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INTRODUCTION

Mortality from bycatch is a serious problem for many
marine mammal populations and substantial manage-
ment effort is directed at mitigating this source of mor-
tality. Gillnet fisheries are a major source of such mor-
tality for small cetaceans (Perrin et al. 1994). Acoustic
deterrent devices such as pingers have attracted much
attention as a possible way to mitigate these problems,
but data on their effectiveness is relatively sparse,
despite their widespread use (Jefferson & Curry 1996).
The last decade has seen an increased research effort
on the effectiveness of pingers, and results suggest
that effectiveness may vary widely between species,
fishing areas and fisheries. Effort initially focussed on

the harbour porpoise Phocoena phocoena and there is
some good evidence that pingers may be effective for
this species. Kraus et al. (1997) showed, using a power-
ful double-blind experimental design, that pingers
reduced harbour porpoise bycatch in the USA Gulf of
Maine gillnet fishery by an order of magnitude, lead-
ing to widespread use of pingers in fisheries with
porpoise bycatch problems. More recently, Culik et
al. (2001) showed experimentally that pingers can
exclude harbour porpoises from the area around an
experimental float line, increasing median approach
distance from 150 to 530 m. Carlström et al. (2002)
tested whether pingers reduced harbour porpoise
bycatch in an active gillnet fishery in the Swedish
Skagerrak Sea, comparing nets with inactivated
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tions were recorded by onboard observers. A total of 1193 fishing operations were observed. We
analysed 2 response variables, the presence or absence of evidence that dolphins had interacted with
the net, and standardized yields, using generalized linear mixed models. Overall net interaction rates
were reduced by 49% with active pingers, but not all pinger brands were equally effective. Yields,
measured as profit per unit effort, were increased by 9% in the active-pinger condition, but this was
not statistically significant (p = 0.592). Our results suggest that pingers in the artisanal fisheries of the
Balearic Islands reduced the rate of net interaction, but further study is required given dolphins’
potential for habituation.
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(referred to henceforth as inactive) and activated
(active) pingers attached. They observed no porpoise
mortality in either active or inactive nets, when pre-
vious bycatch rates would have predicted at least 7
individuals. Either a multi-year study or control nets
with no pingers attached would be needed to clarify
whether pinger presence alone reduced bycatch, or
whether the reduction in bycatch was mediated by
inter-annual variation in porpoise density. Therefore,
Carlström et al.’s (2002) results are equivocal, and
the effectiveness of pingers in this fishery remains
unknown.

Results are also varied for other small cetacean spe-
cies. Experimental studies have shown that species
vary in their response to the same stimuli. For example,
captive striped dolphins Stenella coeruleoalba showed
no reaction to pingers, while harbour porpoises pro-
duced strong behavioural responses in the same condi-
tions, despite the pingers being audible to both species
(Kastelein et al. 2006). Field studies have produced
mixed results. Cox et al. (2003) found no difference in
the behaviour of bottlenose dolphins Tursiops trunca-
tus around a pinger-equipped gill net whether the
pingers were active or inactive, although they found a
slight reduction in the likelihood of groups approach-
ing to within 100 m of the centre of the net. Cox et al.
(2004) concluded that pingers were ‘unlikely to reduce
bycatch of bottlenose dolphins in gillnet fisheries.’ In
contrast, Leeney et al. (2007) observed a marked drop
in acoustic detections of bottlenose dolphins around
statically moored pingers not associated with a net,
although this result could equally represent a decline
in dolphin numbers or in vocalisation rates. Finally,
Monteiro-Neto et al. (2004) studied the presence of
tucuxi Sotalia fluviatilis around experimental pingers
deployed on floating lines, and found no clear reduc-
tion in animal presence associated with active pingers.
It is possible that pinger studies that are not associated
with fishing activity may not readily generalise to
active fisheries because a major motivation factor lead-
ing animals to approach nets is missing — the presence
of prey fish.

In contrast, some studies in active fisheries have pro-
vided evidence that pinger use does reduce cetacean
bycatch. For example, Bordino et al. (2002) used a ro-
bust double-blind experimental protocol and demon-
strated that pingers significantly reduced mortality of
Franciscana dolphins Pontoporia blainvillei in a bot-
tom-set gillnet fishery in Argentina. Similarly, Barlow
& Cameron (2003) studied pingers experimentally in
an active Californian drift gillnet fishery and showed
that bycatch rates for common dolphin Delphinus del-
phis were reduced by 85% when pingers were used.

The main conclusion from these studies is that while
there is good evidence that pingers can be effective in

reducing bycatch for some cetaceans, there is no defin-
itive answer as to whether pingers are an effective mit-
igation measure for all small cetacean bycatch; results
depend on the species, area, and fishery in question
(Dawson et al. 1998). A further issue is habituation —
an initially aversive response to the sound of pingers
may wear off over time (Jefferson & Curry 1996, Daw-
son et al. 1998, Cox et al. 2004). Even in harbour por-
poises, effectiveness may decline rapidly with contin-
ued exposure (Cox et al. 2001). Pingers may even
become positive stimuli, acting as a ‘dinner bell’ for the
focal or other species (e.g. Bordino et al. 2002). There
is, however, still very little information available on the
importance of habituation effects with respect to
bycatch mitigation by pingers. These considerations
mean that fishery managers will require evidence of
pinger effectiveness in their particular fishery when
making decisions on bycatch mitigation policies.

In 2005, the Balearics artisanal fishing fleet com-
prised 296 small (5 to 9 m) vessels, directly employed
ca. 500 people and landed a total catch valued at ca.
€ 3 371 000 (Brotons et al. 2007). The fishery is diverse,
landing dozens of species, and using bottom-set tram-
mel and gill nets. In recent years, this fishery has expe-
rienced problems relating to interactions between nets
and dolphins in terms of fish loss, net damage and
bycatch. We recently estimated that these interactions
represented an economic cost, from fish loss and net
damage, of 6.5% (95% CI: 1.6 to 12.3%) of the total
landed catch value (Brotons et al. 2007). Although the
loss is not large, the perception of it is large enough for
some fishers to call for dolphins to be culled. Further-
more, bycatch mortality may reach between 30 and 60
dolphins annually, although there are no reliable cur-
rent estimates (for more information see Brotons et al.
2007). In the present study we report the results of a
large-scale experimental study of pinger effectiveness
in this active fishery.

MATERIALS AND METHODS

The study was conducted in the coastal waters of the
Balearic Islands, in depths of up to 60 m (Fig. 1). The
experiment used 59 different vessels from the artisanal
fleet, each equipped for the study with identical exper-
imental nets. Data on fishing activities were recorded
by onboard observers, who rotated between vessels
during the study period. Each time a net was hauled,
observers used standardised forms to record the loca-
tion, weather conditions, and details of the catch (the
weight in kg of each species caught). We subsequently
combined these data with local market prices, collated
by the Office of Fisheries Management, to produce a
measure of the yields, in this case gross profit per unit
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effort (PPUE), expressed as Euros per 50 m net set (see
Brotons et al. 2007). Observers also noted the presence
or absence of evidence of dolphin interaction with the
net; this could be either a visual sighting of dolphins
around the net (within 500 m of the vessel), or the pres-
ence of characteristically damaged fish (for more
details see Brotons et al. 2007). Vessels were assigned
randomly to 1 of 3 experimental treatments experi-
mental conditions: control (no pingers), inactive
pingers (deployed on net but not transmitting) and
active pingers (deployed and transmitting). The arti-
sanal fleet is organised into local ‘cofradias’, or cooper-
atives, with responsibility for a certain geographic area
surrounding a given port. Although vessels were
assigned to treatments at random within cooperatives,
treatments were distributed as equally as possible
across localities to minimise the effect of geographic
area, as we have previously found net interactions
rates to vary considerably across areas (Brotons et al.
2007). When pingers were present, both observers and
fishers were blind as to whether these were active or
not, as the pingers were activated by saltwater
switches once immersed. Three brands of pinger were
used: Aquatec AQUAmark® 210 (wide-band, ‘extra-
random’ frequency modulation, 155 dB re 1 µPa at 1 m,
5 to 160 kHz), Dukane NetMark® 1000 (minimum
source level 130 dB re 1µ Pa at 1 m, broadband signal
up to 10 kHz), and SaveWave® Dolphinsaver High-
impact (155 dB re 1µ Pa at 1 m, frequency modulated
sweeps with harmonics, 5 to 160 kHz). The acoustic
properties reported are those given by the manufactur-
ers and we made no attempt to verify their accuracy.
Pingers were deployed on the nets in accordance with
manufacturers’ recommendations.

Since interaction with the net through depredation is
a prerequisite for entanglement in it, we used the fre-
quency of net interaction as a measure of bycatch risk,
so that our results were not dependent on actual mor-
tality for interpretation. In fact, no dolphins were
caught in any of the experimental nets during the
study. Nonetheless, any observed reductions in depre-
dation rates are of interest, since they may indicate
both reduced economic losses and a lower risk of
bycatch.

We analysed the data using generalised linear
mixed effects models (Pinheiro & Bates 2000, Faraway
2006), examining the effects of pinger treatment
(absent, inactive or active) and pinger brand on 2
response variables: the presence or absence of evi-
dence that dolphins had interacted with the net and
the PPUE. The unit of analysis was the individual fish-
ing operation, i.e. each time the net was set and
recovered completely. We used mixed models after
preliminary analysis revealed large variation in both
response measures among vessels within treatments.

We wanted to include this variation in our analyses
because fishing sets by the same vessel could not be
considered independent, and because we wanted our
inference to be valid for vessels in general, rather
than the specific ones chosen for the study as these
represent less than one-quarter of the total fleet.
Therefore, we included vessel as a random factor in
all our models. Pinger treatment was entered as a
treatment-coded categorical variable (Fox 2002) with
the pinger-absent condition set as the baseline. We
coded pinger brand along with pinger treatment as a
separate categorical variable (again treatment-coded
with pinger-absent as the baseline), combining treat-
ment and type such that this variable had 7 levels:
pinger-absent, Aquatec-inactive, Aquatec-active,
Dukane-inactive, Dukane-active, SaveWave-inactive,
SaveWave-active.

As previous work on this fishery has shown that there
is a strong seasonal effect on both dolphin-net interac-
tion rates and PPUE (Brotons et al. 2007),  we also tested
models including month as a categorical variable. In
the case of the first response variable, the presence/
absence of dolphins interacting with the net, we used
models of the binomial family with a logit link function.
In the case of PPUE, we found that the variance of PPUE
values increased with their mean across vessels, so we
chose Gamma family models with a log link function.
Models were estimated using the ‘glm’, ‘lmer’ and
‘glmmPQL’ functions in the software R (Fox 2002, R
Development Core Team 2004, Faraway 2006); details
of the exact coding used to fit the models are given
in Appendix 1 (available as electronic supple-
mentary material at: www.int-res.com/articles/suppl/
n005p301_app.pdf.
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Fig. 1. Locations of fishing operations in the Balearic Islands.
Dotted lines show the 1000 m isobath
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Vessel code Condition Pinger No. of No. of times Interaction rate PPUE (gross)
brand sets observed evidence of dolphin–net (interaction observed/ (€ per 50 m net)

interaction observed sets observed)

5 Absent na 22 1 0.05 1.98 (1.07)
7 Absent na 36 1 0.03 4.24 (2.14)
17 Absent na 46 3 0.07 1.45 (0.98)
23 Absent na 13 0 0.00 3.29 (2.30)
47 Absent na 15 2 0.13 3.91 (1.71)
50 Absent na 5 0 0.00 3.84 (2.00)
60 Absent na 7 5 0.71 5.29 (2.93)
21 Inactive Aquatec 88 2 0.02 1.86 (1.09)
36 Inactive Aquatec 9 2 0.22 0.65 (0.57)
38 Inactive Aquatec 2 0 0.00 3.00 (1.40)
54 Inactive Aquatec 19 1 0.05 4.21 (2.88)
3 Inactive Dukane 11 0 0.00 2.84 (1.02)
15 Inactive Dukane 32 0 0.00 2.99 (1.82)
20 Inactive Dukane 15 2 0.13 3.26 (2.62)
34 Inactive Dukane 16 5 0.31 3.10 (2.10)
6 Inactive SaveWave 64 3 0.05 4.82 (3.16)
16 Inactive SaveWave 30 1 0.03 4.57 (2.55)
30 Inactive SaveWave 20 4 0.20 4.56 (2.24)
8 Active Aquatec 54 5 0.09 3.94 (2.42)
9 Active Aquatec 27 0 0.00 1.81 (1.22)
10 Active Aquatec 17 0 0.00 3.48 (2.20)
13 Active Aquatec 11 0 0.00 5.14 (3.20)
14 Active Aquatec 12 0 0.00 2.65 (1.40)
18 Active Aquatec 10 0 0.00 3.13 (1.45)
22 Active Aquatec 30 1 0.03 4.86 (3.01)
26 Active Aquatec 16 0 0.00 5.53 (4.61)
32 Active Aquatec 3 0 0.00 2.98 (0.90)
33 Active Aquatec 35 0 0.00 4.42 (3.40)
40 Active Aquatec 11 0 0.00 2.23 (1.07)
43 Active Aquatec 28 0 0.00 2.69 (1.75)
52 Active Aquatec 2 0 0.00 1.67 (0.44)
61 Active Aquatec 4 0 0.00 na
4 Active Dukane 13 0 0.00 3.65 (1.23)
11 Active Dukane 35 2 0.06 3.99 (2.96)
12 Active Dukane 22 1 0.05 4.20 (2.05)
19 Active Dukane 20 0 0.00 4.49 (2.43)
24 Active Dukane 17 4 0.24 1.85 (1.12)
28 Active Dukane 15 3 0.20 3.12 (2.08)
39 Active Dukane 15 0 0.00 4.30 (2.38)
46 Active Dukane 25 0 0.00 4.15 (1.92)
51 Active Dukane 8 1 0.13 5.34 (2.50)
53 Active Dukane 67 2 0.03 2.13 (1.19)
56 Active Dukane 13 0 0.00 4.24 (3.44)
58 Active Dukane 14 0 0.00 3.39 (1.52)
62 Active Dukane 2 0 0.00 4.14 (0.70)
63 Active Dukane 6 2 0.33 2.41 (0.97)
25 Active SaveWave 19 1 0.05 3.78 (2.17)
27 Active SaveWave 14 0 0.00 3.67 (1.75)
29 Active SaveWave 10 2 0.20 2.03 (1.67)
31 Active SaveWave 4 0 0.00 2.17 (1.26)
35 Active SaveWave 44 0 0.00 3.38 (1.83)
37 Active SaveWave 2 0 0.00 4.40 (4.44)
44 Active SaveWave 17 5 0.29 6.63 (4.00)
45 Active SaveWave 19 1 0.05 4.50 (3.35)
48 Active SaveWave 8 0 0.00 1.31 (0.80)
49 Active SaveWave 16 0 0.00 1.92 (0.53)
55 Active SaveWave 3 0 0.00 1.86 (0.19)
59 Active SaveWave 25 0 0.00 1.83 (0.58)
64 Active SaveWave 19 2 0.11 na
65 Active SaveWave 10 0 0.00 2.39 (1.66)

Table 1. Data summary by vessel. For an explanation of ‘Condition’ see ‘Materials and methods’. Values for profit per unit effort
(PPUE) are mean (SD). na: not applicable
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RESULTS

A total of 1193 sets were observed between July and
December of 2005 (Fig. 1). Of these, 144 had no
pingers, 306 had inactive pingers (118 Aquatec, 74
Dukane, and 114 SaveWave) and 743 had active
pingers (260 Aquatec, 272 Dukane, and 211 Save-
Wave). Data on the number of sets, the number of
times net interaction was observed, and the average
PPUE per vessel are listed in Table 1. The overall net
interaction rate over the trial was 0.054, while the rate
for the no-pinger control condition was 0.083. These
figures are low compared with previous years; during
observational studies in 2001 to 2003 the overall inter-
action rate for each year ranged from 0.09 to 0.28 (Bro-
tons et al. 2007). Interaction rates for the inactive and
active pinger conditions were 0.065 and 0.043, respec-
tively (Fig. 2).

Full outputs from the model fitting are given in
Appendix 1 (available as electronic supplement
material at: www.int-res.com/articles/suppl/n005p301_
app.pdf) For both the presence/absence of net interac-
tion and PPUE data, we found that including vessel as
a random factor significantly improved model fit over
models with only pinger condition as a predictor (Like-
lihood ratio tests: χ2 = 27.0498, df = 1 and χ2 = 4181.8,
df = 1, for net interaction and PPUE respectively, p <
0.00001 in both cases; Appendix 1). Previous work
showing seasonal effects on both interaction rate and
PPUE (Brotons et al. 2007) was confirmed, since mod-
els including month as a fixed factor fit significantly
better for both response variables than those with only
vessel as a random factor and pinger condition as a
fixed factor (likelihood ratio tests: χ2 = 42.111, df = 5,
p < 0.00001 for net interaction and χ2 = 11.248, df = 5,
p = 0.047 for PPUE, Appendix 1). Therefore, the final
models reported here were all generalised linear
mixed models containing month and pinger condition
(or a combined condition and pinger brand factor) as
fixed factors and vessel as a random factor.

The final models for the presence or absence of evi-
dence of dolphin interaction with the nets showed that
there was a significant overall reduction in rates of dol-
phin–net interactions in active pinger nets (p = 0.0162,
Table 2), with interaction rates reduced by 49%. How-
ever, this reduction was not equal across brands
(Fig. 3). While all brands showed some reduction in the
active condition compared to the no-pinger control,
only the reduction for Aquatec pingers was significant
(p = 0.0064, Table 3). These pingers reduced the net
interaction rate by 70% in active nets.

There were no significant changes in PPUE across
treatments, either for experimental conditions overall
or when the data were broken down by pinger brand
(Tables 4 & 5, Figs. 4 & 5). The presence of pingers,
whether active or not, appeared to slightly increase
PPUE (e.g. 18% for the active condition), but this

increase was not statistically signifi-
cant. The largest change relative to the
control condition was for inactive
SaveWave pingers (a 60% increase
over the control condition), but this
was also not statistically significant
(p = 0.06).

DISCUSSION

In the present study, the use of active
pingers apparently discouraged dol-
phins from interacting with nets, dra-
matically so in the case of the Aquatec
pingers. Therefore, there is an appar-
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Fig. 2. Net interaction rates for 3 experimental treatments.
Error bars are 95% confidence intervals on the maximum
likelihood estimates for the binomial probability of net

interaction

Term Estimate SE Z p

Intercept –4.803 1.264 –3.801 0.0001
MONTH 8 2.786 1.210 2.302 0.0214
MONTH 9 2.062 1.231 1.674 0.0941
MONTH 10 3.004 1.212 2.478 0.0132
MONTH 11 3.318 1.255 2.644 0.0082
MONTH 12 5.419 1.296 4.182 <0.0001
PINGER-INACTIVE –0.583 0.804 –0.725 0.4682
PINGER-ACTIVE –1.725 0.717 –2.405 0.0162

Table 2. Coefficients from final model of net interaction with overall pinger
treatment. Here the intercept represents the rate of net interaction in MONTH
7 (July) for the no-pinger control condition. Significant pinger terms are 

highlighted in bold
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ent case for the further consideration of pingers as a
mitigation measure in this fishery. However, it should
be noted that we did not document any effects on mor-
tality itself, as we used the frequency of dolphins inter-
acting with nets as a proxy for the risk of entangle-
ment. Therefore, any widespread deployment of
pingers in this fishery should be accompanied by care-
ful monitoring of actual mortality levels. Nonetheless,
our results suggest that pingers could be an effective
way to reduce bycatch mortality for this fishery.

However, one issue we were not able to address is the
possibility of habituation — that the dolphins may, over
time, become used to the sounds of pingers once they
are widely used (Jefferson & Curry 1996, Dawson et al.
1998, Cox et al. 2004). Our data come from a single year
and only document the initial response to pingers in
this fishery. Pingers represented a novel stimulus to the
dolphins and we are unable to predict whether and
how rapidly they may habituate to these sounds, espe-
cially under varying motivational conditions, such as in-
creased hunger if fish stocks become further reduced. If
animals learn to associate the pinger sounds with the

presence of fish, then the interaction
may even be worsened by pinger use
(e.g. Bordino et al. 2002). The cognitive
abilities of bottlenose dolphins suggest
that habituation may occur readily
(Whitehead et al. 2004). Therefore, if
pingers are to be introduced widely in
this fishery, it is essential that their ef-
fectiveness be continually monitored.

There are no statistically detectable
economic benefits from reduced catch
loss and the largest increase in PPUE
was seen in the conditions where
pingers were inactive. High variability
in PPUE within each individual condi-
tion effectively swamped any effects
that pingers may have been having.
The coefficient associated with the ac-
tive pinger condition suggests that ac-
tive pingers may increase PPUE by a
factor of e0.09, or 1.09 — a 9% increase,
or approximately € 300 000 on the 2005
total landed catch value. However,
the standard error associated with this
parameter (Table 4) suggests that the
confidence interval around this esti-
mate is wide. This result does provide
perspective on potential benefits of
deploying pingers across the whole
fishery against the substantial cost
of the pingers themselves.

It is also important to consider the
issue of statistical power when inter-
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Term Estimate SE Z p

Intercept –4.822 1.252 –3.853 0.0001
MONTH 8 2.809 1.210 2.322 0.0202
MONTH 9 2.090 1.227 1.703 0.0885
MONTH 10 3.047 1.210 2.517 0.0118
MONTH 11 3.339 1.255 2.661 0.0078
MONTH 12 5.465 1.294 4.225 <0.0001
AQUATEC-INACTIVE –0.939 1.058 –0.889 0.3742
DUKANE-INACTIVE 0.034 1.004 0.034 0.9732
SAVEWAVE-INACTIVE –0.881 1.018 –0.865 0.3869
AQUATEC-ACTIVE –2.760 1.012 –2.728 0.0064
DUKANE-ACTIVE –1.192 0.777 –1.534 0.1251
SAVEWAVE-ACTIVE –1.535 0.795 –1.932 0.0533

Table 3. Coefficients from final model of net interaction with pinger treatment
broken down by pinger brand. Here the intercept represents the rate of net
interaction in MONTH 7 (July) for the no-pinger control condition. Significant 

pinger terms are highlighted in bold

Term Estimate SE t p

Intercept 1.210 0.156 7.571 0.0000
MONTH 8 –0.099 0.069 –1.453 0.1466
MONTH 9 –0.066 0.072 –0.916 0.3597
MONTH 10 –0.140 0.073 –1.917 0.0555
MONTH 11 –0.274 0.085 –3.216 0.0013
MONTH 12 –0.602 0.131 –4.602 0.0000
PINGER-INACTIVE –0.029 0.196 –0.149 0.8816
PINGER-ACTIVE 0.090 0.167 0.537 0.5912

Table 4. Coefficients from final model of profit per unit effort (PPUE) for overall
pinger treatment. Here the intercept represents the PPUE in MONTH 7 (July)

for the no-pinger control condition
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Fig. 3. Interaction rates by treatment and pinger brand (A =
Aquatec, B = Dukane, C = SaveWave). Error bars are 95%
confidence intervals on the maximum likelihood estimates for
the binomial probability of net interaction. Active, inactive: 

status of pingers
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preting our results. Based on previous
research (Brotons et al. 2007), we
expected to observe higher rates of
dolphin–net interactions; our results
here are based on 64 instances of
observed evidence of dolphins inter-
acting with nets, with an interaction
rate in the absence of pingers of 8.3%
vs. an observed rate of 13% in previ-
ous years. Nonetheless, our study is
comparable with other pinger studies;
for example Barlow & Cameron (2003)
observed bycatch rates that were
similar to the interaction rates in the
present study. Furthermore, previous
work on statistical power in bycatch
mitigation trials suggests that even

with reduced interaction rates our study still had rea-
sonable power. Fig. 2 in Dawson et al. (1998) suggests
that our sample size, in terms of the number of sets
observed, should provide a reasonable power (0.8 to
detect a 50% reduction) for the observed net interac-
tion rate of 0.083 in the control sets, although it should
be noted these power calculations assumed a balanced
design, which was not the case in our study. However,
the issue of detecting statistical significance is sec-
ondary to that of estimating the effect size itself,
because in the case of bycatch mitigation, ‘the magni-
tude of the required reductions will be so large that
simple statistical tests showing small, but significant,
results will not be adequate’ (Jefferson & Curry
1996) — a sentiment with which we wholeheartedly
agree. More attention needs to be paid to the magni-
tude of the observed reductions in net interaction rates
than to the issue of statistical significance (Johnson
1999). Still, sample sizes must be adequate with
respect to the natural variability of the response mea-
sure, so we note that the variability inherent in both
our response measures is such that future studies of
pinger effectiveness will require substantial sampling
effort, at least equivalent to that we report here. Of
course, the observed effect size should be considered
against observed bycatch rates and reduction targets,
if they exist. Ideally, results from bycatch mitigation
experiments would be compared to baseline bycatch
data. Unfortunately, in the present case, there are no
robust estimates of the underlying bycatch mortality.
Accurate estimates of current mortality rates, along
with population size estimates, must be a high priority
for ongoing management.

The cost-benefit analysis as to whether pingers are a
worthwhile measure for mitigating the interaction
between nets and dolphins in these fisheries is an
important management consideration. The use of
pingers, outside of research such as the present study
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Term Estimate SE t p

Intercept 1.195 0.147 8.109 0.0000
MONTH 8 –0.087 0.069 –1.270 0.2045
MONTH 9 –0.047 0.071 –0.656 0.5120
MONTH 10 –0.129 0.073 –1.776 0.0760
MONTH 11 –0.258 0.086 –3.008 0.0027
MONTH 12 –0.604 0.131 –4.621 0.0000
AQUATEC-INACTIVE –0.404 0.242 –1.666 0.1016
DUKANE-INACTIVE –0.087 0.227 –0.383 0.7016
SAVEWAVE-INACTIVE 0.472 0.247 1.911 0.0615
AQUATEC-ACTIVE 0.091 0.176 0.520 0.6050
DUKANE-ACTIVE 0.173 0.173 0.997 0.3235
SAVEWAVE-ACTIVE 0.007 0.178 0.041 0.9676

Table 5. Coefficients from final model of profit per unit effort (PPUE) with pinger
treatment broken down by pinger brand. Here the intercept represents the

PPUE in Month 7 (July) for the no-pinger control condition
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Fig. 4. Profit per unit effort (PPUE) by pinger treatment. Error
bars are 95% confidence intervals assuming normal error

Fig. 5. Profit per unit effort (PPUE) by pinger treatment and
brand (A = Aquatec, B = Dukane, C = SaveWave). Error bars
are 95% confidence intervals assuming normal error
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carried out through the Office of Fisheries Manage-
ment, is currently prohibited in this fishery. We have
shown that pingers may have potential as an effective
mitigation measure, but our results are not conclusive
and additional research must be conducted. If pingers
are introduced, long-term study will be absolutely
essential to monitor the impact of pingers on mortality
levels and to monitor the possibility of habituation
and/or sensitisation to the pinger stimuli. Furthermore,
the widespread introduction of pingers into this fishery
would significantly change the acoustic ecology of
Balearic coastal waters, and monitoring the effects of
this change on the dolphin population would be impor-
tant. At this stage, our recommendation is that further
trials be conducted to address the habituation issue
and that more data be obtained on current bycatch
mortality levels to assess how large an impact the arti-
sanal fishery is having on the dolphin population in
this area.
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