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Biologically Significant Information Biologically Significant Information 
Needed for ManagementNeeded for Management

Basic biological information about sperm whalesBasic biological information about sperm whales
e.g. body lengthe.g. body length

Composition Composition –– types of whales  (sex, age) types of whales  (sex, age) 
Movements over scales from hours to yearsMovements over scales from hours to years
Reproductive rates Reproductive rates –– numbers of calvesnumbers of calves
Foraging Foraging –– movement patterns and defecation rates movement patterns and defecation rates 
Group structure and social organization Group structure and social organization 
Population structure (cultural, codas)Population structure (cultural, codas)
Distributions Distributions –– where are they and why where are they and why 
Population sizePopulation size







Why a Motor Sailor: AdvantagesWhy a Motor Sailor: Advantages
Quiet, Quiet, maneuverablemaneuverable and independentand independent

Ideal for observational work Ideal for observational work 
Able to work and track whales close to oil platformsAble to work and track whales close to oil platforms

Sails  Sails  
Safe alternative propulsionSafe alternative propulsion
StabilityStability
Quiet propulsion if necessaryQuiet propulsion if necessary
Increased rangeIncreased range
Elevated observational platformElevated observational platform

Operable by a small team of “sailor scientists”Operable by a small team of “sailor scientists”
Cost effective Cost effective –– allows extended field projectsallows extended field projects

Insurance against poor weather etcInsurance against poor weather etc

Key components of traditional approach are acoustic 
monitoring and tracking and photo-identification 



Photo-Identification

Population size
Population structure

Residency

Small-scale movements
Large-scale movements

Calving rate

Relatively small, well-marked population: ideal for photo-ID
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Phlex Automated Fluke Matching



North Atlantic and Mediterranean
Sperm Whale Catalogue (NAMSC)

Analysis SOCPROG – Hal Whitehead



Dorsal Fin Callus: 
Indicative of 

Maturity in Females, 
Puberty in Males

Biopsy Observation

Females Males Medium Males Nursing Females

No Callus 2
(52.5%)

10
(100%)

1
(12.5%)

12
(100%)

Small Callus 5
(12.5%)

0 2
(25%)

0

Medium Callus 9
(22.5%)

0 03
(37.5%)

0

Large Callus 5
(12.5%)

0 2
(25%)

0

Total 40 10 9 12



Photogrammetric Length MeasurementPhotogrammetric Length Measurement

Range from Laser Range Finding Binoculars (Jaquet 2006)
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Gulf of Mexico sperm whales are smaller than those Gulf of Mexico sperm whales are smaller than those 
measured in similar populations elsewhere measured in similar populations elsewhere 
–– in fact, the smallest reported from any locationin fact, the smallest reported from any location
–– should this be a cause for concern?should this be a cause for concern?



Length Measurement Acoustic

Sperm Whale Head





Time Intervals and MovementsTime Intervals and Movements
Between ResightingsBetween Resightings
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SWSS Movement Data: Temporal ScalesSWSS Movement Data: Temporal Scales

Hours Days Weeks Months Year                     Decades

Days                Month              Year

Mins Hours D-tag

PhotoID

S-tag
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Maximum Likelihood Estimates of Maximum Likelihood Estimates of 
Movement Parameters (Movement Parameters (SocProgSocProg))



Movements Between Years: EvidenceMovements Between Years: Evidence
of Individual Preferred Areasof Individual Preferred Areas
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Sperm Whale Sperm Whale 
Movements and Movements and 

ForagingForaging



Indirect Signs of Behavior at DepthIndirect Signs of Behavior at Depth

Defecation at surface, usually before beginning Defecation at surface, usually before beginning 
of dive (flukeof dive (fluke--up)up)

Movement patternsMovement patterns

Frequent direction change: good feedingFrequent direction change: good feeding

Little direction change: searching for good feeding Little direction change: searching for good feeding 
conditionsconditions



Measuring Defecation RateMeasuring Defecation Rate

Only from 2004 and 2005Only from 2004 and 2005

After flukeAfter fluke--up, “foot print” was inspected for up, “foot print” was inspected for 
presence of fecespresence of feces

Every tracking period with ≥ 5 flukeEvery tracking period with ≥ 5 fluke--ups, ups, 
individual flukeindividual fluke--up was scored as:up was scored as:

Feces presentFeces present

No feces presentNo feces present

Not inspectedNot inspected



Defecation Rates in the GOMDefecation Rates in the GOM

280 fluke280 fluke--ups were used in analysisups were used in analysis

Mean defecation rate = 0.21 (0.045)Mean defecation rate = 0.21 (0.045)

No differencesNo differences

Between yearsBetween years

Between age classesBetween age classes

Defecation rates in other areas:Defecation rates in other areas:

South Pacific = 0.084 (South Pacific = 0.084 (JaquetJaquet and and WhitheadWhithead 1999)1999)

GalGaláápagos = 0.032 (Whitehead 2003)pagos = 0.032 (Whitehead 2003)



Measuring Changes in DirectionMeasuring Changes in Direction

Large DI (appr. 1) Small DI
Searching Foraging

Directivity index (DI) = Net displacement / Distance traveled



DIsDIs Did Show Bimodal PatternDid Show Bimodal Pattern



There Is No Correlation BetweenThere Is No Correlation Between
DI and Defecation RateDI and Defecation Rate

High defecation rate, but no correlation with High defecation rate, but no correlation with 
movementmovement

Short tracking periods in the GOM compared to other Short tracking periods in the GOM compared to other 
areasareas

Prey distribution does not require changes in Prey distribution does not require changes in 
movementmovement



The Social Structure of Sperm The Social Structure of Sperm 
Whales in the GOMWhales in the GOM



Males Become IncreasinglyMales Become Increasingly
Solitary with AgeSolitary with Age



Females Live in Social UnitsFemales Live in Social Units



What We See and What We InterpretWhat We See and What We Interpret

Groups:Groups:
Females and immature whalesFemales and immature whales
Stay together for daysStay together for days
Between 20 and 30 individualsBetween 20 and 30 individuals

Social unit:Social unit:
LongLong--term companions, staying term companions, staying 
together for years or decadestogether for years or decades
On average 10 individuals from On average 10 individuals from 
several several matrilinesmatrilines
Two or more units form groupsTwo or more units form groups



Estimating Social BehaviorEstimating Social Behavior



GOM Whales in ComparisonGOM Whales in Comparison

ChileChile GalapagosGalapagos GOMGOM

Group sizeGroup size 31.1 (18.7)31.1 (18.7) 27.7 (8.1)27.7 (8.1) 112.82.8 (4.29)(4.29)

6.8 (3.83)6.8 (3.83)

0.011 (0.0.011 (0.692692))

Unit sizeUnit size 11.0 (18.0)11.0 (18.0) 11.5 (6.3)11.5 (6.3)

Disassociation Disassociation 
raterate 0.134 (0.185)0.134 (0.185) 0.053 (0.065)0.053 (0.065)



Coda Usage in the GOMCoda Usage in the GOM



Sperm Whales Are VocalSperm Whales Are Vocal

Regular clicksRegular clicks

CreaksCreaks

ClangsClangs

CodasCodas



Codas Are “Rhythmic” ClicksCodas Are “Rhythmic” Clicks

Bursts of 3Bursts of 3––20 clicks in a repeated stereotyped 20 clicks in a repeated stereotyped 
patternpattern

Typically heard from groups resting/socializing Typically heard from groups resting/socializing 
at the surfaceat the surface

Thought to be adapted for communication. Thought to be adapted for communication. 
RhythmRhythm--based communication very unusualbased communication very unusual
in mammalsin mammals



Codas Are ClanCodas Are Clan--SpecificSpecific

Repertoires of codas vary between mixed Repertoires of codas vary between mixed 
groups groups 

Coda repertoires define a higher level of social Coda repertoires define a higher level of social 
organizationorganization – the the ClanClan

Members of different clans may be sympatric Members of different clans may be sympatric 
but units only associate with other units from but units only associate with other units from 
the same clanthe same clan

Evidence of cultureEvidence of culture



Coda Data and AnalysisCoda Data and Analysis
3129 codas from Gulf of Mexico (SWAMP and 3129 codas from Gulf of Mexico (SWAMP and 
SWSS)SWSS)

5092 from Azores, 121 Caribbean, 543 from 5092 from Azores, 121 Caribbean, 543 from 
MediterraneanMediterranean

Click intervals measured using Rainbow Click and Click intervals measured using Rainbow Click and 
standardized.standardized.

Coda repertories compared by calculating a Coda repertories compared by calculating a 
similarity index for each pairsimilarity index for each pair

Coda analysis in collaboration with Luke Rendell, Coda analysis in collaboration with Luke Rendell, 
SMRU, St. AndrewsSMRU, St. Andrews



GOM Sperm Whales Have a “Dialect” GOM Sperm Whales Have a “Dialect” 

Golf of Mexico Azores Caribbean



What Does the GOMWhat Does the GOM
“Dialect” Sound Like?“Dialect” Sound Like?

7-click coda 8-click coda4-click coda



Codas Separate GOM WhalesCodas Separate GOM Whales

Discrete clan in N. GOM (and only one) which Discrete clan in N. GOM (and only one) which 
is not encountered in other areasis not encountered in other areas

Members of this clan may have been distinct for Members of this clan may have been distinct for 
periods of year to decades periods of year to decades 

Supports results from genetic analysisSupports results from genetic analysis: mixed : mixed 
groups in Northern GOM are a discrete subgroups in Northern GOM are a discrete sub--
populationpopulation

Possible “Western” subPossible “Western” sub--populationpopulation



Why Do Differences in Coda Usage Why Do Differences in Coda Usage 
Matter for Management?Matter for Management?

Differences in coda usage reflect population Differences in coda usage reflect population 
structure at medium temporal scalesstructure at medium temporal scales

Clans may be an appropriate unit for managementClans may be an appropriate unit for management

Cultural information may also include Cultural information may also include 
experiences with anthropogenic impactsexperiences with anthropogenic impacts

Clans may respond similarly to human activitiesClans may respond similarly to human activities

In other areas clans have different behavioral In other areas clans have different behavioral 
strategiesstrategies



Adult and CalfAdult and Calf

Calves discriminated on Calves discriminated on 
basis of size and behaviorbasis of size and behavior



Proportion of Calves: Index of ReproductionProportion of Calves: Index of Reproduction
20022002 20032003 20042004 20052005

Tracking periodsTracking periods Total number Total number 1414 1717 3030 1818

With calves (% of total)With calves (% of total) 4 4 
(29)(29)

7* (41)7* (41) 14*14*
(47)(47)

3 3 
(17)(17)

Overall % of tracking periods with calvesOverall % of tracking periods with calves 37%37%

Number of whalesNumber of whales Total number of adult whalesTotal number of adult whales 4141 3636 118118 7676

Number of calves (% of total)Number of calves (% of total) 4 (9.8)4 (9.8) 7 (19.4)7 (19.4) 15 (12.7)15 (12.7) 4 (5.3)4 (5.3)

Number of adults with calluses (% calves Number of adults with calluses (% calves 
to adults with calluses)to adults with calluses)

-- -- 1818
(83.3)(83.3)

2626
(15.3)(15.3)

Overall ratio  Overall ratio  
adults/calvesadults/calves

11.07%11.07%

Summary of calf sightings by year. * indicates that two calves were sighted in one of the tracking periods



Predictive Models of Densities
and Distribution

“Negative” Data

“Positive 
Data”

Acoustic 
Monitoring 
Resumes

Acoustic 
Monitoring 
Resumes



GAMS Modeling of 
Predictor Variables –
Static and Dynamic



GAMS Modeling of 
Predictor Variables –
Static and Dynamic
(cont.)



Predicted Distributions for Mixed Groups and Males (Dynamic Averaged)



Mark Recapture PhotoMark Recapture Photo
Identification EffortIdentification Effort
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Movements Between YearsMovements Between Years
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Mark Recapture Population EstimateMark Recapture Population Estimate

““Core” and “extended” populations estimated Core” and “extended” populations estimated 
separatelyseparately

Excludes calves (whales that don’t fluke up)Excludes calves (whales that don’t fluke up)

Analysis restricted to well marked whales and Analysis restricted to well marked whales and 
highhigh--quality imagesquality images

<1997 and 2005 data excluded<1997 and 2005 data excluded



““Extended Population” Mark Extended Population” Mark 
Recapture Population EstimateRecapture Population Estimate

DATASETDATASET ModelModel Population Population 
SizeSize

MortalityMortality TrendTrend Emigration/Emigration/
ReimmigartionReimmigartion

AICAIC

ClosedClosed 379379
(307(307--478)478)

334.06334.06

MortalityMortality 242242
(159(159--339)339)

0.2590.259
(0.813(0.813--0.574)0.574)

330.02330.02

MortalityMortality
andand

TrendTrend

217217
(164(164--331)331)

0.1790.179
(0.000(0.000--0.354)0.354)

0.3560.356
(0.129(0.129--0.531)0.531)

324.06324.06

ReimmigrationReimmigration 242242 0.2270.227
0.000.00

328.89328.89

ReimmigrationReimmigration and and 
MortalityMortality

243243 0.1360.136
(0.00(0.00-- .317).317)

0.106(0.00.106(0.0--0.227)0.227)
3.83 e3.83 e--014 (0014 (0--0.1190.119

334.02334.02

TotalTotal\\

Population Population 
20002000----20042004



““Core Population” Mark Recapture Core Population” Mark Recapture 
Population EstimatePopulation Estimate

DATASETDATASET ModelModel Population Population 
SizeSize

MortalityMortality TrendTrend Emigration/Emigration/
ReimmigartionReimmigartion

AICAIC

Closed Closed 207207
(179(179--264)264)

256.46256.46

MortalityMortality 128128
(96(96--184)184)

0.2730.273
(0.104(0.104--0.477)0.477)

250.03250.03

Mortality and Mortality and 
TrendTrend

108108
(84(84--152)152)

0.2230.223
(0.030(0.030--0.4000.400

0.3520.352
(0.123(0.123--
0.576)0.576)

244.68244.68

ReemmitgationReemmitgation 128128
(93(93--163)163)

0.240 (0.1170.240 (0.117--0.387)0.387)
5.5 e5.5 e--012 (0.0012 (0.0-- 0.0062)0.0062)

252252

ReimmigationReimmigation and and 
MortalityMortality

129129
(96(96--183)183)

0.1310.131
(0.065 (0.065 –– 0.254)0.254)

7.68 e7.68 e--10 (0.010 (0.0--0.226)0.226)
0.006  (0.00.006  (0.0--0.0173)0.0173)

254254

Core Core 
Population      Population      
20002000----20042004



Core Population Mark Recapture Core Population Mark Recapture 
Population Estimate Population Estimate 

108 well108 well--marked whalesmarked whales

140 (200140 (200––103) whales in total103) whales in total

88  mature females (assuming mixed groups)88  mature females (assuming mixed groups)

1515––20 calves per year20 calves per year
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2005: Core Population Missing2005: Core Population Missing

!

!!
!

!

!

!

!

!

!

!

!

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

! !

!
!!!! !!!!!!! !!

! !

!

!

!!!

! !

!! !

!

!

!

!

!

!

!

!

!

!

! !

!

!

!!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!! !

!

!

! !

!

!

! !
! !

! !

!!!

!

!

!

! !

!

! !
!

!

!!
!

! !
!

! !

!

!

!

!!

!

!!

!

!

!

!!

!

!

!

!

!

!

!

! ! !

!

!!
! !! !

!

!

! !

!

!

!
!

!
!

!

!

!

! !! !

!
!

!!

!

!

!!

!!

!

!! !

!!!

!

! !!

!

! !

!

!

! !! !

!

!

!
!

!

!
!

!

!

! !

!
!

!!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!
!

!

!!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!!

! !

!

!

!

!

!
! !

!

!

!

!

!
!

!

!

!

!

!

!!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!!

!

!

!

!

!

!

0 150 300 450 60075
Kilometers

Legend
Bathymetry
Depth

0

500

1000
! ! 2000

2500

¯MC

DSC
MD

RGS

Maturing 
Males

Western



2005 Anomaly Poses a2005 Anomaly Poses a
Series of QuestionsSeries of Questions

Where did they go? Are they alive?Where did they go? Are they alive?

Why?Why?

Biggs and Biggs and JochensJochens oceanographic explanationoceanographic explanation

Can anthropogenic causes be ruled out?Can anthropogenic causes be ruled out?

What’s happening now?What’s happening now?

Can we still apply what we’ve learned through SWSS Can we still apply what we’ve learned through SWSS 
or is a new “regime” in placeor is a new “regime” in place



Broad ConclusionsBroad Conclusions
Have been able to measure some important biological Have been able to measure some important biological 
parametersparameters
Some are generally in line with findings from other Some are generally in line with findings from other 
populationspopulations
Some  are different Some  are different 

Small discrete populationSmall discrete population
Small body sizeSmall body size
Smaller social unitsSmaller social units

Should be treated as very preliminaryShould be treated as very preliminary
Haven’t even studied the population over one average calving Haven’t even studied the population over one average calving 
intervalinterval
High interHigh inter--annual variability indicatedannual variability indicated

This approach could provide reliable measures and form This approach could provide reliable measures and form 
the basis of an effective longthe basis of an effective long--term monitoring projectterm monitoring project



Potentially a Baseline for an AffordablePotentially a Baseline for an Affordable
LongLong--Term Monitoring ProjectTerm Monitoring Project

Oil industry and sperm whales are going to Oil industry and sperm whales are going to 
live together in the Gulf of Mexico for live together in the Gulf of Mexico for 
decadesdecades

So far, no indications of serious acute So far, no indications of serious acute 
problems, but need to monitor what’s problems, but need to monitor what’s 
happening to the populationhappening to the population

Important to understand natural variability Important to understand natural variability 
and dramatic incidentsand dramatic incidents
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