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Abstract. The quality of water in many coastal regions is affected by human activities and may
cause degradation of coral reefs and coral disease development. This study aimed to analyze the
physicochemical and microbiological parameters of tide pools seawater of Cabo Branco coral
reef,  Paraiba state,  Brazil,  and quantify cultivable bacteria in  the coral  Siderastrea stellata
tissue.  During one year study the seawater temperature varied between 27.3  and 29.8 ºC, and
the salinity was maintained between 32 and 35 ‰. The most values of seawater pH (>8.5), and
50%  values  of  dissolved  oxygen  (<6  mg/L) were not  in  accordance  with  the Brazilian
Regulation (CONAMA Resolutions: 274/2000 and 375/2005). The levels of fecal coliforms in
seawater were within the  limits allowed by the Brazilian legislation, however, the presence of
E.  coli and  enterococci,  observed  in  42% and  17% of  samples,  respectively,  indicates  the
potential risks of contamination. The density of total heterotrophic bacteria (102 - 104 CFU/mL)
and Vibrio spp. (101 - 104 UFC/mL) in seawater samples were significantly higher during some
months of dry season.  The numbers of total heterotrophic bacteria (104  – 106 CFU/cm2) and
Vibrio spp. (101 - 104 CFU/cm2) associated with tissue of healthy colonies of S. stellata varied
significantly among the colonies analyzed. These results show the vulnerability of this coral reef
located in the peri-urban area and point out the need of constant monitoring of seawater quality.
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Resumo. Qualidade físico-química e bacteriológica da agua do mar e a sustentabilidade do
recife de coral do Cabo Branco, Brasil. A qualidade da água em muitas regiões costeiras é
afetada pelas atividades humanas,  as quais podem causar degradação dos recifes de coral  e
desenvolvimento  da  doença  coral.  Este  estudo  teve  como  objetivo  analisar  os  parâmetros
físico-químicos e microbiológicos das poças de maré do recife de coral do Cabo Branco, estado
da Paraíba, Brasil,  bem como quantificar bactérias cultiváveis  associadas ao tecido do coral
Siderastrea stellata.  Durante o período de doze meses a temperatura da água do mar variou
entre 27,3 e 29,8 ºC, e a salinidade foi mantida entre 32 e 35 ‰. A maioria dos  valores de pH
da água do mar (> 8,5), e 50%  dos valores  de oxigênio dissolvido (<6 mg / L) não estavam em
conformidade com as Resoluções do CONAMA: 274/2000 e 375/2005. Os níveis de coliformes
fecais  na  água  do  mar  estavam  dentro  dos  limites permitidos  pela  legislação brasileira, no
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entanto,  a  presença  de  E.  coli e  enterococos,  observada  em  42%  e  17%  das  amostras,
respectivamente,  indica  os  riscos  potenciais  de  contaminação.  A  densidade  de  bactérias
heterotróficas totais (102-104 UFC/mL) e Vibrio spp. (101-104 UFC/mL) em amostras de água do
mar foram significativamente maiores durante alguns meses de estação seca. Os números de
bactérias heterotróficas totais (104-106 UFC/cm2) e Vibrio spp. (101 - 104  UFC/cm2) associadas
ao  tecido  das  colônias  saudáveis  de  S.  stellata variou  significativamente  entre  as  colônias
analisadas. Estes resultados mostram a vulnerabilidade deste recife de coral localizado na zona
urbana e apontam também a necessidade de monitoramento constante da qualidade da água do
mar.

Palavras  chave:  Recife  de  corais,  Siderastrea  stellata,  qualidade  da  água,  coliformes,
enterococos

Introduction
Coral  reefs  provide  an  important  range  of

environmental, social and economic services. They
offer  protection  against  erosion  caused  by
hydrodynamics,  serve  as  potential  source  of
pharmaceuticals  (antiviral  drugs,  anti-cancer  and
anti-inflammatory  agents),  and  are  extremely
important  in  ecotourism and fishery. Despite  their
ecological  and  economic  importance,  coral  reefs
have been threatened its vitality and diversity caused
mainly  by  human  activities  such  as  urban
development,  runoff  in  the  coastal  zone,
uncontrolled marine tourism, exploitation of natural
resources, and industrial pollution (Schaffelke et al.
2005, Erftemeijer et al. 2012). 

The abiotic and biotic factors, acting alone or
in synergy, can cause the loss of coral tissue, leading
this way to the deterioration of coral reefs observed
around the world (Hughes et al. 2003, Harvell et al.
2007). A diverse  range  of  stress  factors  (e.g.  low
salinity, high temperature,  high sedimentation rate,
aerial  exposure,  cyanide exposure)  can initiate  the
bleaching response and may cause higher incidence
and  severity  of  diseases  in  corals,  although  the
combination of high irradiance and increase in sea
surface  temperature,  is  the  primary  triggering
condition  for  the  occurrence  of  large-scale  mass
bleaching events (Schaffelke  et al. 2005,  Brodie &
Waterhouse 2012,  Erftemeijer et al. 2012). 

Discharges  of  industrial  and  domestic
effluents may release chemicals that lead to a change
in  the  environmental  conditions  (Brodie  &
Waterhouse  2012)  and  affect  localized  reef  areas,
especially those located close to shore, causing high
impact  on  the  reefs  functioning.  Annual  fluxes  of
terrestrial  sediments,  freshwater  and  nutrients  to
coastal and coral reef environments  have increased
with  soil  erosion,  deforestation,  coastal
development,  urbanization,  agricultural  practices,
and mining (Kroon et al.  2014). Kelly et al. (2014)

observed that local human populations influence the
reef-associated  microbial  community  indirectly  by
influencing  the  composition  of  benthic
microorganisms. 

The  fecal  pollution  of  coastal  environments
may involve health risks leading to human exposure
to pathogenic organisms, such as protozoa, bacteria
and  virus  (Arnone  & Waling  2007,  Touron  et  al.
2007, Stewart et al. 2008, González-Fernández et al.
2011).  The  health  risk  of  infectious  diseases
transmitted by water can be measured by detection
the  universal  microorganisms  indicators  of  fecal
contamination,  the  coliforms  bacteria  and  fecal
streptococci  (APHA,  1998).  These  indicators
provide information about fecal discharges that may
affect the local biota and water use (Kamizoulis &
Saliba  2004,  Stewart  et  al. 2008).  In addition  to
indicators of fecal contamination, the levels of total
mesophilic aerobic bacteria and Vibrio may serve as
support  in  the  evaluation  of  the  water
microbiological  quality.  Different  species  of  the
Vibrio genus  occur  naturally  in  marine
environments,  however,  some  species,  such  as  V.
parahaemolyticus,  V. vulnificus,  V. alginolyticus, V.
harveyi and  V. cholerae,  are potentially pathogenic
to humans and various marine organisms,  including
fish,  shellfish,  crustaceans,  corals  and  echinoids
(Sussman et al. 2008, Chen et al. 2011, Chatterjee &
Haldar 2012,  Ruwandeepika et al.  2012, Tran et al.
2013, Garren  et  al. 2014,  Clemente  et  al. 2014,
Rubio-Portillo et al. 2014). Vibrios are considered as
the most common and serious pathogens in fish and
shellfish  marine  aquaculture  (Chatterjee  &  Haldar
2012)  and  some  Vibrio  species  such  as  V.
coralliilyticus and V. shiloi play important role in the
infection  and  bleaching  of  some  coral  species
(Kushmaro  et  al. 2001,  Ben-Heim  et  al. 2003,
Garren et al. 2014).

Siderastrea  stellata is  a  scleractinian  coral
widely distributed in coral reefs of Brazil occupying
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generally  horizontal  substrates  up  to  10  m  deep
(Segal & Castro 2000, Castro & Pires 2001). This
coral species is considered to be relatively resistant
to  the  action  of  waves,  temperature  variations,
salinity  and  sedimentation,  however,  there  are
reports  of  S.  stellata bleaching  along  the  coastal
Brazilian reefs (Costa & Amaral 2000, Costa  et al.
2001, Costa et al. 2004, Leão et al. 2008, Poggio et
al. 2009). The severe bleaching events of S. stellata
in  Cabo  Branco  reef  (Paraiba  state,  Brazil)  were
observed in 2005, 2007 and 2008 (Sassi et al. 2015).
In the face of seasonal coral bleaching, rising coastal
development and increasing environmental impacts
on the Cabo Branco reef  the understanding of the
pattern  of  physicochemical  and  bacteriological
indicators  of  water  quality  may  help  to  establish
management strategy and sustainability of coral reef
studied.

Materials and Methods
Study site: The reef of Cabo Branco Beach (7°08'50
"S, 34° 47'51" W) is situated in João Pessoa, Paraíba

State,  Northeast  of  Brazil  (Fig.  1).  This  beach  is
outlined by a cliff and situated approximately 2 km
from  the  discharge   of  Cabelo  River.  The  Cabo
Branco reef is formed by a large number of rocks
which overlie a wide beach area and also extend for
hundreds  of  meters  into  the  sea.  The  rocks  along
with calcareous structures of living organisms form
the base of the reef, and delimit the tide pools with
diverse  micro-habitats.  The  tide  pools  of  Cabo
Branco  reefs  are  reach  of  microplankton,  loricate
protozoans,  sponges,  tunicates,  reef  fish,  zoanthids
and  reef-building  corals  such  as  Favia  gravida,
Porites astreoides and Siderastrea stellata, the latter
in higher quantity (Sassi & Melo 1989,  Rosa et al.
1997).

The regional climate is  classified as tropical
humid  with  two  distinct  seasonal  periods:  a  dry
season  that  normally  extends  between  September
and  February,  and  a  rainy  season  from  March  to
August. The  monthly  rainfall  data  of  the  study
period were obtained from the website of AESA-PB
(www.aesa.pb.gov.br).

Figure 1. The Cabo Branco beach area at João Pessoa, Paraíba state, Brazil. The coral reef of Cabo Branco is marked
with an asterisk. The Cabelo river discharge is shown by a solid arrow. Image source: GoogleEarth (accessed in 10 of
April 2013).

Physicochemical  monitoring  of  seawater:  The
physicochemical  parameters  (temperature,  salinity,
pH and dissolved oxygen)  of  seawater  of  selected
tide pool at Cabo Branco reef were measured in site
monthly, during  the  period  from October  2011 to
September  2012,  using  the  multiparameter  water
quality  meter  (HANNA  ®  HI  9828).  The
measurements were done always at low tide in the
morning (10:00 – 12:00 a.m.).
 

Sampling and bacteriological analysis of water and
S.  stellata colonies:  Water  samples  form tide pool
were  collected  monthly  from  October  2011  to
September  2012,  in  500  mL  sterilized  bottles,
transported on ice to the laboratory and kept at 4 °C
until  the  performance  of  microbiological  analyses
done within 24 hours after sampling. 

Colonies  of  S.  stellata with  a  diameter  less
than  12  cm  were  collected  from  the  tide  pool  in
November 2011, January, June, July and September
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2012. The coral samples were placed in plastic bags
containing  seawater,  sealed  hermetically,  and
transported on ice to the laboratory, where the coral
tissue  was  extracted  using  a  high-pressure  jet  of
sterile seawater (Waterpik®) according to protocol of
Costa et al. (2008). 

Decimal dilutions of seawater and  S. stellata
tissue  samples  were  made  with  sterile  filtered
seawater. The counts of total aerobic bacteria were
evaluated  on  Zobell  Marine  Agar  (HiMedia)
(triplicate) incubated at 30°C for 5 days.  The counts
of  Vibrio  spp.  were  obtained  on  TCBS  Agar
(HiMedia)  (triplicate)  incubated at  35°C  for  24
hours.   Bacterial  density  was  expressed  as
colony-forming-units (CFU) per ml of water or per
cm2 of coral colony.

The  fecal  contamination  of  seawater  was
assessed  by  analysis  of  thermotolerant  coliforms,
Escherichia coli and enterococci.  The enumeration
of  thermotolerant  coliforms  were  realized  by  the
Most  Probable  Number  Technique  (MPN)  with  3
replicates  according  to  APHA (1998)  using  Lauril
Sodium Sulfate Broth (HiMedia)  (presumptive test);
Lactose  Bile  2% Brilliant  Green  Broth  (HiMedia)
(confirmative  test  for  the  total  coliforms)  with
incubation  at  37oC  during  24  and  48  hours.  The
medium  EC  Broth  (Himedia)  was  used  for  the
presumptive test for Escherichia coli (thermotolerant
coliforms) from positive Lactose Bile 2% Brilliant
Green  Broth  tubes  by  MPN  technique,   with
incubations  at  44.5   ±  0.5  oC  for  24  hours.  The
presence  of  E.  coli  was  confirmed  with  the  Agar
MUG EC (HiMedia). Colonies of E. coli exhibit on
this medium blue fluorescence under the long-wave
(366 nm) UV light. 

The enterococci determination was carried out
as  described  by  Chigbu & Sobolev  (2007).  Serial
dilutions  of  water  samples  were  added to  the  test
tubes  (triplicate)  containing  Azide  Dextrose  Broth
(HiMedia) and incubated at 35oC for 24 – 48 hours.
Confirmation of the presence of enterococci in the
positive  tubes  was  done  on  Pfizer  Selective
Enterococcus Broth (HiMedia) incubated at 35oC for
24 hours. Brownish black colonies with brown halos
indicated the presence of enterococci in the culture. 

Data Analysis:  Mean values and standard deviation
were generated for  each microbial  data  group and
physical  and  chemical  parameter.  The  one-way
analysis  of  variance  (ANOVA)  and  Tukey  test  (P
<0.05) were performed on the bacterial density data
using  Statistica  (version  5)  software.  The  Pearson
correlation  coefficient  was  used  to  assess  the

relationship  between  the  physicochemical
parameters  and  density  of  bacterial  groups,
considering a significance level of 5%. All statistical
analyses followed Sokal & Rohlf (1983).

Results
The  monitoring  of  physicochemical  and

bacteriological  parameters  of  water  of  tide  pool,
where the colonies of coral S. stellata are found,  at
Cabo Branco reef were performed monthly over one
year study, while the coral colonies were collected
two  and  three  times   at  rainy  and  dry  season,
respectively. The rainy season lasted three months
(May, June and July 2012) with the highest rainfall
in  June (540.0  mm) (Table  I).  The  lowest  rainfall
was observed in October (9.0 mm) and December
(8.4 mm) 2011 (Table I). 

The temperature of tide pool seawater varied
between 26.3 and 29.8  oC and salinity between 32
and 35  ‰ (Table 1). The pH values were over 8.5
during nearly all the study (92%), being above the
limit of CONAMA resolution No 357/2005 for class
I saline water: pH around 8.5 with no change greater
than 0.2 units (Brasil 2005). 

The dissolved oxygen varied from 3.1 mg/L
in September 2012 to 12.5 mg/L in February 2012
(Table I). The 50% of dissolved oxygen values were
below the permitted limit for seawater designed to
protect aquatic communities (DO  values not lower
than 6 mg/L in any sample) (Brasil 2005). 

Bacteriological  analysis  of  seawater
included evaluation of thermotolerant coliforms,  E.
coli and enterococci presence, counts of total aerobic
mesophilic  bacteria  and  Vibrio  spp.  The
thermotolerant  coliforms  ranged  from  <3  to  43
MPN/100 mL of seawater, and their highest densities
were observed in March and August (Table II). The
presence of E. coli and enterococci was confirmed in
42% and 17% of the samples, respectively (Table II;
Figure 1). The simultaneous presence of E. coli and
Enterococcus was observed only in sample collected
in February. 

The levels  of  thermotolerant  coliforms in
seawater  used  for  primary  recreation  and
protection  of  aquatic  communities  according  to
CONAMA  Resolutions  274/2000  and  357/2005
(Brasil  2005)  should  not  exceed  value  of
103/100mL  in  80%  or  more  samples  collected
bimonthly  during  one  year.  Our  results  showed
that  levels  of  thermotolerant   coliforms  in  Cabo
Branco  reef  water  were  in  accordance  with
Brazilian Regulation. 
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Table I. Monthly variations of rainfall and variables of seawater of the Cabo Branco reef, Paraiba state (October 2011
to September 2012).

Month Rainfall
(mm)

Temperature
(°C)

pH Salinity
‰

Dissolved oxygen
 (mg/L)

October a 9.0 29.8 7.9 35.0 3.3
November a 44.9 29.5 9.5 33.9 7.6
December a 8.4 28.6 8.8 35.0 9.7
January a 186.2 29.7 10.2 31.9 10.2
February a 141.9 28.4 10.0 32.0 12.5
March a 71.0 28.7 9.1 34.7 6.7
April a 46.6 29.5 9.0 34.9 5.6
May b 216.5 28.7 9.0 35.0 6.4
June b 540.7 26.3 9.2 32.0 5.4
July b 290.5 28.3 9.1 32.9 5.0
Augusta 81.1 27.5 9.1 33.5 3.4
September a 36.7 27.3 9.1 33.4 3.1

Mean 58.9 28.6 9.2 33.8 6.6

SD* 154.0 1.1 0.6 1.3 2.9
a – Dry season; b – Rainy season; *SD - Standard Deviation.

Table II.  Microbiological parameters of seawater of Cabo Branco reef, Paraiba state, during the period from October
2011 to September 2012. 
Month Thermotolerant

coliforms

(MPN/100 mL)

E. coli

presence

Enterococci

presence

Total bacteria

(CFU/mL)

Vibrio spp.

(CFU/mL)

October a <30.0 - - 1.20 x 10³ 1.33 x 101

November a <30.0 - - 6.03 x 10³ 1.13 x 10²
December a <30.0 - - 2.30 x 10³ 2.56 x 10²
January a <30.0 - - 5.36 x 104 1.14 x 104

February a 15.0 + + 2.86 x 104 1.35 x 10³
March a 43.0 + - 3.33 x 10³ 1.76 x 10²
April a <3.0 - - 2.33 x 10² 4.00 x 101

May b 9.2 + - 3.66 x 10³ 1.50 x 102

June b <3.0 - + 1.53 x 10³ 3.66 x 101

July b <3.0 - - 1.36 x 10³ 2.80 x 10²
August a 43.0 + - 5.56 x 10³ 1.00 x 101

September a 9.2 + - 1.60 x 104 N.D.
Mean 

SD*

1.03 x 104

1.59 x 104

1.26 x 103

1.25 x 10³
a – Dry season; b – Rainy season; + Positive samples; - Negative samples; *SD - Standard Deviation.

The density of total heterotrophic bacteria in
seawater samples ranged from 2.33 x102  to 5.36 x
104 CFU/mL,  while  Vibrio  spp.  counts  showed
stronger variation over the study period (1 x 101 –
1.14 x 104 UFC/mL) (Table II).  The total bacteria
and  Vibrio  spp. counts were significantly higher in
January  and  February  2012  (P<0.05),  and  Vibrio
spp. number also in December 2011.  There was no
significant difference between dry and rainy periods
(Student's t-test, P> 0.05) for these bacterial groups. 

The  counts  of  total  bacteria  showed  strong
positive correlation with pH and dissolved oxygen
(r>0.7, P<0.05). However, thermotolerant coliforms
and  Vibrio counts  did  not  show  statistically
significant  correlations  with  any  physicochemical
parameter analyzed. 

The densities of total bacteria and Vibrio spp.
in the tissue extracted from colonies of S. stellata are
shown in Table III. 
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Table III.  Density of total aerobic mesophilic bacteria and  Vibrio  spp. in the tissue of  S. stellata  collected in Cabo
Branco reef, Paraiba state, during the period from November 2011 to September 2012. 

Month
Total bacteria

(CFU/cm²)
Vibrio spp.
(CFU/cm²)

November a 3.01 x 106 2.70 x 104

January a 3.92 x 104 7.28 x 10¹
June b

2.13 x 105 7.83 x 10²
July b

6.88 x 106 8.96 x 10²

September a 3.12 x 105 5.00 x 10³

Mean 
SD*

2.09 x 106 
0.27 x 106

6.67 x 103 

6.75 x103

a – Dry season; b – Rainy season; *SD - Standard Deviation.

The  total  bacterial  densities  in  coral  tissue
ranged from 3.92 x 104 to 6.88 x 106 CFU/cm2 and
their  counts  were  significantly  higher  for  samples
collected  in  November  and  July  (P<0.05).  The
values  of  Vibrio  spp.  were  between  7.28  x  10¹
CFU/cm2  and 2.70 x 104 CFU/cm2,  and only coral
sample collected in  November showed  Vibrio  spp.
density  significantly  higher  than  other  samples
(P<0.05).

There was no significant correlation between
the bacterial counts in seawater and S. stellata tissue
neither  for  total  mesophilic  bacteria  (r  =  -0.5,
P<0.05) nor for Vibrio spp. (r = -0.2, P<0.05).

Discussion
The contamination of coastal water can be due

to point discharges of sewage from shoreline outfalls
and  no-point  discharges  such  as  run-off  from
naturally  vegetated  areas,  urban,  commercial  and
industrial lands (Stewart  et al.  2008, Pandey  et al.
2014).  The  Cabo  Branco reef  is  situated  near  the
beach,  being  exposed  to  the  recreation  activities,
trampling, fishing and scientific research (Costa  et
al. 2007),  as  well  as  to  runoff  from  natural
vegetation and urban areas,  including discharge of
Cabelo  river.  All  these  factors  may  affect  the
near-shore reef environment and the water quality.

Among  physical  parameters  of  seawater  the
temperature is one of the most important coral stress
inducers, since the rise of only one Celsius degree of
the  usual  summer  maxima  temperature  for  some
period  may  leads  to  coral  bleaching,  because  of
breakdown of the endosymbiosis between corals and
the  dinoflagellate  Symbiodinium (Glynn  1993,
Hoegh-Guldberg  1999,  Donner  et  al. 2005).  The
bleaching of colonies of  S.  stellata in the reefs of

Cabo Branco (Paraíba State), Gaibu and Tamandaré
(Pernambuco  State)   were  observed   when  the
seawater temperature reached values between 29 and
30  °C,  but  the  colonies  had  the  normal  brown
pigmentation  between  26  and  28  °C  (Costa  &
Amaral 2000, Costa et al. 2004).

The  ranges  of  temperature  and  salinity  of
water  for  tropical  corals  are  23  –  29°C  and  32
–40‰,  respectively (Lalli  &  Parsons  1995). The
coral responses to the salinity changes depend on the
coral  species,  magnitude  of  changes  and exposure
time (Berkelmans et al. 2012). During this study the
tide pool seawater temperature varied between 27.3
and  29.8  ºC,  and the  salinity  was  maintained
between  32  and  35  ‰.  The  highest  temperature
(29.8°C) of seawater was observed in January 2012,
but the salinity value was also the highest (35.1 ‰).
Stable  level  of  salinity  is  important  because,
according with Coles & Jokiel (1978), the coral will
resist short period of temperature rise if the salinity
not declines.

The seawater pH values were over 9.0 during
nearly all the study. Middelboe & Hansen (2007) has
shown that pH is higher and more variable in marine
shallow-water habitats than previously thought, and
suggest that these habitats in general may experience
high pH during a large part of the growth season.
Some  marine  habitats,  such  as  high  intertidal
rockpools,  have pH variations of up to three units
over a diel cycle as a result  of photosynthesis and
respiration (Poole & Raven 1997).

The levels of  fecal  coliforms in seawater of
Cabo Branco reef were in accordance with Brazilian
Regulation  (Brasil  2000,  2005).  However, the
presence of E. coli and enterococci, observed in 42%
and 17% of seawater samples, indicates the potential
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risks of contamination. The storm water run-off into
coastal  waters  in  tropical  and  sub-tropical
environments can potentially influence water quality
(Solo-Gabriele  et  al.  2000),  and the  coastal  rivers
can be one of the source of fecal pathogens released
to seawater (Pandey  et al. 2014). The Cabelo river
empties  into  the  ocean  nearby  Cabo  Branco  reef,
which,  according  to  Farias  et  al.  (2007,  2008),
suffers  from  pollution  and  contamination  by
industrial  and  domestic  sewage,  solid  waste
exploitation of mining and agriculture.

Shikuma & Hadfield (2010)  showed that  E.
coli may persist associated with biofilms in shallow
marine  environments  being  a  source  of
dissemination  of  these  bacteria. Many  bacteria,
including  indicator  and  pathogenic  bacteria,
belonging  to  such  families  as  Enterobacteriaceae
and  Vibrionaceae,  which  exist  in  aquatic
environments  may  enter  into  viable  but
non-culturable  state  (VBNC)  in  suboptimal
conditions  regarding  the  temperature,  nutrients,
salinity fluctuations, etc. (Colwell & Grimes, 2000).
Zimmerman et al. (2009) showed that VBNC E. coli
exist in marine water and suggest that this indicator
bacteria  may  be  present  in  higher  numbers  than
observed  by  culture  method.  The  enterococci  are
characterized  by  greater  salt  tolerance  than  fecal
coliforms  and  Escherichia  coli, and  may be  more
adequate for seawater monitoring (Byappanahalli  et
al. 2012). However,  Enterococcus faecalis also can
enter a VBNC state (Signoretto et al. 2004) leading
to underestimating of fecal pollution.  Stewart et al.
(2008)  pointed out  the  need to  improve the water
quality  standards  and  the  detection  methods  of
pathogens and water contamination level.

The  seawater  samples  collected  at  summer
months  (December  2011,  January  and  February
2012),  that  correspond  to  dry  season,  showed  the
highest density of total bacteria and Vibrio spp. The
water collected in February was unique sample that
showed simultaneously E. coli and enterococci.  The
summer  period  represents  increased  tourism
(vacation  period)  and  number  of  bathers  on  the
beaches in the region, as well as the season with low
rainfall  and the highest temperature. Stewart  et  al.
(2008) reported that swimmers may themselves be
sources  of  microbes  in  water  releasing  significant
numbers  of  microbes. All  these  factors  may
contribute  to  the  significant  increase  in  bacterial
counts in seawater observed in the summer months.
The reef  environments of  the  study  area have an
increasing tourist-recreational  flow that  may affect
the Cabo Branco reef environment.

In  general,  the  marine  environment  is
oligotrophic; however there are some niches rich in
nutrients,  such  as  the  mucus  layer  found  on  the
surface of corals,  that support numerous and diverse
bacterial  populations  (Shnit-Orland  &  Kushmaro
2009). Microorganisms found on coral surfaces and
tissue may be saprophytic or pathogenic, and may
provide  important  functions  such  as  the  host
protection  from  pathogens  through  production  of
antimicrobial substances (Shnit-Orland & Kushmaro
2009,  Rohwer  et  al. 2002) and/or supply nutrients
that  are  not  provided  by  the  coral-symbiotic
zooxanthellae (Kushmaro et al. 1996) 

The density of bacteria associated with tissue
colonies  of  S.  stellata,  that  showed healthy brown
color, with no signs of bleaching or disease, varied
significantly among the colonies analyzed. The total
heterotrophic bacteria reached the levels of 104 – 106

CFU/cm2, while densities of Vibrio spp. ranged from
101 to  104 CFU/cm2.  The  microbial  communities
associated with corals are not merely a reflection of
the bacterial communities present in the surrounding
seawater (Knowlton 2001), and various kinds of not
pathogenic bacteria are probably involved in stable
associations  very  important  for  coral  survival
(Lesser 2004). 

According to several authors, bacteria of the
genus  Vibrio when present in the coral  tissue may
cause or may be associated with the prevalence of
various  diseases,  being  capable  of  reducing  the
beneficial  properties  of  zooxanthellae  during
bleaching,  and  having  increased  proliferation
favored  by  temperature  (Kushmaro  et  al. 2001,
Rosenberg & Ben-Haim 2002; Cervino  et al. 2004,
Gil-Agudelo  et al. 2006, Ritchie 2006, Sussman  et
al. 2008). Although several Vibrio species such as V.
alginolyticus,  V.  harveyi,  V.  campbellii  and V.
parahaemolyticus being related with corals diseases,
they are also  important nitrogen-fixing species (N2),
that  can  have  a  positive  effect  on  the  coral  reef
(Chimetto et al. 2008).

Microorganisms detected in the microbiota of
diseased  corals suggest  that sewage effluents, fish
farm  effluents,  overland  pollution and  diseases
derived  from  other marine  organisms contribute
significantly to the development of disease in corals
(Frias-Lopez  et  al. 2004,  Garren  et  al. 2009,
Sutherland et al. 2011).

Monitoring of the health of S. stellata colonies
in  the  reefs  of  Cabo Branco,  simultaneous  to  this
study in the period from  September 2011 to May
2012, performed by Farias et al. (2012), showed that
there  was  a  prevalence  of  healthy  colonies  of  S.
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stellata, with low incidence of colonies with altered
pigmentation.  However,    the  phenomenon  of
seasonal changes in the pigmentation of colonies of
Siderastrea  spp.  during  bleaching  events  that
affected high percentage of coral colonies in Cabo
Branco reefs were observed in the summer of 2005,
2007 and 2008 (Sassi et al. 2015). Therefore, there is
a need of constant  registration of physicochemical
and  biological  factors  variations  that  affect  the
seawater  quality  of  coral  reef  studied.  The  better
understanding  of  contamination  sources  of  coastal
and  marine  environments  and  the  relationships
between reef ecosystem characteristics may help to
prevent the breakdown of homeostasis and onset of
conditions  that  favor  the  bleaching  and  coral
diseases of Cabo Branco reef. 
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