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Abstract

Samples of water and barnacles Amphibalanus amphitrite were collected from Recife, Brazil, to assess if it accumu-
lates total (TC) and thermotolerant coliforms (TTC) related with sewage pollution. The Most Probable Number (MPN) 
values and the standard procedures for examination of shellfish were used. Comparatively with the water samples, the 
highest coliform values came from the barnacles, with TC values ranging from < 3.0 × 103 to ≥ 2.4 × 106 MPN.g-1, and 
TTC ranging from ≥ 2.4 × 103 to 2.9 × 105 MPN.g-1. Barnacles accumulate the TC Ewingella americana, and the TTC 
Escherichia coli, Enterobacter gergoviae, Enterobacter aerogenes, and Enterobacter sakazakii. The results provided 
an indication of the level of organic contamination at the sampling locations and that this species could be a good 
organic pollution bioindicator.

Keywords: barnacle, bioaccumulation, bioindicator, estuary, organic pollution.

Acumulação de coliformes em Amphibalanus amphitrite (Darwin, 1854)  
(Cirripedia) e seu uso como bioindicador de poluição orgânica  

na área  estuarina do Recife, Pernambuco, Brazil 

Resumo

Amostras de água e cirrípedes Amphibalanus amphitrite foram coletados em Recife, Brasil, para avaliar se estes 
acumulam coliformes totais (CT) e termo-tolerantes (TTC) relacionados à poluição por esgoto doméstico. Foram 
utilizados os valores de Números Mais Prováveis (NMP) e os procedimentos padrões para exame de bivalves. 
Comparativamente às amostras de água, os valores mais altos de coliformes foram dos cirrípedes, com valores de 
TC variando de < 3,0 × 103 a ≥ 2,4 × 106 NMP.g-1, e TTC variando de ≥ 2,4 × 103 a 2,9 × 105 NMP.g-1. Os cirrípedes 
acumularam TC Ewingella americana e TTC Escherichia coli, Enterobacter gergoviae, Enterobacter aerogenes e 
Enterobacter sakazakii. Os resultados proveram uma indicação de que há contaminação orgânica nas localidades de 
amostras e que esta espécie pode ser um bioindicador bom de poluição orgânica.

Palavras-chave: cirrípedes, bioacumulação, bioindicador, estuário, poluição orgânica.

1. Introduction

The biological effects of pollution are closely related to 
the increasing man-made changes to nature. A number of 
investigations have focused their attention on the ecological, 
physiological, or biochemical consequences of pollution, as 
marine organisms could potentially be used as pollution in-
dicators (Patarnello et al., 1991). Benthic animals are use-
ful for the monitoring of environmental quality due to their 
habitat and lifestyle. Attributes of benthic community struc-
ture (species composition, quantitative parameters, trophic 
groups, and species-indicators) may therefore reflect the 

quality of marine environments (Pearson and Rosenberg 
1978). Assessing patterns in benthic community structures 
has several advantages over other experimental methods 
to detect anthropogenic disturbances as the benthos can 
integrate conditions over time rather than just reflect the 
conditions of the time the sampling occurred; thus, benthic 
animals are more useful in assessing local effects of moni-
toring programmes (Rivero et al., 2005).

According to Zauke et  al. (1988), the main goal of 
biomonitoring is to evaluate the potential of chemical 
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bioaccumulation in ecological systems, to identify corre-
sponding accumulation strategies, and to analyse biologi-
cal effects using different scales of observation – ranging 
from intracellular sequestration of substances to effects on 
the population, community, or ecosystem level. Biological 
effects at the individual or population levels (e.g., reduced 
reproduction) may lead to effects at the ecosystem level 
(e.g., due to changes in resource use and biological in-
teractions such as predation or competition), eventually 
changing the structure and dynamics of marine systems.

Gestel and Brummelen (1996) considered as bioindi-
cators organisms or groups of organisms that provide in-
formation on the environmental conditions of their habitat 
through their presence or absence or through ecosystem 
parameters. Rinderhagen et  al. (2000) complemented 
this definition affirming that these organisms should be 
benthic species, distributed over the whole region of in-
terest in the littoral zone, to enable easy sampling. For 
Blackmore et  al. (1998), these organisms should accu-
mulate trace contaminants in their tissues, responding 
essentially to the fraction in the environment which is of 
direct ecotoxicological relevance, i.e. the bioavailability 
of chemical forms. The required biological properties for 
using an animal as a bioindicator can be summarised as: 
sessility or very low mobility; widespread distribution 
and abundance in the area that will be monitored; sam-
pling ease; and capacity of filtration and accumulation of 
pollutants (Barbaro et al., 1978, Westman, 1985).

Among the marine and estuarine benthic organisms 
present in the littoral zone, barnacles constitute an im-
portant, characteristic, and successful group in the in-
tertidal region of hard substrata throughout the world’s 
oceans in terms of abundance and diversity (Newman 
and Ross, 1976). As they are sessile and relatively long-
living, they reflect prolonged conditions of the place 
where they occur and, as bioindicators, they can be used 
to differentiate between general background levels and 
responses to increased bioavailable environmental sup-
plies (Al-Thaqafi and White, 1991).

Since barnacles do not tightly regulate the metal burdens 
in their bodies, they have been suggested as good indicators 
of metal pollution (Walker et al., 1975). They tolerate and 
selectively uptake a wide range of toxic metal pollution and 
accumulate high levels of metals in their body tissues, egg 
masses and shells in parallel concentrations to the metals 
in the seawater, which justifies their use as metal pollution 
bioindicators (Al-Thaqafi and White, 1991; Watson et al., 
1995). Among the barnacles used as suitable biomonitors 
of trace metal pollutant elements, Amphibalanus amphitrite 
(Darwin, 1854) has been cited as a bioaccumulator of 5 trace 
metals: cadmium, chromium, copper, lead, zinc (Blackmore 
et al., 1998), and fluoride (Barbaro et al., 1978).

Nevertheless, the focus of the newly developed moni-
toring programmes are the evaluation of coastal seawater 
quality and the assessment of the impacts of human sewage 
on the benthic invertebrate population, using the bioaccumu-
lation of total and thermotolerant coliforms (Alonso et al., 
1999; Chiroles-Rubalcaba et al., 2007). Coliforms include 

a heterogeneous group of lactose-fermentative bacteria be-
longing to the Enterobacteriaceae Family (APHA, 2000). 
Among them, Escherichia coli (Escherich, 1885) is gener-
ally considered a more reliable sanitary indicator of the qual-
ity of shellfish, and is also used to classify water (Hood et al., 
1983; Silva et al., 2003).

Estuaries are usually highly contaminated by organic 
and inorganic residues, which increase in concentration 
in the brackish waters due to the sedimentation of most 
residues, where there is severe oxygen depletion and in-
creased inputs of untreated organic matter due to urbaniza-
tion (Cross and Rebordinos, 2003). Furthermore, the com-
position and structural variation of benthic communities 
has been used to infer the prevalent environmental factors 
when creating models for these communities (Gorostiaga 
et al., 2004). In domestic sewage, the presence of thermo-
tolerant coliforms indicates sewage pollution and contam-
ination of benthic animals as their presence could mean 
that pathogenic bacteria and viruses might be concentrated 
in them (Waldichuk, 1989; Chigbu et al. 2005).

Therefore, among the barnacles to date, only 
Amphibalanus amphitrite has been proposed as a poten-
tial biomonitor for sewage-derived nutrients in coastal 
marine ecosystems. The high percentage cover of the 
barnacle A. amphitrite in estuarine areas with waste 
input and little or no efficient circulation showed that 
this species is also tolerant of polluted environments; 
thus, it could be considered a good organic pollution 
indicator when occurring alone without other typical 
euryhaline species that are common in these estuarine 
areas (Lacombe and Monteiro, 1986; Calcagno et  al., 
1998; Junqueira et al., 2000; Breves-Ramos et al., 2005; 
Farrapeira, 2006; Farrapeira et al., 2009).

Amphibalanus amphitrite is a warm temperate 
to tropical barnacle distributed throughout the world 
(Newman and Ross, 1976). It is distinctly euryhaline 
and eurythermic and is commonly found in the intertidal 
zone, settled on several substrates such as mangrove 
roots, rocky shores, and artificial substrates (Newman, 
1967; Baker et al., 2004; Desai et al., 2006; Farrapeira, 
2008). This species has an average lifespan of 22 months 
and a maximum of 5-6 years (Calcagno et al., 1998). In 
the estuarine area of Recife, Pernambuco, it was consid-
ered the most euryhaline marine component, even in the 
most polluted area when no other species were found, 
and always occupied a wide zone in the intertidal area 
(Farrapeira, 2006; Farrapeira et al., 2009). This study 
aimed to assess whether A. amphitrite accumulates total 
and thermotolerant coliforms in this estuarine area, and 
thus to demonstrate that it is a good bioindicator of sew-
age coliform pollution.

2. Methodology

2.1. Study area

Recife (08° 04’ 03” - 08° 05’ 06” S and 34° 52’ 16”-
34° 53’ 58” W), located in the northeastern region of 
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Brazil, in the state of Pernambuco, has a population of 
approximately 1.40 million people, and suffers with 
problems such as lack of basic urban services (water, 
sanitation, solid waste collection, etc.) and physical and 
social infrastructure (The World Bank, 2003). It was 
built on a coastal plain constituted of fluvial-marine 
sediments, where the mangroves were one of the most 
important deposition systems that provided substrata for 
urban development (Silva, 2004). The climate is tropical 
warm and wet, with an annual average air temperature 
of around 25 °C and water temperatures that range from 
23.5 to 32.0 °C. Relative air humidity is of approxi-
mately 80% and the area has an average precipitation of 
1763 mm, of which 80% falls during the period of April 
to July – the winter months – with rare rain events oc-
curring during the months of September and February 
(summer) (Somerfield et al., 2003).

The estuarine area comprises the rivers Capibaribe, 
Jiquiá, Tejipió, Jordão, Pina, and Beberibe, which flow 
towards the Atlantic Ocean through a single opening 
located in the Port of Recife. There are two important 
basins in this area. The Pina Basin is formed by the con-
fluence of the southern branch of the Capibaribe River 
and the Jiquiá, Tejipió, Jordão, and Pina rivers. The 
Harbor Basin is formed by the confluence of the Pina 
Basin, and by the northern branch of the Capibaribe 
and Beberibe rivers, enclosed by the Recife and Olinda 
moles (Figure 1) (Farrapeira, 2006).

Due to its proximity to the city, the estuarine region 
suffers from extreme environmental degradation, espe-

cially mangrove degradation and water pollution from 
domestic organic sewage. Moreover, only 39% of the 
urban population has sewerage, and less than 50% is ef-
fectively treated; the rest of the sewage is discharged in 
natura into the rivers (Recife, 1995).

2.2. Sampling and laboratorial analysis

Sampling was designed to test the pollution gradi-
ent in two areas, in April and May 2007. Station 1, Pina 
Bridge (08° 05’ 142” S and 34° 53’ 419” W), potentially 
the most polluted site, is an artificial rocky substrate lo-
cated in the Pina Basin. Station 2, at Marco Zero- Port of 
Recife, located in the Harbor Basin (08° 03’ 795” S and 
34° 52’ 248” W), represented the place of little or null 
impact due to the constant renovation of seawater, and is 
an artificial rocky wall in the Harbour Basin (Figure 1).

Environmental variables from the water (pH, salinity 
and temperature) were taken by portable  pHmeter and 
densimeter during low tide. The water samples from the 
estuarine areas were collected in sterile containers and 
processed within 12 hours of collection. Furthermore, 
the unpublished data of salinities carried out by the 
Oceanographic Department of Federal University of 
Pernambuco sampled during the year was used.

Living barnacles were collected from both stations, 
with similar heights and diameters to avoid possible 
distinct effects caused by differences in age. They were 
taken from the middle range of the intertidal zone dur-
ing low tides. The samples were placed into clean plas-

Figure 1. Map of the estuarine area of Recife, Pernambuco, Brazil, showing station 1 at Pina Basin and station 2 at Harbour 
Basin.
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tic bags and stored at room temperature until further 
processing.

In the Laboratório de Sanidade de Animais Aquáticos, 
Universidade Federal Rural de Pernambuco – UFRPE all 
specimens were washed and lightly scrubbed under run-
ning tap water to clean any possible contamination and 
to remove sediments and any microorganisms from the 
shell plates. They were then measured (basal diameter 
and height) using calipers (mm), and the whole sample 
was weighed with an electronic balance (two decimals). 
The soft tissues of the barnacles (including bodies, mus-
cles, mantle tissue and egg masses) were then aseptically 
separated from their shells using sterile stainless steel 
instruments, transferred to appropriate sterile glass jars, 
and weighed again.

The bacterial analyses were performed according to 
the standard methods for seawater and shellfish exami-
nation (Silva et al., 1997; Feng et al., 1998), using the 
Most Probable Number (MPN) technique for the total 
(TC) and thermotolerant coliforms (TTC) test. Thus, the 
barnacle soft tissues were homogenised with 0.1% pep-
tone water to obtain a dilution of 10-1; the mixture was 
then disintegrated using sterilised blender equipment. 
Further dilutions (10-4, 10-5, 10-6) were prepared from 
this one, inoculating 1 ml of each dilution into a series 
of three tubes containing 9 mL Brilliant Green Lactose 
Bile broth (BGLB) with a Durham tube and incubated at 
35 °C for 48 hours. The water samples were analysed us-
ing the same method, and dilution was 10-1, 10-2, 10-3. All 
BGLB tubes that showed turbidity and gas production 
were quantified for the Most Probable Number (MPN) of 
TC per gram using the MPN table for three tubes.

To analyse the TTC from each gassing BGLB tube, 
a loopful of suspension was transferred to two tubes of 
tryptone broth and E. coli broth (EC), which remained 
in a double boiler at 44.5 °C during 48 hours. The pres-
ence of TTC was considered positive when gas produc-
tion was observed in the EC broth tubes. To confirm it, 
0.2-0.3 mL of Kovacs’ reagent was inoculated in the tube 
of tryptone broth to test for indole. The distinct red colour 
in the upper layer (in a ring) was considered a positive 
result. The MPN of TTC per gramme was determined 

using the MPN table for three tubes (APHA, 2000). The 
biochemical identification of bacteria in barnacles and 
water was carried out according to specific procedures in 
each station sample.

3. Results

The environmental parameters of the Pina Station 
(08° 05’ 142” S and 34° 53’ 419” W) and Port Station 
(08° 03’ 795” S and 34° 52’ 248” W) are indicated in 
Table 1. The remarkably low salinity recorded in the first 
collection was a result of torrential rain which had oc-
curred in the previous week. The pluviometric pattern 
and the presence of several rivers in the studied area 
produce great variation of salinity. According to the 
Oceanographic Department of the Federal University of 
Pernambuco, the Pina Basin has a minimal salinity of 
0.35 at low tide and 6.14 at high tide during the rainy 
months, while in the summer period, the maximal values 
of salinities varies from 26.63 to 33.70 at low and high 
tides, respectively. At the Harbor Basin, the salinity var-
ies from 0.77 at low tide and 18.98 at high tide during the 
rainy months, and from 33.72 to 36.09 at low and high 
tides in the summer period, respectively.

The barnacles collected from Station 1 (Pina) meas-
ured 7.9 ± 1.8 mm in height and 11.5 ± 1.9 mm in di-
ameter; their total weight in April was 141.23 g (includ-
ing shells and opercula) and 6 g (soft tissue weight), 
and 190.23 and 7 g in May, respectively. The barnacles 
from Station 2 (Port) measured 8.7 ± 1.7 mm in height 
and 12.9 ± 2.6 mm in diameter; weight was of 135.79 g 
(complete animals) and 6 g (soft tissues) in April, and 
201.26 and 10 g in May, respectively.

TC and TTC densities in water had the same values in 
both months, but were clearly different at each site; val-
ues decreased from the most polluted sample area (Pina 
Basin: ≥ 0.24 × 10 to ≥ 2.4 × 103 MPN.100 mL–1) to the 
lesser contaminated ones, near the sea bar (Harbor Basin: 
0.46 × 10 to 0.9 × 10 MPN.100 mL-1) (Table 1). Bacteria 
composition also varied. Three TC species of Salmonella 
were identified in the water at Pina Station, as well as three 
TTC: Citrobacter amalonaticus (Werkman and Gillen, 

Table 1. Abiotic parameters and total (TC) and thermotolerant coliform (TTC) values in water (MPN.100 mL-1) and barnacle 
soft tissues (MPN.g-1) from the estuarine area of Recife, Pernambuco, Brazil.

Parameters Pina Station Port Station
23/04/2007 17/05/2007 23/04/2007 17/05/2007

Salinity 10.0 24.0 16.0 22.0

pH 6.8 7.1 7.3 7.3

T °C water 30.5 °C 29 °C 29.6 °C 29 °C

T °C air 26.8 °C 29 °C 27.8 °C 29 °C

TC water ≥ 0.24 × 10 ≥ 2.4 × 103 0.46 × 10 0.9 × 10

TTC water ≥ 0.24 × 10 ≥ 2.4 × 103 0.46 × 10 0.9 × 10

TC barnacles 4.6 × 105 < 3.0 × 105 ≥ 2.4 × 106 ≥ 2.4 × 108

TTC barnacles ≥ 2.4 × 105 < 3.0 × 105 ≥ 2.4 × 106 2.9 × 107
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1932), Escherichia coli, and Klebsiella pneumonia 
(Edwin Klebs, 1887). In Port Station, three TC (Kluyvera 
ascorbata (Farmer, 1981), Providencia alcalifaciens 
(Ewing, 1962), and Providencia rettgeri (Brenner et al., 
1978)) and three TTC were found (Escherichia coli, 
Klebsiella pneumoniae and Obesumbacterium spp).

Bacterial concentrations in barnacle soft tissues 
showed an inverse distribution in the two sampling sites. 
The station considered the most polluted (Pina Station), 
showed a lower TC concentration (< 3.0 × 105 to 4.6 × 105 

MPN.g-1), with only one species present, Ewingella 
americana Grimont et al., 1983. There were four TTC 
(≥ 2.4 × 105 to < 3.0 × 105 MPN.g-1): Escherichia coli, 
Enterobacter gergoviae Brenner et al., 1980, Enterobacter 
aerogenes (Edwards e Ewing, 1962), and Enterobacter 
sakazakii (Farmer et al., 1980). At the Port station, the 
concentration of TC (Ewingella americana) varied from 
≥ 2.4 × 106 to ≥ 2.4 × 108 MPN.g-1, while the TTC varied 
from ≥ 2.4 × 106 to 2.9 × 107 MPN.g-1, with two species: 
Escherichia coli and Enterobacter gergoviae. It was re-
markable that in both stations the concentration of both 
types of coliforms were higher than in the water samples 
(Table 1).

4. Discussion

The coliforms present in the water varied in value for 
the commonest bacteria (Escherichia coli and Klebsiella 
pneumoniae) that were found in both stations, but the 
highest values of TC and TTC were only recorded at 
the most polluted station. It is important to highlight 
that in addition to these species, the TTC Citrobacter 
amalonaticus also occurred in this locality, a species con-
sidered of fecal origin (Leclerc et al., 1981). When study-
ing the coliforms present in Valencia, Spain, Alonso et al. 
(1999) found Escherichia coli, Klebsiella pneumoniae, 
and 12  other species, while Chiroles-Rubalcaba et  al. 
(2007) found the same TTC coliforms and another four 
species when researching bacterial indications of fecal 
contamination in the Almendares River, Cuba. The spe-
cific variation, especially in TC species composition be-
tween the two stations sampled, may be explained based 
on their ecological specificity. The survival of coliforms 
in marine waters depends on salinity, predation, compe-
tition with autochthonous microorganisms, heavy metals 
and nutrients (Hood and Ness, 1982).

Although several other disease-causing organisms 
might be present, the results found here are useful to 
recognise the high density of bacterial pathogens at the 
Pina Basin. The presence of the pneumonia-causing TTC 
Klebsiella pneumoniae, for instance, is cause for con-
cern (Grisi et al., 1983), as well the TC Salmonella spp. 
(which causes typhoid fever and salmonellosis) and the 
TTC Citrobacter amalonaticus, which is frequently 
present in humans as normal intestinal inhabitants and 
can cause a range of diseases that include bacteremia/
sepsis and several other infectious diseases (Suwansrinon 
et al., 2005).

The coliform count of this study showed that Pina 
Station was the most contaminated site, and this fact is 
cited in the literature. According to Recife (1995), high 
levels of TTC (> 3 × 104 MPN.100 ml-1) have been re-
corded in the Pina Basin, which shows the strong in-
fluence of domestic sewage at that locality. Similarly, 
Castro et al. (2006) described the Pina Basin as hypereu-
trophic and organically polluted by the constant influx of 
nutrients from the five rivers that enter the basin through 
urban areas with poor sanitation or none at all. Moreover, 
these rivers pick up a large range of pollutants, particu-
larly high levels of nutrients from the domestic sewage 
derived from the Boa Viagem and Pina neighbourhoods 
and also the downtown area. The situation of sewerage 
is even more dramatic. The World Bank (2003) reported 
that overall coverage is around 36% and as low as 7% in 
the poorer areas. Sewage is discharged into open canals 
which flow into the river systems without any treatment 
whatsoever. Only an estimated 20% of total sewage is 
treated; as a result, the heavily contaminated river system 
affects water quality along the coast.

According to Tommasi (1987), the domestic sew-
age composition of a large Brazilian city has a pH of 
approximately 6.8 and a total bacteria count that var-
ies from 0.1 × 10 to 3 × 106 MPN.100 mL-1. This au-
thor also estimated that sewage pollution per inhabitant 
is of 1 × 105 MPN.100 mL-1 (without treatment) and 
5 × 103 MPN.100 mL-1 (with primary treatment). Kolm 
and Absher (2008), when studying the bacterial density 
in waters of the Paranaguá estuarine complex (Paraná, 
Brazil), found a correlation between the area that re-
ceives waters from city sewers and the highest values 
of TC, E. coli, and seston in the water; the highest TC 
values were obtained from the polluted estuarine area 
(6.7 × 103 MPN.100 mL-1). At the mouth of the Nervión 
River (Biscay Bay, Iberian Peninsula), which receives 
an enormous load of untreated sanitary sewage, Pagola-
Carte and Saiz-Salinas (2001) found TC values that 
ranged from 1.0 × 10 to 2.2 × 104 MPN.100 mL-1 and TTC 
values between 0.1 × 10 and 2.7 × 103 MPN.100 mL-1. 
Jeng et al. (2005) found the highest TTC concentrations 
(1.6 × 102  MPN.100 mL-1) at the mouth of the Lake 
Pontchartrain canal, an estuary in Louisiana, Mississippi 
(USA).

The maximum values observed by these authors were 
somewhat similar to those obtained from Pina Station in 
this study and are higher than the maximum allowed by 
Brazilian law regarding TTC counts in water from where 
the bivalve mollusks will be extracted and/or cultivated 
to be consumed by humans (1.4 × 10  MPN.100 mL-1) 
(CONAMA, 2005). The lower coliform values at Port 
Station, nevertheless, can be explained because of the 
proximity to the Atlantic Ocean and the tide movements, 
where seawater is continuously renovated. According 
to Tommasi (1987), seawater has a high ability to pu-
rify itself and to inactivate thermotolerant organisms. 
Additionally, bacteria could travel some distances (near-
ly 2.4 km from the discharge point) as a result of pump-
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ing, depending on wind direction/intensity and current 
(Jeng et al., 2005). Chigbu et al. (2005) noted that after a 
peak in TTC values the numbers decline rapidly in 0.3 to 
13 days (an average of 6 days); their dynamics in coastal 
waters is a function of the bacterial load from inflow-
ing streams and rivers, mass transport, and losses due to 
death and sedimentation.

An interesting fact was finding the highest concen-
trations of coliforms inside the barnacles rather than in 
the water surface. Kolm and Absher (2008), when com-
paring the bacterial density in waters and oysters of the 
Paranaguá estuarine complex, Paraná- Brazil, always 
found lower TC values in the water than in the oysters 
during the period sampled. The same was observed by 
Burkhardt III and Calci (2000), who found TTC concen-
trations inside the oysters Crassostrea virginica (Gmelin, 
1791) from an estuary of the Mexican Gulf as much as 
4.4 times than that of the surrounding water. Similarly, 
Lucena et al. (1994) noted that bacterial concentrations 
of the black mussel Mytilus edulis d`Orbigny, 1846 from 
the Mediterranean Sea were far greater than bacterial 
levels in the water, which indicates bioaccumulation.

It might be expected that coliforms also penetrate 
the soft tissues of the barnacles. Zauke et al. (1988) de-
fines bioaccumulation as the net uptake of a substance by 
aquatic organisms through the interactive effect of bio-
concentration (via non-dietary uptake routes). Paralleling 
an observation by Cerutti and Barbosa (1991) about mol-
lusks, bacterial selection in barnacles may be related to 
factors such as the bacteria’s adaptation to the marine 
environment, resistance to enzymatic degradation, and 
use of the host’s gut content as a source of nutrients. 
Although there is a lot of literature on many aspects of 
barnacle biology, there is very little quantitative infor-
mation on suspension feeding rates. Barnacles are ses-
sile facultative active-passive suspension-feeders and the 
volume of seston filtered from the water is a function of 
current speed and the surface area of the extended basket 
of modified legs or cirri (Foster, 1978). Amphibalanus 
amphitrite is more microphagous in nature and is capa-
ble of feeding on phytoplankton and debris (Desai and 
Anil, 2004). Regarding the nutrition of this species’ lar-
vae, Gosselin and Qian (1997) observed that when bac-
teria concentrations were added, barnacle larvae did not 
grow and did not accumulate particulate material in their 
gut, which suggests that A. amphitrite larvae are unable 
to capture bacteria.

Comparing coliform concentrations in other marine 
invertebrate organisms – mainly shellfish (oysters and 
mussels) – the coliform values inside the barnacles were 
astonishingly higher than for any other marine or es-
tuarine invertebrates. Although there are no established 
TTC standards for shellfish, according to Hood et  al. 
(1983) the National Shellfish Sanitation Program (USA) 
has suggested a standard of ≥ 2.3 × 10 MPN.g-1 of tissue. 
These authors found TTC levels of 8.6 × 10 MPN.g-1 in 
Crassostrea virginica oysters from the Apalachicola and 
Tampa bays, USA. In Brazil, the estimated TC and TTC 

values in Crassostrea rhizophorae (Guilding, 1828) oys-
ters ranged from < 0.2 × 10 to > 1.6 × 103 MPN.g-1 and 
from < 0.2 × 10 to > 9.2 × 102 MPN.g-1, respectively, in 
the Cocó River estuary, State of Ceará (Silva et al., 2003). 
Values ranged from < 0.2 × 10 to 9.2 × 103 MPN.g-1 for 
TC and from < 0.2 × 10 to 4.3 × 102 MPN.g-1 for TTC 
in samples taken from the Jaguaribe River estuary, in the 
same state (Vieira et al., 2007). Kolm and Absher (2008) 
found that in the oysters from the Paranaguá estuarine 
complex the TC values varied from 0.6 × 10 MPN.g-1 to 
4.8 × 102 MPN.g-1 in polluted areas. In addition, colif-
orm values in mussels were not similar to those in bar-
nacles. Jorge et al. (2002), when studying Perna perna 
(Linnaeus, 1758) mussels from Niterói, Rio de Janeiro, 
found 0.3 × 10 MPN.g-1 TC and 0.1 × 10 MPN.g-1 TTC.

Another interesting fact observed in this study was 
the bacteria composition within the barnacles. With the 
exception of Escherichia coli – which was also found 
in water samples – all other coliform species were only 
sampled from barnacles, regardless of their occur-
rence in other rivers, as noted by Alonso et  al. (1999) 
in Valencia, Spain. Escherichia coli and Enterobacter 
aerogenes are usually isolated from human feces, 
while the other thermotolerant coliforms (Enterobacter 
gergoviae and Enterobacter sakazakii) are probably of 
non-fecal origin (Leclerc et al., 1981). E. gergoviae has 
been isolated from a variety of clinical and environmen-
tal sources (Brenner et al., 1980), as well as E. sakazakii; 
the latter has been linked to outbreaks of meningitis or 
enteritis, especially in infants (Kandhai et  al., 2004). 
The TC Ewingella americana – also found solely in-
side the barnacles – is the only species of the genus in 
Family Enterobacteriaceae, first described from clinical 
specimens (Grimont et al., 1983). This organism has low 
pathogenic potential and rarely causes infections in im-
munocompromised humans; peritonitis and bacteremy 
has been identified from various clinical specimens, 
although the reservoir’s niches have not been clarified 
(Pound et al., 2007).

When observing this lack of pattern of coliform 
numbers in water and animal samples, Escobar Nieves 
(1988) suggested that TC and TTC detected in the wa-
ter do not represent a reliable measurement of oyster 
quality. To justify the occurrence of a specific coliform 
in an organism and not in the water, Pommepuy et  al. 
(1996) proposed that enterobacteria are best preserved 
when the microorganisms are ingested by organisms, 
which may account for the great differences observed 
in bacterial counts. Chigbu et al. (2005) noted that TTC 
in surface waters decrease or disappear from the water 
column with time through death and sedimentation proc-
esses, and can concentrate in sediments at high densities. 
Likewise, Troussellier (1998) stated that water microbes 
directly discharged into receiving waters could remain in 
the water column and be transported for some distance 
prior to their die-off, precipitate to the bottom sediment, 
or remain suspended in the surface water overlying the 
bottom sediment. Therefore, the presence of the TC and 
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TTC identified in the barnacles sampled means that at 
any moment in the past these bacteria were in the water 
and were carried out to the estuarine area.

The high concentration of coliforms in body tissues 
of the barnacle Amphibalanus amphitrite at an estuarine 
area of Recife showed not only that this species is tol-
erant to polluted environments (Calcagno et al., 1998), 
but especially that it is a good coliform bioaccumulator; 
thus, it proved to be a good choice as a sentinel species 
for biomonitoring. According to Westman (1985), this 
occurs because they are unusually tolerant of degraded 
conditions and – considering the literature on their his-
tory in estuarine areas contaminated with sewage – they 
can survive where others organisms cannot.
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