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False killer whale (Pseudorca crassidens)
echolocation and acoustic disruption: implications
for longline bycatch and depredation

T.A. Mooney, A.F. Pacini, and P.E. Nachtigall

Abstract: False killer whales (Pseudorca crassidens (Owen, 1846)) depredate fish caught by the North Pacific pelagic
longline fishery, resulting in loss of target species catch and the whales themselves becoming bycaught. This incidental
take of false killer whales exceeds sustainable levels. In an effort to address a potential solution to reducing this depreda-
tion and bycatch, we tested an acoustic device designed to deter false killer whales from approaching longlines by reduc-
ing the whales’ echolocation performance capabilities. The device produced a series of complex, broadband signals (1—
250 kHz) at high intensity levels (up to 182 dB). In the experiment, a trained false killer whale was asked to detect a tar-
get in the presence or absence of the acoustic device. Baseline performance capabilities were 95% correct responses. Ini-
tially, the device reduced the whale’s echolocation performance to chance levels. However, subsequent sessions
demonstrated improvement in echolocation performance up to 85%. This improvement was likely a result of behaviorally

adapting to the task and a decrease in the source level of the echolocation “disruptor.” The results underscore the chal-
lenges in using acoustic devices to reduce depredation and bycatch, and demonstrate the need for concern regarding
anthropogenic noise levels and effects on odontocete echolocation capabilities.

Résumé : Les fausses orques (Pseudorca crassidens (Owen, 1856)) pillent les poissons attrapés par la péche a la palangre
dans le Pacifique Nord, ce qui entraine une perte des especes ciblées et la capture accessoire des orques elles-mémes.
Cette capture accidentelle de fausses orques dépasse les niveaux viables. Dans le but de trouver une solution potentielle
pour réduire ce pillage et ces captures accessoires, nous avons évalué un appareil acoustique destiné a décourager les
fausses orques de s’approcher des palangres en réduisant les capacités de performance de 1’écholocation chez les orques.
L’appareil produit une série de signaux complexes a large bande (1-250 kHz) a de fortes intensités (jusqu’a 182 dB). Du-
rant I’expérience, une fausse orque entrainée a été appelée a détecter une cible en présence ou en 1’absence de 1’appareil
acoustique. Les capacités de performance de base comportaient 95 % de réussites. Au début, ’appareil réduisait la per-
formance d’écholocation de I’orque a des niveaux aléatoires. Cependant, aux sessions subséquentes, il y a eu une améliora-
tion de I’écholocation de jusqu’a 85 %. Cette amélioration est vraisemblablement le résultat d’une adaptation
comportementale a la tache et d’une diminution du niveau source du « disrupteur » d’écholocation. Ces résultats sou-
lignent les défis qu’il y a a utiliser des dispositifs acoustiques pour réduire le pillage et les captures accessoires et ils dé-
montrent la nécessité de se préoccuper des niveaux de bruits anthropiques et de leurs effets sur les capacités

d’écholocation des odontocetes.

[Traduit par la Rédaction]

Introduction

It is well documented that marine mammals interact with
fisheries around the world, and this widespread relationship
between fishers and marine mammals rarely seem to benefit
both parties. For example, dolphin—tuna associations in the
Eastern Tropical Pacific have been utilized to locate and
identify tuna schools for harvesting, which at one time re-
sulted in substantial herding and incidental catch of dolphin
species (NRC 1992). Both pinnipeds and cetaceans have
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learned to remove target fish from various fishing operations
such as aquaculture facilities (Quick et al. 2004), gillnets
(Cox et al. 2003), longlines (Thode et al. 2007), and trawlers
(Broadhurst 1998). This often results in damage to fishing
gear and harvestable fish. As a consequence of these and
other marine mammal — fisheries interactions, two primary
challenges can be established: (1) loss of target catch for
fisherman, which may have deleterious economic and social
consequences (Gilman et al. 2006), and (2) incidental catch
of marine mammals (bycatch), reducing populations and re-
sulting in potential ecological changes (Read et al. 2006).
Thus, mitigation measures are often suggested to reduce
both the loss of target catch and bycatch rates of marine
mammals.

Situations that present a particularly important need to re-
duce these interactions include populations or species of ma-
rine mammals that are of limited size. In this case, further
reduction in numbers can threaten a population’s survival,
perhaps leading to extinction (Slooten et al. 2006; Turvey et
al. 2007). The population of false killer whales (Pseudorca
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crassidens (Owen, 1846)) in Hawaiian waters has consider-
able interaction with longline fisheries (Baird and Gorgone
2005); whales are removing target catch, such as tunas,
from the longlines (depredation) and as a result, are being
occasionally caught on the longline hooks (Gilman et al.
2006). Fisherman may lose a substantial amount of market-
able fish and whales may be seriously injured or killed in
this process. The rate of bycatch exceeds the “potential bio-
logical removal” (PBR) set for the population by the Na-
tional Oceanic and Atmospheric Administration National
Marine Fisheries Service (NOAA-NMES) resulting in a
stock of “strategic” importance (Caretta et al. 2006), indi-
cating that such bycatch rates could result in a decline of
the population size.

Methods to reduce marine-mammal bycatch depend on
the fishery but may include (i) reducing fishing seasons or
regions (Murray et al. 2000), (ii) establishing marine pro-
tected areas (MPAs) with fishery regulations (Dawson and
Slooten 1993), (iii) modifying the gear to prevent entangle-
ment (Mooney et al. 2004, 2007), or (iv) deterring animals
from approaching the fishing area (Quick et al. 2004). Lim-
iting fishing capabilities through regulation or MPAs may
have the negative consequences of reducing the economic
intake of fisherman and some social components of fishing
communities. However, developing technology that reduces
bycatch but maintains target species catch has obvious bene-
fits to both fisheries and ecosystems.

We investigated an acoustic tool proposed to deter false
killer whales from approaching longlines, thus reducing dep-
redation and bycatch. The device, a SaveWave Long-line
Saver, was designed to emit sounds hypothesized to reduce
echolocation capabilities, one of the primary sensory modal-
ities of odontocete marine mammals. This, in turn, was pro-
posed to discourage false killer whales from attempting to
remove target catch from longline gear. Similar acoustic de-
vices such as pingers have reduced harbor porpoise (Pho-
coena phocoena (L., 1758)) bycatch in gillnet fisheries
(Kraus et al. 1997) by presumably alerting the animal of the
net’s presence. In longline fisheries the goal of an acoustic
device would likely not be a warning of gear presence but
rather to disrupt the animal’s depredative behavior. The effi-
cacy of an acoustic device or disruptive tool has not yet
been addressed in reducing marine mammal bycatch in long-
line fisheries. The goals of this experiment were to
(i) characterize the sounds produced by the device and
(i) determine the tool’s efficacy in reducing false killer
whale echolocation performance, thus evaluating its poten-
tial to reduce depredation and bycatch.

Materials and methods

Animal subject and background

The study animal was an approximately 30-year-old fe-
male false killer whale (4.1 m and 528.4 kg), housed in the
open-water sea pens off the HIMB’s Coconut Island, Ka-
neohe Bay, O‘ahu, Hawai‘i, USA. The animal has had con-
siderable experience with echolocation research, including
target detection tasks similar to the experiment presented
here (see Nachtigall and Supin 2008). Experiments were
conducted in March and April of 2007, over 15 experimen-
tal sessions, each consisting of 50 trials. All sessions were
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designed around a target detection task in the presence, or
lack, of an acoustic device that emitted broadband acoustic
signals. The device, a SaveWave Long-line Saver (Delft, the
Netherlands), was intended to reduce false killer whale dep-
redation and bycatch on longline fishing sets by producing a
loud, broadband acoustic signal. This signal was proposed to
decrease a false killer whale’s echolocation performance
abilities, and consequently, deter them from approaching a
longline, attempting to depredate it, and becoming hooked.
We sought to investigate the capability of this device in
“jamming” a false killer whale’s sonar in a series of target
detection experiments.

Experimental procedure

The experiments were conducted across two experimental
pens (Fig. 1). The animal was tested in the first pen, which
was supported by floats, bounded a wire net, and was 8 m X
10 m in size (1). At the far end of this enclosure was an
equipment shack (2), which housed the electronics for the
experiment and an operator. A second “enclosure”, 7 m x
10 m in area (3), was used to suspend the echolocation tar-
gets. This structure was without the wire net, and the sup-
porting floats were positioned to the side to prevent any
potential acoustic reflections during the echolocation task.
A trainer (4) sat along the side of the first pen to provide
instructions and monitor the animal during the experiment.
A hoop-opening 55 cm in diameter was fixed between the
two pens, which served as a hoop station (5) for the animal
during the echolocation task, so that it could be positioned
in pen 1, but required to echolocate into the free-field of
pen 2. Near the hoop station was an underwater camera (6),
which allowed the animal’s behavior to be monitored from
the shack. One metre in front of the hoop was an acoustical
baffle (7), which could be raised or lowered and prevented
the animal from echolocating into the target pen until the
proper time. Just behind the baffle was an acoustically trans-
parent plastic screen that did not preclude sound transmis-
sion but inhibited the whale from seeing the target. A
Reson 4013 hydrophone (8; Slangerup, Denmark) was posi-
tioned 2 m in front of the hoop and 1.34 cm in front of the
whale to detect the animal’s echolocation pulses. An alumi-
num cylinder, 3.8 cm in diameter and 12.7 cm in length,
served as the target (9) for which the animal was trained to
echolocate for and was hung 8 m in front of the animal from
an aluminum pipe and pulley, the pipe spanning the width of
the target pen. The cylinder was hung from a thin monofila-
ment line and could be pulled out of, or lowered into, the
water. Near the hoop station was a response ball (10)
mounted above the water surface, serving as a target-present
response indicator. Except for early training sessions and the
last session, the Long-line Saver (11) was suspended 8 m
from the whale and 1 m to the side of the target.

Each session began with the false killer whale stationing
near the trainer. Upon a cue from the trainer, the animal
would leave the surface station and swim to the hoop sta-
tion, 1 m below the water’s surface. When the animal was
in position, the target would either be gently lowered into
the water (for a target-present trial), or lowered and then
raised (for a target-absent trial). The acoustic baffle was
then lowered allowing a free and direct path between whale
and target. This was also the whale’s cue to echolocate. A
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Fig. 1. The experimental setup for the target detection task of a false killer whale (Pseudorca crassidens). The various components are

referred to in the text.
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Fig. 2. (a) Sample spectrograms of the various acoustic signals produced by the acoustic deterrent. (b) The Long-line Saver hung in sea
water for calibration. (c) A diagram for the suggested use and deployment of the device.
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go or no-go paradigm was employed in which the go re-
sponse was associated with target present and the no-go
was associated with target absent (Schusterman 1980). If
the whale detected a target, it would back out of the hoop
and touch the response ball with its rostrum (a go). If the
whale did not detect the target, the animal remained in the
hoop for approximately 5 s (a no-go), until the trainer blew
a whistle recalling the animal. Only correctly indentifying
target presence (a hit) or absence (correct rejection) was re-
warded with fish, and both present and absent trials were
equally rewarded. Incorrect responses included false alarms
(responding when no target was present) or a miss (failure
to respond when the target was present).

The Long-line Saver was designed to reduce false killer
whale echolocation capabilities, thus the experiment was de-
signed to determine if the device would reduce the echolo-
cation performance of detecting the aluminum target. Two

-100

-150

initial sessions were devoted to establishing the animal’s
baseline performance level, without the acoustic device in
the water. Two subsequent sessions were run with the device
in the water but turned off, with the device being placed 8 m
from the whale, 1.5 m to the side of the target. A session
was then run with the device on for the entire session. The
sessions were then broken up so that the acoustic device was
off for 10 trials, on for 20 trials, and off for 10 trials. Five
“warm-up” and “cool-down” trials preceded and followed
the experimental trials. These ABBA sessions were run until
the animal’s performance level stabilized again, four ses-
sions later. A session was then run with the device in the
water but off, ensuring that the whale’s detection baseline
performance was consistent. Then, to determine how dis-
tance and reduced sound pressure levels (SPLs) might affect
detection performance, the device was moved 30 m from the
whale, but still in line with the target. All sessions were 50
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trials, consisting of 5 blocks of 10 trials. Each block was
randomized to target present versus absent following a Gel-
lermann series (Gellermann 1933).

Acoustic signals

The Long-line Saver was half-spherical in shape, with a
diameter of 38.1 cm and weighing 24 kg (Fig. 2). The
acoustic signals emitted by the SaveWave device were a
complicated assortment varied up- and down-sweeps, pure
tones, and harmonics. We calibrated the sound levels emit-
ted before the experiment on three separate days with essen-
tially the same results. The Long-line Saver device was hung
off a dock at 1 m depth in the open seawater environment of
Kaneohe Bay. Signals were received 2 m from the source
using a calibrated Biomon 8235 hydrophone (sensitivity —
182 + 2 dB up to 300 kHz; Santa Barbara, California,
USA), which was connected to a Krohn-Hite 3364 filter
(Brockton, Massachusetts, USA) for anti-alias bandpass fil-
tering (300 Hz to 250 kHz). Ten 1 s files were recorded
from three different directions (front, side, and back) on
each of the three calibration days to get a general estimate
of the directionality of the device. Files were recorded using
a custom LabView program working with a National Instru-
ments DAQ card (6062E; Austin, Texas, USA) implemented
into a laptop computer. Signals were sampled at a rate of
512 kHz. The Long-line Saver sounds were extremely
broadband (from 1 to 250 kHz), but signals were not re-
corded above 250 kHz, as this was considered well beyond
the range of hearing for false killer whales and other odon-
tocetes (Thomas et al. 1988; Yuen et al. 2005). These
sounds were referenced to calibrated pure tones of 20, 40,
60, 80, 100, and 120 kHz, produced by a Wavetek function
generator (Everett, Washington, USA) connected to a Reson
4040 transducer and recorded in the same manner as the
Long-line Saver signals above. All signals were monitored
as they were recorded using a Tektronix TDS 1002 oscillo-
scope (Richarson, Texas, USA).

The recorded signals were assessed off-line using CoolE-
dit (Adobe Systems, San Jose, California, USA) and MatLab
(MathWorks, Natick, Massachusetts, USA) programs. Por-
tions were selected from each of the pure tones and the
broadband SaveWave noise files and analyzed with a 2048-
point fast Fourier transform (FFT). The peak values of the
FFTs were compared between tones and the noise files to
determine the peak intensity of the Long-line Saver. Before
the experiment, the device produced a relatively intense
source level (SL = 182 dB re: 1 pPa) from the forward di-
rection, but signals dropped off to the side and back at 174
and 164 dB, respectively. After the experiment and approxi-
mately 25 h of use, the Long-line Saver device dropped off
in sound pressure level to 162 dB peak intensity at the
source and in the center of the front-facing beam. Peak re-
ceived levels at the animal were 164 dB.

Data collection and analysis

The primary data collected were based on the perform-
ance of the false killer whale in the echolocation task. Cor-
rect responses (hits and correct rejections) were measured
against incorrect response (misses and false alarms) and
compared using a two-tailed 7 test. A number of complimen-
tary parameters were collected for each trial to measure ad-
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ditional effects of the Long-line Saver. Because the Saver
might be considered an acoustic harassment device, several
of the parameters were designed to assess the acoustic devi-
ce’s influence on the animal’s behavior. This included the
delay (s) from when the trainer sent the whale to the hoop
to when it actually stationed in the hoop, the number of
echolocation clicks used, the latency of time (s) for the
whale to respond (only in target present responses), and any
overt behavioral alterations during the experiment. Within
each category the variable was averaged and compared us-
ing a two-tailed ¢ test. The animal’s behavior in the hoop
and at the surface was video-recorded. Minitab and Excel
softwares were used in the behavioral data analysis. All
methods and animal care abided by national and university
animal care guidelines (Institutional Animal Care and Use
Committee (IACUC) Permit No. 93-005-13; National Acad-
emy of Sciences 1996).

Results

Echolocation performance

The experiment was initiated by establishing the false
killer whale’s baseline echolocation performance ability and
ensuring that the percentage of correct responses was stable.
Across the first four sessions, the animal demonstrated a
mean 97% correct response rate (SD = 1.15) to the presence
and absence of the cylinder target (Fig. 3). For the first two
sessions, the acoustic device was not yet suspended in the
water and the animal responded 98% correct. The single er-
rors in both sessions were misses. In the following two base-
line sessions (3 and 4) the Long-line Saver was hung in its
experimental position, but the sound was not turned on and
the whale’s performance was a similar 96%. The acoustic
device was kept in the water for the remainder of the experi-
ment. The errors in these sessions were made within the first
5 trials of both sessions and 3 of the 4 errors were false
alarms.

During session 5, the Long-line Saver was turned on as
the animal first entered the hoop station for the first echolo-
cation trial of the session. The sound then remained on for
the entire session (50 trials; approximately 1 h), including
all subsequent target presence or absence trials. The ani-
mal’s performance dropped off to 46% for this session.
Eleven errors were false alarms and 16 errors were misses.
We then returned to a session with the Long-line Saver off
for the session’s entirety. With the device off, the whale re-
sponded correctly for 96% of the trials, reaffirming its base-
line performance capabilities.

We then switched to an ABBA format of the trial order
within sessions to hopefully reduce frustration of the animal
in the apparently difficult task of target detection when the
Long-line Saver was emitting sound. During this portion of
the experiment, the animal’s detection performance im-
proved significantly when the Long-line Saver was on
(Fig. 4), although performance was never at the level of tri-
als without sound. In the first session, the animal correctly
identified target presence or absence at 60% with the Long-
line Saver on and 95% with it off. Of the incorrect responses
when the device was on, 87.5% were false alarms. For the
remaining three sessions, the animal’s performance leveled
off at 85% for sound-on trials and 98% for sound-off trials.
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Fig. 3. Target detection performance displayed in percent correct
responses of the false killer whale (Pseudorca crassidens) for ses-
sions where the acoustic deterrent was on (solid) or off (open). The
Long-line Saver was suspended 8 m from the animal during its
echolocation task except for the last session when the device was
placed 30 m from the whale.
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Fig. 4. Target detection performance in correct responses of the
false killer whale (Pseudorca crassidens) for sessions in ABBA
format, as well as the mean performance of those sessions.
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Over the course of these four sessions, the animal detected
target presence or absence significantly better when the
Long-line Saver was off (mean on = 78.8%, mean off =
96.2%; two-tailed f test, p = 0.03).

After performance stabilized, we returned to a full session
with the Long-line Saver off to re-establish baseline capabil-
ities, and the whale demonstrated 94% correct responses. In
the final session we moved the device 30 m from the ani-
mal, turned the acoustic device on, and returned to the orig-
inal echolocation task. The animal was 100% correct in
identifying the presence or absence of the target.

Receiver Operating Characteristics

The animal’s hits (correct detections) and false alarm
probabilities were plotted in receiver operating characteristic
(ROC) curves (Figs. 5a-5c¢) to asses how the whale might
make decisions of detecting the target within background
noise (the acoustic disruption device). As noted, when the
sound was off the animal’s hit rate was very high, near
100%, and the probability of false alarms was relatively
low (£20%; Figs. 5a, 5c¢). Such clear responses indicate the
ease at which the whale could detect the target in the stand-
ard situation. However, when the acoustic disruption device
was turned on, it was obvious that the echolocation detec-
tion task became more difficult. Hit rates initially dropped

Fig. 5. Receiver operating characteristic (ROC) graphs for the false
killer whale (Pseudorca crassidens) performing the echolocation
task. (a) All data when acoustic Long-line Saver was in the water.
Circle indicates session 5 when sound was on for the entirety.
Squares indicate sessions 7-9 when the device was on for an
ABBA format. Diamond indicates a summary of all trials when the
acoustic device was on. Triangle indicates all sessions when the
device was off. (b) Sessions 5 and 7 when the acoustic device was
on. Squares indicate 10 trial blocks. Large square (i.e., 60% hit rate
and 20% false alarms) indicates last block and apparent improve-
ment in correct responses. Triangle indicates the summation of
data. (c¢) Sessions 1-4, 6, and 11 when acoustic device was off.
Times indicate 10 trial blocks. Square indicates the summation of
data.
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below 40% and false alarm rates increased to near 50%
(Fig. 5a), indicating that the animal became less ‘“conser-
vative” and was apparently lowering its detection threshold
or guessing. However, as sessions continued, the false alarm
rate dropped and the hit rate increased, as the whale im-
proved and returned to a more conservative approach.

For a more detailed look at the decisions made when the
acoustic device was first turned on, we analyzed the first
two sessions with the device on, broken up into 10-trial
blocks (Fig. 5b). Notably, the animal’s false alarm and hit
rate changed substantially throughout the sessions. Nearly
all hovered around the major diagonal, indicating the ani-
mal’s likelihood of a correct response was near chance thus
supporting that the whale was guessing. Or by changing
strategies from conservative to “liberal”, the whale could
have been searching for a strategy to improve her chances
of correct detection. While overall, the whale’s strategy
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Table 1. Two-tailed  tests for behavioral alterations of the false killer whale (Pseudorca crassidens) asso-
ciated with the use of the Long-line Saver acoustic device.

Behavioral parameter Long-line Saver status Trials (n) Mean value SD p

Latency to hoop (s) On 36 5.175 0.522 <0.001
Off 149 4.772 0.380

Delay (s) On 82 9.79 1.13 ND
Off 173 9.93 1.34

Number of clicks On 128 21.1 10.4 <0.001
Off 297 12.63 6.70

Note: ND, no difference.
Fig. 6. Behavioral responses of the false killer whale (Pseudorca Discussion

crassidens) during sessions when the Long-line Saver was on. Re-
sponses noted include latency (s) to the echolocation-hoop station,
delay (s) to respond to target presence, and number of echolocation
clicks used per trial. Large stars indicate significant differences be-
tween groups.
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across the two sessions was 50% for both hits and false
alarm, the last trial block (large square) showed improve-
ment to 60% hit rate and 20% false alarms.

Behavior

In addition to echolocation capabilities, we monitored
several behavioral parameters to address potential reactions
to the acoustic device. The animal did not demonstrate any
significant behavioral alterations in the presence of the
acoustic stimulus. The animal also did not increase its swim-
ming time (delay; s) from the trainer station to the
echolocation-hoop station (Table 1, Fig. 6). However, the
false killer whale did take significantly longer to decide tar-
get presence when the Long-line Saver was turned on. Addi-
tionally, the animal used a significantly greater number of
echolocation clicks when the acoustic device was on.

The SaveWave Long-line Saver did work to significantly
reduce the echolocation performance of an experienced and
well-practiced false killer whale. The increased number of
echolocation clicks used and latency of time to decide target
presence or absence indicate that the device apparently
made the echolocation task more difficult. However, the an-
imal’s performance in the presence of the device improved
over the duration of the experiment, from 46% (or essen-
tially guessing) to a respectable 85%. This indicates that ei-
ther the false killer whale devised a strategy to improve its
target detection capabilities in noise, or that the decrease in
sound pressure levels over time allowed for easier target de-
tection, or both, contributed to the animal’s improved per-
formance.

Unfortunately the decrease in sound pressure levels over a
relatively short period of time (~25 h of use) confounds the
results of the experiment somewhat because the decrease
makes it difficult to discern whether the whale’s improve-
ment was from learning or reduction in sound. However,
moving the device 30 m away from the animal (typically
the device was 8 m away) obviously decreased the received
sound levels at the animal and, consequently, the whale was
100% correct in identifying target presence or absence dur-
ing that session. Thus, the output of the device and received
levels at target animals have a crucial effect on echolocation
performance and the effectiveness of the Long-line Saver.
This may be crucial in many longline situations with gear
tens of kilometres in length (Gilman et al. 2006). If the
acoustic device has a limited radius of effectiveness, then
its use in deterring depredation may well also be restricted.
Perhaps a better acoustic solution might be the implementa-
tion of smaller, but loud acoustic devices fixed repeatedly
on the longline to cover the line effectively.

The decrease in source level (SL) also indicates how the
device may have worked to reduce echolocation perform-
ance. At the start of the experiment, when the Long-line
Saver was operating at higher SLs, the device effectively re-
duced echolocation performance to chance level. As SLs ap-
parently decreased but signal types remained consistent,
performance improved. Thus, it was not the complex acous-
tic signals that were the basis of reducing the echolocation
performance, but more likely, the masking of the echoes by
the intense noise. Consequently, the sound pressure (or re-
ceived level) and frequency spectrum of the acoustic disrup-
tor-masker may be more important than the type of signal
itself.

Interestingly, echolocation performance was reduced
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slightly (85%) even when the device’s source levels had
dropped. Bottlenose dolphins (Tursiops truncatus (Montagu,
1821)) demonstrate similar decreases in echolocation per-
formance in the presence of background noise (Au and Pen-
ner 1981). These decreases in performance occur at noise
spectrum levels that are above background but not necessa-
rily significantly higher in intensity (Au 1993). This is be-
cause masker levels are relative to the echo level, thus the
lower the echo level, the lower the effective masker-noise
level may be. This raises concern for animals which echolo-
cate and forage in environments that have high levels of
anthropogenically induced background noise. The animals’
echo detection may be reduced by the surrounding noise lev-
els. This is particularly true if the animal is echolocating on
targets that may not have strong echo returns (i.e., squid,
monofilament nylon line, or fishing hooks), making certain
items difficult to detect.

Detecting the target in noise also revealed that when the
task was difficult and the target was not easy to detect, the
animal seemed to vary its strategy from high false alarms
and high hit rates, to low false alarms but lower hit rates.
While this may simply have been guessing during a trying
task, this may also indicate that the animal was “searching”
for a strategy which would yield greater success. Further-
more, the incidence of less conservative, higher false alarm
rates indicates that this false killer whale might have at-
tempted a fairly liberal target detection strategy. This is
quite different than what has been shown typical for bottle-
nose dolphins, which tend to be conservative and not allow
false alarm rates to rise above a certain level (Au and
Snyder 1980). Research along similar lines with other odon-
tocetes that live in varying niches may find further evidence
for differing decision strategies. Furthermore, the study
whale is well experienced in experimental investigations.
Different strategies may be used by wild or younger animals
inhabiting a complex, pelagic environment.

This device was intended to be suspended from the side
of a boat and broadcast sound into the ocean environment
to deter false killer whales (Fig. 2). Sound intensity levels
were apparently engineered to be relatively high (up to
182 dB peak energy). The device might be considered more
of an ‘“‘acoustic harassment” tool, rather than a deterrent
(Quick et al. 2004). Received levels at our false killer whale
were approximately no more than 164 dB peak energy for
relatively short durations of time (4—6 s), which are well be-
low any physiological effects (Nachtigall et al. 2004; Fin-
neran et al. 2005; Mooney et al. 2009). The animal also did
not demonstrate any overt behavioral modifications to ap-
proaching the hoop station, where the maximum received
levels were measured. However, this animal was well
trained in many experimental procedures such as this echo-
location task, and obvious behavioral reactions would not
have been expected. More dramatic reactions to acoustic
harassment devices would be expected and have been noted
in wild, naive animals (Quick et al. 2004).

The complexities and relative ineffectiveness of this well-
engineered acoustic device underscores the challenges re-
lated to deterring odontocetes from depredation and becom-
ing caught on longlines. The simple mass of this device
unfortunately causes it to be difficult to handle and operate.
Furthermore, applying a single device from a boat and ex-

pecting acoustic disruption on longline kilometres away
does not seem to be a realistic means of reducing echoloca-
tion performance, depredation, or bycatch. However, it
seems that the masking of echolocation signals reduces
echolocation performance. Thus, smaller, louder, and more
numerous devices might cause such effects and should be
tested. As these devices would likely be costly and difficult
to implement and maintain, government support would
likely enhance implementation if the devices prove success-
ful in echolocation disruption. Mechanistic devices that
shroud catch and reduce depredation should also be explored
for their detection possibilities in captive research settings. It
is obvious that devices to decrease bycatch and depredation
must meet certain characteristics, including that they ac-
tually succeed, are relatively easy to disseminate and imple-
ment, are cost effective, and do not decrease the catch rates
of target species (McPherson 2003; Gilman et al. 2006).
However, as seen here and in other studies (Cox et al.
2001; Gilman et al. 2006), cetacean species often habituate
to certain devices. Such modifications and assessments are
often seen in animal foraging strategies (Pyke et al. 1977,
Lima and Bednekoff 1999). Solutions to these fisheries-re-
lated issues will probably need to be equally flexible. It is
likely multiple tools, including acoustic and mechanistic,
should be applied to deter depredation and bycatch. To
achieve these goals researchers, fisherman, and regulatory
agencies will need to work closely to find suitable resolu-
tions.
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