #s⇒⇒ fine fine 
sands or mudsands or mud



NE Brazilian Seamounts

FloeterFloeter & & GaspariniGasparini (2000)(2000)



NE Fisheries
513 continental shelf marine shore fish 513 continental shelf marine shore fish ⇒⇒ 323 live 323 live 
in coral or rocky reefs (12.7% not found in other in coral or rocky reefs (12.7% not found in other 
provinces)provinces)
NE+SE NE+SE ⇒⇒ 353 353 sppspp
But, several fish But, several fish sppspp show show biogeographicalbiogeographical link link 
between Caribbean and Brazilian Oceanic Islands between Caribbean and Brazilian Oceanic Islands 
[[egeg, Fernando de , Fernando de NoronhaNoronha (340 Km from the (340 Km from the 
coast); St Peter & St Paul (at MAR)]coast); St Peter & St Paul (at MAR)]

LuizLuiz Rocha (2003). Journal of Biogeography, 30:1161Rocha (2003). Journal of Biogeography, 30:1161--11711171

Figure 1. Yearly mean CPUE of tunas, sharks, billfishes and others fishes 
caught by Brazilian longliners off northeast Brazil, from July 1983 to December 

2000  (Hazin et al 2001) (Hazin et al 1998)



In conclusion (1)…
The very large Brazilian marine The very large Brazilian marine 
ecosystem is hydrologic and ecosystem is hydrologic and 
topographically complex with topographically complex with 
contrasting dominant contrasting dominant 
ecosystems: ecosystems: 

calcareous algae and calcareous algae and 
coralline systems to the coralline systems to the 
north north 
followed by tropical and followed by tropical and 
subtropical oligotrophic subtropical oligotrophic 
systems with contact zones systems with contact zones 
between them between them 
eutrophic systems closest to eutrophic systems closest to 
the coast around the coast around CaboCabo FrioFrio
in the southeast and also in in the southeast and also in 
the South Brazilian region the South Brazilian region 



Generally, the large Generally, the large 
Brazilian marine Brazilian marine 
ecosystem is considered ecosystem is considered 
low in productivity low in productivity 
(<150gC.m(<150gC.m--2.yr2.yr--1) based 1) based 
on on SeaWiFSSeaWiFS global global 
primary productivity primary productivity 
estimatesestimates

But, areas where But, areas where 
seamounts are present seamounts are present 
can be considered can be considered 
‘‘hotspotshotspots’’ for highest for highest 
species richness and species richness and 
economically important economically important 
to the fish industry to the fish industry 

In conclusion (2)…
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Calcareous algae, corals, molluscs, crustaceans, Calcareous algae, corals, molluscs, crustaceans, 
sponges and echinoderms are the most abundant sponges and echinoderms are the most abundant 
megabenthic organisms on the seamounts. megabenthic organisms on the seamounts. 

Most seamount summits are built mainly by Most seamount summits are built mainly by 
calcareous algae that contribute to the calcareous algae that contribute to the 
accumulation of biogenic debris creating a good accumulation of biogenic debris creating a good 
substrate for sessile and burrowing organisms. substrate for sessile and burrowing organisms. 

Many new occurrences and new species to be Many new occurrences and new species to be 
described from the large Brazilian marine described from the large Brazilian marine 
ecosystem, especially regarding those from the ecosystem, especially regarding those from the 
continental margin, deep sea and adjacent continental margin, deep sea and adjacent 
seamountsseamounts

In conclusion (3)…



Challenges….
Major upwelling and turbulent Major upwelling and turbulent 
submarine flows and the occurrence of submarine flows and the occurrence of 
cobalt crusts and manganese nodules cobalt crusts and manganese nodules 
can be expected incan be expected in the Area adjacent the Area adjacent 
to the Brazilian jurisdiction to the Brazilian jurisdiction ⇒⇒ the Rio the Rio 
Grande RiseGrande Rise
Organisms such as Organisms such as hexactinellidshexactinellids, , 
corals and associated fauna could be corals and associated fauna could be 
expectedexpected
Much more isolated and potentially Much more isolated and potentially 
higher endemism higher endemism 
Which would be the relationship Which would be the relationship 
between Southern Ocean, East Atlantic between Southern Ocean, East Atlantic 
and/or Pacific on faunal composition of and/or Pacific on faunal composition of 
the Rio Grande Rise? Degree of the Rio Grande Rise? Degree of 
isolation (?) isolation (?) 
(James) Is this area likely to be (James) Is this area likely to be 
exploited? If so, maybe this would be exploited? If so, maybe this would be 
an important target area from the an important target area from the 
Atlantic to be exploredAtlantic to be explored



Where are the Brazilian data?

Fisheries journalsFisheries journals
http:/http:/www.biotaneotropica.org.brwww.biotaneotropica.org.br
and other Brazilian journalsand other Brazilian journals
REVIZEE book REVIZEE book –– Central coming Central coming 
up in June / Julyup in June / July
MD 55 report + MD 55 report + ZoosystemaZoosystema
volume + other papers published volume + other papers published 
separately separately –– Echinoderm Echinoderm 
meetings meetings 
Taxonomy efforts in Brazil:Taxonomy efforts in Brazil:

GovernmentGovernment
PetrobrasPetrobras



Deep-Sea Project Taxonomy 
Clovis Barreira e Castro Clovis Barreira e Castro –– MN/UFRJ MN/UFRJ 
((CnidariaCnidaria))

DeboraDebora Pires Pires -- MN/UFRJ (MN/UFRJ (CnidariaCnidaria –– DeepDeep--
seasea coralscorals))

Eduardo Eduardo HajduHajdu / Guilherme Muricy / Guilherme Muricy ––
MN/UFRJ / MN/UFRJ / MichelleMichelle KlautauKlautau -- IB/UFRJ IB/UFRJ 
((PoriferaPorifera))

Lucia S. Campos Lucia S. Campos -- IB/UFRJ / Renato IB/UFRJ / Renato 
Ventura Ventura ––MN/UFRJ / MN/UFRJ / MichelaMichela Borges  Borges  
((EchinodermataEchinodermata))

Paulo S YoungPaulo S Young / / CristianaCristiana SerejoSerejo ––
MN/UFRJ / Marcos Tavares + Gustavo MN/UFRJ / Marcos Tavares + Gustavo 
Mello Mello -- MUZUSP (Crustacea)MUZUSP (Crustacea)

Paulo Paulo CesarCesar de Paiva de Paiva –– IB/UFRJ / Ana IB/UFRJ / Ana 
Claudia Brasil Claudia Brasil –– UFRRJ (Annelida)UFRRJ (Annelida)

Paulo Costa Paulo Costa –– UNIRIO (UNIRIO (FishFish))

Ricardo Ricardo AbsalãoAbsalão –– IB/UFRJ (Mollusca)IB/UFRJ (Mollusca)

FFáábio bio HazinHazin –– UFRPE (NE UFRPE (NE FishFish))

Synaphobranchidae

S.brevidorsali
s

S.affinis

S.oregoni

DeimaDeima validumvalidum

CheirasterCheiraster sepitussepitus

PseudostichopusPseudostichopus depressusdepressus

OphiophycisOphiophycis mirabilismirabilis
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