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INTRODUCTION

Of the various anthropogenic impacts on popula-
tions of small coastal cetaceans, which include ha -
bitat loss and degradation, and collision with ves-
sels, bycatch in net fisheries is considered the most
serious in many habitats (Read et al. 2006). Various
measures to reduce bycatch in terms of regulations
of scale and period have been proposed, e.g. ban-
ning of the fishery, time/area fishery closure, im -
provement of fishing gear, and use of deterrent de -
vices. The effectiveness of these measures depends
on the type of fishery involved, as well as the bio-
logical characteristics of the target species. In cir-
cumstances in which a ban on a certain type of
fishing gear or closure of the fishery is not appro-

priate, acoustic deterrent devices might be an ef -
fective measure for reducing bycatch.

The effectiveness of acoustic pingers to mitigate
bycatch of several cetacean species has been docu-
mented previously (e.g. harbor porpoises Phocoena
phocoena, Kraus et al. 1997, Palka et al. 2008, Larsen
& Eigaard 2014; common dolphins Delphinus delphis
and beaked whales, Barlow & Cameron 2003, Car-
retta et al. 2008, Carretta & Barlow 2011; francis-
canas Pontoporia blainvillei, Bordino et al. 2002),
however, this effectiveness is not evident for bottle-
nose dolphins Tursiops truncatus (Cox et al. 2004,
McPherson et al. 2004). Although no evidence of
habituation has been reported for large-scale appli-
cations of pingers in gillnet fisheries (Palka et al.
2008, Carretta & Barlow 2011), other experimental
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ABSTRACT: Finless porpoises Neophocaena spp. are under pressure from various anthropogenic
impacts due to their coastal habitat. Net fishery bycatch is considered a major risk for the popula-
tions around Japan, and mitigation measures are required. We carried out a long-term study to
assess the efficiency of acoustic pingers in reducing the encounter rates of narrow-ridged finless
porpoises with fishing nets. We used a passive ultrasonic event recorder (A-tag) to obtain acoustic
encounter rates of echolocating finless porpoises and compared results for the presence and
absence of pinger transmissions in Omura Bay, Japan, over two 8-mo periods (2011 and 2012).
Encounter rates were significantly lower during periods when pingers were in operation, but the
effect of pingers decreased with time. By the eighth month of the study in each study year, the
number of encounters during the ensonified period was greater than that during periods without
pingers, suggesting habituation. When pingers were reactivated at the study site after 4 mo of
silence, the encounters with the active pingers returned to the lower level observed at the begin-
ning of the experiment. These results reveal that the pingers effectively induce avoidance in por-
poises, but that this effectiveness only lasts for a few months, which is likely due to habituation
which could be mitigated by alternating periods of several months of silence between periods of
active pinger use.
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studies have suggested the occurrence of habituation
to pinger alarms (Kraus 1999, Cox et al. 2001, Carl-
ström et al. 2009), and Dawson et al. (2013) stated
that habituation might occur for inshore and resident
populations. Habituation could increase the risk of
bycatch by increasing the chances of porpoises
approaching the nets, although there is no conclusive
evidence to support this (Dawson et al. 2013).

Finless porpoises Neophocaena spp. are primarily
coastal odontocetes that are distributed in inshore
waters and several large rivers in southern and east-
ern Asia. Their usual habitats are waters shallower
than the 50 m isobath with soft-bottom substrates
(Shirakihara et al. 1994, Amano et al. 2003, Jefferson
& Hung 2004). Due to their coastal habitat, finless
porpoises are considered to be under serious threat
from anthropogenic activities in many regions (Jef-
ferson & Hung 2004, Reeves & Wang 2012, Wang &
Reeves 2012, Shirakihara & Shirakihara 2013). Por-
poises in the Yangtze River, China, in particular,
have an estimated 5% annual decline rate, with by -
catch in nets being one of the major causes of mortal-
ity (Wang 2009). In Japan, based on an interview sur-
vey, over 200 porpoises were estimated to be taken
incidentally every year in Ariake Sound; this is > 5
times more than the potential biological removal
(PBR) calculated for this pop ulation (Shirakihara &
Shirakihara 2013). Therefore, effective mitigation
measures for by catch are required for finless
 porpoises.

There is a small population of 200 to
300 narrow-ridged finless porpoises N.
asiaorientalis inhabiting Omura Bay,
western Kyushu, Japan (Fig. 1) (Yoshida
et al. 1998). Finless porpoises of this pop-
ulation are well differentiated from adja-
cent populations by skull morphology
(Yoshida et al. 1995), mtDNA haplotype
frequency (Yoshida et al. 2001), and calv-
ing season (Shirakihara et al. 1993),
which suggests limited immigrations
from adjacent populations. Further, only
a single mtDNA haplotype was detected
in this population (Yoshida et al. 2001),
indicating lower genetic diversity. All
these facts suggest that this population is
vulnerable to demographic and environ-
mental stochastic factors. Bycatch of fin-
less porpoises in gillnets and set nets
does occur in Omura Bay, with the re-
ported number of bycatches being 4 to 5
animals annually for the past 5 yr. How-
ever, the actual number might be greater

than 10 individuals, which would exceed the PBR that
is estimated at approximately 4 animals (M. Amano
unpubl. data).

There are many small-scale gillnet and set net
fisheries operating along the coast of Omura Bay, and
a fishery ban or closure, either here or elsewhere in
Japan, is usually unacceptable, as fishermen and the
Japanese government are less conscious of marine
mammal conservation  and reluctant to adopt strong
management measures without unequivocal evidence
of threats. Thus, we consider that use of acoustic
deterrent devices, i.e. pingers, is the most plausible
measure to reduce bycatch. To evaluate the long-
term effectiveness of acoustic pingers for mitigating
bycatch of finless porpoises, a 2-yr experiment using
a passive acoustic echolocation event recorder was
carried out in Omura Bay.

MATERIALS AND METHODS

The experiment was carried out at a small set net
that was placed off Osaki Peninsula in Omura Bay,
Japan (Fig. 1) from April 2011 to December 2012. The
study area was approximately 10−15 m deep with a
muddy bottom that gradually inclined offshore. A
passive acoustic event detector (A-tag, Marine Micro
Technology; Akamatsu et al. 2005, 2010), which de -
tects ultra-sonic pulses, was deployed 40 m offshore
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Fig. 1. Study site in Omura Bay, Japan
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from the set net at 1.5 m depth, attached to a buoy
(Fig. 2). The position of the A-tag was determined
after consideration of the detection range (about
100 m for off-axis clicks of finless porpoise; Akamatsu
et al. 2010), the recommended maximum spacing for
the pingers used (200 m; European Commission
2004), and the distance at which fishing operation
can be achieved unobstructed. The daily encounters
of finless porpoise obtained from the A-tag data fluc-
tuated (see ‘Results’), which implies that this site re -
presents only a part of the home range of finless
 porpoises.

AQUAmark100 pingers (AQUATEC Group) were
used as an acoustic deterrent. These are designed to
reduce the bycatch of harbor porpoises in net fish-
eries and have been reported to effectively decrease
harbor porpoise bycatch under experimental condi-
tions (Larsen et al. 2013). Since the acoustic charac-
teristics of finless porpoise echolocation clicks are
similar to those of harbor porpoises (Akamatsu et al.
1998), we selected this pinger for our experiment.
AQUAmark 100 pingers generate wideband fre-
quency-modulated sound between 20 and 160 kHz
with a typical source pressure level of 145 dB re
1 µPa @1 m for 200−300 ms and a random interval of
5−30 s. Two pingers were deployed on the set net
(Fig. 2); one was attached on the upper rope of the
guide net (approximately 80 m from the A-tag) and
the other was attached on the rope at the entrance of
the enclosure net (approximately 50 m from the A-
tag). These positions were selected because finless
porpoises are usually caught in set nets by becoming
entangled in the guide net or drowned in the trap net
connected to the enclosure net. Both pingers were set
at a depth of approximately 30 cm. The pingers were
ensonified for approx. 2 wk, followed by a silent
period of approx. 2 wk; this approx. 4 wk cycle was
repeated from April to December 2011, after which
we set a 4 mo silent period and then
began the 2 wk on/2 wk off cycle
again at the end of April 2012 to exam-
ine whether the habituation that may
have occurred during the first year
trial period is mitigated. We had to
remove the buoy containing the A-tag
from the water several times due to
tropical storms. After the completion
of each year’s experiments the pingers
were tested to ensure they were still
working properly.

A single encounter was defined as a
series of porpoise click trains in which
the interval between adjacent trains

was <3 min, because finless porpoises rarely suspend
emitting echolocation clicks for more than 200 s
(Akamatsu et al. 2007).

We assessed the efficacy of pingers using a gener-
alized linear model (GLM). The response variable
was the number of encounters recorded each day
with a negative binomial error structure, and the pre-
dictor variable was pinger status (on or off). We
included the interaction between pinger status and
the number of days from the beginning of the exper-
iment (hereafter, day number), because the effective-
ness of the pingers appeared to decrease with time.
We performed GLMs for the 2011 and 2012 season
data separately using the glm package in R 3.2.2
(R Development Core Team 2015).

RESULTS

The number of encounters during ensonified peri-
ods was lower than that during adjacent silent peri-
ods for the first 4 mo of the study in both years
(Fig. 3). However, the encounters in the ensonified
period increased thereafter, and after 7 mo and
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Fig. 2. Experimental setup of the A-tag and pingers at a set net

Fig. 3. Fluctuation in the number of encounters of finless porpoises detected by
the A-tag. The simple moving average of a 5-d interval is shown. Blue line in-
dicates the period without pingers (silent period) and red line indicates that
with pingers. The breaks in the data indicate the period during which the buoy 

with the A-tag was retrieved due to tropical storms
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reached a similar level to, or even exceeded, that in
the silent period (Fig. 3). The overall seasonal trend
in finless porpoise encounters differed between the 2
years, with the obvious decrease in summer of 2011
not observed during 2012 (Fig. 3).

The GLM revealed a significant negative effect of
the presence of pingers on daily encounters in both
years (p < 0.05; Table 1). The interaction between
active pingers and day number was positive for both
years, which indicates that encounters during the
ensonified period increased with time elapsed. There
was a negative correlation between inactive pingers
and day number in the first year but not in the
 second.

No bycatch occurred in this set net during the 2-yr
experiment.

DISCUSSION

The GLM for the 2 years clearly indicated that the
presence of pingers significantly decreased the num-
ber of encounters of finless porpoises with the set net
(Table 1), implying that pingers may be effective in
reducing bycatch of finless porpoises in the gillnet
fisheries, as is evident for harbor porpoises (Dawson
et al. 2013). The present study suggests that the
pingers designed for harbor porpoises are effective
for finless porpoises as well.

The interaction between the presence of pingers
and day number was positive in both years (Table 1),
which indicates that pinger efficacy decreased over
time. The interaction between absence of pingers
and day number was negative in the first year but not
significant in the second year (Table 1). This reflects
the difference in seasonal trend of finless porpoise
encounters between the 2 years as shown in Fig. 3.
Despite this difference, the change in the effect of

active pingers was similar in both years. After the
first 4 or 5 mo, differences in the number of encoun-
ters between the periods with active pingers and
silent periods became smaller, and encounters in the
active periods actually exceeded those during the
adjacent silent periods after 7 mo of study (Fig. 3).
This might have been caused by the habituation of
porpoises to the pinger signals. After long periodical
transmission of deterrent sounds, porpoises might
have been attracted to the pingers, or the ‘dinner bell
effect’ could have occurred (Dawson 1994, Kraus et
al. 1997, Bordino et al. 2002). The fact that encoun-
ters increased just after pingers were intiated in
October and November 2011 also supports this effect
(Fig. 3). Although there is no direct evidence of
depredation from the fishing nets, finless porpoises
are known to be opportunistic feeders that prey on
various schooling fishes that are usually caught by
net fisheries (Shirakihara et al. 2008) and are occa-
sionally caught in the gill and set nets (Shirakihara &
Shirakihara 2013, M Amano unpubl. data). This
implies that finless porpoises might be attracted to
fishing gear when it is detected in the distance.

The GLM revealed a significant effect of pingers in
both years with possible habituation occurring as
mentioned above. A decrease in encounters with
active pingers occurred again after the 4 mo of
silence, indicating that the effectiveness of pingers
resumed in the second year (Fig. 3), suggesting that
habituation to the pingers was mitigated by the sev-
eral months of silence. Habituation is one of the pos-
sible drawbacks of using pingers, as this can impair
their effectiveness (Kraus 1999, Cox et al. 2001, Carl-
ström et al. 2009). The present study is the first to
report that habituation might be mitigated by re -
fraining from using pingers for a certain period of
time, and advocates the usefulness of pingers. Since
this was based only on a single experiment for a sin-
gle species, further research is required to determine
whether this is the case for other species. The 2 wk
on/2 wk off cycle of pinger activation in the current
experiment could affect the time needed to establish
habituation as well as the time to mitigate it. The con-
tinuous ensonification of the pingers might have
established habituation quicker and hindered its mit-
igation. To determine the effective application of
pingers, further studies are required to establish
under what conditions and for what periods it is nec-
essary to develop and diminish the habituation via a
more controlled experiment.

Finless porpoises show strict habitat preferences,
i.e. waters shallower than 50 m with soft-bottom sub-
strates (Kasuya & Kureha 1979, Shirakihara et al.
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Variable Estimate SE p-value

2011 season
Pinger on −2.467 0.394 <0.001
Pinger on × day 0.007 0.002 0.003
Pinger off × day −0.010 0.002 <0.001

2012 season
Pinger on −1.042 0.230 <0.001
Pinger on × day 0.003 0.001 0.004
Pinger off × day −0.0004 0.001 0.663

Table 1. Generalized linear model parameters for encoun-
ters of finless porpoises with active/inactive pingers. Vari-
ables include pinger status (on/off) and days since the 

beginning of the experiment (day)
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1992, Amano et al. 2003, Jefferson & Hung 2004), and
their populations tend to be isolated with limited
gene flow (Chen et al. 2010, Yoshida et al. 2001,
Zheng et al. 2005, Li et al. 2011, Ju et al. 2012). These
local populations are easily fragmented and their
numbers negatively affected by various anthro-
pogenic factors. A clear decline in population size
has been detected in the Yangtze River, China, and
Seto Inland Sea, Japan, with bycatch considered a
main factor responsible for this decline (Kasuya et al.
2002, Zhao et al. 2008, Mei et al. 2012, Wang &
Reeves 2012). In the Ariake Sound, Japan, approxi-
mately 200 to 300 porpoises, corresponding to 5 to
10% of the population, were estimated to be caught
annually as bycatch in gillnet fisheries (Shirakihara &
Shirakihara 2013). Reducing the threat of bycatch is
of high priority for the conservation of finless species,
and the application of pingers is one promising
method for mitigating incidental mortality.

In Japan, small-scale gillnet fisheries are widely
operated in coastal waters by one or a few fishermen
using small boats. These operations are opportunistic
depending on the resource availability and tide, but
the occurrence of bycatch tends to show seasonal
patterns in many areas, e.g. the majority of the
bycatch is reported in spring through early summer
in Omura Bay and in fall through winter in Ariake
Sound (Shirakihara & Shirakihara 2013, M. Amano
unpubl. data). The present study suggests that an
appropriate level of sound transmission exists. Over-
exposure to sound could be worse than silence,
which might attract porpoises to the fishing gear.
Thus, limited use of pingers only during periods of
large bycatch would effectively reduce the incidence
of bycatch without developing persistent habitua-
tion. The actual implementation strategy needs to be
carefully considered, since apparent increases in
bycatch rate due to improper use or malfunctioning
pingers have been reported (Palka et al. 2008, Car-
retta & Barlow 2011).

The majority of phocoenid species are coastal spe-
cies and many populations are similarly affected by
bycatch, including harbor porpoises and vaquitas
Phocoena sinus (Rojas-Bracho et al. 2006, Reeves et
al. 2013). Results from the present study demonstrat-
ing that habituation to the pinger signal can be miti-
gated by refraining from using pingers for a certain
period suggest a possible effective way to further the
conservation of these species. However, further
study of the most efficient regime of pinger usage
for different species and populations is required to
maximize the effect of pingers in reducing bycatch
mortalities.
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