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1. Introduction 
Following the enactment of the Marine Mammal Protection Act in the United States (U.S.) in 
1972, and as amended (16 United States Code § 1361 14 et seq.), both harbor seal (Phoca 
vitulina) and gray seal (Halichoerus grypus) populations rebounded in the northwest Atlantic 
Ocean (Wood et al. 2011). Both species are year-round coastal inhabitants in eastern Canada 
and New England, and occur seasonally in the mid-Atlantic U.S. between September and May 
(Hayes et al. 2020). Individuals of both species move to northern areas for mating and pupping 
in the spring and summer, and return to southerly areas in the fall and winter. Within the last 
decade, harbor seals have been observed returning seasonally to haul-out (resting) locations in 
coastal Virginia, and gray seals are occasionally observed there as well (Ampela et al. 2019; 
Jones and Rees 2020). Harbor seals’ range in the Northwest Atlantic now extends as far south 
as North Carolina, but this range expansion is not necessarily indicative of an increasing 
population trend (Hayes et al. 2020). 

The U.S. Navy (Navy) regularly engages in training, testing, and in-water construction activities 
in coastal Virginia and Chesapeake Bay (Figure 1) in order to maintain Fleet readiness and 
structural integrity of military installations. The lower Chesapeake Bay and coastal areas of 
Virginia comprise one of the busiest hubs of naval activity on the east coast and hosts 
numerous pierside facilities, installations, vessel, shipyards, and in-water training ranges. Seals 
seasonally inhabiting and transiting through these areas could be impacted by the use of active 
sonars and explosives, vessel traffic and movement, dredging, pile driving, and other activities. 
Since 2013, the U.S. Navy has conducted regional harbor seal studies in order to assess the 
potential impacts on these animals from Navy activities, mitigate potentially harmful interactions, 
and obtain appropriate authorizations to maintain environmental compliance.  

1.1 Project Background 
Navy biologists have been researching seal occurrence in and around the Chesapeake Bay 
since 2013, and conducting systematic haul-out counts in the region since 2014 (Jones and 
Rees 2020). Results from these surveys indicate that seals arrive in the area annually each fall 
and depart in the spring. However, our understanding of seal movements, habitat use, haul-out 
patterns, and dive behavior, both in Virginia waters and along the Eastern Seaboard, is still very 
limited. In order to assess potential impacts to seals from Navy activities, mitigate potentially 
harmful interactions, and obtain appropriate authorizations to maintain environmental 
compliance, it is important to better understand seal distribution and behavior in these areas.  

Since 2017, the Navy has undertaken telemetry (tagging) studies in order to characterize seals’ 
at-sea movements, habitat use, dive behavior, and the environmental variables that may 
influence their distribution and haul-out patterns. Location-only and depth-sensing tags, which 
track seals’ movements via satellite transmission, were deployed on seven harbor seals in 2018 
and two in 2020 (no tags have been deployed to date on gray seals as part of this study). 
Although tagging was attempted in 2019, no tags were successfully deployed. Detailed results 
from the 2018 tagging efforts are presented in Ampela et al. (2019). In this report we present 
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key results from the 2018 tagging study, detailed methods and results from the 2020 tagging 
study, and cumulative analyses of the 2018 and 2020 tag data.  

1.2 Key Results from 2018 Tag Deployments 
In February 2018, seven harbor seals were captured and instrumented with satellite-tracked 
tags. Of these, six were satellite-tracked position-only (SPOT) tags and one was a depth-
sensing SPLASH tag (Wildlife Computers, Redmond, Washington). SPOT tags recorded 
information about the animal’s horizontal movements, amount of time hauled out, and ambient 
temperature. SPLASH tags recorded information about dive depth and duration in addition to 
the data collected by the SPOT tags. Five of the seven seals were also instrumented with 
VEMCO tags, which signaled the seals’ locations via acoustic pings detected on an existing 
receiver array. Summary information for tagged seals is shown in Table 1.  

Table 1. Summary of seals tagged in 2018 
Date 

Tagged 
Animal 

ID 
Sat Tag 
PTT # 

Date of Last 
Transmission 

VEMCO 
Tag # 

Length 
(cm) 

Girth 
(cm) 

Weight 
(kg) Sex 

Estimated 
Age 

2/4/18 1801 166450 5/23/18 15249 102 80 29.0 Male Juvenile† 
2/4/18 1802 166449* 6/29/18 N/A** 153 118 90.4 Male Adult 

2/4/18 1803 166451 5/6/18 15251 129 99 58.8 Female Juvenile† 
2/4/18 1804 166452 5/26/18 15252 143 119 74.8 Female Juvenile† 

2/6/18 1805 166453 4/9/18 15253 121 97 49.8 Female Adult 
2/6/18 1806 173502 6/22/18 N/A 149 116 82.2 Female Adult 

2/8/18 1807 173503 4/26/18 15250*** 93 77 24.8 Female YOY‡ 

*One depth-sensing SPLASH tag was deployed on seal 1802. All other seals were instrumented with location-only SPOT tags; 
**Seal 1802 was also initially instrumented with VEMCO Tag #15250 on 04 February, but that tag was later dislodged when he was 
(unintentionally) recaptured on 06 February; ***VEMCO Tag #15250 was retrieved and deployed on seal 1807 on 08 February. No 
acoustic “pings” were detected during the time the VEMCO tag was attached to seal 1802; therefore, the data presented only 
include results from seal 1807; †Juvenile = 2–4 years old; ‡YOY = Young of the year, up to 1.5 years old. cm = centimeters; kg = 
kilometer(s); PTT = platform transmitter terminal. 

The mean number of tracking days for satellite tags deployed in 2018 was 103 (standard 
deviation (SD) ± 29.65 days; range 61–143 days). All seals spent at least 60 days in Virginia 
waters. Seal 1807’s platform transmitter terminal (PTT) stopped transmitting on 26 April while 
the animal was in Virginia waters, but the other six PTTs continued transmitting after the 
animals departed the area. These six seals headed north between 31 March and 15 April 2018. 
Four seals traveled as far north as coastal Maine during the tag reporting periods (1802, 1803, 
1804, and 1806), and two only traveled as far north as coastal Massachusetts (1801 and 1805) 
before their tags stopped transmitting data. 

While tagged seals were in Virginia waters, satellite tag data showed that haul-out sites on the 
Eastern Shore and Chesapeake Bay Bridge Tunnel (CBBT) Islands most likely functioned as a 
central resting location between foraging trips, and seals traveled to the Chesapeake Bay or to 
offshore waters east of the Bay from these sites. There were relatively few VEMCO detections, 
despite the extensive receiver array in Chesapeake Bay and coastal Virginia, and detections 
that were recorded occurred close (within ~30 km) to the capture site, mainly around the CBBT 
islands. An adaptive local convex hull (a-LoCoH) habitat-use analysis using satellite tag data 
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showed that the areas of highest habitat use for tagged seals fell outside of the Navy's 
VACAPES OPAREA. 

1.3 2020 Study Objectives 
The 2018 tagging work demonstrated that it is feasible to capture and tag healthy, wild harbor 
seals on the Eastern Shore of Virginia. All 2018 tags reported animal locations via the Advanced 
Research and Global Observation Satellite (Argos) satellite network, which has a location 
accuracy of up to 250 m (ARGOSWEB 2017). In order to allow for more robust conclusions 
about habitat use in and near Navy training areas, all tags deployed in 2020 were equipped with 
Fastloc® technology, which provide improved location accuracy of up to 20 m. Data from these 
tags builds on the data collected in 2018, with the goal of increasing our understanding of 
harbor seals’ residency time in Virginia waters, their local habitat utilization patterns, dive 
behavior, haul-out behavior, and seasonal movement patterns. The information gathered from 
this effort will provide valuable baseline data needed to assess potential impacts to seals from 
Navy activities in Virginia waters and along the Eastern Seaboard.
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Figure 1. Chesapeake Bay and coastal Virginia waters, including known seal haul-out sites, and the Virginia Capes Range Complex 
(VACAPES). COLREGS = collision regulations; OPAREA = Operating Area. 
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2. Methods 
2.1 Field Methods 
2.1.1 Captures 
The capture site was located on the Eastern Shore of Virginia, where harbor seals are regularly 
observed hauling out between fall and spring. The Eastern Shore haul-out area has several 
discrete haul-out sites (up to five different locations) clustered within a <1 km2 area where seals 
have been observed (Jones and Rees 2020). Seals were captured using a modified seine net 
deployed in-water adjacent to a haul-out site, following methods outlined in Ampela et al. (2019) 
(Figure 2). The net was promptly brought onto land following deployment, and any seals caught 
were safely removed from the net. The health assessment team confirmed that a seal was a 
candidate for tagging1 before any other actions were taken. Once determined the seal was a 
candidate, it was then removed from the seine net and placed in a hoop net for holding, prior to 
its transfer to the restraint board (Figure 3) for tagging and biological sampling. A team member 
was assigned to each seal for monitoring during the holding period. 

2.1.2 Tagging 
Seals were instrumented with flipper tags and satellite tags. Colored (light blue), f lexible, vinyl 
Allf lexTM livestock ear tags were attached to the seal’s left hind flipper webbing. These flipper 
tags feature unique identifiers specific to this study and are used for purposes of individual 
identif ication if resighted as they potentially stay attached for multiple years. Each seal was also 
instrumented with a Global Positioning System (GPS)-enabled depth-sensing satellite tag 
(SPLASH10-F manufactured by Wildlife Computers, Inc., Redmond, Washington). These tags 
are data-archiving, satellite-transmitting tags designed for tracking fine-scale horizontal 
movements as well as vertical (dive) movements. Satellite tags were glued directly to the seals’ 
fur on the head or shoulder area (depending on the size of the animal) using DevconTM 20845 
High Strength 5-Minute Epoxy. Satellite tags were positioned to maximize data transmission, 
since data are only transmitted to the ARGOS network when the tag antenna is above the water 
surface (Figure 4). These tags were designed to fall off during the annual molt in July, following 
the May-June breeding season.  

 
1 Seals were determined to be candidates for tagging based on health and behavioral criteria, including 
respiration characteristics, body condition, body posture, and presence/absence of wounds (see 
Appendix B). 
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3. Results 
3.1 Summary of Tagged Animals 
Two harbor seals were captured3 and instrumented with satellite-tracked tags in late 
February/early March 2020. Both of these tags were depth-sensing SPLASH tags with Fastloc® 
capabilities (i.e., GPS-enabled). Vinyl identification (Allf lexTM) tags were also attached to the 
hind flipper webbing of each seal. The satellite tag attached to seal 2001, a juvenile female, 
stayed on for approximately one month longer than the tag attached to the other seal (2002), a 
juvenile male. Table 4 summarizes individual seal and deployment information for both of these 
tags.   

Table 4. Individual seals tagged in 2020 and summary of tag deployments.   

Animal 
ID 

Sat Tag 
PTT # 

Length 
(cm) 

Girth 
(cm) 

Weight 
(kg) 

Age 
(est.) 
and 
sex 

Tag 
Start 
Date 

Date 
Left VA 

Tag 
End 
Date 

Tracking 
Days 

Distance 
Traveled 

(km) 

Distance 
Traveled 

in VA 
Waters 

2001 177411 95 80 26.1 Juv. 
Female 2/26/20 3/31/20 7/12/20 137 7,572 1,897 

2002 177410 130 88 47.0 Juv. 
Male 3/2/20 3/20/20 6/10/20 99 5,743 1,039 

PTT = platform transmitter terminal; cm = centimeters; kg = kilogram(s); est. = estimated; VA = Virginia; km = 
kilometer(s); km2 = square kilometer(s); % = percent; juv. = juvenile. 

3.2 Seal Track Maps 
3.2.1 2020 Tags 
The two PTTs deployed in 2020 recorded 6,032 raw locations. Seal tracks were created using 
filtered ARGOS locations with the Douglas Filter (Figures 6 and 7). These two GPS-enabled 
tags recorded 281 locations where seals were classified as “hauled-out”, 41 (15%) of which 
were on the Eastern Shore (Figure 8). No haul-out locations were identified on the CBBT 
Islands, although tagged seals moved between the Islands and the Eastern Shore. The 
remainder of haul-out locations were recorded in coastal areas and islands in Rhode Island or 
further north, including Cape Cod Bay and coastal Maine. 

Both tags pooled together reported a total of 236 tracking days (defined as the number of days 
from 24 hours post-deployment to last transmission for each tag) from 27 February through 12 
July 20204. Data was transmitted on 235 of 236 tracking days (99% of transmission days). For 
the entire deployment period of both tags, locations were reported every 12 hours on 99% of 
tracking days, and every 6 hours on 94% of tracking days. Both seals spent at least 22 days in 
Virginia waters following tag deployments. Both seals returned regularly to the capture site while 
in the region, but utilized the coastal environment differently. Seal 2002, a juvenile male, used 
the offshore environment almost exclusively, whereas seal 2001, a juvenile female, spent time 
both in the Bay and the offshore environment (Figures 6 and 7). Seal 2001 departed Virginia on 

 
3 A total of 15 harbor seals were captured briefly in the net in 2020; however, all but two were able to 
escape from the net shortly after capture.  
4 Start and end dates of individual tags fell outside of the “pooled” time frame. 
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4. Discussion 
This work is a continuation of seal tagging efforts in coastal Virginia first undertaken in 2017. 
Although findings are limited to the nine individual seals tagged in this study to date, 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 coastal Virginia, and along the U.S. Eastern 
Seaboard. All capture and tagging activities were performed under National Marine Fisheries 
Service (NMFS) Scientif ic Research Permit #21719. 

Both tags deployed in 2020 were GPS (Fastloc®) enabled, which reported locations more 
frequently, and with better accuracy, than Argos-only tags. Seals tagged in 2020 showed 
broadly similar spatial extent of seasonal movements as seals tagged in 2018 (Ampela et al. 
2019). In both years, seals traveled as far north as coastal Maine, and used similar haul-out 
areas in southern New England. In Virginia waters, tagged seals utilized both the Chesapeake 
Bay and offshore waters, and exhibited site fidelity to the haul-out locations on the Eastern 
Shore and CBBT Islands. Seals are central place foragers (Thompson and Miller 1990; Russell 
et al. 2015; Huon et al. 2020) and these sites likely function as a central foraging area when 
seals are in Virginia waters. Habitat use analysis indicated that the most heavily utilized area 
was near the Eastern Shore capture site, but this may be biased by the fact that this was the tag 
deployment location, and by the small sample size (n=9). In the future, a state space model that 
predicts locations at equal time intervals could allow more robust conclusions about habitat use.   

The average and maximum dive depths recorded by the SPLASH tags deployed in 2018 and 
2020 (n=3) 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). Womble et al. (2014) 
found that harbor seals dive most frequently (81.6%) to depths shallower than 50 m. Gjertz et al. 
(2001) reported the maximum depth reached by harbor seals to be within the 200–350 m range; 
however, additional studies have reported shallower maximum dive depths, reaching less than 
100 m off of Nova Scotia (Bowen et al. 1999), Svalbard (Jørgensen et al. 2001), and in Prince 
William sound (Frost et al. 2001). Results from this study suggest that harbor seals may be 
exploiting food resources at moderate depths and varying distances from shore in different 
regions throughout their range. Harbor seals in the Northwest Atlantic are known to prey on 
demersal (bottom-dwelling) fish such as sand lance, gadids, f latfish, and redfish (Sebastes 
spp.), pelagic fish such as clupeids and salmonids, as well as squids (Payne and Selzer 1989; 
Bowen and Harrison 1996). 

Maximum dive depths were substantially different for the 2018 vs. 2020 seal tags. The 
maximum depth recorded for seal 1802, an adult male tagged in 2018, was 118 m, whereas the 
maximum depths recorded for the two juvenile seals tagged in 2020 were roughly half this. Age, 
sex, and body size can influence dive behavior in harbor seals (Coltman et al. 1997; Thompson 
et al. 1998), as can haul-out location, breeding status, and time of day (Wilson et al. 2014). It is 
possible that age and body size were influential factors in dive depths observed in this study, 
although the small sample size prevents a more robust analysis from being conducted.  

Previous studies have shown that tidal state is the most consistent factor influencing the daily 
timing of when seals haul out (Brown and Mate 1983; Schneider and Payne 1983; Stewart and 
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5. Summary and Future Work 
Additional tag deployments are planned for early 20226 at the same capture location. Future 
capture efforts will involve use of a modified gill net, in addition to the seine net used in previous 
years, in order to improve the probability of capture success.  Findings from this study will 
inform methods for future capture efforts at this location, with the goal of increasing the number 
seal tags deployed. Up to 15 seals will be instrumented with a combination of location-only and 
depth-sensing tags. Results from this work will further our understanding of harbor seals’ 
movement patterns, dive behavior, habitat use, and haul-out patterns in and near Navy training 
areas and installations in Virginia, and along the U.S. Eastern Seaboard. Tag data will also be 
used to develop in-water correction factors for use in seal census studies that assess seasonal 
abundance, density, and distribution of Northwest Atlantic harbor seal populations. Additional 
data from depth-sensing tags will help inform Navy analyses of anthropogenic sound on seals at 
varying depths in the water column. As a next step, the environmental haul-out analysis 
presented here could be expanded to include a predictive modeling component to better 
understand seal movements and haul-out behavior in relation to these variables in Virginia 
waters (e.g. Moll et al. 2017). 

This project was a collaborative effort among a variety of organizations, and biological samples 
taken from captured seals were shared with a number of researchers who are investigating the 
health, diet, and genetic structure of harbor seals in the Northwest Atlantic. These data can be 
used to help monitor population-level health status, particularly in the context of recent Unusual 
Mortality Events (UME) for the harbor and gray seal North Atlantic stocks, and in support of 
NOAA’s Marine Mammal Health and Stranding Response program. Understanding the 
distribution and abundance, habitat use, and health status of these seal populations can 
eventually provide the foundation for a range-wide ecosystem-based analysis. The results from 
this study contribute new information about the fine-scale movements of harbor seals near the 
southern extent of their current range, and will provide a better understanding of harbor seals’ 
seasonal movements, site fidelity, time spent hauled out vs. at sea, and survivorship of tagged 
individuals. 

  

 
6 Tagging efforts originally planned for early 2021 were postponed due to concerns about COVID-19.  



NAVFAC LANT | Seal Tagging and Tracking in Virginia: 
2019-2020 

 
 

February 2021 | 42 

6. Acknowledgements 
We thank Laura Busch at Fleet Forces Command for providing funding for this project. We also 
thank Danielle Jones at NAVFAC LANT for field support, scientific guidance, and report review, 
and Mendy Garron (Greater Atlantic Regional Fisheries Office) for f ield support. Many thanks 
are due to Sean Hayes and Kimberly Murray (National Oceanic and Atmospheric Administration 
Fisheries/Northeast Fisheries Science Center [NOAA/NEFSC]) who allowed this work to be 
performed under NMFS Scientific Research Permit #21719. This project would not have been 
possible without Gordon Waring and Alli Deperte (Atlantic Marine Conservation Society); Philip 
Thorson (NAVFAC Northwest); Alex Wilke, Zak Poulton, Marcus Killmon, and Bo Lusk (The 
Nature Conservancy); Susan Barco, Allyson McNaughton, and Sarah McCormack (The Virginia 
Aquarium); Ruth Boettcher and Jeremy Tarwater (Virginia Department of Game and Inland 
Fisheries); Andrea Bogomolni (Northwest Atlantic Seal Research Consortium); Stacey Lowe 
(U.S. Fish and Wildlife Service, Eastern Shore of Virginia National Wildlife Refuge), and the staff 
at Kiptopeke State Park. Thanks also to Olga Kosta and Cathy Bacon (HDR, Inc.) for assistance 
with graphics, statistical analysis, and technical editing. 

  



NAVFAC LANT | Seal Tagging and Tracking in Virginia: 
2019-2020 

 
 

February 2021 | 43 

7. Literature Cited 
Amante, C., and B.W. Eakins. 2009. ETOPO1 1 Arc-Minute Global Relief Model: Procedures, 

Data Sources and Analysis. NOAA Technical Memorandum NESDIS NGDC-24. 
National Geophysical Data Center, National Oceanic and Atmospheric Administration. 
Boulder, CO. November 2014. 

Ampela, K., M. DeAngelis, R. DiGiovanni, Jr., and G. Lockhart. 2019. Seal Tagging and 
Tracking in Virginia, 2017-2018. Prepared for U.S. Fleet Forces Command. Submitted to 
Naval Facilities Engineering Command Atlantic, Norfolk, Virginia, under Contract No. 
N62470-15-8006, Task Order 17F4058, issued to HDR, Inc., Virginia Beach, Virginia. 
March 2019. 

ARGOSWEB. 2017. User Manual. Accessed 1 December 2020 from https://www.argos-
system.org/wp-content/uploads/2018/11/User-manual-ArgosWeb-V5-2.pdf 

Bowen, W.D., and G.D. Harrison. 1996. Comparison of harbour seal diets in two inshore 
habitats of Atlantic Canada. Canadian Journal of Zoology 74(1):125–135. 

Bowen, W.D., D.J. Boness, and S.J. Iverson. 1999. Diving behaviour of lactating harbour seals 
and their pups during maternal foraging trips. Canadian Journal of Zoology 77(6):978–
988. 

Brown, R.F., and B.R Mate. 1983. Abundance, movements, and feeding-habits of harbor seals, 
Phoca vitulina, at Netarts and Tillamook Bays, Oregon. Fishery Bulletin 81(2):291–301. 

Calambokidis, J., B.L. Taylor, S.D. Carter, G.H. Steiger, P.K. Dawson, and L.D. Antrim. 1987. 
Distribution and haul-out behavior of harbor seals in Glacier Bay, Alaska. Canadian 
Journal of Zoology 65(6):1391–1396. 

Calenge, C. 2006. The package “adehabitat” for the R software: a tool for the analysis of space 
and habitat use by animals. Ecological Modelling 197(3-4):516–519.  

Coltman, D.W., W.D. Bowen, D.J. Boness, and S.J. Iverson. 1997. Balancing foraging and 
reproduction in the male harbor seal, an aquatically mating pinniped. Animal Behavior 
54:663–678. 

Douglas, D.C., R. Weinzierl, S.C. Davidson, R. Kays, M. Wikelski, and G. Bohrer. 2012. 
Moderating Argos location errors in animal tracking data. Methods in Ecology and 
Evolution 3(6):999–1007.  

Dierauf, L.A. and F.M.D. Gulland. 2001. CRC handbook of marine mammal medicine: second 
edition. Boca Routon, FL. Taylor & Francis Group LLC. 

Eguchi, T., and J.T. Harvey. 2005. Diving behavior of the Pacific harbor seal (Phoca vitulina 
richardii) in Monterey Bay, California. Marine Mammal Science 21(2):283–295. 







NAVFAC LANT | Seal Tagging and Tracking in Virginia: 
2019-2020 

 
 

A-1 

  

  

A 
Appendix A   
Comparison of Seal Tag and Trail 
Camera Data 

  

Appendix A 
 

 









NAVFAC LANT | Seal Tagging and Tracking in Virginia: 
2019-2020 

 
 

B-1 

  

  

B 
Appendix B  
Sample Data Sheets 

  

Appendix B 
 

  










	Table of Contents
	List of Appendices
	List of Figures
	List of Tables
	Acronyms and Abbreviations
	1. Introduction
	1.1 Project Background
	1.2 Key Results from 2018 Tag Deployments
	1.3 2020 Study Objectives
	Figure 1. Chesapeake Bay and coastal Virginia waters, including known seal haul-out sites, and the Virginia Capes Range Complex (VACAPES).


	2. Methods
	2.1 Field Methods
	2.1.1 Captures
	2.1.2 Tagging
	Figure 2. Monitoring the deployed net (indicated by red arrows) for seal activity.
	Figure 3. Post-tagging release of seal 2001. Photograph by D. Rees, Naval Facilities Engineering Command, Atlantic, taken under National Marine Fisheries Service Permit #21719.
	Figure 4. Satellite-tracked depth-sensing (SPLASH) tag (red arrow) and vinyl flipper tag (yellow arrow) affixed to seal 2001.

	2.1.3 Biological Sampling

	2.2 Data Analysis Methods
	2.2.1 Satellite Tag Data Processing
	2.2.2 Dive-depth Data and In-water Temperatures
	2.2.3 Haul-out Patterns
	Temporal Haul-out Patterns (all regions)
	Haul-out Patterns WITH RESPECT TO ENVIRONMENTAL FACTORS (virginia waters only)
	Comparison of Satellite Tag Data and Trail Camera Imagery (Virginia Waters Only)
	Figure 5. Placement of trail cameras at the Eastern Shore seal haul-out area. Letters A-F indicate specific haul-out sites.


	2.2.4 Location Data
	2.2.5 Habitat-use Analysis


	3. Results
	3.1 Summary of Tagged Animals
	3.2 Seal Track Maps
	3.2.1 2020 Tags
	Figure 6. Reconstructed track of seal 2001, a juvenile female harbor seal (tag duration 27 February through 11 July 2020) in relation to Navy operating areas.
	Figure 7. Reconstructed track of seal 2002 (tag duration 3 March through 10 June 2020) in relation to Navy operating areas.
	Figure 8. Haul-out locations for the two seals tagged in 2020. Haul-out areas are based on Fastloc® GPS locations classified as “hauled out.”

	3.2.2 2018 and 2020 Tags
	Figure 9. Reconstructed tracks of all nine seals tagged in coastal Virginia (maximum tag duration = 6 months; N = 9) in relation to Navy operating areas.
	Figure 10. Reconstructed tracks of all nine tagged seals while in Virginia waters, in relation to the Virginia Capes Range Complex (VACAPES) operating area (OPAREA).


	3.3 Habitat Use
	3.3.1 2020 Tags
	Figure 11. Habitat use map for seal 2001 (tag duration = 28 February through 12 July 2020) in relation to Navy operating areas along the Eastern Seaboard.
	Figure 12. Habitat use map for seal 2002 (tag duration = 2 March through 10 June 2020) in relation to Navy operating areas along the Eastern Seaboard.

	3.3.2 2018 and 2020 Tags
	Figure 13. Habitat use map for all nine harbor seals tagged in relation to Navy operating areas (OPAREA) (maximum tag duration = 6 months).
	Figure 14. The intersection of all nine harbor seals’ 95 percent isopleths (left panel) and 50 percent habitat-use isopleths (right panel) in Virginia waters.


	3.4 Dive-depth and Temperature
	3.4.1 2020 Tags
	Figure 15. Time-series of depth and in-water temperature for seal 2001 (deployment period = 27 February through 12 July 2020).
	Figure 16. Time-series of depth and in-water temperature for seal 2002 (deployment period = 3 March through 9 June 2020).
	Figure 17. In-water temperature values and averages for each harbor seal tagged in 2020, over the entire duration of the tag reporting periods.

	3.4.2 2018 and 2020 Tags

	3.5 Haul-out Behavior
	Temporal Haul-Out Patterns
	Figure 18. Monthly probability densities of time spent hauled out for seals tagged in 2020 (n=2). Hour-of-day (x-axis) is local 24-hour time.
	Figure 19. Pooled monthly probability densities of time spent hauled out for all seals tagged in 2018 (n=7) and 2020 (n=2). Hour-of-day (x-axis) is local 24-hour time.

	Haul-Out Patterns with Respect to Environmental Factors
	Tidal cycle
	Time of day
	Figure 20. Total number of minutes tagged seals spent hauled out in daylight vs. nighttime hours while in Virginia waters. Data are shown for seals tagged in 2018 and 2020 (n=9).

	Wind speed
	Water temperature
	Figure 21. Water temperatures near the capture site, from 4 February through 15 April 2018, as recorded on NOAA data buoy station CHBV2.
	Figure 22. Water temperatures near the capture site, from 26 February and 31 March 2020, as recorded on NOAA data buoy station CHBV2.
	Figure 23. Number of seal haul-out events with respect to water temperature as recorded on NOAA data buoy station CHBV2. Date range = 4 February through 15 April 2018.
	Figure 24. Number of seal haul-out events with respect to water temperature as recorded on NOAA data buoy station CHBV2. Date range = 26 February through 31 March 2020.

	Air temperature
	Figure 25. Air temperatures near capture site, from 4 February through 15 April 2018, as recorded at the NOAA Climatological Data Station WBAN:03739 in Cape Charles, Virginia.
	Figure 26. Air temperatures near capture site, from 26 February and 31 March 2020, as recorded at the NOAA Climatological Data Station WBAN:03739 in Cape Charles, Virginia.
	Figure 27. Number of seal haul-out events with respect to air temperature as recorded at the NOAA Climatological Data Station WBAN:03739 in Cape Charles, Virginia. Date range = 4 February through 15 April 2018.
	Figure 28. Number of seal haul-out events with respect to air temperature as recorded at the NOAA Climatological Data Station WBAN:03739 in Cape Charles, Virginia. Date range = 26 February through 31 March 2020.
	Figure 29. Image taken on 12 March 2020 at haul-out site E1. The red circle indicates a tagged seal, which is likely seal 2002 based on data from its satellite tag.



	3.6 Health Assessments

	4. Discussion
	5. Summary and Future Work
	6. Acknowledgements
	7. Literature Cited
	Appendix A
	Appendix B

	Appendix A  Comparison of Seal Tag and Trail Camera Data
	Appendix B Sample Data Sheets

