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ABSTRACT

Cook Inlet beluga whales (Delphinapterus leucas) are listed as endangered under the US Endangered Species Act. Potential
threats to this population include anthropogenic noise and coastal zone development. The Port of Anchorage Marine
Terminal Redevelopment (MTR) Project, taking place in the Knik Arm of Cook Inlet, Alaska, involves multiple construction
activities including dredging, gravel fill and pile driving. The impacts of construction noise on beluga vocalizations were
investigated in this study. Passive sonobuoys were deployed in a four mooring array during 20 d in August and September
2009 near the MTR Project. Data were recorded in real-time at a shore-based observation station. No beluga whistles or
noisy vocalizations were recorded during this period; however, beluga echolocation clicks were frequently detected. An
energy summation method was used to automatically detect echolocation clicks. Times with and without construction noise
(i.e., dredging and pile driving) were determined from long-term spectral averages. The detected hourly click rate was higher
during times without (429 detected clicks/h) than with (291 detected clicks/h) construction activity; however, the difference
was not statistically significant (t4,=-0.56, P =0.58). Lower frequency beluga whale vocalizations (e.g., whistles) were
potentially masked, there may be have been an overall reduction in beluga vocalizations, or it is possible belugas were
avoiding the area during construction activity.

RESUME

Le béluga (Delphinapterus leucas) de Cook Inlet est en voie de disparition selon le Loi sur les Espéces en Voie de
Disparition des EE.UU. Ses animaux ont le potentiel d’étre menacé par des bruits d'origine anthropique et le développement
du secteur cotier. Le projet de Réaménagement de Terminal Marine (RTM) du Port de Anchorage, qui aura lieu a Knik Arm
de Cook Inlet, Alaska, consiste de plusieurs travaux, comme le dragage, remplissage du gravier et de battage des pieux. Dans
cette étude, on a investigué les effets du bruit des travaux sur les vocalises des bélugas. Bouées acoustiques ont été déployées
dans un réseau de quatre mouillages pendant 20 jours en Aot et Septembre 2009, prés du projet RTM. Les données ont été
recueillies en temps réel a une station d'observation cotiére. Les sifflets ou vocalisations bruyantes des bélugas n’ont pas été
enregistrées pendant cette période, mais les clics d'écholocation ont été détectés fréquemment. La somme de I'énergie a été
utilisée pour détecter d’une maniére automatique des clics d'écholocation. Les temps avec et sans bruit des travaux (c’est-a le
dragage et battage) ont été déterminés par I’examen des spectrogrammes comprimé. Le taux de clic détecté était plus élevé
pendant les périodes sans travaux (429 clics détectés / h) qu'avec (291 détecté clics / h), mais la différence n'était pas
statistiquement significatif (t (24) = 0,56, P = 0,58). Le vocalises des bélugas de la fréquence basse (par exemple, sifflets) ont
été potentiellement masqués, il peut y avoir eu une générale réduction des vocalisations des bélugas, ou il est possible que les
bélugas évitaient la domaine pendant l'activité de construction.

restrictions indicate a continued decline of 1.3% per year
(Hobbs et al. 2012). Many factors are identified as
potential threats to the Cook Inlet beluga whale, including
coastal zone development and anthropogenic noise
(NMFS 2008b). Known effects of noise on cetaceans
include behavioral changes, avoidance or displacement
from important habitat, masking of important sounds and

1. INTRODUCTION

Cook Inlet beluga whales (Delphinapterus
leucas) are geographically isolated and genetically
distinct from other US beluga whale stocks (O'Corry-
Crowe et al. 1997, Laidre et al. 2000, O'Corry-Crowe et
al. 2002). In 2008, the population was listed as

endangered under the US Endangered Species Act
(NMFS 2008a). The population, currently estimated at
312 individuals (Hobbs et al. 2012), was expected to
increase 2-6% per year following increased restrictions on
the subsistence harvest of beluga in 1999 (Hobbs et al.
2008). However, population trends since harvest
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changes to acoustic behavior (Richardson et al. 1995,
Lesage et al. 1999, McDonald ef al. 2006).

Beluga whales have highly developed hearing
and vocal abilities. Their hearing is most sensitive from
10-100 kHz (Awbrey ef al. 1988, Johnson et al. 1989,
Richardson et al. 1995) which is related to their use of
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high frequencies for echolocation and communication
(Richardson et al. 1995). Beluga whales were one of the
first cetaceans to be recorded underwater and they were
found to produce a variety of sounds (Schevill and
Lawrence 1949). Beluga whale whistles range between
0.26-20 kHz, pulsed tones between 0.4-12 kHz, noisy
vocalizations between 0.5-16 kHz (Schevill and Lawrence
1949, Sjare and Smith 19864, b, Richardson et al. 1995)
and their echolocation clicks have been recorded up to
120 kHz (Au et al. 1985). Whistles, noisy vocalization
and pulsed sounds at lower frequencies are generally
associated with social behaviors (Sjare and Smith 19865,
Faucher 1988, Karlsen et al. 2002, Belikov and
Bel’kovich 2006, 2007, 2008), while high frequency
echolocation clicks are generally associated with
navigation and foraging (Au et al. 1985, Au et al. 1987,
Faucher 1988, Turl and Penner 1989, Turl 1990).

Beluga whale vocalizations have been studied in
stocks found in Cunningham Inlet (Sjare and Smith
1986a, b), Churchill River (Chmelnitsky and Ferguson
2012) and St. Lawrence Estuary, Canada (Faucher 1988),
Bristol Bay, Alaska (Angiel 1997), Svalbard, Norway
(Karlsen et al. 2002) and the White Sea in Russia
(Belikov and Bel’kovich 2006, 2007, 2008), as well as in
captive animals (Au et al. 1985, Au et al. 1987, Turl and
Penner 1989, Lammers and Castellote 2009). Similarities
in whistles, pulsed sounds and noisy vocalizations among
these stocks include frequency band, contour types,
duration of contour types and the production of
multicomponent whistles (Sjare and Smith 1986a,
Karlsen et al. 2002, Belikov and Bel’kovich 2006, 2007,
2008).  Echolocation clicks have been examined in
captive belugas (Au et al. 1985, Au et al. 1987, Turl and
Penner 1989, Lammers and Castellote 2009), but have not
been compared between wild stocks. Belugas emit two
distinct pulses in a single echolocation click (Lammers
and Castellote 2009) and their click trains can be
separated into three categories based on their distinctly
different interclick interval patterns (Au et al. 1987).
Additionally, beluga clicks may vary in frequency and
bandwidth depending on the ambient noise levels (Au et
al. 1985). Currently, there are no peer-reviewed studies
on the vocal repertoire of the Cook Inlet beluga whale.

The presence of anthropogenic noise can affect
marine mammals behaviorally, acoustically and
physiologically (Nowacek et al. 2007). Beluga whale
behavioral responses in the presence of anthropogenic
noise (e.g., watercraft, aircraft and pile driving) include
changes in swimming speed, diving patterns, direction,
behavioral states (Patenaude et al. 2002), avoidance
(Blane and Jaakson 1994, Erbe and Farmer 2000) and
vocalizations (Lesage ef al. 1999, Scheifele et al. 2005).
Changes in beluga vocalizations include a reduction in
call rate, increase in the production of tonal and pulsed
calls, shift in frequency band (Lesage et al. 199) and the
Lombard vocal response (Scheifele et al. 2005). In
addition, documented beluga responses in the presence of
pile driving activity include changes in sighting duration,
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behavior (e.g., traveling and diving), group composition
and group formation (e.g., densely packed or dispersed;
Kendall 2010).

A way to increase our understanding of the
effects of anthropogenic noise on marine mammals is to
use passive acoustic monitoring studies. Passive acoustic
monitoring is an innovative technique that is increasingly
used for cetacean surveys (Mellinger et al. 2007).
Traditional visual surveys require daylight and good
weather conditions, often resulting in low detection rates
(Mellinger et al. 2007), while passive acoustic monitoring
can continue throughout the night and in poor weather
conditions (Barlow and Taylor 2005; Mellinger et al.
2007). Sonobuoy hydrophones are relatively inexpensive
and have been used successfully for a variety of passive
acoustic studies, including documenting the presence and
locations of calling animals at high Ilatitudes in
challenging environmental conditions (Clark and Ellison
1988, McDonald and Moore 2002, Laurinolli et al. 2003,
Sirovi¢ et al. 2006).

The Port of Anchorage (POA) Marine Terminal
Redevelopment (MTR) Project in the Knik Arm of Cook
Inlet, Alaska, takes place in an area frequented by beluga
whales (Rugh et al. 2000, Hobbs ef al. 2005). The MTR
Project involves several types of construction activities
including dredging, gravel fill and pile driving. The
combination of these construction activities increases
underwater noise levels that could interfere with beluga
whale communication and echolocation (Richardson et al.
1995, NMFS 2008c). We investigated the presence of
different beluga whale vocalizations in these recordings
and evaluated the impact of construction noise adjacent to
the MTR Project on beluga whale echolocation using a
fixed array of sonobuoys. Data were manually examined
for beluga vocalizations in real-time during data
collection and then again by examining long-term spectral
averages (LTSA).We used an automatic detector to
determine the presence of echolocation clicks in 20 d of
recorded data. We determined time periods with and
without construction noise and then calculated the
detected hourly click rate to determine if there are
differences in the rate of detected beluga whale clicks
with and without construction activity near the MTR
Project.

2. METHODS
2.1 Study Design

The study was conducted in the Knik Arm of
Upper Cook Inlet, adjacent to the MTR Project near
Anchorage, Alaska, close to in-water construction
activities (Figure 1). Four moored lines were deployed in
a rhomboid formation on 1 August and were left in the
water until 7 October, 2009 (Figure 1). Each mooring
was anchored with approximately 270 kg of railroad rail
sections and attached to a 45-55 m line with a surface
float. These moorings allowed quick re-deployment of
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multiple sonobuoys in the array throughout the survey.
After each sonobuoy deployment, observers at the Cairn
Point Station (CPS) on Joint Base Elmendorf-Richardson
monitored and recorded signals received from the
sonobuoys in real-time. The location of the moorings was
chosen based on proximity to the construction activity at
the MTR Project, favorable bathymetric conditions, and
relative safety from dredging and shipping operations.
The time period of this study (late summer and early fall)
was chosen to correspond with times when beluga whales
are most frequently observed in the area (Rugh et al
2000, Hobbs et al. 2005). The days and times of
sonobuoy deployments and acoustic data collection were
driven by tides and weather conditions, limiting the
ability to launch the deployment boat, which could not be
done during low tide.
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Figure 1. The location of the fixed array of 4 moored lines
(black dots), placed between 400 and 700 m apart and
approximately 600 m off Cairn Point. Passive sonobuoys
were attached to the moorings during each day of acoustic
monitoring. The Marine Terminal Redevelopment (MTR)
Project footprint is outlined and crosshatched and Cairn
Point Station is denoted by the star.

Passive sonobuoys are relatively inexpensive,
expendable electronic devices that consist of a
hydrophone, surface float, radio transmitter, antenna and
salt-water battery. Omnidirectional sonobuoys, AN/SSQ-
57B, used in this study have a calibrated broadband
frequency response from 10-20,000 Hz, but can
effectively detect signals up to 30 kHz (Horsley 1989).
Signals received by the omnidirectional hydrophone are
amplified and conducted up a cable to the radio
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transmitter and antenna, which are housed in the surface
float.

Prior to each deployment, the sonobuoys were
modified to withstand the high tidal current conditions of
Knik Arm. Each sonobuoy was stripped from its original
housing and placed in a plastic canister attached to a life
ring. The life ring provided additional structural support
and buoyancy against the fast moving currents, allowing
the sonobuoy surface float to remain in a vertical position
on the surface for sufficient signal transmission to the
CPS. Twenty-seven m (90 ft) of cable and the clumped
weight, preamplifier and hydrophone were passed through
an opening on the bottom of the canister, which allowed
the hydrophone and cable to suspend in the water column.
A life ring with one sonobuoy was attached to each
mooring float at the beginning of each day of acoustic
observations.  Previously deployed sonobuoys were
collected each time before the deployment of new
sonobuoys. The deployment location was recorded on
each day of acoustic observations using a handheld
Garmin GPS to verify the location of the moorings. The
daily position of each mooring was compared to its
deployment location to verify the moorings did not move
during the study. Once deployed, the sonobuoys
continuously transmitted their radio signal to the
observers at the CPS until scuttling 8-10 h later. In the
case of a non-operational sonobuoy, the deployment team
immediately recovered the failed sonobuoy and deployed
another one. Due to restrictions in the ability to launch a
boat for sonobuoy deployment, most data collection
started on the slack high tide and proceeded during the
ebb flow.

Two omnidirectional Diamond D130J Super
Discone antennae were mounted on the observational
platform at the CPS to receive radio signals from the
sonobuoys. A set of custom electronics and software was
used to record and analyze the acoustic data. The
antennae passed the signals to four software-controlled
ICOM scanner radio receivers (IC-PCR 100 or IC-
PCR1500 models), each tuned to receive individual FM
signals transmitted by the sonobuoy array. Each radio
was connected to a computer, which was connected to a
MOTU Traveler mk2 that acquired the analog signal and
provided a digitized output to another computer running
the software program Ishmael (Mellinger 2001). Sample
rates were initially adjusted to test electronics’ capability
and maximize recording capacity. On 3 August, data were
sampled at 44 kHz, from 4-18 August the sampling rate
was 48 kHz and from 20 August-30 September the
sampling rate was 88.2 kHz. Data were saved as . WAV
files.

During the daily acoustic observation period at
CPS following sonobuoy deployments, construction and
environmental data were collected and preliminary
acoustic analysis was manually conducted. Data collected
during the observation period included: deployment date,
time, latitude, longitude and transmission channel for
each sonobuoy as reported by the deployment team;
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beginning and end of the acoustic observation period,
start and end time of vocalizations (if detected), the
species detected, and the channel(s) with vocalizations;
environmental conditions; type of construction activity
(e.g., impact pile driving [IPD] or vibratory pile driving
[VPD]); and duration of construction activity.
Construction activities were defined as any anthropogenic
activities associated with the construction of the MTR
Project. All anthropogenic activities within the study area
were also documented during daily observation efforts.
Events were categorized as: no activity, IPD, VPD,
dredging, in-water gravel fill placement, and aircraft and
vessel activities. The duration of each activity was
recorded. Data were entered into Microsoft Excel for
Windows.

23 Data Analysis

Sonobuoy recordings were manually examined
for beluga whale social vocalizations in real-time during
data collection by listening to incoming recordings and
visually scrutinizing scrolling spectrograms using the
software program Ishmael (Mellinger 2001). In post-
processing, an energy summation algorithm was used for
the automatic detection of echolocation clicks. An energy
detector was selected as an automatic detection method
due to the short duration and broadband frequency of
beluga whale clicks. To reduce the number of false
detections, the ratio between the energy in the frequency
band of interest (i.e. echolocation click) and that in an
adjacent band of noise not containing the sound of interest
was used. The frequency band used for the calculation of
signal energy was 23-25 kHz, which was compared to the
energy in the adjacent “noise” frequency band from 18-20
kHz. Due to the initial variation in sampling rate from 3-
18 August, the energy summation parameters were
adjusted to account for the difference in sampling rate (44
kHz and 48 kHz). Files from 3 August were manually
scanned for echolocation clicks. Detections for 4-18
August were based on the energy ratio between the
energy in the signal band from 23-23.9 kHz and the noise
band from 15-18 kHz. When Ishmael signaled a
detection, 2 s of the signal before and after the detection
were saved into an individual .WAYV file. Each file was
visually verified for the presence of beluga whale
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echolocation clicks and false detections were removed
from subsequent analysis.

Long-term spectral averages (LTSAs; Wiggins
and Hildebrand 2007, Wiggins ef al. 2010), were used to
manually review the data for beluga social vocalizations
and to determine times with and without construction
activity (Figure 2). LTSAs were calculated with 10 s time
bins and 500 Hz frequency resolution from the original
WAV files using Triton, a MatLab (MathWorks, Natick,
MA) based customized sound analysis program developed
by Wiggins et al. (2010). Only data where clicks were
detected were used in the analysis on the effect of noise
on echolocations. Each LTSA was manually scanned for
the start and end of construction activity. Manual
classification, rather than a more objective, automated
classification was necessary because of the constantly
varying effects of tides and currents on the overall
sonobuoy signal strength, which was difficult to quantify
and implement in an automatic framework.  All
construction activities (IPD, VPD, dredging) were pooled
because they frequently overlapped and were not easily
distinguishable in the LTSA. Gravel fill did not take place
during the study, and therefore, was not included in the
analysis. Times when pile driving (IPD or VPD) or
dredging took place were considered time periods “with”
construction activity.  All other time periods were
considered “without” construction activity. Although
time periods without construction activity may have
included other sources of anthropogenic noises such as
air- or watercraft, they were considered control conditions
because they were unaffiliated with construction
activities. Construction activity had to continue for > 5
min in order to classify the time period as “with”
construction activity. The total time with and without
construction activity was calculated for each day of
observation.

The detected hourly click rate during time
periods with and without construction was calculated for
each day of observations. To avoid counting the same
click twice, only clicks from the sonobuoy with the
longest recording were counted if more than one
sonobuoy detected clicks on a particular day. An
independent samples t-test was used to determine if there
was a statistical difference in the rate of detected beluga
whale clicks during periods with and without construction
activity. The alpha level was set at P < 0.05.
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Figure 2. A long-term spectral average (LTSA) for 20 August 2009. The LTSA provides an overall picture of acoustic activity at the
Marine Terminal Redevelopment Project on a daily basis. Example times “with” and “without” construction activity are marked.

3. RESULTS

Acoustic observations were conducted for more
than 148 h over 20 d (mean of 7:25+0:29 h of
observation/d) in August and September 2009. Eighty-six
sonobuoys were deployed during the study, 8 of which
failed (failure rate 9.3 %). A total of 373 h of recordings
were collected from all moorings. The VHF signal
reception from sonobuoys varied with tidal stage.
Occasionally, a signal from a sonobuoy was lost during
high flood or ebb tides because the sonobuoy transmitter
was submerged. The signal resumed once the sonobuoy
resurfaced after approximately 20-60 min. During the
recovery of sonobuoys in subsequent days, the
hydrophone was often detached from the sonobuoy cable,
likely due to the fast moving currents. Occasionally, this
resulted in abbreviated daily sampling effort; however,
more often the hydrophone detached after the daily
sampling period ended.

Echolocation clicks were frequently produced by
beluga whales in the vicinity of the MTR Project, but no
other types of vocalizations (e.g., whistles or other social
signals) were detected with the sonobuoy array. A total
of 63,392 clicks were detected during 14 d (out of 20) of
the passive acoustic study, although some of those clicks
were likely the same clicks detected on multiple
sonobuoys in the array. The false detection rate of the
automated detector was 35.5 %. Most of the acoustic
energy received from beluga whale clicks recorded near
the MTR Project construction site was above 15 kHz. Due
to the sample rate, the full frequency range and the
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frequency of peak energy of clicks could not be observed.
Beluga whale clicks were detected most commonly on
mooring M1, the westernmost mooring.

Construction activity took place approximately
76 % of the time during the 14 d beluga whale clicks were
detected, resulting in a total of approximately 71 h of
recordings with and approximately 22h without
construction activity (Table 1). The detected click rate
was higher without (429 detected clicks/h) than with (291
detected clicks/h) construction activity; however, the
difference was not significant (t 4y = -0.56, P = 0.58;
Figure 3).

4. DISCUSSION

4.1 Effects of Construction Noise on Beluga
Vocalizations

Construction activity took place during the
majority of the acoustic survey (3/4 of the time). While
no beluga whistles and noisy vocalizations were detected
during the survey, it is possible that persistent noise
associated with construction activity at the MTR Project
masked beluga vocalizations. The frequency band of
noise associated with activity near the MTR Project was
generally below 10 kHz; however, the frequency band
recorded from IPD extended to 20 kHz. Majority of the
beluga whale whistles and noisy vocalizations are within
the frequency band taken up by the construction activity
noise (Richardson et al. 1995). VPD or dredging, in
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particular, could potentially mask beluga whale
vocalizations because in addition to frequency overlap,
they are also longer in duration.

Alternatively, to avoid interference from
continuous construction noise, beluga whales may not use
whistles or noisy vocalizations when they are near the

MTR Project. Beluga whales may change their behavior
to avoid masking from the construction noise or the
construction noise may deter them from engaging in
social activities when they are in the vicinity of the MTR

Table 1. Sonobuoy sampling effort, total time, total number of detected echolocation clicks and detected hourly click rate with and
without construction activity during the 14 d beluga whale clicks were detected.

Sonobgoy Total Time  Total Time . . D.e tected D? tected
Date Sampling WITH WITHOUT No. of Cllacks No. of Chckbs Click Rate Click Rate
Effort (hh:mm) (hh:mm) WITH WITHOUT WITH WITHOUT
(hh:mm) (clicks/h) (clicks/h)
4-Aug-09 3:46 3:46 0:00 29 - 8 -
13-Aug-09 8:17 8:17 0:00 1,283 - 155 -
18-Aug-09 7:25 4:07 3:18 31 0 8 0
20-Aug-09 7:36 5:56 1:40 10 0 2 0
22-Aug-09 6:48 3:49 2:59 4,380 4,239 1,147 1,422
25-Aug-09 5:11 3:12 1:59 14 7 4 4
1-Sep-09 6:36 3:54 2:42 185 1,182 47 438
4-Sep-09 6:58 5:20 1:38 134 43 25 26
8-Sep-09 3:41 2:20 1:21 61 36 26 27
10-Sep-09 6:10 5:46 0:24 1,094 0 190 0
20-Sep-09 4:58 3:12 1:46 400 177 125 100
23-Sep-09 7:52 6:59 0:53 5,775 481 827 547
25-Sep-09 8:47 7:28 1:19 630 155 84 117
27-Sep-09 9:10 7:05 2:05 10,109 5,122 1,428 2,463
Total 93:15:00 71:11:00 22:04:00 24,135 11,442 291°¢ 429¢

* The number of clicks used in the analysis for each day corresponds to the total number of clicks detected on the sonobuoy that

had the longest recording during the respective day.

®On 4 and 13 August, there were no recorded periods without construction activity; therefore, “— represents that no clicks could

be detected “without” construction activity on those days.
¢ These values are the mean detected click rates.

600

400+

Mean Click Rate (clicks/h)

200+

Without
Construction Activity

Figure 3. Detected hourly beluga whale echolocation click
rates with and without construction activity near the Marine
Terminal Redevelopment (MTR) Project during the 14 d
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beluga whale clicks were detected between 1 August and 30
September, 2009.

Project. Therefore, behavioral changes or the lack of
social activity in general could also explain the absence of
whistles or noisy vocalizations in the study area.
Conversely, because the type of vocalizations
used by beluga whales is likely determined by the
behavioral state of the whale (Sjare and Smith 1986b, Au
et al. 1985, Panova et al. 2012), they may be engaged
primarily in echolocation (Richardson et al. 1995) as they
travel through the study area (Cornick and Kendall 2008a,
b, Cornick et al. 2010). Echolocation could be
particularly important to beluga whales for navigating in
the turbid waters of Cook Inlet where whales cannot rely
on eyesight for navigation. As a result, echolocation
could be the primary type of vocalization utilized by
beluga whales when traveling through the study area.
This final explanation is consistent with the fact that we
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recorded no whistles even during periods without
construction; however, a more detailed study of the
association of behavioral states and call production would
be needed to test that hypothesis.

In addition to the absence of whistles and noisy
vocalizations used by beluga whales in the study area,
click rate was higher without construction activity.
Although the difference was not significant, we had a
relatively small sample size and a large variance in the
number of detected clicks between days. The lower
detected click rate with construction activity could be
another possible indication of a reduction in vocal activity
by the beluga whales in the study area during
construction. Masking is not likely a concern when
producing echolocation clicks because most of the
acoustic energy in the beluga whale click extended above
the frequency band recorded for the construction activity
at the MTR Project. However, it is possible beluga whales
may shift the frequency in echolocation clicks in response
to construction (Au et al. 1985), producing clicks we did
not detect, thus the observed reduced click rate could
result from our relatively low sample rate. Alternatively,
the reduction in click rate with construction activity could
indicate a reduction in the number of beluga whales in the
area. Similar responses have been observed for harbor
porpoises (Phocoena phocoena) during the installation of
offshore wind turbines, suggesting that the reduction in
echolocation clicks was a result of the reduction in the
number of harbor porpoises present in the area
(Carstensen et al. 2006, Brant ef al. 2011). A reduction of
beluga whales in the study area could suggest avoidance
of the area near the construction site.

Beluga whales were not equally detected across
our array, but there was a spatial pattern to their
detections. The echolocation clicks were more commonly
detected offshore near the deep channel in Knik Arm
(moorings M1 and M2) rather than adjacent to the
shoreline (M3 and M4). This may indicate beluga whales
use areas offshore more frequently than originally
believed (Moore et al. 2000). Over the past several years,
the visual observers for the MTR project (Scientific
Marine Mammal Observers [MMOY]), observed beluga
whales more often along the shoreline and adjacent to the
MTR Project footprint than offshore (Markowitz and
McGuire 2007, Cornick and Kendall 2008a, b, Cornick et
al. 2010). However, sightings are directly related to the
location and elevation of the observation station from the
beluga whales, therefore, beluga whales at greater
distances from the observation station are more likely
missed (Buckland et al. 2001, Markowitz and McGuire
2007). If acoustic detections were primarily west of the
moorings, belugas may be using a more energetically
efficient method of travel by taking advantage of the fast-
moving current in the deep channel located in the center
of Knik Arm (Smith et al. 2005). Alternatively, the
location of acoustically detected beluga whales near the
central channel of Knik Arm may indicate disturbance or
avoidance from the nearshore construction activity.
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Though the noise from the construction activity
may cause behavioral disturbance to the beluga whales,
they may choose to travel through the area despite the
consequences because the habitat beyond the construction
area is extremely important to their existence (Goetz et al.
2012, NMFS 2011). Knik Arm is designated critical
habitat for the Cook Inlet beluga whale (NMFS 2011).
The construction area, located at the entrance of Knik
Arm has been exempt from the critical habitat designation
(NMFS 2011). Beluga whales must either travel through
or adjacent to the construction area to get to the upper
reaches of the Arm. Critical habitat provides areas for
summer foraging, calving, molting, and predator
avoidance as well as known fall and wintering areas
(NMES 2011). Beluga whales have been documented
year round in Knik Arm (Hobbs et al. 2005), using it as a
known summer foraging area (NMFS 2011), as well as
potential nursery and predator avoidance area (Huntington
2000, NMFS 2011). The MTR Project Scientific MMOs
documented a decrease in the total time beluga whales
were in view of visual observers within the study area
since the MTR Project began (Cornick and Kendall
2008a, b, Cornick et al. 2010, Kendall 2010). However,
if disturbance from the construction activity outweighed
the benefits of traveling through the construction area to
important habitat, avoidance or displacement from the
area could occur (Goetz ef al. 2012). The use of the
central channel observed during the acoustic survey and
the increased use of the western shoreline near Port
MacKenzie documented by the Scientific MMOs
(Cornick and Kendall 2008a, b, Cornick et al. 2010,
Kendall 2010) imply possible avoidance of the
construction area by beluga whales.

Carstensen et al. (2006) observed harbor
porpoises returned to a construction area between pile
driving events; however, the return time often took
several days. Brandt et al. (2011) observed the reduction
of harbor porpoise activity and density at a construction
area over the entire 5 mo period pile driving took place.
They also documented increased use of areas 20 km away
from the construction site. Considering that the Cook
Inlet beluga whale’s range has been contracting over the
past three decades (NMFS 2008h, Rugh et al. 2010),
avoidance or displacement of the Cook Inlet beluga whale
from the upper reaches of Knik Arm could be detrimental
to the population’s recovery.

4.2. Study Limitations and Challenges

In general, passive acoustic monitoring offers
numerous advantages over visual surveys of cetaceans
(Mellinger et al. 2007), but there are numerous challenges
associated with studying beluga whales in Cook Inlet
using passive acoustics due to environmental and
technological constraints. First of all, the Knik Arm of
Cook Inlet is a difficult environment to conduct any type
of passive acoustic monitoring. Bottom-mounted
autonomous recorders, more typically used for passive
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acoustic monitoring, were not chosen for this study
because of the concerns that the heavy sediment load
carried in the water would cover the instrument and make
it impossible to retrieve. Also, there was a high potential
for damage to the instruments due to the strong tides and
currents carrying debris. The tides and currents, with
speeds over 7 knots (Smith et al. 2005), occasionally
inhibited signal transmission or damaged the equipment
used during this study; however, the relative
inexpensiveness of sonobuoys, enabling repeated
deployment after any fouling event, made them the most
practical choice for this study.

Sonobuoy deployments were conducted in an
array formation to enable sound source localization of
beluga whale social vocalizations. However, since we did
not record any social vocalizations, and echolocation
clicks propagated over much shorter distance
(approximately 400 m) and thus were never detected on
three sonobuoys at the same time, localization was not
possible. The use of sonobuoys, also limited our recording
bandwidth. Beluga whale clicks extend well above the
frequency response of the sonobuoys (Au et al. 1985) and
we were not able to detect echolocation clicks above 30
kHz, which limited the number and types of clicks we
detected.

Extreme tides were another environmentally
constraining condition, as they limited the ability to
launch the boat to deploy sonobuoys. The tidal constraints
may have created a bias in the data because beluga whales
are highly dependent on the tidal stages for traveling
throughout Cook Inlet (Moore et al. 2000) and our data
were mostly collected around high tides.

Surprisingly, flow noise was not an issue during
our study considering the strong currents in the area;
construction noise, on the other hand, was the most
prevalent source of underwater sound. Background noise
levels measured in the area range from 113-133 dB re 1
pPa (Blackwell and Greene 2002, Blackwell 2005,
Sirovi¢ and Kendall. 2009). Sound levels measured
during pile driving activity (IPD or VPD) ranged from
162-196.9 dB re 1 pPa with varying distance from the
source and pile size (Blackwell 2005, Sirovié¢ and Kendall
2009). Dredging sound levels measured in the area at
156.9 dB re 1 pPa at 30 m (SFS 2009). Noise associated
with construction was nearly continuous at times. If pile
driving was not taking place, dredging occurred or vice
versa. Because of frequent overlaps, the construction data
were pooled. Periods without construction activity mostly
consisted of only brief moments (~5 min) when
construction ceased, therefore, most of the times
considered “without” construction activity were simply
prolonged breaks in construction activity.

While our recordings indicate beluga whales
may not be using whistles and noisy vocalizations when
traveling near the MTR Project, they may decrease click
rates or otherwise modify their echolocation clicks in the
presence of construction noise, or there may be a decrease
in the number of beluga whales traveling through the area.
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Of course, it does not necessarily mean beluga whales
were not present during times when we did not detect
beluga vocalizations; they may just be silent as they move
through the area. To fully understand the impacts of
noise associated with construction activity on the Cook
Inlet beluga whale, we need to understand Cook Inlet
beluga whale vocalizations under different behavioral
states.  Since cetacean detection rates vary between
acoustic and visual survey methods (Clark er al. 1985,
McDonald and Moore 2002, Sirovié et al. 2006,
O’Boisseau et al. 2007, Kimura et al. 2009), it is
important to integrate both survey methods in order to
effectively monitor belugas in harsh environments such as
Knik Arm. By improving our understanding of the
behavioral context of calling, we may also increase our
ability to evaluate the impact of noise on belugas and
perhaps improve our understanding of factors causing the
population decline.

4.3 Conclusions

There were four major findings and issues of
importance in this study. 1) No beluga whale whistles or
noisy vocalizations were detected in the vicinity of the
MTR Project during the study, which is unusual behavior
for highly vocal beluga whales (Schevill and Lawrence
1949). 2) We observed a decreasing trend in the hourly
click rate between times without and with construction
activity which may be an indication of disturbance. 3)
There is limited information on construction impacts on
beluga whales in particular and marine mammals in
general. This study adds to the body of knowledge
regarding construction impacts on this endangered
population. 4) Upper Cook Inlet is a major urban area
that contains half of Alaska’s population, yet it provides a
very challenging environment for conducting research.
There are many ongoing and upcoming coastal zone
development projects in Upper Cook Inlet, especially in
Knik Arm, where beluga whales are frequently observed.
For successful management of this population as well as
continuing urban development, it is imperative to use all
available sources of information to increase our
understanding of the impacts from coastal zone
development and the associated noise on this population.
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