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a  b  s  t  r  a  c  t

Maximum  sustainable  yield  (MSY),  often  defined  in  relation  to  a single  species  considered  in  isolation,
has  long  been  considered  a cornerstone  in  fisheries  management.  It is  difficult  to  expand  the concept
of  MSY  for  the purpose  of ecosystem-based  fisheries  management  (EBFM).  Here  we consider  MSY  for  a
fishery  in  a multispecies  fish  community  by addressing  issues  of  trophic  interaction  and  bycatch,  along
with  parameter  uncertainty.  A size-spectrum  model,  which  fully  considers  trophic  interactions  within
the  fish  community,  was  used  for  simulating  various  fisheries  scenarios  including  a  single  species  fishery,
a  multispecies  stow-net  fishery,  and a multispecies  trawl  fishery.  Population  biomasses,  yields,  and  eco-
logical  indicators  were  used  to  assess  the dynamics  of  the  fishery  and fish  community  status.  The  single
species  fishery  with  no bycatch  resulted  in  a low  impact  on non-target  stocks,  but  led to the  collapse  of
the  target  stock  at low  fishing  mortality  rates.  The  stow-net  and  trawl  fisheries  had  broader  ecosystem
impacts,  but  allowed  target  stocks  to be fished  at much  higher  fishing  mortality  rates  with  higher  yields.
Ecological  indicators  were  related  non-linearly  to fishing  mortality,  possibly  diminishing  their  effective-
ness  as  management  tools.  Background  resource  carrying  capacity  was  found  to  be  a greater  source  of

uncertainty  than  reproductive  efficiency.  This  study  demonstrates  that  bycatch  mortality  can  play  an
important  role  in  trophic  interactions  likely  via  predation  release  and  depensation,  and  thus  influence
the  resilience  of  fisheries  to fishing  pressure.  The  study  indicates  that the  combination  of mixed  fish-
eries  and  multispecies  effects  lead to complex  fish  community  dynamics  that  may  present  additional
challenges  for fisheries  management.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Maximum sustainable yield (MSY) has long been used as the
anagement goal for many fisheries around the world (Mace,

001). The concept dates back to the 1930s (Russell, 1931; Hjort
t al., 1933; Graham, 1935), and spread widely in the 1950s with
he development of surplus production models (Schaefer, 1954).
s commonly recognized, Ricker (1975) defined MSY  as “the largest
verage catch or yield that can continuously be taken from a stock
nder existing environmental conditions”. MSY  has served as a cor-

erstone for fisheries management (Mace, 2001), and was legally
dopted in, for example, the 1982 United Nations Convention on the
aw of the Sea, the EU Regulation 1380/2013 and the 2002 UN world

∗ Corresponding author. Tel.: +86 0532 82032960; fax: +86 0532 82032960.
E-mail address: renyip@ouc.edu.cn (Y. Ren).

ttp://dx.doi.org/10.1016/j.fishres.2015.10.007
165-7836/© 2015 Elsevier B.V. All rights reserved.
summit on sustainable development (A/CONF.199/20). It has also
been the primary goal of many international fisheries organizations
(Caddy, 1999; Mace, 2001; Andersen et al., 2015). However, the
concept of MSY  is based on a number of oversimplified assumptions
and the application of MSY  to fisheries management has long been
questioned (Larkin, 1977; Sissenwine, 1978; Caddy, 1999; Legović
et al., 2010; Mesnil, 2012). Implementation of MSY  as a manage-
ment objective has been scorned for leading to overexploitation of
fisheries resources (Pauly et al., 2002; Hilborn, 2007), degradation
of marine ecosystems as well as significant changes in community
structure (Andersen et al., 2015).

In Larkin’s well-known paper “An epitaph for the concept of max-
imum sustained yield”, this approach was criticized for neglecting
the possible recruitment failure and the inability to achieve single-

species MSY  for all species in multispecies fisheries simultaneously
(Larkin, 1977). Similar concerns were raised in the literature,
along with criticism of the single-species management approach

dx.doi.org/10.1016/j.fishres.2015.10.007
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fishres.2015.10.007&domain=pdf
mailto:renyip@ouc.edu.cn
dx.doi.org/10.1016/j.fishres.2015.10.007
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e.g., Sissenwine, 1978; May  et al., 1979; Caddy, 1999; Hilborn,
007). Recent studies have further emphasized the shortcomings
f the MSY  approach, especially in related to species interactions,
iodiversity, non-target species, habitat changes and long-term
cosystem functions and services (Pauly et al., 1998; Mace, 2001). It
as been generally recognized that MSY  provides “incomplete policy
uidance” for ecosystem sustainability in a single-species frame-
ork (Gaichas, 2008).

Critics regarded MSY  as a limit reference point within the con-
ext of the precautionary approach to fisheries management (Foster
t al., 2000; Essington, 2001). However, the fundamental limitation
f MSY  in the single-species approach has not been well addressed,
.e., the lack of explicit consideration of species interactions (Goñi,
998; Pikitch et al., 2004; Rice, 2011; Fogarty, 2014). Generally,
shing on one species will unavoidably influence the population
ynamics of other species through processes such as bycatch, habi-
at change, predator-prey interaction, and competition (Gislason,
999; Hilborn, 2011; Smith et al., 2015). The dynamics of species

nteractions are complex (McCann et al., 1998; Kéfi et al., 2015)
ince ecosystems involve interactions among all species and eco-
ogical components at different levels and scales, resulting in
nreducable complexity known as “complex adaptive system”  (CAS)
Levin, 1998; Gaichas, 2008; Berkes, 2012). This inherent com-
lexity makes the application of MSY  in the traditional fisheries
anagement framework challenging (Gaichas, 2008), leading to

he inevitable conclusion that a more holistic ecosystem-based
sheries management approach is needed (EBFM) (FAO, 2001; Hall
nd Mainprize, 2004; Garcia and Cochrane, 2005).

Sustainability is one of the central concerns in fisheries (Pauly
t al., 2002; Gaichas, 2008). There is increasing recognition that
t is necessary to manage fisheries in a broader ecological con-
ext (Constable, 2001; Garcia et al., 2003; Sainsbury and Sumaila,
003; Pikitch et al., 2004; Fulton et al., 2005; Fogarty, 2014). In this
tudy we developed a simulation approach using a multispecies
ize-spectrum model (Scott et al., 2014a) to evaluate MSY  from
n ecosystem perspective. We  integrated the critical, but generally
gnored, components of trophic interactions, bycatch and uncer-
ainty into the concept of MSY  (Collie et al., 2014 in press), i.e.,
1) trophic interactions, described by size-dependent predation
nd food competition emerging from the size-spectrum model; (2)
ycatch, simulated using different catchability coefficients among
pecies by fishing gear; and (3) uncertainty associated with the sta-
us of the fish community deviating from the deterministic model
Larkin, 1977; Essington, 2001; Pauly et al., 2002). The uncertainty
as simulated as a stochastic process.

The objective of this study was to (1) evaluate the role of trophic
nteractions, bycatch and uncertainty in defining MSY  within a
sh community and (2) monitor the dynamics of fish commu-
ity using multiple ecological indicators to relate the community
ynamics to fisheries management. Although the size-spectrum
odeling framework has been used to evaluate impacts of fishing

n ecosystems (Blanchard et al., 2014; Andersen and Beyer, 2015),
he combined effects of trophic interactions, bycatch and uncer-
ainty have rarely been accounted for in fisheries management.
his study intends to improve the general understanding of sus-
ainability in the EBFM framework and the development of fisheries

anagement strategies.

. Materials and methods

.1. The operational model
A multispecies size-spectrum model was used as the operational
odel for the simulations. The model was developed by Andersen

nd Beyer (2006) and Hartvig et al. (2011) based on the size spec-
rch 174 (2016) 179–189

trum theory, and assumes food-dependent and size-related trophic
interaction among species (Andersen and Beyer, 2006; Hartvig
et al., 2011). The size-spectrum model explicitly addresses trophic
interactions in the fish community and allows dynamic growth,
mortality and recruitment to emerge from food availability (Houle
et al., 2013). It has been used for exploring community properties
and fishing effects on ecosystems (Andersen and Pedersen, 2010;
Hartvig et al., 2011; Blanchard et al., 2014; Andersen and Beyer,
2015). The size-structured community dynamics are described by
the McKendrick–von Foerster conservation equation (McKendrick,
1925; Von Foerster, 1959),

∂Ni (w)
∂t

+ ∂gi (w) Ni (w)
∂w

= −�i (w) Ni (w) ,

where abundance Ni (w),  individual growth gi (w) and mortality
�i (w) are  specific for species i and body size w. Food preference
is size-dependent and predation provides energy for other biologi-
cal processes including growth and reproduction. The processes of
food intake, metabolism, growth, reproduction and mortality are
formulated using sub-models (see details in Supplementary mate-
rials, Table S1). The R package “mizer” is used for implementing this
model (Scott et al., 2014b).

The model was parameterized based on a fish community survey
in Haizhou Bay, China. Haizhou Bay serves as important spawning
habitat for many fish species of commercial importance and used
to be a productive fishing ground. However, commercial landings
have decreased dramatically since the end of last century, which is
associated with substantial changes in species composition (Tang
et al., 2011). A stow-net fishery is currently the dominant fishery
in the Bay. A stratified random designed bottom trawl survey was
conducted in March, May, July, September and December 2011 in
Haizhou Bay. The 23 most abundant species, accounting for over
90% of the total fish biomass in the survey, are included in the
model. Each species is characterized by a set of parameters describ-
ing life-history traits obtained from FishBase (www.fishbase.org),
previous studies and the bottom trawl survey data. Other param-
eters, including metabolic scaling, background resource capacity,
maximum recruitment and fishing effort, were either derived from
previous studies or calibrated from survey data (Blanchard et al.,
2014; Jacobsen et al., 2014). Model parameterization is detailed in
the Supplementary materials (Tables S2 and S3).

2.2. Simulation scenarios

Fishing mortality in the size-spectrum model is a product of
three factors: fishing effort, size selectivity and catchability (Scott
et al., 2014b). Fishing effort was defined by a wide range of val-
ues for the purpose of this study to explore the optimum effort for
sustainable yields. Selectivity was assumed to have a “knife-edge”
shape because of lack of selectivity information for each species
(Blanchard et al., 2014; Scott et al., 2014b). The knife-edge size
that indicates the availability of fish to be captured was  estimated
from the survey data (see Supplementary materials). Catchability
was used to describe bycatch in multispecies fisheries with dif-
ferent levels of vulnerability for different fish species in simulated
fisheries (see Supplementary materials, Model parameterization).

The simulations were focused on two  species in Haizhou Bay, a
predatory fish “yellow croaker” (Pseudosciaena polyactis) with eco-
nomic importance in the stow-net fishery and a forage fish “Fang
gunnel” (Pholis fangi) that is abundant in the survey but has a low
catch in the stow-net fishery. Yellow croaker has a large asymptotic
body size of 579 g and a relatively slow von Bertalanffy growth rate

of 0.50. The Fang gunnel has a smaller asymptotic body size (30 g)
and faster growth rate (0.65) (see Supplementary materials, Table
S2). The other 21 species are non-target species, but may/may not
sustain capture as bycatch in different fisheries. The following three

http://www.fishbase.org
http://www.fishbase.org
http://www.fishbase.org
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cenarios were simulated to address catchability and fishing effects
n target and non-target species:

1) A single-species fishery simulated the “ideal” catchability of
fishing gears of 1 for target species and 0 for non-target species.
We simulated two exclusive gears fishing on two target fish
species, and no bycatch in this scenario. Fishing effects on non-
target species resulted completely from trophic interactions
that emerged from predation and competition processes. Con-
sidering the potential “path-dependence” characteristics of CAS
(i.e., the current status of system shapes its future, as a result of
nonlinearity from local interactions such as hysteresis behav-
ior) (Levin, 1998), fishing efforts were simulated with different
timing in the following three sub-scenarios: (i) fishing was
imposed simultaneously on two species; (ii) yellow croaker
were subject to fishing for 50 years firstly and then both the
species were subject to fishing afterwards; and (iii) fishing was
applied to Fang gunnel for 50 years and then on both species.
Fishing mortality (instead of fishing effort, for a direct com-
parison regarding catchability) was set from 0 to 0.5 year−1 for
yellow croaker (step = 0.02 year−1) and 0 to 5 year−1 for gunnel
(step = 0.2 year−1).

2) A multispecies stow-net fishery simulated the actual stow-
net fishery in Haizhou Bay. Species-specific catchability was
estimated from the survey data. The catchability of the tar-
get species was 0.15 and 1 for Fang gunnel and yellow
croaker, respectively. The catchability coefficients of the other
21 species were listed in the Supplementary materials (Table
S2). Fishing effort was constant across all species and varied in
different simulation runs, ranging from 0 to 3 year−1 to cover
the estimated fishing mortality of 1.47 year−1 in Haizhou Bay.
Impacts of fishing on non-target species were attributed to both
bycatch and trophic interactions.

3) A multispecies trawl fishery simulated constant catchability for
all the species. The trawl fishery was used to illustrate the the-
oretical effects of constant catchability. This scenario assumed
a catchability coefficient of 0.5 for all species for simulation
purposes. However, catchability may  vary substantially among
species in trawl fisheries (Fraser et al., 2007). Fishing efforts
were assumed to be the same across species, ranging from
0 to 3 year−1, and fishing effects on non-target species were
attributed to both bycatch and trophic interactions.

The stochasticity of the fish community was  assumed to arise
rom two sources in the operational model, i.e., reproductive effi-
iency (efficiency of turning energy into offspring) (Hartvig et al.,
011) and carrying capacity of background resources (Shepherd
nd Cushing, 1980; Maury, 1996; MacKenzie et al., 2003; Houde,
008). It is noteworthy that this approach intended to account for
ritical stochastic processes, whereas the environmental fluctua-
ions that influence fish community dynamics could not be fully
valuated. The size-spectrum model does not explicitly include
nvironmental variation, which influence multiple biological pro-
esses simultaneously. Stochasticity was simulated using a Monte
arlo approach (Houle et al., 2012). Reproductive efficiency was
ssigned a lognormal distribution with mean of 0.1 (consistent
ith the deterministic model) and standard deviation of 0.05. The

arrying capacity was assumed to follow a lognormal distribution
ith mean from the deterministic model and standard deviation

.5 of the mean (the value was used to match the CV of 0.5 for
he variability of reproductive efficiency). Three sub-scenarios were
onsidered, including separate simulations for the two individual

ources of uncertainty and one combining both sources of uncer-
ainty.

The settings of the simulation scenarios are summarized in
able 1. For each scenario, the models were run for 150 years to
rch 174 (2016) 179–189 181

simulate long-term fishing. Fish community dynamics over the last
30 years were used to evaluate the effect of fishing on the target
species and the fish community.

2.3. Measurement of fisheries status

The projected population biomass and yield of the target species
were recorded in each simulation run. The optimum fishing effort
FMSY was  derived from the yield curve. We  used the following eco-
logical indicators to monitor the dynamics of fish community in
abundance, species composition and size characteristics:

(1) Total biomass of fish community, B =
∑

Biomassi, indicating
the total biomass of individual fishes (Murawski, 2000; Fulton
et al., 2005);

(2) Shannon biodiversity index,H′ = −∑
pi ln (pi),  where pi indi-

cates the proportion of biomass of each species in the fish
community (Shannon, 1948);

(3) Mean body weight, W =
∑

Wi∑
Ni

, denoting the mean weight of

all individuals in the community (Rochet and Trenkel, 2003),
where Wi and Ni indicated the total biomass and abundance of
each species; and

(4) The slope of community size spectrum �, derived as the slope
of linear regression between log-abundance and log-weight,
log(Nw) =  ̨ + �log(w); where Nw is the total abundance of all
species in size-bin w (Rice and Gislason, 1996).

Only individuals larger than 0.1 g were included in the calcula-
tion of the ecological indicators. The effects of trophic interactions,
bycatch and uncertainty were evaluated by comparing the dynam-
ics of the fish community in different scenarios. The processes of
model building, simulation, and MSY  evaluation are summarized
in Fig. 1.

3. Results

3.1. Single-species fishery

The single-species fishery imposed no direct influence on the
non-target species. However, this scenario was  different from tra-
ditional single-species assessment, since it explicitly accounted for
trophic interactions (in this sense the simulated fishery could be
referred to as ecosystem-based single-species fishery). The three
fishing scenarios addressing potential path-dependent effects led
to consistent results. Thus only the scenario with simultaneous fish-
ing effort (scenario 1a) was shown (Fig. 2). The population biomass
of Fang gunnel and yellow croaker decreased with increasing fish-
ing mortality, and the croaker population collapsed (population
biomass close to zero) when fishing mortality was higher than
0.3 year−1. The yield of gunnel kept increasing to reach 150 t/year
within the range of fishing mortality (0–5 year−1), while croaker
had a maximum yield around 3 t/year with a fishing mortality of
0.16 year−1. The population size of croaker was 39% of unfished
biomass when long-term MSY  was achieved, while total commu-
nity biomass decreased by 5% (Table 2). The harvest of croaker had
a limited effect on gunnel biomass and yield, but increased fishing
effort on gunnel increased the yield of croaker (Fig. 2, 4th panel).
The four ecological indicators showed limited responses to the two
fisheries (Table 2).

3.2. Stow-net fishery
The stow-net is the prevalent fishing gear in Haizhou Bay. The
small mesh size results in the capture of various species with dif-
ferent efficiencies (Supplementary materials, TableS2). The yield
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Table 1
Summary of fishery settings in the simulation scenarios. In scenario 1, fishing efforts were simulated with three timing, (1a) fishing imposed simultaneously on two species;
(1b)  fishing on yellow croaker for 50 years then on both species afterwards (1c) fishing on Fang gunnel for 50 years then on both species afterwards. In Scenario 4, a Monte
Carlo  simulation approach was used to examine the consequence of the uncertainty arising from (4a) reproductive efficiency (4b) carrying capacity of background resources,
and  (4c) a combined sources of uncertainty.

Scenario Simulation Fishing effort Catchability Selectivity Uncertainty

1 Single-species
fishery for
croaker and
gunnel, “ideal”
catchability

0–0.5 year−1

for yellow
croaker,
0–5 year−1 for
gunnel with
three schedules

1 for target
species, and 0
non-target for
species

Species-
specific
knife-edge
selectivity

Deterministic

1a – Fishing
simultaneously
on two  species

– – –

1b  – Fishing croaker
for 50 years
then on two
species

– – –

1c  – Fishing gunnel
for 50 years
then on two
species

– – –

2  Stow-net
fisheries in
Haizhou Bay,
“realistic”
catchability

0–3 year−1 for
all species

Species-
specific
catchability
estimated from
stow-net
fisheries

Knife-edge
selectivity

Deterministic

3 Trawl fishery,
“theoretical”
catchability

0–3 year−1 for
all species

0.5 for all
species

Knife-edge
selectivity

Deterministic

4 Stow-net
fisheries with
uncertainty

0–1.5 year−1

for all species
Species-
specific
catchability for
stow-net
fisheries

Knife-edge
selectivity

Lognormal
variation
(CV = 0.5)

4a  – – – – Variation in
reproductive
efficiency

4b  – – – – Variation in
carrying
capacity of
background
resources

4c  – – – – Combined
variation

Fig. 1. Flow chart of the processes of model building, simulation design, and MSY  evaluation.
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Fig. 2. Population biomass and yield of yellow croaker and Fang gunnel in a single-species fishery (Scenario 1). Biomass and yield are measured as the total weight of the
whole  marine area (t and t/year respectively). Results are for the scenario with fishing effort imposed simultaneously on two species.

Table 2
Summary of fishery status at MSY  for yellow croaker in a single-species fishery, stow-net fishery and trawl fishery. PMSY% of yellow croaker was the proportion of target
species population biomass at MSY  compared to the maximum population biomass, and BMSY% was the proportion of community biomass at MSY compared to unfished
community biomass. The values inside parentheses denote the minimum and maximum of ecological indicators resulted from the various simulation scenarios of fishing
effort  for each type of fisheries listed in Table 1. (The statistics for Fang Gunnel were not shown as its yield kept increasing beyond the simulation scope)

Single-species fishery Stow-net fishery Trawl fishery

Fmsy  (year−1) 0.16 1.02 1.02
MSY  (t) 3.27 661.4 2007.2
PMSY% 39% 77% 59%
BMSY% 95% 75% 80%
B  (103 t) 9.69 (9.67, 10.16) 8.07 (4.30, 10.78) 8.68 (5.82, 10.78)

o
l
u
a
t
u
F
s
b

r
i
a
c
a
s
F
p
i

H’  1.57 (1.56, 1.60) 

mW  (g) 2.36 (2.35, 2.43) 

�  -1.40 (-1.40, -1.40) 

f Fang gunnel increased to 150 t/year within the range of simu-
ated fishing effort (Fig. 3). The yield of yellow croaker showed a
nimodal response to harvest with a maximum yield of 661 t/year
t F = 1.02 year−1 (Fig. 3, panel D), which was substantially higher
han that achieved for the single-species fishery (Table 2). The pop-
lation biomass of the two species peaked at F = 1.62 year−1 and

 = 0.62 year−1, respectively (Fig. 3, panels A and B). The population
ize of yellow croaker at MSY  was 77% of the maximum population
iomass (Table 2).

The total community biomass decreased monotonically as a
esult of harvest (Fig. 3, panel E). The biodiversity index H′

ncreased with fishing effort (Fig. 3, panel F), and was maximized
t F = 2.22 year−1. Mean body weight showed a zigzag response
urve, with a peak at F = 0.66 year−1 and a local minimum value
t F = 2.2 year−1 (Fig. 3, panel G). The slope of the community size
pectrum showed a discrete pattern, with sharp changes around

 = 0.3 year−1 and F = 1.3 year−1 (Fig. 3, panel H). No distinguishable

attern (i.e., minimum or maximum) in the curves of ecological

ndicators corresponded to FMSY of the two target species.
2.70 (1.61, 2.86) 1.75 (1.33, 2.25)
3.03 (2.50, 3.10) 4.39 (2.48, 5.88)

−1.37 (−1.56, −1.23) −1.69 (−5.23, −1.26)

3.3. Trawl fishery

The trawl fishery scenario assumed the same catchability for all
the species to illustrate the “theoretical” effect of catchability on the
ecosystem. The fishery status in the trawl fishery had some simi-
lar patterns to that in the stow-net fishery, but was more variable
(Fig. 4). The yield of Fang gunnel increased to 800 t/year except for
a local minimum at F = 0.5 year−1 (Fig. 4, panel C). Yellow croaker
had the maximum yield of 2007 t/year at F = 1.02 year−1 (Fig. 4,
panel D), much higher than for the previous scenarios (Table 2).
The biomass of gunnel was strongly dependent on fishing mortal-
ity, and increased sharply as F increased beyond 0.5 year−1 (Fig. 4,
panel A). The population biomass of croaker had a steep unimodal
distribution (Fig. 4, panel B), and the biomass at MSY  was  59% of
that stock size (Table 2).

The four ecological indicators showed a sharp transition in
F around 0.5 year−1, at which community biomass, mean body

weight, and the slope of the community size spectrum had
local maximum values, while biodiversity index was minimized.
The maximum value of biodiversity index was  achieved at
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ig. 4. The effect of the trawl fishery on the fish community (Scenario 3). The top pane
nd  the bottom panel shows the response of the ecological indicators to the long-t
he  measured variables.

 = 0.26 year−1 (Fig. 4, panel G), corresponding to the local mini-
um  value of community biomass and the slope of size spectrum.

he slope of the community size spectrum showed a discontinuous
attern (Fig. 4, panel H). No distinguishable pattern of ecological

ndicators corresponded to FMSY of the two target species.

.4. Uncertainty

Stochasticity in reproductive efficiency and the carrying
apacity of background resources imposed different degrees of
ncertainty on the stow-net fishery (Fig. 5). The dynamics of

he carrying capacity dominated the variation of model outputs,
hile variation in reproductive efficiency had limited effect, given

he same coefficient of variance (0.5 in all sub-scenarios). The
rojected population biomass and yield of the target species
s the population biomass and yield of yellow croaker and Fang gunnel, respectively,
shing. Vertical lines indicated the optimum fishing efforts for the maximization of

showed similar patterns in the deterministic model. However, the
stochastic carrying capacity slightly increased the stock biomass
and yield, while reproductive efficiency led to the same values
(Fig. 5).

The simulation in scenario 4a (i.e., stochastic reproductive effi-
ciency) led to values for the ecological indicators that were similar
to those for the deterministic model (Fig. 5, lower panel). Although
the mean body weight in scenarios 4b (i.e., stochastic carrying
capacity) and 4c (i.e., combined two stochastic sources) had a
similar shape to that of the deterministic model, the expected val-
ues increased sharply. The slope of the community size-spectrum

showed different trends among the scenarios. The variation of pro-
jected community biomass and mean body weight was remarkably
large in scenarios 4b and c, and biodiversity showed low variability
even in the presence of uncertainty of all sources.
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. Discussion

Sustainability is an essential goal for fisheries management
hat should be achieved in an ecosystem context (Gaichas, 2008),
lthough the concept is currently subject to much debate (Pauly
t al., 2002). This study evaluated the application of MSY  in an
xplicit ecological context with regard to trophic interactions,
ycatch and uncertainty, and explored emergent dynamics of fish
tocks subject to multispecies fisheries. The results illustrated the
ollowing fundamental effects of ecological processes in determin-
ng harvest and fish community structure: (1) the single-species
shery imposed heavy fishing pressure on target species and could
asily lead to stock collapse, but had limited effects on non-target
shes; (2) the stow-net and trawl fisheries increased MSY  for the
arget species and promoted their resistance to fishing pressure; (3)
ncertainty associated with background carrying capacity greatly
hanged the size structure of the fish community and reduced pre-
ictability; and (4) the response of ecological indicators to fishing
ressure was generally nonlinear, which suggests that the long-
erm MSY  might be difficult to monitor. The results highlighted
he ecological complexity of marine ecosystems and the associ-
ted challenges facing fisheries management (Levin, 1998; Gaichas,
008).

.1. Trophic interactions and catchability

The role of trophic interactions has long been recognized in reg-
lating the structures of food webs (Sissenwine, 1984; Hunsicker
t al., 2011), density-dependent mortality and food competition
Frank et al., 2005; Hixon and Jones, 2005). One advantage of the
ize-spectrum model is the explicit consideration of trophic inter-
ctions (Andersen and Beyer, 2006; Pope et al., 2006; Hartvig et al.,
011; Andersen et al., 2015), since a rapid increase of interactions
ith increasing numbers of stocks are difficult to address using
raditional approaches (Link, 1999; Mace, 2001). This study simu-
ated the trophic interactions by assuming that individual fish were
xposed to predation by all other species (Scott et al., 2014a), which
llowed the dynamics of fish populations to emerge from underly-
mulation with dynamic carrying capacity (Scenario 4b); the red dash lines show the
es indicated the deterministic model output (Scenario 2). The shading in Scenario

ing ecological processes. For example, in the single-species fishery,
increasing fishing mortality led to a monotonic reduction in the
biomass of the target fish species, but the fish stock dynamics were
completely different when bycatch was  included. MSY increased
by an order of magnitude, and the biomasses of both target species
increased substantially as a result of fishing within certain ranges,
which has been observed by a study using a similar operational
model (Houle et al., 2013). Although the low MSY  in the single-
species fishery (3t/year) and large MSY  in the trawl fishery (2007
t/year) were theoretical yields that are difficult to achieve in an
actual ecosystem, the result highlighted the role of bycatch in fish-
eries and the emergent dynamics of ecosystems, which are often
counterintuitive. The increasing biomass in the stow-net and trawl
fisheries could be attributed to a release of predation,  i.e., improved
survival rates as a result of removing predators (Daskalov, 2002;
Law et al., 2014). It should be noted that this process does not
hold for all ecosystems, as some studies suggested that this was  not
likely to happen since complex food webs could offset the effects
of predation release, which means that the removed predators
should be replaced with other species within “finely meshed” food
webs (Pace et al., 1999; Pauly et al., 2002). In addition, predators
could indirectly impose positive effects on their prey by consum-
ing other predators and competitors of the prey (Ulanowicz and
Puccia, 1990), thus fishing on predators does not necessarily lead
to an increase in the abundances of their prey (Pauly et al., 2002).

The size-spectrum model that implicitly defines a “meshed”
food web  with trophic interactions confirmed that the removal
of yellow croaker in single-species fishery had limited influence
on the fish community, implying the offset of predation release.
However, in the stow-net and trawl fishery, the predation-release
effect was  significant (Figs. 3 and 4), suggesting the failure of com-
pensation when non-target species were substantially removed
(Supplementary materials, Fig. S6). The result suggests that the
effect of predation release depends on bycatch. A caveat is such

a pattern may  also depend on the life-history of target species, the
functional redundancy of the community, the intensity of fishing
(National Research Council, 2006), and the discarding and survival
rate of bycaught individuals. Predation release and other emergent
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ehaviors of the model should also be examined with regard to the
odel assumptions and the emergent processes in future studies.
Yellow croaker collapsed in the single-species fishery scenario

ith a fishing mortality of 0.3 year−1, but was more resistant to
shing in the other scenarios. A possible explanation is that the dis-
roportionate removal of the target and non-target species resulted

n the changes in ecological roles (Zhou et al., 2010). Specifically,
he collapse in single-species fishery could be attributed to “depen-
atory effect” (Walters et al., 2005), in which fishing on one species
ight increase the abundance of other species and lead to further

ecreases of the target species. Walters et al. (2005) proposed three
otential mechanisms for such a phenomenon, including (i) culti-
ation effect, in which adult individuals suppress the competitors
nd predators of their own juveniles; (ii) competition-predation
rade-offs, where fishing pressure may  break the balance of fish
ompetition and avoiding predation; and (iii) predation of multi-
le trophic levels, where the target species have a predator that can
eed on fishes of lower trophic levels, which benefit from “predation
elease” and enhance food supply of their predators, thus sup-
ress more on the target species. The size-spectrum model included
echanisms (i) and (iii) given the assumption of size-dependent

redation, including the early life stage (De Roos et al., 2003).
Fishing mortality led to a reduced competitive capacity of the

arget species compared to their non-target competitors that could
ccupy ecological resources used to be available to the target
pecies (Crowder et al., 2008; Zhou, 2008). An example of such a
eplacement is the collapse of Atlantic cod (Gadus morhua) on the
astern Scotian Shelf, where alternative predators, such as dogfish
hark (Squalidae spp.) took the ecological niche of cod populations
Bundy and Fanning, 2005). In contrast, more “balanced harvest”
Garcia et al., 2012) in the stow-net and trawl fishery removed the
ompetitive species proportionally, kept the relative competitive
apacity, and promoted the resistance of target species to fish-
ng pressure. The concerns of fishery selectivity were addressed
n several studies (Zhou et al., 2010; Garcia et al., 2012), which
uggests the potential of non-selective fishery to stabilize food
eb and increase overall productivity (Benoît and Collie, 2009;

acobsen et al., 2014; Law et al., 2014). Our study showed that
he increased productivity could also be achieved for a target
pecies if fishery selectivity was manipulated with ecological con-
iderations. Although there are controversies in the concept and
mplementation of balanced harvest such as discard management
nd endangered species conservation (Burgess et al., 2015 in press;
ambacher et al., 2015; Froese et al., 2015 in press), the balanced
arvest strategy may  provide a promising approach for EBFM.

.2. Ecological indicators and uncertainty

Implementing EBFM requires the quantification of fishing
mpacts on marine ecosystems (Garcia and Staples, 2000), and the
lear definition of ecosystem-based decision criteria (Link, 2005),
or which purpose, ecological indicators can be used to provide the
nput for decision rules and to monitor management performances
Sainsbury et al., 2000). This study demonstrates that the perfor-

ance of ecological indicators in multispecies fisheries would be
reatly influenced by trophic interaction, bycatch and uncertainty.
or example, the dynamics of ecological indicators around FMSY of
ellow croaker highly depended on the catchability scenarios, and
t is difficult to use ecological indicators to indicate FMSY. This pat-
ern might blur decision making in practice, especially when there
as significant uncertainty as shown in Fig. 5. Some ecological indi-

ators showed desirable performances in the simulation, such as

he biodiversity index in the stow-net fishery, which responded

onotonically to fishing with small variation. We  highlight that the
ssessment of ecological indicators should be considered in specific
emporal and spatial scales, and an empirical reference system is
rch 174 (2016) 179–189

needed to validate the implementation (Rochet and Trenkel, 2003).
Integrating multiple indicators in a state space model may  adjust
the issue and improve the validation of management strategies
(Caddy, 2004; Rice and Rochet, 2005).

Recruitment variability has been recognized as the main
driver of marine stock abundance (Hjort, 1914; Sinclair, 1997;
Archambault et al., 2014), and several studies suggest the high
variability in recruitment is related to variation in the mortality of
early life stages, which can be attributed to many processes asso-
ciated with growth and survival including temperature variation,
larval drift, predator-prey interactions (Houde, 2008). Our study
focused on the influence of reproductive efficiency and environ-
mental carrying capacity, and the results showed that reproductive
efficiency had trivial effects on the long-term dynamics (small vari-
ation in Fig. 5), while carrying capacity contributed substantially
to the variability of yield, population biomass and ecological indi-
cators (Fig. 5). The limited effect of reproductive efficiency may
be attributed to the interactive food web that provides replace-
able food sources and forms omnivory and weak association within
the fish community (Pimm and Rice, 1987; Hartvig and Andersen,
2013). The weak and omnivore linkages may  promote commu-
nity persistence and stability (McCann et al., 1998; Emmerson and
Yearsley, 2004), offsetting fluctuations in reproductive efficiency.
On the other hand, the carrying capacity imposes a bottom–up
control on trophic interactions (Ware and Thomson, 2005; Field
et al., 2006; Hunt and McKinnell, 2006). The dynamics of carrying
capacity drive the ecosystem with food availability for plankti-
vores and larvae and juveniles of piscivores. This result suggests the
potential recruitment failure can be less attributed to reproductive
efficiency, but more to food limitation and the associated larval
survival (Matsuura, 1996; Hughes and Tanner, 2000; Ljunggren
et al., 2010), given the model assumption of size-dependent trophic
interactions.

Although high fishing effort led to considerable variation in the
projected biomass and yield, there was  no sign of population col-
lapses when F constantly exceeded the ideal FMSY (Fig. 5). The
contrast of this result with the aforementioned collapse of yel-
low croaker suggested that bycatch might play a more important
role than ecological stochasticity in fish’s resistance to fisheries.
However, there were some caveats to be noted for our simulation
approach. Firstly, the simulation included the species covering 90%
of the biomass of the fish community, and rare species and their
potential collapses were not included, which implies regime shifts,
e.g., the current rare species become abundant in the fish com-
munity (Levin and Mollmann, 2014) cannot occur. The simulation
showed a limited influence of the single species fisheries on non-
target species. However, this result may  not necessarily be real if
predatory preferences were species- rather than size-specific. In
addition, the assumed sources of uncertainty, reproductive effi-
ciency and carrying capacity are only one piece of the whole picture
of recruitment variability and uncertainty (Walker et al., 2003;
Refsgaard et al., 2007; Houde, 2008; Thorpe et al., 2015), and there
are many other factors that might influence the dynamics of ecosys-
tems (Froese et al., 2008; Zhang et al., 2015 in press). The fish
community in Haizhou Bay is not a closed system, and the adja-
cent fish community may  have a great influence on the ecosystem
when seasonal migration and meta-populations exist (Ying et al.,
2011; Zhang et al., 2014). In general, the model is not yet capable
of supporting tactical management decisions, but rather a tool for
evaluating management strategies (Collie et al., 2014 in press; Scott
et al., 2014a).
4.3. Implications for fisheries studies and management

The effects of implementing conventional MSY  in a multispecies
context has been evaluated by several studies using various ecolog-
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cal models including Ecopath with EcoSim, differential equations
f multi-populations, Volterra-type model, OSMOSE, Atlantis, and
ventual threat index (Walters et al., 2005; Matsuda and Abrams,
006; Worm et al., 2009; Legović et al., 2010; Smith et al., 2011;
eček and Legović, 2012; Burgess et al., 2013), which illustrated

he application of single-species derived MSY  might cause fish
tock depletion and the deterioration of ecosystem structure. The
ize-spectrum model assumes size-dependent predation which
mplies two critical processes that are previously not considered
dequately in shaping community dynamics: (1) trophic ontogeny,
.e., individual fish change food preference with the body size
Werner and Gilliam, 1984; Pimm and Rice, 1987); and (2) early-
ife mortality, due to predation and starvation (Jennings et al.,
001). Including these processes in modeling has contributed to
ew insights in implementing MSY. For example, Walters et al.
2005) used the Ecosim model to fit a wide variety of ecosystems
nd suggested that severe population depletion could result from
pplying MSY  policies for every species in the ecosystem, but the
epletion would not occur when the non-target species were man-
ged conservatively. The simulation of a single-species fishery in
his study provides a qualitatively different result, in which the
shery for yellow croaker rapidly collapsed when fished in isola-
ion, although the size-spectrum model assumed a Beverton–Holt
ype of egg production-recruitment relationship. This unexpected
onsequence highlighted a risk that should be considered in the
anagement of predator species fisheries with high selectivity. In

ddition, the maximum biomass of a target species could occur
hilst it was being fished to a significant degree, once bycatch

ffects were included (Figs. 3 and 4). An increasing population size
ith fishing pressure runs contrary to the usual paradigm, and chal-

enges management policies based upon thresholds proportional to
he “unfished” stock biomass (Worm et al., 2009). The yield of yel-
ow croaker in a single-species fishery, stow-net and trawl fishery,

ight represent an oversimplified reality, but implies the possi-
ility of promoting the fishery harvest with a careful control of
ycatch.

Our study demonstrates the role of trophic interaction, bycatch
nd uncertainty in the context of ecological sustainability. We
dentify a possible risk of implementing MSY  without integrated
onsiderations of ecological processes (Skern-Mauritzen et al.,
015 in press). In particular we emphasize the importance of
ddressing bycatch mortality for future model building and target
etting for fisheries management. In addition, other harvest con-
rol rules, targets and threshold for fisheries management need
o be evaluated within broader ecological considerations, which
nclude species interactions, climate change, habitat conservation
nd social-economic factors. Moreover, dynamic rather than static
ontrol rules, such as short-term adaptive MSY  can also be evalu-
ted in the ecological context for improving fisheries management
Fogarty, 2014; Collie et al., 2014 in press).

upplementary material

In the Supplementary materials, we summarized the structure
nd parameterization of the multispecies size-spectrum model. We
isted the sub-models in Table S1, the species- specific parameters
n Table S2, and additional parameters in Table S3. The distribution
f the studied area, Haizhou Bay was mapped in Fig. S1. A basic out-
ut of the calibrated model was shown in Fig. S2, and the predicted
iomass and the observed survey data were compared in Fig. S3. The
ynamics of species composition in the fish community caused by

hanging fishing efforts in stow-net and trawl fishery were shown
n Figs. S4 and S5, respectively. The predation mortality of Fang gun-
el and yellow croaker in stow-net and trawl fishery were shown

n Fig. S6 to illustrate the “predation release” effect.
rch 174 (2016) 179–189 187
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egović, T., Klanjšček, J., Geček, S., 2010. Maximum sustainable yield and species

extinction in ecosystems. Ecol. Modell. 221, 1569–1574.

evin, P.S., Mollmann, C., 2014. Marine ecosystem regime shifts: challenges and
opportunities for ecosystem-based management. Philos. Trans. R. Soc. B Biol.
Sci. 370, 20130275.
rch 174 (2016) 179–189

Levin, S.A., 1998. Ecosystems and the biosphere as complex adaptive systems.
Ecosystems 1, 431–436.

Link, J., 1999. Re)Constructing feed webs and managing fisheries. In: Proceedings
of  the 16th Lowell Wakefield Fisheries Symposium, AK-SG-99-01: Ecosystem
Approaches for Fisheries Management, University of Alaska Sea Grant,
Fairbanks, Alaska, pp. 571–588.

Link, J.S., 2005. Translating ecosystem indicators into decision criteria. ICES J. Mar.
Sci. 62, 569–576.

Ljunggren, L., Sandström, A., Bergström, U., Mattila, J., Lappalainen, A., Johansson,
G.,  Sundblad, G., Casini, M.,  Kaljuste, O., Eriksson, B.K., 2010. Recruitment
failure of coastal predatory fish in the Baltic Sea coincident with an offshore
ecosystem regime shift. ICES J. Mar. Sci. 67, 1587–1595.

Mace, P.M., 2001. A new role for MSY in single-species and ecosystem approaches
to  fisheries stock assessment and management. Fish Fish. 2, 2–32.

MacKenzie, B.R., Myers a, R., Bowen, K.G., 2003. Spawner-recruit relationships and
fish  stock carrying capacity in aquatic ecosystems. Mar. Ecol. Prog. Ser. 248,
209–220.

Matsuda, H., Abrams, P.A., 2006. Maximal yields from multispecies fisheries
systems: Rules for systems with multiple trophic levels. Ecol. Appl. 16,
225–237.

Matsuura, Y., 1996. A probable cause of recruitment failure of the Brazilian sardine
Sardinella aurita population during the 1974/75 spawning season. South Afr. J.
Mar. Sci. 17, 29–35.

Maury, O., 1996. A generalized stock-recruitment relationship fitted to the
observed yield: implications for the recruitment dynamic. Aquat. Living
Resour. 9, 291–304.

May, R.M., Beddington, J.R., Clark, C.W., Holt, S.J., Laws, R.M., 1979. Management of
multispecies fisheries. Science 205, 267–277.

McCann, K., Hastings, A., Huxel, G.R., 1998. Weak trophic interactions and the
balance of nature. Nature 395, 794–798.

McKendrick, A.G., 1925. Applications of mathematics to medical problems. Proc.
Edinburgh Math. Soc. 44, 98–130.

Mesnil, B., 2012. The hesitant emergence of maximum sustainable yield (MSY) in
fisheries policies in Europe. Mar. Policy 36, 473–480.

Murawski, S., 2000. Definitions of overfishing from an ecosystem perspective. ICES
J.  Mar. Sci. 57, 649–658.

National Research Council, 2006. Dynamic Changes in Marine Ecosystems: Fishing,
Food Webs, and Future Options. The National Academies Press, Washington,
DC.

Pace, M.L., Cole, J.J., Carpenter, S.R., Kitchell, J.F., 1999. Trophic cascades revealed in
diverse ecosystems. Trends Ecol. Evol. 14, 483–488.

Pauly, D., Christensen, V., Dalsgaard, J., Froese, R., Torres, F.J., 1998. Fishing down
marine food webs. Science 279, 860–863.

Pauly, D., Christensen, V., Guénette, S., Pitcher, T.J., Sumaila, U.R., Walters, C.J.,
Watson, R., Zeller, D., 2002. Towards sustainability in world fisheries. Nature
418, 689–695.

Pikitch, E.K., Santora, C., Babcock, E.A., Bakun, A., Bonfil, R., Conover, D.O., Dayton,
P.,  Doukakis, P., Fluharty, D., Heneman, B., Houde, E.D., Link, J., Livingston, P.A.,
Mangel, M.,  McAllister, M.K., Pope, J., Sainsbury, K.J., 2004. Ecosystem-based
fishery management. Science 305, 346–347.

Pimm,  S.L.S., Rice, J.C.J., 1987. The dynamics of multispecies, multi-life-stage
models of aquatic food webs. Theor. Popul. Biol. 32, 303–325.

Pope, J.G., Rice, J.C., Daan, N., Jennings, S., Gislason, H., 2006. Modelling an
exploited marine fish community with 15 parameters - results from a simple
size-based model. ICES J. Mar. Sci. 63, 1029–1044.

Refsgaard, J.C., van der Sluijs, J.P., Højberg, A.L., Vanrolleghem, P.A., 2007.
Uncertainty in the environmental modelling process – A framework and
guidance. Environ. Model. Software 22, 1543–1556.

Rice, J., 2011. Managing fisheries well: delivering the promises of an ecosystem
approach. Fish Fish. 12, 209–231.

Rice, J., Gislason, H., 1996. Patterns of change in the size spectra of numbers and
diversity of the North Sea fish assemblage, as reflected in surveys and models.
ICES J. Mar. Sci. 53, 1214–1225.

Rice, J., Rochet, M., 2005. A framework for selecting a suite of indicators for
fisheries management. ICES J. Mar. Sci. 62, 516–527.

Ricker, W.E., 1975. Computation and interpretation of biological statistics of fish
populations, Bull. Fish. Resources Can. Bulletin of the Fisheries Research Board
of  Canada 191. Dept. Environment, Fisheries and Marine Service, Ottawa,
Ontario, Canada.

Rochet, M.-J., Trenkel, V.M., 2003. Which community indicators can measure the
impact of fishing? A review and proposals. Can. J. Fish. Aquat. Sci. 60, 86–99.

Russell, E.S., 1931. Some theoretical considerations on the overfishing problem.
ICES J. Mar. Sci. 6, 3–20.

Sainsbury, K., Sumaila, U.R., 2003. Incorporating ecosystem objectives into
management of sustainable marine fisheries, including best practicereference
points and use of marine protected areas. In: Sinclair, M.,  Valdimarsson, G.
(Eds.), Responsible Fisheries in the Marine Ecosystem. CABI, Wallingford, pp,
pp.  343–361.

Sainsbury, K.J., Punt, A.E., Smith, A.D.M., 2000. Design of operational management
strategies for achieving fishery ecosystem objectives. ICES J. Mar. Sci. 57,
731–741.
Schaefer, M.B., 1954. Some aspects of the dynamics of populations important to
the management of the commercial marine fisheries. Bull. Inter-American
Trop. Tuna Comm.  1, 25–56.

http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0215
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0220
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0225
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0235
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0240
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0245
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0250
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0255
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0260
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0265
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0270
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0275
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0275
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0275
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0275
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0280
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0285
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0290
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0295
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0300
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0305
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0310
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0315
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0320
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0325
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0330
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0335
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0340
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0345
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0350
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0355
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0360
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0365
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0370
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0375
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0380
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0385
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0390
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0395
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0400
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0405
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0410
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0415
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0420
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0425
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0435
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0440
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0445
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0450
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0455


 Resea

S

S

S

S

S

S

S

S

S

S

T

T

C. Zhang et al. / Fisheries

cott, F., Blanchard, J.L., Andersen, K.H., 2014a. Mizer: an R package for
multispecies, trait-based and community size spectrum ecological modelling.
Methods Ecol. Evol. 5, 1121–1125.

cott, F., Blanchard, J.L., Andersen, K.H., 2014. Multispecies, trait-based and
community size spectrum ecological modelling in R (mizer), Mannual for
Mizer.

hannon, C.E., 1948. A mathematical theory of communication. Bell Syst. Tech. J.
27,  379–423.

hepherd, J.G., Cushing, D.H., 1980. A mechanism for density-dependent survival of
larval fish as the basis of a stock-recruitment relationship. ICES J. Mar. Sci. 39,
160–167.

inclair, M.,  1997. Prologue. Recruitment in fish populations: the paradigm shift
generated by ICES Committee A. In: Chambers, R.C., Trippel, E. (Eds.), Early Life
History and Recruitment in Fish Populations, Chapman & Hall Fish and
Fisheries Series. Springer Netherlands, pp. 1–27.

issenwine, M.P., 1984. Why  do fish populations vary? In: May, R.M. (Ed.),
Exploitation of Marine Communities, Dahlem Workshop Report. Springer
Berlin Heidelberg, Berlin, Heidelberg, pp. 59–94.

issenwine, M.P., 1978. Is MSY  an adequate foundation for optimum yield?
Fisheries 3, 22–42.

kern-Mauritzen, M., Ottersen, G., Handegard, N.O., Huse, G., Dingsør, G.E.,
Stenseth, N.C., Kjesbu, O.S., 2015. Ecosystem processes are rarely included in
tactical fisheries management. Fish Fish., in press.

mith, A., Brown, C., Bulman, C., Fulton, E., Johnson, P., Kaplan, I., Lozano-Montes,
H., Mackinson, S., Marzloff, M.,  Shannon, L., Shin, Y.-J., Tam, J., 2011. Impacts of
fishing low-trophic level species on marine ecosystems. Science 333,
1147–1150.

mith, M.D., Fulton, E.A., Day, R.W., 2015. An investigation into fisheries
interaction effects using Atlantis. ICES J. Mar. Sci. 72, 275–283.

ang, F., Shen, X., Wang, Y., 2011. Dynamics of fisheries resources near Haizhou

Bay  waters. Fish. Sci. (in Chinese) 30, 335–341.

horpe, R.B., Le Quesne, W.J.F., Luxford, F., Collie, J.S., Jennings, S., 2015. Evaluation
and management implications of uncertainty in a multispecies size-structured
model of population and community responses to fishing. Methods Ecol. Evol.
6,  49–58.
rch 174 (2016) 179–189 189

Ulanowicz, R.E., Puccia, C.J., 1990. Mixed trophic impacts in ecosystems. Coenoses
5,  7–16.

Von Foerster, H., 1959. Some remarks on changing populations. In: Stohlman, F.
(Ed.), The Kinetics of Cellular Proliferation. Grune & Stratton, New York, pp.
382–407.

Walker, W.E., Harremoës, P., Rotmans, J., van der Sluijs, J.P., van Asselt, M.B.A.,
Janssen, P., Krayer von Krauss, M.P., 2003. Defining uncertainty: a conceptual
basis for uncertainty management in model-based decision support. Integr.
Assess. 4, 5–17.

Walters, C., Christensen, V., Martell, S., Kitchell, J., 2005. Possible ecosystem
impacts of applying MSY  policies from single-species assessment. ICES J. Mar.
Sci. 62, 558–568.

Ware, D.M., Thomson, R.E., 2005. Bottom-up ecosystem trophic dynamics
determine fish production in the Northeast Pacific. Science 308, 1280–1284.

Werner, E.E., Gilliam, J.F., 1984. The ontogenetic niche and species interactions in
size-structured populations. Annu. Rev. Ecol. Syst. 15, 393–425.

Worm,  B., Hilborn, R., Baum, J.K., Branch, T.A., Collie, J.S., Costello, C., Fogarty, M.J.,
Fulton, E.A., Hutchings, J.A., Jennings, S., Jensen, O.P., Lotze, H.K., Mace, P.M.,
McClanahan, T.R., Minto, C., Palumbi, S.R., Parma, A.M., Ricard, D., Rosenberg,
A.A., Watson, R., Zeller, D., 2009. Rebuilding global fisheries. Science 325,
578–585.

Ying, Y., Chen, Y., Lin, L., Gao, T., 2011. Risks of ignoring fish population spatial
structure in fisheries management. Can. J. Fish. Aquat. Sci. 68, 2101–2120.

Zhang, C., Chen, Y., Ren, Y., 2015. Assessing uncertainty of a multispecies
size-spectrum model resulting from process and observation errors. ICES J.
Mar. Sci., in press.

Zhang, C., Ye, Z., Wan, R., Ma,  Q., Li, Z., 2014. Investigating the population structure
of small yellow croaker (Larimichthys polyactis) using internal and external
features of otoliths. Fish. Res. 153, 41–47.

Zhou, S., 2008. Fishery by-catch and discards: a positive perspective from

ecosystem-based fishery management. Fish Fish. 9, 308–315.

Zhou, S., Smith, A.D.M., Punt, A.E., Richardson, A.J., Gibbs, M., Fulton, E.A., Pascoe, S.,
Bulman, C., Bayliss, P., Sainsbury, K., 2010. Ecosystem-based fisheries
management requires a change to the selective fishing philosophy. Proc. Natl.
Acad. Sci. 107, 9485–9489.

http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0460
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0470
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0475
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0480
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0485
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0490
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0495
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0500
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0505
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0510
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0515
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0520
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0525
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0530
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0535
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0540
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0545
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0550
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0555
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0560
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0565
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0570
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575
http://refhub.elsevier.com/S0165-7836(15)30104-1/sbref0575

	An evaluation of implementing long-term MSY in ecosystem-based fisheries management: Incorporating trophic interaction, by...
	1 Introduction
	2 Materials and methods
	2.1 The operational model
	2.2 Simulation scenarios
	2.3 Measurement of fisheries status

	3 Results
	3.1 Single-species fishery
	3.2 Stow-net fishery
	3.3 Trawl fishery
	3.4 Uncertainty

	4 Discussion
	4.1 Trophic interactions and catchability
	4.2 Ecological indicators and uncertainty
	4.3 Implications for fisheries studies and management

	Supplementary material
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


