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a  b  s  t  r  a  c  t

New  Zealand  sea  lions  are  incidentally  killed  in the  Auckland  Islands  squid  trawl  fishery.  Sea  lion  exclusion
devices  (SLEDs)  that  allow  animals  to escape  from  the  trawl  net  have  received  considerable  development
and  assessment  attention.  Nonetheless,  there  are  claims  that  some  animals  could  suffer  head  trauma
when colliding  with  the hard  grid  that  forms  part  of the SLED  and  this  may  compromise  post-escape
survival.  We  reviewed  published  and  unpublished  research  that  assessed  the  effectiveness  of  SLEDs  in
reducing  the  incidental  capture  (i.e.  bycatch)  of sea lions,  including  assessments  on the  likelihood  of
post-SLED  survival.  The  available  evidence  shows  that  SLEDs  are  effective  in  reducing  sea  lion bycatch  in
trawl  nets  and  contribute  to  reduced  rates  of observed  sea  lion  mortality  in  the  Auckland  Islands  squid
fishery.  Efforts  to  test  SLED  efficacy  have  shown  that  most  sea lions  are  likely  to  survive  following  their
escape  via  a SLED,  despite  the  shortage  of verifying  video  evidence  due  to  poor  visibility  at  fishing  depths.
Laboratory  necropsies  of  incidentally  caught  sea  lions  have  been  unable  to reliably  evaluate  post-SLED
survivability  of sea  lions  due  to the effects  of  on-board  handling  of  carcasses,  including  the  logistical
necessity  of  freezing  them.  Some  lesions  initially  considered  to be  evidence  of  trauma  were  subsequently
deemed  to  be  artefacts  of freezing.  Nonetheless,  there  was no  clear  difference  in the  trauma  assessments
between  sea  lions  caught  in  nets  with  and  without  SLEDs.  Biomechanical  modelling  suggested  it was

unlikely  that  impact  with  a  SLED  would  cause  fatal  brain  trauma  and  the probability  of concussion  that
could  result  in  post-SLED  drowning  was  probably  less  than  10%.  As  fisheries  bycatch  has  been  reduced  to
levels that  are unlikely  to be  driving  continued  decline  of  New  Zealand  sea  lions  at the Auckland  Islands,
future  work  may  be better  focussed  on  alternative  research  and  management  areas  that  may  be  more
effective  in  addressing  and  reversing  New  Zealand  sea  lion  population  decline.

© 2014  Elsevier  B.V.  All  rights  reserved.
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. Introduction

The endemic New Zealand sea lion (Phocarctos hookeri) (here-
fter referred to as “sea lion”) is listed as Vulnerable on the IUCN
ed List (Gales, 2008) and Nationally Critical on the New Zealand
hreat Classification system (Baker et al., 2010). Historically, sub-
istence hunting followed by commercial sealing greatly reduced
oth its population and breeding distribution (Childerhouse et al.,
010). Although formerly breeding throughout New Zealand, the
pecies is now largely confined to the New Zealand sub Antarc-
ic. Based on recent pup production estimates, 76% of all sea lion
ups are born at the Auckland Islands, with most others born at
ampbell Island (Maloney et al., 2009; Chilvers, 2012b; Ministry

or Primary Industries (MPI), 2012; Fig. 1). Some breeding has also
een recorded at the Snares Islands, Stewart Island and the Otago
eninsula (Chilvers et al., 2007).

Over the last twenty years, commercial trawl fisheries have been
mplicated in the observed decline of the sea lion population, due to
he incidental mortality (hereafter referred to as “bycatch”1) of sea
ions in trawl nets (Robertson and Chilvers, 2011). Annual estimates
rom all breeding locations in the Auckland Islands showed sea lion
up production which is the best index of relative overall popula-
ion size for this species, decreased from a peak of 3021 pups in
997/98 to a low of 1501 in 2008/09 (Chilvers et al., 2007; Robertson
nd Chilvers, 2011; Chilvers, 2012a; Childerhouse, 2014). Most sea
ion bycatch has occurred in the Auckland Islands squid fishery,
lthough bycatch has also been recorded in other trawl fisheries
perating in the same region (Thompson et al., 2013). Sea lions
ay  become caught when they opportunistically depredate from

rawl nets, because the probability of fish being hauled nearer to
he surface is high and because these events negate the need to
ndertake energetically expensive dives to search for prey (Hamer
t al., 2013). They may  choose to dive on a net when it is being set to
epredate fish enmeshed from the previous fishing event (known
s ‘stickers’), or may  use operational cues to dive on the net as it
s being hauled to depredate freshly caught fish. Alternatively, sea
ions may  be caught when they are foraging naturally in the same
reas and depths that trawl nets are operating.

The annual Auckland Islands squid fishery targeting Nototodarus
loanii is one of New Zealand’s largest and more valuable fisheries,
sing a combination of bottom and mid-water trawls operating
cross the shelf at bottom depths of about 150–250 m (Ministry of
griculture and Forestry, 2012). Peak activity in the fishery occurs
etween February and May  (Ministry of Agriculture and Forestry,
012), which coincides with part of the lactation period for breed-

ng female sea lions when lactating mothers are regularly and
requently foraging at sea (Chilvers, 2008). Although the forag-
ng areas and depths of sea lions are not completely understood,
racked sea lions have been shown to overlap, in part, with com-

ercial trawl fishing activity in the Auckland Islands squid fishery
Chilvers, 2008, 2009).

The incidence of sea lion mortality in the Auckland Islands squid
shery has been monitored by government observers since 1988
Wilkinson et al., 2003), although observer coverage has varied
rom less than 10% to 99% (Fig. 2). The mean estimated level of
ycatch peaked in the mid  to late 1990s (specifically at 131 in

995/96 and at 142 in 1996/97; Thompson et al., 2013). As a result,
ea lion conservation management has focused on this fishery, with

 number of research projects commissioned to assess the impacts

1 For the purposes of this paper, the term “bycatch” is used, in general, to cover the
ccidental capture of sea lions in trawl nets. It is also assumed that captures are the
quivalent to mortalities. Note that in New Zealand literature the term “bycatch” is
sed to describe non-target fish catch of commercial value and “incidental mortality”

s  used in relation to sea lions killed in fishing nets.
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of sea lion bycatch and the development and assessment of new
approaches to reduce those impacts. Management aimed at miti-
gating sea lion bycatch includes the establishment of a 12 nautical
mile marine reserve around the Auckland Islands which excludes
all fishing within that range, the imposition of mortality limits that
can trigger spatio-temporal closures, and the development and
implementation of a ‘Sea Lion Excluder Device’ or SLED (Fig. 3;
Ministry of Agriculture and Forestry, 2012). The SLED comprises
an additional section of netting inserted between the lengthener
and codend of the trawl net with an angled two  or three part metal
grid that is designed to direct sea lions to an escape hole in the
top of the net and exclude them from the trawl codend (Fig. 3;
Wilkinson et al., 2003; Abraham, 2011; Middleton and Breen, 2011;
Ministry of Agriculture and Forestry, 2012; Roe and Meynier, 2012).
A standardised SLED design for the fishery has been widely adopted.
This includes grid bar spacing of 23 cm to reduce the probability of
smaller sea lions passing through the grid and becoming trapped in
the codend, a hood and kite fitted to the top-mounted escape hole,
and additional floats incorporated on the top of the hood to ensure
the kite and hood operates properly in all conditions and the escape
hole remains open during fishing (Ministry for Primary Industries
(MPI), 2012). Similar exclusion devices have been developed in
Australian fisheries to reduce the mortality of fur seals although
exclusion devices can differ significantly between fisheries, par-
ticularly in terms of the location of the escape hole (Hamer and
Goldsworthy, 2006; Tilzey et al., 2006; Lyle and Willcox, 2008) and
the use of a kite and hood (Ministry for Primary Industries (MPI),
2012).

Any sea lion that is caught in a trawl net that does not have a
SLED fitted will die whereas SLEDs provide an opportunity for sea
lions to escape trawl nets. It is considered that SLEDs direct the
majority of sea lions that enter trawl nets out of the net. However,
a small number of sea lions are still incidentally caught, retained
and hauled aboard by vessels fitted with SLEDs (Thompson et al.,
2013). These animals die within the net by drowning or trauma (Roe
and Meynier, 2012). Drowning may  occur if the sea lion is unable
to negotiate the SLED within its breath-holding ability or there is a
failure with the SLED escape route such as when the hood collapses
and subsequently closes the escape hole (Roe and Meynier, 2012).
Issues with the hood potentially closing the escape hole have been
largely addressed through use of a kite and floats and by regular
audit and compliance checks of the fishing fleet (e.g. Clement and
Associates Ltd, 2007). Trauma could occur either from impact with
the SLED grid or some other part of the trawl net system (Roe and
Meynier, 2012).

The implementation of the SLED as a mitigation measure has
attracted controversy. Sea lion bycatch dropped substantially in
the Auckland Islands squid fishery following the introduction of
SLEDs which were in widespread use by 2004/05 (Fig. 2). How-
ever, the continued decline in the estimated sea lion population
from 2004/05 to 2008/09 (when the lowest pup production was
reported) led to concerns that fisheries-related mortality contin-
ued to be an issue for this species (Chilvers, 2012b; Robertson and
Chilvers, 2011). This was based on claims that some animals enter-
ing a net may  have suffered head trauma when they collided with
the SLED’s hard grid that caused either immediate or post-escape
mortality (Robertson and Chilvers, 2011). Concerns were raised
that some sea lions may  die within the net and fall out of the escape
hole during hauling (Roe, 2010; Roe and Meynier, 2012) or that
some sea lions may  die after escaping through a SLED (Robertson
and Chilvers, 2011), both of which could lead to underestimates of
bycatch.
In view of the uncertainty regarding the use of SLEDs in the
Auckland Islands squid fishery, we undertook a review of the largely
unpublished research and data assessments to evaluate the efficacy
of SLEDs in reducing sea lion bycatch. There is benefit in ensuring
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Fig. 1. Location of New Zealand sea lion breeding populations on New Zealand su

hat approaches developed to mitigate bycatch are effective and, if
ot, to move to adopt other measures to address a significant issue

or sea lion conservation and for fishery management.

. Methods

We  reviewed all available published and unpublished literature
n research that aimed to assess the efficacy of SLEDs in reduc-
ng sea lion bycatch. Two areas of research were identified that, in
eneral, addressed the following questions:
(i) Do SLEDs allow sea lions to escape from trawl nets and do these
animals survive?

ii) Is head trauma likely when a sea lion comes into contact with
a stainless steel SLED grid?
arctic islands (figure provided by Ministry for Primary Industries, New Zealand).

The bodies of work that were reviewed included:

• an experimental approach where sea lions were deliberately
trapped after passing through a SLED;

• assessments of the survivability of sea lions passing through a
SLED based on reported reviews of necropsy results and video
monitoring;

• attempts to obtain additional video footage of SLEDs during fish-
ing operations;

• re-analysis of video footage from an Australian study of fur seals
passing through a Seal Exclusion Device (SED) to obtain compar-
ative data on the nature of collisions;
• a biomechanical study that simulated the impact of sea lions hit-
ting the metal grid of a SLED; and,

• modelling of the risk of sea lions suffering mild traumatic brain
injury (concussion) after striking a SLED grid.
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Fig. 2. The observed number of captures (dark grey triangles) and mean estimated captures (black squares; error bars = 95% confidence interval) per year of New Zealand
sea  lions in the Auckland Islands squid fishery from 1995/96 to 2010/11. The % observer coverage (light grey circles) is also shown. Data taken from Thompson et al. (2013).

Fig. 3. Standard New Zealand Sea Lion Excluder Device used within the Auckland Islands squid trawl fishery (figure provided by Deepwater Group Ltd., New Zealand).



2 ries R

3

3
a

e
s
w
w
t
s
o
M
d
d
e
c
w
f
t
v
H
f
t
s
s
N
c
h
i
e
c
i
(
i
M
s
t

i
2
S
t
s
fi
o
(
t
r
a
s
d

o
v
i
(
l
(
o
d
s

c
w

04 S. Hamilton, G.B. Baker / Fishe

. Results and discussion

.1. Evidence that SLEDs allow sea lions to escape from trawl nets
nd that they survive

An experiment was carried out where sea lions that successfully
xited the SLED were retained within an external cover net (with a
mall number documented on video) and later necropsied to assess
hether SLEDs enabled the escape of sea lions from trawl nets and
hether they survived the process, (Wilkinson et al., 2003). Due

o the extended periods (i.e. up to several weeks) that trawlers
pend at sea each trip, it has been necessary to freeze the carcasses
f caught sea lions for any later research examinations (Roe and
eynier, 2012). During 1999 and 2000, six sea lions were inci-

entally caught in nets fitted with SLEDs and, of these, five were
irected out of the SLED and retained in the cover net (Wilkinson
t al., 2003). In 2001, 33 sea lions were caught in trawl nets with
over nets and, of these, 30 (i.e. 91%) passed through the SLED and
ere retained in the cover net, although video footage was obtained

or only three animals. Although the sample size was  very small,
he footage indicated the three animals were likely to have sur-
ived if the cover net had not been present (Wilkinson et al., 2003).
owever, a veterinary pathologist who examined the retained and

rozen carcasses concluded that at least one and possibly two  of
hese animals exhibited severe internal trauma which was  con-
idered, at the time of the assessment, would have led to their
ubsequent death (Gibbs et al., 2001 cited in Wilkinson et al., 2003).
ecropsy assessments of all 30 animals retained and frozen in 2001
oncluded that at least 55% of them had suffered trauma that would
ave compromised their post-exit survival (Gibbs et al., 2001 cited

n Wilkinson et al., 2003). However, Gibbs et al. (2003) acknowl-
dged that freezing the carcasses may  have induced changes that
ould be confused with true lesions. In 2008 and 2009, an exper-
ment using five chilled and five frozen New Zealand fur seals
Arctocephalus forsteri) recovered from trawl nets (without SLEDs)
n the Cook Strait hoki (Metanephrops challenger)  fishery (Roe and

eynier, 2012) reported that, although based on a small sample
ize, some lesions originally interpreted and reported to be due to
rauma were indeed artefacts of freezing (Roe and Meynier, 2012).

A re-evaluation of the 2000/01 trial when sea lions were retained
n a cover net after successfully exiting a SLED (Wilkinson et al.,
003), concluded that assessing the likelihood of longer term post-
LED survival was difficult (Roe and Meynier, 2012). This was  due to
he inconsistencies between observations of the three video-taped
ea lions, the small sample size, the uncertainties with necropsy
ndings as well as the inability to measure longer term survival
f these animals (Roe and Meynier, 2012). Middleton and Breen
2011) supported the original conclusion by Wilkinson et al. (2003)
hat the three videoed animals who escaped via a SLED (and
etained in a cover net) were likely to have survived their inter-
ction with the SLED as their post-SLED survival was questioned
olely on the basis of necropsy results that were subsequently
eemed inconclusive.

Although it would be desirable to obtain more visual evidence
f sea lions passing through SLEDs, there is an absence of useful
ideo footage of SLED interactions for this fishery due to poor vis-
bility at fishing depths. We  reviewed a sample of video footage
of approximately 600 h recorded) which has primarily been col-
ected to assess SLED deployment and engineering characteristics
R. Wells, personal communication). We  found it was impossible to
bserve SLED efficacy at fishing depths as visibility was  very poor
ue to lighting limitations, water depth, fine debris and squid ink

uspended in the water column.

Necropsy data have been collected from sea lions incidentally
aught in trawl fisheries since 1996/97. A review of necropsy data
as carried out for sea lions recovered from nets with (n = 98) and
esearch 161 (2015) 200–206

without (n = 50) SLEDs as well as a further 15 carcasses that had no
information on whether a SLED was used or not (Roe and Meynier,
2012). Although the aim of necropsies undertaken from 1996/97
to 1999/2000 was  to obtain morphometric information and not to
assess the types or severity of injuries (Roe, 2010), a consistent
method of trauma classification criteria was applied to all past data
(Roe and Meynier, 2012). It was acknowledged that any assessment
of long-term necropsy data was  compromised by the understand-
ing that some lesions originally thought to be due to trauma were
artefacts of freezing (Roe and Meynier, 2012). However, necropsy
assessments for all 163 animals concluded that all had died as a
result of drowning (Roe, 2009; Roe and Meynier, 2012). Further-
more, the data indicated that the overall reported trauma severity,
the prevalence of apparent head bruising and/or patterns of bruis-
ing involving the sternum, shoulders and axillae appeared to be
unrelated to whether or not a SLED was fitted to the trawl net
(Roe and Meynier, 2012). In addition, many injuries that were
observed on carcasses were thought to have occurred well before
death (Gibbs et al., 2003; Roe and Meynier, 2012). It is known that,
prior to freezing, dead animals have been handled poorly on board
vessels with reports that carcasses were often moved considerable
distances through the vessel and, by necessity, dropped up to 8 m
into vessel holds as they could not pass through product handling
systems due to their size (R. Wells, personal communication).

Middleton and Breen (2011) undertook a review of veterinar-
ian evaluations of necropsy assessments from incidentally caught
sea lions and reiterated that Roe (2010) and Roe and Meynier
(2012) established that a number of lesions previously classified
as ‘acute blunt trauma’ were most likely artefacts from freezing the
carcasses. Supported by reviews of original necropsy data by Roe
and Meynier (2012), the cause of death for all necropsied sea lions
remained as drowning and not the direct effects of trauma injuries.
However, Middleton and Breen (2011) identified that there was an
increasing focus on the possibility of head trauma during several
veterinary assessments that aimed to inform the likelihood of sea
lions surviving overall trauma if the animal had not drowned in
the net (e.g. Roe, 2010; Roe and Meynier, 2012). Despite indica-
tions that head lesions could equally also be artefacts of carcass
freezing, necropsy assessments scored such lesions conservatively
and considered that any indication of head injury had the potential
to reduce survival through reduced consciousness (Middleton and
Breen, 2011).

3.2. Evidence of a low risk of significant head trauma when sea
lions come into contact with stainless steel SLED grids

In the absence of substantial video footage of New Zealand sea
lions interacting with SLEDs, the New Zealand government and
other squid fishery stakeholders considered that the behaviour and
responses of fur seals to SED interactions may  provide information
to help assess the possible nature of sea lion and SLED interac-
tions and, in particular, the potential of head trauma injuries that
may result from head-first collisions with a metal grid (Ministry
for Primary Industries (MPI), 2012). Therefore, a review was  under-
taken (Lyle, 2011) of video footage from a 2006/07 study of fur seals
interacting with SEDs deployed in the Australian Small Pelagic Fish-
ery (Lyle and Willcox, 2008). The nature (i.e. whether seals struck
the grid, the speed at which they struck and where on the grid the
impact occurred) and potential consequences of collisions with a
rigid steel grid were reviewed (Lyle, 2011). Interactions with the
SED were described for 132 seals, although the clarity and qual-
ity of the video footage influenced how much information could

be obtained for each interaction (Lyle, 2011). About one third of
the seals that entered via the mouth of the trawl approached the
SED head-first and most of them experienced a head-first colli-
sion with the grid (usually the upper half of the SED grid) with
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he angle of the head usually more or less perpendicular to the grid
Lyle, 2011). Impact speeds were estimated with head-first impacts
rom the first interaction a seal had with the SED occurring at a
lightly faster speed (average 3.5 m s−1, range 2.9–6.1 m s−1) than
ubsequent head-first collisions (Lyle, 2011). Impact speeds were

 function of trawl speed and seal swimming speed, with trawl
peeds ranging 1.5–2.6 m s−1 (3–5 knots), suggesting that some
eals were gliding rather than actively swimming within the net
Lyle, 2011). There was  no significant difference in the mortality
ates between seals that had at least one head-first collision with
he SED grid and those that did not contact the SED head-first (Lyle,
011). It was considered that the likely speed and location of col-

isions that were inferred and the estimated collision speeds were
onsistent with the observed swimming speeds for New Zealand
ea lions (Ministry for Primary Industries (MPI), 2012). Lyle (2011)
id not discuss the implications of the video footage assessment on
he extent and nature of impact injuries or the subsequent survival
f fur seals as there had been no post-interaction or post-mortem
xamination of the seals during the original 2006/07 study.

Biomechanical modelling to estimate the impact of head-first
ollisions between sea lions and SLED grids (Ponte et al., 2010;
inistry for Primary Industries (MPI), 2012) indicated that it was

xtremely unlikely that an impact with a SLED would cause brain
rauma at a level to cause death (Abraham, 2011). To assess the
ikelihood of a sea lion acquiring a life-threatening brain injury or

ild traumatic brain injury (i.e. concussion) as a result of a head
mpact with a SLED stainless steel grid, Ponte et al. (2010) used

 validated method for measuring head impact injury in human
edestrians (‘crash tests’) with scaling and extrapolating to account
or the relative head and brain mass of a sea lion. For particular
mpact locations on the grid, the likelihood of a life-threatening
rain injury, based on swim and collision speed and effective sea

ion head mass, was determined using the ‘crash test’ results (Ponte
t al., 2010). These results indicated that a sea lion impacting with
he grid may  incur some sort of brain injury. Ponte et al. (2010)
ummarised a scenario where a female sea lion had a 10 m s−1 col-
ision with the SLED grid at the stiffest location which indicated
he likelihood of a life-threatening brain injury may  be higher than
5%. However, this impact speed is likely to represent the worst
ase scenario, especially if Lyle’s (2011) fur seal interaction speeds
average 3.5 m s−1, range 2.9–6.1 m s−1) are considered indicative
f New Zealand sea lion interactions, and may  be more dependent
n individual sea lion behaviour than the grid design (Industrial
esearch Ltd., 2011). It was considered that a more realistic sce-
ario would be to estimate the probability of a fatal impact and
hen design the SLED accordingly (Industrial Research Ltd., 2011).
sing modelling simulations, Abraham (2011) estimated the prob-
bility that a sea lion interacting with a SLED suffers concussion
sing results from the ‘crash-test’ methodology (Ponte et al., 2010)
nd re-analysis of video footage of fur seals interacting with SEDs
Lyle, 2011). This study sought to test the likelihood of the con-
itions (speed, orientation, number of impacts, area of the grid)
eeded to induce concussion. The simulation included parame-
ers such as the location that animals collide with the SLED grid
nd the speed of impact, as well as data on the typical num-
er of head collisions between fur seals and the grid (Abraham,
011). The probability of a concussion that could result in the ani-
al  drowning after exiting the SLED was very unlikely to exceed

0% (Abraham, 2011). There are a number of limitations in this
odelling work when considering sea lion interactions with the
uckland Islands squid fishery. These include the unknown level of
caling of the simulated risk of brain injury predictors to actual val-

es experienced by sea lions, the use of data derived from humans
o calculate concussion probability, and the use of data from fur
eals in an Australian fishery to obtain grid collision information
Abraham, 2011).
esearch 161 (2015) 200–206 205

4. Summary and future directions

Since the implementation of mitigation techniques, including
the widespread deployment of SLEDs, there has been an encour-
aging reduction in the sea lion bycatch reported for the Auckland
Islands squid fishery (Fig. 2; Thompson et al., 2013). It is considered
that the risk of sea lions dying in the net and falling out of the escape
hole and, therefore, not being included in reported fisheries-related
bycatch observations is unlikely (although there has been no spe-
cific work to address this) due to the SLED configuration, primarily
the fitting of a hood on a top-mounted escape hole (Ministry for
Primary Industries (MPI), 2012). With continued commitment to
mitigation, and maintaining adequate observer coverage, further
reductions in estimated bycatch levels should be achievable.

While there is evidence to suggest SLEDs reduce the numbers of
animals trapped by increasing the number that can escape, there
have been suggestions that SLEDs may  be ineffective in reducing
sea lion mortality because some animals may  die later from injuries,
particularly head trauma. However, the extensive efforts to test the
efficacy of SLEDs have shown that most sea lions are likely to survive
following their escape from a trawl net via a SLED. Future research
to address any remaining uncertainty regarding the post-SLED sur-
vival of sea lions could focus on the use of technology to remotely
record animals that pass through a SLED, followed up with assess-
ments of the survival of these animals. Technological options could
include the use of acoustic tags fitted to sea lions and receivers
installed on the escape holes of SLEDs as suggested by Bradshaw
et al. (2013). However, such work would require the handling of
large numbers of animals, substantial financial investment and,
depending on the technology used, may  require assessments on
the impact of this research on target species catch rates

It is likely that there are other factors that are primarily respon-
sible for the continued reported decline of the New Zealand sea
lion population at the Auckland Islands. Disease events have been
reported at sea lion breeding colonies over the last 20 years that
have affected adult females and their pups. Epizootic events affect-
ing pup production were reported for the 1997/98, 2001/02 and
2002/03 seasons, with adult female mortality also occurring dur-
ing the 1997/98 event (Wilkinson et al., 2003; Castinel et al., 2007;
Chilvers, 2008; Department of Conservation, 2009). Population
modelling, taking into account infrequent epizootic events (once
every 15 years) and current levels of fisheries bycatch, indicated
that, even under these pressures, there would be slow population
growth of the sea lion population at the Auckland Islands (Hamilton
and Baker, unpublished). However, there are recent indications
that both the frequency and magnitude of epizootic events may
have been underestimated due to researchers leaving the Auckland
Islands before pups go to sea (S. Childerhouse, personal communi-
cation). Recent modelling has indicated that the continued New
Zealand sea lion population decline at the Auckland Islands is
unlikely to be related to direct fisheries impacts (with reported
bycatch of adult animals), but more likely linked to decreased
breeding productivity and mortality in the first year or two of life
(Hamilton and Baker, unpublished; Roberts and Doonan, 2014).

The research and assessments reviewed here indicate that SLEDs
have contributed to the reduction in New Zealand sea lion bycatch
in the Auckland Islands squid fishery and that most sea lions are
likely to survive subsequent to their escape from a trawl net via a
SLED. Furthermore, recent modelling has concluded that fisheries-
related mortality is unlikely to be the main driver of the continued
decline in the sea lion population at the Auckland Islands (Hamilton
and Baker, unpublished; Roberts and Doonan, 2014). Therefore,

future work may  be better directed towards alternative research
and management areas that may  be more effective in addressing
issues to reverse New Zealand sea lion population decline. This may
include research into the frequency, magnitude and mitigation of
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pizootic events, the scale and importance of changes in food avail-
bility, and management actions that increase pup survival on the
olony and in the first couple of years at sea.

cknowledgements

Thanks to Richard Wells for access to non-published reports rel-
vant to this paper. We  are grateful for the extensive work carried
ut by E. Abraham, R. Anderson, B. Banerjee, P. Breen, J. Lyle, L.
eynier, D. Middleton, G. Ponte, W.  Roe and A. van den Berg who

onducted much of the research reviewed here under contract to
he Deepwater Group Ltd. and the New Zealand Ministry of Fish-
ries (now Ministry of Primary Industries). The Deepwater Group
td. (Richard Wells and George Clement) provided funding for this
ork and comments on drafts of this paper. Simon Childerhouse

nd Aleks Terauds provided comments which greatly enhanced
arly drafts of this paper. The review of the manuscript under-
aken by Derek Hamer and an anonymous reviewer significantly
mproved this paper. We  also thank Priya Viswanathan, Andre
unt and the Editorial Board for managing the editorial processes
nvolved in the publication of this paper.

eferences

braham, E.R., 2011. Probability of mild traumatic brain injury for sea lions inter-
acting with SLEDs. In: Final Research Report for Ministry of Fisheries project
SRP2011-03 (Unpublished report held by the Ministry of Fisheries, Wellington).
21  pages. Reference available from authors on request.

aker, C.S., Chilvers, B.L., Constantine, R., DuFresne, S., Mattlin, R., van Helden,
A., Hitchmough, R., 2010. Conservation status of New Zealand Marine Mam-
mals (suborders Cetacea and Pinnipedia), 2009. N.Z. J. Mar. Freshwater Res. 44,
101–115.

radshaw, C.J.A., Haddon, M., Lonergan, M.,  2013. Review models and data under-
pinning the management of fishing-related mortality of New Zealand sea lions
(Phocarctos hookeri), in the SQU6T trawl fishery. In: Report to the New Zealand
Ministry for Primary Industries, July 2013, Reference available from authors on
request.

astinel, A., Duignan, P.J., Pomroy, W.E., Lopez-Villalobos, N., Gibbs, N.J., Chilvers, B.L.,
Wilkinson, I.S., 2007. Neonatal mortality in New Zealand sea lions (Phocarctos
hookeri)  at Sandy Bay, Enderby Island, Auckland Islands from 1998 to 2005. J.
Wildl. Dis. 43, 461.

hilderhouse, S., 2014. Preliminary Report for CSP Project 4522 New Zealand sea
lion  ground component 2013/14. In: Blue Planet Marine: Report to Department
of  Conservation. Department of Conservation, Wellington, New Zealand,
http://www.doc.govt.nz/Documents/conservation/marine-and-coastal/
marine-conservation-services/pop-2013-01-preliminary-report-nz-sea-lion-
auckland-islands-2014.pdf (accessed 12 June 2014).

hilderhouse, S., Dawson, S.M., Slooten, E., Fletcher, D.J., Wilkinson, I.S., 2010. Age
distribution of lactating New Zealand sea lions: interannual and intersite varia-
tion.  Mar. Mamm.  Sci. 26, 123–139.

hilvers, B.L., 2008. Foraging site fidelity of lactating New Zealand sea lions. J. Zool.
276, 28–36.

hilvers, B.L., 2009. Foraging locations of female New Zealand sea lions (Phocarctos
hookeri)  from a declining colony. N. Z. J. Ecol. 33 (2), 106–113.

hilvers, B.L., 2012a. Research to assess the demographic parameters of New
Zealand sea lions, Auckland Islands 2011/12. In: Contract Number: POP 2011/01
Final Research Report. Aquatic & Threats Unit, Department of Conservation.
Report prepared for the Conservation Services Programme, Department of
Conservation, http://www.doc.govt.nz/Documents/conservation/marine-and-
coastal/marine-conservation-services/pop-2011-01-nz-sea-lion-field-report-
2011-12.pdf (accessed 12 June 2014).

hilvers, B.L., 2012b. Population viability analysis of New Zealand sea lions, Auckland
Islands, New Zealand’s sub-Antarctics: assessing relative impacts and uncer-
tainty. Polar Biol. 35 (10), 1607–1615.

hilvers, B.L., Wilkinson, I.S., Childerhouse, S., 2007. New Zealand sea lion, Pho-
carctos hookeri, pup production–1995 to 2005. N.Z. J. Mar. Freshwater Res. 41,
205–213.

lement and Associates Ltd., 2007. Squid Trawl Fleet Sea Lion Escape Device Audit.
A  Report Commissioned by Department of Conservation, September–October
2007. Clement and Associates Ltd., Nelson, New Zealand, http://www.doc.
govt.nz/documents/conservation/marine-and-coastal/fishing/csp-mit200405-
sled-audit-report.pdf (accessed 12 June 2014).
epartment of Conservation (DOC), 2009. New Zealand Sea Lion Species Manage-
ment Plan: 2009–2014. Department of Conservation (DOC), http://www.doc.
govt.nz/Documents/science-and-technical/sap251entire.pdf (accessed 12 June
2014).

ales, N., 2008. Phocarctos hookeri. In: ‘IUCN Red List of Threatened Species”. (IUCN
2010). Version 2010.4, www.iucnredlist.org (accessed 1 June 2011).
esearch 161 (2015) 200–206

Gibbs, N.J., Duignan, P.J., Jones, G.W., 2003. Part 3: Autopsy Report for 2000/01 (In:
Duignan, P.J.; Gibbs, N.J.; Jones, G.W. 2003. Autopsy of pinnipeds incidentally
caught in fishing operations 1997/98, 1999/2000, and 2000/01. DOC  Science
Internal Series 118.106 pages. http://www.doc.govt.nz/documents/science-
and-technical/dsis118.pdf (accessed 12 June 2014)).

Gibbs, N.J., Jones, G.W., Duignan, P.J., 2001. Autopsy of pinnipeds incidentally caught
in  commercial fisheries. In: Final report for the Department of Conservation CSI
contract 00/3026. Wellington, New Zealand, 47 pages. Cited in Wilkinson et al.,
2003.

Hamer, D.J., Goldsworthy, S.D., 2006. Seal–fishery operational interactions: identify-
ing the environmental and operational aspects of a trawl fishery that contribute
to  by-catch and mortality of Australian fur seals (Arctocephalus pusillus doriferus).
Biol. Conserv. 130, 517–529.

Hamer, D.J., Goldsworthy, S.D., Costa, D.P., Fowler, S.L., Page, B., Sumner, M.D., 2013.
The endangered Australian sea lion extensively overlaps with and regularly
becomes by-catch in demersal shark gill-nets in South Australian shelf waters.
Biol. Conserv. 157, 386–400.

Hamilton, S.A., Baker, G.B., 2014. Current incidental mortality levels in Auckland
Islands trawl fisheries unlikely to be driving New Zealand sea lion (Phocarctos
hookeri) population decline. Aquat. Conserv. (in press).

Industrial Research Ltd. (Banerjee, B.), 2011. Review of CAR report on impact charac-
teristics of a SLED grid. In: Report No. 36690492.01 Report for Deepwater Group
Ltd.  Industrial Research Ltd, Reference available from authors on request.

Lyle, J.M., 2011. Fur seal interactions with SED excluder device. In: SRP2010-03.
Report for Ministry for Fisheries, Wellington, New Zealand, Reference available
from authors on request.

Lyle, J.M., Willcox, S.T., 2008. Dolphin and seal interactions with mid-water
trawling in the Small Pelagic Fishery, including an assessment of bycatch
mitigation strategies. In: Final Report Project R05/0996. Tasmanian Aquacul-
ture and Fisheries Institute and Australian Fisheries Management Authority,
http://www.imas.utas.edu.au/ data/assets/pdf file/0005/149648/R05 0996
Final-Rep.pdf (accessed 12 June 2014).

Maloney, A., Chilvers, B.L., Haley, M.,  Muller, C.G., Roe, W.,  Debski, I., 2009. Distribu-
tion, pup production and mortality of New Zealand sea lion (Phocarctos hookeri)
on  Campbell Island/Motu Ihupuku, 2008. N. Z. J. Ecol. 33 (2), 97–105.

Middleton, D.A.J., Breen, P.A., 2011. Reviewing the review of the review: comments
on  the sea lion necropsy. In: Expert Panel Review Report, Reference available
from authors on request.

Ministry of Agriculture and Forestry, 2012. Aquatic Environment and Biodiver-
sity Annual Review 2011: A Summary of Environmental Interactions between
Fisheries and the Aquatic Environment. Fisheries Management Science Team,
Wellington, New Zealand, www.maf.govt.nz.

Ministry for Primary Industries (MPI), 2012. Squid (SQU6T)—Final Advice
Paper, http://www.fish.govt.nz/NR/rdonlyres/E920BB49-CFA7-4448-BDE5-
F708E0F5ACD2/0/FinalAdvicePaperSQU6T2012.pdf (accessed 12 June
2014).

Ponte, G., van den Berg, A., Anderson, R.W.G., 2010. Impact Characteristics of the
New Zealand Fisheries Sea Lion Exclusion Device Stainless Steel Grid. Centre for
Automotive Safety Research, The University of Adelaide, Australia, Reference
available from authors on request.

Roberts, J., Doonan, I., 2014. Demographic modelling—Initial Results. In: Project
4428 New Zealand Sea Lion—Demographic Assessment of the Causes of Decline
at the Auckland Islands. Progress report to Department of Conservation,
New Zealand, http://www.doc.govt.nz/Documents/conservation/marine-
and-coastal/marine-conservation-services/meetings/pop2012-02nzsealion-
demographic-assessment-initial-results.pdf (accessed 12 June 2014).

Robertson, B.C., Chilvers, B.L., 2011. The population decline of the New Zealand sea
lion Phocarctos hookeri: a review of possible causes. Mamm.  Rev. 41, 253–275.

Roe, W.D., 2009. Necropsy of marine mammals captured in New Zealand fisheries in
the 2007-08 fishing year. In: New Zealand Aquatic Environment and Biodiversity
Report No. 34. Ministry of Fisheries, Wellington.

Roe, W.D., 2010. External review of New Zealand sea lion bycatch necropsy data and
methods. In: Meeting held at the Institute of Veterinary, Animal and Biomedical
Sciences, Massey University Palmerston North, New Zealand (AEWG2010-93),
June 9th and 10th 2010, Reference available from authors on request.

Roe, W.D., Meynier, L., http://docs.niwa.co.nz/library/public/AEBR 98.pdf (accessed
12  June 2014) 2012. Review of necropsy records for bycaught New Zealand sea
lions (Phocarctos hookeri), 2000–2008. In: New Zealand Aquatic Environment
and Biodiversity Report No. 98, 43 pages.

Thompson, F.N., Berkenbusch, K., Abraham, E.R., 2013. Marine mammal
bycatch in New Zealand trawl fisheries, 1995–96 to 2010–11. In: New
Zealand Aquatic Environment and Biodiversity Report No. 105., pp. 73,
http://www.mpi.govt.nz/Default.aspx? TabId=126&id=1654 (accessed 12 June
2014).

Tilzey, R., Goldsworthy, S., Cawthorn, M.,  Calvert, N., Hamer, D., Russell, S.,
Shaughnessy, P., Wise, B., Stewardson, C., 2006. Assessment of seal–fishery
interactions in the winter blue grenadier fishery off west Tasmania and
the development of fishing practices and Seal Exclusion Devices to mitigate
seal bycatch by factory trawlers. In: Final Report to Fisheries Research and
Development Corporation (FRDC). Project no. 2001/008. February 2006., pp.
69,  http://data.daff.gov.au/brs/brsShop/data/frdc final reportv2.pdf (accessed

12 June 2014).

Wilkinson, I., Burgess, J., Cawthorn, M.,  2003. New Zealand sea lions and
squid—managing fisheries impacts on a threatened marine mammal. In: Gales,
N., Hindell, M.,  Kirkwood, R. (Eds.), Marine mammals: Fisheries, tourism and
management issues. CSIRO Publishing, Melbourne, pp. 192–207.

http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0005
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0010
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0015
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0020
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0025
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0030
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0035
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0040
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0045
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0050
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0055
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0060
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0065
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0070
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0075
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0080
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0085
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0090
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0100
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0105
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0110
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0115
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0120
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0125
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0130
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0135
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0140
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0145
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0175
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0150
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0155
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0160
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0165
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170
http://refhub.elsevier.com/S0165-7836(14)00224-0/sbref0170

	Review of research and assessments on the efficacy of sea lion exclusion devices in reducing the incidental mortality of N...
	1 Introduction
	2 Methods
	3 Results and discussion
	3.1 Evidence that SLEDs allow sea lions to escape from trawl nets and that they survive
	3.2 Evidence of a low risk of significant head trauma when sea lions come into contact with stainless steel SLED grids

	4 Summary and future directions
	Acknowledgements
	References


