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ABSTRACT 

Black cockles, (Anadara similis and A. tuberculosa) are an important fisheries resources 
throughout Latin America. Women, children and the poor are particularly dependent upon 
bivalve collection for food and income. Developing shellfish sanitation plans that including 
water quality monitoring and relay and depuration strategies are key elements of an on-
going integrated bivalve fisheries management effort in Nicaragua.   E. coli, Salmonella sp. 
and Vibrio parahaeolyticus levels were monitored monthly over a one year period in the 
Aserradores Estuary, Nicaragua.  E. coli levels were highest during the rainy season (May-
October) at three out of six stations for cockle tissues and water samples.  Salmonella sp. 
was found sporadically, mostly commonly during the dry season (November-April).  This 
indicates the need for on-going water quality monitoring to assure food safety.  Depuration 
in the laboratory and at an open water site indicated that E. coli levels are reduced to legally 
permissible levels in cockle tissues in 8-12 hours. Vibrio parahaemolyticus was always 
within legally permissible levels both in water and tissue samples.  Relay and depuration 
proved to be technically simple with minimal cost, suggesting that cockle gatherers may use 
this strategy to improve cockle safety, and potentially, product value. 
 

INTRODUCTION 
This work had three objectives: 

• Monitor the presence of Salmonella sp., Echerichia coli and Vibrio 

parahaemolyticus in the waters of the Aserradores Estuary at six stations and in the 
tissues of Anadara tuberculosa (black cockle) taken from the estuary; and 

• Establish a depuration site in the estuary and conduct controlled depuration trials in 
the laboratory for two species of Anadara cockles. 

 
Black cockles are an important fisheries resource throughout Latin America hold 
aquaculture potential as well.  The most common species of black cockle are Anadara 

similis, A. tuberculosa and A. grandis. These inhabit mangrove ecosystems and are widely 297
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distributed along the Pacific Coast of Latin America, ranging from Laguna Ballenas in 
Baja California to Tumbes, Peru (Keen, 1971).  Cockles are generally found in muddy, or 
sandy-muddy substrates (Cruz and Jimenez, 1994). A. similis and A. tuberculosa now 
comprise the bulk of the fishery since the large A. grandis is only rarely found due to 
overfishing. Fishing is primarily conducted by women and children, in part because the 
cockles are a resource they can access without boats or gear.  Cockles are an important 
daily and emergency food source for inhabitants of poor coastal communities, with women 
and children being particularly reliant upon bivalve collection to supply basic protein and 
income needs.  Between 1600 and 2000 people gather cockles on a regular basis.  
Approximately 30 million A. tuberculosa and A. similis are harvested from Aserradores 
and three nearby areas, Kilaca, Padre Ramos and El Realejo (CIDEA 2005, 2009). Some of 
this product is exported to El Salvador and Honduras. 
 
Throughout the LAC region, management of the cockle fishery is a chronic issue.  Cockle 
populations have been overfished through most of their range to the extent that some 
countries have a permanent ban on cockle collection, although this rarely effectively 
enforced.  Nicaragua has a closed season for cockles from April to July, coinciding with 
the months of highest demand, rather than any biological basis.  Given that enforcement is 
relatively ineffective, a ban on fishing during times of peak demand has not resolved the 
fisheries issues. Additionally, since cockles are one of the most important resources for 
coastal communities, particularly since they are a daily food for many of the poor, when 
authorities do try to enforce the law, it poses hardship for many coastal residents.  One 
result of enforcement is that the poorer collectors can not commercialize their product, 
although larger vendors manage to more successfully evade the law. 
 
Since 2004, CIDEA and international partners have employing multiple approaches to 
addressing the fisheries management issues for cockles in Nicaragua as well as in Tanzania 
under USAID funding under the SUCCESS program (Sustainable Coastal Communities 
and Ecosystems) and since 2007, CRSP has provided additional support to this effort.  To 
date, establishment of community-based no-take zones has proven effective in increasing 
cockle abundance and size in the estuary, including areas outside of the no-take zones.   
 
At the same time, efforts were made to find ways to improve both the safety and value of 
the cockles for the benefit of consumers and fishers.  Although highly nutritious, black 
cockles, like most filter feeding bivalves, can also represent a serious health issue.  Filter 
feeding bivalves are able to pump water over the gills and mantle tissue, and remove food 
particles from the water column (Cantelmo et al. 1992).  Pathogens that cause human 
disease may be present in the water, primarily due to contamination by sewage, and these 
may be ingested as the bivalve filter feeds (up to 50 liters of water per day) (Fernandez et 
al., 1971; Martinez et al., 1991; Wanke and Guerrant, 1987). Shellfish-borne diseases 
present serious public health issues around the world (Dsenclos, 1991).  Among the most 
serious and potentially fatal illnesses that can result from eating contaminated bivalves are 
gastrointestinal illness associated with E. coli, Salmonella, Hepatitus and several types of 
Vibrios, including Vibrio vulnificus and V.  parahaemolyticus.  
 
This work had two objectives: 1) quantify the depuration rate for cockles in the laboratory 
to have a baseline for comparison with depuration in the field; and 2) test relay and 
depuration methods in the field.  If inexpensive and simple depuration methods are 
developed that villagers can use, it would have multiple benefits including reducing the 
risk associated with consuming cockles, increase stakeholder engagement in the broader 298
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management efforts and potentially add value to the product. Additionally, the water 
quality monitoring not only would allow identification of possible depuration sites and 
high risk sites, it could inform future management decisions about where to establish no-
take zones for the cockle fisheries management efforts. Ideally, the no-take zones could be 
re-located in the most contaminated areas to both reduce human health risks but also 
increase the probability of community cooperation with this management strategy. 
 
In cases where shellfish growing grounds are contaminated to the extent that consuming 
bivalves gathered from these areas is hazardous to human health, three options exist. In 
some cases, contamination is seasonal and thus shellfish may be safely harvested 
periodically from the area.  In the case of Asserradores, this option was judged not to be 
viable due to the short period of time in which cockles could be harvested and because the 
ability to constantly monitor water quality throughout the large estuary was not assured.  
Depuration is another option; this involves keeping contaminated bivalves in clean water 
until they can purge themselves of pathogens. Depuration can reliably remove bacteria, but 
not all viruses, although virus load may be reduced.  Two depuration options could have 
been feasible in Asserradores. One would be to use land-based tanks to hold the cockles 
during the depuration period. A second option is to conduct the depuration in an area of the 
estuary which has been shown to be clean and which can easily be monitored on a regular 
basis to assure that its water quality remains at an acceptable level.  In this case, the latter 
option was chosen as the being the least expensive, most viable for the community to 
maintain with minimal technical assistance and because larger numbers of cockles could be 
depurated at any one time.  The process of harvesting cockles from a contaminated area 
and conducting depuration at another site is referred to as, “relay and depuration”.  This is 
a common practice in other shellfish fisheries, for example, in the Gulf of Mexico oyster 
industry. 
 
Generally E. coli is used as an indicator organism for shellfish sanitation since its presence 
is correlated with contamination from human or animal wastes (Fernández and Brunker 
1977, McNeely 1979). Additionally, levels of V. parahaemolyticus and Salmonella sp. 
were measured in this study.  Although several species of cockles are fished, only A. 
tuberculosa was studied due to its size and importance in the fishery. 
 

MATERIALS AND METHODS 
I. Baseline analysis of the presence of pathogens in cockle tissues and growing ground 
waters 
Six sampling stations were established within the Aserradores Estuary for collection of 
water samples and cockle tissue samples   
 
Figure 1.  Location of sampling stations in the Aserradores Estuary 

Stations Coordinates (UTM) 

0462964 
Station 1 UTM 

1393996 
0465682 

Station 2 UTM 
1393984 
0464418 

Station 3 UTM 
1396710 
0463631 

Station 4 UTM 
1397458 299
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0466130 
Station 5 UTM 

1396366 
0465416 

Station 6 UTM 
1399132 

 
Cockles (A. tuberculosa) and water samples were collected from each station monthly 
from August 2008 to August 2009. Cockles and water samples were placed in sterilized 
plastic bags after collection and transported to the laboratory.  The water samples were 
immediately stored on ice and transported at a temperature of <10ºC. 
 
Analysis of E. coli levels in water was conducted using the Most Probable Number (MPN) 
method according to standard protocols (Standard Methods, 2005). The same methods was 
used for the tissue analysis as specified by the FDA (U.S. Food and Drug Administration) 
(BAM, 1998).  Permissible E. coli levels were established by the EPA (1976) and are the 
same as those established by the Nicaraguan Government (CEPIS, 1986), i.e. < 43 
MPN/100 ml water.  Permissible levels for E. coli in molluscan bivalves have been 
established as <1.0x102 MPN/g (NTON, 2008).  Salmonella spp. analysis was conducted 
by a isolation method, a modification of the standard method specified by the FDA (BAM, 
1998). Permissible levels of Salmonella spp. in frozen or fresh seafood are zero (NTON, 
2008).  Dectection of V. parahaemolyticus in water and cockle tissue was conducted using 
TCBS agar plates with 5% NaCl. The permissible level established by NTON is <1.0x103 

UFC/g. The CIDEA/UCA laboratory is certified by the National Accreditation Office 
under regulation NTN 04 001 05 which is the equivalent of ISO/IEC 17025-05. 
 
II. Comparison of cockle depuration rates in the field and laboratory 
This study was conducted using 504 cockles collected from the Aserradores Estuary. To 
monitor depuration rates in the laboratory, 6-24 gallon aquaria were used.  The water 
supply was recirculated through a sand filter and was monitored to assure bacteriological 
quality. Twenty-four cockles were placed in each aquarium and left for periods of 4, 8, 12, 
24, 48 and 72 hours respectively before being removed for bacteriological analysis of their 
tissues.  Assays were conducted as noted above for E. coli, V. parahaemolyticus and 
Salmonella spp. 
 
The field depuration site was selected based on previous water quality monitoring which 
demonstrated that E. coli levels were well below permissible levels.  Cockles were 
suspended in net bags at this site at 1 meter depth.  In order to also evaluate whether the 
number of cockles in a net bag affected the depuration time, comparisons were made 
between bags with 12 or 24 cockles.  Cockles were kept at the site for 4, 8, 12, 24, 48 and 
72 hours before being removed for bacteriological analysis. 
 

RESULTS 
I. Baseline analysis of the presence of pathogens in cockle tissues and growing ground 
waters 
All sampling stations except for Station 1 were located within the internal branches of the 
estuary. Station 1 was located at near the mouth of the estuary.  Cockle for tissue analysis 
were not collected at this point due to the difficulty in obtaining sufficient numbers for the 
analysis.   
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Six water and sixty cockle samples (randomly selected from among the cockles collected) 
were analyzed each month for a total of 72 water samples and 720 cockles over the year 
long monitoring period. 
 
Figure . E. coli levels in water samples (MPN/100 ml). 
Highlighted data indicates levels above legally permissible levels. 
 Station      
Sampling 
period 

1 
Estuary 
mouth 

2 
Los 
Tornos 

3 
Rio 
Viejo 

4 
Rio 
Viejo 

5 
La 
Chanchera 

6 
La 
Chanchera 

August 2008 <1.8 4.5 79 17 33 11 
September 2008 7.8 17 14 7.3 130 <20 
October 2008 920 0 540 50.4 130 170 
November 2008 2 25 45 80 8 <20 
January 2009 4 13 49 49 4 <20 
February 2009 <1.8 23 2 17 6.8 <20 
March 2009 <1.8 6.8 7.8 4.5 4.5 <20 
April 2009 2 2 <1.8 2 2 20 
May 2009 7.8 33 4.5 13 13 20 
June 2009 46 33 49 1600 49 <20 
July 2009 2 6.8 17 23 49 20 
August 2009 11 23 2 11 6.8 20 
 
 
 
 
 
Figure 2. E. coli levels in tissue samples (MPN/g) 
Highlighted data indicates levels above legally permissible levels. 
 Station      
Sampling 
period 

1 
Estuary 
mouth 

2 
Los 
Tornos 

3 
Rio 
Viejo 

4 
Rio 
Viejo 

5 
La 
Chanchera 

6 
La 
Chanchera 

August 2008 NA 330 80 <20 20 50 
September 2008 NA <20 20 80 80 <20 
October 2008 NA <20 20 50 130 170 
November 2008 NA <20 <20 <20 <20 <20 
January 2009 NA <20 <20 <20 <20 <20 
February 2009 NA 20 <20 <20 <20 <20 
March 2009 NA <20 <20 <20 <20 <20 
April 2009 NA 3500 <20 20 <20 20 
May 2009 NA <20 <20 <20 <20 20 
June 2009 NA <20 20 700 20 <20 
July 2009 NA 20 <20 <20 <20 20 
August 2009 11 20 <20 40 <20 20 
 
Figure 3. Presence or absence of Salmonella spp.  
ND= not detected, W= in water samples; T= in tissue samples 
 Station      
Sampling 1 2 3 4 5 6 301
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period Estuary 
mouth 

Los 
Tornos 

Rio 
Viejo 

Rio 
Viejo 

La 
Chanchera 

La 
Chanchera 

 W T W T W T W T W T W T 
August 2008 ND NA ND ND ND ND ND ND ND ND ND ND 

September 2008 ND NA ND ND ND ND ND ND ND ND ND ND 

October 2008 ND NA ND ND ND ND ND ND ND ND ND ND 

November 2008 ND NA ND ND ND ND ND ND ND ND ND ND 

January 2009 ND NA ND ND ND ND ND X ND ND ND ND 

February 2009 ND NA ND ND ND ND X ND X X X ND 

March 2009 ND NA ND ND ND ND ND ND ND ND X ND 

April 2009 ND NA X ND ND ND X ND ND ND ND ND 

May 2009 ND NA ND ND ND ND ND ND ND ND ND ND 

June 2009 ND NA ND ND ND ND ND ND X X ND ND 

July 2009 ND NA ND ND ND ND ND ND ND ND ND X 

August 2009 ND NA ND ND ND ND ND ND ND ND ND ND 

 
V. parahaemolyticus was either not detected or levels were always within permissible 
levels for both tissue and water samples from all stations during all sampling periods. 
 
 
II. Comparison of cockle depuration rates in the field and laboratory 
Laboratory depuration 

Table 1 summarized the results of cockles held in aquaria with recirculating, filtered 
seawater for varying periods of time. Initially cockle tissues exhibited high levels of fecal 
coliform at 330 MPN/g and E. coli at 330 MPN/g. Salmonella was not detected and V. 
parahaemolyticus was below permissible levels at < 1.0x103 UFC/g.  After 12 hours of 
depuration, both fecal and total E. coli levels fell to permissible levels. 
 
Table 1; Bacteriological results for cockle tissues held in laboratory depuration system. 
Highlighted text indicates reduction to legally permissible rates for coliforms. 
Time in 
aquarium 

Fecal coliform 
(MPN/g) 

E. coli 

(MPN/g) 
Salmonella sp. 
UFC/ 25 g 

Vibrio 

parahaemolyticus 

0 hrs 330 330 Ausencia < 1.0x103 UFC/g 
4 hrs 78 78 Ausencia < 1.0x103 UFC/g 
8 hrs 78 78 Ausencia < 1.0x103 UFC/g 
12 hrs 20 20 Ausencia < 1.0x103 UFC/g 
24 hrs < 20 < 20 Ausencia < 1.0x103 UFC/g 
48 hrs < 20 < 20 Ausencia < 1.0x103 UFC/g 
72 hrs < 20 < 20 Ausencia < 1.0x103 UFC/g 
 
Relay and depuration 

A depuration site was selected across from the coast of Aserradores Island. Water quality 
at this site was monitored for three months prior to initiation of the tests. Coliform levels 
were always lower than the permissible levels.  Cockles were put into 2 containers with 
wood frames and mesh sides with 408 cockles in the first container, and 240 cockles in the 
second container.  Both containers were submerged to a depth of 1 meter. Samples from 
each container were removed at 4, 8, 12, 24, 48 and 72 hours.  At the end of 72 hours, 
samples were transported back to the CIDEA laboratory for bacteriological analysis. 
 

302
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Table 2.  Bacteriological analysis of cockle tissues from relay and depuration trials (408 
cockles/container) 
Depuration 
tiem 

Fecal coliform 
(MPN/g) 

E.coli  

(MPN/g) 
Salmonella sp 
UFC/ 25 g 

Vibrio 

parahaemolyticus 

0 hrs 170 130 Re-testing < 1.0x102 UFC/g 
4 hrs 350 130 Re-testing < 1.0x102 UFC/g 
8 hrs 50 20 Re-testing < 1.0x102 UFC/g 
12 hrs 20 20 Re-testing < 1.0x102 UFC/g 
24 hrs <20 <20 Re-testing < 1.0x102 UFC/g 
48 hrs 65 50 Re-testing < 1.0x102 UFC/g 
72 hrs 170 <20 Re-testing < 1.0x102 UFC/g 
 
Similar to the depuration rates observed in the laboratory, the field trials showed adequate 
depuration rates after 8 hours. 
 

DISCUSSION 
The results of this study indicate the need for caution in harvesting black cockles because 
of high levels of pathogens at some stations during certain months, but also indicates that 
they can be gathered during certain time and from specific locations with minimal risk to 
the consumer.  E. coli levels in waters were highest during the rainy season (May-
November), most likely due to run-off from neighboring residential and cattle grazing 
areas.  Earlier studies indicated that the most contaminated areas are closest to cattle 
grazing areas (SUCCESS, 2008). Contamination was also found in some areas during the 
June-July period, thus suggesting that some risk is present during all times of year. E. coli 
levels in cockle tissues, however, only exceeded permissible levels three times during the 
year indicating that E. coli levels in tissues and water from the same site are not necessarily 
correlated. Most shellfish sanitation programs however, monitor only E. coli in water and 
prohibit collection of shellfish at particular sites when E. coli levels exceed the legal 
standard as a precautionary measure.  Although several more years of data may be 
necessary to reliably confirm temporal patterns in E. coli presence and concentrations, it 
would be reasonable to exercise more caution in designating areas where shellfish could be 
collected during the rainy season.  At the same time, the monitoring did reveal that several 
areas appear to be relatively safe for shellfish collection over the entire year, particularly 
Stations 1 and 6.  Shellfish can also be moved to these areas for depuration. 
 
Salmonella was detected in water at Stations 2, 4, 5 and 6 but in tissues only at Stations 4, 
5 and 6. Given the zero tolerance in regulations for seafood in the case of Salmonella and 
its potential lethality, caution would be indicated in these areas. Salmonella occurrence 
exhibited a different pattern than E. coli, being most commonly found during the dry 
season.  The alternation of high levels of E. coli and Salmonella during the year suggested 
that in some sites, it may be unsafe to harvest shellfish at any time of year.  
 
V. parahaemolyticus was either not detected or was within permissible levels at all stations 
at all sampling periods and may therefore not be a pathogen of concern in this estuary. 
 

CONCLUSION 
This work indicates that cockles can be depurated rapidly enough in both the laboratory 
and field that either tank systems or an open water depuration site could help improve 
cockle safety.  A tank depuration system is being tested in 2010 using solar electric power 
funded by a grant from the European Union. The field experiment also demonstrated that 303
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as long as technical assistance is provided to routinely water quality, the Aserradores 
community can use open water depuration sites to improve cockle safety with a minimum 
of delay and cost.  Although a longer period of monitoring is required for validation of the 
water quality results, this work along with a previous year’s data of water quality 
monitoring in the Aserradores Estuary is assisting researchers to develop a database that 
will allow prediction of annual patterns of contamination. Aside from the obvious benefits 
to human health, this will also allow for improved site selection for no-take zones to 
support cockle fisheries management since ideally the no-take zones will coincide with the 
most heavily contaminated areas.  
 

ANTICIPATED BENEFITS 
Approximately 700 people in the Aserradores Estuary community collect or consume 
cockles. This work lays the ground work for efforts to improve human health, protect the 
cockle resource and improve the economic status of community residents. 
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