
Animal ID Species
Days 

Transmitted
Number of 

Dives

Mean Dive 
Duration

(min)

Mean Dive 
Depth (m)±

SD
Max Dive 
Depth (m)

163791 Fin whale 6.8 125 8.8 52.4  ± 0.6 90.5

168231 Fin whale 26.8 198 10.4 27.6 ± 0.2 92.5

MeanFin whale 9.6 40.0

163792 Sperm whale 21.0 368 35.5 437.5 ± 5.6 1063.5

168232 Sperm whale 30.8 568 32.8 523 ± 6.0 1095.5

168234 Sperm whale 13.0 321 37.8 886.7 ± 10.2 1735.5

171879 Sperm whale 3.6 36 38.2 604 ± 6.0 1063.5

171880 Sperm whale 15.5 441 27.2 492.4 ± 5.6 1351.5

171881 Sperm whale 5.7 208 25.8 599.3 ± 6.0 1095.5

Mean Sperm whale 32.9 590.5

Photo-IDcatalogresults:
ÅSpermwhale

o 31 identified individuals
o 5 re-sights(3 same-day,2 within-season)
ÅFinwhale

o 34 identified individuals*
o 4 re-sights(1 same-day,3 within-season)
ÅMinkewhale

o 8 identified individuals*
o no re-sights
ÅPilotwhale

o 81 identified individuals
o 4 re-sights(all same-day)
o 6 matchesto DukeUniversityNCcatalogs
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ÅEndangeredSpeciesAct-listed spermand fin whaleswere frequently observedin the studyarea.
ÅHighcetaceanspeciesdiversity overlapswith areasutilized for U.S. Navytraining exercises.
ÅPreliminarysightinglocationsand satellite tag data support different habitat usepatterns and rangesfor

eachspeciesof interest, which is an important considerationto potential impacts.
ÅIncorporationof switchingstate spacemodelingwill provide insight into foragingecology.
ÅFurtherstudy is neededto assesspatterns of residencyfor individualsof all speciesusinga combination

of photo-IDandsatellite taggingtechniques,a critical elementwith respectto population consequences.

Figure5. Surveytracks and locations of all priority speciessightings(baleen,

sperm,andbeakedwhales): January2015ςAugust2017.

Å25 offshore surveys completed between
April 2015andAugust2017(Figures5 & 6)
Å401 cetacean sightings with confirmed

speciesidentification(Figures5 & 6)
o PrioritySpecies
Á23spermwhale(44 individuals)
Á16fin whale(32 individuals)
Á5 minkewhale(6 individuals)
Á3 humpbackwhale(3 individuals)
Á1 seiwhale(2 individuals)
Á1/ǳǾƛŜǊΩǎbeakedwhale(5 individuals)

Å15satellitetagsdeployed
o 5 SPOT6 and 2 SPLASHon fin whales

(Figure7)
o 2 SPOT6 and 6 SPLASHon sperm whales

(Figure8)
Å9 biopsysamplescollected(4 fin whalesand

5 spermwhales)
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Background and Methods

Table1. Summaryof results from satellite tag data, includingnumber of days
tag transmitted, number of locations post-filtering, percent of locations in
VACAPESOPAREA,anddistancefrom initial tag location (maxandmean).

Satellitetag results:
ÅSatellite tags transmitted 3.6-39.0 days

(mean=19.1 days)(Table1).
ÅSperm whales had a higher percentageof

locations within the VACAPES range
comparedto fin whaletaglocations(Table1).
ÅFin whale movements show majority of

locationsover the continentalshelf,with the
exception of one individualςHDRVABp017
(Figure7).
ÅSpermwhalemovementsshowrangescloser

to shelfedgeandcanyons,with somestaying
very closeto initial tagginglocation (Table1
& Figure8).
ÅMean fin whale dive duration ranged from

8.8ς10.4 minutes and mean dive depth
rangedfrom 27.6ς52.4 meters(Table2).
ÅMean sperm whale dive duration ranged

from 25.8ς38.2 minutesandmeandivedepth
rangedfrom 437.5ς886.7 meters(Table2).
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Onehundred forty kilometers(km) east of NavalStationNorfolk (NSN),theǿƻǊƭŘΩǎlargestU.S. Navybase,lies the continental shelf
breakand the Norfolk Canyonςareasknown to haveconsiderablecetaceanspeciesdiversitybasedon previousbroad-scalestockand
populationsurveyassessments. Thesewatersalsoplaya vital role in the U.S.bŀǾȅΩǎtrainingandtestingoperationsgiventheir complex
bathymetryandproximity to NSN. In 2015, the U.S. Navyinitiated a multi-yearstudyto providea more detailedassessmentof species
occurrence,diversity,and habitat use in the Norfolk Canyonregion,and to examinemedium-scalemovementsand dive behaviorof
large whales. BetweenApril 2015 and August2017, twenty-five small-boat surveysusing photo-ID, biopsy sampling,and satellite-
monitored taggingtechniqueswere conducted. Therewere 401sightingsof 14 cetaceanspeciesrecorded(includingsightingsover the
continental shelf en route to the study area). Priority speciesencounteredwere fin whales(Balaenopteraphysalus) (n=16), sperm
whales (Physeter macrocephalus) (n=23), minke whales (Balaenoptera acutorostrata) (n=5), humpback whales (Megaptera
novaeangliae) (n=3), seiwhales(Balaenopteraborealis) (n=1), and/ǳǾƛŜǊΩǎbeakedwhales(Ziphiuscavirostris) (n=1). Thespeciesmost
often sighted were pilot whales (Globicephalasp.) (n=153), bottlenose dolphins (Tursiopstruncatus) (n=112), and short-beaked
common dolphins (Delphinusdelphis(n=57). Additional observationsof Atlantic spotted dolphins (Stenellafrontalis) (n=14), wƛǎǎƻΩǎ
dolphins(Grampusgriseus) (n=10), striped dolphins(Stenellacoereuleoalba) (n=4), and harbor porpoise(Phocoenaphocoena) (n=2)
were alsorecorded. FifteenLIMPET-configuredsatellite-monitored tags(SPOT6 andSPLASH)havebeendeployedto date on fin whales
(n=7) and sperm whales(n=8). Preliminarytag results suggestsite-fidelity to the Norfolk Canyonby sperm whalesover periods of
weeks,while fin whalesshow a mix of both minimal and extreme movementpatterns within and outside of the study area. Future
efforts will providemoredetail on habitatusein this region.

Conclusions

Acknowledgements

ÅSmallvessel(16-17 meter [Figure2]) surveysconducted2015-
2017.
ÅSurveysfocusedon photo-identification, biopsysampling,and
satellitetaggingfor priority species(i.e. baleenanddeep-diving
whales).
ÅSurvey area: Outer continental shelf, shelf break, and
continental slope waters off Virginia within the VACAPES
trainingrange(shownin Figure1).

Figure 3. Nearshore survey vessel, Whale Research. Photo © Brian Lockwood.

Figure 1. Primary study area (green shaded box) showing U.S. Navy VACAPES range boxes (blue boxes).

Animal ID Species Tag Type
Days 

Transmitted

Number of 
Locations 

Post-
Filtering

Within 
VACAPES 
range(%)

Max 
Distance 

from Initial 
Location 

(km)

Mean 
Distance 

from Initial 
Location 

(km)

158674 Fin whale SPOT6 13.7 163 100 83.3 54.6

168226 Fin whale SPOT6 18.5 356 71.3 362.4 156.1

168227 Fin whale SPOT6 39.0 503 10.1 374.8 268.2

168229 Fin whale SPOT6 30.1 341 43.4 194.6 36.0

168235 Fin whale SPOT6 6.8 38 39.5 48.0 14.5

163791 Fin whale SPLASH 6.8 59 15.3 25.5 9.7

168231 Fin whale SPLASH 26.8 217 53.9 905.3 288.9

Mean Fin whales All 20.2 239.6 47.6 284.8 84.8

166684 Sperm whale SPOT6 29.6 283 83.4 582.5 120.2

168228 Sperm whale SPOT6 24.9 184 100 128.0 74.3

163792 Sperm whale SPLASH 21.0 127 99.2 26.1 4.6

168232 Sperm whale SPLASH 30.8 274 93.4 357.0 91.8

168234 Sperm whale SPLASH 13.0 126 87.3 276.1 69.7

171879 Sperm whale SPLASH 3.6 18 100 106.3 52.3

171880 Sperm whale SPLASH 15.5 137 100 115.6 71.5

171881 Sperm whale SPLASH 5.7 79 100 582.5 27.5

Mean Sperm whales All 18.0 153.5 95.4 271.8 64.0

*some data from inshore humpback surveys were added to these catalogs 
(see Engelhaupt et al. poster ςLook Both Ways Before Crossing the Channel 
ςHumpback Whale Affinity for Shipping Channels off Virginia can be Lethal

Figure 7. Filtered tracklinesof all satellite tagged fin whales (n=7).

Figure 3. Wildlife Computers SPOT6 satellite tag deployed on fin whale.

1-Amy Engelhaupt Consulting 2-HDR Inc. 3-Naval Facilities Engineering Command, Atlantic

Results

Figure 6. Survey tracks and locations of all non-priority sightings (pilot whales, 

delphinids, and porpoises): January 2015ςAugust 2017. 

Figure 2. Photo-ID, biopsy, and satellite tagging techniques being utilized with a group of sperm whales.

Satellitetagging:
ÅWildlife Computers(Redmond,Washington)Smart Positionand Temperature

(SPOT6) Argossatellite-linked tags in the Low Impact Minimally Percutaneous
External-electronicsTransmitter(LIMPET)configuration(Andrewset al. 2008)*
(Figure4) wereutilized.
ÅThe tags were remotely deployed using a DAN-INJECTJM25 pneumatic

projector(www.dan-inject.com).
ÅTwo 6.8-centimeter surgical-grade titanium darts with six backwards-facing

petalswereusedto attachtagsto the dorsalfin or just belowthe dorsalfin.
ÅMaximum tag attachment duration was expected to be less than 30 days;

therefore, tags were programmedto maximizethe number of transmissions
andlocationsreceivedduringattachmentrather than to extendbattery life.
ÅBasedon satelliteavailabilityin the area,tagswereprogrammedto transmit for

22hours/daywith anunlimitednumberof transmissionsfor the first 40days.
ÅLocationsof taggedindividualswere approximatedby the Argossystemusing

the Kalmanfiltering locationalgorithm(ArgosUsersManual© 2007-2015CLS),
and unrealistic locations (i.e., those on land) were manually removed using
toolsprovidedwithin Movebank(www.movebank.org).

Abstract

Primaryobjectives:

ÅDescribe which cetacean species occur over the outer continental shelf, shelf break, and 
continental slope and how occurrence fluctuates seasonally.

ÅStudy the baseline behaviors and ecological relationships of offshore cetaceans within the 
study area.

ÅDetermine whether individual cetaceans exhibit site fidelity within specific regions of the 
study area.

ÅInvestigate the seasonal extent of cetacean movements within and around U.S. Navy 
Virginia Capes (VACAPES) operating area.

ÅDetermine whether cetaceans spend significant time within or primarily move through 
areas of U.S. Navy live-fire or Anti-Submarine Warfare training events.

Figure 4. Wildlife Computers SPLASH satellite tag deployed on sperm whale.

Table2. Summaryof results from SPLASHtag behavior dive data, including
number of daystag transmitted, number of dives,mean dive duration, and
dive depth (maxandmean).

* Andrews, R.D., R.L. Pitman and L.T. Balance. 2008. Satellite tracking reveals distinct movement patterns for Type B and Type Ckiller whales 
in the southern Ross Sea, Antarctica. Polar Biology, 31(12), 1461ς1468. DOI 10.1007/s00300-008-0487-z.

Figure8. Filteredtracklinesof all satellite taggedspermwhales(n=8).
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