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• Underwater Sound
• Vessel Interactions
• Foundation Effects
• Fishery Interactions
• Electromagnetic Fields



Underwater Sound



Underwater Sound:  Turtle Hearing

o primitive ear
o low frequency
o beach finding
o acoustical awareness/warning of threats

Group Hearing Range References

Sea turtles 50 Hz to 2000 Hz

(Dow Piniak et al. 2012; Ketten and 
Bartol 2006; Lavendar et al. 2014; 
Lenhardt et al. 1996; Lenhardt 1994; 
McCauley et al. 2000a; McCauley et al. 
2000b; Moein 1994; O'Hara and Wilcox 
1990)



Leatherback Hearing Range



Underwater Sound: Injury

o Dual metric for mortality and potential mortal injury (Popper et al. 2010)

o Applied criteria for fish that do not use swim bladder in hearing
o 207 dB re 1 µPa peak
o 210 dB re 1 µPa SELcum
o These received levels can result from pile driving 
o Due to their anatomy, sea turtles may be less susceptible to the effects of 

impulsive sound effects
o uncertainty



Underwater Sound: Controlled Exposures

o Avoidance to airguns (O’Hara and Wilcox 1990)
o Increased activity and surfacing (Lenhardt 1983; Lenhardt 1994)
o Received level of 175-180 dB (peak) (Moein et al. 1994)

o TTS and/or habituation
o 10-15% of post-exposure turtles were measured to have had TTS

o Received levels of 166 dB (rms) and 175 dB (rms) from airgun (McCauley et al. 
2000)
o Increases swimming at 166 dB
o Erratic behavior at 175 dB



Underwater Sound: Field Studies

o PSO data from 11 seismic surveys (Holst et al. 2006)
o Localized avoidance to both small and large airgin arrays

o Systematic monitoring during seismic surveys (DeRuiter and Larbi Doukiara 2012) 
o Basking turtles were disturbed and dove near the airgun array
o 10% response at 171 dB (peak)
o 30% response at 179 dB (peak)
o 50% response at 191 dB (peak) 
o ↑ in response with a ↓ in distance 

* RMS source levels are about 15-20 dB below peak levels for airguns



Underwater Sound: Other Impacts

• Stress results from noise exposure in vertebrates (Holberton et al. 1996; Hood et 
al. 1998; Jessop et al. 2003; Krausman et al. 2004; Lankford et al. 2005; 
Reneerkens et al. 2002; Thompson and Hamer 2000; Rolland 2012). 

• Invertebrates are reported to be sensitive to low-frequencies (10–150 Hz)
• Tail-flicks (lobsters), and siphon closing (ascidians)
• Alarm responses in squid in levels exceeding 156-161 dB (rms)   

Western Australian Department of Industry Resources 2002; Guerra et al. 2004; McCauley et al. 2000.



How will Sea Turtle Respond to Pile Driving?

There are no studies of pile driving 
effects on sea turtles.
• Avoidance?
• Response then habituation?
• What received SPLs?
• Bioenergetic consequences? 

Sensors
44.1 kHz audio with hydrophone
3D Accelerometer
3D Magnetometer
3D Gyroscope
Pressure (depth)
Temperature
Light level (red, green, blue)
VHF (optional)
Burn Wire Release (optional)
Playback (optional)
1.5-3 Days

AMX Tag - audio and motion datalogger



Vessel Interactions



Vessel Interactions

o Significant source of injury and mortality                    
(blunt force and propeller wounds)

o >2.2 kt: turtles don’t avoid boats                                    
(Hazel et al. 2007)

o 3.8 kt: at idle speeds, strikes are 25% lethal 
o 7.6 kt: at subplaning speed, bow wave 

reduced strikes by 38% 
o 21.6 kt: at planning speeds, strikes are 100% 

lethal
(Sapp et al. 2010)

Photo: Blair Witherington



Percent Sea Turtle Strandings with Vessel-Strike Injury

Region
Percent of Total Strandings with 

Vessel Injuries
Source

Hawaii 2.5% Chaloupka et al. 2008
Northeastern Brazil 3.8% Poli et al. 2014
Italy 3.9% Casale et al. 2010
Gulf Coast (AL, MS, TX, LA) 5% (LA 1%) NMFS Stranding Data 2010-2013
Mediterranean coast 9% Tomás et al. 2008
Greece 9% Kopsida et al. 2002
Queensland Australia 14.1% Hazel and Gyuris 2006
Florida 15% (8-28%) Foley et al 2008; Foley et al 2013
Canary Islands 23.7% Orós et al. 2005)
Chesapeake Bay, Virginia 25% Barco et al. 2016



Percent of Live Sea Turtles with Vessel-Strike Injury

Region Species Research
Percent of Observed Animals with 

Vessel-Strike Injury
Source

Florida east coast
Foraging loggerhead and 
green sea turtles

1.9% Norem 2005

Gabon
Nesting leatherback sea 
turtles

2.8% Deem et al. 2006

Isabela Island, 
Ecuador

Nesting green sea turtles 3.7% (of which 59% were recent) Deniger et al. 2013

San Cristobal Island
Foraging green sea turtles site 
near a busy port

19.4% (of which 5% were recent) Deniger et al. 2013

Cayman Islands
Juvenile hawksbill foraging 
sites

2% Blumenthal et al. 2009



Vessel Interaction Risk Factors

o Time of year (density and abundance)
o Diving profiles/submergence rates
o Proximity to nearshore foraging habitat, 

nesting beaches, other high use areas
o Vessel type and speed 
o Vessel trip numbers
o Vessel trip distances



Possible Ports



Foundation Effects



Sea Turtles and Foundations

• Reef effect
• Structures provide foraging and sheltering 

opportunities
• In a 1989 study in the Gulf of Mexico, a 

turtle occurring within 500 m was about 
30% and within 1,000 m, over 50%.

• Other factors of water depth, sediment 
type, and season

Caldwell et al . 1955, Hastings et al . 1975, Rabalais and Rabalais 1980, Fuller 
and Tappan 1986, O'Hara and Wilcox 1987, Rosman et al . 1987, Gitschlag and 
Renaud 1989, Limpus 1989, Lohoefener et al. 1990, Barnette 2017 Resting turtle under shipwreck debris (photo from Barnette 2017)



Sea Turtles and Foundations

Species

YEAR

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Avg. 

Number/
Structure

Kemp's ridley 7 15 5 18 17 50 53 56 76 60 0.3168
Loggerhead 90 67 168 44 53 108 83 93 124 71 0.7995
Green 2 4 0 1 4 4 3 0 16 7 0.0364
Leatherback 1 0 2 2 2 3 3 7 9 8 0.0328
Hawksbill 0 0 0 0 0 1 1 2 0 0 0.0035
Unknown 36 14 16 20 20 32 24 24 68 31 0.2529

Total Turtles 136 100 191 85 96 198 167 182 293 177 1625
Number of 
Structures 
Removed

90 93 69 86 96 126 144 188 130 105 1127

Total Number of Adult Sea Turtles Observed at Platform Removals in the Gulf of Mexico 2004-2013



Interactions with Sea Turtles: Entanglement

Remains of a turtle entangled in a lost anchor line
(Image from Barnette 2017)

(Photo: U.S. National Park Service)

Reef clean up efforts show that monofilament line and other debris  can accumulate on reefs



Interactions with Sea Turtles: Hooking

Photo from NOAA



Indirect Effects from Fishing

Displacement of commercial fishing activity 



Displacement of Fishing Activity

Example for a lease area offshore MA:  

• Bottom trawl, sink gillnet, and sea scallop dredge interact with turtles 
• Fishing effort may be re-allocated or displaced within and surrounding a WDA 
• No expected increases in the amount of gear or fishing effort based on quotas
• There are relatively low and uniform densities of sea turtles in the project area 
• Higher densities of leatherbacks in Nantucket Shoals



Displacement of Fishing Activity

When would we want to research or monitor commercial fishing effects?

• When fishing effort might would change.
• When gear changes may happen (how might this happen?)
• When fishing activity is displaced to areas of high turtle abundance or critical 

habitat.
• When there is high uncertainty
• Project-specific



Electromagnetic Fields



Electromagenetic Fields

o Calibration, navigation, natal beach homing
o The Earth’s geomagnetic field is ~50 µT in 

U.S. Atlantic (~30µT at equator and up to 
~70µT at the poles). 

o Turtle detect magnetic changes of 0.0047-
4000 µT (for Cc) and 29.3 - 200 µT for (Cm)



Cable EMF Field Strength

Distance (m) 
Above Seabed

Average DC Field Strength (μT) from 8 Projects
Horizontal Distance (m) from Cable

0 4 10
0 78.27 5.97 1.02
5 2.73 1.92 0.75

10 0.83 0.74 0.46

Distance (m) 
Above Seabed

Average AC Field Strength (μT) from 10 Projects
Horizontal Distance (m) from Cable

0 4 10
0 7.85 1.47 0.22
5 0.35 0.29 0.14

10 0.13 0.12 0.08
*burial depth of about 5-8 ft 
From Normandeau et al. 2011. Effects of EMFs from Undersea Power Cables on Elasmobranchs and Other Marine 
Species. U.S. Dept. of the Interior, Bureau of Ocean Energy Management.



Electromagenetic Shielding

o EMF from cables is shielded from the marine 
environment by grounded metallic sheaths 
and steel armoring around the cable.

o Shielded electrical transmission cables can 
still cause induced electrical fields in moving 
water.

o Turtles are likely to pass over cables, be 
exposed for a short duration, and detect 
changes in EMFs.

o Studies of EMF and turtles are lacking
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