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The two species in the family Kogiidae, the pygmy (Kogia breviceps) and dwarf
(K. sima) sperm whales, are found worldwide in tropical and temperate waters
(Jefferson et al. 1993). These cryptic species (hereafter referred to as Kogia) are diffi-
cult to detect during visual surveys due to their small size and inconspicuous surfac-
ing behavior (McAlpine 2009). When sighted, both species are found in small
groups (Jefferson et al. 1993) and avoid vessels (W€ursig et al. 1998). They do not
show their flukes when they dive (McAlpine 2009) and sometimes merely sink
from the surface (Willis and Baird 1998). Their blow is seldom visible, and they
often lie motionless at the surface (Leatherwood et al. 1976, McAlpine 2009). For
all of these reasons, these two species are difficult to detect in anything other than
very calm seas (Jefferson et al. 1993, Baird 2005). As a result of their inconspicuous
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behavior, Barlow (1999) estimated a very low probability (0.35) of detecting Kogia
along a trackline during traditional visual line transect surveys.

Both species of Kogia are generally found in waters of the shelf break and conti-
nental slope off the United States (Davis et al. 1998, Baumgartner et al. 2001, Scott
et al. 2001, Garrison et al. 2010). In the Gulf of Mexico, Baumgartner et al. (2001)
recorded sightings most frequently in water depths between 400 and 1,000 m, with
some sightings extending into much deeper waters (up to 3,500 m). Similarly,
around the main Hawaiian Islands, Kogia were found in waters between 450 and
3,200 m, with an average depth between 1,400 and 1,600 m (Baird 2005).

NOAA stock assessment surveys between 1992 and 2011 yielded relatively few
sightings of Kogia (33) in shelf break and slope waters between Virginia and Florida
(Atlantic coast) (Halpin et al. 2009; Diaz 2011; Palka 2011; Garrison 2013a, b;
Palka 2013a, b, c; Josephson 2015). Despite the low number of sightings, Kogia
strand frequently along beaches of the southeastern United States. For example,
between 1978 and 1987, Odell (1991) documented that Kogia was the second most
frequently stranded cetacean taxon, after bottlenose dolphins (Tursiops truncatus),
from North Carolina to Texas. During the period covered by the present study
(2007–2015), 17 strandings of Kogia occurred in Virginia, 81 in North Carolina,
and 112 on the Atlantic coast of Florida (NOAA National Stranding Database),
without any apparent seasonal pattern. Byrd et al. (2014) documented that Kogia
was the third most frequently stranded cetacean taxon in North Carolina from 1997
to 2008. The large number of strandings in these states suggests that Kogia are a
common component of the Atlantic cetacean fauna, despite the fact that these spe-
cies are seldom detected during visual surveys in these waters (Garrison et al. 2010).
This mismatch between the number of strandings and number of visual sightings is
almost certainly a result of their cryptic nature.

In the present study, we analyzed detections of Kogia using passive acoustic moni-
toring (PAM) in shelf break waters of the western North Atlantic. Passive acoustic
monitoring is a useful way to evaluate the distribution of many cetacean species
(Mellinger et al. 2004, Philpott et al. 2007, Stafford et al. 2007, Verfuß et al. 2007).
PAM generates a long-term record unmatched by visual surveys and can provide
information about patterns of daily and seasonal usage of areas, as long as animals
are vocally active. Passive acoustic methods hold several advantages over visual sur-
veys, including the ability to monitor during periods of inclement weather and poor
visibility (including periods of high sea states and darkness), and in remote loca-
tions. Passive acoustic methods have been successful in monitoring rare species,
such as the North Pacific right whale (Eubalaena japonica) (Munger et al. 2008), and
those with a cryptic nature, such as beaked whales (Baumann-Pickering et al. 2014).
The purpose of our study, therefore, was to compare detections of Kogia between vis-
ual survey and PAM methods along the U.S. Atlantic coast.

We compared the results of visual surveys and PAM of Kogia in four geographic
locations: (1) Norfolk Canyon, Virginia; (2) Cape Hatteras, North Carolina; (3)
Onslow Bay, North Carolina; and (4) Jacksonville, Florida (Fig. 1). The surveys and
PAM program are part of a large scale effort to describe patterns of occurrence and
distribution of marine mammals for the U.S. Navy (e.g., Read et al. 2014).

We conducted shipboard visual surveys in two modes: line transect surveys and
photo-identification and biopsy sampling effort, which did not follow predeter-
mined tracklines. During both survey modes, vessels traveled between 8 and 15
knots and two observers scanned from straight ahead to 908 abeam either side of the
trackline. All observations were made by naked eye and 7 3 50 binoculars. We
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obtained photographs with digital SLR cameras to confirm species identity. Aerial
surveys were flown in a Cessna 337 Skymaster (Orion Aviation, Siler City, NC) at
185 km/h and at 305 m altitude. Two observers (one port and one starboard) moni-
tored separate sides of the plane. For all cetacean sightings, the plane broke from the

Figure 1. Locations of visual survey areas, HARP deployments, and three visual detec-
tions of Kogia spp. between June 2007 and August 2015. NFC 5 Norfolk Canyon study
site, HAT 5 Cape Hatteras study site, OB 5 main Onslow Bay study site, OB
Ext 5 extended Onslow Bay study site, JAX 5 main Jacksonville study site, and JAX
Ext 5 extended Jacksonville study site.
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trackline to circle above the animal(s), and photographs were taken for species iden-
tification using either a Canon 40D or Canon 70D equipped with a 100–400 mm
image stabilizer lens. Aerial and shipboard surveys were commonly conducted in
low Beaufort Sea States (0–4). Visual survey effort for all locations is summarized in
Table 1.

In the PAM component of this study, we employed High-frequency Acoustic
Recording Packages (HARPs; Wiggins and Hildebrand 2007) mounted on the sea
floor and sampling at 200 kHz in all four locations (Fig. 1, Table 2). The data-
logging system had an effective bandwidth of 0.01–100 kHz and included a 16-bit
analog-to-digital converter and an ITC-1042 hydrophone (International Transducer
Corporation), with a frequency response from 10 Hz to 100 kHz and sensitivity of
2200 dB re: 1 V/mPa (6 2 dB). The hydrophone was suspended between 10 and
22 m above the seafloor, depending on mooring style. In Norfolk Canyon and Cape
Hatteras, HARPs were deployed at a single site, at depths of at least 850 m
(Table 2). In Onslow Bay and Jacksonville, HARPs were deployed at multiple sites,
some shallow (between 35 and 340 m) and others deep (810–980 m) (Fig. 1, Table
2). The duty cycles of the HARPs varied from recording for 5 min every 15 min to
recording continuously (Table 2).

K. breviceps produce high-frequency, narrow-band clicks with peak frequencies
around 125–130 kHz and minimum frequencies as low as 60 kHz (Marten 2000,
Madsen et al. 2005). K. sima also produce similar high-frequency, narrow-band
clicks (Merkens et al. 2018). The HARPs were unable to capture the full frequency
range of the clicks of these species, but the portion of the click energy below
100 kHz was recorded and some energy above 100 kHz may have been aliased
down and thus recorded as well (Fig. 2, 3 provide more information on the Kogia
clicks detected in the HARP records). All other species of odontocetes found in
these areas produce clicks with lower minimum frequencies, with the exception of
harbor porpoises (Phocoena phocoena), which produce clicks with shorter interclick
intervals (ICIs), on average, (with peaks of consistent ICIs between 40 and 60 ms:
Villadsgaard et al. 2007, Verfuß et al. 2009) than those found in this study (Fig. 3).
Thus, we considered all clicks without energy below 60 kHz to have been produced
by Kogia.

We detected Kogia clicks in the HARP recordings in one of two ways: (1) man-
ually, by scanning 30 min long-term spectral averages (LTSAs) generated in Triton

Table 1. Shipboard and aerial visual survey effort for each location. See Figure 1 for more
information on survey locations.

Visual survey
effort (km)

Location Start survey End survey Shipboard Aerial

Norfolk Canyon January 2015 August 2015a 0 2,381
Cape Hatteras July 2009 August 2015a 6,177 27,977
Onslow Bay (main) June 2007 August 2015 7,155 48,635
Onslow Bay (extended) August 2010 March 2011 0 524
Jacksonville (main) July 2009 August 2015a 5,131 82,032
Jacksonville (extended) April 2015 August 2015a 0 859

aRepresents end of data collection reported here but not the end of survey effort.
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(Wiggins and Hildebrand 2007); or (2) with a custom-built, Matlab-based, multi-
step detector (see Table 2 for details on which method was used for each deploy-
ment). The multistep detector first identified acoustic encounters of Kogia in the
acoustic data using a Teager-Kaiser energy click detector (Roch et al. 2011) and an
expert system (based on selecting clicks with peak frequency >70 kHz). All pre-
sumed Kogia acoustic encounters were reviewed in a second analysis stage to remove
false detections and apply a consistent detection threshold. Individual echolocation
signals were automatically detected, this time using an energy threshold method
during time periods of verified Kogia acoustic encounters defined during the proce-
dure described above. Detections were selected for inclusion when the signal in a
70–99 kHz band exceeded a threshold of 116 dB pp re: 1 mPa. We then manually
reviewed the acoustic encounters using comparative panels showing long-term spec-
tral average, received level, and ICI of individual clicks over time, as well as spectral
and waveform plots of selected individual signals. Within each encounter, we
removed false detections by manual editing. False detections, identified by inappro-
priate spectral amplitude, ICI, or waveform, included signals identified as being
from sonars, sperm whales, or delphinids.

During shipboard and aerial visual surveys between June 2007 and August 2015,
we detected 19 species of cetaceans and two groups (Kogia spp. and Mesoplodon spp.)
classified only to genus (Table 3). In almost 2,500 cetacean sightings from these
shipboard and aerial surveys, we recorded only three sightings of Kogia. The ship-
board surveys detected Kogia only once, off Cape Hatteras at a depth of 1,558 m,
and the aerial survey team recorded only two Kogia sightings, one off Cape Hatteras

Figure 2. Long-term spectral average (top) and spectrogram (bottom) showing the
lower frequencies of Kogia clicks as recorded by the final Onslow Bay Site E HARP. The
black circle in the top panel indicates Kogia clicks.

MARINE MAMMAL SCIENCE, VOL. 00, NO. 00, 20186



(1,928 m) and the other off Jacksonville (548 m) (Fig. 1). There were no sightings
of harbor porpoises.

We made 1,483 acoustic detections of Kogia on HARPs in the four locations
(Table 2). The high frequency clicks produced by Kogia do not propagate far, so the
animals producing these clicks were likely within 500–600 m of the recorders.
Thus, the locations of the recorders provide information on the water depths of the
animals producing these clicks. We made no detections at any of the shallow Jack-
sonville sites (A, B, C) and only 43 total detections in seven deployments at the
shallow Onslow Bay sites (A, B, C, D) (Table 2). However, whenever HARPs were
deployed in deep water (>800 m at all four locations), Kogia were consistently
detected (Fig. 4). We observed no obvious diel pattern in detection of Kogia clicks
in either shallow or deep sites (Fig. 4).

These results lead us to three main conclusions: (1) Kogia show a habitat prefer-
ence for deeper waters in the western North Atlantic, (2) Kogia are relatively com-
mon in shelf break and slope waters of the western North Atlantic between Virginia
and Florida, and (3) Kogia are not readily available to visual surveys in this region.

Our study underscores the limitations of visual surveys for Kogia and highlights
the value of PAM for describing the occurrence and distribution of this cryptic
genus. The number of acoustic detections may have been reduced due to the sam-
pling rate of the HARPs, but our acoustic records in deeper water contained hun-
dreds of detections, indicating that animals of this genus were relatively common in
the deeper parts of our study area. As PAM technology continues to advance,

Figure 3. Interclick interval distributions (left panels) and mean spectra with standard
deviation (right panels) of clicks classified as Kogia for the deep water sites (top to bot-
tom: Cape Hatteras study site [HAT], extended Onslow Bay study site [OB Ext], and
extended Jacksonville study site [JAX Ext]). Note different scales for y-axes for interclick
interval distributions.

NOTES 7



T
ab

le
3.

N
um

b
er

of
vi

su
al

si
gh

ti
ng

s
of

sp
ec

ie
s

in
th

e
N

or
fo

lk
C

an
yo

n,
C

ap
e

H
at

te
ra

s,
O

ns
lo

w
B

ay
,

an
d

Ja
ck

so
n
vi

ll
e

su
rv

ey
ar

ea
s

be
tw

ee
n

Ju
ne

20
0
7

an
d

A
ug

u
st

20
15

.
Fo

r
ae

ri
al

su
rv

ey
s

in
O

ns
lo

w
B

ay
an

d
Ja

ck
so

nv
il

le
,

th
e

fi
rs

t
nu

m
be

r
is

th
e

nu
m

be
r

of
vi

su
al

si
gh

ti
ng

s
in

th
e

m
ai

n
su

rv
ey

ar
ea

,
an

d
th

e
se

co
nd

nu
m

be
r

is
th

e
nu

m
be

r
of

si
gh

ti
ng

s
in

th
e

ex
te

nd
ed

su
rv

ey
ar

ea
.

N
or

fo
lk

C
an

yo
n

C
ap

e
H

at
te

ra
s

O
n
sl

ow
B

ay
Ja

ck
so

n
vi

ll
e

Sp
ec

ie
s

A
er

ia
l

A
er

ia
l

V
es

se
l

A
er

ia
l

V
es

se
l

A
er

ia
l

V
es

se
l

B
al

ae
no

pt
er

a
ac

ut
or

os
tr

at
a

—
6

—
9
/—

—
9
/—

—
B

al
ae

no
pt

er
a

ph
ys

al
us

—
5

3
1
/—

—
—

/—
—

D
el

ph
in

us
de

lp
hi

s
4

1
8

2
8

1
/—

—
—

/—
—

E
ub

al
ae

na
gl

ac
ia

li
s

—
—

—
—

/—
—

2
/—

1
G

lo
bi

ce
ph

al
a

m
ac

ro
rh

yn
ch

us
2

1
1
1

2
0
1

9
/—

4
1
7
/1

3
G

ra
m

pu
s

gr
is

eu
s

1
2
2

8
8
/—

7
5
1
/1

4
K

og
ia

sp
p
.

—
1

1
—

/—
—

1
/—

—
L

ag
en

od
el

ph
is

ho
se

i
—

1
—

—
/—

—
—

/—
—

M
eg

ap
te

ra
no

va
ea

ng
li

ae
1

8
—

1
/—

—
3
/—

—
M

es
op

lo
do

n
eu

ro
pa

eu
s

—
5

—
—

/—
—

—
/—

—
M

es
op

lo
do

n
sp

p
.

—
2
4

1
—

/4
2

—
/—

—
P

ep
on

oc
ep

ha
la

el
ec

tr
a

—
2

—
—

/—
—

—
/—

—
P

hy
se

te
r

m
ac

ro
ce

ph
al

us
1

2
6

1
4

—
/—

—
2
/—

—
St

en
el

la
at

te
nu

at
a

—
—

—
—

/—
—

1
/—

St
en

el
la

cl
ym

en
e

—
7

—
—

/—
—

—
/—

—
St

en
el

la
co

er
ul

eo
al

ba
3

5
—

—
/—

—
—

/—
—

St
en

el
la

fr
on

ta
li

s
8

3
8

1
9

6
8
/—

5
2

3
3
3
/—

9
1

St
en

el
la

lo
ng

ir
os

tr
is

—
1

—
—

/—
—

—
/—

—
St

en
el

la
/D

el
ph

in
us

m
ix

—
—

1
—

/—
—

—
/—

—
St

en
o

br
ed

an
en

si
s

—
1

—
3
/—

1
8
/—

—
T

ur
si

op
s

tr
un

ca
tu

s
8

1
8
9

1
9
7

1
4
8
/1

8
9

4
1
0
/3

8
8

T
ur

si
op

s/
St

en
el

la
m

ix
—

1
—

/—
—

—
/—

1
Z

ip
hi

us
ca

vi
ro

st
ri

s
—

4
0

3
4

—
/—

—
—

/—
—

MARINE MAMMAL SCIENCE, VOL. 00, NO. 00, 20188



particularly with longer battery life and increased data storage capacity, it will be
possible to record for long periods at higher sampling rates, which will yield more
detailed observations of the distribution and occurrence of this genus.

Our finding of the occurrence of Kogia primarily in deeper waters agrees with
scattered sighting records from previous visual surveys. Sightings recorded during
NOAA stock assessment surveys from 1992 to 2011 from Virginia to Florida
ranged in depth from 700 to 4,500 m, but 28 of 33 sightings were made in waters
deeper than 2,000 m (Halpin et al. 2009; Diaz 2011; Palka 2011; Garrison
2013a, b; Palka 2013a, b, c; Josephson 2015). We did not place acoustic recorders
in depths greater than 980 m, so we cannot comment on the occurrence of this
genus in deeper waters.

Given the numerous acoustic encounters of Kogia in the deeper portions of our
study areas, we were surprised to have recorded so few sightings in our visual sur-
veys. Barlow’s (1999) estimation of the trackline detection probability of 0.35 was
generated using data from surveys aboard large NOAA vessels—much larger than
the relatively small vessels (all <15 m in length) used in our study. Observers on
these large research vessels typically search for cetaceans with high-powered binocu-
lars from a flying bridge high above the water’s surface. The results described here
strongly suggest that the detection probability from our small vessels was consider-
ably lower than 0.35, perhaps because Kogia reacted to our survey vessels before we
could detect their presence.

There are several possible biases in our comparisons between the results of visual
surveys and PAM. First, we conducted relatively little visual survey effort in three
of the four sites where most of the acoustic detections occurred—Norfolk Canyon,

Figure 4. Acoustic click detections presumed to be Kogia spp. from the deep-water
(>800 m) HARP recordings at the four survey locations (left to right: Norfolk Canyon,
Cape Hatteras, Onslow Bay, and Jacksonville). Black markings represent the acoustic
detections. Vertical gray shading indicates periods of darkness, determined from the U.S.
Naval Observatory (http://aa.usno.navy.mil), and horizontal gray shading indicates effort.
All recordings were made continuously except for those in Onslow Bay, which recorded
for 5 min of every 10 min.
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the extended Onslow Bay site, and the extended Jacksonville site. However, in Cape
Hatteras, we generated a significant amount of visual survey effort, from both ship-
board and aerial platforms, with which to compare to the PAM record. Despite this,
we recorded only two visual sightings of Kogia in the Cape Hatteras survey area
between June 2007 and August 2015 in more than 34,000 km of combined survey
effort. We recorded a large number of sightings of other species (Table 3), including
deep-diving beaked whales (Ziphius and Mesoplodon), during these surveys. This pau-
city of sightings, when combined with numerous acoustic detections in Cape Hatte-
ras, supports the cryptic nature of Kogia and emphasizes that a lack of sightings is
not representative of the absence of this genus in a particular area.

Second, it is possible that some of the clicks assigned to Kogia in Norfolk Canyon
and Cape Hatteras were produced by harbor porpoises, the only other species in this
region known to produce such high-frequency calls. During the winter and early
spring, harbor porpoises have been observed as far south as Nags Head, North Caro-
lina (Blaylock 1985, Read et al. 1995, Waring et al. 2007). During our study
period, a few harbor porpoises stranded as far south as Bald Head Island, North Car-
olina, although only five out of 120 North Carolina harbor porpoise strandings
occurred south of Cape Hatteras (NOAA National Stranding Database). Harbor
porpoises produce high-frequency, narrow-band clicks with peak frequencies around
130 kHz and with most energy between 100 and 160 kHz (Møhl and Anderson
1973, Au 1997). The harbor porpoise clicks would likely have to be aliased down
below the Nyquist frequency to be recorded, but without the full bandwidth of the
click, it is difficult to distinguish the clicks of Kogia from harbor porpoises in the
HARP recordings used in the present study. However, harbor porpoises have been
found to produce clicks with shorter peak ICIs (40–60 ms: Villadsgaard et al. 2007,
Verfuß et al. 2009) than the clicks we describe here, which had ICIs that peaked
between 64 and 84 ms (Fig. 3). Also tempering the possibility of misclassification
is the fact that there were no obvious seasonal patterns to the detection of clicks in
any of the data sets (Fig. 4). If these clicks were produced by harbor porpoises, we
would expect a seasonal increase in the number of acoustic detections in winter and
early spring (Virginia: S. Barco;2 North Carolina: see Byrd et al. 2014), and a signif-
icant reduction in their occurrence during summer and fall. In addition, harbor por-
poises are distributed mainly in coastal waters over the continental shelf (Barlow
1988, Read and Westgate 1997) and are much less likely to be found at the depths
of the deep HARPs, where most Kogia detections occurred. The animals would have
to be capable of diving to near the depth of the HARPs, which provides further sup-
port that the clicks were not produced by the more shallow-diving harbor porpoise
(Westgate et al. 1994, Otani et al. 1998).

We conclude that Kogia are more common along the Atlantic shelf break and
slope waters than suggested by the visual survey record. We base this conclusion on
their frequent occurrence in PAM records, together with the relative frequency with
which they strand in this area. More specifically, PAM records indicate that Kogia
are common in deeper waters of the western North Atlantic between Virginia and
Florida. The very small number of records of this genus made during extensive vis-
ual surveys could lead to the erroneous conclusion that this genus is uncommon,
rather than a regular component of the cetacean fauna in this region. Our use of
PAM allowed us to document a more accurate picture of the presence of Kogia, and

2Personal communication from Susan Barco, Virginia Aquarium & Marine Science Center Foundation,
Virginia Beach, Virginia, August 2016.
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we recommend the use of this technique to describe the presence of these and other
cryptic species in other areas.
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