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Abstract: The International Census of Marine Microbes (ICOMM), together with the South American and
Caribbean Steering Committees of the Census of Marine Life program (CoML), supported the initiative of
launching a regional ICOMM node (LACar ICoMM). This network aims at promoting discussions among sci-
entists currently involved in marine microbial studies carried out at both the South American and the Caribbean
regions, in order to evaluate the research capabilities and to identify complementary strengths and/or possibili-
ties for enhanced collaboration, that would improve the knowledge on marine microbes and their biodiversity
in both regions. We present an overview and discussion on some of the directions of current research on marine
microbes in these regions. Concerning the marine phytoplankton studies, the best known taxonomic groups are
diatoms and dinoflagellates. In Mexican marine waters, the number of taxa recorded to date is of about 1400.
Studies dealing with bacterial, phytoplankton and/or cyanobacterial dynamics are carried out in the Caribbean
coastal and oceanic marine systems, underscoring the importance of various environmental states, modulated
by geographic and seasonal patterns as well as by the expression of large South American rivers. One of the
main issues of this type of survey is the determination of wet and dry seasonal patterns of bacterial dynamics, in
seascapes off Puerto Rico, with moderate to absent river inputs. Phytoplankton and bacterioplankton dynamics
are also studied in F. Guiana coastal and shelf systems under direct Amazon influence, well known for their
important fisheries resources, as well as in other South American marine systems influenced by important fresh
water inputs or under upwelling conditions. Bacterial and/or picoeukaryotes diversity are assessed in particular
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marine systems such as coastal lagoons in Uruguay, the Rio de la Plata estuary and adjacent areas, as well as in
sediments of the Oxygen Minimum Zone (OMZ) off South American Pacific coast, and in anoxic waters of the
Cariaco Basin. Findings of a diverse range of pico-autotrophs (Patagonian shelf) and particular communities of
big filamentous bacteria (OMZ zone off the South American Pacific) represent recent discoveries in those areas.
In polluted coastal systems, bacteria with ability to degrade pesticides and hydrocarbons are currently monitored.
In coastal areas of the Colombian Caribbean, 64 native marine bacterial strains were isolated from sediment
samples. The oil-degrading bacteria are also studied in the Orinoco Delta, submitted to intensive oil exploita-
tion. Furthermore, the Microbial Observatory of Rio de Janeiro (MoRio) established in Guanabara Bay (Brazil),
constitutes a model for the study of threatened tropical coastal systems by exploring microbial biodiversity in
different coastal systems (including unpolluted sites). The estimation of the activity and diversity of hydrocarbon
and oil-degrading bacteria is assessed also in temperate waters and sediments of coastal systems of Argentina.
Sharing knowledge and capabilities in common strategies would allow a better understanding of marine micro-
bial diversity patterns in both regions. Rev. Biol. Trop. 56 (Suppl. 1): 183-214. Epub 2008 May 30.

Keywords: Marine microbial biodiversity, phytoplankton and bacterial dynamics, microbial bioremediation,

South America and Caribbean Sea.

Microbial communities define the mag-
nitude and pathways of organic matter, nutri-
ent and energy dynamics in aquatic systems.
Although microbial metabolism and produc-
tivity are at present being described in many
marine ecosystems, only scarce information
on microbial dynamics and community com-
position is available for the planktonic and
benthic realms of many coastal and oceanic
regions. Such information is important to fully
understand topics such as biogeochemical pro-
cesses and gradients in coastal and open ocean
waters, in sandy, muddy and calcareous sedi-
ments; to better evaluate the impact of pollu-
tion and/or global climate change; to evaluate
and prevent coral diseases, to study micro-
epibiatic relationships and to assess the impor-
tance of endosymbionts in the production of
pharmacologically important compounds. This
information gap is reflected in the limited
availability of microbial diversity assessments
from marine systems in the Caribbean and
South American region.

In the framework of the Census of Marine
Life, both South American and Caribbean
Steering Committees (NRICs) are working to
improve our knowledge of marine biodiversity.
Since 2006, the International Census of Marine
Microbes, the CoML-S.A. and the Caribbean-
CoML supported the initiative of launching
a regional ICoMM node (LACar ICoMM) in
order to promote discussions among scientists

currently involved in marine microbial studies
in Latin America and the wider Caribbean, to
evaluate the research capabilities and to identi-
fy complementary strengths and/or possibilities
for enhanced collaboration, that would improve
the knowledge on marine microbes and their
biodiversity, encompassing both the Archaea,
Bacteria and Eukarya domains. This network
aims at catalyzing the sharing of knowledge,
experience, sampling facilities and method-
ologies of the different research laboratories
involved in these studies, to promote the devel-
opment of joint cross systems projects.

Bacteria, Archaea and Eukaryotic pro-
tists dynamics in coastal and oceanic systems
underscores the importance of various envi-
ronmental states modulated by geographic and
seasonal patterns, as the influence of large
South American river plumes on both South
American and the Caribbean Basin productiv-
ity, the importance of littoral gradients, the
impact of human activities and the bioreme-
diation by natural or induced processes, the
enhanced productivity of upwelling systems,
the metabolism of oxic/anoxic systems, etc.

We propose here to give an overview and
discussion on some of the directions of current
research on marine microbes in both regions,
by presenting and discussing some already pub-
lished studies and also by showing original data
on different marine systems that represent part
of the ecological diversity of both regions.

184 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (Suppl. 1): 183-214, May 2008



One of the main issues of the past and
ongoing surveys is the determination of phyto-
plankton diversity, as it is the case for marine
waters of the Mexican Pacific, Gulf of Mexico
and Mexican Caribbean areas (Hernandez-
Becerril 2003), carried out mainly by micro-
scopic observations. On the other hand, despite
the large amount of studies on the distribu-
tion, function and diversity of microorgan-
isms related to estuarine and coastal oceanic
ecosystems, the knowledge of the microbial
ecology and diversity of the mixohaline zones
and adjacent marine waters is rather poor,
particularly on basic aspects related to pico-
plankton distribution, dynamics, and regulating
processes. Moreover, within coastal systems,
coastal lagoons are highly vulnerable to human
activities, and consequently, are experiencing
some of the most rapid degradation and loss
(Costanza et al. 1993, Kjerve 1994).

The seasonal patterns of bacterial and
cyanobacterial dynamics (abundance and pro-
ductivity) are currently assessed, as in sea-
scapes with moderate to absent river inputs,
including coral reef waters, as in marine sys-
tems off Puerto Rico (Otero 2001, Otero et al.
unpubl.). Combined bacterial and phytoplank-
ton dynamics are also studied in F. Guiana
coastal and shelf systems, known for their
important fisheries resources, under important
direct (local rivers, important littoral mud
banks) or remote (Amazon River) continental
influence (Artigas & Guiral 2002, Artigas et al.
2005, Artigas et al. unpubl.). More particularly,
the enormous fluidized mud deposits that occur
along thousands of kilometers of the Guianas
tropical continental margin downdrift of the
Amazon River, are being characterized for their
microbial diversity and metabolisms (Madrid
et al. 2001; Chistoserdov et al. unpubl.). In
littoral subtropical lagoons, showing impor-
tant gradients, the characterization of bacte-
rial diversity patterns is in process by means
of molecular determination, as it is the case
in the marine littoral area (coastal lagoons)
of Uruguay (Piccini et al. 2006; Alonso et
al. unpubl.). Adjacent waters of a strong and
wide salinity gradient (Rio de la Plata and

Argentinian shelf) are currently sampled in
order to study the general diversity of pico-
plankton by comparing polluted an unpolluted
systems (Costagliola et al. unpubl.). Particular
bacterial communities are being characterized
in Oxygen Minimum Zones (OMZ) off Chile,
Per(, Ecuador, Panama and Costa Rica (big
filamentous bacteria, Gallardo and Espinoza
2007), whereas bacterial diversity is explored
in the second largest and only truly marine
anoxic basin in the world, the Cariaco Basin
(Venezuela, Chistoserdov et al. unpubl.).

If estuaries, littoral and coastal areas pres-
ent strong chemical and biological gradients, in
urbanized areas, industrial and domestic pollu-
tion is added by human interference. Research
in microbial diversity and community dynamics
is carried out in order to better understand poly-
cyclic aromatic hydrocarbon biodegradation
processes in threatened intertidal sediments, as
it is the case in coastal and shelf systems off the
Orinoco River in Venezuela, the coastal areas of
the Colombian Caribbean and the Argentinian
Patagonia (Dionisi et al. submitted). Bacterial
biodiversity and metabolisms are assessed in
the Microbial Observatory established in the
Guanabara Bay (Rio de Janeiro, Brazil), that
constitutes a eutrophic estuarine system located
in a humid tropical region surrounded by the
second largest metropolitan area in Brazil
(Vieira et al. 2007 a, b).

After presenting the main results concern-
ing some of these different marine systems,
the discussion section will focus on the main
issues and questions still unsolved, on review-
ing some already published studies, and on the
possibility of combining efforts, methodologies
and strategies that could enhance our knowl-
edge of the ecology and diversity of marine
microbes in the wide range of marine coastal
and ocean systems of both regions.

MATERIALS AND METHODS

Sampling sites: Table 1 summarizes the
type of data presented in this review, the sam-
pling locations, the methodology employed, as
well as the status of the data.
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Type of data

Phytoplankton
taxonomy

Bacterial and
cyanobacterial
dynamics

Bacterial and
phytoplankton
dynamics

Bacterial diversity

Bacterial diversity &
dynamics

Cyanobacterial
diversity, bacterial
abundance

Bacterial diversity

Bacterial diversity

Bacterial diversity and
specific activities

Bacterial diversity and
specific activities
Bacterial diversity and
specific activities

Bacterial and Archaeal
diversity and activities
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TABLE 1

Overview of the different studies presented and discussed in the text

Sampling locations

Mexican Pacific, Gulf of
Mexico, Caribbean waters

Puerto Rican coastal and
shelf waters

French Guiana estuarine,
coastal and shelf waters
(Amazon plume)

French Guiana fluid muds

Uruguayan coastal lagoon
waters

Argentinian shelf waters

Oxygen Minimum Zone
sediments, off Chile

Anoxic waters of the
CARIACO Basin, Venezuela

Argentinian Rio de la Plata
estuarine and shelf waters

Orinoco plume coastal and
shelf sediments

Colombian Caribbean
coastal sediments

Guanabara Bay and adjacent
waters and sediments, Rio
de Janeiro, Brazil
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Methodology employed

Inverted microscopic
determinations, scanning electron
microscope (SEM), molecular
tools

Microsopic epifluorescence
counts, ®H-Leucine incubations

Inverted and epifluorescence
microscope determinations, SEM,
flow cytometry, 3H-Thymidine
incubations

Microbial isolates. Microbial
specific activities (incubations).
Molecular tools : DNA
extraction, PCR amplification

Microscopic epifluorescence
counts, enrichment experiments,
bacterial activities (incubations),
FISH, CARD-FISH

Microsopic epifluorescence
counts, molecular tools : DNA
extraction, PCR amplification on
cyanobacteria, DGGE

Phase contrast microscopic
observations

Molecular tools : DNA
extraction, PCR amplification

Box-A fingerprint patterns,
phylogenetic affiliation of LAS-
degrading strains

Cultures and incubations of oil
degrading bacterial strains

Cultures and incubations of
Diesel fuel and Aldrin degrading
bacterial strains

DNA extraction, PCR
amplification on collected free and
attached Bacteria and Archaea

Status (published or
unpublished data)

Hernandez-Becerril
(2003), Hernandez-
Becerril and Bravo-
Sierra (2004),
Okolodkov (2005),
Band-Schmidt et al.
(2004)

Otero, 2001; Otero et al.
(unpublished)

Acrtigas and Guiral
(2002); Ternon et
al. (2005) Artigas
et al. (2005; 2007;
unpublished)

Madrid et al. (2001);
Chistoserdov et al.
(unpublished)

Piccini et al. (2006);
Alonso et al.
(unpublished)

Diez et al. (2001),
Covacevich et al. (2006);
Silva et al. (unpublished)

Gallardo and Espinoza
(2007)

Chistoserdov et al.
(unpublished)

Costagliola et al.
(unpublished)

Suarez et al.
(unpublished)

Marin et al. (2004) ;
Gomez et al. (2006;
unpublished)

Vieira et al. (2007a, b)



Water samples for phytoplankton analysis
were taken from many areas of the Mexican
Pacific, Gulf of Mexico and Caribbean waters,
of different oceanographic and trophic condi-
tions, more or less subjected to anthropogenic
influence. We present and discuss some already
published data.

The insular shelf of southwestern Puerto
Rico encompasses a complex seascape inte-
grated by coastal lagoons, mangroves, bays,
coral reefs, seagrasses, deep reefs, muddy and
bare sand underwater plains. On the other hand,
the Bay of Mayagulez is under the influence of
three major rivers of Puerto Rico. The oceanic
realm to the South completes the complexity
of this northern Caribbean region. Samples
for cyanobacterial and heterotrophic bacte-
rial abundance and production were taken in
September 2001 (wet season) and February
2002 (dry season) in two sites, in the Bay of
Mayagilez and in La Parguera (SW of Puerto
Rico, Fig. 1). Samples were also collected from
surface and down to 200m at the Caribbean

1801598 N o o o —
3 2 1
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4 |
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6791131 W
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Time Series (CaTsS; http://www.cats-uprm.org;
17°36"; 67° 00"W) station. We present and dis-
cuss here some unpublished results.

From 2000 to 2004, estuarine and coastal
waters were sampled at different seasons (wet
and dry seasons) in central French Guiana,
with transects from Approuague, Kaw and
Mahury estuaries (Artigas & Guiral 2002,
“ELISA Estuaries”, Fig. 2) to the inner shelf
(20m depth, “ELISA Coastal”, Fig. 2). The
influence of the Amazon waters over the F.
Guiana shelf was investigated during a cruise
(“CHICO-1") in October 2003 (Ternon et al.
2005, Artigas et al. 2005, Baklouti et al. 2007),
corresponding to the retroflexion period of the
North Brazil Current (NBC). Phytoplankton
diversity, phytoplankton and bacterioplankton
biomass and productivity, were assessed in
surface waters of these different systems. On
the other hand, sediment samples were col-
lected off the Sinnamary — Iracoubo rivers, off
the Central Coast of F. Guiana, for the study of
specific microbial metabolisms and diversity.

Mayaguiez

Puerto Rico
La Parguera
67°4.79' W
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Fig. 1. Location of the sampling stations in the northern Caribbean Sea, in coastal Puerto Rico, in Mayagtiez (A) and
La Parguera (B) sites. The Caribbean Time Series station is Locate 23 nautical miles south off La Parguera (17°00° N;

17°36” W).
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ELISA Stations
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Fig. 2. Sampling areas in estuarine (Mahury — M, Kaw —
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K & Approuague — A, “ELISA Estuaries”), coastal (“ELISA

Coastal”, see detailed figure with stations) and shelf waters (CHICO-1 cruise), French Guiana (2001-2004).

We present and discuss here some published
and unpublished results.

Laguna de Rocha and Laguna Castillos are
two Uruguayan subtropical coastal lagoons,
which differ in the way they connect to the
ocean and in the different influences that they
receive from the catchments. Laguna de Rocha
(34°33 S, 54°22’ W, Fig. 3a) is a choked high-
ly productive shallow coastal lagoon (mean
depth = 0.6 m, area = 72 km?) influenced by
freshwater and by occasional marine intrusions
that gradually divides the lagoon into a zone
of brackish water and a freshwater zone that is
characterized by high turbidity, high dissolved
organic Carbon (DOC) concentration and nutri-
ent concentrations (Conde et al. 2000). The
Laguna Castillos (34°15°S-53°41"W; Fig. 3b)
is the largest of the choked coastal lagoons
of Uruguay (mean depth = 1.3 m, area = ca.
90 km2) and due to its pristine condition is
included in a Ramsar site as well in a MaB
Biosphere Reserve. It is a brackish system

188

(conductivity range from 0.5 to 23 mS cm-1)
that connects with the Atlantic Ocean through
a 10 km stream (Fig. 3b). Typically, Chafalote
is a low turbid but highly humic lateral wind-
protected compartment of the system, largely
dependent on the contribution of dissolved
organic matter (DOM) from littoral marshes of
submerged and emergent macrophytes (Jorcin
1999). On the contrary, the shallow main body
of the lagoon is highly exposed to south-eastern
winds, therefore the suspended material con-
tributes to outline a very turbid environment.
We present published and unpublished data on
bacterial diversity and dynamics in both lagoon
systems.

The Rio de la Plata is a coastal plain,
microtidal estuary 250 km long and 230 km
wide at the mouth (Fig. 4), characterized by
flows with opposing patterns of seasonal vari-
ability. Resulting inflow (annual average ca.
22.000m? s1) has moderated maximum and
minimum in March-June (late summer-early
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Fig. 3. Laguna de Rocha (A) and Laguna Castillos (B), Uruguay. Sampling sites are indicated by black dots.

winter) and January (summer), respectively.
Important variability can occur at larger time
scales (i.e. inter annual) associated to ENSO
events which induce floods (warm phase) or
droughts (cold phase). Water samples were
collected in mixohaline and adjacent marine
waters of the Rio de la Plata system (34°-36°30’
S, 55°-58°30” W) (Fig. 4), as well as in differ-
ent areas of the Argentinian continental shelf.
On the other hand, a regular monthly sampling
was conducted in the Estacion Permanente
de Estudios Ambientales (EPEA, 38° 28°S -
57° 41'W, Fig. 4) during 12 cruises between
September 2003 and August 2004. Water sam-
ples were also taken in the Patagonian Shelf
during the “GEF-Patagonia 1” cruises (October
2005) at four seasons, off the Peninsula Valdés
(Fig. 4). We present here some published and
unpublished data on picoplankton (bacterial,
cyanobacterial and pico Eukaryotes) from the
Argentinian shelf and Rio de la Plata as well
as a characterization of bacterial communities
showing ability to degrade hydrocarbons.

In the Eastern Southern Pacific Ocean
(ESP), the Humboldt Current Ecosystem is
studied at different locations, one of these being

the Bay of Concepcion (Chile, Fig. 5) time-
series station 18 (88 m depth). The microbial
diversity of extensive hypoxic and anoxic sedi-
ments is assessed, under the Oxygen Minimum
Zone (OMZ, Helly and Levin 2004, Gallardo
and Espinoza 2007). The oceanographic set-
ting of the area currently studied comprises two
components, 1) the near shore, semi-enclosed
Bay of Concepcion, and, 2) the offshore, open-
ocean sublittoral environment. Whereas the
former receives some anthropogenic impacts
(fisheries and municipal outfalls), the latter is
affected by remote forcing. Analogous sam-
pling was also carried out at different locations
in the coastal Pacific of South and Central
America (Chile, Peru, Ecuador, Panama and
Costa Rica; Gallardo and Espinoza 2007).
We present some results already published of
recent discoveries of specific communities of
macro- and mega-bacteria in those areas.

A time series study of carbon cycling,
phytoplankton and bacterial dynamics is ongo-
ing in a large Venezuelan anoxic basin through
the CARIACO (Carbon Retention In A Colored
Ocean) program, 10.5°N, 64.67°W. An addition-
al study on oil degrading bacteria was carried

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (Suppl. 1): 183-214, May 2008 189



Uruguay
3408
lg.Plata
1T,
Argentina -
3605 g M.
B Z
.
0
38°S
_4/'. v
4005 h ‘
-~ South America
4205 f
i
£ ‘.
| .
Eil '
4405 L Atlantic Ocean
64°W 62°W 60°W 58°W 56°W 540 W 52°0W

Fig. 4. Sampling sites at mixohaline and adjacent marine waters of the Rio de la Plata estuary and the Argentinian shelf.

36.4°S
N -
/
¢
| Station 18 T 3
36.5°S | ': ® '
| Pacific Ocean | i
| " Dichato
36605 | 4
f Bl Id
100m ¢ 2 station4 ,/
/ ¢ L] Ve
| / By
36.7°5 | ( <" (Concepcién Bay’
. P ' Penco
f # J o
§ Talcahuano
& Concepcion
36.8°S | \, — P
' ~ Bio Bio River "
,/. \- 1
z ¢ South et
/ \_America /
36905 | .’ ) ‘
/ | | S |
Arauco Gulf __.-’ CHILE | o/ ) o
/ | 3 F |
/ [ S [
L &-
3705 | { g — —
73.20W 73.1°W 73°W 72.9°W

Fig. 5. Sampling stations at Concepcién Bay (Central Chile).

190

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (Suppl. 1): 183-214, May 2008



76°20' 76°10"  76°00"  75°50"  75°40"  75°30"  75°20"  75°10"

75

00"  74°50"  74°40"  74°30"  74°20"  74°10"  74°00"  73°50"

11030"  11°20"

11040"

Caribbean sea

10°010"  10°00"  10°50"

10°20"

a1 .
Ecopetrol_;:_ 4 Dique Canall ;

10030"

s

10040"

Bolivar

9050"

900"

E trol b
copetrol bouy

910"

'3 *‘? Cispata Bay Sucre

9020

) ®
Clarin canal

oy 5,

Cabotage dock =
& Manzanares River
Gaira River

e
o7

The Barra
AR T

4

Center_ &

® ®SevillaRiver

® Sampling stations

F

g. 6. Sampling stations in the Colombian Caribbean Sea.

out in coastal and shelf waters off the Orinoco
River delta in 2001 and 2002, onboard the R.V.
ARBV “Punta Brava” (BO-11, Venezuelan
Army), as part of an integrated study for
the exploration and exploitation of oil by
the Venezuelan Company PDVSA-INTEVEP.
Water samples were taken in a coastal sta-
tion off the Orinoco River delta (09°48,2° N
60° 12,0° W). Sediments were also sampled
by ~1100 m depth in the Venezuelan Atlantic
(09°55,9’N 59°25,7° W). We present some
published and unpublished results on bacterial
diversity and potential degrading activities in
threatened systems.

Marine and estuarine (Magdalena river)
sediment samples were collected in twelve
stations (Fig. 6) of Colombian Caribbean con-
taminated areas (Marin et al. 2004), between
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2003 and 2005, for isolating bacteria with abil-
ity to degrade oil and pesticides. Four stations
were sampled in the Ciénaga Grande of Santa
Marta (CGSM), the most important deltaic-
lagoon system in Colombia and the widest in
the Caribbean (Fig. 2b). In each station 500 g
of sediment were collected at 15 cm depth.
The Guanabara Bay (Rio de Janeiro, Brazil,
Fig. 7) is an extremely dynamic ecosystem
located at the interface between freshwater
and adjacent coastal ocean waters (Mayr et al.
1989). The wastewater from about 14,000 com-
panies and millions of people located around
the bay area contribute to the bay pollution with
an input of approximately 470 tons of domestic
sewage plus 5.5 tons of garbage and 150 tons of
industrial waste daily (Feema 1990). The study
area host the MORio — Microbial Observatory of
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observatory).

Rio de Janeiro. Samples are taken along a gra-
dient of polution going from a river well above
the estuarine zone, from an inner channel which
receives heavily polluted waste water character-
ized by oil sewage waters (Meniconi et al. 2002,
Brito et al. 2006) to seawater 25 km off the bay’s
entrance, in the adjacent Atlantic Ocean.

Phytoplankton abundance and diver-
sity: Phytoplankton diversity is currently
assessed in different marine systems of Latin
America and the Caribbean Basin. Studies
presented here are based on phytoplankton net
trawls in sub-surface waters (pore size of 20 to
60 um). We also present data collected directly
from Niskin or GoFlo bottles. Concentrated
and non-concentrated samples were fixed with
different fixatives (lugol, lugol and glutaralde-
hyde, and buffered formaldehyde), depending
on the type of phytoplankton targeted and
on the ecosystem considered. Phytoplankton
diversity and abundance is assessed by inverted
microscopy counts in sedimentation chambers

(Utermohl 1958). Nano- and pico-autotrophs
(including Eukarya and Cyanobacteria) are
studied by means of epifluorescence and/or
flow cytometry.

Bacterial dynamics (abundance, pro-
duction): Bacterial samples are taken from
sediment (cores) or water (Niskin bottles), in
sterile or acid-rinsed flasks, fixed with buffered
formalin and/or paraformaldehyde, and kept
in the dark at 4°C. Samples for FCM counts
(Thyssen et al. 2005) are frozen immediately
after collection. Samples for epifluorescence
counts (Porter and Feig 1980, Kepner and
Pratt 1994, Artigas 1998) were filtrated onto
0.2um black polycarbonate filters (Millipore
or Nuclepore). Fluorochromes currently used
are DAPI, Acridine Orange, Proflavine and/
or Sybr Green. Subsamples carrying important
suspended matter, were pre-treated following
Chelvadonné and Godfroy (1997) and Hubas
et al. (2007). Bacterial production is estimated
from tritiated thymidine (Fuhrman and Azam
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1982) and/or leucine Kirchman (1993) incorpo-
ration into cells, performed during simulated in
situ incubations. Some enrichment experiments
were performed in Uruguayan coastal lagoons,
where the heterotrophic bacterial community
was exposed to different substrates for 2 h
(leucine, thymidine, glucose and N-acetyl glu-
cosamine) and then the abundance, activity and
dynamics of the whole bacterial community
were analyzed.

Benthic bacterial communities: Coastal
reduced sediment samples were obtained with
either a mono- or a multicorer, or using a van
Veen bottom grab, for the characterization of
macro and megabacteria (Gallardo and Espinoza
2007). Sediment cores were sub-sampled into
smaller tubes and kept appropriate temperatures
in thermally insulated boxes until their live
examination in the laboratory. From the grab
samples, sub-samples were obtained from the
upper surface. Phase-contrast observations and
microphotography were carried out on living
material (Gallardo and Espinoza 2007).

Microbial diversity: Fluorescent In Situ
Hybridization (FISH) and fluorescence in situ
hybridization with horseradish peroxidase-
labeled probes and catalyzed reporter deposi-
tion (CARD-FISH ; Pernthaler et al. 2004)
is used to characterize the main groups of
bacteria (Prokarya and Archaea) in Uruguay
coastal lagoons, the counts being performed
on filters by epifluorescence counts (Piccini et
al., 2006). The detailed protocols for bacterial
DNA collection, filtration and extraction at the
MORIO (Brazil) are described by Vieira et al.
(2007 a, b). Water is filtered onto a 3 um filter,
which captures colonial microbes, particle-
attached archaea and also archaeal symbionts
from phytoplankton and zooplankton organ-
isms. The free-living planktonic microbes are
concentrated on a Sterivex-filter (0.22 um).
DNA was prepared by standard methods (e.g.,
Somerville, 1989).

In the Rio de la Plata and Argentinian shelf
study, 3 | of water were filtrated onto 25 pum,
5 um, 3 um and 0.2 um polycarbonate filters.

16S RNA from Synechococcus were ampli-
fied from DNA using the PCR technique and
the oligonucleotides SYN172F y OXY1313R
(Fuller et al. 2005). DNA amplified segments
were analyzed by electrophoresis and visual-
ized in UV light (Sambrook and Russell 2001).
Fragments of 1200 pb were cloned by using the
primer GEM-T Easy and sequenced. The result
of the phylogenetical analysis was compared
with sequences from public data bases, by using
BLAST and the CLUSTAL X program and ana-
lyzed with MEGA 3.1 software. Amplification
of 18S DNA was carried out by PCR and 1750n
pb were cloned by EUK F/EUK R primers
(Diez et al. 2001, Covacevich et al. 2006).
Picoeukaryotes were identified as: Alveolata,
Prasyophyceae, Cercozoae, Stramenopiles and
uncultured marine picoeukarya. 18SDNAr
fragments were amplified (560 pb) and clones
of of EUKA1/EUK516rGC (Diez et al. 2001)
were selected. DGGE gels (DGGE-2000 CBS
Scientific) were used for the detection of
the corresponding bands (SybGold staining,
Molecular Probes).

BoxA fingerprint patterns were compared
at different stations in the Rio de la Plata stud-
ies for bacterioplankton. A four-member bacte-
rial consortium, capable of using the synthetic
surfactant linear alkylbenzene sulfonate (LAS),
was isolated and analyzed by 16S rRNA gene
sequencing (more than 1,400 bp) which allowed
the assessing of the phylogenetic affiliation of
LAS-degrading strains. For the isolation and
characterization of the bacterial consortium
responsible for the degradation of pollutants in
Colombian Caribbean coastal systems, nutrient
broth and nutrient agar media (MERCK) were
prepared. For selection of tolerant to persistent
organic compounds bacterial strains, broth
with different concentrations of Diesel fuel and
Aldrin hydrocarbon was prepared, according to
Jilani and Khan (2004). Analytical grade insec-
ticides (DDT and Aldrin) and diesel fuel were
used to test their ability to degrade supplemen-
tal substrate. The flasks with hydrocarbon con-
sortium were incubated on a shaker operating
at 200 r.p.m for 21 days at ambient temperature
(30°C). Flasks with pesticides consortium were

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (Suppl. 1): 183-214, May 2008 193



incubated on a rotatory shaker at 200 rpm at
30°C for 30 days.

RESULTS

Phytoplankton diversity in Mexican
waters: Knowledge about biodiversity of
marine phytoplankton in Mexico is still in
progress: most of the known diversity of marine
phytoplankton and microalgae is the result of
prospective and preliminary surveys, not relat-
ed to a long-term project on the biodiversity of
these communities.

Among planktonic microalgae, dia-
toms (Bacillariophyta) and dinoflagellates
(Dinophyta) are the best-known taxonomic
groups, either for their relative large abun-
dances, the easy methods to collect them and
the resistant covering of most of them.

Other taxonomic groups and size fractions
remain rather unstudied, such as the so-called
phytoflagellates, the Cyanobacteria and the
nano- and picoplankton fractions. Only few
new species have been recorded in Mexican
marine waters, but many new records have
been confirmed. Monographs or revision works
on certain genera or groups are done, especially
on diatoms and dinoflagellates. The number
of taxa recorded is about 1488 and about 211
genera (Herndndez-Becerril 2003). Diatoms
are the main group, with species described
in different regions of the Mexican Pacific
(COBC, GC, PTM y GT), Gulf of Mexico and
the Mexican Caribbean (Hernandez-Becerril,
2003). Dinoflagellates were mainly studied by

Mayagtiez

Hernandez-Becerril and Bravo-Sierra (2004)
and Okolodkov (2005), as did other groups:
Coccolitphoridae (Hernandez-Becerril et al.
2001), Silicoflagellates (Hernandez-Becerril
and Bravo-Sierra 2001), Cyanobacteria,
Raphidophyceae (Band-Schmidt et al.
2004), Parmophyceae (Bravo-Sierra and
Hernandez-Becerril 2003), Cryptophyceae and
Choanoflagellates.

Cyanobacterial and bacterial dynam-
ics off Puerto Rico: Recently collected data
on water column bacterial and unicellular
Cyanobacteria abundance, salinity, chlorophyll
a concentration (Chla), dissolved organic mat-
ter fluorescence, turbidity and bacterial produc-
tivity provides evidence of the dynamic spatial
and temporal patterns present within the area
of the insular shelf, mainly driven by seasonal
weather patterns. When comparing both sites
in W and SW Puerto Rico, we found no great
variability in abundance of microorganisms
(i.e. Cyanobacteria, Fig. 8a and 8b), even if
higher levels were detected in La Parguera.
Bacterial productivity was estimated both in
dry and wet periods (Fig.s 9a and b), and we
compared the levels of dry vs. wet periods.
Bacterial production levels were higher in La
Parguera, in coastal areas (Fig. 9b). Bacterial
production was highest during the dry season
in Mayaguez bay (Fig. 9a). Bacterial productiv-
ity and abundance were correlated (P<0.05) in
both sampling sites, during the dry period. The
correlation was only significant during the wet
period in La Parguera (Fig. 9c and d).

La Parguera
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Fig. 8. Abundance of unicellular cyanobacteria in Mayaguez (A) and La Parguera (B), Puerto Rico.
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Average unicellular cyanobacteria showed
an abundance of close to 4.5 x 10° cell mI*t in
waters shallower than 50m (Fig. 10a). Waters
associated to the chlorophyll a maximum (nor-
mally close to 75m) did not show a con-
comitant increase in unicellular Cyanobacteria
and unicellular Cyanobacteria suffer a dra-
matic decrease to negligible numbers in deeper
waters. The average bacterial abundance at
CaTS station showed a relatively uniform
value of approximately 4 x 10° cell mI! in the
mixed layer (<100m), reaching an abundance
of in ca. 100 cells ml-1 down to 200m. The
average bacterial production (Fig. 10b) fluctu-
ated between 0.06-1.5 pg C I'* d?, during the
sampling period. The vertical profile is typified
by a linear decrease down to 125m.
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Bacterial and phytoplankton compared
dynamics in coastal and shelf systems of
F. Guiana: In cruises carried out in littoral,
coastal and inner-shelf waters (ELISA cruis-
es), we observed different situations of high
chlorophyll a concentrations corresponding to
different seasonal periods: wet (June 2004), dry
(November 2002, July 2003), and intermediate
(March 2003) periods. Chlorophyll a concen-
trations decreased drastically from coastal to
inner-shelf stations excepting in June 2004
and March 2003 (Figs. 11a, b, and c), when
concentrations increased in inner-shelf waters.
Bacterial abundance did not show any clear
trend from littoral to coastal and inner-shelf
waters (Figs. 11d, e and f). However, the %
of attached cells (data not shown) decreased
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Fig. 9. Bacterial production during the wet (September 2000) and dry (March 2001) season in Mayaglez (A) and La
Parguera (B), Puerto Rico. Numbers above the bars for each station represent the ratio of dry/wet bacterial production at the
stations specified. Correlation of bacterial production vs. bacterial numbers in Mayagtiez (C) and La Parguera (D).
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Fig. 10. Vertical profile of average unicellular cyanobacte-
ria at CaTS (Puerto Rico) from September 1999 to August
2001 (A). Error bars represent £1 SE. Bacterial abundance
and net production in the Caribbean Time Series (CaTs,
B). Abundance data encompass the period of August 1998
to August 2001 while production data covers the period
of September 2000 to August 2001. Error bars represent
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drastically from littoral to coastal waters, cor-
responding mainly to cells attached to the
important concentrations of suspended matter
measured in littoral waters (resuspension of
mud banks and fluid mud). Bacterial produc-
tion levels ranged between 0.1 up to more than
20 pgC I't h, in littoral and coastal waters, at
bloom periods (November 2002, March 2003
and June 2004). The values decreased from
littoral to inner-shelf stations (Figs. 11g, h and
i), depending on the period and transect consid-
ered. However, high levels of bacterial produc-
tion were also recorded at inner-shelf stations

essentially in March 2003 and June 2004.

Phytoplankton diversity indexes were the
highest in littoral stations, dominated by dia-
toms. Three main associations of species were
characterized: i) a consortium of species in
littoral waters of the three transects (out of
the June 2004 period), as well as in the whole
SW transect (Approuague), represented by the
diatoms Skeletonema tropicum, Thalassiosira
sp., et Chaeotoceros saltans; and (ii) a con-
sortium characterizing the inner-shelf waters,
represented by the diatoms Guinardia flaccida,
Odontella mobiliensis, Odontella reticulata,
Thalassionema frauenfeldii and the dinoflagel-
lates Prorocentrum micans and Protoperidinium
diabolus, (iii) the indicator species of coast-
al waters in June 2004, the dinoflagellate
Ceratium lineatum together with the diatoms
Cyclotella stylorum and Coscinodiscus oculus-
iridis and the dominant species Pyrophacus sp.,
Chaetoceros affinis and Cerataulina dentata.

A phytoplankton bloom was detected on
the SE mid-shelf stations of the CHICO-1
cruise (October 2003; data not shown), in
stations influenced by direct Amazon inputs
(Ternon et al. 2005, Artigas et al. 2005, Artigas
et al., 2007, Artigas et al. unpubl.). Diatoms
(Thalassiosira Levanderi, Skeletonema tropi-
cum, Chaetoceros sp., Pseudonitzchia pungens,
Guinardia delicatula) characterized the highest
microphytoplankton biomass, associated with
the highest concentrations of nano- and pico-
autotrophs (including Prochlorochoccus sp.),
total and high acid nucleic bacterial abundance
and production. Bacterial cells also accumu-
lated at the shelf margin in oceanic waters, and
at mid-shelf stations out of the phytoplankton
bloom period.

On the other hand, the microbial commu-
nity in mobile sediments of F. Guiana coastal
zone is highly diverse (Madrid et al. 2001).
Iron oxide respiration is a major pathway for
organic matter oxidation, sulfate reduction
is responsible for remineralization of ~15%
of organic matter. Chemolithoautotropy was
shown to be a major reaction in the mobile
sediment carbon cycle.
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Coastal Lagoons in Uruguay: During an
annual study on the bacterial community per-
formed at Laguna de Rocha (from March 2003
to April 2004). Piccini et al., (2006) found
that total bacterial numbers were significantly
higher in the brackish water zone during the
whole study period. In this area of the lagoon,
two conspicuous peaks of bacterial abundances
were observed in March and December of 2003,
respectively (Fig. 12). Regarding the activity
and composition of the bacterial community,
the dominant bacterial group in both zones of
the lagoon was the Alphaproteobacteria. After
an intrusion of marine water, members of the
marine SAR11 lineage became abundant in
the brackish-water zone and were apparently
distributed over the lagoon during the follow-
ing months (Fig. 13a), until they constituted
almost 30% of all prokaryotic cells (Fig. 13b).
In March, the microbial assemblage of the

lagoon was dominated by a single alphapro-
teobacterial species, Sphingomonas echinoides.
This species was detected concomitantly with
the first records of blooms of filamentous
cyanobacteria. In December, a pronounced
maximum of bacterial activity was detected
in both physico-chemical compartments of
the lagoon (Fig. 12b). In the freshwater zone,
this highly active microbial assemblage was a
mix of the typical bacteria lineages expected
in aquatic systems, but in the brackish zone
a bacterial genotype with >99% similarity to
the facultative pathogen gammaproteobacterial
species Stenotrophomonas maltophilia formed
>90% of the bacterial assemblage (Piccini et
al. 2006).

In a study performed by Alonso et al.
(unpubl.) in Laguna Castillos, the authors found
significantly higher substrate incorporation in
the Chafalote for three of the tracers, with a
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maximum observed in the samples incubated
with leucine (data not shown). In Chafalote,
leucine was preferentially incorporated, where-
as in the main body of the lagoon, both leucine
and glucose were similarly incorporated. In
both compartments the lowest incorporation
values were found for the samples incubated
with N-acetyl glucosamine, while thymidine
was incorporated in a similar rate.

Microbial diversity in the Rio de la Plata
estuary, plume and in the Argentinian shelf:
The set of variables available encompasses
total picoplankton cell number estimation,
chlorophyll a and phaeophytin, together with
the abundance and distribution of hydrocarbon
degrading bacteria. Phytoplankton of <5 um in
size was composed mainly by Synechococcus,
Chlorophyte, Haptophyte and Cryptophyte,
and their dominance was related to the complex
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Fig. 13. Numbers of cells (A) and relative abundances (B)
of bacteria from the marine SAR11 clade in the two zones
of the Rocha lagoon, Uruguay. For comparison, panel B
also depicts the conductivity data (circles). From Piccini
et al. (2006).

environmental features of the Rio de la Plata
estuary and adjacent zones (Figs. 14a and b).
During the seasonal and monthly survey at
the EPEA station, Synechococcus spp abun-
dance ranged from 750 to 171 x 103 cells ml-*
(Figs. 15a and b). High values were related to
the temperature and the stability of the water
column. The analysis of the sequences indi-
cated that the clones were part of the Clade
I (Fig. 16) described within the ITS system
(Rocap et al. 2002), being part of the sub clade
5.1 previously known as the marine clade A
(MC-A) (Everroad et al. 2006). By comparing
microscopic observations with clone sequences
analysis and distribution of bands in DGGE
gels, we concluded at the highest diversity of
picoeukarya at intermediate stations, and the
lowest genetic diversity in the offshore area,
the main groups being represented in Fig. 17.
The bacterioplankton abundance varied
from 8.8 10° to 3.8 106 cells mI-, with an overall
average of 2.64 x 10° cells ml1. The interac-
tion of different environmental parameters was
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evidenced as affecting the community at mixo-
haline and adjacent marine water of the Rio de
la Plata system (Figs. 18a and b).

Marine bacteria in OMZ sediments in
the Eastern South Pacific (ESP) and in the
anoxic Cariaco Basin: The Humboldt Current
Ecosystem is one of the least studied large
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marine ecosystems of the world, even though
research efforts increased in the area through
recent local and international programs. At the
Central Chilean Time-Series Station 18 (88
m depth), in the austral summer of 2004, of a
complex new community of large filamentuous
bacteria (from here on referred to as “macro-
bacteria”) was discovered, their length (from
1 to 10um in diameter and from 10 to several
hundreds of um in length) being at least one
order of magnitude smaller than the so called
“megabacteria”, in sediments under the Oxygen
Minimum Zone (OMZ) of the region which is
accompanied by extensive hypoxic and anox-
ic sediments (Gallardo and Espinoza 2007).
Microbial community in deep sediments of the
Cariaco basin is dominated by Proteobacteria
involved in the sulfur cycle. Sulfate reduction
is the major pathway of anaerobic organic mat-
ter oxidation Chemolithoautotropy was shown
to be a major reaction at the HpS/O2 transition
zone (Chistoserdov et al. unpubl.).

Hydrocarbon degrading bacteria in mix-
ohaline areas of the Rio de la Plata: Previous
results of BoxA fingerprint patterns showed
that the overall isolates profiles were diversified
within the different locations, and each present-
ed DNA fragments from 0.2 to 4 kb. Significant
differences (Kruskall-Wallis test, p < 0.01)
in counts of hydrocarbon degrading bacteria
were detected, (Fig. 19a and b) by consider-
ing different areas of the estuarine mixohaline
zone, their abundance ranging from 10° to 108
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CFU ml%, high values being associated with
sample stations affected by the presence of
these contaminants (details of the stations not
shown, Costagliola et al. unpubl.). A four-
member bacterial consortium capable of using
the synthetic surfactant linear alkylbenzene
sulfonate (LAS) was isolated and analyzed by
16S rRNA gene sequencing (more than 1,400
bp), which allowed the assessment of the phy-
logenetic affiliation of LAS-degrading strains.

The topology shown in Fig. 20 indicated that
within the Aeromonas monophyletic group,
strains DBS2 and DBS4 formed a clade with A.
caviae, with 89 % recovery in bootstrap analy-
sis. In the Pseudomonas group, isolate DBS11
and P. alcaliphila formed a clade grouped with
74 % bootstrap support. The cladogram also
showed that DBS13 was closely related to V.
parahaemolyticus and V. alginolyticus.

Oil degrading bacterial communities in
sediments off the Venezuelian coast: Thirty
isolated samples were cultivated from shelf
systems off the Orinoco River delta: Gram-
negative rods predominated and almost 100%
of them were able to grow on mineral oil as a
C source, in an area already exploited by the
Trinidad and Tobago Oil Company, explaining
probably the presence of oil-degrading native
bacteria (Malavé et al. 2005). Fig. 21a shows
a Transmission Electron microphotograph of
the isolate C12, a Gram-negative rod cultivated
from offshore sediments (~1100 m depth). A
second type of bacterium was isolated from
water samples off the Orinoco River delta:
a Gram-positive coccoid form that grows in
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tetrads (Fig. 21b). This bacterium was capable
of growing in a minimum medium with mineral
oil as the only C source. The PCR analysis of
the RNAr 16S and the biochemical tests identi-
fied this bacterium as the genus Micrococcus
(Gueneau & Suérez unpubl.).

Bacterial diversity in threatened coastal
sediments of the Colombian Caribbean:
Sixty four bacterial strains were isolated from
sediment samples and underwent a selection
process with the purpose of choosing competi-
tive bacteria to evaluate their ability to degrade
hydrocarbons (Diesel fuel) and organochlo-
rinated pesticides (Aldrin). Mixed bacterial
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cultures grown on medium with hydrocarbons
were able to degrade up to 68.61% of the
n-alkanes fraction in the diesel fuel after 21
days and 23.54% of the aliphatic hydrocarbon
degradation were due to abiotic factors (Gomez
et al. 2006). From the test with bacterial iso-
lated of the CGSM, in which 60 ng I'* (100%)
of Aldrin were inoculated, 30.9% of pesticide
degradation were attributed to external factors
(abiotic) and 20% were attributed to the deg-
radation carried out by a bacterial consortium
including Bacillus licheniformis, B. cereus, B.
pumilus and Enterobacter cloacae. A greater
growth of this bacterial consortium appeared
during the first fifteen days of exhibition to
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Aldrin, with 50 x 10° UFC ml counts, while
the consortium without Aldrin remained stable
during the first 7 days, with counts of 10 x 10°
UFC ml! (Gémez et al. unpubl.).

Microbial diversity at the Microbial
Observatory of Rio de Janeiro: Weekly sam-
pling was performed from 1998-2000, but a
monthly sampling frequency was afterwards
established for the 2002-2005 period. Since
then, water and sediment samples are taken
twice a month. Gene libraries revealed that the
phylotype identification was consistent with
environmental setting. Archaeal phylotypes
found in polluted anoxic waters and in more
pristine waters were closely related to organ-
isms that have previously been found in these
environments. However, the inner bay Archaea
were related to organisms found in oil, indus-
trial wastes, and sewage, implying that water
pollution controls Archaeal communities in this

system (Vieira et al. 2007a). The detection of
a substantial number of uncultured phylotypes
suggests that Guanabara Bay harbors a pool
of novel Archaeaplankton taxa, that justifies
a more detailed study onto this diversity. We
have also observed that at the interface between
waste-polluted freshwater and coastal marine
waters in Guanabara Bay estuary has revealed
remarkably high Archaeaplankton species
diversity. Concerning Eubacterial diversity, a
correspondence analysis demonstrated inverse
correlations between diversity and bacterial
abundance and production, suggesting that bac-
terial communities are specific and heterogene-
ous over abiotic parameters in Guanabara Bay
estuarine complex (Vieira et al. 2007h).

DISCUSSION

Phytoplankton diversity and dynam-
ics studies: New techniques, methods and
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Fig. 21. (A) TEM Microphotography of bacterial strain
C12 isolated from sediments of 1,100m depth and (B)
TEM Microphotography of the bacterial strain C8 isolated
from sediments of 40m depth, off the Orinoco River Delta,
Venezuela.

approaches are in process to improve our
knowledge on phytoplankton diversity in coast-
al and ocean waters. The use of a wide range
of methods and techniques that have become
available, invite to study all groups in a better
and more systematic way, including new pro-
tocols for electron microscopy, molecular tools
and remote sensing facilities.

The biodiversity of marine phytoplankton
and microalgae can be considered as rather
medium in Mexican waters, even if some new
species are still found. New records were anno-
tated, some of them are under speculation about
being exatic or resulting of contamination by
anthropogenic activities. Perspectives are wide

if various professionals and institutions work
together in collaboration and define goals in
time and space.

In littoral and coastal systems of French
Guiana, phytoplankton main indicator and dom-
inant species are comparable to those found in
tropical Atlantic waters of Venezuela (Margalef
and Gonzalez-Bernaldez 1969, Margalef 1972,
Paulmier 1993, Agard et al. 1996) where dia-
toms dominate littoral and coastal waters and
dinoflagellates are more important in marine
waters (and cyanobacteria, important in mostly
oceanic waters). According to Margalef (1972)
and Agard et al. (1996), both studies in the
Orinoco River plume and adjacent areas, as for
Paulmier (1993) and Shipe et al. (2006) in the
Guianese and Amazon Plume shelf and ocean
waters respectively, salinity and Si structurate
phytoplankton assemblages in systems of great
continental influence. In our study in Guianese
coastal and shelf waters, diatoms dominated
in all the different situations and locations
sampled. However, a spatial and a temporal
variability was detected between stations con-
sidered, littoral vs. inner-shelf stations, coastal
vs. outer shelf, SW vs. NE stations, dry vs.
wet period, and June 2004 (when dinoflagel-
lates represented a great amount of all phyto-
plankton) vs. the rest of the periods sampled.
Moreover, particular studies including nano-
and picoplankton were developed in shelf
systems as during the CNB retroflexion period
in French Guiana, when Prochlorocococcus
spp., Synechococcus spp., and nano- and pico-
eukaryotes detected by flow cytometry complet-
ed the study of the auotrophic community, and
where co-responsible of the important bloom
situation described (Ternon et al. 2005, Artigas
et al. 2005). Micro-algal communities are also
studied in mud banks and littoral zones in F.
Guiana (Sylvestre et al. 2004), as well as in
open ocean systems submitted to the Amazone
influence (Carpenter et al. 2004, Capone et
al. 2005, Shipe et al. 2006, Foster et al. 2007,
Hewson and Fuhrman 2007), underscoring the
importance of N,-fixing colonial cyanobac-
teria (Trichodesmium sp.) or endosymbiotic
cyanobacteria (Richelia sp. endosymbiotic
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of diatoms of the genus Hemiaulus and
Rhisozolenia). Studies carried out on longer
time scales and wider spatial ranges would give
us a clearer picture of the whole phytoplankton
community dynamics and productivity in these
systems of great continental influence.

The first molecular identification of
Synechococcus spp. was carried out at the
Argentinian shelf. The two sequences of
Synechococcus 16SDNAr corresponded the
strictly marine monophyletic group 5.1 (MC-A,
Everroad et al. 2006). Coinciding with other
microscopic studies and published data, mem-
bers of this genus of cyanobacteira represent
a conspicuous component of the picophyto-
plankton and can significantly contribute to
the phytoplankton biomass. The diversity of
picoeukarya was high at intermediate shelf
stations in the Patagonian system. These stud-
ies are coupled to bacterioplankton dynamics
determination. Recent studies on phytoplank-
ton dynamics complete this picture of phy-
toplankton diversity and dynamics in South
American estuarine systems, including those of
Calliari et al. (2005) and Licursi et al. (2006)
in the estuarine systems of the Rio de la Plata.
On the other hand, phytoplankton studies,
together with food web and biogeochemical
fluxes estimations are intensively carried out
in the upwelling system off Chile (Herrera &
Escribano 2005, Anabalén et al. 2007, Bottjer
& Morales 2007, Gonzélez et al. 2007, Morales
et al. 2007), as well as in subtropical lagoons
in Southern Brazil, focusing in phytoplankton
dynamics and trophic fate (Abreu et al. 1995,
Abreu et al. 2007), and in South Atlantic
oceanographic frontal systems (Brandini et
al. 1996). We underline the importance of
combining both traditional microscopy assess-
ments combined with cytometry or epifluores-
cence counts and molecular sequencing for the
monitoring and identification of dominant and
rare cyanobacteria and auotrophic eukaryotes
present in the different ecosystems considered.
These studies could be joined to current moni-
toring efforts carried out in different systems
for the detection of phytoplankton outbursts
and/or harmful algal blooms, in the field and/or

by remote sensing, as the ANTARES network
(www.antares.ws), from Mexico to Argentina.

Autotrophic and heterotrophic pico-
plankton compared dynamics in the
Caribbean: Previous work has demonstrated
significant changes in chlorophyll a, turbidity,
phycoerythrin, nutrients, salinity, bacteria and
unicellular cyanobacteria abundance in marine
waters of SW Puerto Rico (Otero 2001), char-
acterized by a rich ensemble of environments
such as mangroves, seagrass meadows, coral
reefs, submerged bare-sand and muddy basins,
and coastal lagoons fringed by the oceanic sea-
scape to the South. The bacterial community
grew more efficiently during the dry season
in Mayaguez Bay. No seasonal changes were
evident in La Parguera. According to the data
obtained for bacterial productivity in both La
Parguera and Mayaguez sites, substrate would
be of better quality in dry periods for hetero-
trophic bacteria, especially in Mayaguez site.
Although not shown here, cells found in the
shallower waters were smaller than those asso-
ciated to the chlorophyll maximum. The change
in abundance and size indicates the presence
of two different cyanobacterial populations at
CaTs, small size population on the upper region
of the mixed layer and larger less abundant cells
associated with the depth of the chlorophyll
maximum. The larger variation observed in the
mixed layer for bacterial abundance values is
the result the environmental conditions found
during each sampling, which is driven by the
observed climatology that includes the Orinoco
and Amazon river influx into the Caribbean
basin (Corredor and Morell 2001).

Heterotrophic bacterial dynamics in
estuarine and coastal systems submitted to
important continental inputs and phyto-
plankton blooms in South America: A spatial
distribution pattern of bacterial heterotrophic
production was described in F. Guiana littoral
and coastal waters affected both by the amounts
of allochtonous material and phytoplankton
outbursts (littoral and inner shelf waters), but
not necessary linked to the bacterial abundance
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distribution. Therefore, bacterial abundance
would be regulated by grazing pressure (Billen
etal. 1990), as in other tropical systems (Alongi
1998). Bacterial production was also apparently
linked to primary production (data not shown),
at least during some bloom periods (as March
2003). Bacterial productivity ranged from an
average of 0.04 h' in shelf waters during the
mid-shelf bloom, typically found in coastal
temperate waters when phytoplankton blooms
occur (Artigas et al. 2000, Lamy et al. 2006) up
to 0.20 h'! (November 2002 littoral and coastal
waters and June 2003 inner shelf waters) and
to more than 0.30 h'! during both bloom situ-
ations in coastal waters (March 2003 and June
2004). Bacterial dynamics appeared to follow
phytoplankton distribution, especially when
phytoplankton underwent relatively short-term
outbursts. Their ecological role is to fuel the
“microbial loop” both in shelf than in coastal
and estuarine waters, where benthic-pelagic
coupling is enhanced. The high productivity
values recorded (compared to other coastal
systems) are probably related to important
mineralization processes that would be linked
to the important amounts of phytoplankton and
fresh-derived organic matter that characterize
these areas. In the Rio de la Plata estuarine
zone, the temporal and spatial dynamics of bac-
terioplankton abundance is currently monitored
within the monitoring of threatened sites.

The remineralization of both terrestrial and
marine derived organic carbon in the nearshore
and estuarine waters would be more efficient
in maximum turbidity areas, a great proportion
of this degradation being attributed to attached
bacteria being important in other estuarine
systems (Artigas 1998, Goosen et al. 1999),
and more specially in mobile mud systems
(Aller et al. 2004). Moreover, the bacterial
diversity in these coastal mud deposits along
the French Guiana coastal area would be high
(Madrid et al. 2001), suggesting a substantial
number of metabolic pathways or potenti-
alities of these attached bacterial community.
Remineralization of the large quantity of ter-
restrial and marine organic matter is highly
efficient and remarkably complete within the

fluid muds and appears to be due to intense
microbial chemolithotrophic (dark CO, fixa-
tion) metabolism. The presence of a fully func-
tional, globally significant, net CO2 producing
internal carbon cycle in these vast (1,600 km)
belt of mobile mud environments makes one
wonder about what the temporal and spatial
dynamics of the mobile sediment communities
could be, and about what would be the con-
tribution of entrapped water column bacteria
that is responsible for aerobic heterotrophic
metabolism in waters and suspended particles
to the sediment bacterial community.

Bacterial diversity in coastal subtropi-
cal lagoons: Laguna de Rocha and Laguna
Castillos are highly productive coastal lagoons
of Uruguay, which although being protected
areas are increasingly threatened by human
activities in their catchments. Both lagoons
are very important nesting sites for migratory
birds and the support of small-scale fisheries.
During the recent years there have been dra-
matic changes in land use, especially around
Laguna de Rocha. These changes included the
first records of blooms of potentially harmful
cyanobacteria (Conde et al. 2004) and bacteria
(Piccini et al. 2006). Moreover, an increase in
the area covered by aquatic plants has also been
detected (Bonilla et al. 2004). The two assessed
lagoons differ in the extent of the marine influ-
ence they receive. For example, in Laguna de
Rocha the changing salinity, which depends on
the hydrological regime, is one of the potential
and relevant structuring factors for bacterial
populations. In addition, another important fac-
tor is the organic matter source inputs from the
catchments, which varies according to the water
salinity. It is possible that high input of nitro-
gen compounds (such as commercial fertilizers
commonly used in agriculture) in combination
with increased influx of organic carbon by ter-
restrial runoff might induce the development
of large populations of potentially pathogenic
bacteria. Since the high bulk bacterial activity
during the S. maltophilia dominance coincided
with a peak in ammonium concentration, we
speculate that the dominance and activity of
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this species in the brackish zone of the lagoon
could also be related to this nutrient. In addi-
tion, marine intrusion events would also alter
the community composition of the lagoon by
carrying bacterial populations from the ocean.
On the other hand, Laguna Castillos does not
receive a direct influence from the sea, and we
hypothesize that the different humic content
and turbidity in both lagoon compartments
would be responsible for the different patterns
of activity detected for the different tracers.
Additional studies in Laguna de Rocha
and Laguna Castillos are in progress, address-
ing the role of different carbon sources in the
composition of the bacterial community by
microautoradiography (MAR) combined with
FISH (MAR-FISH). This technique can be
used to simultaneously examine the phyloge-
netic identity and the relative or actual specific
activity of microorganisms within a complex
microbial community at a single-cell level. As
well, the relevance of top-down mechanisms
(predation by protists) are considered as a
structuring force for the bacterial assemblage.

Bacterial diversity in Oxygen Minimum
Zones (OMZ) and in Oxic-Anoxic inter-
faces: The finding of the macro- and also
megabacterial communities in the OMZ under
different conditions attracted new international
collaboration and further new knowledge on
the microbial community structure is being
added. Particular mention is made of the recent
finding of Planktomycetales, Verrucomicrobia
and Chlamidieae in the same environment
(Blair et al. 2006) and of anammox (Kuenen
et al. pers. comm.), and other macrobacteria
bacteria in Thioploca sheaths. Efforts have
been initiated to elucidate the potentially vary-
ing phylogenies and physiologies among these
novel large bacteria with respect to their spatial
and temporal (seasonal and inter-annual) varia-
tions at the shelf of Central Chile and the adja-
cent Bay of Concepcion. Microbial dynamics is
intensively explored in central Chile (Graco et
al. 2001, Cuevas et al. 2004, Grob et al. 2007,
Hernandez et al. 2007, Levipan et al. 2007) and
in the Peruvian upwelling system (Hamersley

et al. 2007), related to OMZ and big upwelling
productivity and remineralization patterns. On
the other hand, through the CARIACO basin
program, we have access to vast amounts of
historic data that address time variations in the
vertical distribution of hydrographic proper-
ties, bacterial biomass, FISH profiles, bacterial
productivity, chemlithoautotroph and sulfate-
reducer counts (based on real-time PCR data),
fatty acid cycling, hydrogen sulfide, nitrate,
dissolved and particulate iron and manganese
concentrations, etc. Carbon fluxes are specially
targeted within current studies (Muller-Karger
et al. 2004). Preliminary DGGE analysis
indeed indicates that overall composition of
prokaryotic microbial communities in different
locations will be different, although several
prominent members of the communities (such
as sulfide oxidizing y- proteobacteria) do per-
sists over time and space. Isolation of nucleic
acids for molecular analysis from CARIACO
samples started since November 1996. Thus,
the questions to be addressed now would be:
“What kind of bacteria are mediating dark CO,
fixation and what are the possible electrons
sources they use?” And a more general ques-
tion: “Could the diversity be connected to meta-
bolic functions of the community?”. Moreover,
protists diversity began to be assessed by novel
molecular methods in this particular environ-
ment (Stoeck et al. 2006) and would complete
the assessment of the whole microbial diversity
in this peculiar environment.

Bacterial and Archaeal dynamics in
threatened and polluted systems: Petroleum
is one of the major pollutants of marine envi-
ronments; a vast amount of hydrocarbons is
being discharged from industries or from acci-
dental oil spills that are continuously released
into the ocean. These compounds subsequently
undergo modification by either physicochemi-
cal or biological processes. Research stud-
ies have revealed that microbial degradation
processes that detoxify pesticide contami-
nants can be effectively used to overcome the
pollution problems (Bhadhade et al. 2002).
Microbial activities allow the conversion of
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some petroleum components and pesticides
into CO, and H,O, and microbial transforma-
tion is considered a major route for the com-
plete degradation of petroleum components
(Prince 1993). Ongoing studies would allow to
follow the temporal and spatial dynamics of the
different bacterial communities of the Rio de
la Plata estuary that were identified as hydro-
carbon degrading bacteria. Previous studies
already characterized biodegradation of crude
oil by marine bacteria in the Bahia Blanca
estuary (Cubitto & Cabezali 1996). Moreover,
studies on microbial diversity related to both
oil exploration and anoxic conditions are still
in progress in the Orinoco Plume. The degree
of biodegradation of different substances tested
in the Caribbean Colombian sediments seems
to be test-specific: in the mixed culture, hydro-
carbon degradation was significant (68.61%)
by the action of marine bacteria, as observed
in previous studies where the percentage of
degradation of the aliphatic fraction between
50 and 91.3% in a period of three days to a
month have been reported (Marquez et al.
2001, Palittapongarnpim et al. 1998, Plohl and
Leskovsek 2002, Sharma and Pant 2000). The
microbial transformation is recognized as a
determining factor that affects the character-
istics and conduct of the pesticides in soil and
aquatic ecosystems (Cook 1987). Moreover,
the effectiveness of remediation agents to treat
pesticides and hydrocarbon-polluted sediments
may depend on a variety of environmental
factors, including oxygen concentration, popu-
lations of indigenous bacteria, nutrient concen-
tration and type of contamination (Rojas et al.
1999). We examined the effects of pesticides
consortium on the biodegradation of Aldrin
by native estuarine bacteria and showed a
20% reduction in a period 30 days, similar
results being reported by El-Bestawy (2000),
who found a significant decrease in the rate
of degradation and growth of microorganisms
with chlorinated compounds in Lake Mariut,
Alexandria, Egypt. Finally, the Guanabara Bay
study focused in an ecosystem where long-term
studies have been conducted since 1997, with a
microbial observatory approach (MORio). The

principal findings suggest that the inner bay
Archaea were related to organisms found in oil,
industrial wastes, and sewage, implying that
water pollution controls Archaea communities
in this system. The detection of a substan-
tial number of uncultured phylotypes suggests
that Guanabara Bay harbors a pool of novel
Archaeaplankton taxa, that justifies a more
detailed study into this diversity (Vieira et al.
2007a). We have also observed a remarkably
high Archaeaplankton species diversity at the
interface between waste-polluted freshwater
and coastal marine waters. On the other hand,
Eubacterial communities seem to be rather spe-
cific and heterogeneous over abiotic parameters
in Guanabara Bay estuarine complex (Vieira
et al. 2007b). It is important to address the
necessity of performing more studies on micro-
bial diversity in aquatic environments, specifi-
cally within tropical coasts, rivers, and lakes,
where little is known about biogeography and
ecological characteristics of microorganisms.
Moreover, microbial diversity patterns and
determinism in tropical coastal areas could be
better understood by analyzing both water and
sediments microbes (where Eubacterial and
Archaeal diversity are observed) together with
microbes associated with invertebrates (such
as sponges).

We presented some of the current direc-
tions of the research in the field of marine
microbial ecology and diversity in different
ecosystems of the Caribbean Sea and tropi-
cal, sub-tropical and temperate estuarine and
marine areas of South America. This presen-
tation does not intend to be an exhaustive
review, as many studies are already published
or in progress, as stated in both the South
American and Caribbean CoML reviews edited
by Gallardo (2003) and Miloslavich and Klein
(2005), respectively, in which the status of
current and past research in marine biodiver-
sity were described for each of the participant
countries. The aim of the LACar-ICoOMM net-
work is to facilitae the sharing of common
knowledge and capabilities, and to enhance
collaboration in order to promote studies on
marine microbial ecology and biodiversity in
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the area, by taking into consideration the skills
and techniques already available in the dif-
ferent countries of both regions, by making it
possible to share the information among the
interested scientists of the area and, if possible,
by the establishment of common strategies,
methodologies and programs. An effort to link
different sites of both regions was conducted
by a common answer to the “454-tag sequenc-
ing” 1CoMM worldwide call for proposals to
study the metagenomics of the three domains:
Archaea, Bacteria and Eukarya. It seems urgent
to include microbial diversity assessment by
traditional and/or molecular methods, in the
already existing or planned local, national,
regional and international programs dealing
with monitoring of biogeochemical fluxes and
patterns in coastal and open ocean systems of
both regions, as well as those associated with
marine invertebrates (sponges, coral reefs). The
link with other CoML and biodiversity pro-
grams becomes a priority, as well as capacity
building activities that could be organized
inside and outside the regions. Finally, we
could benefit from the technology and financial
support already devoted to the monitoring of
some specific threatened ecosystems, in order
to conduct the study of microbial diversity of
some still existing pristine marine systems near
those areas, that could be affected in their struc-
ture and functioning by human activities and/or
climate change, in the very near future.
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RESUMEN

El Censo Internationl de Microbios Marinos
(ICoMM), y los comités del Censo de Vida Marina de
América del Sur y del Caribe (CoML S.A. y Caribe) apo-
yaron la iniciativa para el lanzamiento de un nodo regional
del ICOMM (LACar ICoMM) para promover la discusion
entre investigadores acerca de estudios sobre biodiversidad
microbiana en el continente, y permitir el intercambio de
informacion y metodologias, y promover la elaboracién
de proyectos comunes, para avanzar en el conocimiento
de la microbiologia marina y su diversidad. En el presente
articulo presentamos una resefia acerca de las direcciones
de investigacion en microbiologia marina actualmente en
curso en ambas regiones. En lo que concierne a los estudios
sobre el fitoplancton, los grupos taxondmicos mas estudia-
dos son los de las diatomeas y los dinoflagelados. En las
aguas mexicanas el ndmero de taxones descritos llegan
a los 1400. Por otra parte, los estudios sobre bacterias y
cianobacterias en aguas costeras y oceanicas en diferentes
ecosistemas subrayan la importancia de varios tipos de
funcionamiento modulados por caracteristicas geograficas
y climéticas estacionales y por la influencia de grandes
rios sudamericanos en la productividad del Mar Caribe.
Uno de los principales ejemplos de este tipo de estudios
es la determinacion del patrén estacional (estacion seca y
lluviosa) de la dinamica bacteriana en zonas costeras de
Puerto Rico, con moderada o ausente influencia continen-
tal. La dinamica comparada del fitoplancton y las bacterias
es igualmente estudiada en los sistemas costeros y de
plataforma continental en la Guayana Francesa, conocida
por sus importantes recursos pesgqueros y cuyos ecosiste-
mas costeros estan bajo influencia directa o indirecta de
las aguas y material proveniente del rio Amazonas. La
biodiversidad microbiana es actualmente estudiada en
otros sistemas costeros de interface continental y marina
como lo son las lagunas costeras uruguayas (de régimen
subtropical). En el Rio de la Plata y en aguas adyacentes
de la plataforma continental Argentina, se llevan a cabo
estudios de la dindmica y diversidad picoplanctonica.
Finalmente, se llevan a cabo estudios de las bacterias que
abundan en zonas de minimo de oxigeno mas o menos
alejadas de la costa, como es el caso en el Pacifico chileno,
al igual que en el golfo de Cariaco en Venezuela, en los
cuales se han detectado metabolismos diversos. Por otra
parte, se ha buscado determinar patrones de distribucién y
diversidad de bacterias capaces de degradar hidrocarburos
y plaguicidas, como en las costas de Colombia, donde 64
cepas nativas marinas fueron aisladas de sedimentos cos-
teros. Estos Gltimos estudios se llevan a cabo también en
la zona estuarina del Rio de la Plata, asi como en la zona
intermareal patagonica de Argentina. Las bacterias que
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degradan los hidrocarburos son igualmente estudiadas en
el delta del Orinoco y plataforma adyacente, sometidos a
una fuerte prospeccion petrolera. Dentro del marco de los
estudios de zonas contaminadas, el observatorio microbio-
l6gico (MoRio) establecido en la Bahia de Guanabara (Ri6
de Janeiro, Brasil) constituye un ejemplo y modelo para
los ecosistemas marinos tropicales sometidos a una con-
taminacion urbana importante. Compartir conocimiento y
metodologias en estrategias comunes, permitirian un mejor
conocimiento y comprension de las pautas de diversidad
microbiana en ambas regiones.

Palabras clave: Biodiversidad microbiana, dindmica del
fitoplancton y de las bacterias marinas, bioremediacién
microbiana, América del Sur y Mar Caribe.
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