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IntroductionIntroduction
� Increasing ocean temperatures and sea level rise occurring from
climate change will affect worldwide coastal fisheries, oyster-based
ecosystems and aquaculture. 

�Models predict that average surface temperature of the Earth could 
increase 1.8-4.0ºC by 2100.  

� Organisms that are currently near temperature thresholds are likely 
to suffer increasing mortality. 

� Shellfish growers across Florida, USA have experienced losses of 
market-size clams (~25 mm thick) when summer water temperatures 
exceed 32oC, especially on the Gulf of Mexico coast where temperatures 
have increased by 0.3 to 2.0ºC in the past 20-30 yrs. 

� In light of recurring summer mortality events, as well as increasing 
ocean temperatures, it is clear that the Florida clam aquaculture 
industry needs a heat-tolerant clam strain to reduce summer
mortalities, adapt to future climate change, and continue to contribute 
to global food security. 

� Preliminary results indicate that oxidative-stress protection by heat 
shock proteins shows intra-specific variation and could be heritable.

� Other studies indicate that metabolic response to thermal stress may 
play a role in survival and could also be heritable. 

� Therefore, we have been examining basic breeding strategies to
develop a thermo-tolerant hard clam for Florida culturists.

� This information will have broad implications, not only for
invertebrate aquaculture, but also marine ecology as we face the
prospect of increasing ocean temperatures associated with global
climate change.
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Objective and MethodsObjective and Methods
Objective: Develop a hard clam, Mercenaria mercenaria, strain with 
increased heat-tolerance, especially increased summer survival, for 
culture purposes in Southeastern U.S.

General Methods:
� Utilize basic breeding strategies (e.g., triploidy, hybridization, and
selection) and examine potential biomarkers for heat-tolerance to
develop a strain of hard clams with increased survival for Florida.

ResultsResults
HYBRIDIZATION: Hybrid crosses indicated potential hybrid vigor 
and increased survival for certain families under laboratory (data not 
shown) and field conditions; however, shell gaping during refrigerated 
storage was greater (data not shown).  Backcrosses are being tested to 
eliminate gaping difference as compared to pure M. mercenaria stock, 
but maintain increased survival and growth.

ResultsResults
TRIPLOIDY: No apparent advantage of triploid clams for Florida culturists, however, 
family differences found for survival may indicate heat-shock proteins are biomarkers, as 
well as genetic potential for selection.
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• Clams - 45 mm SL; Temperature - 32°C; Salinity - 10, 25, 40 ppt; 
Oxygen - normoxia or hypoxia

• At salinity extremes (e.g., 10 ppt), triploid clams have no advantage as compared to 
diploid clams

• At normal salinity (i.e., 25 ppt), triploidy may increase survival during hypoxia
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Survival of hard clams (SL= 44.0± 3.3) exposed to severe heat shock (25-35oC)
was influenced by family (higher initial Hsp70 concentration) not by ploidy.

ses thea

Northern Hard Clam
(notata variety)

Mercenaria mercenaria

Ploidy Length (mm) Weight (g) Cond. Index Survival (%)
2N 45.9 30.6 4.77 80.1
3N 45.9 29.0 5.30 69.4

Final Growout Parameters of Triploid Hard Clams in Cedar Key, Florida.

ResultsResults
BIOMARKER ASSISTED SELECTION: An initial survey of 500 hard 
clams indicates variation of heat shock protein in hemolymph samples.  
Putative high- and low-Hsp families have been produced and will be 
tested to determine if Hsp level is heritable.

Southern quahog
Mercenaria campechiensis

May have natural heat tolerance.

Stock Shell Length (mm) Survival (%) Production (lbs/bag)

M x M (Family A) 41.9 + 0.5 b 52.2 + 8.5 b 31.3 + 5.0 b

M x C (Family A) 46.9 + 1.7 a 90.2 + 6.6 a 82.0 + 5.0 a

M x M (Family C) 42.1 + 1.0 b 49.9 + 7.3 b 33.2 + 6.8 b

C x M (Family C) 43.5 + 0.6 a 86.2 + 20.8 a 65.1 + 15.0 a
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The Chichester Harbour Oyster Partnership Initiative 

(CHOPI) 
 The oyster Ostrea edulis population in Chichester Harbour 

has recently declined. There is evidence to suggest recruitment 

failure and it is believed that the low density is restricting 

fertilisation success. In February 2010 CHOPI was born and a 

unique partnership between Sussex IFCA, Chichester Harbour 

Conservancy, Natural England and the local fishermen was 

established. The initiative was to create pockets of broodstock 

by relaying adult oysters at high density in a number of areas 

hopefully boosting fertilisation success and kick-starting wider 

repopulation (these areas being voluntarily closed to fishing). 

In November 2010 the local fishermen participated in catching 

2.3tonnes of broodstock and relaying at approx 30m2. During 

spring/summer 2011 Southampton NOC will be providing an 

assessment of reproductive potential and Cefas continue to 

provide valuable guidance. The final alliance is with the local 

Council Environmental Health teams who are enabling CHOPI 

to gather CPUE and population size structure information 

during their classification monitoring regime, long-term this 

will monitor the success of the initiative. The finance and 

resource burden has been spread between the CHOPI partners 

and through well structured collaboration it is believed all 

parties may see the desired outcome; a revived oyster stock in 

Chichester Harbour. 
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Preparing Florida Hard Clam, Mercenaria mercenaria, 

Culture for Climate Change 
Increasing ocean temperatures and sea level rise occurring 

from climate change will affect worldwide coastal fisheries, 

oyster-based ecosystems and aquaculture. Models predict that 

average surface temperature of the Earth could increase 1.8-

4.0ºC by 2100. Organisms that are currently near temperature 

thresholds are likely to suffer increasing mortality. Shellfish 

growers across Florida, USA have experienced losses of 

market-size clams when summer water temperatures exceed 

32oC, especially on the Gulf of Mexico coast where 

temperatures have increased by 0.3 to 2.0ºC in the past 20-30 

yrs. In light of recurring summer mortality events, as well as 

increasing ocean temperatures, it is clear that the Florida clam 

aquaculture industry needs a heat-tolerant clam strain to reduce 

summer mortalities, adapt to future climate change, and 

continue to contribute to global food security. Preliminary 

results indicate that oxidative-stress protection by heat shock 

proteins shows intraspecific variation and could be heritable. 

Other studies indicate that metabolic response to thermal stress 

may play a role in survival and could also be heritable. This 

information will have broad implications, not only for 

invertebrate aquaculture, but also marine ecology as we face 

the prospect of increasing ocean temperatures associated with 

global climate change.  
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SEAFISH     

Supports the seafood industry for a sustainable 

profitable future;  it covers all aspects of the industry 

from capture fisheries through to aquaculture and 

serving seafood.  It is 

funded by a levy on 

all seafood landings at 

point of first sale in 

UK. 

www.seafish.org.uk 
 

SEPA  
is the Scottish Environment 

Protection Agency, Scotland‘s 

environmental regulator, with the 

role of protecting and improving 

the environment.    www.sepa.org.uk  
 

SARF  
The Scottish Aquaculture 

Research Forum is a registered 

charity and an independent 

company whose main aim is to 

support research into aquaculture 

and related areas.  

www.sarf.org.uk/  
 

Fishmongers’ 
company   

is one of the Twelve Great Livery Companies of the 

City of London, and among the most ancient of the City 

Guilds. For over 700 years, they have been responsible 

for upholding standards in the  

trading of fish and shellfish and 

have supported the fisheries 

industry. Many students have 

reason to be grateful for their 

support through their bursaries 

for postgraduate studies and they 

have supported the Shellfish 

Association of Great Britain for 

very many years.  

www.fishhall.org.uk/ 

 

Stirling Council 
Stirling is one of Scotland‘s newest cities but 

possibly one with the greatest history.  The Council is 

the political and executive body that oversees the rich 

and varied activities in the 

area. The Council are 

jointly hosting the Civic 

reception to be held on 

Wednesday evening. 

www.stirling.gov.uk/ 
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