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Preliminary results examining factors affecting bycatch of black-browed albatross and
wandering albatross: relationship between distribution probability and bycatch probability
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Abstract

How bycatch rate (BPUE; birds caught per 1000 hooks) is affected by the seabird
probability distribution and/or the number of seabird around longliners in setting was examined.
Habitat models of black-browed albatross and wandering albatross were examined by MaxEnt, and
then modeling selection was done with zero-inflated model including these factors. Both the seabird
probability distribution and the number of seabird around longliners in setting were affected to
bycatch rate; the former had negative effect while the latter had positive effect. The result suggested
that bycatch rates were not directly related to the species distribution in our study, that there are other
factors that cause albatrosses to gather around fishing boats locally and that the bycatch rates
become high only when the albatrosses are in high densities during setting. These outputs were
preliminary ones and habitat modeling is needed to consider colony size, year and season and factors
affecting bycatch rate is need to include bycatch mitigation measure effects or/and probability

distribution of petrel species which cause secondary attack in future analysis.
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Introduction

Seabird bycatch, in which seabirds are accidentally caught in pelagic longline fisheries,
has been linked to the decline of seabird populations (Brothers 1991, Weimerskirch et al. 1997,
Wanless et al. 2009), especially many albatross species in the southern hemisphere, many of whom

are listed as threatened (IUCN 2012). All tRFMOs have adopted conservation management measures
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introducing appropriate mitigation measures (WCPFC 2007, CCSBT 2011, IOTC 2010, ICCAT
2007, 2011). Understanding the factors affecting bycatch, the areas and seasons in which there is
high risk, is essential information to reducing bycatch.

High risk areas of bycatch has been assessed by identifying overlap between seabird
distribution and fishing effort distribution and considering the vulnerability of each species to
bycatch using ecological risk assessment (ERA) techniques (Hobday et al. 2011, Waugh et al. 2012,
Small et al. 2013). ERA is effective especially in situations where risk has to be evaluated over broad
areas with limited bycatch information. On the other hand, the availability of bycatch information
across broad areas could enable further understanding of factors affecting bycatch, and evaluation
and revision of ERAs.

Spatial occurrence data of bycatch has been reported only in local area (reviewed by
Lewison et al. 2005, Brothers et al. 1999, Bugoni et al. 2008) Lewison et al. (2005) suggested that
bycatch data of large range allow to examine factors affecting bycatch rate. Using Japanese scientific
observer data with photo taking, sampling and autopsy classification, we can test large scale bycatch
distribution in each species.

To estimate the distribution of broad-ranged pelagic seabirds, which have been frequently
caught in accident, (Inoue et al. 2011), it is crucial to use tracking data. However, tracking data are
not available for the distribution of all colonies of southern hemisphere seabird vulnerable to bycatch.
In our study, we model the relationship between oceanic environment and seabird distribution from
tracking data using habitat modeling (Wakefield et al. 2011, Arcos et al. 2012, Corre et al. 2012) to
create an estimated seabird spatial probability distribution. This allows an estimate of seabird spatial
distribution for colonies where tracking data is lacking.

In our study, to identify factors affecting bycatch, we test the following hypotheses:1)
bycatch rate (birds caught per 1000 hooks) is high when the seabird probability distribution is high.
2) bycatch rate is high when the number of seabirds around the fishing boat during the set is high. To
examine these hypotheses firstly we estimate seabird distribution with habitat modeling. Secondly,

we select the best model to explain the hypotheses above using zero-inflated models.
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Materials and Methods
Materials

We used black-browed albatross (Thalassarche melanophris) and wandering albatross
(Diomedea exulans) in our analysis. These two species are known to be bycaught by pelagic
longliners (Inoue et al. 2011), and are species listed as Endangered and Vulnerable, respectively, on

the IUCN Red List (IUCN 2012).

Tracking data

Tracking data used in this analysis were provided with permission of the data owners for
the relevant data sets held with Global Procellariiform  Tracking  Database
(www.seabirdtracking.org).

We used tracking data of Black-browed and Wandering albatrosses held in the Global
Procellariiform Tracking Database (BirdLife International) to estimate the breeding and
non-breeding distributions of both species. These data were collected using GPS, PTT or GLS
devices, deployed in the main breeding sites of each species (Black-browed albatross: Islands of
Falklands/Malvinas, South Georgia, Macquarie, Kerguelen, Heard and McDonald, Diego de
Almargo, Diego Ramirez and Ildefonso, 1675 tracks in total; Wandering Albatross: South Georgia,
Crozet, Kerguelen, Macquarie and Prince Edward Islands, 588 tracks in total). PTT, GPS and GLS
data were speed filtered in order to remove unrealistic positions as per the methods described in
BirdLife (2004). Mean velocities were calculated for each point based on a 4 point rolling window

(following McConnell et al, 1992). A maximum realistic velocity was set (100 km.hr-1 for
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albatrosses and petrels) and, using the comparison of this value with the velocity of each point, the
least realistic positions are removed iteratively. For PTT data additional satellite quality metadata
was included in the speed filter to improve accuracy. Once filtered, tracking data were standardized
to provide temporally regular positions. PTT and GPS data were resampled to represent hourly
positions, while GLS data were resampled to provide two positions per 24 hours.

The distribution of each species was estimated using kernel analysis. The available data for
each colony and breeding stage were used to produce a density map (probability of distribution for
each 0.1x0.1 o grid cell), and then the maps for all the colonies were combined by weighing the

relative contribution of each colony (in terms of number of breeding pairs).

Bycatch data

We used observer data gathered from 1997 to 2009 by the southern bluefin tuna Japanese
scientific observer program. Before sailing, observers were trained via a lecture on data gathering
protocols. Observers recorded data on all caught fish and bycaught seabirds and took photographs
based on instructions in a manual (NRIFSF 2013). Using the photos taken by observers, experts
(Hiroshi Minami, Peter Ryan, Paul Scofield, and Yukiko Inoue) identified the species of all bycaught
seabirds. Adults of black-browed albatross can be identified from Campbell albatross, though we
used both Campbell albatross and black-browed albatross young and immature individuals for the
analysis because these cannot be distinguished by photo. Similarly, we used the number of all
possible wandering albatross (Diomedea exulans) for analysis after identifying the wandering group
as precisely as possible using photos.

Sample sizes of bycatch data from observer program were attached in Table 1.

Analysis
1) Estimation of seabird probability distribution

To estimate seabird probability distribution, MaxEnt was used. A dependent variable was
created by randomly resampling 40% of the area of the 99% UD for each species. We defined sea
surface temperature, spatial gradient of sea surface temperature, chlorophyll a, spatial gradient of
chlorophyll a, sea surface height, eddy kinetic energy, bathymetry, bottom slope, distance from
colony, and distance from front as environmental independent variables (Figure 1). These variables
were divided by season (breeding-nonbreeding) in black-browed albatrosses. This process, both
resampling and the MaxEnt modeling, was replicated 100 times, and the predicted probability
distributions of black-browed albatross and wandering albatross were averaged using a resolution of
1x1 degree. We analyze map of breeder and non-breeder separately (Figure 3). Then, we multiplied
them by approximate ratio of breeder/non-breeder and add them for using for zero-inflated model.

2) Factors affecting seabird bycatch rate
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We used black-browed albatross bycatch rate and wandering albatross bycatch rate as
dependent variables. Independent variables were year, season (breeding-nonbreeding), night time
ratio in setting, which is total duration of setting time divided by duration of night time during set,
probability distribution of the species, number of albatrosses around the boat during set, with
observed hooks as an offset. Zero-inflated models were used for model selection and the best model

was selected from AIC with stepwise method.
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Result

1) Estimation of distribution of black-browed albatross and wandering albatross

Figure 3 illustrates the probability distributions of black-browed albatross and wandering

albatross estimated by Maxent models. The areas with high predicted distribution generally agreed
with the areas with high utilization distribution calculated from the tracking data(Figure 2, 3). In
addition, for colonies in which no tracking data were available, both the black-browed and
wandering albatross models identified areas of predicted distribution around these colonies. On this
basis, we concluded that the probability distribution of these two species would be appropriate to use
for evaluation of factors affecting BPUE.

2) Factors affecting BPUE
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In the black-browed albatross model, the factors selected were year, season
(breeding-nonbreeding), probability distribution of black-browed albatross, number of albatrosses
around the boat during setting (Table 2). The coefficient for season was positive, suggesting that
higher bycatch rates are associated with distribution during the breeding season. Coefficient of
distribution of black-browed albatross was negative (Figure 4) while number of albatrosses around
the boat in setting was positive, suggesting that the BPUE is high when many seabird gather around
the fishing boat in setting, at small scale.

For wandering albatross, year, night time ratio during setting, probability distribution of wandering
albatross, number of albatrosses around the boat in setting were selected (Table 2).Similar to
black-browed albatross, the relationship to probability distribution was negative (Figure 4), and the
relationship with number of albatrosses around the boat during setting was positive. Similarly, this

suggests that BPUE seems to be high when the albatrosses gather around the longliners.
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Discussion

Bycatch rates of both black-browed albatross and wandering albatross were affected by
seabird distribution at the small scale. The data from the southern bluefin tuna Japanese scientific
observer program suggest that the BPUE increases when many albatross are present around

longliners during setting.
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At the large scale, our results indicate that seabird probability distribution was not
positively related with bycatch rates. This result suggests that there are other factors that cause
albatrosses to gather around fishing boats locally and that the bycatch rates become high only when
the albatrosses are in high densities during setting. In Ecological Risk Assessments for seabirds,
there is an assumption that risk is related to seabird distribution density along with a ‘catchability’ or
‘vulnerability’ factor per species. However, in contrast the bycatch rates were not directly related to
the species distribution in our study, indicating the need for further identification and definition of
factors which increase bycatch risk and bycatch rates. On the other hand, these results are currently
preliminary: further data need to be incorporated on seabird distribution for black-browed albatross
and wandering albatross colonies for which tracking data were not available for this analysis. In
addition, bycatch rates will be affected by vessel specific factors such as use of bycatch mitigation
measures, which have not yet been assessed. Farther estimation is needed to consider other factor
strongly affect to distribution density in near future.

In black-browed albatross, the number of bycatch was higher in breeding season than in
non-breeding season. Adult might forage baited hooks in the season when adult energy demand gets

high. It is needed that the developmental stage of bycaught seabirds should be tested in prospect.
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Future plan

The results so far are preliminary though there is some new information. In the future, we
plan next process;1) Considering variation of colony sizes, years and seasons in habitat modeling, 2)
applying other habitat modeling such as GAMM or GLM, 3) considering mitigation measures,

diving seabird distribution which cause secondary attack in examining factors affecting BPUE.
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Table 1. Sample size of observer data

Observed hooks

CCSBT-ERS/1308/13 (Rev.1)

Area -2°-80° 80°-150° 150°-180°
Season brgzging Breeding brgce);ing Breeding brgzging Breeding
1997 332332 344144 330896 23391 104583
1998 237266 73956 398308 261323
1999 187383 231600 284902
2000 241978 57138 14255 7553 147973
2001 307244 47619 246536 13609 23984
2002 268603 4693 151214 6831 110256
2003 234377 114537 184433 29310 165391
2004 527764 70109 11794 28684 187230
2005 5353 365401 284036 46626 74167
2006 478797 30546 209389 5997 10413
2007 4581 281125 45728 328115
2008 72419 20826 84256 138454
2009 112330 64793 87607 84169
BPUE ofBBA
Area -2°-80° 80°-150° 150°-180°
Season erZZing Breeding brgzging Breeding erZZing Breeding
1997 0.021 0.026 0.024 0.000 0.000
1998 0.008 0.014 0.018 0.000
1999 0.016 0.056 0.035
2000 0.037 0.035 0.000 0.000 0.007
2001 0.007 0.042 0.000 0.000 0.000
2002 0.034 0.213 0.026 0.000 0.027
2003 0.004 0.009 0.005 0.000 0.000
2004 0.006 0.000 0.000 0.000 0.000
2005 0 0.011 0.007 0.021 0.013
2006 0.010 0.131 0.029 0.000 0.000
2007 0 0.014 0.000 0.030
2008 0.014 0.048 0.036 0.036
2009 0.018 0.000 0.023 0.000
BPUE of WAA
Area -2°-80° | 80°-150° [ 150°-180°
a year a year a year
1997 0.000 0.010 0.000
1998 0.008 0.004 0.000
1999 0.005 0.013 0.007
2000 0.012 0.000 0.013
2001 0.003 0.000 0.027
2002 0.004 0.000 0.000
2003 0.004 0.010 0.005
2004 0.008 0.000 0.005
2005 0.019 0.000 0.000
2006 0.019 0.021 0.000
2007 0.007 0.005
2008 0.000 0.010 0.022
2009 0.009 0.007 0.000
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Table 2 Factors affecting bycatch number of black-browed albatross(BBA) and wandering albatross(WAA)

Black-browed albatross

Selected factors Coefficient

Year(category variables)

Season (breeding-non-breeding) 0.073
Estimated probability of distribution in BBA -0.434
Number of albatross around longliners in setting 0.02

Wandering albatross

Selected factors Coefficient

Year(category variables)

night time ratio 1.77

Estimated probability of distribution in WAA -0.78

Number of albatross around longliners in setting 0.14
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1) Chlorophyll a
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8) Eddy kinetic energy
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Figure 1. Environmental factors used in MaxEnt models.
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4) Wandering albatross non-breeder

Figure 2 Estimated distribution density calculated by Kernel method. Orange area represents 50%UD, yellow area
represents 75%UD light sky blue represents 95%UD and sky blue represent 99%UD. These tracking data were
provided for the purposes of this analysis with permission from Richard Phillips (British Antarctic Survey)
Graham Robertson (Australian Antarctic Division), Henri Weimerskirch (CEB CNRS, France), Javier Arata
(Instituto Antartico Chileno), David Gremillet (CEFE, CNRS CNRS, France).
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4) Wandering albatross non-breeder

Figure 3 Distribution probability estimated by MaxEnt
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2) Wandering albatross

Figure 4 spatial distribution probability layered by bycatch probability. White-circle showed bycatch probability,

which is total bycatch number in each species divided by observed 1000 hooks in the resolution of 5x5 degree.



