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Historic Flow Current Flow
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R² = 0.8017

y = 36.114e-0.001x

R² = 0.8955

0

5

10

15

20

25

30

35

40

45

-500 0 500 1000 1500 2000 2500 3000

M
e
a
n

 D
a
il
y

 S
a
li
n

it
y

 (
p

p
t)

Flow (cfs)

Freshwater releases



Red Tide

Also:

High temperature

Low dissolved oxygen

Karenia brevis

Blooms can occur 

and persist year 

round (e.g. 2005) over 

wet and dry seasons

http://www.floridamarine.org



Red Tide choking life from gulf
A giant patch of the algal bloom is sucking oxygen from waters 

off Pinellas and Pasco counties, killing sea life and wreaking 

environmental harm.

By EMILY ANTHES and CURTIS KRUEGER

Published August 17, 2005

St. Petersburg Times

Disastrous Red Tide Attacks West Coast
Tampa Bay, Sarasota Bay and other stretches of 

peninsular west Florida experienced massive fish kills 

this summer during blooms of Karenia brevis, the 

planktonic critter that causes red tide. 

By Jeff Weakley,, Editor Florida Sportsman

Red Tide dampens Florida tourism.

Byline: Steve Huettel

St. Petersburg Times

Persistent Red Tide Takes Toll on Florida Sea Life and 

Tourism 

by Abby Goodnough New York Times October 8, 2005

ANNA MARIA ISLAND, Fla.

http://www.nytimes.com/


Broad Questions

 Is there an effect of K. brevis on hard clams?

 (Harvest-related problems regardless)

 Effects of multiple environmental stressors on hard 

clams?

 Particularly, their interactions (timing)



Specific Questions

I. Effect of K. brevis on tolerance to altered salinities?

- dry season to wet season

II. Effect of altered salinities on tolerance to K. brevis?

- wet season to dry season



Experiments

I. Karenia brevis →  Salinity

II.  Salinity → Karenia brevis

-  Salinity – 10, 20 and 30 ppt

- Karenia brevis – 500,00 cells L-1 @ 30 ppt, 2x per week

- Clams heat shocked at 97 F, 1 hour (sublethal treatment)

- Each experiment 3-4 weeks long

Factors: Salinity, K. brevis, Heat shock, sampling time



Experimental dosage

(500,000 per Liter)

Cells per Liter



Parameters
Physiological condition:

Condition Index

RNA:DNA

Physiological function:

Hemocyte functions  -

(phagocytosis, cell viability [% of dead 

cells], reactive oxygen species 

production )

Measured by flow cytometry

Heat shock response (Hsp70)

(indicator of thermal tolerance)

Hemocytes phagocytosing, or 

ingesting flourescent beads

Flow cytometry measurements



Experiments

I. Karenia brevis →  Salinity

A. Sublethal response 

B. Survival 

II.  Salinity → Karenia brevis

A. Sublethal response



Experimental Design

 Karenia brevis →  Salinity

 Clams exposed to red tide (500,000 cells per Liter, 30 ppt) for 2 
weeks

 Clams then exposed to salinities of 10, 20, or 30 ppt for 2 weeks

 Heat shock response (non-lethal heat shock  97F, 1 hr)

 Corresponding controls (no K. brevis, no salinity change, no 
heat shock)

 Examined both sub-lethal responses and survival
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I. Karenia brevis →  Salinity



Experiments

I. Karenia brevis →  Salinity

II.  Salinity → Karenia brevis



Experimental Design

  Salinity → Karenia brevis 

 Clams exposed to salinities of 10, 20, or 30 ppt for 2 weeks 

 Clams exposed to red tide (500,000 cells per Liter, 30 ppt) for 2 
weeks

 Heat shock response (non-lethal heat shock  97F, 1 hr)

 Corresponding controls (no K. brevis, no salinity change, no 
heat shock)

 Examined only sub-lethal responses at this point



II.  Salinity → Karenia brevis

•Phagocytosis higher at 10 ppt

•Overall increase after K. brevis exposure 
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II.  Salinity → Karenia brevis

•Phagocytosis lower in heat shocked clams vs.controls

•Increase after K. brevis exposure

control HS
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Conclusions
Expt I & II: 

Survival decreased at 10 ppt

Phagocytosis higher at 10 ppt

Phagocytosis lower after sub-lethal heat shock

Low salinity induced cellular stress response

Effects were chronic

Effects of K. brevis not obvious



What does this mean?

 Effects of low salinity may be long-lasting

 Recovery from low salinity events may be slow

 Harvest closures leave clams vulnerable to 

environmental stressors even if direct effects of red 

tide may not be apparent. 



Future Work
Heat shock protein (measure of temperature 

response)

Simultaneous exposure to K. brevis and lower 

salinities

Chronic exposure to high temperatures

Interactive effect of hypoxia
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Hard Clam Industry in SW Florida

http://shellfish.ifas.ufl.edu/industry.htm 

Pine Island Sound, SW Florida
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II.  Salinity → Karenia brevis

Decrease in condition index with time
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Experiments

I. Karenia brevis →  Salinity

II.  Salinity → Karenia brevis

Also examined heat shock response as an indicator of thermal tolerance
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Condition index affected by HS and salinity (20 ppt)

I. Karenia brevis →  Salinity
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p=0.0405




