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Webinar Agenda

 Webinar Overview and ReadyTalk Instructions
Dr. Rula Deeb, Geosyntec (5 minutes)

 Overview of SERDP and ESTCP, and webinar series goals
Dr. John Hall, SERDP and ESTCP (5 minutes)

 The Relationship of Body Condition of Whales with Behavior 
and Reproductive Status
Dr. Patrick Miller, St. Andrews University (30 minutes + Q&A)

 Deep Mapping Squid-Feeding Whales and Their Prey Fields
Dr. Kelly Benoit-Bird, OSU (30 minutes + Q&A)

 Final Q&A session
Moderated by Dr. Jennifer Nyman, Geosyntec
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SERDP and ESTCP 
Overview

John Hall, Ph.D.
Resource Conservation and Climate 

Change Program Manager
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SERDP

 Strategic Environmental Research and 
Development Program

 Established by Congress in FY 1991
• DoD, DOE and EPA partnership

 SERDP is a requirements driven program which 
identifies high-priority environmental science and 
technology investment opportunities that address 
DoD requirements
• Advanced technology development to address near 

term needs
• Fundamental research to impact real world 

environmental management
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ESTCP 

 Environmental Security Technology 
Certification Program 
 Demonstrate innovative cost-effective 

environmental and energy technologies
• Capitalize on past investments
• Transition technology out of the lab

 Promote implementation
• Facilitate regulatory acceptance
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Program Areas

1. Energy and Water
2. Environmental Restoration
3. Munitions Response
4. Resource Conservation and 

Climate Change
5. Weapons Systems and 

Platforms
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Resource Conservation and 
Climate Change Focus Areas

 Natural Resources
• Ecological Forestry
• Arid Lands Ecology & Management
• Cold Regions Ecology & Management
• Pacific Island Ecology & Management
• Coastal & Estuarine Ecology & 

Management
• Living Marine Resources Ecology & 

Management
• Species Ecology & Management
• Watershed Processes & Management

 Climate Change
• Vulnerability & Impact Assessment
• Adaptation Science
• Land Use & Carbon Management

 Air Quality
• Fugitive Dust
• Fire Emissions
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SERDP and ESTCP Launch a Webinar 
Series

DATE WEBINARS AND PRESENTERS

October 30, 2014 Key Advances in Vapor Intrusion Assessments at Contaminated Sites
• Dr. Paul Johnson (Arizona State University)
• Dr. Thomas McHugh (GSI Environmental)

November 6, 2014 New Tools for Advancing our Understanding of Marine Mammal Behavioral 
Ecology
• Dr. Kelly Benoit-Bird (Oregon State University)
• Dr. Patrick Miller (St. Andrews University)

November 20, 2014 Novel Sampling Approaches for Improving the Management 
of Contaminated Sediment Sites
• Dr. Philip Gschwend (Massachusetts Institute of Technology)
• Dr. Bart Chadwick (SPAWAR Systems Center Pacific)

December 4, 2014 Waste to Energy Technologies
• Mr. Patrick Scott (Lockheed Martin)
• Mr. Steven Cosper (U.S. Army Engineer Research and Development 

Center, Construction Engineering Research Laboratory)
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http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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The Relationship of Body Condition of 
Whales with Behavior and Reproductive 

Status

Patrick Miller, Ph.D.
St. Andrews University
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Fat Floats! 
Using Tags to Measure the Body 

Condition of Whales at Sea
SERDP RC-2337

Patrick Miller, University of St. Andrews
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It takes a team to get it done!

 Ship and science crew
Dr. Tomoko Narazaki

Dr. Saana Isojunno
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Agenda

 Problem: effects of sonar on cetaceans
 Body condition: a key for behavioral 

ecology
 A new tool to measure body condition
 Precision of the tool with a beaked whale
 Application 1: tracking changes over time
 Application 2: validation of other methods
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Problem Statement

 DoD activities, particularly sonar usage, can affect the 
behavior of cetaceans, possibly over large areas of habitat. 

Beaked 
whales stop 

foraging 
during Navy 
range tests

Tyack et al., 2011 17
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Problem Statement

 DoD activities, particularly sonar usage, can affect the 
behavior of cetaceans, possibly over large areas of habitat. 
Key gaps: 
• Weak ability to predict likelihood of disturbance responses
• No means to evaluate biological consequences of disturbance 

responses

National Research Council (2005). Marine Mammal Populations 
and Ocean Noise: Determining When Noise Causes Biologically 
Significant Effects 

A conceptual model: 
How noise leads to population effects
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Body Condition: A Key Metric

 Integrated outcome of energy 
intake and expenditure 

 Predictor of survival and 
reproductive success

 Influences behavior (e.g., foraging 
effort, reactions to predation risk 
or disturbance

(Hall et al., 2001; Moya-
Laraño et al., 2008; 
McNamara & Houston, 
1990; Beale & Mohaghan, 
2004; Biuw et al., 2003) 
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Body Condition in Cetaceans

Visual assessment Aerial photogrammetry

(Bradford et al., 2012)

(Miller
et al., 2012)
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 Drift rate: speed at which drag force 
equals buoyancy force

Fdrag

Fbuoyancy

D
ep

th

Time

∆t

∆d

Body Condition of Tagged Elephant Seals
Measured Using Drift Rate
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Body Condition of Tagged Elephant Seals
Measured Using Drift Rate

 Drift rate: speed at which drag force 
equals buoyancy force

Fdrag

Fbuoyancy

D
ep

th

Time

∆t

∆d

Key Factor:
Net buoyancy depends 
on lipid store
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Fat Floats!

 Lipid has lower density than the rest of the 
body

Body Component Density (kg/m3)
Lipid 900
Protein 1340 
Ash 2300 
Water 994
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Body Density and Net Buoyancy

 Lipid = less dense than seawater
 Other tissues = slightly more dense than 

seawater

FAT
Body density ↓

Buoyancy ↑

LEAN
Body density ↑

Buoyancy ↓
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Can this approach be applied to species 
that don’t perform ‘drift dives’?

Fdrag

Fbuoyancy
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All divers ‘drift’ by gliding during ascent or 
descent phases of dives

Fdrag

Fbuoyancy
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Gliding During Ascent and Descent

Fdrag
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Gliding During Ascent and Descent

Fdrag (a function of speed)

(from tissues + gases)
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Bottlenose Whale Datasets

 Jan Mayen (N = 1 Dtag)

 Gully (N = 2 Dtags, 4 
3MPD3GT)
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Data Logger Specifications

Dtag (WHOI) 3MPD3GT (Little Leonardo)

Duration 5-20 hrs 05-20 hrs

Depth 5Hz 1Hz

Accelerometer
– pitch + gliding

50Hz 32Hz

Speed Δ Depth/sin (pitch) 1Hz propeller
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Example Deep Dive (Gully)

Steep pitch during 
descent & ascent
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Bottlenose Whale Glides

 Analysis steps
• Identify glide periods
• Measure parameters from 5s duration glide intervals separated by ≥ 5s

32



SERDP & ESTCP Webinar Series (#2)

Results: Precise Body Density 
Estimates

Body density (kg/m3)

Jan Mayen
animal

Adult 
male



SERDP & ESTCP Webinar Series (#2)

Gliding Patterns Match Density 
Predictions

%
 g

lid
in

g 
 

du
rin

g 
as

ce
nt

%
 g

lid
in

g 
du

rin
g 

de
sc

en
t

34



SERDP & ESTCP Webinar Series (#2)

Humpback Whales
 Seasonal ‘feast-

and-famine’

 Shallower divers 
are more 
challenging:
• fewer glides
• shallower pitch
• ascent lunging 

behavior

Lunge 
during 
ascent
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Application 1: Monitoring Effects of 
Disturbance

 Implement on a longer-
term tag, send result by 
satellite
 Monitor condition of 

whales before, during, 
after disturbance
 Enables more sensitive 

analysis of sonar effects

Beaked 
whales stop 

foraging 
during Navy 
range tests

(Tyack et al., 2011)
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Application 2: Validating Body 
Condition Indices

 Visual assessment is 
easier to implement than 
tagging

 Validation of visual 
methods using tag-
derived body density
• Confirm lipid store 

changes
• Provide a quantitative 

measure for visual scores

(Bradford et al., 2012)
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Application 3: Technology Transition

 Body condition of subjects 
in behavioural response 
studies (BRS) may be an 
important predictor of 
sensitivity

 Method will be made 
available to teams working 
with tag data from 
behavioral response 
studies

BRAHSS

MOCHA
38
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Conclusions

 Body condition reflects the health of animals 
in their natural environment

 We developed a new tool to quantitatively 
measure body density (and fat content) of 
cetaceans and seals

 Very precise estimates (±1% fat) obtained for 
deep divers (humpback whale ongoing)

 This new tool will enable new approaches for 
DoD to monitor and interpret possible effects 
of activities on the environment
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SERDP & ESTCP Webinar Series

For additional information, please 
visit http://serdp-estcp.org/

Speaker Contact Information
pm29@st-andrews.ac.uk

+44-1334-463554
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BACKUP SLIDES
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Comparison of models supports 
individual variability in body density

Model rank (lower: better) Model estimates

Di
ffe

re
nt

 m
od

el
s  

=>

Individual variability 
in body density
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Results: Precise Body Density Estimates

Body density (kg/m3)

Drag term parameter Vair/m

Jan Mayen
animal

Adult 
male
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SERDP & ESTCP Webinar Series

Q&A Session 1
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SERDP & ESTCP Webinar Series

Deep Mapping Squid-Feeding Whales and 
Their Prey Fields

Dr. Kelly Benoit-Bird
Oregon State University
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Deep Mapping of Teuthivorous
Whales and their Prey

SERDP RC-2112
Kelly Benoit-Bird, Oregon State University



Agenda

 Introduction to beaked whales
 What we don’t know: much of anything 

about their food
 Why we don’t (hint: it’s hard!)
 A new tool to fill this gap
 Results from a study within a Navy range
 Implications for beaked whales and their 

management
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Kelly Benoit-Bird, Oregon State University
Mark Moline, University of Delaware
Brandon Southall, SEA, Inc.



Beaked whales (Ziphiidae)
 Least known family of large mammals (~20 spp.)

• Deepwater, unobtrusive surfacing, non-gregarious
 Suction feed on deep-water squid
 Particularly sensitive to anthropogenic sound sources
 Knowledge of behavior and biology has greatly advanced

• Studies of the physical habitat kept pace
• Understanding of the available prey has not

○ Squid are fast, large, and live deep
○ Traditional sampling approaches are ineffective
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DOR-E
Deep Ocean REMUS Echosounder
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Dry payload bay
Echosounders and CPUs

Sensors
(CTD, fluor, etc.)

Vehicle main systems
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5353



Combined AUV 
with ship-based 
echosounders
27 missions
Covering 289 kms
Channel Islands, CA
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Effectively sea-
truthed squid, fish,       

and crustacean                  
targets

A suite of direct sampling 
approaches identified 

layer constituents
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San 
Diego

Los Angeles

San Clemente
88 Seafloor 
Hydrophones
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Does prey drive beaked whale distributions?

Normal conditions
Historical beaked whale activity

Moretti et al.; Falcone et al. 
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During surface sonar exercises

Does prey drive beaked whale distributions?
What are the foraging costs of sonar activity on the range?

Historical beaked whale activity

Moretti et al.; Falcone et al. 
12 B



Sampling design

10 km long acoustic transects
Ship: 0-600 m depth
AUV: 600-1200 m depth

Blocked by beaked whale
habitat use

13



Contingent (N=2)
High (N=5)

Low (N=5)

Beaked whale
habitat use

In
te

gr
at

ed
 3

8 
kH

z 
sc

at
te

rin
g 

(m
2

nm
i-2

 1
00

m
-1

)

400─

0─

200─

100─

300─

Depth range 

ns p<0.01 p<0.05 p<0.001

0-1200m 0-600m 600-1200m 900-1200m

Prey biomass

14



0-1200m 0-600m 600-1200m 900-1200m

400─

0─

200─

100─

300─

Depth range 

ns p<0.01 p<0.05 p<0.001

Contingent (N=2)
High (N=5)

Low (N=5)

Individual 
targets

Integrated  
scattering
(m2 nmi-2 100m-1)

─5.0

─2.5

─7.5

─10

─0

(# 1000m-3)

900-1200m

~3
.5

x

~1
0x

15



Contingent (N=2)
High (N=5)

Low (N=5)

Beaked whale
habitat use
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Contingent (N=2)
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Contingent (N=2)
High (N=5)

Low (N=5)

Squid size differences
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• Prey is better in preferred beaked whale 
habitat from 900-1200m depths than adjacent 
sites
– Total prey biomass 3.5x higher
– Solitary prey 10x more abundant
– Solitary prey are clustered 10-100 m scale rather 

than homogeneous
– Squid account for 20% more of prey
– 15x higher squid abundance
– Individual squid 40% larger

Does prey drive beaked 
whale distributions?

67 21



• Intermediate in prey characteristics between low 
and high use habitat

• Relative to preferred habitat
– 50% less total prey biomass
– 70% fewer individual prey
– 85% less patchy
– 20% lower proportion of squid
– 75% fewer total individual squid (-5x)
– Squid are similar in size

What are the foraging costs of 
sonar activity on the range?

22



Predicting foraging differences
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Low High Contingent
Mean prey spacing (m) 3300 230 1000
Mode prey spacing (m) 3200 57 875



Predicting foraging differences
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Mean prey spacing (m) 3300 230 1000
Mode prey spacing (m) 3200 57 875

Distance to capture 30 prey (km) 96 1.7 26.3
Average velocity over dive (m/s) 53.3 1.0 14.6
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Low High Contingent
Mean prey spacing (m) 3300 230 1000
Mode prey spacing (m) 3200 57 875

Distance to capture 30 prey (km) 96 1.7 26.3
Average velocity over dive (m/s) 53.3 1.0 14.6

Prey captured/dive (#) 3 96 7
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Mean prey spacing (m) 3300 230 1000
Mode prey spacing (m) 3200 57 875
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Low High Contingent
Mean prey spacing (m) 3300 230 1000
Mode prey spacing (m) 3200 57 875

Distance to capture 30 prey (km) 96 1.7 26.3
Average velocity over dive (m/s) 53.3 1.0 14.6

Prey captured/dive (#) 3 96 7
Prey mode length (cm) 16 22 22

Predicted kCal/prey 529 1421 1421



Predicting foraging differences

28

Low High Contingent
Mean prey spacing (m) 3300 230 1000
Mode prey spacing (m) 3200 57 875

Distance to capture 30 prey (km) 96 1.7 26.3
Average velocity over dive (m/s) 53.3 1.0 14.6

Prey captured/dive (#) 3 96 7
Prey mode length (cm) 16 22 22

Predicted kCal/prey 529 1421 1421
# dives needed/day 84 1 12



Risso’s dolphins
A mid-depth diving teuthivore
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Conclusions: Beaked whales at SCORE
 New tool available for quantifying deepwater 

biology
 Upper water column measures not good predictors 

of deep prey resources

 Prey strikingly different in regions of and adjacent 
to the SCORE range
• Key prey parameters: 

Distribution and Individual Size
• Prey important driver of observed habitat use

 The potential energetic costs of sonar activities on 
the range are high
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Managing SCORE
 New questions

• Seasonal patterns in prey
• Predator behavioral adaptations
• Location of other areas rich in prey

○ Fraction of the local population relies on SCORE 
and frequency

 Energy budget approach
• Energy critical periods
• Duration of food reduction tolerance
• Population level effects

31SERDP & ESTCP Webinar Series (#2)



SERDP & ESTCP Webinar Series

For additional information, please visit: 
http://oregonstate.edu/~benoitbk

Speaker Contact:
kbenoit@coas.oregonstate.edu 541-737-2063

mailto:kbenoit@coas.oregonstate.edu
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Q&A Session 2

Dr. Jennifer Nyman
Geosyntec
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SERDP & ESTCP Webinar Series

The next webinar is on 
November 20

New Tools for Improving the Management of 
Contaminated Sediment Sites

http://www.serdp-estcp.org/Tools-and-Training/Webinar-Series/11-20-2014

80



SERDP & ESTCP Webinar Series

Survey Reminder
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SERDP & ESTCP Webinar Series

Please take a moment to complete 
the survey that will pop up on your 

screen when the webinar ends
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