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ABSTRACT: Incidental mortality of seabirds caused by interactions with the warp wires of trawl
vessels in Australia's Commonwealth-managed Southern and Eastern Scalefish and Shark Fish-
ery has been reported by on-board observers. Seabird mortality as a result of fishery interactions
is an issue of global conservation concern. This paper describes an industry-led study that devel-
oped and tested the effectiveness of 2 experimental mitigation devices for trawl vessels: a baffler
and a water sprayer. These were tested against a control which was previously the only prescribed
device (a warp deflector called a pinkie). Seabird interactions were observed during 69 shots com-
paring the sprayer against the control, and 55 shots comparing the baffler against the control. The
seabird mitigation device employed alternated between the trial device (either the water sprayer
or baffler) and the control device. Both experimental mitigation devices showed significant reduc-
tions in heavy interaction rates (interactions per shot) compared with the pinkie (83.7 and 58.9 %).
On stern trawlers, both new devices are deployed at the start of fishing and retrieved at the end of
fishing operations, whereas pinkies need to be deployed and retrieved for each shot. This results
in time savings and reduced risks to crew. Based on the findings from this study, the Australian
Fisheries Management Authority now allows vessels to meet seabird bycatch mitigation require-
ments through use of either new device. The outcomes of this research and subsequent uptake of
the new mitigation devices will greatly contribute to the reduction of incidental fishing mortality
in Australian, and potentially other trawl fisheries.
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INTRODUCTION

Seabirds are considered the most threatened of all
bird groups (Croxall et al. 2012) and fishing-related
seabird mortalities are considered the most perva-
sive threat to seabird conservation status (Gales
1998, Phillips et al. 2010, Alderman et al. 2011,
Croxall et al. 2012, Favero & Seco Pon 2014). Atten-
tion originally focused on seabird interactions with
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longline fisheries (Brothers 1991, Weimerskirch et
al. 1997, Nel et al. 2002, Tuck et al. 2003, 2011);
however, trawl fisheries are also known to cause
substantial seabird mortalities (Sullivan et al. 2006b,
Moore & Zydelis 2008, Watkins et al. 2008, Favero et
al. 2011, Gonzalez-Zevallos et al. 2011). Seabirds
have wide-ranging foraging distributions, are long-
lived, with low fecundity and a late age-at-maturity
(Warham 1990), which are all characteristics that
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make their populations vulnerable to any additional
mortality.

Seabirds are attracted to trawl vessels to feed on
fish bycatch or offal that is discarded (Williams &
Capdeville 1996, Crawford 2007). Aggressive com-
petition for this food off the stern of the vessel places
seabirds in the area where the warp cables (the 2
steel cables used to tow trawl nets) enter the ocean,
and at increased risk of harmful interactions. These
can include net capture (Bull 2009, Pierre et al. 2010),
collisions with the vessel (Ramm 2012, Australian
Fisheries Management Authority [AFMA] unpubl.
data), and collisions with the third wire or net sonde
(Weimerskirch et al. 2000) or, more commonly, with
the warps (Moore & Zydelis 2008, Watkins et al.
2008, Abraham 2010, Maree et al. 2014). Most inter-
actions with seabirds in trawl fisheries in southeast
Australia occurred from collisions with the warp
cables (warp strike); collisions with vessels and cap-
tures in Australian trawl nets are extremely rare (M.
Gerner pers. comm.).

A large number of mitigation measures have been
trialled internationally or used to reduce cable
strikes. These measures generally involve physical
deterrents of one form or another, such as bird scar-
ing lines (otherwise known as BSLs, tori lines or
streamer lines), bird scarers and bafflers, warp booms
(Melvin et al. 2011) and warp deflectors (Melvin et al.
2011, Gonzélez-Zevallos et al. 2007). In addition to
the use of mechanical mitigation measures, reducing
the incentive for seabirds to approach the stern of the
vessel by managing the discharge of offal and
bycatch through fish mealing, mincing, batching and
full retention can be effective at reducing interac-
tions (Pierre et al. 2012a).

High densities of seabirds overlap with fishing
effort in Australian waters (Favero & Seco Pon 2014).
The Southern and Eastern Scalefish and Shark Fish-
ery (SESSF) is a multi-gear fishery that includes non-
trawl and trawl sectors, including the Commonwealth
Trawl Sector (CTS). It is the largest Commonwealth-
managed fishery by tonnage, and many interactions
between SESSF fishing vessels and seabirds have
been reported, both by long-line vessels (Lewison et
al. 2014) and demersal and midwater (otter) trawlers
(Phillips et al. 2010). By extrapolating observer data
that monitored 3.6 % of the total effort in the fishery,
Phillips et al. (2010) estimated that from the
23774 CTS shots (trawl sets) undertaken in 2006,
there were interactions with 250 black-browed alba-
tross Thalassarche melanophris and 861 with shy al-
batross T. cauta. Fishery impacts on shy albatross
have been particularly highlighted through popula-

tion modelling by Thomson et al. (2015), who con-
cluded that mortalities from interaction with trawl
fisheries may need to be reduced by 50 %, in order to
offset the impacts on chick survival of the predicted
increases in maximum temperatures during the chick
rearing season due to climate change.

In response to a government review of threats and
research priorities for albatrosses that called for re-
ducing bycatch through greater implementation and
development of best-practice mitigation measures in
trawl fleets (DSEWPC 2011), the AFMA, with the
support of the South East Trawl Fishing Industry
Association (SETFIA), implemented Seabird Man-
agement Plans (SMPs) for every CTS otter trawl ves-
sel, effective from 31 October 2011. SMPs contained
a range of measures to reduce interactions, including
the use of a warp deflector (a buoy known as a
‘pinkie’ that is clipped to the warp and suspended on
the sea surface; see Fig. 4 below) while the gear is
deployed during daylight hours. Sea trials in the CTS
have shown that this device reduced the number of
‘heavy’ interactions by 75 % (Pierre et al. 2014). Prior
to completion of the current study, the pinkie was the
only seabird mitigation device permitted in seabird
management plans. While compliance with SMPs is
generally high, there has been some non-compliance
reported (for example, see ANAO 2013).

A wide variety of fishing gear and deck equipment
is used by otter trawl vessels operating in the CTS.
Whilst the use of a particular mitigation device may
be straightforward on one vessel, its use on a differ-
ent vessel may pose complications, including safety
hazards. Tuck et al. (2013) documented that during
deployment and retrieval of pinkies, fishing crews
can be exposed to elevated risk of injury. One exam-
ple of this is an increased risk of injury or man-over-
board on vessels where the blocks are positioned
outside of the gunnels, requiring fishing crew to
reach over the side of the vessel to clip and unclip the
pinkie to the warp. Further, anecdotal information
from observers and fishermen suggests that these
risks are further elevated during bad weather. Ide-
ally, a range of effective mitigation devices or flexi-
bility of design within a single device should be
available, allowing the skipper to choose which is
most suitable for the particular vessel.

Fishers can provide valuable insights and solutions
to reduce bycatch (Boyd 2014). In the South African
trawl fishery, the design of current bird-scaring line
regulations was developed through engagement
with fishing crew and trials to optimise safety, opera-
tional practicality, and mitigation performance (Wan-
less & Maree 2014). SETFIA recognised this in their
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strategic plan, and in partnership with the Great Aus-
tralian Bight Fishing Industry Association (GABIA),
SETFIA initiated the Australian Government-funded
project whose results are described in this paper. The
project aimed to develop one or more mitigation
devices (in addition to pinkies) that are effective at
reducing seabird interactions, do not elevate health
and safety risks and could be included within SMPs.

This study describes 2 mitigation devices devel-
oped and/or adapted by SETFIA members that were
selected for sea ftrials during commercial fishing
operations, and the results of these trials. The aim of
the sea trials was to compare the interaction rates of
each device to the pinkies currently prescribed by
seabird management plans, and examine the factors
that impact the effectiveness of the seabird mitiga-
tion devices.

MATERIALS AND METHODS
Trial design

Sea trials were undertaken off southeast Australia
(Fig. 1) from November 2014 to October 2015. Trials
of the baffler were undertaken on ‘Vessel A', which is
a 29 m, 135 t stern trawler based out of Eden, NSW.
Trials of the Sprayer were undertaken on ‘Vessel B’,
which is a 20 m, 100 t stern trawler based out of
Lakes Entrance, Victoria. All trials were conducted
during normal commercial fishing conditions, and
the pinkie buoy was used as the control on both
vessels.
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Fig. 1. Area of southeast Australia where sea trials took

place to test the effectiveness of experimental seabird inter-

action mitigation devices, in comparison with the pinkie,
which was previously the only prescribed device

To account for differences in the performance of
the treatment at different times of day, and under
varying environmental and operational conditions,
deployment of either the control or the alternative
device during the first shot was randomly selected by
the observer, and then alternated throughout the
day. The first device deployed was alternated on
each successive day for the duration of the trip.

Design of mitigation devices
Baffler (Vessel A)

Bafflers are generally comprised of two booms that
extend out from each stern quarter of a vessel, two
extending out from the sides and the other two back-
wards from the stern (Bull 2009, ACAP 2016). A num-
ber of 'droppers’ (lines of various types) are suspen-
ded from the booms to create a curtain near where
the warps enter the water (Bull 2009, Sullivan et al.
2006a), effectively blocking the seabirds from the
region of greatest likely interaction.

The baffler used in this trial was designed by the
operators of Vessel A after the study tour of New
Zealand fisheries, and then tested and modified early
during the trials with the addition of curtains to pre-
vent seabirds approaching the warps from the side. It
is assumed that changes made improved the effec-
tiveness of the baffler at mitigating interactions, and
this is supported by the fact that no heavy interactions
were observed when using that mitigation device
after changes had been made. Thus, interaction rates
reported for the baffler would likely be even lower if
the final version of the baffler was used from the
beginning. For this reason, the data for the entire trial
period were combined. The final baffler design com-
prised 2 booms extending laterally approximately 5 m
from the port and starboard stern quarters, with a
‘back-bone’ line extending to the end of each boom
(Fig. 2). Four 6 m long 'droppers’ were suspended
from the back-bone line to the surface of the water.
Droppers were constructed of nylon rope covered in
orange-coloured 25 mm PVC conduit cut into 100 mm
lengths to provide flexibility. An outside curtain that
was 18 m long with 6 droppers decreasing in length
astern (5, 3, 2.5, 1.5, 1 and 0.5 m) was suspended from
the back-bone line to the surface of the water. A
600 mm pinkie buoy was attached to the end of the
outside curtain to provide drag and keep the back-
bone line taut. During deployment of the control
device, bafflers were retrieved, and the streamers
were removed from the booms.
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Fig. 2. (a) Diagrammatic representation of the 'baffler’ sea-
bird bycatch mitigation method. (b) The baffler in use dur-
ing trials off southeast Australia

Sprayer (Vessel B)

Like bafflers, the sprayer creates a barrier around
the warp-water interface but uses jets of water
instead of droppers. The sprayer underwent signifi-
cant testing and redesign before the trials started.
The final sprayer design comprised two 4 m booms
extending beyond the stern over the warps, each
with two 4 m arms separated by a 2 m gap (Fig. 3).
Sea water is pumped into the arms, and out through
nozzles that can be adjusted to obtain the desired
spray effect of a ‘curtain’ of water around each warp
of approximately 6 m long x 4 m wide. During de-
ployment of the control device, the sprayer was
raised to a vertical position so as not to effect the mit-
igation rates of the pinkies.

Pinkie

The control device for both the sprayer and the baf-
fler was the pinkie buoy described in Pierre et al.
(2014). In line with AFMA's SMPs, the pinkies were
600 mm in diameter and 820 mm in height from the
bottom of the buoy to the centre of the top eye hole.
After setting, the pinkies were clipped onto the warp,

Fig. 3. (a) Diagrammatic representation of the water sprayer
seabird bycatch mitigation method. (b) The water sprayer in
use during trials off southeast Australia

and lowered via a rope so that the bottom of the
pinkie was no more than 400 mm from the sea sur-
face (Fig. 4).

Data collection
Data collection was based on the methods of Pierre

et al. (2014) to record seabird interactions, seabird
abundance and behaviour, and other information to

Fig. 4. The 600 mm diameter pinkie, which was previously

the only prescribed device to mitigate seabird interactions

with trawl vessels, used as the control in trials to test the ef-
fectiveness of 2 experimental mitigation devices
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enable comparison of interactions between devices,
and the effect of other factors on interaction rates.
Operational (time and date, location, depth) and
environmental variables (wind direction and speed,
sea height, swell height and direction, cloud cover in
octares, precipitation, barometric pressure, moon
phase) were recorded for each shot as well as total
catch, total discarded weight, weight of main re-
tained and discarded species and weight of offal dis-
charged (see Table 3 below). Observations and inter-
views with crew members were used to make a
qualitative assessment of comparative safety and
ease of use of each device.

The presence of seabirds is an obvious prerequisite
for seabird mortalities, and it was hypothesised that
interaction rates would be positively correlated to
abundance of seabirds. Abundance estimates were
made from the stern of the vessel in an area covering
a 180° arc, out to a distance of 250 m from the vessel.
Seabird numbers were accurately counted for 1 to 10
birds, and for greater numbers estimated using the
procedures shown in Table 1. Five different stages of
trawling were considered during abundance esti-
mates for each shot: (1) before deploying the gear; (2)
after either the gear is deployed on the first shot (no
prior discharge or processing) or immediately after
processing on every subsequent shot; (3) as the gear
is being hauled; (4) after the catch is released from
the net onto the deck; and (5) during bycatch offal
discharge.

Seabirds were identified to species level where
possible, however shy albatross Thalassarche cauta
and white-capped albatross T. steadi are phenotypi-
cally similar, and their distributions overlap (Baker
et al. 2007). Therefore, no effort was made to
differentiate them, and both species are combined
into a single group referred to as ‘shy-type alba-
tross’. Similarly, observers were sometimes unable
to confidently distinguish between the 2 closely
related species, Campbell and black-browed alba-

Table 1. Procedures for assessing abundances of seabirds at
sea (based on Pierre et al. 2014)

Number range Procedure

1-10 Count accurately

11-30 Count accurately or estimate by 5s
31-100 Estimate by 10s

101-200 Estimate by 25s

201-500 Estimate by 50s

501-1000 Estimate by 100s

1000-2000 Estimate by 200s

2000+ Estimate by 500s

tross, and so here we combine both species (T.
melanophris and T. impavida) into the single 'black-
browed' group.

The seabird interaction observation period com-
menced during catch processing and discarding, and
focused on the starboard warp. This period continued
until all processing and discarding was finished and
the deck was washed down. The entire observation
time was divided into 5 min observation periods.
Within each 5 min period, any seabird interactions
were categorised based on species, contact code
(Table 2), and contact point (the warp or the miti-
gation device) on which the interaction occurred.
Observations were always made from the starboard
side of the vessel.

Observations were only recorded between the
times of first light (30 min before sunrise) and dusk
(30 min after sunset) and when bycatch and offal dis-
card processing was undertaken. This decision was
based on the extremely low number of interactions
observed during the night by Pierre et al. (2014). Net
interactions were not recorded because Pierre et al.
(2014) reported that none of the interactions with the
net observed during their study were ‘considered
likely to cause injury’. There is no evidence that net
interactions are and issue in the CTS.

Table 2. Contact codes for rating interactions between sea-
birds and warps or mitigation devices on trawl vessels
(based on Pierre et al. 2014)

Code Definition

1w Bird on water, very light contact, does not
deviate from course

2W Bird on water, light contact, deviates from course
(causes no stress or injury)

3w Bird on water, heavy contact with warp wire or
mitigation device, dragged under and resurfaces
(causes stress or possible injury)

4W Bird on water, heavy contact with warp wire or
mitigation device, dragged under, fate unknown.
Environmental conditions and/or seabird activity
preclude observer from determining whether
bird remained on warp wire or resurfaced.

5W Bird on water, heavy contact with warp wire or
mitigation device, dragged under, and remains
on wire. Environmental conditions and/or
seabird activity enable observer to determine
that bird remained on warp wire and did not
resurface.

6F Bird flying, light contact with warp wire or
mitigation device, does not deviate from course

7F Bird flying, heavy contact with warp wire or
mitigation device, deviates from course
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Data analysis

The main metric used in the evaluation of the effi-
cacy of the trial devices compared to the control in
our study was the number of heavy interactions,
which are considered a proxy for seabird mortalities
(Sullivan et al. 2006a,b). Light interactions were also
recorded. In the present study, we define heavy
interactions as those within categories 3W, 4W and
5W of Table 2, while all remaining categories were
considered ‘light interactions’. To be consistent with
Pierre et al. (2014), interaction category 7F was not
grouped with heavy interactions. In addition, cate-
gory 7F differs from other heavy interactions because
it does not involve seabirds being dragged under the

ments. Analyses were undertaken using the glm.nb
function in the MASS package (Venables & Ripley
2002) using the statistical package R version 3.1.1 (R
Development Core Team 2014). The influence of a se-
lect number of covariates (see Table 3) was examined
by the step function with the direction set to ‘both’
(the stepwise search is done in both directions). The
step function performs a stepwise model selection by
using the Akaike information criterion (AIC).

Bias-adjusted mean interaction rates and 95 % con-
fidence intervals were calculated by bootstrapping
with replacement using the boot package (Canty &
Ripley 2014) in the statistical package R. We used
10000 bootstrap replicates (Sullivan et al. 2006a)
with replacement.

water. In accordance with AFMA's
definition of a protected species
interaction (‘any physical contact a
person, boat or fishing gear has
with a protected species that causes
the animal stress, injury or death’,
www.afma.gov.au/portfolio-item/
seabirds/), interactions with the
warps and the mitigation device
itself were combined. It was impor-
tant to combine interactions with
the mitigation devices with those on
the warps because both trial devi-
ces have large booms, which could
potentially cancel out benefits from
reductions in warp strike. Species
were combined to simplify analy-
ses. Multiple observations within a
shot were also combined as they
cannot be considered statistically
independent.

The data comprised a relatively
high number of zero observations,
and a diminishing frequency of ob-
servations with increasing interac-
tion rates. Consequently, the varian-
ces of the interaction rates were
much larger than their means. A
range of methods for modelling
over-dispersed data were examined
using goodness-of-fit with a chi-
square test based on the residual de-
viance and degrees of freedom. This
suggested that a negative binomial
model was the most appropriate.
The generalised linear model (GLM)
framework was used to test for sig-
nificant differences between treat-

Table 3. (a) Categorical and (b) continuous explanatory variables included in the
full model for trials of the baffler (fitted on Vessel A) and water sprayer (Vessel
B) in comparison with the only seabird interaction mitigation device previously
prescribed, a warp deflector known as a ‘pinkie’ (‘control’). For each variable,
the table shows the corresponding units or fixed values (for continuous and cate-
gorical variables, respectively) and ranges of values observed (for continuous

variables)
(a) Categorical variables
Variable Fixed values
Depth category Shelf / slope
Moon phase Eight principal and intermediate moon phases
Wind direction 16 point compass bearing
Direction of barometric Rising / steady / falling
pressure
(b) Continuous variables
Variable Unit Range observed ———
——Vessel A —— Vessel B ——
Baffler Control Sprayer  Control
Average depth fished m 55-505 55-510 110-500  70-480
Swell height m 0.4-2 0.5-1.5 0-2.5 0-3
Wind speed knots 3-20 5-20 0-25 0-20
Discarded fish kg
Barracouta 0-80 0-1200 0-350 0-400
Blacktip cucumberfish 0-70 0-200 0-200 0-200
Blue grenadier 0-100 0-4000 0-2000 0-1500
Cocky gurnard 0-150 0-300 0-400 0-400
Total discarded weight kg 0-364 0-500 0-460 0-397
Retained fish kg
Blue grenadier 0-5000 0-1800 0-600 0-3000
Frostfish 0-1080 0-1800 0-1290 0-1200
Gould squid 0-660 0-720 0-2400 0-2520
Mirror dory 0-350 0-100 0-70 0-180
Pink ling 0-400 0-300 0-210 0-180
Tiger flathead 0-210 0-150 0-390 0-330
Total retained weight kg 0-300 0-500 0-420 0-300
Offal discharged kg
Blue grenadier 0-800 0-1000 0-480 0-360
Total offal discharged kg 64-1488 116-2618 151-3170 79-4098
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RESULTS

Table 4. Mean number of 'heavy' and ‘light’ interactions per shot during tri-

als of the baffler (fitted on Vessel A) and water sprayer (on Vessel B), in com-

Seabird interactions

parison with the only seabird interaction mitigation device previously pre-

scribed, the pinkie (control), showing bootstrapped bias and bootstrapped

Results demonstrate that both trial

accelerated bias-corrected (BCa) percentiles

devices were more effective at mitigat- Vessel Interaction Device Mean Bias BCa percentiles
ing seabird interactions than the pinkie. type (interactions 5% 95%
On Vessel A, the heavy interaction rate per shot)
when using the baffler (0.1 interactions

C g Vessel A Heavy Baffler 0.138 -0.001 0.000 0.517
per shot) was significantly less (p < Pinkie 0.846 0.003 03078 2.154
0.05) than when the pinkies were de- Light  Baffler 8.690  -0.052 4.483  16.900
ployed (0.8 interactions per shot). Con- Pinkie 6.077 -0.055 3.000 13.720
versely, the light interaction rate was Vessel B Heavy  Sprayer 2.514 -0.002 1571  4.143
higher for the baffler (8.7 interactions Pinkie 6.118 -0.008 3.735 11.029
per shot) than the pinkies (6.1 interac- Light Sprayer 15.429 0.028 10.86  23.11
tions per shot) (Fig. 5, Tables 4 & 5). On Pinkie 35676  -0.046 2424 5184

Vessel B, the heavy interaction rate
when using the sprayer (2.5 interactions
per shot) was significantly less (p = 0.010) compared
to the pinkies (6.1 interactions per shot), while there
was a mean of 15.4 light interactions per shot when
the sprayer was deployed compared to 35.7 inter-
actions per shot for the pinkies (Fig. 5, Tables 4 & 6).
This represents a decrease in heavy interactions of

Vessel A — Heavy interactions

Vessel B — Heavy interactions

83.7 % by the baffler, and 58.9 % by the sprayer. For
pinkies on both vessels and the sprayer on Vessel B,
between 22 and 28% of all light interactions were
with the mitigation device itself (Tables 7 & 8) as
opposed to the warps; however 90 % of all light inter-
actions on Vessel A were with the baffler. The ob-
server reported that the majority of these
light interactions involved the seabird's

8 4 foot touching a baffler rope dragging on
T“ the sea surface.

1.0 4 o 6 > Other than the mitigation device used,
m s i factors that most influenced heavy inter-
(fl 4 ] o actions on Vessel B were swell height, the
— 0.5 f’l— amount of offal discharged and total re-
% Q 2] 1 tained weight of fish (Table 6). Both vol-
5 ume of offal discharged and swell height
% 0.0 - 04 produced a higher rate of heavy inter-
= Pinkie Baffler Pinkie Spréyer actions, while retention of the catch re-
5 o ) o ) duced heavy interactions. On Vessel A,

I Vessel A - Light interactions Vessel B - Light interactions . . .
5 12 heavy interactions were higher on the
€ 40 | —|;V shelf as opposed to the slope, so depth
S 9 @ category was included as a parameter in

g 30 1 J_ the final model.
6 —Eﬁ’ o Wind speed had no apparent effect
i 20 1 _'5|_ on interaction rate on either vessel.
: L The range of wind speeds encountered
10 during the trials was similar across ves-
0 0l sels and devices used, i.e.3-20 knots (kn)
—— ‘ — T and 5-20 kn when using the baffler and
Pinkie Baffler Pinkie Sprayer .
. control, respectively, on Vessel A and
Device

Fig. 5. Mean (+SE) 'heavy’ and ‘light’ interaction rates observed during
trials of the baffler (fitted on Vessel A, left panels) and water sprayer (Ves-
sel B, right panels) in comparison with the only seabird interaction mitiga-
tion device previously prescribed, the pinkie (control). Figures above the

bars show number of shots observed

0-25 kn and 0-20 kn when using the
sprayer and control, respectively, on ves-
sel B (Table 3).

More than 94 % of all light and heavy
interactions observed were with shy-type
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Table 5. Coefficients and significance of variables in the

generalised linear model (GLM) of heavy seabird interac-

tions on board Vessel A during a trial of the baffler in com-

parison with the only seabird interaction mitigation device

previously prescribed, the pinkie (control). ns: non-signifi-
cantat p=0.05

Variable Coeffi- Residual Residual P

cient df deviance

Mitigation device  2.024 53 25.269 0.03017

Depth category  -1.409 52 23.225 ns
Full model 23.22
Null model 29.97

Table 6. Coefficients and significance of variables in the

GLM of heavy seabird interactions on board Vessel B during

a trial of the sprayer in comparison with the only seabird in-

teraction mitigation device previously prescribed, the pinkie
(control). ns: non-significant at p = 0.05

Variable Coeffi- Residual Residual P
cient df deviance

Mitigation device -0.7853 67 84.46 0.010
Offal discharged 0.0064 66 81.44 ns
Retained weight  -0.0007 65 77.87 ns
Swell height 0.6198 64 72.76 0.023
Full model 72.76

Null model 91.06

albatross (Tables 7 & 8). Shy-type albatross was the
only species group to be observed having a heavy
interaction on Vessel A, while heavy interactions
with black-browed albatross and giant petrel were
also observed on Vessel B. Seabird abundance ob-
served during offal discharge was significantly corre-
lated to both heavy (Vessel A: r = 0.28, p < 0.05; Ves-
sel B: 1 =0.36, p < 0.01) and light interactions (Vessel
A:1=0.55p<0.0001; Vessel B: r = 0.48, p < 0.0001).
Multiple heavy interactions by Vessel B were far
more common when seabird abundance >300 birds.
When abundance was >300 birds, only 6 of the 36
shots observed resulted in no interactions.

Seabird abundance

Approximately two-thirds of the fishing effort
undertaken during this project was in shelf waters
less than 200 m depth on the continental shelf, with
the remainder on the continental slope at depths to
500 m. There was no consistent trend between depth
and seabird abundance at the time of offal release

(Vessel A: r = 0.28, p > 0.05; Vessel B: r = 0.02, p >
0.05), with high and low abundances on both shelf
and slope shots (Fig. 6).

Of the 14 separate species or species groups ob-
served while trialling the baffler on board Vessel A,
shy-type albatross were by far the most abundant,
and were most abundant during offal discharge
(average of 185.62 birds per set) and when the catch
was released on deck (94.86 birds per set) (Table 7).
Short-tailed shearwaters Ardenna tenuirostris were
the second most abundant species seen followed by
giant petrel Macronectes spp. and silver gull Larus
novaehollandiae.

Fourteen different species or species groups were
also observed during sprayer trials on board Vessel B
(Table 8). Shy-type albatross were again by far the
most commonly sighted. They were most abundant
during offal discharge (263 birds per set) and as the
catch was released on deck (146 birds per set). Undif-
ferentiated petrels, prions and shearwaters (family
Procellariidae), grey-headed albatross Thalassarche
chrysostoma and black-browed albatross were also
abundant during offal discharge.

Ease and safety of use

To facilitate alternating mitigation devices during
the trial, the control and treatment devices were
deployed and retrieved at the completion of each
shot. Under normal fishing operations, however, the
sprayer can be deployed at the beginning of a trip
and left in position until the last shot of the trip.
Deployment and retrieval can be undertaken at the
location and time of choosing, and does not in any
way interfere with the trawl gear. As such, there are
clear benefits of using the sprayer over the pinkies
(which need to be deployed and retrieved for each
shot), being 'safer, faster, easier and more efficient’
(skipper of Vessel B, pers. comm.).

During the early stages of the baffler trial, there
was no simple system for retrieval and deployment,
and crew members were exposed to increased risks
during deployment by having to stand on the bul-
warks (the extension of the hull above the deck). The
system also took longer to deploy and retrieve than
pinkies (about 10 min compared to 3 min). However,
deployment and retrieval systems were refined dur-
ing the trial, eliminating the need for standing on the
bulwarks, and reducing the deployment time to
about 5 min. Vessel A is a 'side trawler’, retrieving
the codend over the side of the vessel. This means
that 1 baffler needs to be retrieved during hauling for
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Table 8. Results from Vessel B of a trial to test the effectiveness of the ‘sprayer’' in comparison with the only seabird interaction mitigation device previously prescribed,

the pinkie (control). For each seabird species recorded, the table shows values (mean and SE) for abundance just after setting, while hauling, as the catch is released on
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deck and during offal discharge; and observed total numbers of ‘light’ and 'heavy' interactions with warps and mitigation devices (with numbers of interactions with the

mitigation devices in parentheses). Note that abundance data observed during stage 1 of the observation period (before deploying the gear) were omitted because of

a lack of seabirds recorded and to simplify the table

Number of birds observed

Scientific name

Species

Total interactions

using sprayer
Light Heavy

as catch is during offal
released

During hauling

After setting

Mean

using pinkies

Light

discharge

SE

Mean

SE

Heavy

SE Mean SE

Mean

262.56 16.74 481 (12) 83 1167 (333) 200 (1)

145.54 14.03

10.66
0.18

10.06 73.45

95.67

Thalassarche cauta®
Procellariidae

‘Shy-type' albatross
Petrels, prions and

1.86

1.97 6.44

0.5

1.1

3.19

(undifferentiated)

shearwaters

0.25
0.5
0.4

0.49
3.19
2.57
0.03
0.16
0.29
0.31
0.37

0.69
0.55

0.3

1.86
1.66
1.47

0.78
0.33
0.18

2.31
0.71
0.59

0.49
0.23
0.2
0.17
0.08
0.08
0.05
0.05

1.69
0.85
0.67
0.21
0.19
0.17

0.1

Short-tailed shearwater Ardenna tenuirostris

Grey-headed albatross

Thalassarche chrysostoma

‘Black-browed' albatross Thalassarche melanophris®

Crested tern
Cape petrel

0.02
0.05
0.07
0.24
0.09

Thalasseus bergii
Daption capense

0.1

0.24
0.12
0.32
0.27

0.06
0.02
0.03
0.03

0.16
0.03
0.07
0.07

9(2)

1

0.05
0.26
0.12

Macronectes spp.
Pachyptila spp.

Giant petrel

Prion

5 (4)

12 (1)

/ carteri

Thalassarche chlororhynchos 0.1
Morus serrator

Yellow-nosed albatross

0.32
0.05

0.33
0.08

0.03

0.04

Australasian gannet

Pterodroma macroptera

Hydrobatidae

Great-winged petrel

Storm petrel

0.03

0.03

(undifferentiated)
Diomedea exulans

Wandering albatross

0.03

0.05

0.07

0.19

aIncludes records for white-capped albatross T. steadi. "Includes records for T, impavida

dance during offal discharge. However,
the relationship does not appear to be lin-
ear, with the frequency of interactions
greatly increasing when large numbers
(=300) of seabirds were observed (Fig. 7).
During the ftrials, it was observed that
when there were large numbers of sea-
birds around the vessels the increased
competition for food caused more aggres-
sive, and potentially more risky, feeding
behaviour.

Depth category (shelf or slope) was the
only variable other than mitigation device
that remained in the final model as an ex-
planatory variable for interaction rates on
board Vessel A. Little can be made of this
considering that of the 9 shots in which in-
teractions were observed on that vessel,
only 2 were while fishing at depths 2200 m,
but it is consistent with the known behav-
iour of shy albatross, which have an over-
whelming tendency to restrict their forag-
ing to shelf waters (e.g. Hedd et al. 2001,
Alderman et al. 2010). However, while fish-
ing depths reported during this study
ranged between 55 and 510 m, observa-
tions during this study found no influence
of fishing depth on seabird abundance.

There were 3 variables other than miti-
gation device that had an influence on
interaction rates on board Vessel B using
the sprayer, namely, the volume of offal
discharge, catch weights and swell height:

1. The volume of offal discharge was
retained in the final model by the AIC: the
greater the volume of offal discharged the
greater the number of heavy interactions.
The main effect of increased offal dis-
charge is likely due to the prolonged dis-
charging period, which increases the dan-
ger period for warp strikes.

2. In general, there were fewer heavy
interactions at higher retained catch
weights. This is the opposite response from
what was expected because larger catches
take a longer time to haul and sort the
catch, and in general, there is a positive
relationship between retained catches and
both discards and offal (unpubl. data). This
result can probably be explained by the
influence of several very large (>2 t)
catches for which there were few heavy
interactions.
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3. Swell height had a significant positive effect on
heavy interactions (Table 6), and this effect was sim-
ilar across treatments. The warps rise and fall quickly
through the sea surface during large swell, effec-
tively increasing the size of the danger zone, and

possibly reducing the seabirds’ ability to detect and
avoid the warp. These observations are consistent
with Sullivan et al. (2006a) and Melvin et al. (2011),
who also noted increases in interactions with in-
creased swell height.
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Because deceased seabirds rarely remain attached
to the warps during hauling, it was not possible to
directly measure seabird mortalities in this study.
Sullivan et al. (2006a) found a positive relationship
between heavy interactions and mortalities in a dem-
ersal trawl fishery in the Falkland Islands (Las Mal-
vinas), and this is often used as a proxy measurement
for mortalities (e.g. Melvin et al. 2011, Maree et al.
2014). In this study there was no information avail-
able on the relation between heavy interactions and
mortalities, however we assume that it was consis-
tent among treatments.

The baffler

On Vessel A, heavy interactions were significantly
lower while using the baffler compared to the pinkie

(the control device) (Fig. 5, Table 5). While a previous
study found that pinkies reduced heavy interactions
by about 75% compared to using no mitigation de-
vice at all (Pierre et al. 2010), we found that the baf-
fler was 83.7% more effective than the pinkies in
reducing heavy interactions. Because pinkies were
used as the control in this trial, and bafflers reduced
interactions by a further 83.7 %, this potentially re-
presents an overall decrease in heavy interactions of
96 % compared to using no mitigation device at all.
The rate of light interactions was higher for the baf-
fler than pinkies; however, the vast majority of light
interactions were with the flexible droppers or the
back-bone of the baffler itself, rather than with the
warps, and thus were unlikely to cause harm to the
seabirds involved. The baffler is simple and safe to
deploy, and no major maintenance issues were re-
ported during the study.
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The water sprayer

Trials revealed that the use of the water sprayer on
Vessel B significantly reduced seabird interactions
compared with using the pinkie (Fig. 5, Table 6). The
water sprayer was 58.9 % more effective at reducing
interactions than the pinkies. Because pinkies have
been shown to reduce heavy interactions by 75 %,
and sprayers reduced interactions in our trials by a
further 58.9 %, with the reduced interaction rate from
using the pinkies, this potentially represents an over-
all decrease in heavy interactions of 90 % compared
to using no mitigation device at all. The water
sprayer also has the additional advantages that it can
be set at the beginning of the trip and left on until the
end of the trip, and the crew can decide under what
conditions they deploy and retrieve it (e.g. while
leaving port). In this trial, there were no discernible
safety issues with the device. The water sprayer re-
quired some ongoing maintenance during the trial;
specifically, the boom and nozzle position sometimes
required adjustment, depending on wind direction,
to ensure an adequate coverage of water. However
the pinkies also required maintenance, including
untangling and replacing rope and lost buoys.

Impacts on seabird populations

By far the most common species observed and
involved in interactions was the shy-type albatross
(Tables 7 & 8). The distribution of shy albatross over-
laps with that of white-capped albatross, and the 2
species are phenotypically similar (Baker et al. 2007).
Thomson & Sagar (2008) presented tracking data
from white-capped albatross that showed movement
between New Zealand and southeast Australia,
including the area fished during mitigation trials.
Further, Baker et al. (2007) estimated that the num-
ber of white-capped albatross killed each year was
higher than shy albatross. The composition of each
species observed in the shy-type albatross grouping
is unknown, but it is likely that both were present.

Shy albatross are listed as vulnerable under the En-
vironment Protection and Biodiversity Conservation
Act which came into force in 1999. They are endemic
to Australia, with a population estimated to total 55000
to 60000 individuals (Alderman et al. 2011), or 12200
breeding pairs. Breeding colonies are restricted to 3 is-
lands off Tasmania: Albatross Island, the Mewstone
and Pedra Branca (Alderman et al. 2011). In addition,
the foraging distribution of the shy albatross is concen-
trated in Australian waters (Alderman et al. 2010,

2011). Given the endemism, high local abundance and
extensive spatial and temporal overlap with fishing ef-
fort, combined with their large size and foraging be-
haviour, this species has one of the highest likelihoods
of interacting with southern Australian fisheries; trawl
and longline interactions for this species have been
documented from Australia, South Africa, Namibia,
and the high seas (Baker et al. 2007 and references
therein). Although documented bycatch of shy alba-
tross in Australian commercial fisheries is low, it is in
practice likely much higher due to the cryptic nature of
interactions where deceased birds are not returned to
the vessel when the trawl net is retrieved.

Offal management has alone been shown to be ef-
fective in reducing seabird interactions (for example,
Abraham et al. 2009, Bull 2009, Pierre et al. 2012a,b),
and the use of the pinkie has been shown to be ef-
fective in the CTS (Pierre et al. 2014). Results of the
current study show that compared to the pinkie, the
sprayer and baffler reduced heavy interactions by
58.9% and 83.7 % respectively, resulting in a potential
reduction in seabird interactions of 90% and 96 %
compared to no mitigation device. Given the uptake
of the bafflers and the sprayer in the CTS (about 95 %
of active vessels in total), it is likely the fishery has
reduced bycatch beyond the predicted 50% (from
2010 levels) needed to offset losses due to potential
future temperature changes (Thomson et al. 2015).

Management implications

This industry-led project directly addressed the
Australian Government policy of ‘bycatch reduction,
improved protection for protected species and min-
imising any adverse impacts of bycatch on the mar-
ine environment' (AFMA 2008), and supports the
SESSF's 2016 Wildlife Trade Operation certification
scheme which includes the requirement to imple-
ment management measures including bycatch de-
vices to address the risk of seabird interactions. The
study has also resulted in the design, construction
and implementation of 2 seabird mitigation devices
that perform significantly better than the previously
prescribed device. Engagement with AFMA was crit-
ical to this project's success and was facilitated by
AFMA representation on the project's steering com-
mittee. AFMA was involved throughout the project,
including in the experimental design, provision of
scientific permits for trials, description of require-
ments for a new device to be approved for use in sea-
bird management plans and in the application to
have devices approved.
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This research has demonstrated that mitigation
devices can be highly effective in removing heavy
interactions. The 2 devices trialled by this project
have shown significant potential to further reduce
seabird interactions.

Results of this project have directly influenced
management arrangements by providing flexibility
to fishers in fulfilling the requirements of SMPs.
While this project clearly demonstrated that the trial
devices exceeded performance of the control in re-
ducing seabird interactions, we acknowledge that
this study was limited to the 2 vessels used, and in the
area of the fishery covered. Pinkies have been shown
to effectively reduce seabird interactions (Pierre et
al. 2014), and retention of them as an approved device
(with the addition of offal management) as a permit-
ted seabird mitigation device maintains flexibility for
vessels operating infrequently. Based on results of
this study, however, SETFIA has strongly encour-
aged its members to use bafflers and, as of December
2017, of the 37 active demersal trawl vessels in the
CTS, 1 vessel is using sprayers, 2 part-time vessels
are using pinkies/offal management and the remain-
der of the fleet are using bafflers.

This study shows that positive environmental out-
comes can be achieved when industry members take
ownership of their conservation challenges. Our
study suggests that both sprayers and bafflers can
provide substantial improvements to the conservation
status of seabirds, in addition to the health and safety
of crew, and should be considered for implementation
in other trawl fisheries in Australia and globally.
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