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Introduction

Abstract

Incidental bycatch in fishing nets is a global cause of incidental mortality of marine
mammals. Two classes of approaches attempt to mitigate this impact: (1)
approaches that change the behaviour of the fisher (e.g. closures and gear
modifications), (2) approaches that attempt to change the behaviour of the bycatch
species (e.g. acoustic alarms or pingers). Even though the effectiveness of pingers
has been established for very few bycatch species, pingers are now mandatory in
many fisheries throughout the world. Pingers are being trialled in commercial gill
net fisheries in tropical Australia to reduce the bycatch of the dugong and three
species of coastal dolphins, despite an absence of robust assessments of: (1) their
effectiveness in reducing bycatch, (2) the likelihood of alienating bycatch species
from critical habitats. We conducted replicate experiments to test the behavioural
responses of dugongs to 4 and 10 kHz pingers in an array simulating a net. Each
experiment comprised three sequential 10-min treatments in which two pingers
were: (1) inactive, (2) active, (3) inactive. The rate of decline of the number of
dugongs within the focal arena did not change significantly while pingers were
activated. Dugongs passed between the pingers (where a net would be located)
irrespective of whether the alarms were active or inactive, fed throughout the
experiments and did not change their orientation to investigate pinger noise, or
their likelihood of vocalizing. We conclude that: (1) pingers are unlikely to alienate
dugongs from critical habitats or reduce dugong mortalities in fishing nets, (2)
bycatch mitigation strategies such as pingers that rely on changing animal
behaviour should only be used after rigorous testing on all likely bycatch species.

Franciscana dolphins Pontoporia blainvillei (Bordino et al.,
2002; Bordino & Kraus, 2004) and Hector’s dolphins

The incidental catch of marine mammals in fishing gears,
especially gill nets, is one of the greatest immediate threats to
marine mammals throughout the world; the death toll from
fishing nets far exceeds the deliberate catch (Reeves et al.,
1996, 2005). Solutions to the marine mammal bycatch
problem aim to change either: (1) the fishers’ behaviour
(e.g. changes to fishing practices, temporal or spatial clo-
sures), (2) the animals’ behaviour. The latter category
includes pingers (acoustic alarms) designed to reduce
bycatch by either: (1) producing aversive sounds that keep
marine mammals away from nets, or (2) alerting animals to
investigate their surroundings (Dawson, 1994; Dawson,
Read & Slooten, 1998; Kraus, 1999).

Pingers have been considered a promising solution to the
bycatch problem for several cetaceans including humpback
whales Megaptera novaeangliae (Lien et al., 1992), habour
porpoises Phocoena phocoena (Kraus et al., 1997; Laake,
Rugh & Baraff, 1998; Trippel et al., 1999; Gearin et al.,
2000; IWC, 2000; Culik et al., 2001), short-beaked common
dolphins Delphinus delphis (Barlow & Cameron, 2003),

Cephalorhynchus hectori (Stone et al., 1997).

Some fisheries managers now consider pingers to be a
relatively uncontroversial and inexpensive generic bycatch
mitigation measure. The use of pingers is mandatory in the
Gulf of Maine and Mid-Atlantic waters (Federal Register,
1998), in the Californian/Oregon swordfish drift gillnet fish-
ery (Federal Register, 1999) and for large fixed gear fishing
vessels of European Union member states in the North Seas,
Celtic Sea Channel and Western Waters (Council of the
European Union, 2004).

Unfortunately, there may not be a universal solution to
the capture of marine mammals in gill nets (IWC, 1994).
Pingers are unlikely to reduce the bycatch of all species of
marine mammals or even all cetaceans. Bottlenose dolphins
Tursiops truncatus are not deterred from nets by pingers
(Cox et al., 2003). In contrast to harbour porpoises, which
tend not to tolerate a new sound in their environment,
bottlenose dolphins tend to investigate novel stimuli and
may even approach pingers aggressively (Cox et al., 2003;
McPherson et al., 2004).
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This inter-specific variation among cetaceans suggests
that responses will vary across other marine mammal taxa.
Thus, despite the effectiveness of pingers for some species, it
is important to consider the habits, hearing abilities and
responses of each species of concern to sound and novel
stimuli before mandating the use of pingers in a fishery
(Dawson et al., 1998; IWC, 2000; Kastelein et al., 2000).

In Queensland, Australia, pingers have been developed
and trialled for mitigating a multi-species bycatch problem
that targets several cetaceans species and the dugong Du-
gong dugon (Marsh, 2000; Marsh et al., 2005). A programme
to test pinger use on both commercial gill nets and shark
nets set for bather protection has been running since 1991
(Lien et al., 1998; McPherson et al., 2001, 2004). However,
as McPherson et al. (2004) point out, bycatch rates in nets in
Queensland are too low to test pinger effectiveness statisti-
cally on nets. The probability of a net catching dugongs is
<1% per day (Marsh et al., 2005). At least 2700 sets each of
control and pinger-equipped nets would be required to
demonstrate a 50% reduction in catch rates with 80% power
(at o = 0.10) (Dawson et al., 1998). Such direct experiments
are expensive. It cost US$500 000 to test the effectiveness of
pingers for harbour porpoises in New England in 1994
(Dawson et al., 1998). A different approach is clearly
required.

The alternative is to observe the behaviour of animals
around arrays that simulate pingers on a fishing net (Reeves
et al., 1996; Stone et al., 1997; Cox et al., 2001; Culik et al.,
2001). Simulated experiments conducted in highly used
habitat areas maximize observations of the animals’ re-
sponses to pingers without risk of entanglement.

We used simulated experiments to observe the behaviour-
al and acoustic responses of large groups of dugongs to
pingers in clear water in Moreton Bay, Queensland, with the
primary objective of ascertaining whether pingers were
likely to alienate dugongs from their critical inshore habi-
tats. Dugongs are highly susceptible to entanglement in nets
(Heinsohn, Marsh & Spain, 1976), one of the greatest
sources of human-caused mortality of dugongs throughout
their global range (Marsh et al., 2002). Our results provide
the first quantitative insights into the likely effectiveness of
pingers in reducing dugong bycatch.

Methods

Study site

We conducted 10 experiments using 10 kHz pingers during
6-11 August 2002, and 16 experiments using 4 kHz pingers
during 8-31 July 2005, in Moreton Bay (153.3°E, 27.5°S),
Queensland, Australia. Large herds of dugongs (typically
about 150 animals) regularly use the Moreton Banks
(Preen, 1992) where the research was conducted. Water
depths are 1.3—4.8 m in the area, which has a sparse cover
of Halophila and Zostera on clean, moving quartz sand
and relatively clear water with 1-5m horizontal visibility
(Preen, 1992).
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Observation platform

The dugongs were observed using a blimp-cam: a tethered,
helium-filled aerostat (balloon) carrying a remote-control
surveillance camera (detailed in Hodgson, 2004) flown at
¢. 50 m. The video camera was operated via a controller and
monitor on the research vessel. Data were extracted from
the video footage in the laboratory.

Pinger type and sound propagation

Four BASA pingers of the same nominal frequency (4 or
10kHz) were used in each experiment. These are the two
most common frequencies used to target whales (e.g. Lien
et al., 1992) and dolphins (e.g. Kraus et al., 1997), respec-
tively, and the two pinger types being used in Queensland
during the time of the experiments. The source level (SL) for
the 10 kHz pinger, according to the sound pressure level at
Im is 133.2dB re 1 uPa, and the SL of the 4 kHz pingers is
133.6dB re 1 yPa (Baldwin, 2002). Both pinger types emit
pulse sounds at 4-s intervals. Empirical investigations on the
Moreton Banks showed that both pinger types are audible
[>20dB above ambient noise (Richardson et al., 1995)] to
at least 100m (Baldwin, 2002), encompassing our focal
arena.

Pinger array

We conducted separate experiments using pingers of each
nominal frequency. Either two active or two silent pingers
were deployed simultaneously. At one end of the array, one
silent and one active pinger were mounted above an
anchored floating tube, and were alternately deployed using
a remote joystick controller (Stone et al., 1997). At the other
end, either the active or silent pinger was hung from the bow
of the research vessel (Fig. 1).

Pingers were lowered to a depth of 1m, which was
approximately mid-water in most experiments. The an-
chored tube was deployed by slowly motoring the research
vessel to one edge of the dugong herd, switching off the
motor, placing the anchored tube into the water, drifting the
research vessel towards the opposite edge of the herd and
anchoring 50-55m from the tube. Experiments commenced
at least 10min after anchoring as the average rate of
recovery of a dugong herd after boat disturbance is 2 min
(Hodgson & Marsh, 2007).

Focal arena

The focal arena was limited by the field of view of the blimp-
cam. As the two pairs of pingers were usually close to the
near and far boundaries of the field of view, our focal arena
was delimited by these two points (Fig. 1). Variations in the
width of the focal arena (i.e. field of view) between experi-
ments (37-53m at the bottom and 59-105m at the top)
occurred with changing blimp position and camera angle,
and were calibrated for each experiment assuming an
average dugong length of 2.5m (Fig. 1).
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Figure 1 The array of two pingers: one deployed from the research vessel, one from a floating tube anchored at a set distance from the vessel.
During the experiment, a silent pinger was exchanged (manually or using a remote control) with an active pinger at each deployment site. The
focal arena viewed from the blimp-cam was bounded by the floating tube and the vessel. The width of view at the top and bottom of the arena was
estimated using dugong Dugong dugon lengths as a reference when dugongs were aligned with these boundaries. The inset shows the dugongs

in the focal arena as seen from the video footage taken by the blimp-cam.

Experimental protocol

Each experiment was divided into three 10-min sequential
treatments: (1) pre-pinger — two silent pingers deployed, (2)
pinger — two active pingers, (3) post-pinger — two silent
pingers. The camera was positioned on the focal arena
during odd minutes and panned to film the feeding beha-
viour of dugongs visible from the blimp-cam outside of the
focal arena during even minutes.

Sound recordings

Sounds were recorded via an omnidirectional Hi Tech Inc
(Hi Tech Inc., Gulfport, MI, USA) hydrophone (HTI-96-
MIN, frequency response 2Hz to 30kHz, sensitivity
—164dB re 1 VuPa™ '), deployed next to the pinger at the
bow of the research vessel at approximately mid-water and
connected to a digital audio tape recorder (Sony, Sydney,
Australia, TCD-D100, frequency response 20Hz to
22kHz). The tape recorder time stamped all recordings and
was synchronized with the video recorder to enable visual
and audio observations to be correlated. The hydrophone
confirmed the functioning of the remote pinger.

Number of dugongs within the focal arena

We counted the number of individual dugongs within the
focal arena from still images captured from the video
footage at 1min intervals, providing a series of instanta-

neous scan samples (Altmann, 1974). The counts were
analysed to estimate differences in the mean count of
dugongs in each treatment and differences in the rate of
changes in dugong numbers over each treatment period. The
data were characterized by repeated measures over time for
each experiment, with experiments forming a random block-
ing structure for the analysis. A Poisson error distribution
was assumed as the data were counts including some zeros.
Exploratory analysis found no evidence for correlation
structure among the observations within each experiment
over time. The data were analysed using a generalized linear
mixed-model with a log link, with the model represented as

Dugong count ~ (treatment’ x time") + (experiment”
+ (experiment x time)") + &

where treatment was a fixed categorical effect representing
the three periods of sampling defined by the presence of the
pinger (pre-pinger, pinger, post-pinger), time was a fixed
continuous effect representing the linear trend over the 10
sampling times within each treatment period and was
centred (coded as —4.5 to 4.5) so that the treatment effect
represented the mean count of dugongs in each period, and ¢
was the error term. Experiment and experiment X time
represent additional random sources of variation ‘among
experiments’ in the mean count and the slope of the linear
trend, respectively. The estimates of random variance are
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not presented here as the fixed effects of time and treatment
were the relevant factors.

Orientation of dugongs within the focal
arena

The orientation of each dugong relative to the pinger array
at each 1-min scan was calculated using the ‘Optimas 6.5
imaging program. A dugong was considered to be facing the
array if it was facing within 180° of the imaginary line
between the two in-water pingers. Only experiments where
dugongs were present in the focal arena during at least two
scans in all three treatments were analysed.

Passing between pingers

We used the one—zero method (Altmann, 1974) to record
whether dugongs passed between the two pingers during
each of the fifteen 1-min focal arena scans of each experi-
ment. Only experiments where dugongs were within the
focal arena during at least part of each treatment were
analysed.

Feeding plumes

Active feeding by dugongs creates plumes of sediment that
rise from behind the animals as they are extracting the
rhizomes of the seagrass. We also used the one—zero method
to record whether plumes from dugongs continuing to feed
were visible within 100 m of either pinger when panning the
entire area visible from the blimp-cam every second minute
within each experiment.

Vocalizations and feeding sounds

Dugong vocalizations and feeding sounds were recorded
during the 4 kHz pinger experiments. Spectrum analysis was
conducted using ‘Cool Edit 2000’ software (Syntrillion Soft-
ware Corporation, Phoenix, USA). Sounds were attributed
to dugongs vocalizing based on descriptions by Anderson &
Barclay (1995) and recordings of dugongs in Moreton Bay
(A. J. Hodgson, unpubl. data). The distinctive repetitive
grinding/chomping noise of feeding was identified audibly
based on recordings associated with visual observations of
wild (A. J. Hodgson, unpubl. data) and captive (H. Marsh,
unpubl. data) dugongs. The one—zero method was used to
record whether or not vocalizations or feeding sounds could
be heard within each minute of the experiments.

Analysis

The differences in: (1) the proportion of individual dugongs
oriented towards the pingers, (2) the probability of indivi-
duals passing between the pingers, (3) the probability of
feeding plumes being observed within 100 m of the pinger
array, (4) the probability of hearing dugong vocalizations,
(5) the probability of hearing dugong feeding sounds,
among treatment periods were analysed using generalized
linear mixed-models with a logit link and binomial variance

A. J. Hodgson et al.

function. Separate models were fitted for the experiments
testing the two pinger types. Variability between experimen-
tal runs was modelled as a random effect. The relationship
between the likelihood of: (1) individuals being oriented
towards the pingers, (2) individuals passing between the
pingers, (3) hearing either vocalizations or feeding sounds,
and the number of dugongs within the focal arena was also
assessed by including the logarithm (base = 2) of the num-
ber of dugongs within the focal arena as a covariate in the
analysis. Likelihood ratio tests were used to assess the
significance of model terms.

Not all dugongs within the audible range of the hydro-
phone were in the focal arena. Thus, we interpret the
relationship between the likelihood of dugong vocalizing or
producing feeding sounds, and the number of dugongs
visible with caution.

Results

Number of dugongs within the focal arena

The mean number of individual dugongs present in the focal
arena differed significantly among treatment periods for
both 4 and 10kHz pingers (Fig. 2, Table 1). The rate of
change in the number of individual dugongs over time

304 (a) | I
20

10

Number of dugongs

0O 5 10 15 20 25 30
Time (min)

50 -

40

30 A

20 1

Number of dugongs

10 1

0 5 10 15 20 25 30
Time (min)

Figure 2 Number of dugongs Dugong dugon observed over time in

each of the pre-pinger, pinger and post-pinger treatment periods while

testing (a) the 10kHz pingers and (b) the 4 kHz pingers. Line types

represent replicate experiments, and thick dashed lines separate
treatment periods.
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within treatment periods differed significantly among treat-
ment periods for both pinger types; however, there was no
significant difference in the rate of decrease in the number of
dugongs between the pre-pinger and pinger periods. The
rate of decrease was significantly greater in the post-pinger
period than in the pre-pinger period for the 10 kHz pingers.
In contrast, the number of dugongs increased significantly
during the post-pinger period for the 4 kHz pingers. The last
result was strongly affected by a sharp increase in the
number of dugongs late in the post-pinger period during
one experiment. When this experiment was removed from
the analysis, there was no significant change in dugong
numbers over the post-pinger period for the 4 kHz pingers
(Table 1).

Orientation of dugongs within the focal
arena

Six experiments using the 10kHz pingers and 11 experi-
ments using the 4 kHz pingers fitted our requirements for
testing orientation. The proportions of dugongs oriented
towards both the 4 and 10kHz pingers in each experiment
were not significantly different between the pre-pinger,
pinger and post-pinger treatments and did not covary with
the number of dugongs in the focal arena (Table 1).

Passing between pingers

Dugongs were observed passing between the two pingers of
both pinger types when both silent and active pingers were
deployed. There was no significant difference in the like-
lihood of dugongs passing between the two 10 kHz pingers
between treatment periods (Table 1). In contrast, for the
4kHz pingers, the probability was the highest in the pre-
pinger period and significantly lower in the pinger and post-
pinger period but this difference disappeared when the
number of dugongs in the focal arena was accounted for in
the analysis (Fig. 3, Table 1). For both pinger types, the
likelihood of dugongs passing between the pingers was
higher when more dugongs were present. A doubling of the
number of dugongs in the focal arena increased the odds of
individuals passing between pingers by a factor of 2.5 (95%
CI = 1.6, 4.2) for the 10 kHz pingers and a factor of 3.2 (2.4,
4.3) for the 4 kHz pingers.

Feeding plumes

The likelihood of dugong feeding plumes occurring within
100 m of the pinger array was unaffected by the treatment
effects of pinger noise for both pinger types (Table 1).

Vocalizations and feeding sounds

Multiple bouts of dugong vocalizations were recorded with-
in nine experiments using 4 kHz pingers. The probability of
dugongs vocalizing was not significantly affected by pinger
noise or the number of dugongs visible in the focal arena.
Dugong feeding sounds were heard during eight experi-
ments. The probability of hearing dugongs feeding was not

A. J. Hodgson et al.
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Figure 3 Likelihood of dugongs Dugong dugon passing between: (a)
the 10kHz and (b) the 4kHz pingers in relation to the number of
dugongs visible and (c) the probability of hearing dugong feeding
sounds throughout 4 kHz pinger experiments in relation to the number
of dugongs visible in the focal arena (log2 scale). The solid line
represents the relationship estimated by a generalized linear mixed-
model with a logit link function transformed to the probability scale;
solid points represent the observed data.

significantly affected by pinger noise; however, the like-
lihood of hearing feedings sounds increased as the number
of dugongs in the focal arena increased (Fig. 3, Table 1).

Discussion

We discuss our results in the context of the three main
concerns about the ad hoc use of pingers in fisheries:

(1) The potential for noise disturbance or displacement.

(2) The effectiveness of pingers and the perception that
pingers have addressed the bycatch problem.

(3) The problems with relying on animals to change their
behaviour to reduce multi-species bycatch.
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Potential for noise disturbance or
displacement

As a noise source, pingers may disturb or displace animals
over large distances, effectively reducing the habitat avail-
able to a species and potentially causing damaging effects on
a population equal to incidental deaths in fishing nets (Culik
et al., 2001). We showed experimentally that neither 10 nor
4kHz pingers elicit a response from the dugongs in our
study area. The decline in the number of dugongs in the
focal arena throughout the experiments could not be attrib-
uted to pinger noise as the rate of decline did not increase
significantly once active pingers were deployed. This sug-
gests that the decline resulted from normal dugong move-
ment patterns rather than the active pingers. Such a
conclusion is supported by previous behavioural research
demonstrating that undisturbed dugongs naturally move
across a field of view over time as they forage, or in response
to tidal movements or social interactions. In a previous
study using the blimp-cam from an anchored boat, indivi-
dual dugongs of ten went out of view (=200m from the
boat) before the end of prescribed 15min behavioural
observations (Hodgson, 2004).

Our results indicate that dugongs would not be alienated
from their feeding grounds by the two types of pingers
tested. Dugongs continued feeding within 100 m (i.e. within
the predicted zone of audibility) of the active pingers.
Dugong feeding sounds were also audible throughout the
pinger experiments, and the likelihood of hearing these
sounds was positively correlated with dugong numbers,
regardless of whether active or inactive pingers were de-
ployed. There was no significant movement away from the
active pingers and dugongs swam between active pingers set

< 55m apart. Thus, concerns about pingers displacing
dugongs are unfounded in contrast to some cetaceans
including the tucuxi Sotalia fluviatilis (Monteiro-Neto
et al., 2004), harbour porpoise (Laake et al., 1998; Culik
et al., 2001; Carlstrom et al., 2002) and Hector’s dolphin
(Stone et al., 1997).

If pinger sounds were aversive to dugongs, and if dugong
use calls to relay stress, dugong vocalization rates may have
increased while pingers were active. Other marine mammals
use sound to relay stress (e.g. Caldwell, Haugen & Caldwell,
1962) and solitary captive dugongs have been heard produ-
cing stress calls (Nair & Lal Mohan, 1977; Marsh, Spain &
Heinsohn, 1978). However, in our experiments, pingers had
no effect on the likelihood of dugongs vocalizing, suggesting
that pingers do not induce stress calls from dugongs.
Vocalizations may also serve to enhance herd cohesion in
dugongs (Anderson & Birtles, 1978), and, as with bottlenose
dolphins (Smolker, Mann & Smuts, 1993), may be an
important method of maintaining mother—calf relation-
ships. Pinger noise potentially masks calls between indivi-
duals (Richardson et al., 1995), forcing animals to increase
call intensity (and thus the energy needed to make the calls)
so that they can be heard above the noise (Scheifele et al.,
2005). We were unable to determine the intensity of the calls
we recorded, or whether the intensity changed in response to
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the pingers. Further studies on the function and intensity of
dugong vocalizations would enhance our ability to deter-
mine the effects of anthropogenic noise such as pingers.

Effectiveness of pingers and the perception
that pingers have addressed the bycatch
problem

Implementation of pingers in fisheries before testing their
efficacy might lead to the erroneous assumption that the
bycatch problem has been resolved (Dawson et al., 1998),
and compromise management relations with fishers if pin-
gers are consequently shown to be ineffective. Our experi-
ments indicate that neither 4 nor 10kHz pingers would
reduce the bycatch of dugongs in gill nets by either keeping
dugongs away from the area around nets or increasing the
likelihood of dugongs detecting the net. To date, seven
dugongs have died in shark control nets equipped with
10 kHz pingers (Greenland & Limpus, 2005; B. Lane, 2006,
pers. comm.). On the basis of one anecdotal observation of a
dugong group avoiding nets equipped with 2.9 kHz pingers,
McPherson et al. (2004) claim that lower frequency pingers
have the potential to reduce dugong entanglements. How-
ever, the pinger types we tested are within the frequency
range of dugong vocalizations (3—-18 kHz, Anderson &
Barclay, 1995), which is indicative of optimal hearing
sensitivity (Wartzok & Ketten, 1999), and an audiogram
conducted on one captive dugong in Australia suggesting a
minimum hearing range of 4-32 kHz (D. Ketten, 2000, pers.
comm.).

The novel sound of pingers may induce dolphins to
investigate their surroundings by activating their sonar and
thus detect a net (Dawson, 1991). Dugongs are considered
incapable of producing ultrasonic sound (D. Ketten, 2000,
pers. comm.), and their investigative response is likely to be
visual. Anderson’s (1981) field observations suggest that a
dugong’s underwater vision is equivalent to a mask-
equipped diver. However, we did not detect a change in
dugongs’ orientation to investigate active pingers, suggest-
ing that pingers would not alert dugongs to the presence of a
net. In contrast to our experimental situation, dugongs
commonly occur in turbid waters reducing the likelihood of
pingers inducing a visual investigative response.

If dugongs learned that the sound of pingers represents
danger, this sound could act as a stimulus to avoid the
surrounding area. Marsh et al. (2005) noted that dugongs
appear not to have learned to avoid shark nets set for bather
protection in Queensland since the 1960s because: (1) their
capacity to learn from other animals is limited because
studies to date suggest that mother—calf pairs are the only
stable social groups (Hodgson, 2004), (2) the rate of success-
ful releases of dugongs from nets is low, (3) the catch is not
biased towards young animals as expected if dugongs
learned from experience. Dugongs may be even less likely
to learn to avoid commercial mesh nets, which are moved
constantly, in contrast to shark nets, which remain in
position for long periods.
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Table 2 Assessment of the state of knowledge on the potential effectiveness or adverse effects of pingers on the species commonly caught in

gill nets and shark control nets in Queensland, Australia

Evidence for Adverse
Species reduced bycatch effects
Humpback whales Megaptera Yes.? Increased risk through aggressive response®
novaeangliae

Australian snubfin dolphin Not studied.
Orcaella heinsohni

Indo-Pacific humpbacked dolphins
Sousa chinensis

Bottlenose dolphins Tursiops sp.

Dugongs Dugong dugon

No.¢ Have been caught in nets with pingers®

No.® Have been caught in nets with pingers®
No." Have been caught in nets with pingers®

Not studied
Not studied

Increased risk through aggressive response®’
Unlikely”

3l ien etal. (1992), PMcPherson et al. (2001), °Peddemors et al. (1999), “McPherson et al. (2004), ®Cox et al. (2003), fReeves, Read & Notarbartolo-
di-Sciara (2001), 9Greenland & Limpus (2005);B. Lane (20086, pers. comm.) "This study.

Our experiments suggest that pingers will be ineffectual in
reducing dugong bycatch. Thus, fisheries agencies risk
compromising their relationships with fishers by promoting
pingers as a solution to the bycatch problem. The expense of
pingers and difficulties enforcing compliance limit their
usefulness in developing countries (Peddemors, 1999). Other
conservation measures, such as area closures, gear changes,
education and awareness programmes offer more reliable
solutions for reducing dugong bycatch. Such measures are
being implemented in Australia particularly in the Great
Barrier Reef Marine World Heritage Area (Marsh, 2000;
Fernandes et al., 2005).

Problems with relying on animals to change
their behaviour to reduce multi-species
bycatch

Technological solutions for reducing human-induced mor-
talities of animals are attractive because they allow stake-
holders to continue their activities relatively unimpeded.
However, many of these solutions rely on altering the
behaviour of the target species, and thus their effectiveness
cannot be assessed without understanding the behaviour of
these animals, a demanding requirement where there are
multiple bycatch species. Potential solutions such as pingers
should only be considered effective if they both: (1) reduce
entanglements of at least one species, (2) have no adverse
effects on populations of any other species of concern.
Information on the effectiveness and potential impacts of
pingers on the five main marine mammal species caught in
gill nets in Queensland is presented in Table 2. Humpback
whales (Lien et al., 1992) are the only species for which there
is evidence that pingers may be effective. However, recent
observations suggest that pingers could increase risk of
entanglement of both humpback whales (McPherson et al.,
2001) and bottlenose dolphins (Cox et al., 2003; McPherson
et al., 2004) by stimulating aggressive responses. There is no
knowledge of how Australian snub-finned dolphins Orcaella
heinsohni respond to pingers, while Indo-Pacific hump-
backed dolphins Sousa chinensis showed a limited response
in South Africa (Peddemors, de la Mere & Keith, 1999) and

have been caught in nets with pingers in Queensland
(McPherson et al., 2004). All this evidence suggests that it
is inappropriate to enforce the use of pingers in Queensland.
Even if pingers were proven effective for some species and
benign for others, the long-term effectiveness of behaviour-
based solutions is limited by the flexible nature of mammal
behaviour. For example, although pingers were shown to
reduce harbour porpoise bycatch (Kraus ez al., 1997; Trip-
pel et al., 1999; Gearin et al., 2000), one study indicates that
this species may habituate to pinger noise, suggesting that
pingers may lose their effectiveness over time (Cox et al.,
2001). Similarly, changes in environmental conditions, such
as a food shortage, may alter the animals’ motivations,
forcing them to tolerate aversive pinger noise to access food
resources. Alternatively, animals could become sensitized to
pinger noise, increasing their response over time with
prolonged exposure to pingers (Richardson et al., 1995),
increasing the potential for displacement from critical habi-
tats. Short-term experiments such as ours are unable to test
for such effects. These potential long-term changes in
animal behaviour necessitate monitoring of the effects of
pingers over time to ensure that the desired positive effects
continue and no adverse effects arise (Dawson ez al., 1998).
Solutions that rely on changing animal behaviour are not
guaranteed long-term solutions, an important consideration
for fisheries managers when faced with the choice of chan-
ging the behaviour of the fishers or the bycatch species.

Acknowledgements

We appreciate the help of many volunteers who assisted
with the field work for this project, which was funded by the
Cooperative Research Centre for the Great Barrier Reef
World Heritage Area, James Cook University, the Sea
World Research and Rescue Foundation, the Pew Founda-
tion, the Australian Defence Force, the Capalaba Lions
Club, the Great Barrier Reef Marine Park Authority,
Digital Blue Photography and an anonymous donor.
Thanks are due to Tangalooma Wild Dolphin Resort (Bruce
and Betty Osborne), and in particular Trevor Hassard, for

270 Animal Conservation 10 (2007) 263-273 © 2007 The Authors. Journal compilation © 2007 The Zoological Society of London



A. J. Hodgson et al.

providing considerable in-kind support. The project was
approved by the James Cook University Ethics Review
Committee (A646_01 and A1024) and was conducted under
Queensland Parks and Wildlife permits E6/000023/01/SAA,
QS2002/CVL25, WITK03142005 and QS2005/CVL25. We
thank Chloe Schauble, Doug Cato and two anonymous
reviewers for their comments and advice on this paper.

References

Altmann, J. (1974). Observational study of behavior: sam-
pling methods. Behaviour 49, 227-267.

Anderson, P.K. (1981). Dugong behaviour: observations,
extrapolations and speculations. In The dugong: proceed-
ings of a seminar/workshop held at James Cook University,
8—13 May 1979: 91-111. Marsh, H. (Ed.). Townsville:
James Cook University.

Anderson, P.K. & Barclay, M.R. (1995). Acoustic signals of
solitary dugongs: physical characteristics and behavioral
correlates. J. Mammal. 76, 1226-1237.

Anderson, P.K. & Birtles, A. (1978). Behaviour and ecology
of the dugong, Dugong dugon (Sirenia): observations in
Shoalwater and Cleveland Bays, Queensland. Aust. Wildl.
Res. 5, 1-23.

Baldwin, K.C. (2002). BASA pinger sound propagation at two
locations in Australia. Durham: Centre for Ocean Engi-
neering, University of New Hampshire.

Barlow, J. & Cameron, G.A. (2003). Field experiments show
that acoustic pingers reduce marine mammal bycatch in the
California drift gill net fishery. Mar. Mammal. Sci. 19,
265-283.

Bordino, P., Kraus, S., Albareda, D. & Baldwin, K. (2004).
Acoustic devices help to reduce incidental morality of the
Franciscana dolphin (Pontoporia blainvillei) in coastal
gillnets. Working paper SC 56/SM 12. 56th IWC Meeting,
Sorrento, Italy, July 2004.

Bordino, P., Kraus, S., Albareda, D., Fazio, A., Palmerio, A.,
Mendez, M. & Botta, S. (2002). Reducing incidental
mortality of Franciscana dolphin Pontoporia blainvillei
with acoustic warning devices attached to fishing nets. Mar.
Mammal. Sci. 18, 833-842.

Caldwell, M.C., Haugen, R.M. & Caldwell, D.K. (1962).
High-energy sound associated with fright in the dolphin.
Science 138, 907-908.

Carlstrom, J., Berggren, P., Dinnetz, F. & Borjesson, P.
(2002). A field experiment using acoustic alarms (pingers)
to reduce harbour porpoise by-catch in bottom-set gillnets.
ICES J. Mar. Sci. 59, 816-824.

Council of the European Union (2004). Council regulation
(EC) No. 812/2004 of 26.4.2004 laying down measures
concerning incidental catches of cetaceans in fisheries and
amending Regulation (EC) No. 88/98. Official Journal of
the European Union. 47, 1L150/12-L150/31.

Cox, T.M., Read, A., Swanner, D., Urian, K. & Waples, D.
(2003). Behavioral responses of bottlenose dolphins, 7Tur-

Changing marine mammal behaviour to reduce bycatch: dugongs

siops truncatus, to gillnets and acoustic alarms. Biol. Con-
serv. 115, 203-212.

Cox, T.M., Read, A.J., Solow, A. & Tregenza, N. (2001). Will
harbour porpoises (Phocoena phocoena) habituate to pin-
gers? J. Cetacean Res. Mgmt. 3, 81-86.

Culik, B., Koschinski, S., Tregenza, N. & Ellis, G.M. (2001).
Reactions of harbour porpoises Phocoena phocoena and
herring Clupea harengus to acoustic alarms. Mar. Ecol.
Prog. Ser. 211, 255-260.

Dawson, S.M. (1991). Modifying gillnets to reduce entangle-
ment of cetaceans. Mar. Mammal. Sci. 7, 274-282.

Dawson, S.M. (1994). The potential for reducing entangle-
ment of dolphins and porpoises with acoustic modifica-
tions to gillnets. Rep. Int. Whaling Commission (Special
Issue 15): 573-578.

Dawson, S.M., Read, A. & Slooten, E. (1998). Pingers,
porpoises and power: uncertainties with using pingers to
reduce bycatch of small cetaceans. Biol. Conserv. 84,
141-146.

Federal Register (1998). Taking of marine mammals inciden-
tal to commercial fishing operations; harbour porpoise
take reduction plan regulation. Department of Commerce,
National Oceanic and Atmospheric Administration
S0CFR Part 229. Federal Register 63, 464—490.

Federal Register (1999). Taking of marine mammals inciden-
tal to commercial fishing operations; pacific offshore ceta-
cean take reduction plan regulations. Department of
Commerce, National Oceanic and Atmospheric Adminis-
tration S0CFR Part 229. Federal Register 64, 3431-3434.

Fernandes, L., Day, J., Lewis, A., Sledgers, S., Kerrigan, B.,
Breen, D., Cameron, D., Jago, B., Hall, J., Lowe, D., Innes,
J., Tanzer, J., Chadwick, V., Thompson, L., Gorman, K.,
Simmons, M., Barnett, B., Sampson, K., De’ath, G.,
Mapstone, B., Marsh, H., Possingham, H., Ball, 1., Ward,
T., Dobbs, K., Aumend, J., Slater, D. & Stapleton, K.
(2005). Establishing representative no-take areas in the
Great Barrier Reef: large-scale implementation of theory
on marine protected areas. Conserv. Biol. 19, 1733-1744.

Gearin, P.J., Gosho, M.E., Laake, J.L., Cooke, R.L., De-
Long, R. & Hughes, K.M. (2000). Experimental testing of
acoustic alarms (pingers) to reduce bycatch of harbour
porpoises, Phocoena phocoena, in the state of Washington.
J. Cetacean Res. Mgmt. 2, 1-9.

Greenland, J.A. & Limpus, C.J. (2005). Marine wildlife
stranding and mortality database annual report 2004 1.
Dugong. Brisbane: Environmental Protection Agency.

Heinsohn, G.E., Marsh, H. & Spain, A.V. (1976). Extreme
risk of mortality to dugongs (Mammalia: Sirenia) from
netting operations. Aust. Wildl. Res. 3, 117-121.

Hodgson, A.J. (2004). Dugong behaviour and responses to
human influences. PhD thesis, School of Tropical Environ-
ment Studies and Geography, James Cook University,
Townsville.

Hodgson, A.J. & Marsh, H. (2007). Response of dugongs
to boat traffic: the risk of disturbance and displacement.
J. Exp. Mar. Biol. Ecol. 340, 50-61.

Animal Conservation 10 (2007) 263-273 © 2007 The Authors. Journal compilation © 2007 The Zoological Society of London 271



Changing marine mammal behaviour to reduce bycatch: dugongs

IWC (1994). Report of the workshop on mortality of ceta-
ceans in passive fishing nets and traps. Rep. Int. Whaling
Comm. (Special Issue 15): 6-57.

IWC (2000). Annex I: report of the sub-committee on
small cetaceans. J. Cetacean Res. Mgmt. 2 (Suppl.),
235-263.

Kastelein, R.A., Rippe, H.T., Vaughan, N., Shooneman,
N.M., Verboom, W.C. & DeHaan, D. (2000). The effects
of acoustic alarms on the behaviour of harbour porpoises
(Phocoena phocoena) in a floating pen. Mar. Mammal. Sci.
16, 46-64.

Kraus, S.D. (1999). The once and future ping: challenges for
the use of acoustic deterrents in fisheries. Mar. Technol.
Soc. J. 33,90-93.

Kraus, S.D., Read, A.J., Solow, A., Baldwin, K., Spradlin, T.,
Anderson, E. & Williamson, J. (1997). Acoustic alarms
reduce porpoise mortality. Nature 388, 525.

Laake, J., Rugh, D. & Baraff, L. (1998). Observations of
harbour porpoises in the vicinity of acoustic alarms on a set
gill net. US Department of Commerce, NOAA Tech Memo
NMFS-AFSC-84.

Lien, J., Barney, W., Todd, S., Seton, R. & Guzzwell, J.
(1992). Effects of adding sound to cod traps on the
probability of collisions by humpback whales. In Marine
mammal sensory systems: 701-708. Thomas, J., Kastelein,
R.A. & Supin, A.Y. (Eds). New York: Plenary Press.

Lien, J., Lane, B., Gribble, N. & McPherson, G. (1998). Use
of acoustic alarms to reduce humpback whale and bycatch
in shark control gillnets on Queensland’s Gold Coast. In
Shark management and conservation. proceedings from the
sharks and man workshop of the second world fisheries
congress, Brisbane, Australia, 2 August 1996. Gribble,
N.A., McPherson, G. & Lane, B. (Eds). Queensland:
Department of Primary Industries.

Marsh, H. (2000). Evaluating management initiatives aimed
at reducing the mortality of dugongs in gill and mesh nets
in the Great Barrier Reef World Heritage Area. Mar.
Mammal. Sci. 16, 684-694.

Marsh, H., De’ath, G., Gribble, N. & Lane, B. (2005).
Historical marine population estimates: triggers or target
for conservation? The dugong case study. Ecol. Appl. 15,
481-492.

Marsh, H., Penrose, H., Eros, C. & Hugues, J. (2002). Dugong
status report and actions plans for countries and territories.
Kenya: UNEP Early Warning and Assessment Report
Series.

Marsh, H., Spain, A.V. & Heinsohn, G.E. (1978). Minireview:
physiology of the dugong. Comp. Biochem. Physiol. 61,
159-168.

McPherson, G.R., Ballam, D., Stapley, J., Peverell, S., Cato,
D.H., Gribble, N., Clague, C. & Lien, J. (2004). Acoustic
alarms to reduce marine mammal bycatch from gillnets in
Australian waters: optimising the alarm type and spacing.
Proceedings of ACOUSTICS 2004, 3—-5 November 2004,
Gold Coast, Australia, pp. 363-368.

A. J. Hodgson et al.

McPherson, G.R., Lien, J., Gribble, N.A. & Lane, B. (2001).
Review of an acoustic alarm strategy to minimise bycatch
of humpback whales in Queensland coastal gill net fish-
eries. Mem. Queensl. Mus. 47, 499-506.

Monteiro-Neto, C., Avila, F.J.C., Alves, T.T. Jr., Araujo,
D.S., Campos, A.A., Martins, A.M.A., Parente, C.L.,
Furtado-Neto, M.A.A. & Lien, J. (2004). Behavioral re-
sponses of Sotalia fluviatilis (Cetacea, Delphinidae) to
acoustic pingers, Fortaleza, Brazil. Mar Mammal. Sci. 20,
145-151.

Nair, R.V. & Lal Mohan, R.S. (1977). Studies on the
vocalisation of the sea cow Dugong dugon in captivity.
Indian J. Fish. 22, 277-278.

Peddemors, V.M. (1999). Developing fisheries and developing
countries, two scenarios affecting possible use of pingers in
reducing incidental mortalities of cetaceans. In Unpublished
manuscript SC|51/SM31 presented at the 49th Scientific
Committee Meeting of the International Whaling Commis-
sion, May 1997, Grenada, Carribean.

Peddemors, V.M., de la Mere, S. & Keith, M. (1999). Indo-
Pacific humpbacked dolphin (Sousa chinensis) reactions to
pingers: implications for effective long-term deployment of
active acoustic devices in permanently set coast fisheries. In
Unpublished manuscript SC/51/SM28 presented at the 51st
Scientific Committee Meeting of the International Whaling
Commission, May 1999. Grenada, Carribean.

Preen, A.R. (1992). Interactions between dugongs and seagrass
in a subtropical environment. PhD thesis, School of Tropical
Environment Studies and Geography. James Cook Uni-
versity. Townsville.

Reeves, R.R., Berggren, P., Crespo, E.A., Gales, N., North-
ridge, S.P., Notarbartolo di Sciara, G., Perrin, W.F., Read,
A.J., Rogan, E., Smith, B.D. & Van Waerebeek, K. (2005).
Global priorities for reduction of cetacean bycatch. World
Wildlife Fund (WWF) Report.

Reeves, R.R., Hofman, R.J., Silber, G.K. & Wilkinson, D.
(1996). Acoustic Deterrence of Harmful Marine Mammal-
Fishery Interactions. Proceedings of a Workshop held in
Seattle, Washington, 20-22 March 1996. NOAA Tech
Memo NMFS-OPR-10.

Reeves, R.R., Read, A. & Notarbartolo-di-Sciara, G. (2001).
Report of the workshop on interactions between dolphins and
fisheries in the Mediterranean: evaluation of mitigation
alternatives. Rome: ICRAM.

Richardson, W.J., Greene, C.R. Jr, Malme, C.I. & Thomson,
D.H. (1995). Marine mammals and noise. San Diego, CA:
Academic Press.

Scheifele, P.M., Andrew, S., Cooper, R.A., Darre, M., Mu-
seik, F.E. & Max, L. (2005). Indication of a Lombard vocal
response in the St Lawrence River beluga. J. Acoust Soc.
Am. 117, 1486-1492.

Smolker, R.A., Mann, J. & Smuts, B.B. (1993). Use of
signature whistles during separations and reunions by wild
bottlenose dolphin mothers and infants. Behav. Ecol.
Sociobiol. 33, 393-402.

272 Animal Conservation 10 (2007) 263-273 © 2007 The Authors. Journal compilation © 2007 The Zoological Society of London



A. J. Hodgson et al.

Stone, G., Kraus, S., Hutt, A., Martin, S., Yoshinaga, A. &
Joy, L. (1997). Reducing by-catch: can acoustic pingers
keep Hector’s dolphins out of fishing nets? Mar. Technol.
Soc. J. 31, 2-7.

Trippel, E.A., Strong, M.B., Terhune, .M. & Conway, J.D.
(1999). Mitigation of harbour porpoise (Phocoena phocoe-

Changing marine mammal behaviour to reduce bycatch: dugongs

na) by-catch in the gillnet fishery in the lower Bay of
Fundy. Canad.J. Fish. Aquatic Sci. 56, 113—123.

Wartzok, D. & Ketten, D.R. (1999). Marine mammal sensory
systems. In Biology of marine mammals: 117-175. Rey-
nolds, J.E. III & Rommel, S.A. (Eds). Washington: Smith-
sonian Institution Press.

Animal Conservation 10 (2007) 263-273 © 2007 The Authors. Journal compilation © 2007 The Zoological Society of London 273



