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1. BACKGROUND AND OBJECTIVES

The concern with human-driven climate change motivated technological developments for harnessing
energy from the ocean environment, which is a promising energy resource to offset carbon emissions
from fossil fuel use (e.g., Pelc and Fujita 2002). However, while technological improvements in offshore
renewable energy (ORE), specifically wind and hydrokinetic energy capture, have made these energy
sources a practical reality in the immediate future, there are concerns over what the impact of large
offshore energy-capture installations may be on the marine environment (Cada et al. 2007; Gill 2005;
Inger et al. 2009; Petersen and Malm 2006; Punt et al. 2009). Locating offshore energy installations
requires a balance between areas with sufficient wind or tidal energy with shallow seafloor depths which
are close enough to shore (Punt et al. 2009) and the habitat impact on these coastal ecosystems (Gill
2005).

The installation of offshore energy facilities is a multi-phased process that produces varying degrees of
noise, including ship traffic, sonar use, and construction noise from pile-driving and trenching. These
steps involve both long- and short-term disturbances with different frequencies and intensities of sound,
potentially impacting a wide variety of marine vertebrates. The operation and servicing of the installation
also produces noise, though the range over which these sounds propagate is site-specific and has
previously not been well documented in the U.S. east coast (Clark et al. 2009; Madsen et al. 2006).

Marine vertebrates (i.e., mammals and fishes) may be affected by anthropogenic noise (e.g., Clark et al.
2009; National Research Council 2003; National Research Council 2005; Nowacek et al. 2007; Popper
2003; Radford et al. 2014; Slabbekoorn et al. 2010; Slabbekoorn 2012), but there is a limited
understanding of how ORE construction and operation would specifically affect them (marine mammals:
Madsen et al. 2006; fishes: Wahlberg and Westerberg 2005). Understanding the quality of the noise and
how far it is transmitted is critical to determining how the area over which the noise might influence the
acoustic habitat (Clark et al. 2009; Madsen et al. 2006). Fishes may be able to detect operating wind
farms as far as 25 km away (Wahlberg and Westerberg 2005). Harbor porpoises and harbor seals respond
to the sounds from wind turbines (Koschinski et al. 2003; Madsen et al. 2006), and may be able to detect
construction-related noise as far as 20-200 km away (Bailey et al. 2010; Madsen et al. 2006; Tougaard et
al. 2009b). Construction and operation of European OAE installations may result in a significant
percentage of harbor porpoises abandoning the habitat altogether (Gilles et al. 2009). However, the degree
and breadth of the acoustic impact of ORE development on communication masking and habitat
abandonment of both sonic and non-sonic animals is still unclear (Madsen et al. 2006; Wahlberg and
Westerberg 2005).

Marine mammals are of principal concern in the context of anthropogenic ocean noise (Hildebrand 2009;
Nowacek et al. 2007; Tyack 2009); construction and shipping activity potentially mask communicatory
signals (Clark et al. 2009), increased stress (Nowacek et al. 2007; Rolland et al. 2012), or habitat
abandonment (Gilles et al. 2009; Rako et al. 2013). Though the reactions of toothed whales (i.e., dolphins
and porpoises) to ORE development have been explored (Carstensen et al. 2006; Gilles et al. 2009;
Koschinski et al. 2003; Tougaard et al. 2009a; Tougaard et al. 2009b), there are no data on the reactions
of baleen whales to ORE development (Madsen et al. 2006).

Like cetaceans, the behavior of individuals and populations of many fish species can be assessed with
passive acoustics (Fine and Thorson 2008; Luczkovich et al. 2008a; Luczkovich et al. 2008b; Rountree et
al. 2006). The U.S. Atlantic coast is home to over 100 species of sonic fishes (Fish and Mowbray 1970;
Rountree et al. 2006), and many of these species’ biology (and changes in their ecology) can be



understood using acoustics in a similar manner as used to study to marine mammals (e.g., Hernandez et
al. 2013; Rountree et al. 2006; Van Parijs et al. 2009).

1.1. PROJECT OBJECTIVES AND APPROACH

The goal of this effort is to conduct a baseline ecological assessment of two wind planning areas (shown
below in Figure 2.2) along the U.S. Atlantic coast (Table 1.1) to identify the potential environmental
impact of offshore wind energy construction. Our goal was to establish a baseline of seasonal activity of
focal species using passive acoustic monitoring to understand their acoustic presence and calling patterns,
and establish the baseline noise conditions of the areas. These baseline data would be used to evaluate
potential changes that may result from future wind energy construction and operation.

We sought to investigate two suites of organisms as part of this project. The first are three species of
baleen whales (North Atlantic right whales, fin whales, and humpback whales) that are thought to
potentially migrate through or near the wind planning area. These species are protected by both the
Endangered Species Act and the Marine Mammal Protection Act, and as federally protected species, any
human activities must seek to minimize any possible impact (either direct or indirect) to members of the
population. The second group of organisms is comprised of two species of acoustically active fishes
(black drum [Pogonias cromis] and oyster toadfish [Opsanus tau]) that produce sounds as part of their
life history. Both black drum and toadfish are distributed along the entirety of the U.S. Atlantic coast, and
produce well-characterized sounds in agonistic and reproductive contexts (Mok and Gilmore 1983); these
fish choruses are some of the most prominent sounds of the biological sound spectrum (Tavolga 1965;
Urick 1983). Because toadfish are benthic and poor swimmers, though black drum are demersal and much
better swimmers, differences in the calling patterns between these two species following construction may
indicate different degrees of impact on the marine benthic compared to the pelagic community.

This project had two complementary components to the biological species monitoring. ESS Group, Inc.
conducted a literature-based habitat assessment of both wind planning areas to investigate the benthic
habitat and evaluate the natural resources occurring in these areas. Marine Acoustics, Inc. created a sound
propagation model to estimate the spatial extent and magnitude of noise produced by wind turbine
construction activities.

1.2. PROJECT HISTORY AND EVOLUTION

This project was originally designed to implement a broadly applicable approach at four candidate wind
planning areas (Rhode Island, North Carolina, Georgia, Florida) at the time of the opportunity
announcement. The characterization of noise activities and impacts was also intended as a before-during-
after monitoring paradigm, with surveys within the wind-planning area and at suitable control sites. After
the project began, the project sites were narrowed down to the North Carolina and Georgia wind planning
areas (Table 1.1). As year one of the project came to a close, it became clear that it was unlikely that any
offshore wind construction would occur at either of the wind planning areas during the course of the
project, so in consultation and agreement with the Bureau of Ocean Energy Management (BOEM) and the
Bureau of Safety and Environmental Enforcement (BSEE), the scope of the project was changed to be a
baseline study to characterize habitat sites, evaluate focal species occurrence, and model wind turbine
construction activities.
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Table 1.1. BOEM Outer Continental Shelf (OCS) blocks within the Beaufort and Brunswick regions,
designated as wind planning areas.

Region (Lease Block) OCS Lease Sub-Block Number
Beaufort (NI118-04) 6727

6782, 6781, 6780, 6779, 6778, 6777, 6776, 6775
6833, 6832, 6831, 6830, 6829, 6828, 6827, 6826, 6825
6884, 6883, 6882, 6881, 6880. 6879, 6878, 6877, 6876
6933, 6932, 6931, 6930, 6929, 6928, 6927, 6926
6982, 6981, 6980, 6979, 6978, 6977

7031, 7030, 7029, 7028, 7027

7079, 7078

Brunswick (NH17-02) | 6126
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2.  SOUND RECORDING METHODS

Acoustic data were collected using marine autonomous recording units (MARUs). A MARU is a digital
audio recording system contained in a positively buoyant 17” glass sphere that is deployed on the bottom
of the ocean for periods of weeks to months (Figure 2.1, Calupca et al. 2000). A hydrophone mounted
outside the sphere is the mechanism for acquiring sounds that are recorded and stored in a binary digital
audio format on internal electronic storage media. The MARU can be programmed to record on a daily
schedule and deployed in a remote environment, where it is held in place by an anchor. At the conclusion
of a deployment, the MARU is sent an acoustic command to release itself from its anchor and float to the
surface for recovery. After the recovery, the MARU data are extracted, converted into audio files and
stored on a server for analysis. The unit is then refurbished (batteries and hard drive replaced, etc.) in
preparation for a subsequent deployment. Data recorded by a MARU are thus accessible only after the
device is retrieved.

Figure 2.1. Views of the MARU.

A) External and B) internal views of the Marine Autonomous
Recording Unit (MARU) used for sound data recordings in this
project.

The MARUSs were deployed at two wind energy planning areas off the coasts of North Carolina and
Georgia (Figure 2.2). At each site, three MARUs were deployed in a linear formation across the wind
energy planning area and designated from north to south as NC-North, NC-Central, NC-South, GA-
North, GA-Central, GA-South (Figure 2.2, Table 2.1). Distance between MARUs was approximately 35
km in the North Carolina site and 18 km in the Georgia site, and seafloor depths at the deployment
locations ranged from 14 m to 38 m (Table 2.1).

Acoustic data were recorded in two consecutive deployments of the MARUES at each site, from 12 June—
10 November 2012 and 12 November 2012—-15 April 2013 at the North Carolina site and 9 June—8
November 2012 and 10 November 2012—-12 April 2013 at the Georgia site. A total of 307 consecutive
days were recorded at each site, with the exception of 11 November 2012 in North Carolina and 9
November 2012 in Georgia, when MARUs were replaced for the following deployment. Sound data were
sampled at 2 kHz with high-pass and low-pass filters set at 10 Hz and 800 Hz, respectively. The high-pass
filter was implemented to reduce electrical interference produced by the MARU, while the low-pass filter
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reduced aliasing. The effective recording bandwidth of 10 Hz to 800 Hz had a flat frequency response (+
2.0 dB).

Sound data from the MARU s at each site were synchronized in time and concatenated into three-channel
sound files for analysis.

777 Wind Planning Area
A MARU N

ozt 20 A [T

79°15'W 76°0'W 72°45'W

Figure 2.2. Deployment locations of MARUS.

Deployment locations of three Marine Autonomous Recording
Units (MARUSs) (North (N), Central (C), South (S)) at the (a) North
Carolina site and (b) Georgia site, with respect to the wind
planning areas.

Table 2.1. Coordinates and depths of marine autonomous recording units (MARUS) deployed at
the North Carolina site and the Georgia site.

MARU Latitude® Longitude® Depth (m)

North Carolina Site NC-North 34.3927 -76.2356 31
NC-Central 34.1741 -76.5098 34
NC-South 33.9613 -76.7925 38

Georgia Site GA-North 31.9922 -80.5970 14
GA-Central  31.8640 -80.7207 14
GA-South 31.7463 -80.8544 14
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3. BALEEN WHALE PRESENCE

3.1 INTRODUCTION

The North Atlantic right whale (Eubalaena glacialis) is one of the most endangered whale species in the
world; it is protected by the Endangered Species Act and the Marine Mammal Protection Act (Clapham et
al. 1999; Waring et al. 2013a). Currently, the western North Atlantic population consists of approximately
400-500 individuals (Pettis 2013; Waring et al. 2013a). Despite a recent growth in stock assessment
estimation, right whales continue to have a slow and difficult recovery due to low population size, low
reproductive rates, and exposure to anthropogenic threats (Fujiwara and Caswell 2001; Fujiwara and
Caswell 2001; Kraus et al. 2007; Kraus et al. 2005; Kraus et al. 2005; Kraus and Rolland 2007; Waring et
al. 2013a). Ship strikes and entanglement with fishing gear are the leading causes of human-induced
mortality for this population, and sub-lethal threats, such as noise pollution, may potentially disrupt
biologically relevant behaviors (Clark et al. 2009; Knowlton and Kraus 2001; Kraus 1990; Parks and
Clark 2007).

The National Oceanic and Atmospheric Administration (NOAA)’s National Marine Fisheries Service
(NMFS) implemented protective measures to mitigate anthropogenic threats to right whales (NMFS
2005), including designating seasonal management areas (SMAs) along the southeast, mid-Atlantic, and
northeast nearshore waters of the western North Atlantic that require vessels 65 ft. (19.8 m) or greater to
reduce speeds during seasons when right whales are likely to be present (NOAA 2008). Although
reducing vessel speed decreases the risk of ship strike mortality (Conn and Silber 2013; Vanderlaan and
Taggart 2007; Wiley et al. 2011), current mitigation efforts may not provide adequate protection due to
incomplete spatial and temporal coverage of right whale habitat and occurrence (Schick et al. 2009; van
der Hoop et al. 2013). Because the efficacy of current management protocols is uncertain, it has been
recommended that managers re-evaluate and modify management regulations as necessary (Pace 2011;
van der Hoop et al. 2013).

NOAA designated right whale critical habitats to protect and manage geographic areas important for right
whale conservation (FWS 2011; NOAA 1994). The U.S. Endangered Species Act defines critical habitat
as geographic areas that contain physical and biological features important for life processes and
reproduction, which may include breeding and calving grounds, feeding sites, and representative habitats
of the historical distribution of a species (FWS 2011; NOAA 1994). Currently, protected right whale
habitats include calving areas along the coasts of Florida and Georgia and feeding areas in the Great
South Channel (southeast of Cape Cod) and both Massachusetts Bay and Cape Cod Bay (Figure 3.1)
(NOAA 1994). Other known right whale habitats, however, are not included, and thus not afforded the
same protections as critical habitats. Because calving and feeding events have been documented outside
of critical habitat boundaries (Patrician et al. 2009; Whitt et al. 2013), other areas may also be essential
right whale habitats. Moreover, efforts to conserve right whales may be diminished if right whales are not
protected within the migratory corridor between critical habitat areas (NMFS 2005). Therefore,
regulations have been proposed to expand critical habitat boundaries (NOAA 2010).

Understanding right whale distribution and seasonal migratory patterns is essential to inform current
management practices. Visual surveys indicate that right whale movements are characterized by an
annual, round-trip migration in nearshore waters along the western north Atlantic (Winn et al. 1986).
During this migration, right whales congregate in Florida and Georgia calving grounds during winter,
migrate in nearshore waters during late winter and early spring to Cape Cod and Massachusetts Bays,
then travel to the northern feeding grounds in the Great South Channel during spring, and peak during
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summer and autumn either in the Bay of Fundy feeding and nursery grounds or the Scotian Shelf feeding
grounds (Kenney et al. 2001; Kenney et al. 1995; Kraus et al. 1986; Winn et al. 1986). Although the
migration explains the distribution of many right whales, recent studies have detected right whales at
times of the year when their occurrence in a region was not previously expected. For instance, Morano et
al. (2012) and Whitt et al. (2013) detected right whale occurrence year-round in Massachusetts Bay and
the New Jersey coast, respectively, and Mellinger et al. (2007) detected right whales on the Scotian Shelf
in late December, when much of the population would be predicted to have left for more southerly areas.
These observations suggest seasonal migratory movements are not characteristic of the entire population,
because only a subset of the population (predominately reproductive females, calves, and juveniles) are
observed traveling along the migratory corridor between calving and feeding grounds (Kraus et al. 1986;
Winn et al. 1986), and it is not known where the remaining members of the population spend the winter
(Kraus et al. 1986; Winn et al. 1986). Given these findings, investigating right whale spatial and temporal
patterns along the right whale’s migratory route, particularly in regions where movement patterns are not
well understood, could help inform management decisions.
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Figure 3.1. Deployment location of MARUs with respect to protected areas for right whales.
Deployment locations of marine autonomous recording units (MARUS) at the A) North Carolina site and
B) Georgia site, with respect to critical habitats, seasonal management areas (SMAs), and wind planning

areas.
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The coastal waters of Georgia and North Carolina are part of the mid-Atlantic migratory habitat for right
whales traveling between the southeast calving grounds and the northeast feeding grounds (Waring et al.
2013a). However, little is understood about right whale spatial and temporal occurrence in the migratory
corridor, due to limited systematic visual survey effort in the mid-Atlantic U.S. (Firestone et al. 2008;
Knowlton et al. 2002). Other endangered whales, including fin and humpback whales, also inhabit the
mid-Atlantic U.S., yet this region has some of the heaviest vessel traffic along the eastern seaboard and is
considered the region of highest risk for vessel-strike mortality (Knowlton et al. 2002; Silber and
Bettridge 2010; van der Hoop et al. 2013). Currently, coastal Georgia and North Carolina are being
considered for offshore wind energy development (BOEM 2012a; BOEM 2012b), which would increase
vessel traffic and the risk of injury or mortality to cetaceans due to ship strikes (van der Hoop et al. 2012).
Development activities, including construction and site surveys, would also introduce disturbances that
could cause acoustic masking, hearing impairment, or stress (Clark et al. 2007; Madsen et al. 2006;
Rolland et al. 2012; Weilgart 2007). Given that baleen whales are susceptible to these threats, information
regarding right, fin, and humpback whale occurrence is needed to minimize potential impacts of offshore
energy development activities.

We performed an eleven-month ecological baseline study to characterize right, fin, and humpback whale
occurrence in two proposed offshore wind energy sites in the mid-Atlantic U.S. In this paper, we
summarize passive acoustic survey data to elucidate spatial and temporal patterns of right whale
occurrence along the migratory corridor in two survey areas along the Georgia and North Carolina coasts.
We discuss the management implications of our findings for right whale occurrence along the migratory
corridor with respect to mitigating threats introduced by offshore energy development.

3.2 METHODS

Analysis of acoustic recordings (see Chapter 2) focused on the presence of three baleen species: North
Atlantic right whales, fin whales (Balaenoptera physalus), and humpback whales (Megaptera
novaeangliae). We determined the acoustic presence of right whales by identifying contact calls (up-
calls), the predominant call type of the species (McDonald and Moore 2002; Mellinger et al. 2007; Parks
and Tyack 2005; Parks and Clark 2007; Parks et al. 2007), with an automated detection algorithm
(Urazghildiiev et al. 2009). Performance evaluations of the algorithm by Urazghildiiev et al. (2009) and
Dugan et al. (2010) reported true detection rates of 80% and 75%, respectively. To verify the validity of
detections in this dataset, we reviewed 10—450 Hz spectrograms of the detection output in the
MATLAB®O-based software program XBATO (BRP 2012), with a 512-point (256 ms) Hann window and
75% overlap (frequency resolution of 3.91 Hz, time resolution of 64 ms). We applied the following set of
criteria to distinguish up-calls from other biological and anthropogenic sounds: (i) starting frequency
occurred between 65—170 Hz; (ii) minimum and maximum frequencies differed by 75-200 Hz; (iii)
duration ranged from 0.3—1.3 s; (iv) energy was concentrated in the lower portion of the signal; and (v)
signal contour sloped upward (Figure 3.2).

The daily presence of right whales at each site was determined as the occurrence of at least one up-call
per day on at least one MARU at the site. Percent daily presence during each month was normalized for
recording effort by dividing the number of days containing up-calls by the number of recorded days
within the month. To represent presence seasonally, months were grouped into seasons, and the number
of days containing up-calls within a season was divided by the number of recorded days in the season.
Seasons were defined as follows: summer (July 2012—September 2012), autumn (October 2012—
December 2012), winter (January 2013—March 2013), and spring (June 2012 and April 2013). To
determine the proportion of daily presence that occurred while the mid-Atlantic SMA was in effect, we
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divided the number of days containing up-calls during November 1-April 30 by the total number of days
in the study that contained up-calls.
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Figure 3.2. Examples of right whale contact calls.
Examples of right whale contact calls (up-calls) recorded at the
Georgia site on A) 3 January 2013, B) 14 October 2012, C) 13
July 2012, and D) 28 June 2012. The selection box in example
C) distinguishes the contact call from adjacent noise.

The daily presence of fin whales was based on the occurrence of the 20 Hz note, a subunit of fin whale
song and a prominent call type of the species (Thompson et al. 1992; Watkins et al. 1987; Watkins 1981).
Notes were detected using the data template detector function in XBAT, which performs spectrogram
cross correlations between a user-defined exemplar signal and the recording (Mellinger and Clark 2000).
We verified the detection output using 60-second spectrograms spanning 10—100 Hz, with a 1024-point
(512 ms) Hann window and 75% overlap (frequency resolution of 1.95 Hz, time resolution of 128 ms).
We applied the following set of criteria to distinguish 20 Hz notes from other biological and
anthropogenic sounds: (i) minimum frequency occurred between 17-20 Hz; (i) maximum frequency
occurred between 20-30 Hz; (iii) note duration was approximately 1 s; (iv) three or more consecutive
notes were visible with a consistent internote interval; and (v) internote intervals were no less than 6 s and
no greater than 21 s (Figure 3.3).

To evaluate the performance of the fin 20 Hz note detector, we manually browsed the days containing
valid fin whale detections and determined the detector’s accuracy in reporting hourly presence of 20 Hz
notes. We measured hourly presence of 20 Hz notes instead of daily presence because of the rare
occurrence of fin 20 Hz notes in the data. Days were manually browsed using 15 min spectrograms
spanning 10-60 Hz, with a 4,096-point (2,048 ms) Hann window and 75% overlap (frequency resolution
of .49 Hz, time resolution of 512 ms). The detector had a true positive detection rate of 0.39 (29 of the 75
hr containing 20 Hz notes). Although these hourly results may be difficult to extrapolate to daily
presence, this performance provides an estimate of the degree that fin whale presence is unaccounted.
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Humpback whales, which produce highly variable, frequency modulated signals in the form of calls
(social sounds) (Dunlop et al. 2007; Dunlop et al. 2008) and structured song (Payne and McVay 1971;
Stimpert et al. 2011), were noted opportunistically when their signals were observed during the
verification of right whale up-call detections (Figure 3.4) and during fish presence analyses (see Chapter
4.2.2). Because humpback whales were noted opportunistically rather than systematically, we did not
determine spatiotemporal trends in presence.
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Figure 3.3. Example of fin whale 20 Hz note.
Example of fin whale 20 Hz note recorded at the North
Carolina site on 15 March 2013.
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Figure 3.4. Examples of Humpback Whale Social Sounds

Examples of humpback whale social sounds recorded at the Georgia site on A) 15 November 2012, and
B) 2 December 2012, and at the North Carolina site on C) 3 December 2012, and D) 4 December 2012.
The selection boxes in example A) distinguish social sounds from adjacent noise. Note the frequency
scale in example C) differs from the others.
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3.3 RESULTS

Right and humpback whales were acoustically detected in both the Georgia and North Carolina survey
areas, and fin whale was acoustically detected in the North Carolina survey area. Right whale up-calls
were acoustically detected on 80 days (26.1%) in the Georgia site and 22 days (7.2%) in the North
Carolina site out of the 307 total days surveyed. Fin whale 20 Hz notes were detected on six days in the
North Carolina site, resulting in 2% daily vocal presence (Table 3.1). Humpback whale vocalizations
were opportunistically found on eight days in the Georgia site and twelve days in the North Carolina site
(Table 3.1).

Table 3.1. Dates fin and humpback whales were detected at the North Carolina site and the
Georgia site.

North Carolina Site Georgia Site
Fin Humpback Fin Humpback
11/21/2012  06/25/2012 08/31/2012
11/23/2012 08/01/2012 11/15/2012
11/24/2012  12/02/2012 12/02/2012
11/26/2012  12/03/2012 12/08/2012
12/16/2012  12/04/2012 12/15/2012
03/15/2013  12/05/2012 12/20/2012

12/06/2012 01/22/2013

12/25/2012 02/06/2013

02/08/2013

03/06/2013

03/07/2013

03/08/2013

03/10/2013

Right whale up-calls were detected acoustically in every season in the North Carolina survey area (Figure
3.5A). Right whales were not acoustically detected during August 2012, October through November
2012, and April 2013. February 2013 had the greatest number of detection days, with a total of seven days
(25%) vocal presence (Figure 3.6A). The peak seasonal daily presence was 14.4% in the winter, followed
by 6.6% seasonal daily presence in autumn (Figure 3.5A). Summer and spring had 2.2% and 2.9% peak
seasonal daily presence, respectively. Approximately 13.6% of right whale daily presence occurred
outside of the mid-Atlantic SMA time window.

Right whale up-calls were acoustically detected in the Georgia survey area every season (Figure 3.5B),
present in every month from June 2012 through March 2013 (Figure 3.6B). No detections were found
during April 2013. Over the sampled months, December 2012 had the greatest number of detection days,
with a total of 29 days vocal presence out of 31 days recorded. Daily percent presence per month had a
bimodal trend; an initial peak occurred in June and July 2012, with right whales detected on 18.2% of
days in June, and 22.6% of days in July. Peak detections dropped at or below 10% in August through
October 2012. A larger, secondary peak occurred in November and December 2012, with right whales
detected on 44.8% of days in November and 93.6% days in December (Figure 3.6B). Peak daily presence
dropped below 30% in January through March 2013. Subsequently, peak seasonal daily presence
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occurred in the autumn and winter, with seasonal daily presence of 49.5% and 21.1%, respectively
(Figure 3.5B). Summer had 13% seasonal daily presence, and spring had the lowest seasonal daily
presence of 10.8%. Nearly a third (28.8%) of right whale daily presence occurred outside the mid-Atlantic
SMA time window.
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Figure 3.5. Seasonal presence of right whales.

Seasonal presence, percent of recorded days during each season with
acoustic presence, of right whales at the (A) North Carolina site and
(B) Georgia site.
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Figure 3.6. Percent vocal presence of right whales.

Percent vocal presence, percent of recorded days during each month
with acoustic presence, of right whales at the (A) North Carolina site
and (B) Georgia site. No recordings were made during May.

3.4 CONCLUSIONS

In our acoustic survey, fin whales were detected only in the North Carolina survey site, for a total of six
days during the autumn and winter months. Our findings are consistent with previous acoustic studies and
stranding records from similar latitudes (Nicukirk et al. 2004; Webster et al. 1995). The North Atlantic fin
whale stock is commonly found north of Cape Hatteras within the U.S. Exclusive Economic Zone
(Waring et al. 2013b). Given that both the Georgia and North Carolina survey sites occur just south of
Cape Hatteras, it is expected that fin whale presence in lower latitudes would be infrequent. However, fin
whales are a highly distributed species, and little is still known regarding fin whale migratory movements,
breeding sites, and calving areas (Nieukirk et al. 2004; Waring et al. 2013b). Fin whale presence and
absence in the North Carolina and Georgia study sites provides additional baseline information for future
studies.

Humpback whales were detected opportunistically in both the Georgia and North Carolina survey sites,
predominately during the autumn and winter months. Our findings are consistent with previous acoustic
surveys, stranding records, and visual sightings along the mid-Atlantic U.S. (Barco et al. 2002; Hodge
2011; Nieukirk et al. 2004; Webster et al. 1995). Although the majority of humpback whales migrate
from northern feeding areas to the southern breeding grounds near the West Indies at this time, many
individuals stay in the mid-Atlantic U.S., possibly as a supplemental feeding ground (Barco et al. 2002;
Waring et al. 2013a). A systematic acoustic survey would reveal more information regarding seasonal
occurrence of humpback whales in the mid-Atlantic U.S.

In our acoustic survey along the coastal waters of Georgia and North Carolina, right whales were detected

during all seasons. Right whale sounds were also found in a majority of the months sampled during this
study, suggesting that right whales may be present in the surveyed sites year-round. Given how little is
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known about right whale movements and distribution in the mid-Atlantic U.S., our data provide a
baseline understanding of right whale occurrence in the nearshore waters of Georgia and North Carolina.

The traditional migratory paradigm describes a seasonal presence of right whales along the mid-Atlantic
U.S. between November and April, likely for travel between calving and feeding grounds (Winn et al.
1986). Although right whales were detected between November and April, our results show right whales
occurred in the Georgia and North Carolina sites outside of the previously documented migratory period.
The nearly year-round presence of right whales at the survey sites indicates a pattern of presence
inconsistent with what has been described as the “typical” seasonal migratory model. Our results suggest
that these regions along the mid-Atlantic U.S. could also be important non-migratory habitat for right
whales. The North Carolina site had a fairly consistent low level of presence throughout the survey period
when compared to the Georgia site, which may have been due to fewer whales in the area, or possibly due
to the presence of non-vocalizing whales. Peak presence in the Georgia site occurred during the late
autumn and early winter months, which overlaps with the occurrence of right whales in the designated
critical calving habitat (Kenney et al. 2001; Kraus et al. 1986). Given our demonstration of right whale
presence in the Georgia study site during calving periods, and given the proximity of the study site to the
designated critical calving habitat, it is possible that this region of the mid-Atlantic U.S. could be
important for calving activities (Waring et al. 2013a). The North Carolina site may also be important for
calving activities, because rare calving events have occurred outside of the critical calving habitat along
the mid-Atlantic and northeast U.S. (Patrician et al. 2009; Waring et al. 2013a).

Peak acoustic presence in the Georgia and North Carolina survey areas occurred between November and
April, when whales are described to migrate through the mid-Atlantic U.S. (Winn et al. 1986). Peak
presence may have been due to a greater number of right whales in the area, increased vocal activity, or
both. Our data shows a decreased percent presence at the Georgia site and an increased percent presence
at the North Carolina site between January and March. The temporal differences in peak presence
between survey areas may reflect the previously described northerly migration in the late winter and early
spring, when right whales depart the southern winter calving grounds along the Florida and Georgia
coasts and travel to spring feeding areas in the northeast U.S. (Kenney et al. 2001). However, because we
do not have observational data to confirm right whale behavior, it is unclear in what direction the right
whales may be traveling, or if our data detected the same individuals between survey sites.

A second, smaller increase in presence occurred in June and July in the Georgia study site, when right
whales typically aggregate in the Great South Channel, and the Gulf of Maine, and on the Scotian Shelf
(Winn et al. 1986). Although visual surveys have detected occasional right whales in mid-Atlantic U.S.
coastal areas during summer months, right whales have not been observed in the southeast at that time
(Winn et al. 1986). It is unclear if our data indicate a rare occurrence or an unknown but more consistent
presence of right whales at this time of year. Nevertheless, movement patterns that are not characteristic
of the entire right whale population have been documented before, including presence in historical ranges
and unexpected habitats (Jacobsen et al. 2004; Mate et al. 1997; Mellinger et al. 2011; Moore and Clark
1963). Because right whales are not typically observed so far south outside of the calving season, further
investigation is needed to understand what is influencing right whale summer distribution along the
nearshore waters of Georgia.

Our data demonstrate that right whales are within the Georgia and North Carolina survey areas nearly
year-round, and this information can be used to evaluate management decisions with respect to offshore
energy development activities. Currently, mitigation protocols are informed by the known right whale
seasonal distribution, limiting regional management actions to times when right whales are most likely to
be present (BOEM 2012b). These protocols include: restricted energy development activities during time-
area closures, based on the mid-Atlantic SMA time window (November 1 through April 30); constrained
development activities in designated critical habitat during time-area closures; compliance with vessel
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speed restrictions in the mid-Atlantic SMA; and marine mammal monitoring on survey vessels (BOEM
2012b). Because right whales are present in the Georgia and North Carolina survey areas outside of the
designated mid-Atlantic SMA time period, right whales in these areas would be at risk of exposure to
lethal and sub-lethal threats when restrictions are not in effect. When right whales are not in SMAs or
DMAs, BOEM Standard Operation Conditions still provide protection for this endangered species to
restrict or prevent, or both, risk of exposure to lethal and sub-lethal threats. Additionally, the mid-Atlantic
SMA zone has discontinuous coverage of speed zone areas concentrated around major ports, which offer
protection within a 20 nmi (37 km) radius (NOAA 2008). Right whales may occupy habitat beyond the
20 nmi radius, as evidenced by the data collected from the North Carolina survey site, which is located
approximately 30 nmi (55.6 km) offshore. Therefore, right whales further offshore than the mid-Atlantic
SMA region would also be at risk of exposure to all threats associated with energy development activities.
Also, right whales in both the Georgia and North Carolina survey sites will not be afforded the same
protections as whales within the critical calving habitat. Thus, enacting management decisions based
solely on the “typical” right whale seasonal migration may not provide adequate protection for right
whales in the surveyed mid-Atlantic regions.

The loss of even one individual right whale, particularly a reproductive female, can have severe
consequences to the recovery of this population from the threat of extinction (Caswell et al. 1999; Kraus
et al. 2005). Preventing right whale mortality is of utmost importance for the conservation of this species,
and given the risk of exposure to threats associated with anthropogenic activities, we suggest our data
warrants a re-evaluation of many previously established management protocols. The current SMA
geographic coverage in the mid-Atlantic U.S. may need to be amended to include other areas of suitable
right whale habitat. Our results demonstrate right whale presence nearly year-round outside the 20 nmi
radius of SMA protection in North Carolina. Extending the protective coverage to a minimum of 30 nmi,
as suggested in Schick et al. (2009), would potentially mitigate vessel strikes, since reduced vessel speeds
decrease the risk of ship-strike mortality (Conn and Silber 2013; Vanderlaan and Taggart 2007). The
SMA time period may also need to be extended to include other seasons when right whales may occur in
the area (Pace 2011). Last, our data could be used to consider the extension of critical habitat boundaries
into areas along the mid-Atlantic migratory corridor (NOAA 2010). Nearly year-round presence of right
whales in mid-Atlantic U.S. coastal waters may indicate that this region contains features important for
right whale survival and reproduction.

Although our data show right whale vocal presence in all seasons, our survey period is not long enough to
elucidate long-term seasonal patterns of distribution and inter-annual variability. Other processes, such as
prey distribution, are known to affect the movement patterns of right whales, and these patterns may vary
over time (Baumgartner et al. 2003; Pendleton et al. 2009; Wishner et al. 1995). A longitudinal
monitoring effort would not only reveal further information about right whale spatial and temporal
patterns, but could also address questions regarding demography, abundance, and habitat use. Currently,
visual survey monitoring efforts are not conducted in the North Carolina survey area, and aerial
monitoring is being discontinued in the Georgia survey area (Hain et al. 2013). Given how little is known
about right whales in the mid-Atlantic migratory corridor, we recommend long term monitoring efforts be
conducted along the Georgia and North Carolina coasts in the mid-Atlantic U.S. We recommend
managers consider the use of passive acoustic monitoring in conjunction with visual survey efforts.
Visual surveys provide observational data that inform questions regarding demography and behavior of
right whales, which cannot be addressed with passive acoustic data. However, passive acoustic
monitoring is an effective and economical tool for monitoring right whales over extended periods,
particularly when right whale occurrence is infrequent, and when aerial surveys cannot be performed due
to the time of day or inclement weather (Clark et al. 2010; Mellinger et al. 2007). Passive acoustic
monitoring, in conjunction with visual survey efforts, would provide the most comprehensive
understanding of right whale distribution and habitat characterization to better inform management
decisions.
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4. FISH PRESENCE

4.1 INTRODUCTION

Coastal marine ecosystems provide a range of ecosystem services, yet are under threat from many
anthropogenic pressures (Foley et al. 2010; White et al. 2012). These ecosystems contain most of the
world’s fisheries, provide the potential for energy exploration and extraction, facilitate global trade
through commercial shipping, and provide sources of tourism and recreation (Foley et al. 2010; White et
al. 2012). The increased awareness of acute and chronic environmental impacts resulting from human
activities has necessitated a desire to balance the need for such activities with environmental protection
and preservation, and is central to the concept of environmental sustainability (Clark and Dickson 2003;
Foley et al. 2010). Emphasis on marine sustainability has coincided with the approach referred to as
Coastal and Marine Spatial Planning, which seeks to balance human environmental use with sustainable
development in ocean environments (Foley et al. 2010; Lester et al. 2013; White et al. 2012).

Evaluating how ecosystems are impacted by human use requires measuring environmental parameters
that are indicative of an ecological response. Initial environmental impact assessments typically focus on
acute and/or lethal impacts to organisms, but longer-term study of habitats has revealed the potential
severity of sub-lethal, chronic impacts. Many human activities in natural habitats create multiple complex
stressors on the habitat (Crain et al. 2008; Ellison et al. 2012), and it can be challenging to evaluate
differential effects from different sources, or the cumulative impact from multiple stressors (Crain et al.
2008). To evaluate impact on an ecosystem, monitoring approaches are needed that include surveys for
organisms and their behavior or physiology in response to human activities. Such monitoring approaches
need to account for the fact that ecological change may occur gradually, and unfold over long periods of
time and at broad spatial scales. Ecological change may manifest itself as the change in habitat quality,
habitat structure, species composition, or species behavior.

Passive acoustic monitoring has emerged as a non-invasive, data-intensive, low-cost methodology to
survey the occurrence, abundance and behavior of acoustically active organisms (Bridges and Dorcas
2000; Van Parijs et al. 2009; Zimmer 2011). Passive acoustic surveys have been used to examine the
response of specific taxonomic groups to environmental correlates or pressures (Busby and Brecheisen
1997; Gibbs et al. 2005; Luczkovich et al. 2008a; Rountree et al. 2006), as well as to identify those
taxonomic groups whose occurrence or behavior could reflect habitat fidelity (Arroyo-Solis et al. 2013;
Hansen et al. 2005). Acoustic recorders can collect data over long time periods and broad spatial scales to
provide large-landscape evaluations of environmental change. Additionally, the ability to store and
archive acoustic files allows for long term accessibility of acoustic survey data to allow datasets to be re-
examined to evaluate changes in bioacoustic activity many years after they were first collected. Passive
acoustic surveys can be conducted in remote locations that are not easily accessible by more traditional
survey techniques.

Along the U.S. Atlantic coast, a great number of fish species produce sounds for intraspecific
communication. Atlantic coast fishes are probably the best acoustically characterized assemblage of
fishes, with research on these species spanning over a century (Fish and Mowbray 1970; Tavolga 1965;
Tower 1908). Fishes, like many other vertebrates, produce sounds as a fundamental component of their
life history, primarily in reproductive or agonistic contexts (Bass and McKibben 2003). During spawning
season, many fishes form large assemblages and produce advertisement calls that are sustained over hours
or days, and are regularly the most dominant biological acoustic signal in the environment (e.g., Aalbers
and Drawbridge 2008; Gannon 2008; Locascio and Mann 2011a; Locascio and Mann 2011b; Rowe and
Hutchings 2006). The acoustic behavior of fishes is advantageous for passive acoustic monitoring
approaches that can document species occurrence, distribution, behavior, and potential habitat quality
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(Van Parijs et al. 2009), as has similarly been done with frogs (Bridges and Dorcas 2000), birds
(Blumstein et al. 2011; Hansen et al. 2005), and marine mammals (Mellinger et al. 2007; Zimmer 2011).

Documented knowledge of sound production among a variety of fish species can be used to identify
occurrence, population level changes, and important habitat areas (Lowerre-Barbieri et al. 2013;
Luczkovich et al. 2008b; Luczkovich et al. 1999; Walters et al. 2009), or in an applied context to
understand population responses to environmental perturbations (Walters et al. 2013). By using passive
acoustic monitoring to understand and document baseline spawning periodicity of populations,
observations of changes from these established baselines can be used as an indicator of potential changes
in population ecology.

Different fish species can be potential ecological indicators for different habitats. Many of the
acoustically active fish species often have relatively limited migration distances, and are regularly
resident in certain areas. Different fish species occupying the same habitat have a diversity of ecological
roles and requirements, and simultaneous observations of multiple species can reveal differential impacts
across the ecosystem. Reproductive activity is one of the first measurable behaviors to change in response
to environmental disturbance; this has been demonstrated in a wide variety of acoustically active taxa
(Arroyo-Solis et al. 2013; Gibbs et al. 2005; Rako et al. 2013; van Buggenum and Vergoossen 2012).
Whereas much of coastal marine spatial planning examines the potential impact to protected marine
species such as marine mammals and sea turtles (White et al. 2012), these protected species are not
intended to serve as ecological indicators of an ecosystem, and the ability to infer habitat or ecosystem
changes from monitoring these species is limited. Marine mammal monitoring is targeted for species
conservation under the U.S. Endangered Species Act, and not targeted or necessarily effective for
ecosystem assessment. Surveying the behavior of different focal fish species provides a way to evaluate
their ecology and habitat changes more effectively than low abundance or seasonally migrating species,
such as whales. Several of the soniferous Atlantic fish species have served as model organisms for
understanding fish and vertebrate communication (Amorim 2006; Bass and McKibben 2003), and there is
a detailed understanding of the production, perception, behavioral function, and ecological role and
importance of their acoustic behavior (Bass and Ladich 2008). We suggest that the knowledge of the
function, behavior and ecology of fish sounds makes fish a potentially valuable indicator of ecosystem
status.

Several offshore locations along the U.S. Atlantic coast have been identified as potential sites for wind
energy development. The development of offshore wind as a renewable energy resource offers
tremendous potential for sustainable energy in the U.S., but there are concerns about the possible
ecological impacts from wind turbine construction and operation. Ecological monitoring in the North Sea
has been conducted to evaluate possible impacts of wind farm development and operation on different
marine species, with mixed results (Andersson and Ohman 2010; Bailey et al. 2010; Gilles et al. 2009;
Kikuchi 2010). However, these previous studies are primarily evaluating potential impacts to fish
populations with acute or lethal criteria, and not examining the role of sub-lethal chronic impacts leading
to behavioral or ecological changes in fish populations resulting from offshore wind development and
operation. The passive acoustic monitoring methods used in this study allow for the continuous
monitoring of the behavior of fish populations through different stages of development and operation, and
have the potential to reveal subtle changes in fish behavior.
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4.2 METHODS

4.2.1 Focal Species

Black drum (Pogonias cromis) and oyster toadfish (Opsanus tau) are coastal fishes, distributed along the
Atlantic coast of the U.S., from New England to Argentina and New England to Florida, respectively
(e.g., Silverman 1979). Both species associate closely with the benthic habitat. Black drum are demersal
and feed on mollusks in mud and sand (Pearson 1929). Oyster toadfish are omnivorous, preferring crabs
(Gray and Winn 1961). Black drum reside in bays, estuaries, and shallow, euryhaline areas and can
tolerate hypersaline estuaries (Frisbie 1961; Silverman 1979). Larvae and juveniles may remain within
these smaller bodies of water, but adults may move offshore (Frisbie 1961) or travel hundreds of
kilometers up the U.S. coast during spawning season (Murphy et al. 1998). Adult toadfish move into
shallow water for spawning, but then move offshore in the winter. Juvenile oyster toadfish remain inshore
(Fine 1978; Isaacson 1964; Schwartz 1974).

Black drum are group-synchronous, broadcast spawners, aggregating in the spring near mouths of bays
and rivers to fertilize pelagic eggs (Fitzhugh et al. 1993; Nieland and Wilson 1993; Silverman 1979).
Using muscles attached to the swimbladder (Tower 1908), males produce a distinct call for reproductive
advertisement (Fish and Mowbray 1970; Mok and Gilmore 1983) that can be loud, exceeding 160 dB
(Locascio and Mann 2011a). Male toadfish also produce a call to attract females (Gray and Winn 1961;
Gudger 1912) using dedicated muscles on the swimbladder (Burkenroad 1931). Males defend benthic
nests in late spring through summer and remain with the nests until the larvae are free swimming (Gray
and Winn 1961). During the peak of the reproductive season, when multiple male black drum and
toadfish are calling simultaneously, the high rate of calls is termed a chorus. Although these calls are
associated with courtship and spawning, toadfish can continue to call beyond the mating season (Fine
1978).

4.2.2 Acoustic Analysis

From the acoustic data collected at three MARUS at each of the North Carolina and Georgia sites (see
Chapter 2), we determined the daily presence of both black drum and oyster toadfish by identifying the
loud drum calls of black drum (Mok and Gilmore 1983) (Figure 4.1.A—D) and the boat whistle calls of
oyster toadfish (Tavolga 1958) (Figure 4.1.E—H). Calls were initially identified opportunistically during
right whale analysis (see Chapter 2), but on those days without identified calls, we reviewed 60-s
spectrograms spanning 10-450 Hz with a 512-point (256 ms) Hann window and 75% overlap (frequency
resolution of 1.95 Hz, time resolution of 26 ms) using the Matlab-based software program XBAT
(Bioacoustics Research Program 2012). Because oyster toadfish call throughout the day (Fine et al. 1977)
and black drum typically call from dusk to midnight (Mok and Gilmore 1983; Saucier and Baltz 1993),
we analyzed 12 hours of each day from 0:00-6:00 and 18:00-24:00. Black drum calls were distinguished
from other biological and anthropogenic sounds using the following criteria (sensu Fish and Mowbray
1970; Mok and Gilmore 1983): (i) fundamental frequency occurred between 70—120 Hz, (ii) 0—4
harmonics were visible, (iii) duration ranged from 0.2—0.5 s, (iv) signal was preceded by a broadband
pulse when the signal to noise ratio was optimal, and (v) signal contour sloped downward. Oyster toadfish
calls were identified by the following criteria (Fine and Thorson 2008; Tavolga 1958): (i) fundamental
frequency occurred between 100-300 Hz, (ii) 0-2 harmonics were visible, (iii) duration ranged from 0.2—
0.4 s, and (iv) signal contour was flat or sloped downward. Daily presence of each fish species was
determined as the occurrence of at least one call per day on each MARU.
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Black drum and toadfish choruses were determined by examining 60-min spectrograms spanning 0—1000
Hz with a 512-point (256 ms) Hann window and 25% overlap (frequency resolution of 1.95 Hz, time
resolution of 26 ms) and identifying sustained calling by black drum or toadfish, which is visible as a
continuous band of signals corresponding to the fundamental frequencies and harmonics of each species’
call (approximately 80 Hz, 160 Hz, and 240 Hz for black drum; approximately 120 Hz and 240 Hz or
230-250 Hz for toadfish) (Figure 4.2). This results in a calling rate of approximately one or more calls per
second, and calls may overlap. Chorusing is distinctly different from individual, isolated calls that cannot
be seen in 60-min spectrograms. Daily presence of the chorus for each species and the approximate start
and end times (rounded to the closest hour) was determined for each day on each MARU.

If signals from humpback whales were visible during these analyses for black drum and toadfish, they
were noted and contributed to humpback whale opportunistic presence analyses (see Chapter 3).

Water temperature was recorded every 15 minutes with a Hobo® Pro v2 (Onset Computer Corporation,
Bourne, MA) in each MARU. Daily average temperature was calculated at each recoding site and
compared to daily presence of black drum and oyster toadfish with a logistic regression in JMP® Pro 10
(SAS Institute Inc., Cary, NC) to examine the relationship between water temperature and occurrence of
these fish.
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Figure 4.1. Variation in black drum loud drum and oyster toadfish boat whistle
calls identified in North Carolina and Georgia.

Fundamental frequency (F,) of black drum calls varied between 70-100 Hz. For example,
black drum A) F, = 100 Hz recorded at NC-North on 16 December 2012, B) F, = 80 Hz
recorded at GA-Central on 8 January 2013, C) F, = 75 Hz recorded at GA-Central on 8
January 2013, and D) F, = 85 Hz recorded at GA-Central on 8 January 2013. The F, of
oyster toadfish calls varied between 100-170 Hz. For example, toadfish E) F, = 250 Hz
recorded at GA-North on 15 July 2012, F) F, = 180 Hz recorded at GA-North on 19 October
2012, G) F, = 150 Hz recorded at GA-North on 12 November 2012, and H) F, = 100 Hz
recorded at GA-South on 31 March 2013. Spectrograms were created in Raven 1.5
(Bioacoustics Research Program 2014), for A-D, with a 512-point Hann window and 90%
overlap (frequency resolution of 3.91 Hz, time resolution of 25.5 ms), and for E-H, with a
256-point Hann window and 89.8% overlap (frequency resolution of 7.81 Hz, time
resolution of 13 ms).
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Figure 4.2. Black drum and toadfish chorusing.

A) 12-s spectrogram of black drum chorus and B) a 1-hr spectrogram view of the black drum
chorus, where the sustained, high rate of calls produces a continuous band of energy with the
fundamental frequency (F,) at ~80 Hz and harmonics at ~160 Hz and ~240 Hz at GA-Central
on 6 April 2013. C) 12-s spectrogram of toadfish chorus and D) a 1-hr spectrogram view of the
toadfish chorus, where the sustained, high rate of calls produces a continuous band of energy
with the F, at ~250 Hz at GA-North on 11 June 2012. Spectrograms were created in Raven 1.5
(Bioacoustics Research Program 2014), for A and C, with a 512-point Hann window and 90%
overlap (frequency resolution of 3.91 Hz, time resolution of 25.5 ms), and for B and D, with a
2048-point Hann window and 90% overlap (frequency resolution of 0.977 Hz, time resolution of
103 ms).

4.3 RESULTS

Black drum and oyster toadfish were present over differing time periods at the North Carolina and
Georgia sites. Black drum are predominantly present from the autumn through spring (November—April
2013). Oyster toadfish are predominantly present in the early spring and summer (March—April 2013 and
June—August 2012) (Figure 4.3). Both species were detected on more days in Georgia than in North
Carolina (Figure 4.3). Black drum were present on 463 days of 614 days analyzed across three MARUS in
Georgia, but on only 31 of 614 across three MARUs in North Carolina, Toadfish were present on 257
days of 614 days analyzed across three MARUSs in Georgia, but on only 13 in North Carolina.

There was greater variation in species presence among MARUS in North Carolina than in Georgia where
black drum and oyster toadfish were present at all MARUs. In North Carolina, oyster toadfish were
detected at NC-North and NC-Central for only a total of 13 days and were not detected at NC-South
(Figure 4.3A). Black drum were present on days at NC-Central in November—December 2012 and
February—April 2013, and present only one day each at NC-North and NC-South (Figure 4.3A). In
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Georgia, black drum were more frequently present on the same day across all MARUSs than were toadfish
(Figure 4.3B). Toadfish were present in fewer days at GA-Central (38 days), overall, than GA-North (128
days) and GA-South (91 days) (Figure 4.3B).
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Figure 4.3. Black drum and oyster toadfish occurrence and chorusing periods in
North Carolina and Georgia.

A) Black drum (black triangles) and toadfish (gray triangles) presence at each MARU
in North Carolina, 12 June 2012-15 April 2013. B) Black drum and toadfish presence
at each MARU in Georgia, 9 June 2012-12 April 2013. Shaded boxes correspond to
chorusing periods. Black vertical lines indicate days not analyzed in each site.

Black drum chorused 21-25 March and 1-12 April 2013 at GA-North, 18-25 March and 1-12 April 2013
at GA-Central, and 19—25 March and 31 March—12 April 2013 at GA-South (Figure 4.3). Black drum
also chorused 9—15 March and 6-9 April 2013 at NC-North; no chorusing was detected at NC-Central
and NC-South (Figure 4.3). Start and end times of chorusing were variable between days and among
MARUS, but chorusing occurs between approximately 15:00 and 06:00. Chorusing started as early as
10:00 on 12 April 2013 in North Carolina. Chorusing occurred most frequently between 18:00 and 5:00,
and exceeded amplitudes of 100 dB at frequencies corresponding to the fundamental frequency and
harmonics of the call, at approximately 80 Hz, 160 Hz, and 240 Hz (Figure 4.4). Oyster toadfish chorused
9 June—12 July 2012 at GA-North, 18-20 March 2013 and 22 March—12 April 2013 at GA-Central, and
16-24 March 2013 and 26 March—12 April 2013 at GA-South. Oyster toadfish chorusing was not
detected in North Carolina. Chorusing occurred continuously throughout the day, creating visible energy
frequency bands that correspond to the fundamental frequency and harmonics of the calls. Although we
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did not systematically measure the fundamental frequency of oyster toadfish calls, based on our
identification of boat whistle calls, the fundamental frequency varied throughout the year. During the first
deployment, June—November 2012, the fundamental frequency varied greatly between approximately 180
and 270 Hz (Figure 4.1). In the second deployment, November 2012—April 2013, the fundamental
frequency gradually increased from approximately 120 Hz to 125 Hz (Figure 4.1).

The average annual water temperature between North Carolina (21.7 °C + 0.2 [SE], range = 13.4-29.0 °C)
and Georgia (21.0 °C + 0.1, range = 12.8-29.9 °C) were similar, but daily water temperature was more
variable between sites and days in North Carolina than in Georgia (Figure 4.5). Excluding the low fish
presence data from NC-Central and NC-South, the occurrence of both species was associated with water
temperature at the sites. Oyster toadfish occurrence was significantly associated with water temperatures
below 20 °C and above 24 °C (logistic regression, df = 1, ¥* = 5.90, p = 0.0152) (Figure 4.6). Black drum
occurrence was strongly associated with temperatures below 20°C (df = 1, > = 976.36, p < 0.0001).
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Figure 4.4. Diel pattern of black drum chorus.

Black drum chorusing overnight from approximately 15:00-5:00, 31 March—12 April 2013
at GA-South. Chorusing produces sound levels >120 dB at the fundamental frequency of
the call (~80 Hz) and sound levels >100 dB at the first and second harmonics (~160 Hz
and 240 Hz). Major tick marks identify 0:00, the start and end of each day; minor tick
marks identify 12:00.

30



)

Mean Temperature (°C

Mean Temperature (°C)

* NC-Narth
+ NC-Central
NC-South

234
224
214
204
194
184
17 4
16
15
144
13
12

* GA-MNorth
+ GA-Central
GA-South

-
< o
Nt /

. -
-, e
T A

9-Jun
l

T
1-Aug

T
1-Sep
2012

T T T T T
1-Dec 1-Jan 1-Feb 1-Mar 1-Apr 15-Ap

} 2013 |

Date

Figure 4.5. Mean daily temperature in North Carolina and Georgia.
Mean daily temperature at each MARU in A) North Carolina, 12 June 2012-15 April
2013, and B) Georgia, 9 June 2013-12 April 2013.
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Figure 4.6. Relationship between acoustic occurrence and water temperature.
A) Relationship between black drum occurrence and water temperature. B)
Relationship between toadfish occurrence and water temperature. Acoustic
presence = 1, lack of acoustic presence = 0.

4.4. CONCLUSIONS

4.4.1. Geographic Variation in Fish Calling

Our passive acoustic surveys in offshore North Carolina and Georgia reveal vocally active black drum
and toadfish at both locations over the course of the year. Both black drum and toadfish occurred with
greater regularity in the Georgia location than in North Carolina; this may be related to the habitat
differences between locations. The Georgia locations were closer to shore (mean distance to shore = SE:
GA=18.7 = 1.3 km, NC=51.2+11.7 km), and shallower in depth (14 m in Georgia compared with an
average of 34.3 m in North Carolina. Because much of the calling behavior of both species is associated
with reproductive advertisement displays (Burkenroad 1931; Fine et al. 1977; Gray and Winn 1961;
Locascio and Mann 201 1b; Locascio et al. 2012; Mok and Gilmore 1983), and both species spawn in
shallower coastal waters (Gray and Winn 1961; Gudger 1910; Mok and Gilmore 1983), it is possible that
the Georgia locations provide more suitable habitats for reproductive or social behaviors. Given the
comparatively low degree of acoustic presence of both black drum and toadfish at the North Carolina
sites, it is difficult to explore ecological patterns from these data.

Among the three MARUS at the Georgia site, there were differences in the temporal pattern of toadfish
acoustic presence. There was a longer duration of toadfish calling at GA-North compared to the GA-
Central and GA-South sites. Because water temperature was similar among the three locations, other
water quality characteristics (e.g., salinity, dissolved oxygen) or physical habitat differences may account
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for the difference in behavior of toadfish at these three locations. Because toadfish males establish nests
and guard eggs (Gray and Winn 1961; Gudger 1910), it is likely that the GA-North site had a greater
number of available nesting habitats compared to the GA-Central and GA-South locations, and may
account for the prolonged calling activity at GA-North.

Black drum, in contrast to toadfish, do not seem to indicate the same degree of preference or limitation of
habitat. As such, the black drum calling data shows a similar temporal pattern across the MARUSs in
Georgia, and a sudden seasonal start of acoustic occurrence that is seen at all three MARUs. This nearly
simultaneous onset of chorusing activity over a 25 km distance suggests an environmental cue triggering
the initiation of reproductive behavior (e.g., Mann and Grothues 2009).

Available nesting habitats in this area may be patchy in distribution across the broader geographical area.
The bottom structure of the Georgia Bight, the region containing the Georgia study site, is a mixture of
hard bottom and sand, with intermittent live bottom cover (see Chapter 6, Kendall et al. 2005; Kendall et
al. 2007). In the context of the present study, the heterogeneous bottom cover, and resulting patchy
distribution of focal species, warrants caution for identifying and characterizing appropriate control sites
to compare with the wind planning area (Landres et al. 1988; Noss 1990). If there is a heterogeneous
distribution of available habitat for toadfishes, differences in calling between locations (particularly after
the onset of wind farm construction) may reflect physical habitat differences between sites, rather than
population-level changes in behavior.

Much of Onslow Bay contains a combination of gravel and sand bottom cover with less than 10% of the
bottom structure comprised of hard- and live-bottom habitats, and less than 6% serving as essential fish
habitat (Chapter 7, also Department of the Navy 2009). Despite the lower proportion of fish habitat, there
were numerous sounds being produced by fishes from many unidentified species (see Appendix), which
suggests that this habitat is outside of the typical range of the two focal species, and not necessarily the
result of a decrease in biodiversity. Onslow Bay is just south of the dividing lines between the northern
and southern biogeographic provinces in the Western North Atlantic (Mahon et al. 1998), and this area
may represent a transitional species composition between the subtropical species assemblages seen to the
south, and the mid-Atlantic temperate fish assemblages which inhabit northern waters.

4.4.2. Temporal Patterns in Fish Calling

The acoustic survey showed the two focal species calling throughout the survey period. Both focal species
were acoustically present in a higher proportion of the study period in Georgia than in North Carolina. At
the Georgia site, toadfish called nearly every day throughout the summer, and then tapered off (except at
GA-North), and then black drum started calling at all MARUs around November. Sustained chorusing for
both focal species started in mid-March, with initiation of the choruses starting within a short period of
time of each other. During these sustained choruses toadfish show little to no diel pattern, whereas black
drum primarily chorused at night (also see Locascio and Mann 2011b). Given that signals overlap in their
frequency range (F, of toadfish and 2F, of black drum), there may be acoustic competition during these
chorusing periods, as there are many identified instances during these time periods with overlap of black
drum and toadfish calls.

Because the calling behavior of both species shows no decline towards the end of the project, and
continues until the end of the recording period, it is likely that the chorusing period continues through
April into May. Because there was only less than a single year of acoustic data collected from these
locations, year-to-year variability in chorusing duration in offshore populations of these species has not
been examined, and it would be interesting to evaluate the synchrony of elevated acoustic activity and the
consistency across years. Accounting for temporal variability in calling behavior would be another critical
component to assess from a monitoring perspective (Bridges and Dorcas 2000).
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Studying the calling behavior of these species across years would be interesting to evaluate how
consistent occurrence and seasonality is at these locations. Because both species migrate (Gudger 1910;
Isaacson 1964; Murphy et al. 1998; Schwartz 1974; Silverman 1979), it would be useful to understand
whether black drum or toadfish display site fidelity and return to the same locations across multiple years
for spawning. If the same individuals, or members of the same population, are returning to these locations
across years, then it further supports the approach that these species could be used as ecological
indicators, and differences in acoustic activity between years could reflect some degree of ecological
change within the habitat. However, if the presence of fish and their acoustic activity is variable across
years, differences in calling of these species across years would not necessarily be indicative of change
within the ecosystem.

One of the limitations in the approach used for data analysis here was that the patterns of calling for both
species was only evaluated at a daily-occurrence level of resolution. Daily presence/absence is often used
as a metric in the course of ecological monitoring (e.g., Morano et al. 2012), when it is not necessarily
feasible, cost-effective, or required to analyze all calls per unit time. Thus, these daily occurrence data
combined with a high-level perspective on chorusing behavior can only provide a rough idea of the
behavior of these populations. Determining the number of calls produced by each species at a smaller
time interval would provide a greater degree of detail of the acoustic behavior of each species, and
possibly provide insight into changes in calling rates (Fine et al. 1977; Fine 1978; Grava et al. 2012), as
well as the relative (or modeled) abundance of each population present at each site (Fine et al. 1977
Marques et al. 2013; Royle and Nichols 2003; Royle 2004). With the large amount of data collected,
analysis of all calls produced by each species is not realistic, but sub-sampling approaches of calling rate
over the course of the project period could capture potential changes in behavior. Automated detection
algorithms have been developed to identify calls in the passive acoustic study of marine mammals, (e.g.,
Mellinger and Clark 1997), but, the overlap of black drum calls or the lack of temporal separation
between black drum or toadfish calls in a chorus would make the automated recognition of these calls
extremely difficult and would favor an alternative methodology.

4.4.3. Use of Fish Calls as Ecological Indicators

In addition to conducting a seasonal survey to understand calling and chorusing patterns for these two
focal fish species, one of the motivations for this approach was to further develop the approach of using
these two fish species as complementary ecological indicators to evaluate possible habitat disturbance
during wind farm construction.

In order for a particular species to serve as an effective indicator, a number of criteria must be met (Cairns
et al. 1993; Goodsell et al. 2009). In particular, a measurable change in behavior or ecology should be
exhibited in response to a specific stressor (either a correlative, or preferably, a causal relationship -
Goodsell et al. 2009), but be biologically and socially relevant, broadly applicable, anticipatory, cost-
effective and non-invasive to measure (Cairns et al. 1993). Passive acoustic monitoring of fish calls
satisfies many of these criteria. With further understanding in how patterns of fish calling are influenced
by habitat changes, passive acoustic monitoring of fish calls offers the potential for evaluating ecological
changes (Van Parijs et al. 2009).

In the case of wind farm construction, likely stressors would include increases in noise level and physical
habitat disturbance associated with pile-driving, trenching, or operation of service boats during the
construction phase (Kikuchi 2010; Madsen et al. 2006; Wahlberg and Westerberg 2005). From a noise
perspective, impacts to fishes would likely be chronic and sub-lethal, and include increased stress levels
associated with increased noise levels or acoustic masking. Many of these effects have been suggested in
fishes (Popper 2003; Slabbekoorn et al. 2010; Slabbekoorn 2012), but have been demonstrated in a wide
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range of vertebrate taxa (Arroyo-Solis et al. 2013; Grava et al. 2012; Hansen et al. 2005; Price et al. 2005;
van Buggenum and Vergoossen 2012). Recent work has also demonstrated a decrease in fish foraging
success related to increase in noise levels (Voellmy et al. 2014). Primary or secondary effects from these
stressors may either inhibit acoustic/reproductive activity or drive the animals from the site (Rako et al.
2013). Physical habitat modification may also displace animals. Both physical habitat perturbation and
increases in anthropogenic noise could potentially result in a cessation in advertisement calling, and this
change in behavior would be measurable during the course of passive acoustic surveys. However, a
critical step in evaluating the reliability of black drum or toadfish calling as potential indicator species
would be to demonstrate a causal relationship between increased noise levels and decreased calling
activity. Many empirical studies in different vertebrate groups have suggested that changes in vocal
behavior is a measurable ecological indicator of disturbance (Arroyo-Solis et al. 2013; Grava et al. 2012;
Hansen et al. 2005; Price et al. 2005; van Buggenum and Vergoossen 2012), and this is likely the case in
fishes. However, future studies would be useful to either demonstrate the use or limitations of using fish
sounds as ecological indicators.

Given both species’ regularity of calling, both toadfish and black drum would be significantly more
effective ecological indicators in the Georgia wind planning area, compared to the North Carolina
planning area. However, given the wide diversity and abundance of unidentified fish calls (see
Appendix), it is likely that different acoustically active fish species could be developed to serve as
ecological indicators in Onslow Bay.

4.4.4. Recommendations for Future Study

This initial baseline survey of fish calling activity at these two locations shows interesting results, and a
great deal of promise. To better understand the context and ecological drivers of fish acoustic activity, a
number of recommendations have emerged from this study that should be applied to future efforts.

There was a wide range of spatial and temporal variability in the amount and seasonality of calling
behavior of black drum and toadfish. Designing a survey that includes spatial replication would help
demonstrate the degree of micro-scale variability occurring of the focal species behavior and occurrence
(e.g., Dawson and Efford 2009; Underwood 1994). Because demersal and benthic species have a
heterogeneous distribution in different recording areas, single recording locations will not provide
sufficient spatial representation to characterize focal species occurrence. The behavior of the fishes
analyzed here show a strong seasonal signal in their acoustic behavior, which warrants a complete year-
round survey (only 11 months of data were collected here), and preferably a multi-year baseline survey to
capture intra- and inter-annual variability in focal species’ behavior. The acoustic detection range of these
two species has not been established in these locations, so it is unclear the spatial distance that is being
sampled with the recorders.

Because these two species showed a degree of seasonal separation in their calling activity over the course
of the study period, it is possible that toadfish calling patterns could be used as an ecological indicator
through the summer, and black drum calling could serve as an ecological indicator through the winter and
spring. The abundance of calls and the appearance of a seasonal pattern suggest that the passive acoustic
monitoring of fish vocalizations could be useful to evaluate population-level or habitat changes. The
differences calling behavior of fishes across the years and among locations further reveal the value (and
difficulty) of appropriate baseline studies.

Study requirements and selection of focal species should be selected after the project sites are decided
upon. As mentioned earlier, these fish species were selected before wind planning area selection, and
were chosen on the basis of their readily identifiable, species-specific sounds, their extensive previous
study, and wide distribution along the U.S. Atlantic coast. Though black drum and toadfish were recorded
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at nearly all of the locations, they were more commonly recorded at the Georgia sites, and only
sporadically detected in North Carolina. An evaluation of site-specific acoustic data could reveal which
fish species are most suitable to serve as focal species at particular locations.

Though neither black drum nor toadfish were particularly vocally active at the North Carolina sites, there
were many unidentified biological sounds likely produced by other fish species in the area. This
abundance of unidentified fish sounds highlights the major acoustic role that fish species have within their
ecosystems, and demonstrates the value in future efforts to conduct baseline research identifying the
sources of these sounds. When the sources are identified, these signals may be used in future long-term
monitoring efforts.
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5. AMBIENT NOISE

5.1 INTRODUCTION

Sound is a critical component of the marine environment, and many, if not most, marine animals use
sound in different aspects of their life history. Measurements of ocean ambient noise have long been used
to characterize different geographic areas from an oceanographic or physical perspective (for example,
see reviews by Urick 1986; Wenz 1962; Wenz 1972); these measurements are now being calculated in
different ecosystems to evaluate how marine animals may be influenced by sound from environmental
and anthropogenic processes (Clark et al. 2011; e.g., Samuel et al. 2005; Simard et al. 2010). Analysis of
the ambient noise environment over large spatial and temporal scales provides a broad, quantitative
perspective on ecosystem function.

The term “ocean ambient noise” includes the combination of biological, environmental, and
anthropogenic sounds occurring within a particular region (Hildebrand 2009; Urick 1986; Wenz 1962). In
the marine environment, major contributors to the overall acoustic ambient noise environment include the
combination of surface wave action (generated by wind), marine organisms, and anthropogenic sound
sources such as ships, geophysical seismic surveys, and construction (Hildebrand 2009). These different
sound sources are detectable over different orders of magnitude in both temporal and spatial scales. In the
case of sounds from commercial shipping vessels, this acoustic signature is detectable in the low
frequency bandwidth thousands of kilometers from the actual ship (Hildebrand 2009). Anthropogenic
noise between the 20—150 Hz frequency range is usually due to shipping and mining operations (Jobst
and Adams 1977), and environmental noise above 150 Hz in the deep ocean is surface-generated (Jobst
and Adams 1977; Urick 1986; i.e., wind and waves, Wenz 1972). Ambient noise analysis characterizes
the acoustic environment and is a mechanism to evaluate acoustic activity and other stimuli of both focal
and non-focal species.

One of the fundamental characteristics of the ambient noise environment is its variability (Wenz 1962);
thus, long term studies are needed to statistically characterize the ambient noise variability (Wenz 1972).
In these long-term data collection efforts, analysis of ambient noise allows the chance to broadly evaluate
the periodicity of physical environmental processes, vocally active biological constituents of an acoustic
environment, and the contribution of anthropogenic sounds to the ambient noise environment. The
combined analysis of biological acoustic activity in relation to different anthropogenic or environmental
sound levels offers the chance to examine how increases in noise levels may impact behavior of vocal and
non-vocal species. Specific to the waters off the coast of Georgia and North Carolina, we provide
opportunities to assess the possible future impacts of pile driving and other associated construction and
wind farm operation noise by characterizing the baseline ambient noise environment, and highlight
potential species that are susceptible to increased risk or impact from anthropogenic noise.

5.2 METHODS

Acoustic data from each MARU (see Chapter 2) were processed using the Noise Analysis tools within the
SEDNA toolbox for MATLABO (Dugan et al. 2011), using a Hann window, FFT size of 2000 samples,
time resolution at 1 s, and frequency resolution at 1 Hz. To evaluate the ambient noise conditions, two
different representations of sound were used: frequency compared to time (spectrogram) and power
compared to frequency (power spectra).

Spectrograms of acoustic data were created using 1-hr integration time slices for each MARU, and a FFT
of 2000 samples. Two different frequency scales were used to represent the data, a linear scale with
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frequencies between 0—1 kHz, and a scale based on 1/3™ octave frequency bands between 10—630 Hz (see
below). We visually and acoustically analyzed noise events present in the spectrogram and were able to
categorize them according to the type of source such as weather events, anthropogenic sources or
biological sources (Figure 5.1).

Traditional signal processing methods divide the acoustic signal into smaller frequency bands (based on
octaves), to reduce the amount of data being analyzed for greater ease in processing and interpretation
(Peterson and Gross 1978). These bands effectively filter the data into smaller subsets. For sound analysis
in a biological context, 1/3 octave bands are commonly used for two principal reasons: use of these bands
cover a 10-to-1 frequency range (Peterson and Gross 1978) and the function of the mammalian ear can be
approximated as a set of bandpass filters with a sensitivity of approximately 1/3 of an octave (Madsen et
al. 2006; Richardson et al. 1995). With these 1/3 octave bands, the bandwidth is approximately 23% of
the center frequency (Peterson and Gross 1978). This spectrographic representation also provides a good
illustration of energy in lower frequency ranges, which are difficult to see with a full-bandwidth linear
scale spectrogram.

The power spectral density represents the amount of power in the signal as a function of frequency. We
calculated power spectral densities and represented them as statistical percentiles of total data (Roth et al.
2012; similar to Samuel et al. 2005). Data were represented using the lower 5, 25", 50" (= median), 75",
and upper 95" percentiles. In order to understand the variation in sound levels and frequency distribution
and how they differ depending on type of noise, we calculated and compared power spectral densities for
time periods where the dominant source of noise was from biological, anthropogenic and weather related
activities.
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Figure 5.1. Example long term spectrogram.
Spectrogram of acoustic data from GA-South (09 June 2012-12 April 2013) represented as A) linear frequency axis from 10-1000 Hz

and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB (re:
1 yPa). Example noise events are boxed and labeled.
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5.3 RESULTS
5.3.1 General Trends

Looking at long-term plots of spectrogram noise, we found seasonal and geographical trends in ambient
noise patterns. Overall, summer and fall months (June-November) had higher levels of noise in
comparison to winter and spring months (December—April). Geographically, the three sites in Georgia
qualitatively showed higher levels of noise than the three sites in North Carolina. Within each geographic
location, there was not a significant, qualitative variation in noise between individual sites. See Figures
5.2-5.13 for spectrogram noise plots for the entire MARU recording period from each site. In the
subsequent chapters, we take a look at specific patterns and noise events and categorize the different types
of noise found in both arrays throughout the year.
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Figure 5.2. Spectrogram of acoustic data from GA-North (9 June—9 November 2012).

Spectrogram of acoustic data from GA-North (9 June—9 November 2012) represented as A) linear frequency axis from 10-1000
Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in

dB (re: 1 yPa).
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Figure 5.3. Spectrogram of acoustic data from GA-North (10 November 2012-12 April 2013).
Spectrogram of acoustic data from GA-North (10 November 2012-12 April 2013) represented as A) linear frequency axis from 10—
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Figure 5.4. Spectrogram of acoustic data from GA-Central (9 June—-9 November 2012).

Spectrogram of acoustic data from GA-Central (9 June—9 November 2012) represented as A) linear frequency axis from 0 Hz-1 kHz
and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB
(re: 1 pPa).

315 -
T 160 -

1/3rd Octave
Frequency

] P o]
o o o
1 1 1

43



1000
900
800
700
600
500
400
300
200
100

Frequency (Hz)

160
80 -

1/3rd Octave
Frequency (Hz)

204
20 4

Rl lﬂ_‘_ lLILl

M R Y

01/10/13
]

11/10/12

T
12/10/12

03/13/13 04/12/13

i

01/10/13 02/1I0/13
Time (mm/dd/yy)

T
03/13/13 04/12/13

- - 110

100

490

80

70

60

Figure 5.5. Spectrogram of acoustic data from GA-Central (10 November 2012-12 April 2013).
Spectrogram of acoustic data from GA-Central (10 November 2012-12 April 2013) represented as A) linear frequency axis from
10-1000 Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power
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Figure 5.7. Spectrogram of acoustic data from GA-South (10 November 2012-12 April 2013).
Spectrogram of acoustic data from GA-South (10 November 2012-12 April 2013) represented as A) linear frequency axis from 10-1000 Hz and B)
1/3 octave band frequencies between 10—-650 Hz. The color bar to the right of both panels indicates the power scale, in dB (re: 1 pPa).
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Figure 5.8. Spectrogram of acoustic data from NC-North (12 June-11 November 2012).
Spectrogram of acoustic data from NC-North (12 June—11 November 2012) represented as A) linear frequency axis from 10_1000
Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in

dB (re: 1 pPa).
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Figure 5.9. Spectrogram of acoustic data from NC-North (12 November 2012-16 April 2013).
Spectrogram of acoustic data from NC-North (12 November 2012-16 April 2013) represented as A) linear frequency axis from 10-000
Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB
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Figure 5.10. Spectrogram of acoustic data from NC-Central (12 June-11 November 2012).
Spectrogram of acoustic data from NC-Central (12 June—11 November 2012) represented as A) linear frequency axis from 10—
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Figure 5.11. Spectrogram of acoustic data from NC-Central (12 November 2012 —16 April 2013).
Spectrogram of acoustic data from NC-Central (12 November 2012-16 April 2013) represented as A) linear frequency axis from
10-1000 Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power

scale, in dB (re: 1 pPa).
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Figure 5.12. Spectrogram of acoustic data from NC-South (12 June—-11 November 2012).
Spectrogram of acoustic data from NC-South (12 June—11 November 2012) represented as A) linear frequency axis from 10-1000
Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in

dB (re: 1 pPa).
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5.3.2 Noise Patterns
Noise events in the North Carolina and Georgia environments, as seen in the long-term spectrograms, can
be grouped into several categories: biological, weather, anthropogenic, and unknown sounds.

5.3.2.1 Biological Sources

The sporadic vocal activity of marine mammals such as the right whale and humpback whale was not
visible on the multi-month long spectrograms, but black drum and toadfish chorusing were visible from
mid-March—April at all three Georgia sites (Figures 5.3, 5.5, 5.7). Black drum chorusing is a high rate of
calls that continue for over an hour (see Chapter 4) and is visible as a band of energy around 70 Hz (the
fundamental frequency), often with up to two harmonics at 140 Hz and 210 Hz (Figures 5.14, 5.15) .
Many of these choruses were recorded in excess of 100 dB. Toadfish chorusing, in contrast, can be seen
in the spectrograms as two solid horizontal, parallel lines, with a fundamental around 100 Hz, with one
harmonic associated with it (Figures 5.3, 5.15). In toadfish, the fundamental frequency of the call is
related to water temperature (Fine 1978), so a slight increase (up to 50 Hz) can be seen as the water
increases in temperature from winter to spring. Compared to black drum, toadfish chorusing had a lower
sound level, with an average power less than 90 dB.

5.3.2.2 Weather

Severe weather was found to be a significant contributor to ocean noise in both Georgia and North
Carolina. Due to the relatively shallow depth of the MARUS, any significant increase in wave action
introduced anchor-related self-noise into the MARU recordings, which was recorded by the hydrophone.
In some cases, this self-noise was site specific, such as with the GA-Central during June 2012 (Figure
5.4). Noise was concentrated below 100 Hz, up to 120 dB at times (Figure 5.16). However, during
extreme weather, such as Hurricane Sandy, which developed in the fall of 2012 (late October—early
November), significant broadband noise was recorded on all MARUS at all sites in Georgia and North
Carolina (Figures 5.2, 5.4, 5.6, 5.8, 5.10, 5.12, 5.17). The higher frequency noise associated with the
wave-driven motion of the MARU is most likely attributed to the waves themselves.

5.3.2.3 Anthropogenic Sources

Another source of ocean ambient noise is from human related activities such as military, construction,
shipping and other commercial and recreational activities. Boat vessel noise was recorded throughout the
year at both sites and appears in the long term spectrograms as low frequency noise, often between 80 and
120 dB (Figure 5.18). Vessel noise usually appears to increase and then decrease in power as the ship gets
closer and farther away from the MARU.

5.3.24 Internal Electronic Noise

In a few rare instances, internal electrical interference or temporary problems with the MARU’s recording
hydrophone caused the unit to malfunction and introduce static or self-generated noise to the recordings.
This occurred briefly in the GA-Central during late August and early October 2012 (Figure 5.18). In the
long term spectrograms, this is characterized as a loud (~100 dB) broadband noise event ranging from
10-1000 Hz (Figure 5.19). Every effort is put forth to eliminate this source of noise, but it is necessary to
be aware of how internal self-generated noise manifests itself in the recordings so that it can be properly
accounted for during any analysis.
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5.3.25 Unknown Sounds

The source of some recorded sounds cannot be definitively identified, but suggest either anthropogenic or
biological sources, depending on the characteristics of the sound. Some unknown sounds apparent in the
long duration spectrograms have characteristics that are consistent with the types of signals that fish
produce; the sounds are short in duration and are repeated in irregular patterns. One sound that is
potentially from an unidentified fish species is visible as two bands of energy, each with a bandwidth of
approximately 100 Hz, and centered at 200 Hz and 400 Hz, as a daily pattern on December 2012—April
2013 spectrogram in North Carolina (Figure 5.13). A closer examination on 15 February—17 March 2013,
showed that this signal occurred overnight between approximately 1700-0600 hrs (Figure 5.20). These
signals are short duration (~0.2 s) upsweep-like signals that occurred in bouts lasting approximately 5 s or
more (see Appendix, Figure A-4). Overlapping signals and bouts suggest that there were multiple sources
for these signals.

Sound recorded in both Georgia and North Carolina from June through October 2012 illustrated two
unknown sounds (Figure 5.21). The first sound consisted of broadband noise from 200 to 1000 Hz, with
the noise tapering off in the lower frequencies and averaging six hours in duration. The noise began in the
evening and ceased in the morning, and this pattern continued for weeks at a time. Signal characteristics
suggest that this is anthropogenic. The second sound is a band of energy that occurred within a few hours
after this first unknown sound, but the signal consists of peaks of energy every 100 Hz beginning at
approximately 250 Hz (Figure 5.21). These signals were stacks of downsweeps, approximately 0.6 s in
duration, and repeated in an irregular pattern (see Appendix, Figure A-3). These signals also overlapped,
indicating there were multiple sources. Signal characteristics suggest that this signal may be biological.

5.3.3 Potential for Noise Masking

To investigate whether anthropogenic noise sources can mask fish chorusing events, power spectral
density measurements were calculated to compare the relative loudness of different types of ocean noise.
Using data from GA-North, we selected a period of time where the prominent source of noise was from
anthropogenic shipping (13 December 2012—-01 January 2013) and then compared that to a period of time
(21 March—13 April 2013) when the prominent source of noise was from biological fish chorusing. The
power spectral density showed that for most of the frequency range between 20—1000 Hz, the noise levels
from shipping were higher than the noise levels from the black drum and toadfish chorusing activity (50"
percentile, 80 dB vs ~72 dB). That is, if the shipping noise were to occur at the same time as the fish
chorusing, the fish signals would be masked at those frequencies (Figure 5.22). This masking can be seen
at a much smaller time frame (1-2 hr in duration) than the long term spectrograms. On 14 March 2013 at
NC-Central, black drum choruses are masked by vessel noise from 15:50-16:20 (Figure 5.23).

Marine mammal vocalizations were recorded throughout the study, but they were not frequent enough to
be visible on long term spectrogram plots. However, the power spectral density plot for two weeks of
time where anthropogenic shipping and vessel noise was the dominant source of ocean noise, the 50"
percentile in the right whale communications frequency (~70-300 Hz) was about 80 dB. Depending on
the proximity of the whale to the ship, the potential for masking is still present.
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Figure 5.14. Biological example of black drum chorusing.

Spectrogram of acoustic data from GA-Central (17 March—13 April 2013) represented as A) linear frequency axis from 10-1000 Hz
and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB
(re: 1 pPa). Black drum chorusing can be seen as pulsed events with stacked harmonics of 10-13 hr in duration, many of which are
>110 dB in power.
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Figure 5.15. Biological example of black drum and toadfish chorusing.

Spectrogram of acoustic data from GA-North (01 April-13 April 2013) represented as A) linear frequency axis from 10-1000 Hz and
B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB (re: 1
uPa). Black drum chorusing can be seen as pulsed events with stacked harmonics of 10-13 hr in duration. Toadfish chorusing can

be seen as two narrow frequency bands at ~100 and 200 Hz, increasing in frequency over time.
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Figure 5.16. Example of weather-related noise.

Spectrogram of acoustic data from GA-Central (9 June—30 June 2012) represented as A) linear frequency axis from 10—-1000 Hz
and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB
(re: 1 pPa). MARU banging and jostling due to weather can be seen as the noise below 100 Hz. The broadband pulses are
examples of the unidentified noise described in Figure 5.21.
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Figure 5.17. Example of extreme weather noise from Hurricane Sandy.

Spectrogram of acoustic data from GA-South (20 October—6 November 2012) represented as A) linear frequency axis from 10-1000 Hz and B)
1/3 octave band frequencies between 10—650 Hz. The color bar to the right of both panels indicates the power scale, in dB (re: 1 uPa). Weather
related to Hurricane Sandy is present as broadband noise, especially from 25 October —28 October 2012.
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Figure 5.18. Anthropogenic example of shipping noise.

Spectrogram of acoustic data from NC-North (12 November—24 November 2012) represented as A) linear frequency axis from
10-1000 Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the

power scale, in dB (re: 1 pPa). Noise due to human shipping, commercial fishing, or other boat traffic is seen as low frequency

noise events concentrated around 160 Hz.
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Figure 5.19. Internal hydrophone noise.

Spectrogram of acoustic data from GA-Central (23 August—31 August 2012) represented as A) linear frequency axis from 10-1000
Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in
dB (re: 1 pPa). Internal self-generated noise can be seen as broadband noise blocks (10-1000 Hz) of about 105 dB, occurring
before and after 27 August 2012. The bands of noise occurring before and after the internal-generated noise are an example of two
unknown sources of noise described in Figure 5.21.
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Figure 5.20. Unknown sound source, potentially biological.

Spectrogram of acoustic data from NC-South (15 February—17 March 2013) represented as A) linear frequency axis from 10-1000
Hz and B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in
dB (re: 1 yPa). An unidentified sound source, potentially biological (see Appendix, Figure A-6), can be seen as signals with a
bandwidth of approximately 100 Hz at approximately 200 Hz and 400 Hz. With closer examination of these signals, these are short
duration (~0.2 s) upsweep-like signals that occur in bouts lasting approximately 5 s or more. Overlapping signals and bouts
suggests that there are multiple sources.
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Figure 5.21. Unknown sound sources, potentially anthropogenic and biological.

Spectrogram of acoustic data from GA-North (25 July—6 August 2012) represented as A) linear frequency axis from 10-1000 Hz and
B) 1/3 octave band frequencies between 10-650 Hz. The color bar to the right of both panels indicates the power scale, in dB (re: 1
uPa). Broadband noise, with peak energy at approximately 300-500 Hz, occurs in the evening of each day and continues until
morning of the next day. This unknown sound may be anthropogenic. A second band of energy occurs after this unknown sound,
but the signal consists of peaks of energy every 100 Hz beginning at approximately 250 Hz. This signal may be biological.
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Figure 5.22. Power spectral density of anthropogenic and biological sounds.
Power Spectral Den5|ty where the sound power level (dB) is plotted versus the frequency (Hz). A) The percent of noise with 95"

(loudest) and 05" (quietest) percentiles for GA-North (13 December 2012-01 January 2013) where anthropogenic shipping noise was

the dominant source of noise. B) The percent of noise with 95" (loudest) and 05" (quietest) percentlles for GA-North (21 March-13

April 2013) where biological fish chorusing was the dominant source of noise. C) Overlays of the 50" percentile noise from plots A and
B. At any given frequency, the line that is at a higher power level will mask any sound at the lower level.
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Figure 5.23. Acoustic masking of black drum chorusing.

Spectrogram from NC-Central on 14 March 2013 from 15:15-17:00. Frequency range is from 10-1000
Hz. Black drum chorusing can be seen at 15:15 and becomes masked by the incoming vessel around
15:50. By 16:40, black drum signals are clearly visible again as the ship noise dissipates.

5.4 CONCLUSIONS

Long term ambient noise spectrograms visualize the noise characteristics of the Georgia and North
Carolina ecosystems, which can be extremely variable depending on weather, marine animals, human
shipping, fishing, and construction activities. Within both the Georgia and North Carolina recording
areas, each site had different noise characteristics. Though some noise events such as extreme weather
(Hurricane Sandy) were registered on all MARUES, the signals differed in strength depending on specific
sites. The same could be observed for anthropogenic and biological sounds. Some sites showed higher
levels of shipping noise than others, and other sites showed black drum and toadfish chorusing at higher
power intensities. These differences underscore how the ocean acoustic environment at any given location
is highly variable and dependent on not only the physical noise characteristics (ocean temperature,
salinity, bathymetry), but the source levels of the target sounds (fish, whales, ships, construction) and
their proximity to the recording area. However, despite this variability, the baseline data gathered here
give many opportunities to measure effects of future increases in noise associated with wind farm
construction, pile driving, and operation. Being able to distinguish different sources of ocean noise is
critical in comparing changes over time and correlating increases or decreases in certain types of noise in
relation to each other.

Combining visual analysis of ocean acoustic noise from long term spectrograms and quantitative analysis
using power spectral density plots, we have an opportunity to determine how much noise is introduced
into the environment from shipping, biological fish choruses, and weather events, and whether certain
types of noise have the potential to acoustically mask one another. With black drum and fish chorusing
events, the baseline data showed examples of how shipping noise has the potential to mask the fish
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signals, but further monitoring can be done to quantify this impact on the fish and track changes at each
site. The same concept applies to monitoring impacts from chronic and acute ocean noise on marine
mammals. Though marine mammal vocalizations were not visible on the long term spectrogram plots,
noise levels during periods of time where peak marine mammal vocal activity was detected could be
compared to noise periods where high levels of human construction, pile driving or shipping noise
occurred. Measuring increases and decreases in levels of construction and ship vessel noise and
correlating these with levels of biological noise can provide data on ecosystem health in response to
anthropogenic activities.

Overall, collecting baseline long term spectrograms of ocean noise is critical to understanding how much
and what kinds of noise are already present in the ecosystem so that the effects of increased vessel traffic,
construction, and wind farm operation can be objectively assessed for impacts to marine organisms living
in these areas.
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6. NOISE MODELING

6.1 INTRODUCTION

The goal of this project is to predict the levels of sound that would be produced during the installation of
an offshore wind farm at one or two specific locations. A table of potential construction activities and the
acoustic characteristics associated with those activities was created. After the characteristics of these
activities were defined, then the acoustic propagation from those sound sources was predicted using
acoustic propagation models. The model output was used to predict the spatial extent affected by wind
farm construction noise at the two sites.

Water depth is one the dominant factors affecting acoustic propagation. The actual depth variation at the
Georgia modeling site was quite small and therefore a single location was selected for acoustic
propagation modeling. The range in actual depth was greater at the North Carolina location. There two
acoustic modeling sites were selected, representing the shallowest and deepest locations. The model
outputs from these two North Carolina sites will therefore account for any effect of variation in water
depth.

6.1.1 Technical Background

6.1.1.1 Amplitude Measurements
Typically, underwater sound is reported in units of decibels (dB). The decibel is defined as a ratio of
measured acoustic intensity (1) and a reference intensity level (l,.f).

I
dB = 10 10g10 <1 f)
re

More than one reference intensity level can be used to create a decibel value. Care must be taken when
reporting and reading sound levels in decibels to ensure that measurements are properly described. Sound
levels are often measured as pressure levels (P) rather than directly as intensity. These two measures can
be related with the following equation:

PZ
I =—
pc
Where p is the density of the medium (e.g. water) and c is the speed of sound in that medium. The
equations can be combined to produce the following:

PZ
dB =10 lOglo <m>
re

or

P
dB - 20 loglo < )
Pref

In underwater acoustics, the traditional reference pressure is 1 microPascal (uPa), leading to the common
use of the unit of ‘dB re 1 uPa’, which means a decibel referenced to a pressure of 1 microPascal.
However, there are more factors that must be considered, specifically measurement type and
measurement bandwidth.
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Measurement type refers to how the pressure was measured. Changing the type” of measurement can
change the reported sound level of a given sound by up to 9 dB. The most common types are root-mean-
square (RMS), peak (also reported as 0-peak), and peak-to-peak. RMS measures are essentially an
average intensity over a given amount of time. These measures are most appropriate for longer (i.e., non-
impulsive) signals. Impulsive signals, such as airguns and boomers, are best measured with a peak or
peak-to-peak measurement. These signals are of such limited duration, that it is difficult to appropriately
calculate a RMS value. These peak measurements simply measure the maximum amplitude of the signal,
without consideration of time.

Another preferred metric when considering impulsive signals and thei