N

N

Risky business: The combined effects of fishing and

changes in primary productivity on fish communities

Caihong Fu, Morgane Travers-Trolet, Laure Velez, Arnaud Gruss, Alida

Bundy, Lynne J. Shannon, Elizabeth A. Fulton, Ekin Akoglu, Jennifer E.
Houle, Marta Coll, et al.

» To cite this version:

Caihong Fu, Morgane Travers-Trolet, Laure Velez, Arnaud Gruss, Alida Bundy, et al.. Risky business:
The combined effects of fishing and changes in primary productivity on fish communities. Ecological
Modelling, 2018, 368, pp.265-276. 10.1016/].ecolmodel.2017.12.003 . hal-01826746

HAL Id: hal-01826746
https://hal.science/hal-01826746

Submitted on 2 Jun 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-01826746
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Ecological Modelling 368 (2018) 265-276

. . . . =
Contents lists available at ScienceDirect MOBaTING

e o oo
LG AN N

g
B |

Ecological Modelling

journal homepage: www.elsevier.com/locate/ecolmodel

Risky business: The combined effects of fishing and changes in ) |
primary productivity on fish communities S

Caihong Fu?, Morgane Travers-Trolet®, Laure Velez“9, Arnaud Griiss®"2, Alida Bundy",
Lynne J. Shannon', Elizabeth A. Fulton’-¥, Ekin Akoglu"™, Jennifer E. Houle",

Marta Coll©%-.°, Philippe Verley“¢, Johanna J. HeymansP?, Emma John9,

Yunne-Jai Shin ¢4

2 Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Road, Nanaimo, BC, V9T 6N7, Canada

b [FREMER, Fisheries Laboratory, Boulogne sur Mer, France

¢ Institut de Recherche pour le Deiveloppement, UMR MARBEC 248 , Centre de Recherche Halieutique Meiditerraneienne et Tropicale, Avenue Jean Monnet,
CS 30171, 34203 Séte Cedex, France and Université de Montpellier, Place Eugéne Bataillon, CC093, Bdtiment 24, 34095 Montpellier cedex 5, France

d Université de Montpellier, Place Eugéne Bataillon, CC093, Batiment 24, 34095, Montpellier Cedex 5, France

¢ Department of Marine Biology and Ecology, Rosenstiel School of Marine and Atmospheric Science, University of Miami, 4600 Rickenbacker Causeway,
Miami, FL, 33149, USA

f Cooperative Institute for Marine and Atmospheric Studies, Rosenstiel School of Marine and Atmospheric Science, University of Miami, 4600 Rickenbacker
Causeway, Miami, FL, 33149, USA

& Southeast Fisheries Science Center, Sustainable Fisheries Division, 75 Virginia Beach Drive, Miami, FL, 33149-1099, USA

h Fisheries and Oceans Canada, Bedford Institute of Oceanography, PO Box 1006, Dartmouth, NS, B2Y 4A2, Canada

i Marine Research (MA-RE) Institute and Department of Biological Sciences, University of Cape Town, Private Bag X3, Rondebosch, 7701, South Africa

1 CSIRO Oceans & Atmosphere, Castray Esplanade, Hobart, Tasmania, 7001, Australia

k Centre Marine Socioecology, University of Tasmania, Hobart, Tasmania, 7001, Australia

!Institute of Marine Sciences, Middle East Technical University, 33731, Erdemli, Mersin, Turkey

m OGS (Istituto Nazionale di Oceanografia e di Geofisica Sperimentale), Borgo Grotta Gigante 42/C, 34010, Sgonico, TS, Italy

" School of Biological Sciences, Queen’s University Belfast, 97 Lisburn Road, Belfast, BT9 7BL, United Kingdom

© Ecopath International Initiative Research Association, Barcelona, Spain

P Scottish Association for Marine Science, Scottish Marine Institute, Oban, Argyll, PA371QA, United Kingdom

a4 Department of Animal and Plant Sciences, University of Sheffield, Sheffield, South Yorkshire, S10 2TN, United Kingdom

ARTICLE INFO ABSTRACT

Article history: There is an increasing need to understand ecosystem responses to multiple stressors in that such complex
Received 25 April 2017 responses depend not only on species-level responses, but also on species interactions and ecosystem
Received in revised form 1 December 2017 structure. In this study, we used a multi-model ecosystem simulation approach to explore the combined
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Available online 12 December 2017 effects of fishing and primary productivity on different components of the food-web across a suite of

ecosystems and a range of model types. Simulations were carried out under different levels of primary
productivity and various fishing scenarios. In addition to exploring synergistic, additive or antagonis-

ffija/rvivr?erisc:osystem tic combined effects of multiple stressors, we included a fourth category “dampened”, which refers to
Fishing less negative or less positive impacts compared to additive ones, and in contrast to previous studies,
Combined effect we explicitly considered the direction (positive or negative) of the combined effects. We focused on
Meta-analysis two specific combined effects (negative synergism and positive dampened) associated with the risk of
Synergism resultant lower fish biomass than expected under additive effects. Through a meta-analysis of the multi-
Multiple drivers models’ simulation results, we found that (i) the risk of negative synergism was generally higher for

low-trophic-level (LTL) taxa, implying that following an increase of fishing pressure on a given LTL stock,
the subsequent decrease of biomass under low primary productivity would be larger than expected under
additive effects and (ii) the risk of positive dampened effects was generally higher for high-trophic-level
(HTL) taxa, implying that given a management measure aimed at reducing the impact of fishing on HTL
stocks, the subsequent rebuilding of these stocks would be slower than expected. Our approach to cat-
egorizing and exploring cumulative effects can be applied to evaluate other community properties, and

provide guidance for fisheries management.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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1. Introduction

Extensive studies have been conducted using empirical data
from marine ecosystems to investigate individual effects of various
stressors, particularly of fishing and environmental change (e.g., Fu
etal., 2015; Shackell et al., 2012). Yet, research into the cumulative
and interactive impacts of multiple stressors on marine ecosystems
is more limited. Moreover, most studies analyzing the cumulative
and interactive effects of stressors on marine ecosystems focus on
impacts at the single-species level (Crain et al., 2008). However,
impacts of multiple stressors on marine ecosystems depend not
only on species-level responses to stressors, but also on species
interactions, species diversity and redundancy, and ecosystem
structure (Vinebrooke et al., 2004; Crain et al., 2008; Planque et al.,
2010). This highlights the need to understand community-level and
whole-ecosystem responses to multiple stressors (Breitburg et al.,
1998).

Empirical studies exploring the effects of fishing and environ-
mental change often assume that the combined effects of these two
stressors are additive (e.g., Halpern et al., 2007, 2008; Link et al.,
2010; Miller et al., 2011), i.e., that they are equal to the sum of
the individual stressor impacts. However, Crain et al. (2008) found
after reviewing 171 studies, mostly experimental ones and manip-
ulating two or more stressors in marine and coastal systems, that
the combined effects of stressors varied across studies, manifesting
as additive (26% of the studies), synergistic (36%), or antagonistic
effects (38%). Synergism is used to define a combined effect of mul-
tiple stressors that is greater than the addition of effects produced
by the stressors acting in isolation. Antagonism is a cumulative
effect with a lower magnitude than the sum of isolated effects (Folt
et al., 1999; Darling and C6té, 2008). However, antagonism specif-
ically designates situations where the pressures act effectively in
opposition, or where the combined effect is opposite to the additive
effect. In conservation science, it is commonly believed that eco-
logical synergies are associated with deleterious consequences for
ecological systems (Paine et al., 1998; Sala et al., 2000; Harley et al.,
2006; Halpern etal., 2008; Brook et al., 2008) and that they have the
potential to either reduce ecosystem resilience or push ecosystems
into alternative states that would not have been reached with indi-
vidual stressors acting in isolation (McClanahan et al., 2002; Folke
et al,, 2004).

However, in the applied context of fisheries management,
synergistic or antagonistic combined effects may have different
implications, depending on the response direction (positive or neg-
ative) of the combined effects. These management implications
were not addressed in the afore-mentioned studies. Understanding
that a conceptually robust definition and systematic classifica-
tion of synergism and antagonism is a prerequisite for improving
the ability to predict and manage the interactive effects of mul-
tiple stressors, Piggott et al. (2015) re-conceptualized synergism
and antagonism by combining both the magnitude and response
direction of combined effects, and illustrated how the traditional
direction-independent classification of these terms may prove
problematic. Travers-Trolet et al. (2014) introduced dampened
effect as a third category of combined effects, in addition to syner-
gism and antagonism, referring to less negative or to less positive
impacts on a given ecosystem component. In this study, we further
categorized the three types of combined effects (synergism, damp-
ened effect, and antagonism) according to their direction (positive
or negative) and ecological consequence (risk, being defined as
combined effect resulting in lower fish biomass than expected
under additive effects). See Section 2.5 for detailed definitions of
the different categories of combined effects.

Empirically, it is difficult to draw general conclusions about the
frequency with which synergistic, antagonistic and additive effects
may be expected in the presence of multiple stressors, given the
diversity of stressor combinations that can potentially co-occur
across a broad range of marine ecosystems (Crain et al., 2008;
Darling and Coté, 2008; Halpern et al., 2008; Costello et al., 2010).
Ecosystem simulation models, such as Ecopath with Ecosim (EwWE)
(Christensen and Walters, 2004; Mackinson et al., 2009), OSMOSE
(Shin and Cury, 2004; Travers et al., 2009; Travers-Trolet et al.,
2014) and Atlantis (Fulton et al., 2004; Griffith et al., 2011, 2012),
are increasingly being used worldwide to investigate impacts of
fishing and environmental change on marine ecosystems. They
are useful for the study of potential synergistic or antagonis-
tic effects of stressors in marine ecosystems, since they can be
employed as virtual laboratories where stressors can be controlled
and dynamics can be tracked at different aggregation levels (i.e., at
the species, community and ecosystem levels) (e.g., Griffith et al.,
2012; Travers-Trolet et al., 2014). Using an Atlantis model of the
southeastern Australian marine ecosystem, Griffith et al. (2012)
found that the different trophic levels of a marine community
responded differently to combined changes in fishing and environ-
ment — with benthic invertebrates responding antagonistically to
the combination of ocean warming, ocean acidification and fishing
pressure, while both top predator and planktonic groups responded
synergistically. Practically, this would mean that pelagic and dem-
ersal fisheries should be managed differently under environmental
change. Travers-Trolet etal.(2014) also suggested differential types
of response depending on the trophic level considered; using an
OSMOSE model of the Southern Benguela ecosystem, they sug-
gested that small pelagic species were more prone to detrimental
combined effects of fishing and environmental change than other
trophic levels. Heymans and Tomczak (2016), using an EWE model
of the Northern Benguela ecosystem, found that while the main
driver of demersal species was fishing, for pelagic species it was
fishing and climate, which caused changes in network structure.

Simulating interaction effects of multiple stressors on marine
ecosystems is at its infancy. There is ample scope to improve,
broaden and generalize the outcome of these recent modelling
studies by developing more realistic end-to-end models (e.g.,
Travers et al., 2007; Rose et al., 2010), addressing uncertainty by
comparing simulations across ecosystems and models, or refining
the scenarios. In this study, we explored two stressors: fishing and
changes in primary productivity, with the latter representing one
aspect of environmental change, across nine marine ecosystems,
using ecosystem models that differ in their structure and assump-
tions. We specifically investigated the combined effects of these
two stressors on fish biomasses at different trophic levels.

Given recent empirical studies showing that the response of
ecosystem indicators to individual stressors was dependent on the
fishing strategy and history (Shannon et al., 2014), it is critical
to explore different fishing strategy scenarios when investigating
the combined impacts of fishing and environment on ecosystems.
Therefore, ecosystem simulations in this study were carried out
using different fishing strategies — where either all-trophic-level
(ALL), high-trophic-level (HTL), or low-trophic-level (LTL) taxa (i.e.,
species or groups) were subjected to various levels of fishing mor-
tality. Abiding by our new categorization of combined effects, we
specifically explored negative synergism and positively dampened
effects, and contrasted relative risks of these two effects between
HTL and LTL taxa in a meta-analysis context (Koricheva et al.,2013).
These analyses aimed at enhancing our understanding of the com-
bined effects of fishing and primary productivity and providing
guidance for fisheries managers.
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Fig. 1. Ecosystems studied with colours representing the different types of ecosystem models (EWE, OSMOSE, Atlantis, and Size Spectrum). 1: Black Sea, 2: North Sea, 3:
Southern Catalan Sea, 4: Southeastern Australian, 5: Southern Benguela, 6: West Coast Canada, 7: Western Scotland, 8: West Florida Shelf, and 9: Western Scotian Shelf.

2. Materials and methods
2.1. Ecosystem models

Nine ecosystems are represented using one of four different
ecosystem modelling approaches (Fig. 1): Ecopath with Ecosim
(EwE, Christensen and Walters, 2004), OSMOSE (Shin and Cury,
2004), Atlantis (Fulton et al., 2004), and a size spectrum model
(Blanchard et al., 2014). Five ecosystems were modelled with EwE:
the Black Sea (Akoglu, 2013), the Southern Benguela (Shannon et al.,
2004, 2008; Smith et al., 2011), the Southern Catalan Sea (Coll
et al., 2006; Coll et al., 2013), the Western Scotian Shelf (Aratjo
and Bundy, 2011, 2012), and Western Scotland (Alexander et al.,
2015). OSMOSE was used to model two ecosystems: West Coast
Canada (Fu et al., 2013) and the West Florida Shelf (Griiss et al.,
2016). The Southeastern Australian ecosystem was modelled with
Atlantis (Fulton et al., 2014) and the North Sea was modelled with
a size spectrum model (Blanchard et al., 2014). All models used
in the present study have been published and validated against
observations of abundance, biomass, and/or catch data.

2.2. Fishing strategies

Prior to simulation runs, fishing mortality corresponding to the
maximum sustainable yield (Fysy) was estimated in each ecosys-
tem for each exploited taxon by reconstructing the yield to fishing
mortality curve (catch as a function of fishing mortality rate) while
holding the fishing mortality of all other taxa in the ecosystem con-
stant at their respective current fishing mortality rates (Feyr). For
each ecosystem, we separated all taxa into two categories, i.e., focus
and non-focus taxa, with a focus taxon i being fished at F; = )”Fli\/lsy
(year*1 ) and a non-focus taxon j being fished at its respective
F.,,+. By varying the multiplier A, we implemented different lev-
els of fishing mortality on focus taxa. Within each ecosystem, we
investigated three different fishing strategies: an “all-trophic-level”
(F_all) strategy, a “high-trophic-level” (F_htl) strategy, and a “low-
trophic-level” (F_Itl) strategy. While the F_all strategy represents
broad-scale exploitation, where the focus taxa are all taxa retained
in commercial or subsistence fisheries, the F_htl strategy focuses on
predatory taxa, whichinclude large demersal and large pelagic taxa.

The F_Itl strategy focuses on all forage taxa retained in commercial
or subsistence fisheries. Here, forage taxa are defined as pelagic
taxa, which as adults mainly feed on plankton (phyto-, zoo-, or
ichthyoplankton). Any pre-recruit stages that are represented in the
models are excluded from the fishing scenarios, as are air-breathing
animals (i.e., marine mammals, marine turtles, and seabirds). For
each fishing strategy, we experimented with a range of multipliers
A €{0.25,0.5,0.75, 1, 1.25, 1.5}, covering a representative range of
the yield-fishing mortality curve. The multiplier approach allows
comparability across ecosystems.

2.3. Primary productivity

Because physical drivers were not explicit in all ecosystem
models, we forced changes in phytoplankton biomass to repre-
sent changes in primary productivity (one of the few aspects of
environmental change that are comparable across all ecosystem
models). In EWE and OSMOSE, we forced phytoplankton biomass
directly. In the size spectrum model, the plankton carrying capac-
ity parameter was adjusted, because plankton biomass emerges in
this model rather than being set directly. In Atlantis, nutrient inputs
from point sources and upwelling were forced so that the result-
ing change in phytoplankton matched what would have occurred
if the primary production had been forced directly. We repre-
sented directional primary productivity change by simply applying
a multiplier vy € {0.85, 0.9, 0.95, 1, 1.05, 1.1} directly to modelled
phytoplankton biomass. This range of variability encompasses the
range of changes observed in the last decade in the ecosystems
studied here (Boyce et al., 2014).

2.4. Response variables

In parallel to the trophic grouping used for the fishing strategies,
the response variables used here are the aggregated biomass of ALL,
HTL, or LTL taxa, averaged over the last ten years of simulation, after
a spin-up time that is specific to each model. For each trophic taxa
and each fishing strategy in an ecosystem, we analyzed 36 scenar-
ios ( =6 Fysy multipliers x 6 multipliers of phytoplankton biomass).
The control scenario has both the Fy;sy and phytoplankton biomass-
multipliers set to 1 with resultant biomass B¢. Within each scenario
k, the relative change in biomass is calculated as: ABE"’” = B"B—;B‘ for



268

the combined effects with both fishing and phytoplankton biomass
varying simultaneously. The relative biomass change for additive
effects ABiep is the sum of relative biomass change with each of
the two factors varying independently while the other remains at
its control level.

2.5. Types of combined effects and risk

To characterize the types of effects resulting from the combi-
nation of fishing and phytoplankton biomass change, we adopted
the following definitions of the different types of combined effects
with risk zones defined where combined effects result in lower fish
biomass than expected under the assumption of additive effects
(the 1:1 line in Fig. 2). Aside from additive effects (1:1 line), the
combined effects are as follows:

(i) When both AB{™ and ABiep are positive (in Quadrant I): if

AB™ > ABie” , the combined effects are considered positive
synergistic, otherwise positive dampened. While positive syn-
ergism results in higher fish biomass than expected under
the assumption of additive effects, positive dampened effect
results in lower biomass, thus constituting a risk.

(ii) When both AB{*™ and ABie’J are negative (in Quadrant IIl): if

ABY™ < ABi‘?"7 , the combined effects are considered negative
synergistic, otherwise negative dampened. Negative syner-
gism exacerbates the reduction of fish biomass compared with
the additive effects, so it is considered a risk; a negative damp-
ened effect results in higher biomass than expected under
additive effects.

(iii) In this study, effects on fish biomass are categorized as antag-
onistic when the combined effects and the sum of separate
effects have opposite directions of change. In this sense, the
definition of antagonism is more specific than that used in
other studies (e.g., Crain et al., 2008). In the case where
AB™ > 0 and ABiEp < 0 (in Quadrant II), the combined
effects are positive antagonistic; otherwise, negative antag-
onistic (in Quadrant IV). Since positive antagonism results in
higher fish biomass than expected under additive effects, there
is no risk associated with it; on the contrary, negative antago-
nism falls within the risk area.
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o
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._g
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Based on the types of combined effects defined above, we
assigned each scenario to one of the six categories (positive syner-
gism, positive dampened, positive antagonism, negative synergism,
negative dampened and negative antagonism) to report the fre-
quency (based on occurrence) and intensity of each effect. The
intensity of an effect is represented by the absolute difference
between ABg"m and ABiep . In order to reflect both occurrence
and intensity of the combined effects, weighted frequency (i.e.,
frequency*intensity) is used for the following analyses.

2.6. Meta-analysis

While we appreciate that using statistics on model data
breaks the fundamental assumption that the underlying model is
unknown, it is often still a useful approach for summarizing ecosys-
tem model results. Moreover, in this case a statistical approach is
particularly appropriate as calculating the true underlying model
across the entire ensemble of models is extremely difficult. To
compare combined effects of fishing and phytoplankton biomass
change across ecosystems, fishing strategies and trophic groups,
we adopt a meta-analytic approach. While traditional statistical
reports include information on significance such as p-value, such
values do not tell the size of a difference between two measures,
nor can it easily be compared across studies. In contrast, in any
meta-analysis, the relevant results of each study are expressed in
terms of an outcome measure putting the results on a common
scale. This common outcome measure is called the effect size, and
itis the magnitude of the effect size that is compared and combined
across studies.

In this study, the relative risk (RR) is used as the effect size. We
specifically aimed at comparing the RR between the LTL and HTL
groups to determine if these two trophic groups respond differently
to the fishing and phytoplankton biomass changes explored, and if
they have different levels of ecological risk - thereby requiring sep-
arate consideration, treatment and advice in fisheries management.
We compared the nine ecosystems under the three fishing strate-
gies. The RR value is computed as: RR=P;/P,. For the first type of
ecological risk (negative synergism), for instance, P is the propor-
tion of negative synergism for the LTL group; P, is the proportion
for the HTL group. Following the standard practice, the statisti-
cal analysis was performed on the logarithms of the ratios since

+10% +20%

Sum of separate effects

Fig. 2. Schematic comparison of the combined versus additive separate effects. Effects are presented as relative change in biomass occurring when fishing and phytoplankton
biomass change act simultaneously (combined effect, y-axis) versus acting separately (x-axis). The 1:1 line represents combined effects being equal to additive effects. The
zones below the 1:1 line are considered as risk zones, including negative synergistic (Neg. Synergism), negative antagonistic (Neg. Antagonism), and positive dampened (Pos.

Dampened) effects.
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In(RR) is nearly normal and the standard error of In(RR) is estimated

as:SE = (}1]_,’311 + %)]/2 (Fleiss and Berlin, 2009).

To summarize results from the nine ecosystems quantitatively,
we used a random-effects model (a full model without discrimi-
nating fishing strategies) to determine the level of heterogeneity
among the ecosystems that could be introduced by the differ-
ent ecosystem structures and/or different modelling approaches.
In addition, a likelihood-ratio test between the full model and a
reduced model that included fishing strategy as a moderator was
conducted to indicate if fishing strategy mattered to the results.
According to Koricheva et al. (2013), the random-effects model
can be written as: 6; =In(RR) +u;, where 6; is the estimated effect
size of the true effect size In(RR) for ecosystem i, and u;~N(O, tiz)
with 72 representing the amount of heterogeneity among the true
effects. If 2 =0, then there is no heterogeneity among true effects
(i.e., 01 =0,=---=60,=0), so that In(RR) =6 denotes the true effect.
Following Raudenbush (2009), the best estimate of In(RR) (noted

In(RR)) is the average of 6; weighted by precision (i.e., the recipro-
cals of the variance Tiz)’ ie.,

k

N 0; 1

ln(RR):§ ?/E =
i=1 1 =1

i i

=

-1

where ( 1| s the variance.
1
i=1

T

||'Ma—

The null hypothesis of homogeneity is tested using Cochran’s
Q-test:

k ~ 2
(6; — In(RR))
Q=) :2

i=1

If the null hypothesis is rejected based on a given p value, the
extent of heterogeneity among the true effects is represented by

O Pos.Synergism B Neg.Dampened Pos.Antagonism
B Neg.Synergism B Pos.Dampened B Neg.Antagonism
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Fig. 3. Intensity-weighted frequencies of the six combined effects of fishing and phytoplankton biomass change on aggregated fish biomass for all- (ALL), high- (HTL), and
low-trophic-level (LTL) groups recorded over all fishing strategies simulations, with combined effects being arranged according to the traditional definition of synergism
(first stacked bar), dampened effect (second stacked bar), and antagonism (third stacked bar).
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the simple ratio: H=Q/(k — 1). Under the null hypothesis of homo-
geneity, H has an expected value of unity; an H value of 2 implies
that the variation in the estimated effect size 6; is twice what would
be expected under the null hypothesis. The meta-analysis was con-
ducted using the “metafor” package (Viechtbauer, 2010).

3. Results

The combined effects of fishing and phytoplankton biomass
change on fish biomass varied among the different trophic groups
(LTL, HTL, and ALL) within each ecosystem (Fig. 3). In particular,
the most frequently occurring effect differed between HTL and LTL
groups in each ecosystem with only three exceptions (the Black
Sea where dampened effects occurred more frequently for both
HTL and LTL groups; the Southern Catalan Sea and the Southern
Benguela where synergistic effects occurred more often). Across all
the ecosystems, the HTL group was

most likely subjected to dampened effects; the LTL group on
the other hand was more prone to synergistic effects. The intensity
of synergistic effects was generally larger than that of dampened
effects (Fig. 4). Antagonistic effects, particularly positive antag-
onism, were the least frequent in our simulation experiments;
however the intensity of this effect tended to be larger than those
from the synergistic and dampened effects (Fig. 4), implying that
when antagonism happens, the resulting response of the fish com-
munity could be much larger than what would be expected under
other types of combined effects.

Because the different directions of the synergistic, dampened,
and antagonistic effects have different ecological risks, presenting
different implications for fisheries management, we organized the
combined effects based on their risk or non-risk feature. With two
exceptions (West Coast Canada and Western Scotland), all ecosys-
tems either had more or less risky combined effects for both HTL
and LTL groups (Fig. 5). The non-risky combined effects (i.e., positive
synergism, negatively dampened effects and positive antagonism)
were predominant for both HTL and LTL groups in several ecosys-
tems (e.g., the North Sea, the Southeastern Australian ecosystem,
and the West Florida Shelf). In contrast, the risky combined effects
(i.e., negative synergism, positively dampened effects and nega-
tive antagonism) played important roles in some other ecosystems
(e.g., the Black Sea, the Southern Catalan Sea, and the Southern
Benguela).

In order to differentiate the different types of risky combined
effects, we contrasted the LTL and HTL groups to determine how
prone they were to each of the ecological risks within each ecosys-
tem and under each fishing strategy. Most RRvalues of negative
synergistic effects were at or above 1 (Fig. 6). The RR value averaged
over all ecosystems and fishing strategies was significantly greater
than 1 with p=0.021 (Table 1). This suggested that the risk of a
negative synergistic interaction between fishing and phytoplank-
ton biomass change was significantly higher for the LTL group than
for the HTL group. The p-value for the likelihood- ratio test between
the full model (shown in Fig. 6) and the reduced model was 0.939,
indicating the conclusion drawn here was irrespective of fishing
strategy. The ratio of total heterogeneity to total variability was
53% (Table 1), indicating more than half of the variability was due
to heterogeneity across the ecosystem simulation models. The H
value of 2.279 (Table 1) implied that the variation in RR was more
than double of what would be expected under the null hypothesis
of homogeneity.

In contrast, most RR values of positive dampened effect were at
or below 1 (Fig. 7). The RR value averaged over all the ecosystems
and fishing strategies was significantly less than 1 (i.e., 0.752) with
p=0.006 (Table 1). This suggested that the risk of positive damp-
ened effects was lower for the LTL group than for the HTL group.
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Fig. 4. Boxplot of intensity (i.e., the absolute difference of relative change in fish
biomass between combined and separate effects) for synergism (negative: Neg. and
positive: Pos.), dampened (positive: Pos. and negative: Neg.), and antagonism (neg-
ative: Neg. and positive: Pos.) across all fishing strategies, models and ecosystems
examined.

The likelihood-ratio test (p=0.476) between the full model (shown
in Fig. 7) and the reduced model indicated that fishing strategy
was not a factor affecting the conclusion drawn here. The amount
of heterogeneity was high (74%) compared to the total variabil-
ity, again indicating significant heterogeneity across the ecosystem
simulation models.

When we explored the risk of relative biomass change falling
below the additive 1:1 line, i.e., negative synergistic, positive damp-
ened, and negative antagonistic effects, the RR value averaged over
all ecosystems and fishing strategies was 0.903, not significantly
different from 1 at p value of 0.05 (Table 1). Because the relative risk
of negative synergism and that of positive dampened was opposite,
the combination of these two types of risk would not be signifi-
cantly different between the HTL and LTL groups. In addition, the
fact that the RR value was slightly less than 1 could be solely a
result of the Southeastern Australia ecosystem where the RR val-
ues were significantly less than 1 under all three fishing strategies
(Fig. 8), meaning for this ecosystem the risk of having detrimental
combined effects for HTL species was globally higher than for LTL
species.

4. Discussion

With the growing need to apply ecosystem-based approaches
to marine resource management, research on cumulative impacts
from multiple stressors has become a focal topic in marine science
(Rosenberg and McLeod, 2005; Leslie and McLeod, 2007), particu-
larly under the current situation where both climate change and
overfishing are affecting the productivity and structure of marine
ecosystems at unprecedented rates (Kirby et al., 2009). While inter-
actions between fishery exploitation and environmental change
may result from combinations of various environmental variables
that operate through different pathways, as an initial step, we
investigated variation in primary productivity as representing one
aspect of environmental change. Our research employed a multi-
model ecosystem simulation approach to explore the combined
effects of fishing and primary productivity on different components
of the food-web. While combined effects of fishing and environ-
mental change on fish communities have been investigated within
a single ecosystem using a single ecosystem model (Griffith et al.,
2011, 2012; Travers-Trolet et al., 2014), this research is the first to
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Table 1

The relative risk (RR) of negative synergism, positive dampened, and lower biomass averaged over 9 ecosystems and 3 fishing strategies for the low-trophic-level group
versus for the high-trophic-level group. Along with RR are SE (standard error of RR estimate), p value (p-val) indicating the 51gmﬁcance level for the null hypothesis of RR = 1,
and the lower (CLIb) and upper bounds (CLub) of 95% confidence intervals. The test of heterogeneity informs whether the RR estimates are homogeneous (null hypothesis)
with 72 measuring the amount of heterogeneity, and H (in a ratio term) indicating the variation in the RR estimates in relation to what would be expected under the null

hypothesis.

Relative Risk

Test for Heterogeneity

RR SE p-val CLIb CLub 72

total heterogeneity/total variability p-val Q H

Neg. Synergism 1.298 1.119 0.021 1.041 1.618
Pos. Dampened 0.752 1.110 0.006 0.612 0.923
Lower Biomass 0.903 1.059 0.075 0.808 1.010

0.167 (SE=0.091)
0.209 (SE=0.082)
0.057 (SE=0.024)

52.70% 0.000 59.260 2.279
73.96% <0.0001 90.605 3.485
65.96% <0.0001 78.343 3.013

investigate the combined effects across a diverse series of marine
ecosystems and models.

Following the traditional classification of combined effects
without considering the direction of change triggered, we found
that the HTL group was most likely subjected to dampened effect
and the LTL group to synergistic effect across all the ecosystems. The
least frequent combined effect was antagonism, suggesting that,
whether adverse or positive, effects of fishing and phytoplankton

biomass change rarely cancel one another out. Since we classified
as antagonistic effects only those cases where the combined effects
and the separate effects occurred in opposite directions, the result
derived here concerning the frequency of antagonism is not compa-
rable with previous studies (e.g., Crain et al., 2008; Rosenblatt and
Schmitz, 2014). The infrequent occurrence of antagonism accom-
panied with its significantly larger intensity (absolute difference
between ABE‘”" and ABie" ) could be related to “ecological sur-
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Fig. 6. Forest plot showing the relative risk of negative synergistic effects for the low trophic level (LTL) group versus the high trophic level (HTL) group under three fishing
strategies: (a) F.all, focusing on all trophic level; (b) F_htl, focusing on high trophic level; and (c) F_Itl, focusing on low trophic level taxa. The points are the mean values for
individual ecosystems; the estimated average relative risk across ecosystems is indicated at the bottom.

prises” reported in natural systems (Lindenmayer et al., 2010) or
particularly in marine ecosystems and fisheries management, when
the response of target populations to specific management mea-
sures, such as rebuilding measures, are contrary to predictions
and counter intuitive (Pine et al., 2009). Our results suggest we
could better understand ecological surprises if essential drivers
are explicitly taken into account and the appropriate scenarios
are tested with models incorporating those drivers. Managers are
often bound to assess the consequences of ecological surprises a
posteriori. Their capacity to be prepared for such events would
increase if our capacity to predict those rare events is improved.
Such efforts can forewarn managers about potential future states
and rare events, SO managers can trigger appropriate management
responses that are robust to such conditions.

Across ecosystems and fishing strategies, dampened effects
were rather common, although all previous research, with the
exception of Travers-Trolet et al. (2014), had classified this effect as
antagonism because directional change had not been considered in
earlier studies. One example of such a dampening process is when

the food-web is under organizational control of key LTL taxa, known
as wasp-waist control (Cury et al., 2000; Bakun, 2006). In this case,
the availability of the LTL taxa may absorb the stressors and typi-
cally determines the fate of the predatory fish stocks in conjunction
with the effects of fishing pressure upon them. Therefore, any bot-
tom up or top-down cascading impact is likely to be dampened in
the food-web. This is true even though the LTL taxa tend to be under
heavy fisheries exploitation. Only when the impact of a driver is so
strong thatit undermines the resilience of the trophic groups, do the
combined effects appear to act synergistically on the ecosystem, as
evidenced by the infamous Mnemiopsis-anchovy shift in the Black
Sea in 1989 (Akoglu et al., 2014) or the shift from anchovy/sardine
to goby/jellyfish in the Northern Benguela ecosystem (Heymans
and Tomczak, 2016).

In contrast to previous studies, we explicitly considered the
direction of the combined effects and specifically associated each
direction-dependent combined effect with ecological risk. While
the frequencies of the traditionally defined synergism, dampened
effects and antagonism in an ecosystem often display irregular pat-
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Fig. 7. Forest plot showing the relative risk of positive dampened effects for low-trophic-level group versus high-trophic-level group under three fishing strategies: (a) Fall,
focusing on all trophic level; (b) F_htl, focusing on high trophic level; and (c) F_Itl, focusing on low trophic level taxa. The points are the mean values for individual ecosystems;

the estimated average relative risk across ecosystems is indicated at the bottom.

terns (Fig. 3), the frequencies of risky and non-risky combined
effects tend to have similar patterns between the HTL and LTL
groups (Fig. 5), implying if risky combined effects dominate for the
HTL group, so do for the LTL group. This indicates that it is useful
to classify the combined effects according to the risk and non-
risk categories because this classification reveals an ecosystem’s
vulnerability to risks irrespective of the trophic groups examined.
Therefore, this classification boosts confidence in determining the
risky business related to combined effects.

Through specifically contrasting the LTL and HTL groups in rela-
tion to a specific risky combined effect, we obtained findings that
have important implications for fisheries management. First, the
risk of negative synergism is significantly higher for the LTL group
than for the HTL group, whatever the fishing strategy considered.
This implies that following an increase of fishing pressure on a
given LTL stock, the subsequent decrease of biomass under low
phytoplankton biomass will be higher than that expected if only
the fishing driver is taken into account in the assessment. Second,

the risk of positive dampened effect is significantly higher for the
HTL group than for the LTL group, whatever the fishing strategy con-
sidered. This means that given a management measure for reducing
the impact of fishing on HTL stocks, the subsequent rebuilding of
these stocks will be slower than expected under an assessment
taking into account the fishing driver only. Third, the overall risk
of relative biomass change falling below that expected under addi-
tive effects is not significantly different between the HTL and LTL
groups due to the fact that the relative risk of negative synergism
and that of positively dampened effect cancel one another out. This
indicates the importance of differentiating the different types of
risk when exploring the combined effects of multiple stressors in
fisheries management.

In order to better understand triggers causing the risky com-
bined effects (i.e., negative synergism, positively dampened effects
and negative antagonism), we further explored the occurrences of
these risky combined effects over the multiplier spaces of fish-
ing mortality and phytoplankton biomass under different fishing
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Fig. 8. Forest plot showing the relative risk of relative biomass falling below the 1:1 line for low-trophic-level versus high-trophic-level group under three fishing strategies:
(a) F-all, focusing on all trophic level; (b) F_htl, focusing on high trophic level; and (c) F_Itl, focusing on low trophic level taxa. The points are the mean values for individual
ecosystems; the estimated average relative risk across ecosystems is indicated at the bottom.

strategies (See Appendix B for more details). As expected, risky
combined effects generally occur at low phytoplankton biomass
and high fishing mortality. However, under fishing strategy F_htl,
the ALL and LTL groups are more likely subject to negative syner-
gism and positively dampened effects at low fishing mortality and
low phytoplankton biomass. This is likely due to the fact that lower
fishing mortality on the HTL group results in higher HTL biomass
and thus higher predation mortality on the LTL group. Such findings
have been made possible by employing the ecosystem models that
detail the dynamics of different trophic groups and fishing strate-
gies at different trophic levels. Future research on the development
and application of more scenarios of ecosystem dynamics and ser-
vices using these ecosystem models across broad spatial scales will
be beneficial for moving toward ecosystem-based approaches to
marine resource management.

Aside from the general patterns across the ecosystems related to
the combined effects, understanding how the characteristics of the
different ecosystems are related to combined effects is also ben-

eficial. We attempted to functionally link the obtained simulated
patterns to features of ecosystem structure (See Appendix C for
more details). Further research is warranted in order to achieve
more definite conclusions.

Overall, meta-analysis has allowed us to compare combined
effects across different ecosystems through comparable simulation
experiments with differences existing in both the ecosystem struc-
ture and model structure. Such comparison provides us with good
opportunities to explore commonalities and divergences among
various ecosystems, both of which will lead to greater understand-
ing of the combined effects. However, due to the small number
of simulation scenarios, the confidence intervals of the estimated
relative risk (Figs. 6-8) were rather wide. Future simulations and
comparisons can be improved by implementing significantly more
scenarios of interactions between fishing mortality and phyto-
plankton biomass change and by including a range of feasible
parameterizations per model (to capture ecological uncertainty
around individual system function and responses). The finding
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that more than half of the variability was due to heterogeneity
across the ecosystem simulation models indicates that a broader
scale of comparison is warranted in order to verify the conclusions
drawn from this study. Future comparisons can be done within
a single ecosystem but employing a variety of ecosystem mod-
els or across different ecosystems but using the same ecosystem
model in order to address uncertainties in either ecosystem struc-
ture or model structure. Nevertheless, the current study has taken
a positive step forward by convening research scientists across
different continents to carry out unified simulation experiments
using existing modelling capacities. Future research will benefit
from comparative modelling approaches running common scenar-
ios and methods across the growing library of extant and validated
ecosystem models.

Acknowledgements

This is a contribution to the IndiSeas Working Group, co-funded
by IOC-UNESCO (www.ioc-unesco.org) and EuroMarine (http://
www.euromarinenetwork.eu) and to the project EMIBIOS (FRB,
contract no. APP-SCEN-2010-II). The authors would like to thank
Philippe Cury, Anthony Richardson and two anonymous reviewers
for reviewing the manuscript and providing insightful comments.
The authors would like to thank IndiSeas participants for their con-
tribution in discussing ideas, objectives, assets and limits of our
approach during annual meetings. The work on Canada West Coast
ecosystem was sponsored by Fisheries & Oceans Canada under the
Aquatic Climate Change and Adaptation Services Program. YJS, MTT,
LV, and PV were supported by the project EMIBIOS (FRB, contract
no. APP-SCEN-2010-II). AG was supported by NOAA’s Integrated
Ecosystem Assessment (IEA) program (http://www.noaa.gov/iea/
); LJS was supported by IRD, France, and through the South African
Research Chair Initiative, funded through the South African Depart-
ment of Science and Technology (DST) and administered by the
South African National Research Foundation (NRF). JEH was sup-
ported by a Beaufort Marine Research Award carried out under
the Sea Change Strategy and the Strategy for Science Technology
and Innovation (2006-2013), with the support of the Marine Insti-
tute, funded under the Marine Research Sub-Programme of the
Irish National Development Plan 2007-2013. MC was supported by
the Marie Curie Career Integration Grant Fellowships — PCIG10-GA-
2011-303534 - to the BIOWEB project. JJH was supported by the
Natural Environment Research Council and Department for Envi-
ronment, Food and Rural Affairs under the project MERP: grant
number NE/L003279/1, Marine Ecosystems Research Programme.
All other authors were supported by their respective affiliations.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.ecolmodel.2017.12.
003.

References

Akoglu, E., Salihoglu, B., Libralato, S., Oguz, T., Solidoro, C., 2014. An indicator-based
evaluation of Black Sea food web dynamics during 1960-2000. J. Mar. Syst.
134,113-125.

Akoglu, E., 2013. Nonlinear Dynamics of the Black Sea Ecosystem and Its Response
to Anthropogenic and Climate Variations. Middle East Technical University,
PhD thesis.

Alexander, K.A., Heymans, J.J., MaGill, S., Tomczak, M., Holmes, S., Wilding, T.A.,
2015. Investigating the recent decline in gadoid stocks in the west of Scotland
shelf ecosystem using a food-web model. ICES J. Mar. Sci. 72, 436-449.

Aratjo, J.N.,, Bundy, A., 2011. Description of the ecosystem models of the Bay of
Fundy, western Scotian Shelf and NAFO Division 4X. Canadian Technical
Report of Fisheries and Aquatic Sciences, vol. 2952.

Aragjo, ].N., Bundy, A., 2012. The relative importance of climate change,
exploitation and trophodynamic control in determining ecosystem dynamics
on the western Scotian Shelf, Canada. Mar. Ecol. Prog. Ser. 464, 51-67.

Bakun, A., 2006. Wasp-waist populations and marine ecosystem dynamics:
navigating the predator pit topographies. Prog. Oceanogr. 68, 271-288.

Blanchard, J.L., Andersen, K.H., Scott, F.,, Hintzen, N.T., Piet, G., Jennings, S., 2014.
Evaluating targets and trade-offs among fisheries and conservation objectives
using a multispecies size spectrum model. J. Appl. Ecol. 51, 612-622.

Boyce, D.G., Dowd, M., Lewis, M.R., Worm, B., 2014. Estimating global chlorophyll
changes over the past century. Prog. Oceanogr. 122, 163-173.

Breitburg, D.L., Baxter, ].W., Hatfield, C.A., Howarth, R.W., Jones, C.G., Lovett, G.M.,
et al,, 1998. Understanding effects of multiple stressors: ideas and challenges.
In: Pace, M.L.,, Groffman, P.M. (Eds.), Successes, Limitations, and Frontiers in
Ecosystem Science. Springer, New York, pp. 416-431, 499 pp.

Brook, B.W., Sodhi, N.S., Bradshaw, CJ., 2008. Synergies among extinction drivers
under global change. Trends Ecol. Evol. 23 (8), 453-460.

Christensen, V., Walters, C.J., 2004. Ecopath with Ecosim: methods, capabilities and
limitations. Ecol. Model. 172, 109-139.

Coll, M., Palomera, 1., Tudela, S., Sarda, F., 2006. Trophic flows, ecosystem structure
and fishing impacts in the South Catalan Sea, Northwestern Mediterranean. J.
Mar. Syst. 59, 63-96.

Coll, M., Navarro, J., Palomera, 1., 2013. Ecological role of the endemic Starry ray
Raja asterias in the NW Mediterranean Sea and management options for its
conservation. Biol. Conserv. 157, 108-120.

Costello, M., Coll, M., Danovaro, R., Halpin, P., Ojaveer, H., Miloslavich, P., 2010. A
census of marine biodiversity knowledge, resources and future challenges.
PLoS One 5, e12110.

Crain, C.M,, Kroeker, K., Halpern, B.S., 2008. Interactive and cumulative effects of
multiple human stressors in marine systems. Ecol. Lett. 11, 1304-1315.

Cury, P., Bakun, A., Crawford, RJ.M,, Jarre, A., Quinones, R.A., Shannon, LJ., Verheye,
H.M.,, 2000. Small pelagics in upwelling systems: patterns of interaction and
structural changes in wasp-waist ecosystems. ICES ]. Mar. Sci. 57, 603-618.

Darling, E.S., Coté, .M., 2008. Quantifying the evidence for ecological synergies.
Ecol. Lett. 11, 1278-1286.

Fleiss, J.L., Berlin, J., 2009. Effect sizes for dichotomous data. In: Cooper, H., Hedges,
L.V., Valentine, ].C. (Eds.), The Handbook of Research Synthesis and
Meta-Analysis. , 2nd ed. Russell Sage Foundation, New York, pp. 237-253, 798

pp.

Folke, C., Carpenter, S., Walker, B., Scheffer, M., EImqvist, T., Gunderson, L., Holling,
C.S., 2004. Regime shifts, resilience, and biodiversity in ecosystem
management. Annu. Rev. Ecol. Evol. Syst. 35, 557-581.

Folt, C.L., Chen, C.Y., Moore, M.V,, Burnaford, J., 1999. Synergism and antagonism
among multiple stressors. Limnol. Oceanogr. 44, 864-877.

Fu, C, Perry, R.L, Shin, Y.-],, Schweigert, J., Liu, H., 2013. An ecosystem modelling
framework for incorporating climate regime shifts into fisheries management.
Prog. Oceanogr. 115, 53-64.

Fu, C,, Large, S., Knight, B., Richardson, A., Bundy, A., Reygondeau, G., Boldt, J., et al.,
2015. Relationships among fisheries exploitation, environmental conditions,
and ecological indicators across a series of marine ecosystems. J. Mar. Syst.
148,101-111.

Fulton, E.A., Parslow, J.S., Smith, A.D., Johnson, C.R., 2004. Biogeochemical marine
ecosystem models II: the effect of physiological detail on model performance.
Ecol. Model. 173, 371-406.

Fulton, E.A., Smith, A.D.M., Smith, D.C,, Johnson, P., 2014. An integrated approach is
needed for ecosystem based fisheries management: insights from
ecosystem-level management strategy evaluation. PLoS One 9, e84242.

Griiss, A., Schirripa, M.J., Chagaris, D., Velez, L., Shin, Y.-J., Verley, P.,
Oliveros-Ramos, R., et al., 2016. Evaluating natural mortality rates and
simulating fishing scenarios for Gulf of Mexico red grouper (Epinephelus morio)
using the ecosystem model OSMOSE-WEFS. ]. Mar. Syst. 154, 269-279.

Griffith, G.P., Fulton, E.A., Richardson, A.J., 2011. Effects of fishing and
acidification-related benthic mortality on the southeast Australian marine
ecosystem. Glob. Change Biol. 17, 3058-3074.

Griffith, G.P., Fulton, E.A,, Gorton, R, Richardson, AJ., 2012. Predicting interactions
among fishing, ocean warming, and ocean acidification in a marine system
with whole-ecosystem models. Conserv. Biol. 26, 1145-1152.

Halpern, B.S., Selkoa, K., Micheli, F., Kappel, C., 2007. Evaluating and ranking the
vulnerability of global marine ecosystems to anthropogenic threats. Conserv.
Biol. 21, 1301-1315.

Halpern, B.S., McLeod, K.L., Rosenberg, A.A., Crowder, L.B., 2008. Managing for
cumulative impacts in ecosystem-based management through ocean zoning.
Ocean Coast. Manag. 51, 203-211.

Harley, C.D.G., Hughes, A.R., Hultgren, K.M., Miner, B.G., Sorte, CJ.B., Thornber, C.S.,
Rodriguez, L.F., et al., 2006. The impacts of climate change in coastal marine
systems. Ecol. Lett. 9, 228-241.

Heymans, J.J., Tomczak, M.T., 2016. Regime shifts in the Northern Benguela
ecosystem: challenges for management. Ecol. Model. 331, 151-159.

Kirby, R,, Beaugrand, G., Lindley, J., 2009. Synergistic effects of climate and fishing
in a marine ecosystem. Ecosystems 12, 548-561.

Koricheva, J., Gurevitch, J., Mengersen, K. (Eds.), 2013. Handbook of Meta-Analysis
in Ecology and Evolution. Princeton University Press, Princeton and Oxford.

Leslie, H.M., McLeod, K.L., 2007. Confronting the challenges of implementing
marine ecosystem-based management. Front. Ecol. Environ. 5, 540-548.

Lindenmayer, D.B., Likens, G.E., Krebs, C.J., Hobbs, R.J., 2010. Improved probability
of detection of ecological surprises. Proc. Natl. Acad. Sci. U. S. A. 107,
21957-21962.


http://www.ioc-unesco.org
http://www.ioc-unesco.org
http://www.ioc-unesco.org
http://www.ioc-unesco.org
http://www.euromarinenetwork.eu
http://www.euromarinenetwork.eu
http://www.euromarinenetwork.eu
http://www.euromarinenetwork.eu
http://www.noaa.gov/iea/
http://www.noaa.gov/iea/
http://www.noaa.gov/iea/
http://www.noaa.gov/iea/
http://www.noaa.gov/iea/
http://www.noaa.gov/iea/
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
https://doi.org/10.1016/j.ecolmodel.2017.12.003
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0005
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0010
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0015
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0020
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0025
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0030
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0035
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0040
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0045
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0050
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0055
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0060
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0065
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0070
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0075
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0080
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0085
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0090
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0095
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0100
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0105
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0110
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0115
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0120
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0125
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0130
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0135
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0140
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0145
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0150
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0155
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0160
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0165
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0170
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0175

276 C. Fu et al. / Ecological Modelling 368 (2018) 265-276

Link, J.S., Yemane, D., Shannon, L]., Coll, M., Shin, Y.-]., Hill, L., Borges, M.F., 2010.
Relating marine ecosystem indicators to fishing and environmental drivers: an
elucidation of contrasting responses. ICES J. Mar. Sci. 67, 787-795.

Mackinson, S., Daskalov, G., Heymans, ].J., Neira, S., Arancibia, H., Zetina-Rején, M.,
Jiang, H,, et al., 2009. Which forcing factors fit? Using ecosystem models to
investigate the relative influence of fishing and changes in primary
productivity on the dynamics of marine ecosystems. Ecol. Model. 220,
2972-2987.

McClanahan, T., Polunin, N., Done, T., 2002. Ecological states and the resilience of
coral reefs. Conserv. Ecol. 6, 18, URL: http://www.consecol.org/vol6/iss2/art18/.

Miller, E.F., Pondella, D.J., Beck, D.S., Herbinson, K.T., 2011. Decadal-scale changes
in southern California sciaenids under different levels of harvesting pressure.
ICES J. Mar. Sci. 68, 2123-2133.

Paine, R.T., Tegner, M.J., Johnson, E.A., 1998. Compounded perturbations yield
ecological surprises. Ecosystems 1, 535-545.

Piggott, ].J., Townsend, C.R., Matthaei, C.D., 2015. Reconceptualizing synergism and
antagonism among multiple stressors. Ecol. Evol. 5, 1538-1547.

Pine, W.E., Martell, S.].D., Walters, CJ., Kitchell, J.F., 2009. Counterintuitive
responses of fish populations to management actions: some common causes
and implications for predictions based on ecosystem modeling. Fisheries 34,
165-180.

Planque, B., Fromentin, J.-M., Cury, P., Drinkwater, K.F., Jennings, S., Perry, R.I,,
Kifani, S., 2010. How does fishing alter marine populations and ecosystems
sensitivity to climate? J. Mar. Syst. 79, 403-417.

Raudenbush, S.W., 2009. Analyzing effect sizes: random effects models. In: Cooper,
H., Hedges, L.V., Valentine, J.C. (Eds.), The Handbook of Research Synthesis and
Meta-Analysis. , 2nd ed. Russell Sage Foundation, New York, pp. 295-315, 798

pp.

Rose, KA., Allen, ].I, Artioli, Y., Barange, M., Blackford, ]., Carlotti, F., Cropp, R, et al.,
2010. End-to-end models for the analysis of marine ecosystems: challenges,
issues, and next steps. Mar. Coast. Fish.: Dyn. Manag. Ecosyst. Sci. 2, 115-130.

Rosenberg, A.A., McLeod, K.L., 2005. Implementing ecosystem- based approaches
to management for the conservation of ecosystem services. Mar. Ecol. Prog.
Ser. 300, 270-274.

Rosenblatt, A.E., Schmitz, 0.J., 2014. Interactive effects of multiple climate change
variables on trophic interactions: a meta-analysis. Clim. Change Responses 1,
8, http://dx.doi.org/10.1186/s40665-014-0008-y.

Sala, O.E., Chapin III, E.S., Armesto, ].J., Berlow, E., Bloomfield, J., Dirzo, R.,
Huber-Sanwald, E., et al., 2000. Global biodiversity scenarios for the year 2100.
Science 287, 1770-1774.

Shackell, N.L., Bundy, A., Nye, J.A., Link, ].S., 2012. Common large-scale responses to
climate and fishing across Northwest Atlantic ecosystems. ICES J. Mar. Sci. 69,
151-162.

Shannon, LJ., Christensen, V., Walters, C., 2004. Modelling stock dynamics in the
southern Benguela ecosystem for the period 1978-2002. Afr. J. Mar. Sci. 26,
179-196.

Shannon, LJ., Neira, S., Taylor, M., 2008. Comparing internal and external drivers in
the southern Benguela and the southern and northern Humboldt upwelling
ecosystems. Afr. J. Mar. Sci. 30, 63-84.

Shannon, LJ., Coll, M., Bundy, A., Gascuel, D., Heymans, ].J., Kleisner, K., Lynam, C.P.,
et al., 2014. Trophic level-based indicators to track fishing impacts across
marine ecosystems. Mar. Ecol. Prog. Ser. 512, 115-140.

Shin, Y.-]., Cury, P., 2004. Using an individual-based model of fish assemblages to
study the response of size spectra to changes in fishing. Can. J. Fish. Aquat. Sci.
61,414-431.

Smith, A.D.M., Brown, CJ., Bulman, C.M,, Fulton, E.A., Johnson, P., Kaplan, I.C.,
Lozano-Montes, H., et al., 2011. Impacts of fishing low-trophic level species on
marine ecosystems. Science 333, 1147-1150.

Travers, M., Shin, Y.-]., Jennings, S., Cury, P., 2007. Towards end-to-end models for
investigating trophic controls and large changes induced by climate and
fishing in marine ecosystems. Prog. Oceanogr. 75, 751-770.

Travers, M., Shin, Y.-]., Jennings, S., Machu, E., Huggett, J.A,, Field, J., Cury, P., 2009.
Two-way coupling versus one-way forcing of plankton and fish models to
predict ecosystem changes in the Benguela. Ecol. Model. 220, 3089-3099.

Travers-Trolet, M., Shin, Y.-]., Shannon, L.J., Moloney, C.L,, Field, ].G., 2014.
Combined fishing and climate forcing in the southern Benguela upwelling
ecosystem: an end-to-end modelling approach reveals dampened effects. PLoS
One 9 (4), €94286, http://dx.doi.org/10.1371/journal.pone.0094286.

Viechtbauer, W., 2010. Conducting meta-analyses in R with the metafor package. J.
Stat. Softw. 36 (3), 1-48.

Vinebrooke, R.D., Cottingham, K.L., Norberg, J., Scheffer, M., Dodson, S.I., Maberly,
S.C., et al., 2004. Impacts of multiple stressors on biodiversity and ecosystem
functioning: the role of species co-tolerance. Oikos 104, 451-457.


http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0180
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0185
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://www.consecol.org/vol6/iss2/art18/
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0195
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0200
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0205
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0210
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0215
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0220
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0225
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0230
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
dx.doi.org/10.1186/s40665-014-0008-y
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0240
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0245
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0250
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0255
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0260
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0265
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0270
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0275
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0280
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
dx.doi.org/10.1371/journal.pone.0094286
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0290
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295
http://refhub.elsevier.com/S0304-3800(17)30266-1/sbref0295

	Risky business: The combined effects of fishing and changes in primary productivity on fish communities
	1 Introduction
	2 Materials and methods
	2.1 Ecosystem models
	2.2 Fishing strategies
	2.3 Primary productivity
	2.4 Response variables
	2.5 Types of combined effects and risk
	2.6 Meta-analysis

	3 Results
	4 Discussion
	Acknowledgements
	Appendix A Supplementary data
	References


