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Abstract

A combination of visual line-transect survey, photo-identification (photo-ID), and automated
acoustic monitoring methods is being used to gather important baseline information on the
occurrence, distribution, and density of marine mammals near Naval Station Norfolk and
adjacent areas. The study area was chosen to cover areas where United States (U.S.) Navy
activity is substantial, including Chesapeake Bay waters near Naval Station Norfolk and Joint
Expeditionary Base Little Creek-Fort Story, as well as a Mine Exercise (MINEX) Area (W-50) in
the Atlantic off the coast of Virginia Beach, Virginia. Forty-seven line-transect surveys were
completed in two zones (INSHORE and MINEX) between August 2012 and December 2014,
with 5,106 kilometers (km) and 276.5 hours completed on-effort. The majority of sightings were
of bottlenose dolphins (Tursiops truncatus), although humpback whales (Megaptera
novaeangliae) and short-beaked common dolphins (Delphinus delphis) were also sighted in the
study area on occasion. In addition, loggerhead sea turtles (Caretta caretta) and leatherback
sea turtles (Dermochelys coriacea) were sighted during the study period. Conventional line-
transect analysis of bottlenose dolphin sightings showed both spatial and seasonal variation in
density and abundance, with greatest abundance in the INSHORE zone during fall months.
Densities in the INSHORE zone were calculated as 4.12 individuals per square kilometer (km?)
(abundance[n]=1,279) in fall, 0.45 individuals per km? (n=138) in winter, 1.02 individuals per km?
(n=316) in spring, and 2.86 individuals per km? (n=887) in summer. Densities in the MINEX
zone were calculated as 2.23 individuals per km? (n=1,333) in fall, 0.06 individuals per km?
(n=35) in winter, 0.24 individuals per km? (n=145) in spring, and 1.19 individuals per km?
(n=709) in summer. Nineteen photo-ID surveys were completed, and a photo-ID catalog was
created using photos taken during both dedicated photo-ID and line-transect surveys through
September 2013; it contains 462 identified individuals to date. Forty-one individuals were re-
sighted; however, most re-sightings were less than 3 months and 21 km apart. Additional survey
effort and further analysis will be required before any clear movement patterns can be
determined. C-POD acoustic data-loggers were initially deployed at four sites throughout the
study area to cover areas of high U.S. Navy activity. Bottlenose dolphins were detected in each
deployment location during all deployments from August 2012 to January 2015. Though
deployments did not provide consistent coverage in all seasons for each site due to loss of gear,
results from one deployment site showed a greater level of occurrence during summer and fall
months, and a diel pattern of occurrence with increased detections during nighttime hours for
three deployment sites. Additional study is required to improve accuracy in seasonal density
estimates and allow further stratification of those estimates, and to better describe the
movement patterns and site fidelity of the bottlenose dolphins in these waters. Visual surveys
and additional C-POD deployments are currently planned through August 2015.
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1. Introduction

Bottlenose dolphins (Tursiops truncatus) are common in Chesapeake Bay and in waters off the
Virginia coastline. These individuals are part of both the Western North Atlantic Southern
Migratory Coastal Stock of bottlenose dolphins, which ranges in distribution in summer from
Cape Lookout, North Carolina, to central Virginia; and the Western North Atlantic Northern
Migratory Coastal Stock, which ranges from the Chesapeake Bay mouth to Long Island, New
York, in the summer (Waring et al. 2014). These two stocks are managed by the National
Marine Fisheries Service (NMFS). Total abundance of the Southern Migratory Coastal Stock is
estimated at 9,173 dolphins (coefficient of variation [CV]=0.46), and the Northern Migratory
Coastal Stock is estimated at 11,548 dolphins (CV=0.36, Waring et al. 2014). Significant
seasonal fluctuations in bottlenose dolphin distribution and numbers exist in this area, with peak
abundance occurring in late summer/early fall when water temperatures peak (Barco et al.
1999). Although previous work has investigated metrics to estimate bottlenose dolphin
abundance in this region (e.g., Blaylock 1988, Barco et al. 1999, Baker 2000), the actual local
abundance estimated in parts of this area of overlap between stocks is not thoroughly
understood. For example, Blaylock (1988) estimated that there were on average 340 bottlenose
dolphins in the Chesapeake Bay mouth and southern Virginia coast, but only one of 10 surveys
used to generate this estimate included the Virginia coastline waters.

The waters off the Virginia coast are heavily utilized by the United States (U.S.) Navy due to the
proximity ofthewo r | d 6 snavalebasg @aval Station Norfolk [NSN]), as well as Joint
Expeditionary Base Little Creek-Fort Story (JEB-LC-FS), all located adjacent to Chesapeake
Bay, and the Virginia Capes (VACAPES) operating area (OPAREA) Mine Neutralization
Exercise (MINEX) training range (W-50). The VACAPES MINEX area is located in nearshore
Atlantic waters, extending from approximately 6 kilometers (km) (3 nautical miles [NM]) to 27 km
(15 NM) from shore.

Visual surveys and passive acoustic monitoring (PAM) were initiated in August 2012. The
primary goal for the work is to provide a more complete assessment of the seasonal occurrence
of bottlenose dolphins in the area (including calculated densities). The information will be used
to allow the U.S. Navy to make more informed decisions on proposed training and testing
activities in the area. Furthermore, baseline occurrence information can minimize potential
effects on the marine mammals utilizing the area. While the project is expected to continue
through at least July 2015, this annual summary report describes the data, progress, and results
from August 2012 through December 2014.

1.1 Project Objectives

The HDR Marine Species Monitoring (MSM) Team was tasked to initiate a monitoring project in
coastal waters around NSN, JEB-LC, JEB-FS, and the Virginia Beach waterfront, including the
VACAPES MINEX W-50 training area. The main objective was to provide quantitative data and
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information on the seasonal occurrence, distribution, and density of marine mammals.
Emphasis was given to working with local researchers and employing proven marine mammal
monitoring and research techniques to accomplish the following:

1. Conduct monthly systematic line-transect surveys to determine distribution and
density/abundance of marine mammals in the vicinity of NSN, JEB-LC, JEB-FS, and the
MINEX W-50 area.

2. Conduct monthly photo-identification (photo-ID) surveys during summer months to
determine the site fidelity and distributional patterns of marine mammals utilizing the
areas listed above.

3. Supplement visual surveys by deploying and retrieving four C-POD acoustic recording
devices to monitor for dolphin echolocation clicks in specific locations.

1.2  Project Tasks

Task 171 Vessel Line-transect Surveys. Monthly line-transect surveys were conducted (using
NMFSéstandard Distance sampling protocols, Jackson 2001) of coastal waters near NSN,
outside of JEB-LC and JEB-FS, and along the beaches of Virginia Beach (including the
VACAPES MINEX W-50 training area). The study area and zones were determined through
coordination with the U.S. Navy Contracting Officer Representative (COR).

Task 21 Photo-identification Surveys. Monthly photo-ID surveys were completed in areas
near NSN, JEB-LC, and JEB-FS. Priority was given to maximizing representation of individuals
near the naval bases to allow for analysis of movement patterns in those areas.

Task 31 C-POD Automated Acoustic Monitoring. C-PODs, automated acoustic monitoring
detectors for echolocation clicks, were placed in areas of interest. Final locations were adjusted
as advised by interested parties during the Virginia Marine Resources Commission permitting
process and by the COR.

Task 41 Data Analysis and Reporting. Line-transect survey data were analyzed for
bottlenose dolphin density using the software program Distance 6.0 Release 2 (Thomas et al.
2010) to provide density estimates for the study area. An electronic photo-ID catalogue was
prepared usingimagesof bottl enose dol phinsé dorsal fi
C-POD acoustic detection data were also analyzed for the relative presence of echolocation
clicks.
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2. Materials and Methods
2.1 Study Area

Norfolk and Virginia Beach border the southern end of the Chesapeake Bay, and the coastline
of Virginia Beach extends along the Atlantic Ocean (Figure 1). NSN, JEB-LC, JEB-FS, and the
VACAPES MINEX W-50 training area (consisting of range boxes A, B, and C) east of Virginia
Beach are within or adjacent to these waters. Within the study area: 1) construction activities
are widespread, 2) military, commercial, and recreational vessels transit in large numbers, and
3) U.S. Navy training exercises occur on a regular basis.

Prior to initial surveys in 2012, two primary survey zones were established, as shown in Figure
1. Following supplementary information and input, and taking into account results from this
study, the offshore zone was adjusted in March 2014 to optimize coverage. The amended
zones are shown in Figure 2:

1. COASTAL/INSHORE i a 310.4-square kilometer (km?) area covering a strip extending
from shore out to 3.7 km (2.0 NM). The COASTAL/INSHORE zone includes the
Chesapeake Bay waters near NSN, extends past JEB-LC and JEB-FS, and extends
down the Atlantic coast towards the Virginia/North Carolina border.

2. OFFSHORE/MINEX i a 596.6-km?® area covering Atlantic waters from 3.7 km (2.0 NM)
to 25.7 km (13.9 NM) from shore. The OFFSHORE/MINEX zone includes nearly the
entire VACAPES MINEX W-50a and W-50b training areas.

2.2 Methods¢ VesselinetransectSurveys

Line-transect surveys were scheduled for 2 full days (approximately 81 10 hours [hr]) each
month (one for each survey zone) beginning in August 2012. Zig-zag transect lines were
created to cover the 3.7-km (2.0-NM) INSHORE strip, and two alternating sets of five parallel
transect lines were created to cover the MINEX W-50 range boxes (Figure 2). MINEX transect
lines are 22 km (12 NM) in length and spaced at a distance of 5.4 km (2.9 NM). Transect lines
were systematically placed with a random start point to adhere to Distance sampling survey
design. Departures were timed to maximize survey duration in daylight hours (approximately 1
hr after dawn through 1 hr before dusk) and optimal weather conditions (i.e., Beaufort Sea State
[BSS] 01 3, no heavy rain, and visibility of greater than 1 NM). Beginning and end times for the
survey days were dependent on weather conditions and daylight available.

The HDR MSM Team conducted line-transect surveys using the Research Vessel (R/V) Ocean

Explorer, Motor Vessel (M/V) Flat Line, and M/V Matador, which all possess elevated viewing

platforms (Figures 3,4,and5) . The height of the observersd eyes
was approximately 4 meters (m). Three observers comprised the on-effort survey team. The

vessel transited the survey lines at a constant speed of 15 to 19 km per hour (87 10 knots). The

port observer searched for marine mammals continuously through Baker Marine 7 x 50

binoculars in the 100 degree (°) arc from 10° to 270° (all angles are given in relation to the bow,
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Figure 1. Study area delineated into COASTAL/INSHORE and OFFSHORE/MINEX zones for year one of study.
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Figure 4. Transect survey vessel, the M/V Flat Line.
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Figure 5. Transect survey vessel, the M/V Matador.

which is defined as 0°). The starboard observer searched for marine mammals continuously
through 7 x 50 Baker Marine binoculars from 350° to 90°. The third on-effort observer searched
primarily with the naked eye, to avoid missing groups near the trackline. This observer also
served as the data recorder, logging data on a laptop computer using specialized software

(e.g., Mysticetus, VisVessel, or WILD), and on hand-written data sheets as a means of back-up.
The resulting search area covered by the three-person team included the bearings ahead of the
vessel, between 90° and 270°, with a 20° overlap centered on the trackline. To minimize fatigue,
observers rotated positions approximately every 30 minutes (min).

Effort data collected during on-effort survey periods included time and position for the start and
end of search effort, BSS, visibility, presence and percentage of glare, and percent cloud cover.
Survey software automatically recorded vessel speed and tracked position at 30-second
intervals. When marine mammals were sighted, the monitoring team collected associated
sighting data and, if necessary, the vessel diverted from its current course to approach the
sighting to confirm group size estimates and species identification. A decision was made
whether or not to obtain photographs based on time constraints and priority of completing
trackline effort for the day. In these instances where the vessel left the track, the data recorder
indicated in the software that the team went off-effort. The monitoring team also prioritized
completing the tracklines within the available survey time each day over collecting additional
ancillary data. Sighting information collected included data on initial sighting angle and distance,
initial sighting position, environmental conditions, group size and composition, and behavior
(e.g., response to the survey vessel). Sighting distances were calculated using reticles in the
binoculars or by estimation if no horizon was visible. Location data and vessel speed were
obtained from a Globalsat BU-353 or Garmin 78s global positioning system. Photographs were
taken opportunistically during sightings (time permitting) using a Canon 7D digital camera with a
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100 to 400-millimeter (mm) zoom lens or a 300-mm lens. Photographs of bottlenose dolphins
were added to the photo-ID database described under Task 2; humpback whale photographs
were sent to the Virginia Aquarium & Marine Science Center to contribute to the existing Atlantic
catalogs through April 2014, and as of December 2014 are now being incorporated into HDR&
Virginia humpback catalog, which is shared with other Atlantic Catalogs (e.g., Allied Whale). All
sighting data are also uploaded to the Ocean Biogeographic Information System Spatial
Ecological Analysis of Megavertebrate Populations database, managed by Duke University.

Conventional line-transect methods (also known as Conventional Distance Sampling or CDS)
were used to analyze the vessel survey data (Buckland et al. 2001). Estimates of density and
abundance (and their associated CV) were calculated using the following formulae:

g n RO &y
2 L 4{0)

G- n E(O) IE(S) A
2L §0)

of. [VE(M)  vE[RO) VE[E9)] vE[§O)
J RO IEG)® | IBO)F

Where,

D = density (of individuals),

n = number of on-effort sightings,

f(0) = detection function evaluated at zero distance,

E(s) = expected average group size (using size-bias correction in DISTANCE),

L = length of transect lines surveyed on effort,

g(0) = trackline detection probability,

N = abundance,

A = size of the study area,

CV = coefficient of variation, and

var = variance.
Detection function and encounter rates were calculated for bottlenose dolphins using the
software DISTANCE 6.0 using all on-effort data collected in BSS conditions of 0-3, which was
considered good sighting conditions. Estimates were not stratified by BSS or other
environmental parameters due to limited sample sizes, and plans to conduct density surface

modeling on the data once the project is complete. Stratified estimates of density and
abundance (in terms of sighting rate and group size) were generated for the two main survey
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zones and four seasons. In other words, the monitoring team calculated sighting rate and
average group size separately for each stratum, and only pooled across strata for estimating the
detection function. Due to sample size limitations, data were pooled from all strata to produce a
single detection function, f(0). The seasons were defined as spring (Marchi May), summer
(Junei August), fall (Septemberi November), and winter (Decemberi February).

To avoid potential overestimation of group size, the size-bias-adjusted estimate of average
group size was calculated in DISTANCE. However, this estimate was only used if it was lower
than the arithmetic mean group size. Group size was calculated using a stratified approach (i.e.,
only groups from within a particular stratum were used to calculate average group size for that
stratum).

Truncation of the perpendicular sighting distance data excluded the most-distant 5 percent of

the sightings. The data were modeled with half-normal (using hermite polynomial and cosine

series expansions) and hazard rate (using cosine and simple polynomial adjustments) models;

the model with the | owest value for Akaikebds I nfo

Data were not available to estimate trackline detection probability [g(0)] for this study, thus g(0)
was assumed to equal 1.0. While this may not be strictly true, the study area is relatively
shallow (<30 m), and bottlenose dolphins do not normally conduct long, deep dives in such
habitats. Therefore, if there is any bias resulting from the assumption of g(0) = 1.0, it should be
minimal.

2.3  Methods ¢ Photo-identification Surveys

A total of seven surveys (one survey day each month) was planned for the initial year of study
(summer/fall 2012 included August, September, and October and spring/summer 2013 included
May, June, July, and August). Following the initial year, monthly photo-identification surveys
throughout all seasons were planned. Departures by the HDR MSM Survey Team were timed
for optimal light conditions for photography and optimal weather conditions (e.g., BSS 0-3, no
heavy rain, and visibility of greater than 1 NM).

The HDR MSM Survey Team first attempted systematic coverage of the NSN and JEB-LC
nearshore areas using the small vessel M/\V Do u b | e, aQ.08m senter-console vessel
(Figure 6) to collect data suited for mark-recapture population estimates. After three surveys, it
was determined that the seasonal fluctuation of dolphins in the study area violates the
assumption of geographic closure for conventional capture-recapture models (Wilson et al.
1999), and would not allow such analysis. As a result it was decided that a more efficient use of
time would be to extend the survey area towards JEB-FS and spend more time with dolphin
groups rather than focusing on systematic coverage of the NSN and JEB-LC areas for photo-1D
surveys. The vessel transited the nearshore waters at a speed of 13 to 15 km per hour while
observers searched for marine mammals using Canon IS 10 x 30 binoculars and with the naked
eye.
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Figure 6. Primary photo-ID survey vessel,theDou bl e. OOd s

Upon sighting a group of dolphins, data were recorded on printed data sheets (see Appendix
A), including group size estimates, species identification, initial behavioral category, sighting
location, bottom depth, sea surface temperature, and frame numbers of photographs taken.
Location data were obtained from a handheld Garmin global positioning system receiver.
Photographs were taken during all sightings when possible using a Canon 7D digital camera
with 100 to 400-mm zoom lens. Observers adjusted the amount of time spent with each group
as necessary to obtain photographs of as many individuals within the group as possible, while
allowing additional survey time to encounter other groups.

All photos taken were for identification purposes, and the photographer focused on a
perpendi cul ar angl e of t Wequeapatierpsiof nicks and dotches anltthe f i n's .
trailing edge of the dorsal fins were used to identify individuals, a technique utilized by
numerous researchers as first described by Wirsig and Wrsig (1977). Photos went through a
process of digital sorting and cataloging, starting with the initial removal of poor-quality photos
(i.e., out of focus, obscured fins, fins too far away, and non-distinguishable fins). The program
ACDSee Pro (Versions 3-7) was used to crop, zoom, and sort the dorsal fin photos within each
group sighting by matching up all duplicate photos of the same individual and choosing the best
image to proceed to cataloging. The NVB (Norfolk-Virginia Beach) catalog was then created
(also using ACDSee) by designating an ID number to each individual in a sighting group. For
each subsequent group sighting, the images were first compared to each previously cataloged
individual to see if it matched any of those fins before designating as a new individual and
assigning an ID number. A spreadsheet was used to track additional details, such as latitude
and longitude of the sighting; date and time of the sighting; the date the ID was added to the
catalog; whether left, right or photos from both sides were obtained; and whether the ID was the
original or if it was a within-year or between-year re-sighting.

2.4 Methods¢ GPOD Automated Acoustic Monitoring

C-PODs (www.chelonia.co.uk) were initially deployed at four locations known as NSN, JEB-LC,
JEB-FS, and MINEX (Figure 1). Deployment locations were determined based on the likelihood

August 2015 10


http://www.sciencemag.org/content/198/4318/755.abstract
http://www.chelonia.co.uk/

NAVFAC LANTOccurrence, Distribution, and Density of Marine Mammals Near Naval Station Norfolk & Virginia Beg
2014 Annual Progress Ref

of overlap between dolphin occurrence and Navy activities, including one unit within a relatively
high-use portion of the MINEX W-50A area. Each C-POD was connected to a mooring via an
EdgeTech acoustic release transponder (Figure 7). The initial deployment only used sand bags
for moorings but concrete blocks were added for subsequent deployments. The units were
recovered by programming the EdgeTech deck unit and associated hydrophone to
communicate a release command down to the acoustic release, triggering a sacrificial block to
unscrew, and allowing the unit to rise to the surface via attached flotation. Upon recovery, the
memory card was extracted and data were sent to Chelonia Limited or recommended
consultant for analysis. Units that were to be re-deployed were cleaned of extensive marine
growth in addition to installing new batteries and blank memory cards.

Figure 7. A C-POD unit prepped and in the process of deployment.

The C-POD design aims to achieve fast results from a fully automated detection process,

produce low false-positive rates (i.e., detection of a signal that was not actually produced), and

possess high sensitivity (within approximately 1 km) and long running times of over 4 months.

Theyact as fenergy detectorso and do not make actua
instrument to log events occurring between 20 and 160 kilohertz. Finely-tuned filters on the

processing boards categorize the clicks produced by larger toothed whales, dolphins, and

porpoises.

Automated detections are achieved by identifying trains of echolocation clicks. With custom
Chelonia C-POD analysis software, sonar activity from triggered events logged on the C-POD
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can be identified by characteristic frequency components and signal timing. Features such as
click duration, peak frequency, inter-click-interval, and spectral characteristics can all be used to
classify clicks and click trains, frequently to the species level.

As with all automated acoustic techniques, some misclassifications and false detections are
inevitable and determining an acceptable error rate is essential. As an additional quality control
step, HDR worked with an independent contractor to evaluate the data from each C-POD
deployment. It was determined that less than 5 percent of all detection positive minutes (DPM)
had a chance of containing false positives for dolphin classification. Reported values of DPM
results are inclusive of both false detections and missed detections given that they are within an
acceptable rate of error for both.

August 2015 12



NAVFAC LANTOccurrence, Distribution, and Density of Marine Mammals Near Naval Station Norfolk & Virginia Beg
2014 Annual Progress Reg

3. Line-transect Survey Results
3.1 VisualSurveyEffort

Twenty-six INSHORE line-transect surveys and 21 MINEX line-transect surveys were
completed between August 2012 and December 2014. Surveys covered a total of 5,106 km and
16,587 min on-effort. The total on-effort distance and time spent in the INSHORE zone was
2,928 km and 9,482 min, respectively (Table 1), while 2,178 km and 7,105 min of on-effort time
was spent in the MINEX zone (Table 2). Details on each survey d a gt@ck and sightings are
provided in Appendix B.

Table 1. Summary of INSHORE line-transect surveys, August 2012i December 2014.

S_tart Stop Time Total Survey Total On-Effort Tracklme on-
Date Time (local) (min) (min) Effort Distance

(local) (km)
07 Sep 2012 8:08 15:15 428 313 86.3
03 Oct 2012 8:03 15:37 455 428 129.6
27 Nov 2012 6:27 16:16 588 384 118.3
09 Jan 2013 7:06 16:37 571 331 132.4
22 Feb 2013 7:52 16:29 517 373 110.3
01 Apr 2013 8:27 16:16 469 400 123.2
28 Apr 2013 7:45 15:37 471 416 127.1
09 May 2013 9:18 17:46 508 396 124.4
17 Jul 2013 6:40 16:01 560 375 124.6
24 Jul 2013 6:16 16:52 636 415 129.2
13 Aug 2013 6:56 15:54 538 357 111.6
25 Sep 2013 7:08 18:22 674 397 121.3
17 Oct 2013 7:21 17:18 596 389 123.9
16 Nov 2013 6:46 16:40 593 389 123.0
15 Jan 2014 7:47 17:07 560 344 105.7
07 Feb 2014 7:23 17:20 597 367 114.7
23 Feb 2014 7:17 15:54 577 353 109.1
02 Apr 2014 6:44 17:58 674 346 104.0
10 Apr 2014 6:03 17:00 657 342 109.1
03 May 2014 6:14 16:17 603 341 107.4
26 Jun 2014 7:04 17:16 611 346 105.0
30 Jul 2014 6:41 17:14 632 333 104.9
30 Sep 2014 6:14 16:28 608 375 108.4
10 Oct 2014 6:03 15:21 558 334 107.8
23 Nov 2014 6:47 16:24 577 276 87.1
31 Dec 2014 7:14 16:42 568 362 79.7

TEE! (21447’i2r? ) (1353‘.18%1 ) AT
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Table 2. Summary of MINEX line-transect surveys, August 2012 i December 2014.

Date Time | Time | TotalSurvey | Tota On-Erfort | ARt TE

(local) (local) (min) (min) (km)
8 Aug 2012 7:37 15:46 488 400 1112
23 Oct 2012 7:13 14:34 441 343 111.3
10 Nov 2012 7:10 14:15 426 334 108.2
3 Jan 2013 7:55 15:44 469 303 94.9
23 Mar 2013 8:29 16:02 453 330 108.8
31 May 2013 11:18 16:07 289 204 67.2
22 Jul 2013 6:16 16:15 559 331 106.0
27 Jul 2013 6:20 16:26 606 348 112.4
19 Aug 2013 6:19 14:59 520 256 80.3
28 Oct 2013 6:57 15:24 507 361 112.0
30 Oct 2013 7:29 16:18 529 369 1122
28 Dec 2013 7:06 17:08 602 380 116.2
09 Jan 2014 7:04 16:17 553 362 il .
25 Feb 2014 7:15 15:38 503 264 77.2
25 May 2014 6:42 15:56 554 371 108.6
16 Jun 2014 6:05 15:29 564 363 109.5
16 Aug 2014 6:40 17:53 673 391 107.8
05 Sep 2014 6:18 15:44 567 359 111.0
20 Oct 2014 6:12 15:18 546 312 89.0
16 Nov 2014 6:31 15:15 525 379 111.4
21 Dec 2014 7:21 16:32 552 345 109.2

Total (118%.912& ) (11&;1.2?10 2,178 km

3.2  Sightings

A total of 433 sightings of marine mammals and 75 sightings of sea turtles was recorded during
transect surveys from August 2012 through December 2014 (Figures 8 and 9, Table 3,
Appendices C and D). Sighting locations used are those calculated by VisVessel, Mysticetus,
and WILD software, using the input values for bearing to the individual or group and a measure
of distance (either calculated from the reticle reading from the handheld binoculars or estimation
of distance when no horizon was visible). The vast majority (95.6 percent; n=414 of 433) of
marine mammal sightings were of bottlenose dolphins; the other species sighted included 16
sightings of humpback whales (Megaptera novaeangliae), one group of short-beaked common
dolphins (Delphinus delphis), and one group of unidentified dolphins. The unidentified dolphins
had a similar shape to the short-beaked common dolphins, but the observer team was
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Figure 8. Marine mammal sightings during all line-transect surveys between August 2012 and December 2014.
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Figure 9. Sea turtle sightings during all line-transect surveys between August 2012 and December 2014.
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Table 3. Marine mammal and sea turtle sighting summary- August 2012 through December 2014.

No. Distance No. Total No. No. Sea | Total No. Sea
Zone Season | Survey | On-Effort | Cetacean | Cetacean Turtle Turtle

Days (km) Sightings | Individuals* | Sightings Individuals*
INSHORE Fall 9 1005.7 227 2550 9 9
INSHORE Winter 6 651.9 24 279 0 0
INSHORE Spring 6 695.2 51 621 0 0
INSHORE Summer 5 575.3 78 1354 9 9
MINEX Fall 7 755.1 26 493 14 14
MINEX Winter 5 510.6 5 15 0 0
MINEX Spring 3 284.6 9 41 6 6
MINEX Summer 6 627.2 13 178 37 37
Note:

*Total individuals are sum of Best group size estimate

unable to re-sight the group to confirm species identification. Fifty-three marine mammal groups
were sighted in the MINEX zone, while 380 were sighted in the INSHORE zone. Forty-three of
the sea turtle sightings were loggerheads (Caretta caretta), 15 were leatherbacks (Dermochelys
coriacea), 8 were unidentified sea turtles (possible leatherbacks), and 9 were unidentified
hardshell turtles. Fifty-seven sightings were made in the MINEX zone and eighteen in the
INSHORE zone.

Appendix C and D list all sightings and associated data, including whether identification photos
were collected. Photos taken of bottlenose dolphins were added to the NVB bottlenose dolphin
catalog, and humpback whale sightings and photographs were added to the Virginia catalog
created for the Mid-Atlantic Humpback Whale Project.

3.3 Density Estimate

Estimates of density and abundance were calculated for bottlenose dolphins using 328 sightings
and 2,855 km of line-transect survey effort in the INSHORE zone, and 35 sightings and 1,748
km of effort in the MINEX zone. The detection function was modeled using the hazard rate key
function, with a simple polynomial adjustment. The calculated value of f(0) was 4.9805
(CVv=13.1 percent), and the effective strip width (1/f(0)) was 201 m. The histogram of
perpendicular sighting distances and fitted model are shown in Figure 10. Line-transect
parameters and resulting estimates are provided in Table 4.

Sightings of humpback whales (n=16; across fall, winter, and spring months) and short-beaked
common dolphins (n=1; spring months only) were also made during the surveys, but the sample
sizes were too small for these species to produce reliable estimates of density or abundance.
Figures 11 through 18 show the sighting locations of all on-effort bottlenose dolphin sightings
for each season in which observations occurred.

While the numbers of sightings for the INSHORE zone appear adequate to produce reliable
estimates of density and abundance, there are still too few sightings from the MINEX zone for
reliable estimates (CVs are all > 50 percent, some > 100 percent). As a result, the MINEX

August 2015 17


http://www.navymarinespeciesmonitoring.us/reading-room/project-profiles/mid-atlantic-humpback-whale-monitoring/

NAVFAC LANTOccurrence, Distribution, and Density of Marine Mammals Near Naval Station Norfolk & Virginia Beg
2014 Annual Progress Reg

estimates should be considered highly preliminary, and the observer team will attempt to refine
them with further survey effort in 2015. The team will also attempt to further stratify the

INSHORE zone if additional data allow densities to be calculated for smaller sections of the

area.
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Figure 10. Perpendicular distance histogram and fitted detection function for bottlenose dolphins.

Table 4. Line-transect parameters and estimates of density and abundance for bottlenose
dolphins in different zones and seasons.

No. Effort Avg. Grp. Stg. " %

Zone Season Sightings* |  (km) Size Rate® Density” | Abundance CVA
INSHORE Fall 199 989 8.2 0.20 412 1,279 26
INSHORE Winter 14 649 8.3 0.02 0.45 138 55
INSHORE Spring 42 677 6.6 0.06 1.02 316 33
INSHORE | Summer 73 540 8.5 0.14 2.86 887 31
MINEX Fall 19 658 13.8 0.03 2.23 1,333 60
MINEX Winter 1 381 9.0 0.00 0.06 35 126
MINEX Spring 6 198 3.2 0.03 0.24 145 50
MINEX Summer 9 511 13.6 0.02 1.19 709 86
Note:
* Before truncation
§ Measured as individuals per linear km
# Measured as individuals per km?
A Coefficient of Variation
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Figure 11. Bottlenose dolphin groups sighted on-effort during fall INSHORE line-transect surveys between August 2012 and December
2014.
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Figure 13. Bottlenose dolphin groups sighted on-effort during spring INSHORE line-transect surveys between August 2012 and
December 2014.
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Figure 14. Bottlenose dolphin groups sighted on-effort during summer INSHORE line-transect surveys between August 2012 and

December 2014.
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Figure 15. Bottlenose dolphin groups sighted on-effort during fall MINEX line-transect surveys between August 2012 and December
2014.
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Figure 16. Bottlenose dolphin groups sighted on-effort during winter MINEX line-transect surveys between August 2012 and December
2014.
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Figure 17. Bottlenose dolphin groups sighted on-effort during spring MINEX line-transect surveys between August 2012 and December
2014.
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Figure 18. Bottlenose dolphin groups sighted on-effort during summer MINEX line-transect surveys between August 2012 and
December 2014.
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4. Photo-identification Survey Results

Nineteen photo-ID surveys were completed between August 2012 and December 2014 (Table
5). The surveys were not always completed each month as planned, due to poor weather
conditions. Effort was focused on obtaining photographs of as many individuals within each
encountered group as possible. A catalog was created using photos collected from both photo-
ID and transect surveys. The cataloging effort is currently underway, and to-date includes
photo-ID and transect photographs taken through 16 September 2013. Figure 19 shows the
locations of all sightings used in the catalog. To date, the catalog contains 462 identifiable
individuals. The discovery curve (Figure 20) shows the addition of new individuals with each
mont hos Bhereivrm gign.of a plateau of the number of identified dolphins in the study
area.

Table 5. Summary of completed photo-ID surveys August 2012 to December 2014.

Date 18_:22 _Is_fr?]z To;;'ﬂil:é\sl ey Bott Iglri :Jnsbeelrjgrp hin TOEt: tli :L;T;Zer
Groups Sighted Individuals

09 Aug 2012 9:12 16:45 453 3 37
25 Sep 2012 7:30 15:37 487 9 136
25 Oct 2012 8:25 16:35 490 2 25
09 Jul 2013 7:06 16:17 551 6 184
16 Jul 2013 7:01 16:22 560 6 160
31 Aug 2013 7:29 15:56 507 8 161
16 Sep 2013 7:10 15:34 504 10 191
02 Oct 2013 7:19 15:41 502 17 395
22 Oct 2013 7:10 14:49 459 7 280
11 Dec 2013 8:46 15:53 428 4 19
22 Feb 2014 7:40 14:41 421 0 0

08 May 2014 8:35 16:24 468 3 39
08 Jun 2014 7:02 14:39 457 7 76
23 Jul 2014 7:24 15:28 484 14 231
20 Aug 2014 9:32 17:07 455 9 356
30 Aug 2014 8:15 15:56 461 13 147
29 Sep 2014 7:39 16:18 519 12 174
08 Nov 2014 7:41 14:47 426 6 80
20 Dec 2014 8:45 15:48 423 0 0
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. Bottlenose dolphin group sighting locations used in photo-ID catalog. All photo-ID survey locations are shown. For transect
surveys, only locations in which identification photos were collected are included.
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Figure 20. Discovery curve showing the cumulative number of identified dolphins
as it increased with each survey month.

Re-sighting rates across surveys are low. Following creation of the catalog and excluding same-
day re-sightings, there have been 47 matches of cataloged individuals, which includes a second
re-sighting of six individuals (Table 6, Appendix E). All re-sightings in the study area were
recorded less than 21 km from the initial sighting. Dolphins sighted in the Chesapeake Bay and
along the Cape Henry area were not re-sighted along the Atlantic side of Virginia Beach in the
southern portion of the study area. Most re-sightings occurred within the same year; of the
seven re-sightings that were in different years, only two were approximately 1 year apart
(September 2012 to July 2013 and September 2012 to September 2013), and five were only 3
months apart (November 2012 to January 2013). More survey and photo-ID effort is required to
discern any clear patterns of site fidelity or sub-stock differentiation.

Photos collected through August 2013 have been submitted to the existing Mid-Atlantic
Bottlenose Dolphin Catalog established by NMFS and curated by Kim Urian of Duke University
Marine Laboratory (Urian et al. 1999), and we are awaiting results at the time of this report.
Matches to other adjacent study areas found by comparison to the Mid-Atlantic Bottlenose
Dolphin Catalog will be used to piece together information on movement patterns on a larger
scale. One match has been made from an individual in the Norfolk-Virginia Beach catalog
(NVBO0385) to a freeze-branded individual (known as FB405, Kim Urian, Duke University Marine
Laboratory, personal communication, 9 December 2013). After the initial sighting in the field, the
HDR MSM Survey Team communicated with relevant parties to determine where the animal
was branded. It was confirmed that prior to sightings at Cape Henry, Virginia, on 31 August and
16 September 2013, this individual had been photographed in Roanoke Sound, North Carolina,
and caught for tagging and freeze-branding at Cape Lookout, North Carolina, on 9 November
1999.
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N o Re-sighting Distance Day's Bgtween:
Catalog I'n|t|a.1I Sighting . Date/Sighting No./Grp B'etwleen 'Slghtmgs/
ID No. Date/Sighting No./Grp Size : Sightings First and Last
Size (km) Sightings
NVB0003 9 Aug 2012 1 15 | 25Sep 2012 | 9 15 4.0 47
NVB0014 9 Aug 2012 5 18 | 25Sep 2012 | 1 6 6.6 47
NVB0020 9 Aug 2012 5 18 | 25Sep 2012 | 9 15 13.0 47
NVB0033 | 25 Sep 2012 2 24 16 Jul 2013 1 26 4.2 294
NVB0050 | 25 Sep 2012 3 24 | 16 Sep 2013 | 2 75 4.4 356
NVB0083 | 27 Nov 2012 1 40 9 Jan 2013 2 35 6.4 43
NVB0084 | 27 Nov 2012 1 40 9 Jan 2013 2 35 6.4 43
NVB0086 | 27 Nov 2012 1 40 9 Jan 2013 2 35 6.4 43
NVB0111 27 Nov 2012 5 8 9 Jan 2013 1 30 11.2 43
NVB0115 | 27 Nov 2012 5 8 9 Jan 2013 1 30 11.2 43
NVB0133 9 Jan 2013 2 35 | 22Feb 2013 | 5 15 1.2 44
NVB0152 9 Jul 2013 1 22 16 Jul 2013 3 33 13.8 7/53
NVB0152 9 Jul 2013 1 22 | 31 Aug 2013 | 6 13 15.5 46/53
NVB0153 9 Jul 2013 1 22 | 13 Aug 2013 | 2 40 5.3 35/69
NVB0153 9 Jul 2013 1 22 | 16 Sep 2013 | 2 75 8.8 34/69
NVBO0155 9 Jul 2013 1 22 16 Jul 2013 3 33 13.8 7/69
NVBO0155 9 Jul 2013 1 22 | 16 Sep 2013 | 2 75 8.8 62/69
NVB0156 9 Jul 2013 1 22 | 16 Sep 2013 | 2 33 13.8 69
NVB0164 9 Jul 2013 3 25 9 Jul 2013 4 115 2.0 7
NVB0165 9 Jul 2013 3 25 16 Jul 2013 4 30 6.4 7
NVB0170 9 Jul 2013 4 115 | 31 Aug 2013 | 6 13 1.2 53
NVB0172 9 Jul 2013 4 115 | 24 Jul 2013 2 125 11.8 15
NVB0175 9 Jul 2013 4 115 | 16 Jul 2013 1 26 6.6 7
NVB0179 9 Jul 2013 4 115 16 Jul 2013 4 30 8.2 7
NVB0183 9 Jul 2013 4 115 | 16 Jul 2013 3 33 13.8 69
NVB0188 9 Jul 2013 4 115 | 16 Jul 2013 3 33 13.8 7
NVB0189 9 Jul 2013 4 115 | 16 Jul 2013 4 30 8.2 7
NVB0192 9 Jul 2013 4 115 | 13 Aug 2013 | 2 40 20.2 35/69
NVB0193 9 Jul 2013 4 115 | 16 Jul 2013 3 33 13.8 34/69
NVB0195 9 Jul 2013 4 115 | 16 Jul 2013 1 26 6.5 7169
NVB0195 9 Jul 2013 4 115 | 16 Sep 2013 | 2 75 6.2 62/69
NVB0199 9 Jul 2013 4 115 | 16 Jul 2013 6 65 0.4 7
NVB0211 9 Jul 2013 4 115 16 Jul 2013 1 26 6.5 7
NVB0212 9 Jul 2013 4 115 | 16 Jul 2013 1 26 6.6 7
NVB0214 9 Jul 2013 4 115 16 Jul 2013 4 30 8.2 7
NVB0229 16 Jul 2013 3 33 | 13 Aug2013 | 2 40 19.1 28/62
NVB0229 16 Jul 2013 3 33 | 16Sep 2013 | 2 75 5.2 34/62
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N o Re-sighting Distance Day.s Bgtween:
Catalog I.n|t|a.1I Sighting . Date/Sighting No./Grp B.etw.een .Slghtmgs/
ID No. Date/Sighting No./Grp Size . Sightings First and Last
Size (km) Sightings
NVB0234 16 Jul 2013 3 33 | 13Aug2013 | 2 40 19.1 28
NVB0235 16 Jul 2013 3 33 | 31 Aug 2013 | 6 13 2.4 46
NVB0242 16 Jul 2013 4 30 | 31Aug2013 | 4 40 2.7 46
NVB0252 16 Jul 2013 6 65 | 31 Aug 2013 | 4 40 2.1 46
NVB0274 24 Jul 2013 2 125 | 13 Aug 2013 | 2 40 17.1 20/38
NVB0274 24 Jul 2013 2 125 | 31 Aug 2013 | 6 13 4.2 18/38
NVB0292 24 Jul 2013 8 100 | 13 Aug 2013 | 4 90 10.0 20
NVB0332 | 13 Aug 2013 2 40 | 31 Aug2013 | 3 60 17.0 18
NVB0385 | 31 Aug 2013 3 60 | 16 Sep 2013 | 2 75 1.9 16
NVB0386 | 31 Aug 2013 3 60 | 16 Sep 2013 | 2 75 1.9 16
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5. C-POD Automated Acoustic Monitoring Results

Four C-PODs were initially deployed in August of 2012 at four different sites off NSN and
Virginia Beach (Table 7, Figure 1). The MINEX and JEB-LC C-PODs were recovered in
October 2012; however, initial mooring systems were inadequate. The instrument deployed at
JEB-LC was recovered badly damaged on a nearby beach approximately 6 km from the
deployment location. The C-POD deployed at JEB-FS also broke free and was found ashore at
Duck, North Carolina (approximately 90 km from its original deployment location). Despite
instruments drifting from their moorings and some being significantly damaged, all recovered
C-PODs contained usable data. While the JEB-FS unit contained detections, meaningful data
comparisons with the other sites cannot be made because it is unknown when the device broke
free and if it continued to make detections while it traveled.

In December 2012, the C-PODs were re-deployed at JEB-LC and NSN using more robust
mooring systems. These instruments lasted for the duration of the deployment (132 days) and a
subsequent deployment was made at JEB-LC for another 152 days, followed by another 142
day deployment. The NSN unit was also deployed in April 2013 but not recovered. It is
suspected that dredging or fishing activity interfered with the unit, either damaging or moving it
out of range for release. This deployment site (NSN site 1) was abandoned, and as soon as a
permit was obtained, the NSN C-POD was deployed attached to a pole marker, thought to be
less risky in terms of dredging and fishing damage (NSN site 2, Figure 2). In total there were
four successful deployments at JEB-LC, two deployments at NSN, and one at the MINEX site,
and also one moderately successful deployment at JEB-FS (Table 7, Figure 21).

Each of the recovered units contained data that were processed using custom software
provided by Chelonia Limited (www.chelonia.co.uk). Processed data were sent to a consultant
recommended by Chelonia to verify the consistency of the results. The C-POD software
contains a suite of classifiers and filter settings to identify click trains from cetaceans as well as
those produced by boat sonars (false detections). After additional independent validation, it was
determined that weak vessel sonar created false detection rates higher than expected without
additional filtering. The recommendation was to use the KERNO classifier, which looks through
the entire dataset and identifies trains likely produced by cetaceans, with additional filtering to
minimize the false detection rate. EachC-POD had positive detections for
(non-narrow-band high-frequency) which are safely assumed to be bottlenose dolphins for this
study area. Animal occurrence was defined by the number of detection positive minutes (DPM)
determined by the C-POD software output, which is the number of minutes in which one or more
detections were made. The metric is not used to estimate the number of animals present. The
DPM values were higher for unfiltered data using an additional classifier built into the software
package, but the trends of occurrence and relative distribution of DPM over time were
consistent between the two methods.
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Deployment Location Coordinates Total Days
Date Deployed
6 Aug 2012 MINEX 36x49.905'N, 75x 52.860'W 69
16 Aug 2012 JEB-FS 36x56.411'N, 76x 01.165'W 53
16 Aug 2012 NSN 36x57.061'N, 76x 20.444'W Not recovered
16 Aug 2012 JEB-LC 36x56.929'N, 76x 10.937'W 59
7 Dec 2012 NSN 36x57.056'N, 76x 20.498'W 132
7 Dec 2012 JEB-LC 36x56.940'N, 76x 10.872'W 132
17 Apr 2013 NSN 36x57.071'N, 76x 20.510'W Not recovered
17 Apr 2013 JEB-LC 36x56.936'N, 76x 10.869'W 152
20 Sep 2013 JEB-LC 36x56.927'N 76x 10.951'W 142
9 Feb 2014 JEB-LC 36x56.952'N 76x 10.957'W Not recovered
15 Aug 2014 JEB-LC 361 56.956'N 761 10.767'W Unknown*
29 Sep 2014 NSN 361 57.900'N 761 19.700'W 114

* Unit was unresponsive during recovery attempt, but was later recovered on beach. Data is under-going evaluation
by Chelonia, Ltd. and range of useable data is currently unknown.
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Figure 21. Timeline of C-POD deployments to date. Asterisks indicate C-POD deployments that

were unrecoverable and represent temporal data gaps for NSN and JEB-LC sites.
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Naval Station Norfolk C-POD

Two successful deployments were completed near NSN although incomplete coverage
throughout the year prevented seasonal comparisons, and the location was changed due to risk
of losing equipment at the initial site (site 1 vs. site 2, Figure 2) precluding additional
comparisons from being made between the two deployments at the NSN site. Results were
combined, however, for comparison to other sites, as they are both in the immediate vicinity of
an area of interest (NSN). Overall, combined dolphin DPM calculated as a percentage of total
minutes logged at NSN was lowest when compared to all other sites (Table 8). Relative DPM
per week for both NSN deployments is shown in Figures 22 and 23. A diel pattern of
occurrence for bottlenose dolphins, greater in the nighttime hours, is evident at the NSN site for
both deployments (Figure 24 and 25).

Table 8. Dolphin DPM and percentage of total minutes logging for all deployments per location.
Total days and minutes logged are calculated using recorded data and may not match number of
days deployed.

Location Total Logged Days Tota! Logged Total DPM DOlphm DPMas
Minutes % of minutes on
NSN 254 351,362 2,474 0.70%
JEB-LC 492 684,001 13,788 2.02%
JEB-FS 66 82,082 11,963 14.57%
MINEX 68 96,481 7,244 7.51%

JEB-Little Creek C-POD

Although the first C-POD deployed at JEB-LC broke free, it was located within 6 km of the
deployment site and assumed to not have drifted for a very long time. Based on this
assumption, data collected from the first deployment were included for comparison.
Deployments at JEB-LC spanned more than a full year, aside from 13 October to 7 December
2012, when a unit was not in the water. There was a total of 13,788 DPM for bottlenose
dolphins throughout the four deployments. In general, there appears to be a trend indicating an
increase in detections in the summer and a decrease in detections in the winter (Figure 26). A
diel pattern is also evident for bottlenose dolphins at JEB-LC with the majority of DPM occurring
during the nighttime hours (Figure 27).
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Figure 22. Relative DPM for bottlenose dolphins at the NSN site 1*.
* Weeks at the beginning and end of each deployment may not be a full 7 days.
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Figure 23. Relative DPM for bottlenose dolphins at the NSN site 2*.
* Weeks at the beginning and end of each deployment may not be a full 7 days.
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Figure 24. DPM of bottlenose dolphins, binned by hour, to determine diel acoustic activity
patterns the NSN site 1.
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Figure 25. DPM of bottlenose dolphins, binned by hour, to determine diel acoustic activity
patterns at NSN site 2.
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JEBLC Dolphin Occurrence (Relative DPM Per Week )
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Figure 26. Relative DPM for bottlenose dolphins at the JEB-LC for all deployments*.
* Weeks at the beginning and end of each deployment may not be a full 7 days.
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Figure 27. DPM of bottlenose dolphins, binned by hour, to determine diel acoustic activity
patterns at the JEB-LC site.
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JEB-Fort Story C-POD

The JEB-FS C-POD was deployed on 16 August 2012 and was recovered on shore near Duck,
North Carolina, on 15 October 2012. Lack of knowledge of when the unit broke free from the
mooring precludes any meaningful analysis, especially in regards to drawing comparisons from
units deployed at the same time in different locations. While adrift, the C-POD was still
operational and logged data (Figure 28). While dolphin DPM calculated as a percentage of total
minutes logged at JEB-FS was highest when compared to all other sites (Table 8), significance
cannot be deduced as the unit was not at a fixed location; thus, dolphin presence was not in
relation to location.

Despite the inability to note any temporal trends for dolphin presence, the data indicate that
bottlenose dolphins were more vocally active during the daytime hours, opposite of the results
from all other sites (Figure 29). This particular C-POD had one of the shortest deployment
durations (53 days) and contained the greatest number of dolphin detections, at nearly 15
percent of the time logging.

JEBFS Dolphin Occurrence (Relative DPM Per Week)
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Figure 28. Relative DPM for bottlenose dolphins at the JEB-FS site* .
* Weeks at the beginning and end of each deployment may not be a full 7 days.

~Note: this unit broke free from its mooring on an unknown date and washed ashore in Duck, North Carolina. All data
in this table should be regarded with caution due to unknown location of the C-POD on each date.
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Figure 29. DPM of bottlenose dolphins, binned by hour, to determine diel acoustic activity
patterns at the JEB-FS site.

MINEX C-POD

The single deployment at the MINEX site yielded 69 total days of data from 6 August 2012
through 13 October 2012. There was a total of 7,244 DPM for bottlenose dolphins during the
deployment with no significant temporal occurrence trends evident, aside from a slight increase
in DPM in mid-August (Figure 30). There was also a diel trend with the majority of detections
occurring in the nighttime hours (Figure 31).
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Figure 30. Relative DPM for bottlenose dolphins at the MINEX site*.
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Figure 31. DPM of bottlenose dolphins, binned by hour, to determine diel acoustic activity
patterns at the MINEX site.
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6. Conclusions

6.1 Vessel Lindransect Surveys

Results confirmed preliminary findings that bottlenose dolphins are common in the study area,
with highest densities in the coastal waters in summer and fall months. Peak estimated
abundance in coastal waters of the study area is 1,279 individuals present during the fall
(density = 4.12 individuals per km?), and 887 individuals in summer (density = 2.86 individuals
per km?). However, bottlenose dolphins do not completely move out of these waters in other
seasons, with more than 100 individuals still present in winter and spring months. These results
agree with previous studies that indicate an increased presence in summer and fall (Blaylock
1988, Barco 1995), but this study furthers the science by measuring the abundance throughout
the year and providing updated information. Densities in offshore waters of the MINEX zone are
generally lower than in the coastal strip, although more data are needed to estimate reliable
numbers for all four seasons. Preliminary indications suggest density in the MINEX area in fall is
reasonably high (D = 2.23 individuals per km?), and that over 2,600 bottlenose dolphins likely
inhabit the entire study area in fall months. Continuing the monthly transect surveys will improve
the precision of the estimates and reduce the CVs. A more robust dataset will also allow for
further analyses, including potential stratification of the survey area to provide density estimates
for sub-areas within the INSHORE zone. This stratification will be useful to narrow down
bottlenose dolphin densities in specific areas of U.S. Navy activity within the study area, and
allow management to potentially reduce potential impacts.

Transects for both survey areas have been modified to better align with U.S. Navy training
activity and address potential biases of the original design. The MINEX transect lines were
shifted north and extended inshore to meet the INSHORE zone boundary for surveys after May
2014. The INSHORE boundary did not change; however, the initial zig-zag pattern (Figure 1) of
the INSHORE transects introduces a potential positive bias along the inside corners when
compared to the outside of the corners, and the tighter grouping of lines on the Chesapeake
Bay side of the area led to uneven coverage (Thomas et al. 2007). Adjustments have been
made with assistance from experts at the Centre for Research into Ecological and
Environmental Modeling, using tools in the program DISTANCE 6.0 to reduce potential bias,
while using as much existing data as possible in later analyses (Figure 2). Surveys have been
completed using the new INSHORE transects beginning in February 2014.

When comparing the new estimates presented
report (Engelhaupt et al. 2014), all of the new estimates are more precise (and several of the
INSHORE estimates are now quite precise, with CVs in the 20-30 percent range). This is likely
due to both the improved survey design and also to the increased sample sizes that went into
producing the new estimates. Some estimates are quite different from the previous ones (for
instance, the MINEX summer and fall estimates are much higher). This may result partly from
reduced bias, but it must be remembered that the previous estimates were highly preliminary
and in many cases based on extremely small sample sizes. It is encouraging to see that many
of the estimates of density and abundance have not changed much from the older ones (e.g.,
MINEX winter and spring estimates, and all INSHORE estimates are at least broadly similar),
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and this is suggestive that the somewhat-inferior survey design that was used in the early
stages did not produce large biases in the estimates.

6.2 PhotoID Surveys

Though continued photo-ID effort and analysis is necessary to ascertain the site fidelity and
movement patterns of the bottlenose dolphins in the area, early results indicate a very open
population, with short-term visits to the area with localized sightings. Dolphins that were re-
sighted were in close proximity (within 21 km) to their original sighting locations, and in most
cases these re-sights occurred within a couple months of each other. Only two re-sightings were
longer than 3 months apart (NVB0033, first sighted in September of 2012, and re-sighted in July
of 2013; and NVB 0050, first sighted in September of 2012, and re-sighted in September of
2013). As the analysis continues and the catalog grows, observers can determine if further
support of seasonal fidelity is evident, which would support previous studies in the area
suggesting seasonal residence (Blaylock 1984, Swingle 1994, Barco 1995). This would suggest
the dolphins are migrating through the area, and would also support the described movement of
individuals from south to north in the spring and north to south in the fall (Swingle 1994,
Gubbins et al. 2003, Waring et al. 2014). Further support of this migration pattern is our sighting
and re-sighting of NVB0385, which was also matched to freeze-branded dolphin (FB-405),
initially tagged and sighted multiple times in North Carolina. Additional matches found during the
on-going comparison of this catalog to the existing Mid-Atlantic Bottlenose Dolphin Catalog will
likely provide support to these patterns.

There is no evidence thus far of year-round resident dolphins, as seen in some other estuarine
areas in North Carolina, South Carolina, and Florida (Wang et al. 1994, Zolman 2002, Mazzoil
et al. 2008); however, more time and effort are needed for photo-ID comparisons to determine if
there are year-round residents. This study area combines estuarine and coastal habitat, and the
NMFS marine mammal stock assessment considers dolphins inhabiting estuarine waters and
those inhabiting coastal waters to be distinct populations for management purposes (Waring et
al. 2014). The relationship between the dolphins of estuarine waters, often considered more
residential in nature, and the coastal dolphins, often considered more migratory/transient, is
poorly understood in this area, possibly complicated by the open and seasonally variable nature
of the Chesapeake Bay. Coverage of additional areas within Chesapeake Bay might produce
evidence to support the possibility of resident dolphins, since the area where most sightings
occur within the study area, Cape Henry, appears to show seasonal fidelity; possibly an area of
overlap of occurrence for both the Northern and Southern Western North Atlantic Migratory
Coastal Stocks.

6.3 GPOD Automated Acoustic Monitoring

The C-POD data provided interesting insight into the occurrence of marine mammals in the
study area, though coverage was intermittent for some sites. Problems with the initial mooring
design and deployment in areas of high traffic and fishing activity resulted in loss of gear and
prevented the planned coverage, and required adjustments throughout the project. Risk of gear
loss through entanglement is still prevalent, and coverage has been reduced due to lost
equipment. C-PODs are very versatile tools to augment other methods used to determine
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animal occurrence, distribution, and temporal patterns over short and long periods. PAM yields
valuable data regarding animal occurrence during periods when typical visual survey methods
are not feasible. PAM enables data collection in most weather conditions, around the clock, and
without biasing animal behavior by vessel approaches. If a signal is detected, a very high level
of certainty exists that animals are relatively close to the acoustic sensor. There are, however,
some limitations. The C-POD specifications state that the distance of detection is within 1 km,
but there is no known coverage distance (Chelonia Limited Cetacean Monitoring Systems
2014). Also the number of animals and exact locations cannot be determined from C-PODs
alone, and a negative result (no detections) does not mean animals are absent; they may be in
the vicinity of a C-POD but simply not producing echolocation clicks. Read et al. (2012)
conducted a ground-truthing exercise during a similar study at three sites in North Carolina and
found that the C-PODs produced very few false positive detections but were conservative in
classifying click trains as a positive detection, therefore reporting a lower number of detections
than present in actual recordings. Ground-truthing of the C-POD detections in this study area
has not been a part of the work plan for this project to date.

Bottlenose dolphin detections were common throughout the four deployment sites, and

supported the visual survey data in many ways, with a few exceptions. The C-POD at both NSN

sites showed some dolphin detections even in the winter monthsd in contrast to the visual

transect survey results, where no dolphin groups were sighted near the NSN deployment sites

in winter (Figure 12). The combined dolphin DPM as percentage of minutes logged at this site

was the lowest, but the instrument was deployed during winter months when dolphin presence

is expected to be low, which partly explains the reduced number of detections. Further

deployments at the new NSN site throughout the year will allow a valid comparison to other

siiessNSN houses a | arge por t iandpotentfal pierfcanstruttioBintheNa vy 6 s
area means this is one of the sites of greatest interest.

C-PODs deployed at JEB-LC were the only deployments spanning a full year, with data
collected during all seasons. In general, bottlenose dolphin presence, assessed as DPM, was
higher in the summer and fall months. Detections were still made sporadically during the winter,
but dolphin presence was only consistent in the summer and fall. Though the number of
dolphins in the area cannot be determined using the C-POD detections, the substantial
presence of bottlenose dolphins is noteworthy, as this location is also a busy port for the U.S.
Navy.

The JEB-FS data support the large number of bottlenose dolphin sightings recorded near Cape
Henry during visual surveys; however, since the data are compromised by the unit breaking free
and traveling, a valid comparison cannot be made. Unfortunately these data have to be
disregarded since the date that it broke free is unknown and the detections are not indicative of
dolphin presence around the fixed location of interest.

The number of acoustic dolphin detections logged by the MINEX area C-POD (dolphin DPM
percentage = 7.51 percent) supports the updated visual survey results, in which the abundance
estimates for the MINEX transect coverage area has increased to 709 for summer and 1,333 for
fall (C-POD monitoring was from 16 August to 13 October 2012).
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A strong diel trend was evident at NSN, JEB-LC, and MINEX sites, with more echolocation
activity occurring during nighttime hours, as is very common for most odontocete species
(Klinowska 1986). It is important to note that an increase in acoustic activity at night may not be
indicative of an increased number of dolphins, their behavior state (foraging), or group sizes.
While whistles are commonly used for intraspecific communication and coordination,
echolocation is used for navigation and when it is dark and may also be important as animals
travel and maintain group communication acoustically.

Overall, this study continues to support findings from previous research showing substantial
presence of bottlenose dolphins throughout the year in areas heavily utilized by the U.S. Navy,
with a level of occurrence that fluctuates seasonally. Density estimates are improving with
further effort and show an expected seasonal peak in summer and fall. Patterns of seasonal
residency are beginning to emerge, but further study is needed to better describe the level of
site fidelity within the study area. The use of C-PODs is a very practical and cost-effective way
to supplement the visual and photo-ID studies, especially to show continuous occurrence on
days that visual surveys are not possible and during nighttime hours. Application of these
seasonal density estimates will allow the U.S. Navy to make more informed decisions which
may result in minimizing potential impacts on the local bottlenose dolphin populations.
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7. Recommendations

While this study provides an essential foundation towards determining the occurrence and
density of bottlenose dolphins in these areas, logistical challenges inhibited the team from
achieving even seasonal coverage. With the majority of the U.S. Navy Marine Species
Monitoring Pr asgeffatsfécasingom sonar tcaiming activity, this project® aim to
monitor marine mammal presence/absence, movements, site fidelity, and distribution patterns
associated with underwater detonation events within and adjacent to MINEX W-50 is of
particular interest, given the number of exercises, as well as construction, and sheer volume of
military, commercial, and recreational traffic within the general area.

As discussed in the conclusions, the following are a list of recommendations to further advance
the project as a whole:

1. Continue monthly photo-ID surveys and expand area coverage. The overlap of stocks of
bottlenose dolphins in the study area is unique and by increasing the photo-ID effort, and
thus the photo-ID catalog, observers will gain valuable insight into the movement
patterns (both small- and large-scale) and site fidelity of dolphins frequenting U.S. Navy
high traffic and training waters. Currently, the discovery curve of the existing photo-1D
catalog shows no sign of a plateau, a result that is highly suggestive of a need for more
thorough coverage to fully understand the dynamics of individual movement patterns
within the region. Coverage to date has been focused on the areas of increased U.S.
Navy activity, but investigating dolphins sighted in adjacent areas could lead to more re-
sightings and a better understanding of the site fidelity and home range of animals
already in the NVB catalog.

2. Employ satellite-monitored and DTAG tagging techniques to clarify medium time-scale
movement and residency patterns of bottlenose dolphins. Tagging efforts will provide
longer-term movement patterns to identify overlap with the VACAPES training ranges
and shipping lanes. Spreading the deployment of tags over a 12-month period will
considerably advance our understanding on how bottlenose dolphins utilize these
waters.

3. Continue acoustic monitoring with C-PODs at the NSN and JEB-LC sites. The C-PODs
provide a low-cost means to detect presence/absence of dolphins and have proven to be
a significant complement to the visual surveys. However, the lack of year-round
coverage in the primary areas of interest can be addressed with continued deployments.

4. Continue the planned EAR package in Site B of the MINEX W-50 area to a.) detail the
daily occurrence of marine mammals near the primary location of MINEX activities,
b.) detect underwater explosions associated with training events, and c.) quantify the
acoustic activity of dolphins in response to underwater explosions.
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