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Importance of Predators

Estes and Palmisano Science 1974 Myers et al. Science 2007



Environmental Stress Minimizes Predation 

• Hydrodynamic stress decreases predation (Menge 1976, 
Menge and Sutherland 1987)



Environmental Stress Minimizes Predation 

• Blue crabs less able to 
find prey in fast, 
turbulent flows 

(Weissburg & Zimmer-Faust 
1993, Jackson et al. 2007)

Green Crab
Carcinus maenas

• Green crab predation 
reduced in fast flows 
(Leonard et al. 1998, 
Bertness et al. 2002)

Blue Crab
Callinectes sapidus

http://www.statesymbolsusa.org/IMAGES/Maryland/MarylandBlueCrabPhotoW.jpg



Research Goals

• The purpose of my research is to investigate 
how environmental stress (e.g., flow) affects 
predatory interactions

• This information is valuable in designing marine 
reserves or protected areas as well as 
understanding processes that drive 
community function



Model System

Knobbed Whelk 
Busycon carica

Hard Clam
Mercenaria mercenaria

Blue crab
Callinectes sapidus



Transmission of Chemical Signals

Flow 



Effects of Turbulence on Waterborne 
Odor Plumes

• Turbulent flow alters the structure of chemical 
odor plumes (Webster and Weissburg 2001)

Turbulence



Effects of Physical Forces on 
Perceptive Capability of Predators

• Blue crab foraging efficiency is reduced in turbulent 
flows  (Weissburg and Zimmer-Faust 1993, 
1994)

• Knobbed whelks can successfully locate prey in 
higher turbulence than blue crabs (Powers and 
Kittinger 2002, Ferner and Weissburg 2005, Ferner 
et al. 2009)



Quantifying Flow

• Boundary layer flows important for 
benthic organisms



Quantifying Flow
• Sampling Parameters

– 10 Hz at 0.5 cm increments of 
boundary layer

• Mean Velocity (3 cm above 
substrate)

• Turbulence (3 cm above substrate)
– RMS (root mean square)

• Shear velocity (u*) = du/dz
– u* calculated using Karman-

Prandtl equation (‘‘law of the 
wall’’)

Nortek ADV Vectrino Model



Does Flow Affect Prey Reactions to 
Predators?

?



SkIO Flume

Flow Speeds 
3 cm/s

11 cm/s

Clams

1.0 m 0.5 m

Top View of SkIO flume

Treatments: 
Knobbed Whelk 

Blue Crab

Side View of SkIO Flume

0.33 m

1.0 m

Measurement 

#  Obs. Of Clam Siphon at 5 min
Intervals for 30 min (values = 0-7)

(Siphon extension indicative of pumping)

Substrate
Sand or Gravel
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Flow Speed = 3 cm/s over sand (u* = 0.12 cm/s RMS = 0.36)
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Clam pumping is significantly less than control 
in both knobbed whelk and blue crab 
treatments
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Smee and Weissburg Ecology 2006



Flow Speed = 11 cm/s over sand (u* = 1.06 cm/s RMS = 0.64)

Clam perceptual distance of blue crabs reduced 
in higher velocity flow
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P < 0.005
n = 25 clams

P < 0.005
n = 25 clams



How does flow affect clam perception 
of blue crabs?

• Rate of chemical cue delivery?

• Turbulent mixing of odor plume?

• Increasing substrate coarseness increases turbulence 
and decouples TI from velocity



Treatments 1.0 m Upstream
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Flow Speed = 3 cm/s over gravel (u* = 0.67 cm/s RMS = 0.84)

P < 0.005
n = 25 clams

Turbulence reduced clam perceptual distance 
of blue crabs
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Conditions at Skidaway



Field Methods

Plots contain 10 juvenile clams, 5 adult clams, and are .25 m2



Field Methods



Clam Recovery



Clam Survival Increased by Presence 
of Predators in the Field

Evidence for Chemical Crypsis; Benefit to 
Clamming Up

n = 18  
p < 0.005

Clam Mortality
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Does turbulence alter 
clam perception 

of predators in the field?



Does Turbulence Affect Clam 
Perceptual Distance in the Field?



Does Turbulence Affects Clam 
Perceptual Distance in the Field?

• 6 treatments:
– Control (empty predator cage 0.5 m away)
– Control w/shells
– Blue Crab 0.5 m away
– Blue Crab 0.5 m away w/shells
– Blue Crab 2.0 m away
– Blue Crab 2.0 m away w/shells

• Compared clam survival between treatments



= clam plot

0.5 m

2.0 m

= caged blue crab = control cage

= shells



Flow Characterization in Field

• Flow velocity and turbulence measurements made 
simultaneously over sand and shells in the field 
with the ADV during a full tidal cycle

• TI = 100 *Ö(RMSu
2 + RMSv

2 +RMSw
2) / Ö(u2+v2+w2)

• Sampling Parameters:
– 4 minute bursts every 15 minutes
– 16 Hz
– Compared mean TI between treatments

using paired t-test

Nortek ADV Vector Model



Turbulence Intensity Over Sand and 
Shells in Four Sites
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Smee et al. Oecologia 2008



Turbulence Caused by Shells Reduces 
Clam Perceptual Distance in the Field

Effects of Predator Distance and Substrate Type of 
Clam Survival
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n = 15



Effects of Turbulence on Predatory 
Interactions in the Field

Shell Ring Width 30 cm
Plots 5 m apart

Groups 100 m apart

Do physical forces alter the outcome of predatory interactions?



M = Moon River, H = Herb River, S= Skidaway River, W= Wilmington River

Skidaway
Island



Sampling Parameters
• 4 min bursts every 15 minutes for 12 hrs (1 tidal cycle)

• Sampling Rate 16 Hz

• Combined RMS and velocity (u) into single values using
formulas:

• U  = Ö(u2+v2+w2)
• RMS = Ö(RMSu + RMSv+ RMSw

• Compared bursts within sites using blocked ANOVA (by date)



Predation Intensity and Turbulence 
in each Site

Flow velocities and RMS values 
significantly different between sites

Smee et al. Ecology In Review

P < 0.01
n = 8



Predator Density
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Smee et al. Ecology In Review



Predation Intensity vs. Flow Velocity

Smee et al. Ecology In Review

Predation highest at intermediate flow velocities 

P < 0.01
n = 22 



Effect of Shells
• Predation variable within 

sites

• Used Predation Intensity 
Index to measure shell 
effect between sites (PI)

• Pt is the number of 
clams consumed in a 
treatment (shell) plot 

• Pc is the number of 
clams consumed in the 
paired control plot 
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Shell Effect in Different Flows

Smee et al. Ecology In Review

Increased turbulence increases predation in low flow sites but
decreases predation in high flow sites



Predation Intensity vs. Flow Velocity

Smee et al. Ecology In Review

Shells Increase 
Predation

Shells Decrease 
Predation

A

A

A

U = ~ 18 cm/s and RMS ~3.0 cm/s most 
advantageous for blue crabs



Do ‘Stressful’ Habitats Decrease 
Predation?

• Predator effects on communities diminished by stressful 
or harsh environmental conditions

• Blue crab predation highest at intermediate flow 
velocities and turbulence levels

• Stressful conditions may not necessarily decrease 
predation levels if they make prey more vulnerable to 
consumers

• Do predators select environments for maximal sensory 
performance or for sensory advantages



Trophic Cascade via Lethal Predator Effects

Schmitz et al. 1997 Trussell et al. 2003



Trophic Cascade via Non Lethal Predator Effects

Schmitz et al. 1997 Trussell et al. 2003

Yikes!

Yikes!
Yikes!



Future Directions

Scott Large
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Field Studies Summer 2009

Leonard et al. 1998

Damariscotta River, ME 

Velocities range from:    
U= 0.86 cm/s to 150 cm/s
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