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Acronyms and Abbreviations 
a-LoCoH adaptive local convex hull 

ARGOS Advanced Research and Global Observation Satellite 

BOEM Bureau of Ocean Energy Management 

°C degrees Celsius 

CBBT Chesapeake Bay Bridge and Tunnel 

cm centimeter(s) 

COLREGS collision regulation(s) 

DMSO dimethyl sulfoxide 

EDTA ethylenediaminetetraacetic acid 

km kilometer(s) 

km2 square kilometer(s) 

LoCoH local convex hull 

m meter(s) 

NaHep sodium heparin  

Navy U.S. Navy 

NOAA National Oceanic and Atmospheric Administration 

Obs observation(s) 

OPAREA Operating Area 

% percent 

PBM peripheral blood mononuclear cells 

PDV phocine distemper virus 

PTT platform transmitter terminal 

SD standard deviation 

SPOT satellite-tracked position-only 

TAD time-at-depth 

UME Unusual Mortality Events 

VACAPES  Virginia Capes Range Complex 

VTM viral transport medium 

YOY Young of the year 
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Figure 1. Chesapeake Bay and coastal Virginia waters, including the Virginia Capes Range Complex (VACAPES) and sonar training 

areas. COLREGS = collision regulations; OPAREA = Operating Area. 
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Figure 4. (a) Flipper tag with an acoustic transmitter attached to the hind flipper of a harbor seal 

(Phoca vitulina). (b) Satellite-tracked position only (SPOT) tag being affixed to the head 
of seal 1801 with five-minute epoxy.  

 Photographs by D. Rees, Naval Facilities Engineering Command, Atlantic, taken under 
National Marine Fisheries Service research permit #17670-04. 

(a) 

(b) 
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A series of biological samples was collected from each captured seal (Table 1). Information 
recorded during the capture and sampling events included 1) time the net was set; 2) time each 
animal was disentangled; 3) time biological sampling began; 4) onset of Lidocaine 
administration for blubber biopsy, and 5) time the animal was released. All capture and 
sampling activities were conducted in accordance with the National Marine Fisheries Service 
research permit #17670-04. 

Table 1 Biological sample type, purpose, and receiving laboratory. 

Sample 
Type Sample Purpose Testing Laboratory Storage 

Medium 

Fur Stable isotope analysis Louisiana State University: Department of 
Oceanography and Coastal Studies Frozen -20 

Whiskers Stable isotope analysis Louisiana State University: Department of 
Oceanography and Coastal Studies 

Frozen -20 

Whole blood Stable isotope analysis Louisiana State University: Department of 
Oceanography and Coastal Studies Frozen -80 

Skin Genetics University of Maine: School of Marine 
Science DMSO 

Skin Genetics NOAA: National Marine Fisheries DMSO 

Blubber Fatty acid diet analysis NOAA: Northeast Fisheries Science 
Center Frozen -20 

Conjunctiva 
swab 

Influenza A surveillance Tufts University: Cummings School of 
Veterinary Medicine 

VTM 

Nasal swab Influenza A surveillance Tufts University: Cummings School of 
Veterinary Medicine VTM 

Rectal swab Influenza A surveillance Tufts University:  Cummings School of 
Veterinary Medicine VTM 

Serum Influenza A surveillance Tufts University: Cummings School of 
Veterinary Medicine Frozen -80 

Serum Pathology surveillance 
archive NOAA: National Marine Fisheries Frozen -80 

Conjunctiva 
swab 

Pathology surveillance 
archive NOAA: National Marine Fisheries Frozen -80 

Nasal swab Pathology surveillance 
archive NOAA: National Marine Fisheries Frozen -80 

Rectal swab Pathology surveillance 
archive 

NOAA: National Marine Fisheries Frozen -80 

Hair Mercury analysis Woods Hole Oceanographic Institute Frozen -20 
Skin Mercury analysis Woods Hole Oceanographic Institute Frozen -80 
Serum PDV serology Woods Hole Oceanographic Institute Frozen -20 
NaHep 
serum 

PBM isolation: immune-
assays and in-vitro infection Woods Hole Oceanographic Institute Chilled on ice 

EDTA whole 
blood 

PBM isolation: immune-
assays and in-vitro infection Woods Hole Oceanographic Institute Chilled on ice 

EDTA whole 
blood Health assessment IDEXX Laboratories Inc. Chilled on ice 

Serum Health assessment IDEXX Laboratories Inc. Chilled on ice 

Blood smear Health assessment IDEXX Laboratories Inc. Room 
temperature 

KEY: DMSO = dimethyl sulfoxide; EDTA = ethylenediaminetetraacetic acid; NaHep = sodium heparin;  
NOAA = National Oceanic and Atmospheric Administration; PBM = peripheral blood mononuclear cell;   
PDV = phocine distemper virus; VTM = viral transport medium. 
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Figure 5. Acoustic receiver array in Chesapeake Bay and coastal Virginia.  

 BOEM = Bureau of Ocean and Energy Management; OPAREA = Operating Area; 
VACAPES = Virginia Capes Range Complex. 
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Figure 6. Time-series of depth and temperature for seal 1802, from 04 February through 29 June 
2018.  

 Vertical dashed lines demarcate the time periods the animal spent 1) in Virginia (left of 
the first line), 2) traveling northward (between the two lines), and 3) in Maine (right of 
the second line).  

1 3 2 



https://www.ndbc.noaa.gov/station_page.php?station=44099
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Figure 7. In-water temperature values and averages for seven satellite-tagged seals during the 
time period that each was in Virginia waters. 
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Figure 9. Reconstructed tracks of all seven seals tagged in coastal Virginia in February 2018 

(maximum tag duration = 5 months; N = 7) in relation to Navy operating areas.  

 OPAREA = Operating Area; VACAPES = Virginia Capes Range Complex. 
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Figure 10. Reconstructed tracks of all seven tagged seals (February through April 2018) in 

relation to the Virginia Capes Range Complex (VACAPES) operating area (OPAREA). 



NAVFAC LANT | Seal Tagging and Tracking in Virginia: 
2017-2018 

 
 

March 2019 | 20 

 

Figure 11. Habitat use map for all seven harbor seals tagged in February 2018, in relation to Navy 
operating areas (OPAREA) (maximum tag duration = 5 months).  

 Colors represent the number of overlaid individual 95 percent habitat-use isopleths, 
with cool colors indicating lower counts and warmer colors indicating higher counts. 
LoCoH = local convex hull; VACAPES = Virginia Capes Range Complex. 
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Table 5. Spatial and temporal statistics calculated from Advanced Research and Global 
Observation Satellite (ARGOS) locations.   

Animal 
ID 

Deployment 
Start Date 

Date Left 
Virginia 

Deployment 
End Date 

Tracking 
Days 

Distance 
Traveled 

(km) 

95% Use 
Area (km2) 

50% Use 
Area* (km2) 

1801 2/4/2018 4/15/2018 5/23/2018 107 4,374 7,759 1,101 

1802 2/4/2018 4/01/2018 6/29/2018 143 4,002 701 74 

1803 2/4/2018 3/31/2018 5/6/2018 90 3,543 6,378 307 

1804 2/4/2018 4/4/2018 5/26/2018 108 3,652 6,924 504 

1805 2/6/2018 3/29/2018 4/9/2018 61 2,670 3,742 68 

1806 2/6/2018 4/14/2018 6/22/2018 135 3,383 556 33 

1807 2/8/2018 CBD** 4/26/2018 77 3,438 4,047 872 

*Represents core habitat in Virginia waters. 
**Cannot be determined, since this seal did not leave Virginia waters during the tracking duration.  Km = kilometer(s); 
km2 = square kilometer(s); % = percent.  

All tagged seals returned regularly to the capture site while in Virginia waters, but utilized the 
coastal environment differently. Each seal made between 3 and 13 trips to and from the capture 
site during the time that satellite tag was transmitting in Virginia waters. (Table 6). These trips 
extended from 14 to 104 km away from the capture site, and lasted from one hour to 15 days. 
Individual seals used offshore vs. estuarine waters differently. Three seals (1802, 1806, and 
1807) never made trips into the Chesapeake Bay, while one seal (1804) stayed within the 
Chesapeake Bay and never visited offshore waters (Figure 13). Seals 1801 and 1803 only 
visited the Chesapeake Bay once, while seal 1805 only went offshore once.   

Table 6. Distance, duration, and number of all trips to and from the capture site made by each 
seal, while in Virginia waters (trips were defined as travel > 10 kilometers (km) away 
from capture site). 

Seal ID 

MIN 
Travel 

Distance 
(km) 

MAX 
Travel 

Distance 
(km) 

MIN Travel 
Time 

(hours) 

MAX 
Travel 
Time 

(hours) 

Total 
Trips 

Trips in 
Bay 

Trips 
Offshore 

1801 27 88 9 340 7 1 6 

1802 20 30 12 22 3 0 3 

1803 13 61 1 86 8 1 7 

1804 20 61 13 136 13 13 0 

1805 13 60 13 133 6 5 1 

1806 17 43 8 28 6 0 6 

1807 34 104 38 166 13 0 13 

 





NAVFAC LANT | Seal Tagging and Tracking in Virginia: 
2017-2018 

 
 

March 2019 | 24 

3.3 Acoustic Pinger Tags 
All five VEMCO tags deployed on harbor seals were detected within the Chesapeake Bay and 
coastal Virginia receiver array, but the amount of data from each tag varied. Figure 14 shows 
the number of detections of VEMCO acoustic pinger tags at certain receivers in the receiver 
array in the Chesapeake Bay and Virginia coastal waters (see Figure 5 for a map of the 
regional array). Two tags were only picked up once, and another tag was only picked up during 
March. The remaining two animals were detected multiple times at different receivers.  

 

Figure 14. Number of detections of VEMCO acoustic pinger tags (all tagged seals) at selected 
receivers in the receiver array in Chesapeake Bay and coastal Virginia.  

 OPAREA = Operating area; VACAPES = Virginia Capes Range Complex.  
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Table 7 VEMCO tag receiver detections by week/month. 

Receiver/Station 

# OF DETECTIONS  TOTAL 

Feb-18 Mar-18 Apr-18 

Feb 4-10 Feb 11-17 Feb 18-24 Feb 25-28 Mar 1-3 Mar 4-10 Mar 11-17 Mar 18-24 Mar 25-31 Apr 1-21 Apr 22-28 

10 off Cape Charles 5 5 9         1       20 

B13   2                   2 

CB3                     3 3 

CBBT1 18 66 2         3 6     95 

CBBT2 171 45 77   10 2   12 13     330 

CBBT7 39 42 17     1   10       109 

CC LS 2 6         1         9 

SBA 4               1       1 

SCL COMPLEX                     14 14 

WEA 1     3                 3 

WEA 2               2 1     3 

WEA 4                 2     2 

Total 235 166 108 0 10 3 1 29 22 0 7 591 

 

# of Detections 

  1-10 

  11-20 

  21-50 

  51-100 

  101-250 

  > 250 
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Figure 15. Percentage of time individual VEMCO-tagged seals spent at receivers.  

 CBBT = Chesapeake Bay Bridge and Tunnel; OPAREA = Operating area;  
VACAPES = Virginia Capes Range Complex.  
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3.4 Health Assessments  
Vital rates and morphometric measurements were recorded for all seals, and photographs were 
taken of ventral, lateral, and frontal views. Any wounds or abnormalities were also 
photographed. See Appendix C for complete health assessment criteria. A full suite of blood 
and biological samples was collected from each captured and tagged seal.  Samples were 
either processed and sent immediately to the requesting lab that same day and upon return 
from the capture site, or processed and sent to the requesting lab after the field sampling event 
had concluded for 2018.  The complete blood count and chemistry panel results were within 
normal range for pinnipeds according to values published in Deirauf and Gulland (2001). 
Several seals presented with lesions that were minor and incidental. Overall the seals were 
deemed healthy by the consulting veterinarian, based on physical exam findings at the time of 
handling, and results of routine blood panels4. Heart and respiratory rates were obtained and 
recorded for all seals. When possible, rates were obtained both before and after tagging (pre-
release). All seals were observed to have rapid or raspy respirations shortly after they were 
captured, but respiration rates returned to within normal range during tagging and before 
release.  Heart rates for each seal were monitored throughout the capture period and were 
within normal range.     

4. Discussion 
This proof-of-concept study was the first time researchers captured and tagged wild harbor 
seals in Virginia. Although findings are limited to the seven individual seals tagged in this study 
under National Marine Fisheries Service research permit #17670-04, these data provide 
preliminary insight into the habitat use patterns and haul-out behavior of harbor seals in and 
near Navy training areas and installations in Virginia, and along the U.S. Eastern Seaboard.  

4.1 Satellite Tags 
4.1.1 Depth and temperature thresholds 

The average and maximum dive depths recorded by the single SPLASH tag employed in this 
study, deployed on an adult male, are consistent with those observed for harbor seals in other 
regions and ocean basins (Tollit et al. 1998; Frost et al. 2001; Eguchi and Harvey 2005). This 
animal remained in Virginia waters through early April, spending its TAD < 30 m, and close to 
the capture site (Table 4, Figure 6, Figure B-5). Dive depths increased substantially in April 
and May, when the seal traveled northward toward coastal New England. The deeper recorded 
dives during this study (104 and 118 m) occurred off southern Long Island in early April and 
Penobscot Bay, Maine, in late May, respectively. Other studies have shown that harbor seals 
feed close to the sea-bed at moderate depths (4-200 m) (Harkonen and Heide-Jorgensen 1991; 
Bjorge et al. 1995; Tollit et al. 1998; Lesage et al. 1999; Gjertz et al. 2001). In general, the 
relatively shallow dive depths observed in this study are consistent with other studies of harbor 
seal dive behavior. Womble et al. (2014) found seals dive most frequently (81.6 percent) to 
                                                 
4 Two seals (1803 and 1805) later tested positive for avian influenza, and third seal (1806) was 
seropositive for the virus (i.e., it had antibodies against the avian influenza, but the virus itself was no 
longer detectable). 
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Table A-1. Monthly In-Water Temperature Statistics for each SPOT Tag 

Animal ID 
Month Temperature (C) 

Mean Max Min SD Num Obs. 

1801 Feb 7.74 9.00 5.20 0.89 151 

1801 Mar 8.10 9.00 6.85 0.56 212 

1801 Apr 8.61 9.00 7.50 0.30 34 

1802 Feb 6.14 8.75 2.60 1.89 1148 

1802 Mar 6.37 8.75 4.10 0.91 1287 

1802 Apr 5.78 6.05 5.65 0.09 59 

1803 Feb 7.29 9.00 4.25 1.21 221 

1803 Mar 7.41 9.00 5.75 0.68 273 

1804 Feb 6.80 9.00 4.35 1.32 70 

1804 Mar 7.45 9.00 5.85 0.86 180 

1804 Apr 7.66 8.85 6.50 0.79 15 

1805 Feb 6.94 8.90 4.30 1.14 152 

1805 Mar 6.97 8.95 4.80 0.76 318 

1806 Feb 7.10 8.95 4.40 1.07 54 

1806 Mar 7.26 9.00 5.35 0.84 110 

1806 Apr 8.10 8.10 8.10 NA 1 

1807 Feb 6.87 8.85 5.35 0.73 74 

1807 Mar 7.18 8.95 5.15 0.67 96 

1807 Apr 8.11 9.00 7.10 0.52 51 
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Figure B-1. Habitat use map for seal 1801 (tag duration = 04 February through 23 May 2018) in 
relation to Navy operating areas along the Eastern Seaboard. Green areas represent 
the 95 percent isopleth. 
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Figure B-2. Habitat use map for seal 1801 while in Virginia waters (04 February through 15 April 
2018) in relation to the VACAPES operating area. Green areas represent the 95 
percent isopleth, and crosshatched areas represent the 50% isopleth. 
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Figure B-3. Habitat use map for seal 1801 while in Block Island Sound (26 April through 20 May 
2018) in relation to the Narragansett operating area. Green areas represent the 95 
percent isopleth, and crosshatched areas represent the 50% isopleth. 
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Figure B-4. Habitat use map for seal 1802 (tag duration = 04 February through 29 June 2018) in 
relation to Navy operating areas along the Eastern Seaboard. Green areas represent 
the 95 percent isopleth. 
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Figure B-5. Habitat use map for seal 1802 while in Virginia waters (04 February through 01 April 
2018) in relation to the VACAPES operating area. Green areas represent the 95 
percent isopleth, and crosshatched areas represent the 50% isopleth. 
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Figure B-6. Habitat use map for seal 1803 (tag duration = 04 February through 06 May 2018) in 
relation to Navy operating areas along the Eastern Seaboard. Green areas represent 
the 95 percent isopleth. 
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Figure B-7. Habitat use map for seal 1803 while in Virginia waters (04 February through 31 March 
2018) in relation to the VACAPES operating area. Green areas represent the 95 
percent isopleth, and crosshatched areas represent the 50% isopleth. 

 

 




























