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Tyler  D.  Eddya,∗, Tony  J.  Pitcherb,  Alison  B.  MacDiarmidc, Tamsen  T.  Byfielda,
Jamie C.  Tama,1,  Timothy  T.  Jonesa,1,  James  J.  Bell a, Jonathan  P.A.  Gardnera

a Centre for Marine Environmental & Economic Research, School of Biological Sciences, Victoria University of Wellington, P.O. Box 600, Wellington 6140,
New  Zealand
b Fisheries Centre, University of British Columbia, Aquatic Ecosystems Research Laboratory, 2202 Main Mall, Vancouver, British Columbia V6T 1Z4, Canada
c National Institute of Water and Atmospheric Research (NIWA), 301 Evans Bay Parade, Wellington 6021, New Zealand

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 28 August 2013
Received  in revised form
30 November 2013
Accepted  9 December 2013

Keywords:
Lobster (Jasus)
Marine  reserve (MR)
Historical  ecology
Ecosystem based fisheries management
(EBFM)
Trophic ecology
New  Zealand
Ecopath with Ecosim (EwE)
Food  web
History of Marine Animal Populations
(HMAP)

a  b  s  t r  a  c  t

No-take  marine  reserves  (MRs)  are  a useful  tool  to  study  the  ecosystem  effects  of fishing  as  many  MRs
have  allowed  ecosystems  to recover  to pre-fished  states.  Established  in  2008,  the  Taputeranga  MR,  located
on  the  south  coast  of  Wellington,  New  Zealand,  provides  full  no-take  protection  to  the  nearshore  marine
environment.  Commercial,  recreational,  and  customary  fisheries  are  important  in this  region  and  com-
mercial  catch  records  for  the  last  70  years  indicate  that  exploitation  has  greatly  reduced  the  biomass
of  some  species.  We  employed  an ecosystem  modelling  approach  to  analyse  the  food  web  linkages  on
this  coast  immediately  prior  to  MR  establishment  (the  pre-MR  state)  for  comparison  to  reconstructed
historical  and  predicted  future  ecosystem  states.  Our  results  suggest  that  the  organisation  and  function
of  the  pre-MR  ecosystem  have  changed  since  the  1940s,  notably  in terms  of  the  role  played  by  lobster
(Jasus  edwardsii).  Historically,  lobster  were  at  least  four  times  more  abundant,  and  played  a keystone  role
by  directly  negatively  impacting  the  abundance  of prey  species,  and  indirectly  positively  influencing  the
abundance  of  the  prey  of  their  prey.  While  the  fishery  for  lobster  that  operates  today  is well  managed  and
sustainable  from  a single-species  perspective,  our  results  indicate  that  the  fishery  has  reduced  lobster
biomass  sufficiently  to  have  significant  impacts  on  the  organisation  and  function  of  the  nearshore  tem-
perate  reef ecosystem  along  Wellingtons’s  south  coast.  Our  results  predict  that  over  the next  40  years,  the
Taputeranga  MR  is capable  of  restoring  the  protected  ecosystem  to  a state  more  similar  to  that  observed  in
the  past,  prior  to  large-scale  commercial  exploitation.  This  finding  has  implications  for  the  management
of  fisheries  in  other  areas,  as  we  have  demonstrated  the  inability  of  the  single  species  fisheries  model  to
manage  the  ecosystem  effects  of  fishing.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Given the extent of worldwide fishing pressure on marine
species, habitats, and entire ecosystems, studies that have com-
pared current exploited states to historical or pristine states have
invariably found that large-scale changes to species abundances
and ecosystem structure and function have occurred as a result
of fishing (Jackson et al., 2001; Pandolfi et al., 2003; Lotze et al.,
2006). Traditional fisheries management practices have mostly
focussed on single-species approaches to conduct stock assess-
ments to determine the maximum sustainable yield (MSY) that

∗ Corresponding author. Present address: Biology Department, Dalhousie Univer-
sity,  1355 Oxford Street, Halifax, Nova Scotia B3H 4J1, Canada.
Tel.:  +1 902 494 3406.

E-mail  address: tylereddy@gmail.com (T.D. Eddy).
1 Present address: Department of Conservation, Conservation House, 18 Manners

Street,  Wellington 6011, New Zealand.

can be harvested (Browman et al., 2004; Pikitch et al., 2004). How-
ever, more recently, the ecosystem-based fisheries management
(EBFM) approach is increasingly being used by fisheries manage-
ment agencies following a widespread call from the scientific and
academic communities for its implementation (Browman et al.,
2004; Pikitch et al., 2004; Pitcher et al., 2009). EBFM is broadly
defined as the recognition of the need to move towards a manage-
ment system that recognises the importance of food web  linkages
and an understanding of how human activity affects the integrity
and sustainability of all components of marine ecosystems (Pitcher
et al., 2009).

Implicit in this broader view of fisheries management is the
need to quantify food web  linkages, the flow of energy through the
ecosystem, and the ecosystem effects of fisheries. Recent fisheries
studies have applied ecosystem models to assess the impact of fish-
eries on marine ecosystems worldwide (Worm et al., 2009; Smith
et al., 2011; Garcia et al., 2012). Results from such studies indi-
cate that entire ecosystems are directly and indirectly impacted as
a  result of fishing activities (Worm et al., 2009; Smith et al., 2011;

0304-3800/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ecolmodel.2013.12.006
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Climate researchers use the four RCPs as inputs into climate 
models to determine likely global temperature, rainfall and 
other climate possibilities. Coupled carbon-cycle climate 
models can then calculate associated emission levels. 
Specialists in ecosystems, agriculture, water, city planning 
and economics use the projected climate information to 
assess impacts and costs of likely change. 

Why were they introduced?
The new scenarios help the climate research community in 
a number of ways. They provide more detailed and better 
standardised greenhouse gas concentration inputs for 
running climate models than those provided by any previous 
scenario sets. The RCP scenarios explicitly explore the 
impact of different climate policies to allow cost-benefit 
evaluation of long-term climate goals. They also allow more 
detailed exploration of the role of adaptation and further 
integration of scenario development across the different 
disciplines involved in climate research. 

How were RCPs developed?
An international group led by the International Geosphere-
Biosphere Programme’s earth system modelling project, the 
World Climate Research Programme’s Working Group on 
Coupled Modelling (WGCM) and the Integrated Assessment 
Modelling Consortium coordinated the work to develop 
RCPs.

The pathways were developed for the climate modelling 
community as a basis for modelling experiments. The RCPs 
are the product of an innovative collaboration between 
integrated assessment modellers, climate modellers, 
ecosystem modellers as well as social scientists working 
on emissions, economics, policy, vulnerability and impacts. 
Moss et al (2010) describes the process by which RCPs were 
developed.

RCPs specify concentrations, from which climate modellers 
and integrated assessment modellers find the corresponding 
climates and emissions and policy circumstances that would 
produce them. This is different from AR4, in which the starting 
point was emissions.

The RCP development process includes calculation of 
scenarios of future emissions and policies that can lead to the 
specified levels of radiative forcing.

How do they differ from the Special Report 
on Emissions Scenarios (SRES)?
The RCPs span a wider range of possibilities than the SRES 
marker scenarios used in the modelling for the IPCC 3rd and 
4th Assessment. 

RCPs start with atmospheric concentrations of greenhouse 
gases rather than socioeconomic processes. This is important 
because every modelling step from a socioeconomic scenario 
to climate change impacts adds uncertainty. By starting 
with concentrations, there are fewer steps to impacts and 
therefore less cumulative uncertainty in impact assessments. 
This way uncertainty is shared more evenly among the various 
components.

The RCPs are not a complete package of socioeconomic, 
emission and climate projections. Rather, they are internally 
consistent sets of projections of the components of radiative 
forcing that are used in subsequent phases of climate 
modelling.

In contrast to SRES, some of the RCPs also include 
mitigation and adaptation policies.

Figure 1. Comparison of carbon dioxide concentrations for the 21st century from 
the RCPs and SRES scenarios. RCP8.5 is closest to A1FI, RCP6 is closest to A1B, 
RCP4.5 is similar to B1, and RCP2.6 is lower than any of the standard SRES 
scenarios (Data from Meinshausen et al 2011 and IPCC TAR WG1 Appendix 2).
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Effects of Near-Future Ocean Acidification, Fishing,
and Marine Protection on a Temperate Coastal
Ecosystem
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email chris.cornwall@utas.edu.au
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Abstract: Understanding ecosystem responses to global and local anthropogenic impacts is paramount to pre-
dicting future ecosystem states. We used an ecosystem modeling approach to investigate the independent and
cumulative effects of fishing, marine protection, and ocean acidification on a coastal ecosystem. To quantify
the effects of ocean acidification at the ecosystem level, we used information from the peer-reviewed literature
on the effects of ocean acidification. Using an Ecopath with Ecosim ecosystem model for the Wellington south
coast, including the Taputeranga Marine Reserve (MR), New Zealand, we predicted ecosystem responses under
4 scenarios: ocean acidification + fishing; ocean acidification + MR (no fishing); no ocean acidification +
fishing; no ocean acidification + MR for the year 2050. Fishing had a larger effect on trophic group biomasses
and trophic structure than ocean acidification, whereas the effects of ocean acidification were only large
in the absence of fishing. Mortality by fishing had large, negative effects on trophic group biomasses. These
effects were similar regardless of the presence of ocean acidification. Ocean acidification was predicted to
indirectly benefit certain species in the MR scenario. This was because lobster (Jasus edwardsii) only recovered
to 58% of the MR biomass in the ocean acidification + MR scenario, a situation that benefited the trophic
groups lobsters prey on. Most trophic groups responded antagonistically to the interactive effects of ocean
acidification and marine protection (46%; reduced response); however, many groups responded synergistically
(33%; amplified response). Conservation and fisheries management strategies need to account for the reduced
recovery potential of some exploited species under ocean acidification, nonadditive interactions of multiple
factors, and indirect responses of species to ocean acidification caused by declines in calcareous predators.

Keywords: Ecopath with Ecosim, ecosystem modeling, EwE, fisheries exploitation, indirect effects, Jasus ed-
wardsii, lobster

Efectos Futuros de la Acidificación Oceánica, la Pesca y la Protección Marina sobre un Ecosistema Costero
Templado

Resumen: Entender las respuestas ambientales a los impactos antropogénicos globales y locales es primordial
para predecir los estados futuros de los ecosistemas. Usamos una estrategia de modelado de ecosistemas para
investigar los efectos independientes y acumulativos de la pesca, la protección marina y la acidificación
oceánica sobre un ecosistema costero. Para cuantificar los efectos de la acidificación oceánica en el nivel
de ecosistema, usamos información de la literatura revisada por colegas sobre los efectos de la acidificación
oceánica. Al usar un modelo de ecosistema Ecopath con Ecosim para la costa sur de Wellington, incluyendo
la Reserva Marina Taputeranga (RM), Nueva Zelanda, pronosticamos las respuestas ambientales bajo cuatro
escenarios: acidificación oceánica + pesca; acidificación oceánica + reservas marinas (RM) (sin pesca);
ninguna acidificación oceánica + pesca; ninguna acidificación oceánica + RM para el año 2050. La pesca
tuvo un mayor efecto sobre la biomasa de los grupos tróficos y sobre la estructura trófica que la acidificación
oceánica, mientras que los efectos de la acidificación oceánica sólo fueron mayores en la ausencia de la
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