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Preface

unday 25 November 1906, southern Atlantic ocean: ”Finally we got some wind.
Everything on board is the same, so there is not much to write about. On Friday,
Otto fished an albatross. The sail maker was fishing yesterday. He had a big one on
the bait, but the line snapped and it disappeared. I got the head of the first fish he caught. It

is now stuffed and finished.
Helene Karoline Larsen, 19 years old

The words of the young lady are from my great grandmother’s diary. She circumnavigated
the world with her father, a sail ship captain, during 1906-1908. After growing up on a small
fisher island, she tells about all the experiences on the seven seas: being tied to the mast in a
storm, navigating through icebergs and catching large fishes and albatrosses. A lot has
changed in 100 years, but albatrosses are still caught as by-catch by longliners to such a
degree that the species is threatened with extinction. During these 100 years, fish stocks have
been fished down to a fraction of what my great grandmother experienced. We are struggling
more than ever to take care of the blue ocean.

It must be in my blood, I love sailing and the mysterious life the ocean contains. This led me
into marine biology at University of Bergen. | owe my student friends a great thanks, having
the astonishing ability to balance partying and studies through some memorable years. |
would not be where | am today without the enthusiasm of the late Roger Bennett who
receives my greatest appreciation for guiding me into the world of integrated coastal zone
management at the University of Bergen. Going to Australia for a master’s degree at James
Cook University, gave me brand new perspectives on ocean management and conservation.
Being in Townsville in the middle of the re-zoning of the Great Barrier Reef Marine National
Park was an inspiring experience. It was a fantastic adventure to have shared the years in
Australia with my travel- and student companion Even Moland. Who could have known that
our ideas and dreams created while we cruised the Great Barrier Reef with our sailboat “S/Y
Ringreven”, should lead us to Flgdevigen research station with neighbouring offices working

on PhD’s in tightly bound projects!

| am indebted to Jan Atle Knutsen, the brain behind the first lobster reserves in Norway. The

creation of the reserves opened many doors and exciting research questions. My thankfulness



goes to all my colleagues at the Fladevigen research station, who have been eager to help out

and have given me many happy days.

This thesis represents an interdisciplinary and cross-institutional effort. | owe my supervisor,
Svein Jentoft, at the University of Tromsg great thanks for bringing social science into my
PhD. My supervisors at the Institute of Marine Research, Esben Moland Olsen and Jon Helge
Vglstad have both done a fantastic job in guiding me through the mysterious ways of
recreational fishing survey techniques. | am grateful for my supervisor’s clever thoughts and

comments.

My mum and dad have been my strongest supporters through my years of studies. You were
always there to support me when | lost the belief in my own capabilities. And you were even
able to repeatedly convince me that | got some sort of talent. My relative and good friend, Alf
Ulland, deserves my thanks for daring to employ a young academic as his fishing mate for
half a year. The first hand experience of being a commercial fisher has given me an

invaluable perspective within my research field.

This work could not have been fulfilled without the positive responses and help from
recreational fishers filling out catch diaries and eager to tell me about the latest catch in
phone interviews. The huge data set collected by the catch diaries is important in order to

follow the development in the lobster population and the fishery in the following years.

Into my second year of the PhD, an amazing girl became my colleague, then my fiancée and
together we were able to produce the loveliest baby on the planet. Mona, you have made the
last years the most fantastic part of my life. Thank you for being my girl and the mother of

Ask. You have without doubt given me a pleasurable and busy life outside my PhD.



ishery resource management is an increasingly complex issue, and expectedly even

more complex in the coastal zone than in the open ocean when it comes to

biodiversity and the diversity of different stakeholder groups. Fishery management
has to involve tradeoffs and interactions within and between nature and society’. There has
been voiced a need for a broader approach than the traditional disciplinary approaches in
order to solve such management problems (Wickson et al. 2006). Fishery management is
clearly about regulating human activities rather than regulating the fish itself. However,
advice on how human activities should be regulated is often provided by specialists in fish
biology. In order to achieve a sustainable fishery, there is a need to integrate knowledge of
human behaviour and the resources concerned. Humans are part of the ecosystem and when
implementing ecosystem-based approaches to fishery management, it is clearly a need to
consider and involve all stakeholders concerned. Throughout the work with this PhD thesis |
have tried to examine the issues in an interdisciplinary framework in order to obtain a holistic
view of the issues concerning lobster management in coastal Skagerrak. Basically, the
problem of concern has been the red-listed European lobster (Homarus gammarus) in
Norwegian waters. Lobster has a strong cultural importance for many people along the
coastal Skagerrak. In that way, the status of the lobster population does affect both the
recreational and commercial fishers as well as a set of other stakeholders. It is therefore a
need to gain knowledge about both the stakeholders and the resources in question. Who are
the stakeholders? How do they interact with the resources concerned? How do they interact
and participate in management processes? How are the lobster population responding to the
human activities? These are large and challenging questions and each question could be the
focus of a PhD thesis in itself. | have tried to integrate all these questions into my thesis. In
many respects, social and natural science inhabit two different cultures, even how to present a
thesis is based on differing traditions. | have tried to balance my thesis in conjunction with
these different traditions. It is up to the reader to evaluate the degree to which | have been

successful in this regard.

Alf Ring Kleiven, Arendal, June 18" 2010

Francis RC, Hixon MA, Clarke ME, Murawski SA, Ralston S. 2007. Fisheries management - Ten
commandments for ecosystem-based fisheries scientists. Fisheries 32: 217-233.

Wickson F, Carew AL, Russell AW. 2006. Transdisciplinary research: characteristics, quandaries and quality.
Futures 38: 1046-1059.
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Abstract

The implementation of four experimental lobster reserves in Norway in 2006 highlighted a
set of important questions regarding lobster management. This thesis presents a study on the
management and fishery of the European lobster (Homarus gammarus) in Skagerrak. Firstly,
the implementation process of the lobster reserves was anaysed. It revealed that local
stakeholders, such as recreationa fishers, were positive to the use of reserves for
management of lobster. However, they were not involved in the implementation process. By
reviewing existing literature regarding recreational fisheries, we show that recreational
fishers behave differently than commercial fishers. Recreational fishers are not dependent on
making profit from the fishery and the value of recreational fishing to those who engage in it
isacombination of catch and experience value. The latter implies that recreational fishers can
continue fishing when stocks are at a low level, in the same way as subsidised commercia
fisheries. We termed this self-subsidising: A fishery as one in which fishers subsidise
themselves through an economic investment in gear and time from their non-fishery based
earnings. Further, methods to estimate recreational, commercial and total effort and catch
were developed. A probability-based strip transect survey method was developed and used to
estimate the recreational and commercial effort in the fishery. The survey revealed that
recreational fishers outnumber commercial fishers, contributing to 2/3 of the total effort
(number of traps) during the season. Lastly, we collaborated with recreational fishers that
reported catch and effort through catch diaries. Test validation from a random sample of
fishers showed that the catch rate from those who filled out catch diaries could be considered
as representative for the recreational lobster fishing population in the study area. We aso
found that mean recreational catch rates could be considered as representative for the catch
rates in the commercial fishery. Our estimates show that recreational fishers represent 65 %
of the total landings in the study area. In addition, 77 % of the lobsters caught by commercia
fishers remain unreported. Hence, total catch from the recreational and commercial fishery
combined, was estimated to be 14 times higher than the officially reported landings. The
main conclusion in this thesis is that the lobster fishery can be considered unregulated: there
are no quotas, no total effort regulations and no registry of participation from neither
commercial nor recreational fisheries. The lack of data information may lead to
mismanagement of the lobster fishery with the risk of further population reduction. Further,
the positive attitude towards the lobster reserves, as expressed from the local stakeholders,
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clearly shows the potential in using lobster reserves as an important tool in the management
of the European |lobster in coastal Skagerrak. Implementation of more |obster reserves should
strive to achieve stronger stakeholder involvement from the early start of the processin order
to incorporate local user knowledge and ensure legitimacy of new reserves.
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| ntroduction

Overexploitation of the worlds fishery resources has gained increased attention the last
decade (Jackson et a. 2001; Pauly et a. 2002; Myers and Worm 2003; Lotze and Worm
2009; Worm et a. 2009). There has been argued that heavy fishing pressure has lead to
removal of top predators (Jackson et a. 2001; Myers and Worm 2003), in which the fishing
industry turn over to targeting lower trophic levels (Pauly et a. 1998). Overcapacity in the
fishing fleet, financed by subsidies, is identified as one of the most important driving forces
for the continued overharvest (Sumaila et a. 2007). Further, illegal fishing is of global
concern, which has been estimated to be between 11 and 26 million tonnes (Agnew et al.
2009). In general, illegal, unreported and unregulated (IUU) fishing is identified as a major
threat to the world fish stocks and has become important on the international fisheries

management agenda (Le Gallic and Cox 2006).

The main focus related to the global fish crisis has been towards the commercia fishing
sector. Pauly (2009) argued that government scientists often focus on commercial fisheries
even when small scale and recreational fisheries land the bulk of the catch. These fisheries
are mostly conducted in near shore areas. Collection of catch data in small scale and
recreational fisheries is more challenging than in large fisheries where the industry is more
organised (Pauly 2009). In addition, there are challenges related to collecting biological
probability-based information in order to get reliable stock estimates. As for the Norwegian
coast, it has become evident that coastal cod populations (Gadus Morhua) can be structured
into geneticaly distinct populations at a small geographically scale (tens of kilometres)
(Knutsen et a. 2003) with different life-history traits (Olsen et a. 2004). Traditional stock
assessment tools, such as trawl surveys, are usually developed for fish stocks in the open

ocean and are not easily applied to coastal fish populations (Lunde et al. 2008).

Growing attention has been directed towards the impacts of recreational fishing (McPhee et
al. 2002; Coleman et al. 2004; Cooke and Cowx 2004; Lewin et al. 2006). In their review,
Lewin et a. (2006) argued that there is growing evidence that recreational fishing can lead to
a decline of fish populations. Cooke and Cowx (2004) argued that a failure to recognise the
potential effects of recreational fisheries could put ecologically and economically important
resources at risk. A number of case studies have highlighted the importance of recreational
fishing as a significant contributor to fishing mortality. In the US, Coleman et al. (2004)
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found that recreational fisheries accounted for 24 % of the catch from populations of concern
(i.e. overfished or experiencing overfishing). Furthermore, it is observed that recreational
catch is high compared to commercial for many high valued overfished species (McPhee et
al. 2002; Schroeder and Love 2002; Coleman et al. 2004). As for Norwegian coastal fisheries,
there has been no reliable estimate available for the landings of recreational fishers.
Recreational fishing is increasingly recognised as an important challenge for management,
leading to a discussion on how to involve this sector in the management programs (Robertson
and Caporossi 2003; Sutinen and Johnston 2003; Arlinghaus and Mehner 2005; Cooke and
Cowx 2006; Sutton 2006, Granek et al. 2008). Recreationa fishing activities are highly
diverse, stretching from sport fishing to food gathering. A general definition of recreational
fishing is “al fishing activities not conducted for commercial fishing purposes’ (Pawson et
al. 2008). Further, it can be argued that “recreational fishing does not include sale of catch”
(Pawson et al. 2008). In Norway, the management authorities have made rules for how much
fish recreational fishers are allowed to sell and Norway operates with official landing
statistics from recreational fishersthat sell catch legally. Based on the definitions above, there
IS reason to argue that when recreational fishers sell their catch, they are operating
commercialy and should not be considered as recreational fishers. | will in this thesis use the
FAO Code of Practise for Recreational Fisheries definition of recreational fisheries: “Fishing
of aquatic animals that do not constitute the individual primary resource to meet nutritional
needs and are not generally sold or otherwise traded on export, domestic or black markets”
(Pawson et a. 2008).

There are evidently some apparent differences between commercial and recreational fishers.
While commercial fishers often are organised and registered, recreational fishers are more
often an unregistered heterogeneous group. The commercia fishers sell their catch and are
more or less dependent on catch for income. In general, there is thus reason to argue that the
main motivation for a commercial fisher is to make economic revenue of the catch. On the
other hand, the recreational fisher’s motivation to fish is based on a multitude of factors, such
as enjoying a quality environment and feeling a sense of freedom (Holland and Ditton 1992).
Severa studies have shown that non-catch motivations are more important than the catch,
where the primary motivations do not have to involve catch and eating fish (Arlinghaus
2006). In coastal fisheries, where recreational fishers are an important component of the

fishing activity thereis a need to identify a broad spectre of their activity. Their motivation to



fish, the catch composition and their perceptions to existing management measures are all
important factors in order to achieve a successful management of recreational fisheries. The
challenge facing management is how to conserve fish stocks on a small geographica scale
where (i) the stock assessments are paoor, (ii) there are no reliable catch estimates and (iii) the

users are not well defined.

Marine Protected Areas (MPAs) has been advocated as a promising tool to combat
overfishing in coastal areas (Halpern and Warner 2002; Russ 2002; Gell and Roberts 2003;
Russ and Zeller 2003; Lester et al. 2009). MPAs come in many forms and definitions. They
can range from no-take marine reserves (where all extractive activities are forbidden) to areas
with fewer restrictions (such as areas protected from trawling). It is argued that MPAs have
the potential to protect marine ecosystems from complex ecosystem effects of human
exploitation (Gell and Roberts 2003; Rudd et al. 2003; Baskett et al. 2005). MPAs usually
have both biological and socia goals. While biological goals can be restoration of habitats,
protection of endangered species and spawning sites, social goals can be increased revenue
from the resources and tourism, as well as empowering coastal communities (Christie et al.
2003).

MPAs have the potential to trigger both the curiosity of the biological and social scientist.
The biologist may see a MPA as a conservation tool for biological diversity (Lester et al.
2009) and as a fishery management tool that can increase catches in areas open to fishing
(Abesamis et a. 2006; Goni et a. 2010), as well as an insurance against failed fisheries
management (Russ 2002). The social scientist can be triggered by the curiosity on how
stakeholders are involved and affected (Himes 2007; Sutton and Tobin 2009) as well as the
governance of the MPAs (Jentoft et al. 2007; Sanchirico et a. 2010). Socia research on
MPAs might include sociology, political science, cultural anthropology, economics, legal
studies and geography (Christie et a. 2003). MPASs can be seen as a connection between the
socia and natural system with the aim to reach a sustainabl e co-existence between nature and

man.

Although MPAs are clearly not the single and simple answer to an ecosystem based
management approach (Cicin-Sain and Belfiore 2005; Murawski 2007), they should be
viewed as an integral part of ecosystem based fisheries management and a critical component
of successful rebuilding efforts (Lubchenco et a. 2003; Francis et a. 2007; Pauly 2009;



Worm et a. 2009). Within MPAs that are fully protected from extractive activities, it is
expected that fishing mortality is reduced, leading to increased density, mean size and age,
biomass and reproductive potential of target species (Russ 2002; Lubchenco et a. 2003).
These expected effects within MPAs have been repeatedly confirmed the last decade
(Murawski et al. 2000; Halpern and Warner 2002; Evans and Russ 2004; Williamson et al.
2004; Lester et a. 2009). In order for the MPASs to have a positive effect for fisheries, the
increase in density, size and biomass should lead to a net export of adults (spillover effect),
eggs and larvae (recruitment effect) from the MPAs to the fished areas (Russ 2002,
Lubchenco et a. 2003). Spillover from MPAs to fished areas have been found in many
regions (Rowe 2001; Gell and Roberts 2003; Kelly and MacDiarmid 2003; Kaunda-Arara
and Rose 2004, Follesa et a. 2009; Stobart et a. 2009). Recent studies have documented net
spillover effects for a number of species (Russ et a. 2004; Abesamis et al. 2006; Goni et al.
2010). Net spillover means that the emigration from the reserve is higher than the
immigration into the reserve from surrounding fished areas. The effects of net larval dispersal
from MPAs to fished areas are the most challenging to study, and has been mostly
investigated by modelling (Cudney-Bueno et a. 2009, but see Pelc et al. 2009).

It is argued that MPA design and its effects tend to be viewed from a biologica perspective,
with the risk of overlooking the social side, which might lead to failure for the MPASsto reach
the management targets (Christie et a. 2003). Implementation of MPAs often generates
opposition by stakeholders, since the regulations affect their access to resources (Banks and
Skilleter 2010). It is therefore important that all stakeholdersin the local community are able
to have a say in the process. Stakeholders are not a homogenous group. Steel et al. (2006)
divides stakeholders into the following groups. Scientists, managers, members of interest
groups (e.g. recreational and commercial organisations), “attentive public” (e.g. those who
participated in the process) and the general public. Different stakeholder groups may have
different legitimacy, power and urgency for the resources concerned, which can affect their
influence on management processes (Mikalsen and Jentoft 2001). A social science research
agenda has emerged the past years looking at the stakeholder’s influence, attitudes and
perceptions towards MPAs (Suman et a. 1999; Stump and Kriwoken 2006; Jones 2008;
Mangi and Austen 2008; Sutton and Tobin 2009). Further, Jentoft et a. (2007) presented a
governance system analysis for MPAs, which could be seen as a methodol ogical contribution

for future research on MPASs in the context of social science.



The implementation and management of MPAs can both be conducted by a top-down or
bottom-up approach dependent on which institution or socia system that uses the
management tool (Jentoft 2007). A top-down approach would typically be an implementation
process where the government control the process from start to end, where minimal influence
and power are given to stakeholders. A typical bottom-up approach would be a MPA process
where local communities are directly involved and have influence in the whole process. In
contrast to quota settings, a MPA establishment process can be initiated by loca
stakeholders. Different solutions might be found in different communities/ geographical areas
dependent on the natural resources, the use of the resources and community structure.
However, the local community get access to atool that can decide where different extractive
and development activities can take place and not. For instance, if the community is
concerned about the habitats and fishery resources, it can establish MPASs in order to protect
these systems. When establishing MPAs in local coastal areas, a top-down approach is not
recommended, and can easily lead to “paper parks’ with low legitimacy from the
stakeholders (Leigh Kessler, 2004). Such processes are in need of stakeholder involvement
and participation in order to obtain legitimacy by the users. However, involvement may range
from local initiatives and designation to governmental-led planning where key stakeholders
participate in the process (Brody 1998). Brody (1998) further argues that a bottom-up
approach can be viewed as a desirable model to adopt when establishing MPAs. Often, an
establishment process is neither a bottom-up nor a top-down, but rather something in

between.

Participatory processes are not an easy task. They are known to be complicated, with alot of
different interests being involved, and may lead to delays in the decision-making (Leigh
Kessler 2004). However, by stakeholder involvement, the management will be able to
achieve a higher integration of scientific knowledge with local user knowledge. It is argued
that participation from people with a stake in the resource increases the level of
understanding and the level of support for marine protection, while it reduces the potential for
conflicts and the need for enforcement (see Leigh Kessler (2004) for further references).
Management authorities have the responsibility to act if the marine ecosystem is at stake.
However, there has been argued that good governance is in need of stakeholder participation
a the lowest possible level (subsidiarity principle) (Bekres 2007), which would mean that

management authorities should seek to involve local communities and give the local



communities as much responsibility and power as possible. Management authorities should
then further provide expertise and knowledge, playing the role as an advisor in the MPA
planning process. As for Norway, with a strong and well organised centra authority, a
balance has to be found between the local and central power in a co-management regime.

Recreational fishers should expectedly have a stake when coasta MPAs are to be
implemented. However, in the Norwegian management system they have been viewed as
latent stakeholders with low urgency and power but with increasing legitimacy (Mikalsen and
Jentoft 2001). The heterogeneous and unorganised nature of recreational fishing and the lack
of knowledge regarding the activities challenges the traditional ways of involving
stakeholders in fishery management. Nevertheless, ignoring recreational fishers as an

important stakeholder group might lead to MPA management failures.

Research questions

Four experimental |obster reserves were established along the Norwegian Skagerrak coast in
2006. The main argument for the implementation was based on biological curiosity: how do a
lobster population respond when harvesting is excluded from the area? On the other hand, the
implementation of experimental lobster reserves also raised important management questions
regarding user involvement and the need to identify key stakeholders. The implementation
process was highly focused on collaboration with commercial fishers. Conversely, there were
strong indications that recreational fishing is a significant part of the lobster fishery in this
area. Recreational fishers could be affected by the implementation of coastal reserves. There
is a lack of previous studies, both in socio-economic and biological contexts, on marine
recreational fishing in Norway. The lobster fishery was seen as an excellent candidate in
order to analyse a recreational fishery in Norway. It is a popular fishery with long historical
traditions and it is only fished by one type of gear (traps) in a short season (October-
November). The lobster islisted as ‘near threatened’ in the national red list (Oug et al. 2006),
and CPUE has been at low levels for decades (Fig. 1). In my thesis | have aimed to look at
the recreational lobster fishery in coasta Skagerrak in an interdisciplinary way. If more
lobster reserves are to be implemented aong the Norwegian coast (NDN 2009, Schulze and
Karlsen 2009, Aanonsen 2009), there is a need to understand the recreational fishery, both the
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nature of the activity, the recreational fisher’s interest in management processes and their part
in the catch.

The fishery for European lobster (Homarus gammarus) (hereafter: lobster) in Norway has a
long tradition in coastal Skagerrak. In 1876, more than 1100 tons of lobsters were officially
landed in Norway (SSB 2010). Already at this time, the public debate regarding management
of lobsters and the decrease in stocks were publicly discussed. In 1848 a new law was

introduced, prohibiting fishing of lobster in summer (Dannevig 1936).

Dannevig (1936) argued that in the early days of the fishery, lobsters must have been as
plentiful as crabs were in the 1900s, and that the fishing techniques were not able to catch
lobster at greater depths, thus protecting them from the fishery. While trying to estimate the
stock size of lobster at his time, Dannevig assumed that there were a substantial amount of
lobsters outside the traditional fishing areas. He defined these areas as refugia that were
protected from the fishing and played an important role in maintaining the stock. The lack of
technology hindered fishermen in catching lobster in exposed areas and at greater depths.
Today, both the recreational and commercial fishers have access to more advanced
technology (GPS, echo-sounder, weather forecasts etc.), more powerful boats and heavier

gear, and are thus expectedly able to catch lobster in any areawithin its range.

The lobster fishery was for a long period of time a lucrative fishery, in which a substantial
proportion of the local population of fishers and farmers participated. The official lobster
landings in Norway from 1928 to 2009 show a decrease through time (Fig 1). However, there
are large uncertainties regarding these statistics due to potential sale outside the legal market
by commercial fishers and the fact that recreational catch is not accounted for. There has been
no available data regarding these matters in the Norwegian lobster fishery. The Institute of
Marine Research (IMR) has collaborated with a selection of commercial fishers since 1928 in
order to collect yearly CPUE-data. At the same time, the Norwegian Directorate for Fisheries
have collected officia landings. By combining these estimates, we could estimate the effort
(E=C/CPUE). Let’'s assume that the CPUE-data from commercia fishers are representative
and reliable (see Fig 1). Then the calculations should be right if it is aso assumed that al
lobster catches went through official landings. Catch, CPUE and effort remains high until the
1960s. In the 1960s, official landings drop significantly. While the reported landings in 1960
were 787 tons, the landings in 1970 were 210 tons (73% reduction). CPUE aso did decrease
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during the same time period, but not to the same extent. CPUE in 1960 and 1970 was 0.17
and 0.13 lobsters per trap day™ respectively (24% reduction).
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Figure 1. Official commercial lobster landings (500 tons) and CPUE (lobsters per

trap day™) reported by a selected panels of commercial fishers in Norway from 1928

to 2009. Effort is given as Catch/CPUE. Effort calculation is based on the

assumption that all lobster landings are officially reported. All the three time series

were smoothed by computing the 5-year moving average. Because of the smoothing

of the data, there is reason to stress that the long term trends can be considered as

more reliable than the development from year to year. Source: Statistics Norway and

Institute of Marine Research.
One hypothesis could be that the reduction in CPUE reached a level where it was not longer
an economic gain from the fishery, leading to a collapse in the commercial lobster fishery in
Norway. However, with such small fishing effort since the 1960s, one would expect that the
lobster population would have a fair chance to rebuild. Another hypothesis could be that
larger proportions of the catches are becoming unreported in the 1960s. Recreational fishing
could be expected to be growing in these years, and commercia fishers might have started to
sell more of their catch on the black market. Combining these two hypotheses might be
necessary to explain the reduction in official catches in the 1960s. There are no available

statistics regarding the total number of commercial fishers participating in the lobster fishery.
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However, the total number of registered fishers in the area where it is fished for lobster was
reduced by 30 % in the 1960s (SSB 2010). This could explain some of the fall in landings.
There has been no available information regarding unreported illegal trade of lobsters and
recreational landings. The work presented in this thesis has tested and developed a set of
techniques in order to estimate the unreported catches in the Norwegian fishery for European
lobster.

Lobster fishing regulations. New regulations for the lobster fishery were introduced before
the 2008 season. Previously, commercia fishers had been allowed to fish with an unlimited
number of traps. In 2008, the maximum number of traps was set a 100. The maximum
number of traps for recreational fishers was reduced from 20 to 10. Additionally, egg-bearing
femal es became protected and the minimum size limit was increased from 24 to 25 cm total
length (TL), as measured from the tip of the rostrum to the end of the telson. The lobster
season was shortened by one month (1 October to 31 November). Escape vents in the traps
were introduced as a requirement. Traps are the only alowed gear when fishing for lobster,
and divers are not allowed to catch lobster (NMFCA 2009). Commercia fishers are by law
obliged to deliver their lobster catches through their own sales organisations, from which the
resultant statistics is known as the officia landings.
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Figure 2. The experimental lobster reserves established in Norwegian Skagerrak in
2006. Capitol R and C denote reserves and control areas, respectively (Paper I).
In September 2006, four lobster reserves were established along the Skagerrak coast. These
are Flgdevigen (1 km?), Riser (0.6 km?), Bolagne (0.7 km?) and Kvernskjag (0.5 km?) (Fig.
2). Inside these reserves, it isillega to fish with standing gear. The objective of the reserves

is to understand how lobster populations develop within limited areas when the fishery is
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excluded and thus test the potential of MPASs in future lobster management (Paper I). In his
PhD-thesis, Moland (2010) argued that these moderately small lobster reserves are able to
protect fractions of the lobster population, due to observations of long term site-fidelity

observed in resident |obsters.

Research questions. The general objective of this study has been to investigate the fishery
and management of European lobster (Homarus gammarus) in coastal Skagerrak, Norway,

with a special emphasis on the recreational fishery and lobster reserves.
The research questions were:

1. How were recreational fishers and other local stakeholders included in the
implementation process of the lobster reserves, how were they affected and what are

their expectations of the effects? (Paper |)

2. What characterises the recreational fisher? What type of management implications are
found with regards to recreational fishing versus commercial fishing? (Paper I1)

3. How largeis the recreational compared to the commercia effort in the lobster fishery?
What type of methodology should be applied to estimate recreational and commercia
effort? (Paper 111)

4, What is the total catch of lobster in recreational fisheries compared to commercial
fisheries? How does total catch compare to official landings? (Paper 1V)

14



Summary of papers

Paper |

Stakeholder participation, especially by resource users, is found vital to a successful MPA
management regime (Mascia 2003; Fernandes et a. 2005). By participating in the
management process, stakeholders are more likely to acknowledge the benefits of protected
the areas, take credit for the designation and enforce the regulations they establish (Leigh
Kessler 2004). Four experimental lobster reserves were established along coastal Skagerrak,
Norway, in 2006. In the event of future implementation processes of MPAs in Norway, there
was a need to evaluate the implementation process of the newly established |obster reserves.
Commercial fishers were involved at an early stage and asked to suggest potential aress.
When reviewing background documents for the implementation process, it was not found any
information surrounding recreational fisher's involvement in the process. How did they
perceive the lobster reserves? Had they been involved and how would they like to be
involved in future processes? In paper | we aimed to integrate natural and social science to
obtain a complete understanding of the implementation process, in order to achieve a
complete understanding of the potential of lobster reserves in coastal Skagerrak. While the
biological selection criteria were found to be met, recreationa fishers had neither been
informed nor involved in the implementation process. Nevertheless, the recreational fishers
responding to the questionnaire showed a positive attitude towards the use of reserves as a
tool to manage lobster. In the event of using MPASs as a future management tool in coasta
Norway, more species and larger areas might be considered, increasing the risk of conflict if
not all stakeholder groups are involved in the process. The study documents the need to
develop and establish appropriate tools to involve unorganised recreational fishers, as well as

commercial fishers, in future MPA planning processes.
Paper 11

There are fundamental differences between a recreational and a commercia fisher. A
commercia fisher fish for profit, a recreational fisher do not. If the commercial fisher has
more expenses than revenue from the fishery, the activity would stop as long as it is not
subsidised. On the other hand, the recreationa fisher may have a number of reasons to go
fishing, both catch and non-catch related (Holland and Ditton 1992; Arlinghaus 2006).
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Recreational fishers use money from outside the fishing sector for equipment and time to go
fishing. Thus, while commercia fishers bring excess money out from the fishery and into the
broader society, recreationa fishers do the opposite and bring money from the outer society
and into the fishery. The consequence is that recreational fishers can spend a whole day
catching one fish without fear of bankruptcy. In paper |1, we argue that recreational fisheries
should be viewed as a self-subsidising fishery and that management needs to consider these
innate forces in the activity when management tools are considered. We defined a self-
subsidising fishery as a fishery as one in which fishers subsidise themselves through an

economic investment in gear and time from their non-fishery based earnings.
Paper 111 and 1V

The knowledge regarding total catch in the lobster fishery has been limited. The Institute of
Marine Research (IMR) has collaborated with a selection of commercia fishers since 1928 in
order to collect CPUE data. Commercial fishers are obliged to deliver their catches through
their sales organisation, which is known as the official landings. However, recreationa
catches are not included in officia landing statistics. There are also indications that
commercia fishers sell some of their catch outside the legal marked. In order to estimate total
catch, data on effort and CPUE has to be collected. Paper 111 describes a probability-based
strip transect method to estimate commercial, recreational, and hence total effort. The study
area was the Agder counties (Southern Skagerrak) except the area west of the south cape,
Lindesnes. Transects were run for five different weeks throughout the lobstering season. A
calibration study was conducted to adjust for transect width and detectability. Mean number
of lobster traps per km? and associated variance was estimated by a ratio-estimator using
bootstrapping, with transects as primary sampling units. Post-stratification of the counts by
depth (by 10 meter depth intervals) combined with GIS mapping improved the precision of
the estimated density of lobster traps and increased the effective sample size of transects up
to by 22-44 %. Estimated total effort for the first week was 48.95 (SE 3.11) traps per km?,
decreasing to 5.96 (SE 0.79) in the 8th (and last) week of the lobstering season. Recreational
fishers were found to account for 2/3 of the total effort in the lobster fishery. The dominance
of recreational fishers pinpoints the need for management to consider recreational fisheriesin

order to achieve a sustainable management of the lobster population.
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Paper IV estimates total landings by commercia and recreational fishers. Recreational lobster
fishers were recruited to keep a catch diary throughout the lobstering season. Seventy-seven
lobster diaries were returned at the end of the lobster fishing season. We compared the the
catch rate between the recruited diarists and a random selection of fishers collected in field
(Paper 111). The results showed that the reports from the recruited diarists could be considered
as representative for the recreational |obster fishing population in the area. In addition, it was
found that the diaries could be used to estimate catches by commercia fishers. We estimated
that recreational catch account for 65% of the total catch in the study area. Moreover, our
estimates show that only a small proportion (23%) of the commercia |obster landings are
sold through the legal market and thus documented. In total, true catches of lobster is found

to be nearly 14 times higher than the official landings.

Discussion

The initiative for the creation of lobster reserves was taken by the management authorities
and the Institute of Marine Research (IMR). This could be considered as the ‘step zero’, the
initial phase of the MPA implementation process. It has been argued that these initial steps
can determine the outcome of the process (Chuenpagdee and Jentoft 2007). Step zero was an
informal process, where the first official documents were the selection criteria for the lobster
reserves. Commercial fishers were invited to nominate potential areas to be protected based
on a set of selection criteria. The same type of process, on a completely different scale, is
found for the re-zoning of the Great Barrier Reef Marine Park in Austraia. Here, the aims
were defined by the government in cooperation with scientists. These aims could be reached
in many ways, and all stakeholders were given the opportunity to suggest areas for different
zoning purposes. The management authorities received more than 30 000 formally submitted
comments from stakeholders and organisations, which were analysed and entered into the
database (Fernandez et al. 2005). A survey conducted three years after the implementation
revealed that the majority of the recreational fishers found the rezoning to be ‘a good idea
and supported the 2004 zoning plan (Sutton and Tobin 2009). In contrast to the process in
Australia, management authorities in Norway seem to have aimed at organisations in their
involvement process, where commercia fishers were the main target. Unlike commercial
fishers, recreational fishers are mostly an unorganised group. Involvement of recreational
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fishers, and other local stakeholders, would require additional participation efforts.
Interestingly, our survey did not find any opposition against the lobster reserves among the
local stakeholders, even though they were not involved in the implementation process.
However, a substantial part (46 %) of those who fished showed an interest in participating in
future MPA planning processes. The preferred ways to get involved was through information
letters and local media. Information letters and mediais one way communication with meagre
possibilities for the local stakeholders to actively participate in the process. The results
indicate that local stakeholders are not familiar with direct involvement in management
processes. For instance, marine recreational fishers have not been recognised as an important
stakeholder in the management of marine resources in Norway (Mikalsen and Jentoft 2001).
Accordingly, management authorities, such as the Directorate of Fisheries, have historicaly
put little attention on involving recreational fishersin their consultative processes. However,
when developing new management plans for lobster (NDF 2007) and coastal cod (NDF
2009), the Directorate of Fisheries organised open public hearing meetings along the coast.
These meetings, some of which | attended, attracted recreational fishers as well as
commercia fishers. In 2009, two coastal municipalities (Kragerg and Lillesand) initiated
local hearing processes in order to establish reserves for lobster and cod (Schulze and Karlsen
2009; Aanonsen 2009). These local initiatives led to a debate between local stakeholders in
the media and might be a development towards an increase in the awareness of the local
community when it comes to management of local marine resources. Jentoft (2000) argued
that “...viable fish stocks require viable fisheries communities’. Could these local initiatives
contribute to a sustainable management of local resources? The initiatives from local
communities may indicate a development towards a co-management regime with regards to
management of loca marine resources. Co-management can be viewed as collaboration
between local stakeholders and the state in order to manage a certain common. It means that
the government delegate, or share, rights and responsibilities with e.g. local stakeholders and
fishers (Jentoft and Kristoffersen 1989; Plummer and FitzGibbon 2004). Jentoft (2004)
argued that co-management can not come without empowerment. Empowerment give user
groups and stakeholders access to the management decision making processes. With
increasing power, the individual can enhance its ability to predict, control and participate in

society.
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Co-management and empowerment are strongly linked to and dependent on each other
(Jentoft 2004). If local communities and stakeholders, such as recreational fishers in coastal
Skagerrak, should be able to have a say in the management of the local fishery resources,
they need to become empowered. Today’'s management decisions with focus on stock
assessments, quotas and technical regulations decided by central authorities on a national
level do not give local communities much power. The way the system of stock assessments
and quotas are designed is not well adapted for co-management. Local communities have
meagre influence and limited power in the decision making process. Looking at MPAS, the
potential for co-management might be higher. The experimental lobster reserves described in
this thesis were established from an interaction between loca and higher levels of
government and commercial fishing organisations. However, the initiative came from outside
the local community (researchers and management authorities). In order to achieve a co-
management regime of future MPAS, it should be a main goal that the local communities get
more control of the implementation process. Scientists and managers should on the other
hand seek to be advisors and facilitators in the process. It is no guarantee that co-management
and empowerment of local communities will lead to a more sustainable management of the
local marine resources. As for Norway, with a strong and well organised central authority, a
balance has to be found between the local and central power in a co-management regime. A
balance of power and influence might be the best option to meet national and local goals for
the marine resources. It will therefore be of interest to researchers to follow and analyse the
local MPA initiatives in Kragerg and Lillesand in order to understand the potential of co-
management of MPAs in Norway. In addition, a collaborative project between the local
municipality of Tvedestrand, the Norwegian Directorate of Fisheries and IMR has been
initiated in order to develop a zoning plan in the coastal areas for Tvedestrand (Itvedestrand
2009). This process involves central governmental agencies in collaboration with local
governments from the very beginning of the process. These different projects represent a
unique opportunity to evaluate the potential of co-management of MPAS in coasta
Skagerrak.

Asidentified in Paper |, recreational fishers were not involved in the implementation process,
even though they had a stake in the resources and areas concerned. Research on marine
recreational fisheriesin Norway has been limited in both social and natural science. There are

evidently some apparent differences between commercial and recreational fishers. In paper 11,
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we reviewed the literature in order to contrast the nature of recreational fisheries with
commercia fisheries. By defining recreational fishing activities as self-subsidised, we
pinpoint on a series of management challenges that does not fit well with the management
tools implemented to control commercial fisheries. Recreational fisheries in Norway may

serve as an example.

Limited research has been conducted on marine recreational fisheries in Norway. In a phone
survey conducted by Hallenstvedt and Wulff (2004), 42 % of the respondents informed that
they had fished in the sea in 2003. However, the study did not fully cover the population of
recreational fishers and could for example have been affected by recall bias. Survey
methodology will be further explored later in the discussion (see below). In the time period
from 1970-2003, ten national recreational fishing surveys have been conducted in Norway.
Catch statistics were not included in these surveys, except the Hallenstvedt and Wulff (2004)
report which operated with a one year recall period. There are some uncertainties related to
the recreational fisher surveys since there are some differences in methodology, but the long
term trends should be seen as more reliable than comparing any one year to another (Vorkinn
et al. 1997). The estimated proportion of marine recreational fishers in the Norwegian
population has been estimated to be between 37 and 44 % from 1970 to 1996 (Vorkinn et al.
1997). In a survey regarding outdoor activities in Norway conducted in 1996, 42 % informed
that they had fished in the sea the latest year. In the same survey, 34 % informed that they
had been skiing in the mountains (trip lasting more than 3 hours) and 7 % had been hunting
small game (Vorkinn et a. 1997). These results show that marine recreational fishing is a
popular activity in Norway. However, data information regarding regional participation,
economic value and catch are sparse. The target population for the surveys described above
were Norwegian citizens or legal residents. There has been a growing recreationa fishing
tourism industry in Norway, where tourists from other countries come to Norway to fish. A
probability-based survey covering 445 identified tourists fishing businesses in Norway were
conducted in 2009, where catch and effort was estimated for these businesses (Valstad et al.
2010). Foreign tourists fishing in Norway may only use handheld tackle when fishing in the
sea (NDFa). The regulations of Norwegian recreationa fishers (Norwegian citizen or legal
resident) can be termed liberal when comparing the regulations with other highly developed
fisheries nations such as USA (NOAA 2005) and Australia (anonymous 2010a). A single
recreational fisher is allowed to fish with up to 210 m of gillnets, a long-line with 300 hooks
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and 20 pots and traps in addition to regular line and rod (Lovdata 2010). The recreational
fisher is alowed to sell the catch, as long as the value does not exceed 50 000 NKR per year
(approx $ 7 500 US) and catch of cod does not exceed 2000 kg (NDF 2010b). Minimum size
l[imits were introduced in 2010 for a selection of marine species (NMFCA 2009). However, if
the fisher identifies the fish as dead or not able to survive, it can be brought home and eaten
(NDF 2010c). The consequence of thisisthat a recreational fisher that keeps undersized fish
bears minimal, if any, risk of being prosecuted for illegal fishing. Recreationa fishery in
Norway can be termed an open-access fishery, and it is expected that alarge proportion of the
population are participating in the activity. Considering the self-subsidising nature of
recreationa fisheries, the libera regulations and the high participation rate in Norway, it
might be reason to expect that recreational fisheries can put coastal resources at risk. Some
popular coastal target species, such as coastal cod (Gadus morhua) and lobster (H.
gammarus) are listed in the national red list (Nedreaas et al. 2006; Oug et al. 2006). As long
as a commercial fishery is not subsidised and the prices of the target species remain stable,
commercial fishing effort would be expected to be reduced if stocks decline. Due to the self-
subsidising forces in recreationa fisheries there might be reason to expect that recreational
fishing effort would not respond in the same manner as in the commercia fishery. This is
what we might have detected in Paper 111, where the recreational effort in the lobster fishery
is found to be twice as high as the commercia effort. Data collected from the commercial
fishery shows that CPUE has been at low levels since the 1970s. Unfortunately there are no
historical records on the effort in neither the commercia nor the recreational |obster fishery.
However, it is reason to expect that commercial fishing effort has declined since the 1970s.
The low catch rates may have reduced the effort in the commercia fishing sector. Lobster
fishing has a high cultura value for many coasta inhabitants along the Skagerrak coast
(Knutsen et a. 2009). Due to the shifting baseline syndrome (Pauly 1995), recreational
fishers might be satisfied with a historically low catch rate and continue to fish as long as the
activity satisfy their experience value. They are in no danger of going bankrupt and
recreational fishers can continue the hunt for the over-harvested lobster. Hence, the fishing
effort has the potential to keep over-harvested stocks at low levels. Specifically, recreational
fisheries accounted for 4 % of the entire landings in the United States in 2002 (Coleman et al.
2004). For populations of concern (i.e. overfished or experiencing overfishing), the study by
Coleman et a. (2004) found that recreational catch was 23 % of the total catch.
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Estimating effort and catches in recreational fisheries. The nature of recreational fishing
makes the choice of methodologies for surveying this activity challenging. The number of
participants in the activity is usually higher, more diverse and diffuse than for commercial
fisheries. Some recreational fishers are less avid, while others fish more often (NRC 2006).
NRC (2006) argued that recreationa surveys in the US may be the most complex national

surveys currently conducted.

In order to estimate total catch (C) in diffused recreationa fisheries, it is essential to collect
information regarding Effort (E) and Catch Per Unit Effort (CPUE). A phone survey might
theoretically reach all potentia fishers, but it would yield a poor estimate of catch due to
challenges regarding species identification and the need to recall size and number of fish for
each trip (NRC 2006). More often, CPUE data is collected by intercept and creel surveys,
where fishers are asked about the time spent fishing and catch information (see e.g. Valistad
et a. 2006; Rangel and Erzini 2007; Beckley et al. 2008). The interviewers/researchers can
count and measure the fish, thus improving the accuracy of CPUE compared to phone
interviews where recall bias is an issue and species identification cannot be confirmed. The
combination of effort estimates from phone surveys and CPUE estimates from intercept

surveys result in an estimate of total catch (C = CPUE x E). Intercept surveys are often

conducted at access points such as marinas, fishing piers or boat ramps where many
recreational fishers pass through after they have completed a fishing trip. In many countries,
such as the US and Australia, trailer boats are often used and the recreational fishers can be
intercepted when and where they are launching or taking up their boat at boat ramps.

Traditionaly, surveys of effort have been based on random phone surveys, such as the study
by Hallenstvedt and Wulff (2004) described above. In phone interviews, where interviewees
for example are selected randomly from the white pages or through random digit dialing
(RDD) (NRC 2006), thereisarisk of not reaching the whole target population. In Norway for
example, an unknown proportion of recreational fishers are foreign fishing tourists (Vglstad
2010). A national phone survey would not be able to account for these fishers. NRC (2006)
pinpointed that a list frame sampling method, such as a phone book, could suffer from
overcoverage since not all households contain anglers, and undercoverage since some anglers
do not live in the area or are not listed in the phone book. In addition, it is a risk for
duplication if a household has more than one phone number. Another challenge is recall bias.

Recall biasis atype of systematic error resulting from the respondent’ s inability to remember
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the correct answer. Two independent surveys on recreational fishing in New Zeaand
conducted in 1996 and 2000 revealed a difference of 300 % in fisher prevalence between
these two phone surveys. Accordingly, the catch estimates for different species were as well 2
to 6 times higher in 2000 compared to the 1996 survey. Kearney (2002) observed a large
difference between the number of people that said they had fished the last year and the actual
number that did. In phone interviews, a large proportion of respondents said they had fished
the last year, but with the follow up by fish diaries the participation rate appeared to be much
lower. Kearney (2002) argued further that “...the large number of diarists who said they
fished in the last year and thought they would fish in the next, who did not fish ... strongly
suggests that “telescoping” is area problem for interview assessment of recreational fishing
and this problem could be worse as the period of recall is extended”. Telescoping can be
understood as the respondent’ s potential to remember longer than the recall period it is asked
for. E.g. if a person is asked about how many fishing trips he/she conducted the last year,
activities from before the period in question might be included in the answer. The
recreational fishery for lobster (Jasus edwardsii) and abalone (Haliotis rubra and H.
Laevigata) in Tasmania, Australia, was investigated by both recall interviews and telephone
diary surveys within the same season (Lyle and Morton 2004). Recall interviews were based
on phone interviews where the recreational fisher was asked about effort and catch for the
last fishing season (November-August). The telephone-diary survey asked eligible
respondents to participate in a diary survey, where the participants were continuously
followed up by phone interviews at least once a month throughout the fishing season. It is
argued that a telephone-diary survey would have less recall bias than a recall survey
(Baharthah 2006). Lyle and Morton (2004) showed that the recall estimates of catch and
effort were consistently higher than the estimates from the telephone-diary surveys. Effort
was 1.27 times higher while catch was 1.4 times higher for the lobster fishery, while it was
2.24 and 2.19 times higher respectively, for the abaone fishery. Baharthah (2006) analysed
three different survey methods for the Western rock lobster (Panulirus cygnus) recreational
fishery in Western Australia. She found that mail survey estimates of effort and catch were
more than twice as high as the telephone-diary survey estimate. Further, the effort and catch
from the telephone recall survey was as well significantly higher than the telephone-diary
survey. In the lobster survey presented in this thesis, we did not observe any differences
between those who filled out daily catch diary and those who filled out the mail based
guestionnaire at the end of the season. However, the recall period was only 2 months in a
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highly specialised fishery. Baharthah (2006) argued that telephone-recall surveys can suffer
from recall bias when the recall period is longer than two months. Our survey had such a
short recall period that the risk of recall bias was minimised. The Norwegian recreational
telephone one-year recall survey conducted by Hallenstvedt and Wulff (2004) and other
Norwegian recall surveys (Vorkinn et al. 1997) might have suffered from recall bias and
telescoping. However, in order to test this hypothesis, there is a need to perform paralel
surveys such as those conducted in Australia. A future Norwegian recreational survey should
be expected to be extremely challenging due to the long coastline, scattered population
structure, high number of foreign fishing tourists and the liberal recreationa regulations.
Conducting reliable effort and catch estimates in a fishery on a large unregistered scattered
group of fishers with exceptionally liberal regulations would require a professional team,
careful planning and predictable economic resources.

Recreational lobster fisheries. Recreational lobster fisheries for lobster have been researched
in different countries. Davis (1977) described the challenge of estimating recreational fishing
for lobster in Florida, where he found creel surveys logistically impossible. There were too
many access points and difficulties in identifying potentia fishermen. Davis (1977) therefore
used protected areas to evaluate the effects of recreationa fishing on the spiny lobster
(Panulirus argus) population. In another later attempt to estimate the spiny lobster
recreational fishery in the same area in Florida, annual harvest from the park was estimated
by multiplying the number of boats engaged in the fishery times mean number of fishing days
for each boat and the mean daily catch (Davis and Dodrill 1989). In 1991, licence
requirement was introduced for recreationa fishers targeting lobster in Florida Keys (Muller
et al. 2000). lacchei et a. (2005) also used the opportunity represented by MPAs to evaluate
direct impacts of commercia and recreational fishing on spiny lobster (Panulirus interruptus)
in Cdlifornia, US. They had access to compare an area dominated by commercia fishing, a
recreationally fished area and an invertebrate no-take area. In other countries, there are
license requirements for recreational lobster fishing. With a comprehensive license system
that covers a large portion of recreational fishers, more cost-effective surveys on recreational
fishing can be conducted, and the potential for more accurate estimates are higher. In South
Africa, Cockcroft and Mackenzie (1997) used a multistage telephone interview of permit
holders through season to estimate effort and catch for west coast rock lobster (Jasus
Lalandii). They found that recreationa catch increased from 7 % of total alowable
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commercia catch in 1992-1993 to 25 % in 1995-1996. In Tasmania, Australia, the number of
persons with lobster licenses increased by 80 % from mid 1990’ s to 2002-2003. Since 1995, a
periodically telephone-diary survey has been undertaken to estimate the recreational catch
through time (Lyle et a. 2005). The researchers found that the recreational catch had
increased significantly and was 12 % of the total alowable catch in the 2002-2003 season.
Muller et al. (2000) estimated the recreational landings to be 23 % of the total landings in the
Florida Keys in the 1999-2000 season. There seems to be a genera global trend of increased
participation by recreational lobster fishers and a growing recognition that the recreational
fishing sector should be accounted for in stock assessments, ecological impacts of fishing,

and resource sharing and -access (Lyle et a. 2005).

The survey methodology presented in this thesis (Paper I11) is a novel new way of estimating
recreational fishing effort. By using probability-based strip transects to estimate effort we are
able to avoid the issue of recall bias and other typical problems regarding list frame sampling
methods as described above. This method is not applicable to al types of recreational
fisheries. The lobster fishery is highly specialised where it is only allowed to use traps with
buoys attached, and the season lasts for only two months. The use of random phone surveys
to obtain effort and catch data from recreational lobster fishers would be costly due to the
expected small proportion of the population participating in the fishery (Griffiths et a. 2010).
We recruited recreational fishers to a panel that provided data on catch and effort through
diaries (Paper 1V). The recruitment was based on name dropping and snowball sampling in
order to obtain a sufficient sample size. However, this a non-random sampling method in
which the recruited reporters might not be representative for the whole fishing population. To
test the assumption that the recruited reporters were representative for the recreational |obster
fishing population was reasonable, we also contacted a random sample of fishers identified
from marked buoys during the field strip transect survey (Paper I11). The dramatic change in
CPUE through time made phone interviews challenging, because it was necessary to obtain
catch data for exact dates, which could be difficult to recall for fishers. We were able to
conduct a phone survey after the first week of the season for Aust-Agder (eastern part of the
study area). However, the data collected from West-Agder (the western part) were conducted
over afew days after two weeks of the fishing season. Due to high variation in catch between
days, the data obtained from these interviews were not suited to be compared with catch

diaries. Thisis evident in Fig. 3, where daily CPUE for the first two weeks of the lobstering
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season are presented. The first day of the fishing season has by far the highest CPUE and then
the catch rate decreases relatively steady in the following days. It is therefore highly
important to collect catch information at one specific day in order to avoid bias in the CPUE
estimate.
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Figure 3. Daily CPUE (lobster per trap day™) for the first two weeks of the lobster
fishing season for all southern Norway (Hordaland to @stfold). Traps are deployed 1
October and the first hauls are conducted 2 October. Sundays are excluded sinceit is
illegal to haul traps on Sundays in parts of the study area (Skagerrak).

Management implications of the presented findings

Even though there exists an effort limitation per fisher in the lobster fishery (maximum 10
traps for recreational and 100 traps for commercial fishers), total effort limitation is absent. It
is therefore a potential for increased effort if there is an increase in the number of
recreational- and commercial fishers participating in the fishery. A lobster fishery without
total effort and/or quota regulations, and no available data on participation and catch, put the
resources concerned at risk. Our estimate of total catch compared to the official landings

should be considered as a serious challenge for the Norwegian management authorities. The
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complete lack of recreational catch data, which is expected to be high for more species than

lobster, will make sustainable management of coastal resources a difficult task.

When introducing new management regulations for lobster in 2008, the Norwegian Ministry
for Fisheries and Coastal Affairs expressed a management target of 10 lobsters per 100 traps
as amean for the season (NMFCA 2008). Management targets based on CPUE alone can be
highly problematic. As an example, in the new management plan for lobster (introduced in
2008) was the season shortened by one month (December). In a fishery, such as the lobster
fishery, where CPUE decreases through time within season, a shortening of the season is
likely to increase the CPUE independent of the development of the target population. When
calculating the weekly catch rate in the lobster fishery it became obvious that catch rates are
by far highest in the beginning of the season and decrease through time. The fishery has the
potential to fish out a high proportion of the catchable lobsters in very few days, and appear
to be more like a depletion experiment rather than a sustainable fishery (see Fig 3 and 4).
Mean CPUE for the season does not necessarily give good information of how many lobsters
that are left after the fishing season. This can be seen in Fig. 4, where we compare weekly
CPUE from catch diaries obtained from recreationa fishers in 2008 (n = 97) and 2009 (n =
168) for the whole of southern Norway (Hordaland to @stfold).

While CPUE was significantly higher in 2009 than in 2008 in the first weeks of the season,
the catch rate decreased towards the end of the season. In the later weeks, CPUE was at the
same level as in 2008. The difference between these two years might be explained as
differences in catchability between the years and/or an increase in the target lobster
population. However, when catch rates are similar in the end of the season for both years,
there might be reason to argue that the population of lobster left after these two seasons
would be similar. These findings may be interpreted as symptomatic of a fishery that might

not be concurrent with the rebuilding plan as expressed by the management authorities.
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Figure 4. Mean weekly CPUE (lobster per trap day™) for 2008 and 2009 from
Hordaland to @stfold (all of southern Norway). While CPUE was significantly
higher in 2009 compared to 2008 in the first weeks of the lobster fishing season,
CPUE ison the same level the last weeks of the season.

CPUE (lobster/trap/day)

A limit of total effort and/or a total alowable catch for both recreational (TARC) and
commercia fisheries (TACC) would be one option in order to achieve a sustainable |obster
fishery. This, however, is in redlity impossible to introduce under today’s management
regime. A limit of total effort or TARC and TACC would require basic knowledge of the
number of participants in the fishery and their catch for both recreational and commercial
fishers. Introduction of TARC and TACC can be a challenging task because it has to be made
decisions regarding resource sharing between the recreational and commercial fishing sectors
(Borch 2010). Such a process has been tried out in New Zealand, creating heavy conflicts
among recreational and commercia fishers. Borch (2010) discussed the chalenges of
implementing recreational fisheries into modern fishery management systems. Recreational
fishers often take their access to the resources for granted, it is a poorly defined unorganised
sector and has limited institutional power in the existing management systems. As found in
our stakeholder survey regarding the lobster reserves (Paper 1), recreationa fishers were not
consulted in the process and they have, arguably, little tradition in participating in such

28



processes. However, the dominance of recreational catch in the lobster fishery in the Agder
counties (Paper IV) cannot be ignored if a sustainable fishery is to be achieved. Therefore,
the critical first step needed is to implement robust data collection frameworks for
recreational lobster fisheries. To collect catch data cost efficiently and precisely, the
introduction of a license system should be considered in the recreational fishery for lobster.
In the hearing process regarding the new lobster regulations in 2008, the Norwegian
Recreational and Small-Scale Association stated (NRSSO 2008): “We recommend an
introduction of a marking and registration system for the lobster fishery. Such a system will
give a better overview of the participation as well as catch and effort in the |obster fishery. It
will as well help the control of the fishery” (in Norwegian, translated by the author). Inviting
representatives from the recreational fishing sector from the start of such a process will
increase the probability for a common understanding, knowledge transfer, finding appropriate

solutions and increase the legitimacy for the management decisions.

The high international profile to combat Illegal, Unreported and Unregulated (IUU) fishing
shown by the Norwegian government when managing the oceanic fish stocks seems not to be
relevant for coasta resources such as lobster. Commercia unreported catches, most likely
sold on the black market, should be considered as a serious management problem and should
be characterised as IUU-fishing. In order to give precise management advice, researchers
need to know the total fishing mortality. The results presented herein indicate that official
landings are just a fraction of the total catch (Paper 1V). The commercial fishing industry has
to report their catchesin order to achieve a sustainable fishery for the future.

When considering the existing management regime, it is necessary to discuss the use of
lobster reserves in order to secure the lobster population. A network of marine reserves along
the coast would have the potential to secure a part of the lobster population from fishing
(Moland 2010). Implementation of reserves affects local stakeholders such as recreational
and commercia small-scale fishers. The positive attitude toward the existing lobster reserves,
as expressed by the stakeholders in our survey (Paper 1), shows a potential for a successful
introduction of lobster reserves along coastal Skagerrak. In order to use lobster reserves as a
management tool there is aneed for larger and more numerous areas than the relatively small
and few experimental lobster reserves existing today. Accordingly, a higher potential for
conflict is present in the event of introduction of a network of reserves for lobster and other
species. The ongoing zoning processes along the Skagerrak coast can be important in order to
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understand the best way of implementing lobster reserves. Involving local stakeholders from
the early stage in the process and secure their influence in the implementation process will

expectedly reduce conflict and increase the legitimacy of the potential reserves.

General conclusions and recommendations for future work

Officially reported landings statistics for lobster in Norway should not be used to evaluate the
lobster stock development. Together, recreational catches and unreported catches from the
commercia fishing sector constitute the vast majority of the total catch. Moreover, there are
no indications that officia landings represent a static proportion of the total landings. There
are negligible regulations of effort in the lobster fishery and no registry of neither commercial

nor recreational fishers participating in the fishery.

The survey area for this PhD covered only a part of the lobster fishing area in Norway. In
order to estimate the catches in other regions of Norway there is a need to improve the strip
transect survey method and adapt to different coastal systems. The complexity of the
coastline on the west coast, with long fjords, large islands and steep coastlines, represents
new challenges for survey design. The coastline in inner Skagerrak is comparable to outer
Skagerrak where the survey described herein was conducted. Field personnel conducting strip
transect surveys have to be focused on keeping the same transect width through the whole
survey. Our survey showed that nearly al lobster fishers participate from the beginning of the
season. There was no significant difference in effort between the first and second week of the
season, indicating that the majority of fishers participate for more than one week. Given the
assumption that fishers behave the same way in other areas of Norway, a future effort survey
should cover atwo week survey period. In a future survey, information should be collected
from arandom selection of fishers from the surveyed weeks. Effort for the parts of the fishing
season not covered by a survey could be estimated by phone interviews of the randomly

selected fishers to obtain information regarding their fishing activity throughout the season.

As long as there is no existing registry of recreationa lobster fishers, lobster diaries from
recruited fishers can be seen as a good alternative to estimate CPUE. It isimportant to control
for their representativity for the general lobster fishing population. Phone based interviews

have to be conducted often and timely since catch changes within a short time frame (daily).
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Collection of CPUE from commercial fishers should be expanded. A complete list of
commercia fishers participating in the lobster fishery would be very helpful for data
collection.

The self-subsidising forces of recreational fishers might explain why recreational fishers are
able to dominate the effort and catch of an over-fished red-listed species. The newly acquired
knowledge of the dominance of recreational fishers in the lobster fishery presented herein
highlights the need for management to include recreational fisheries in stock assessments and
decision making processes. The nature of recreational fishing activities, as opposed to
commercial, has to be considered when management tools are evaluated, how these
regulations are communicated and how recreational fishers should be involved in

management processes.

Marine protected areas (MPAS), designed to protect lobsters, have the potential to be an
important management tool in an unregulated fishery. As shown in thisthesis, the user groups
showed a positive attitude towards the implementation of lobster reserves. The results
indicate a high social potential for the use of lobster reserves as a management tool in coastal
Skagerrak. Given that the experimental |obster reserves have a positive biological effect, as
found for other lobster species elsewhere (Paper 1), MPAs for lobsters would be able to
protect components of the lobster population from over-harvesting. It is therefore a need for
research to follow up the new MPA initiatives taken by local communities in Skagerrak to
gain local knowledge regarding the potential of co-management when implementing MPAs

in coastal Norway.

The target species in this study was European lobster. However, the proportion of the
population fishing for lobster should be considered marginal compared to the proportion of
the population targeting other marine coastal species, such as the red listed cod (Gadus
morhua). There is thus a need for a national recreational survey targeting catches off a broad
spectrum of species to get a comprehensive overview of the impact of recreational fishing on
coastal fish populations in Norway. Managing the coastal fisheries in Norway without catch
data from recreational fisheries may lead to serious mismanagement, further depletion and

potential collapse of coastal resources.

31



Acknowledgement

| thank Trude Borch, Even Moland, Esben Moland Olsen, Svein Jentoft and Jon Helge
Valstad for commenting on the introduction of thisthesis.

References

Abesamis RA, Alcala AC, Russ GR. 2006. How much does the fishery at Apo Island benefit
from spillover of adult fish from the adjacent marine reserve? Fishery Bulletin 104:
360-37

Agnew DJ, Pearce J, Pramod G, Peatman T, Watson R, Beddington JR, Pitcher T. 2009.
Estimating the worldwide extent of illegal fishing. PLoS ONE 4: 8.

Anonymous. 2010. Brief guide to recreational fishing rules and regulations for Queensland.
Department of employment, economic development and innovation, Queensland
Government, Brisbane.

Arlinghaus R. 2006. On the apparently striking disconnect between motivation and
satisfaction in recreational fishing: the case of catch orientation of German anglers.
North American Journal of Fisheries Management 26: 592-605.

Arlinghaus R, Mehner T. 2005. Determinants of management preferences of recreational
anglersin Germany: Habitat management versus fish stocking. Limnologica 35: 2-17.

Baharthah T. 2006. Comparison of three survey methods applied to the recreational rock
lobster fishery of Western Australia. Master thesis. Faculty Communications, Health
and Science. School of Engineering and Mathematics, Perth.

Banks SA, Skilleter GA. 2010. Implementing marine reserve networks: A comparison of
approaches in New South Wales (Australia) and New Zealand. Marine Policy 34: 197-
207.

Baskett ML, Levin SA, Gaines SD, Dushoff J. 2005. Marine reserve design and the evolution
of size at maturation in harvested fish. Ecological Applications 15: 882-901.

Beckley LE, Fennessy ST, Everett Bl. 2008. Few fish but many fishers: a case study of shore-
based recreational angling in amajor South African estuarine port. African Journal of
Marine Science 30: 11-24.

Borch T. 2010. Tangled linesin New Zealand's quota management system: The process of
including recreational fisheries. Marine Policy 34: 655-662.

32



Christie P, McCay BJ, Miller ML, Lowe C, White AT, Stoffle R, Fluharty LD, McManus LT,
Chuenpagdee R, Pomeroy C, Suman DO, Blount BG, Huppert D, Villahermerosa
EismaRL, Oracion E, Lowry K, Pollnac RB. 2003. Towards devel oping a complete
understanding: A social science research agenda for marine protected areas. Fisheries
28: 22-26.

Chuenpagdee R, Jentoft S. 2007. Step zero for fisheries co-management: what precedes
implementation. Marine Policy 31: 657-668.

Cicin-Sain B, Belfiore S. 2005. Linking marine protected areas to integrated coastal and
ocean management: A review of theory and practice. Elsevier Sci Ltd, pp 847-868.

Cockcroft AC, Mackenzie AJ. 1997. The recreational fishery for West Coast rock |obster
Jasus lalandii in South Africa. South African Journal of Marine Science-Suid-
Afrikaanse Tydskrif Vir Seewetenskap 18: 75-84.

Coleman FC, FigueiraWF, Ueland JS, Crowder LB. 2004. The impact of United States
recreational fisheries on marine fish populations. Science 305: 1958-1960.

Cooke SJ, Cowx I1G. 2004. Therole of recreational fishing in global fish crisis. BioScience
54: 857-859.

Cooke SJ, Cowx IG. 2006. Contrasting recreational and commercial fishing: Searching for
common issues to promote unified conservation of fisheries resources and aquatic
environments. Biological Conservation 128: 93-108.

Cudney-Bueno R, Lavin MF, Marinone SG, Raimondi PT, Shaw WW. 2009. Rapid Effects
of Marine ReservesvialLarval Dispersal. PLoS ONE 4: 7.

Dannevig A. 1936. Hummer og Hummerkultur. Fiskeridirektoratets skrifter, Report on
Norwegian Fishery and Marine Investigations 4: 60.

Davis GE. 1977. Effects of recreational harvest on a spiny lobster, Panulirus argus,
population. Bulletin of Marine Science 27: 223-236.

Davis GE, Dodrill JW. 1989. Recreational fishery and population dynamics of spiny lobster,
Panulirus argus, in Florida Bay, Everglades National Park, 1977-1980. Bulletin of
Marine Science 44: 78-88.

Evans RD, Russ GR. 2004. Larger biomass of targeted reef fish in no-take marine reserves on
the Great Barrier Reef, Australia. Aquatic Conservation - Marine and Freshwater
Ecosystems 14: 505-519.

Fernandes L, Day J, Lewis A, Slegers S, Kerrigan B, Breen D, Cameron D, Jago B, Hall J,
Lowe D, Innes J, Tanzer J, Chadwick V, Thompson L, Gorman K, Simmons M, Barnett

33



B, Sampson K, De'ath G, Mapstone B, Marsh H, Possingham H, Ball I, Ward T, Dobbs
K, Aumend J, Slater D, Stapleton K. 2005. Establishing representative no-take areas in
the Great Barrier Reef: Large-scale implementation of theory on marine protected
areas. Conservation Biology 19: 1733-1744.

FollesaMC, Cuccu D, Cannas R, Sabatini A, DeianaAM, Cau A. 2009. Movement patterns
of the spiny lobster Palinurus elephas (Fabricius, 1787) from a central western
Mediterranean protected area. Scientia Marina 73: 499-506

Gell FR, Roberts CM. 2003. Benefits beyond boundaries: the fishery effects of marine
reserves. Trendsin Ecology & Evolution 18: 448-455.

Goni R, Hilborn R, Diaz D, Mallol S, Adlerstein S. 2010. Net contribution of spillover from a
marine reserve to fishery catches. Marine Ecology-Progress Series 400: 233-243.
Granek EF, Madin EMP, Brown MA, FigueiraW, Cameron DS, Hogan Z, Kristianson G, e
Villiers P, Williams JE, Post J. Zahn S. Arlinghaus R. 2008. Engaging recreational
fishersin management and conservation: Global case studies. Conservation Biology 11:

1125-1134.

Griffiths SP, Pollock KH, Lyle IM, Pepperell JG, Tonks ML, Sawynok W. 2010. Following
the chain to elusive anglers. Fish and Fisheries 11: 220-228.

Hallenstvedt A, Wulff I. 2004. Fritidsfiske i gjgen 2003 (Recreational fishing in the sea
2003). Norwegian College of Fisheries Science/ University of Tromsg, Tromsg.

Halpern BS, Warner RR. 2002. Marine reserves have rapid and lasting effects. Ecology
Letters 5: 361-366.

Himes AH. 2007. Performance indicators in MPA management: Using questionnaires to
analyze stakeholder preferences. Ocean & Coastal management.

Holland SM, Ditton RB. 1992. Fishing trip satisfaction: A typology of anglers. North
American Journal of Fisheries Management 12: 28-33.

lacchei M, Robinson P, Miller KA. 2005. Direct impacts of commercia and recreational
fishing on spiny lobster, Panulirus interruptus, populations at Santa Catalina Island,
California, United States. New Zealand Journal of Marine and Freshwater Research 39:
1201-1214.

Itvedestrand. 2009. Aktiv forvaltning av marine naturverdier i kystsonen (eng: Active
management of marine natural valuesin the coastal zone). www.itvedestrand.no.
Tvedestrand.

34



Jackson JBC, Kirby MX, Berger WH, Bjorndal KA, Botsford LW, Bourque BJ, Bradbury
RH, Cooke R, Erlandson J, Estes JA, Hughes TP, Kidwell S, Lange CB, Lenihan HS,
Pandolfi JM, Peterson CH, Steneck RS, Tegner MJ, Warner RR. 2001. Historical
overfishing and the recent collapse of coastal ecosystems. Science 293: 629-638.

Jentoft S. 2000. The community: amissing link of fisheries management. Marine Policy 24:
53-59.

Jentoft S. 2007. Limits of governability: Institutional implications for fisheries and coasta
governance. Marine Policy 31: 360-370.

Jentoft S, Kristoffersen T. 1989. Fishermen's co-mangagement: The case of the Lofoten
fishery. Human Organization 48.

Jentoft S, van Son TC, Bjgrkan M. 2007. Marine Protected Areas. A governance System
Analysis. Human Ecology.

Jones PJS. .2008. Fishing industry and related perspectives on the issues raised by no-take
marine protected area proposals. Marine Policy

Kaunda-Arara B, Rose GA. 2004. Effects of marine reef National Parks on fishery CPUE in
coastal Kenya. Biological Conservation 118: 1-13.

Kearney RE. 2002. Review of harvest estimates from recent New Zealand national marine
recreational fishing surveys. Applied Ecology Research Group, University of Canberra,
Canberra.

Kely S, MacDiarmid AB. 2003. Movement patterns of mature spiny lobsters, Jasus
edwardsii, from amarine reserve. New Zealand Journal of Marine and Freshwater
Research 37: 149-158.

Knutsen H, Jorde PE, Andre C, Stenseth NC. 2003. Fine-scaled geographical population
structuring in a highly mobile marine species: the Atlantic cod. Molecular Ecology 12:
385-394.

Knutsen JA, van der Eyden J, Berg @. 2009. Hummer (eng: Lobster). Bokbyen forlag,
Tvedestrand.

Le Gallic B, Cox A. 2006. An economic analysis of illegal, unreported and unregul ated
(TUU) fishing: Kev drivers and possible solutions. Marine Policy 30: 689-695.

Leigh Kessler B. 2004 Stakeholder participation: A synthesis of current literature. National
Marine Protected Areas Center, National Atmospheric Administration Coastal Service
Center. Silver Spring Maryland.

35



Lester SE, Halpern BS, Grorud-Colvert K, Lubchenco J, Ruttenberg Bl, Gaines SD, Airame
S, Warner RR. 2009. Biological effects within no-take marine reserves: a global
synthesis. Marine Ecology-Progress Series 384: 33-46.

Lewin WC, Arlinghaus R, Mehner T. 2006. Documented and potential biological impacts of
recreational fishing: Insights for management and conservation. Reviews in Fisheries
Science 14: 305-367.

Lotze HK, Worm B. 2009. Historical baselines for large marine animals. Trends in Ecology
& Evolution 24: 254-262.

Lovdata .2008). LOV_2008-06-06-37 Lov om forvaltning av viltlevande marine ressursar
(Havressurslova). The Marine Resources Act. Norwegian Government.

Lubchenco J, PaAlumbi SR, Gaines SD, Andelman S. 2003. Plugging a hole in the ocean: The
emerging science of marine reserves. Ecological Applications 13: S3-S7

Lunde TM, Godo OR, Rosland R. 2008. Reliability of trawl surveyson cod in Norwegian
fjords. Ices Journa of Marine Science 65: 937-945.

Lyle IM, Morton AJ. 2004. Survey of the 2002/2003 Tasmanian recreational rock lobster and
abalone fisheries. Technical report Series (Tasmanian Aquaculture and Fisheries
Institute). Vol. 22. University of Tasmania, Hobart.

Lyle IM, Morton AJ, Forward J. 2005. Characterisation of the recreational fishery for
southern rock lobster, Jasus edwardsii, in Tasmania, Australia: implications for
management39: 703-713.

Mangi SC, Austen MC. 2008. Perceptions of stakeholders towards objectives and zoning of
marine-protected areas in southern Europe. Journal for Nature Conservation 16: 271-
280.

MasciaMB. 2003. The human dimension of coral reef marine protected areas. Recent social
science research and its policy implications. Conservation Biology 17: 630-632.

McPhee DP, Leadbitter D, Skilleter GA. 2002. Swallowing the bait: Is recreational fishing in
Australia ecologically sustainable? Pac. Conserv. Biol. 8: 40-51.

Mikasen KH, Jentoft S. 2001. From user-groups to stakeholders? The public interest in
fisheries management. Marine Policy 25: 281-292.

NDF (Norwegian Directorate for Fisheries). 2010a. Fishing by touristsin Norway.
http://www.fiskeridir.no/fritidsfiske/informasjon-til-turister/fishing-by-tourists-in-

norway.

36



NDF (Norwegian Directorate for Fisheries). 2010b. Forskrift om begrensninger i fisket etter
torsk, rognkjeks, makrell og kongekrabbe med ikke-merkeregistrerte fartay eller fra
land. J-52-2010. In Norwegian. Bergen.

NDN (Norwegian Directorate for Nature). 2009. Nasjonal marine verneplan — melding om

oppstart av planarbeid. In Norwegian. Ref: 2009/11469 ARE-VE-ERO. Trondheim.

NMFCA (Norwegian Ministry of Fisheries Coastal Affairs). 2008. Forvaltning av hummer —
nye regul eringsbestemmel ser (eng: Management of |obster — new regulations). Press
release 22.08.2008, nr 64/2008. Norwegian Government, Oslo.

NMFCA (Norwegian Ministry of Fisheries Coastal Affairs). 2009. Forskrift om endring av
forskrift om utevelse av fisket i §@en. In Norwegian. 22. desember 2004 nr. 1878.
Odlo. http://www.regjeringen.no/nb/dep/fkd/dok/lover_regler/forskrifter/2009/ forskrift
-om-endring-av-forskrift-om-uto.html?2d=575738.

NRSSA (Norwegian recreational and small-scale fishing association). 2008. Svar fra Norges
Fritids og smafiskerforbund til: Rapport med forslag til forvaltning av hummer fra
arbeidsgruppen — haring med frist 25. Mars 2008. In Norwegian. Hearing document to
the Norwegian Directorate of Fisheries regarding the proposed new lobster regulations.
http://www.nfsf.no/dokumenter/080312_svar_hummer_hoering.pdf

Moland E. 2010. Ecology of European lobster in a marine reserve context: Implications for
conservation biology. PhD Thesis, University of Oslo.

Muller RG, Sharp WC, Matthews TR, Bertelsen R, Hunt JH. 2000. The 2000 update of the
stock assessment for spiny lobster, Panulirus argus, in the Florida Keys. Fish and
Wildlife Conservation Commission, Florida Marine Research Institute.

Murawski SA. 2007. Ten myths concerning ecosystem approaches to marine resource
management. Marine Policy 31: 681-690.

Murawski SA, Brown R, Lai HL, Rago PJ, Hendrickson L. 2000. Large-scale closed areas as
afishery-management tool in temperate marine systems: The Georges Bank experience.
Bulletin of Marine Science 66: 775-798.

Myers RA, Worm B. 2003. Rapid worldwide depletion of predatory fish communities. Nature
423: 280-283.

NDF (Norwegian Directorate of Fisheries). 2007. Forvaltning av hummer i Norge. Rapport
med fordlag til revidert forvaltning av hummer fra arbei dsgruppe nedsatt av
Fiskeridirektaren. In Norwegian. (eng: Management of lobster in Norway). Norwegian
Directorate of Fisheries, Bergen. Pp. 77.

37



NDF (Norwegian Directorate of Fisheries). 2009. Hgringsnotat om kysttorskforvaltning pa
Vestlandet og langs Skagerakkysten (eng: Hearing note regarding management og
coastal cod on the west coast and along the Skagerrak coast). Norwegian Directorate
for Fisheries, pp 36.

NDF (Norwegian Directorate of Fisheries). 2010c. Kysten er din. In Norwegian. Bergen.

Nedreaas K, Hesthagen T, Borgstrem R, Brabrand A, Byrkjeland |, Christiansen JS, Gj@sader
J, Langhelle E, Pethon P, Uiblein F, Vallestad A. 2006. Fisker "Pisces". In: Kalas JA,
Viken A, Bakken T (eds) Norsk Radliste 2006 (eng: Norwegian Red list 2006).
Artsdatabanken, Trondheim.

NMFCA (Norwegian Ministry of Fisheries and Coastal Affairs). 2009. Innfgring av
minstemal i fritidsfisket. In Norwegian (eng: Introduction of minimum size limit in
recreational fishing). Nr. 55/2009. Norwegian Government, Oslo.

NOAA. 2005. A vision for marine recreational fisheries. NOAA recreational fisheries
strategic plan. Nationa Oceanic and Atmospheris Administration.

NRC. 2006. Review of recreational fisheries survey methods. National Research Council of
the National Academies, Washington D.C.

Olsen EM, Knutsen H, Gjosageter J, Jorde PE, Knutsen JA, Stenseth NC. 2004. Life-history
variation among local populations of Atlantic cod from the Norwegian Skagerrak coast.
Journal of Fish Biology 64: 1725-1730.

Oug E, Djursvoll P, Aagaard K, Brattegaard T, Christiansen ME, Halvorsen G, Vader W,
Walseng B. 2006. Krepsdyr - Crustacea. In: K&l&s JA, Viken A, Bakken T (eds) Norsk
Radliste 2006 - 2006 Norwegian Red List. Artsdatabanken, Trondheim, Norway.

Pauly D. 1995. Anecdotes and the shifting baseline syndrome of fisheries. TREE 10: 1.

Pauly D. 2009. Beyond duplicity and ignorance in global fisheries. Scientia Marina 73: 215-
224,

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

Pauly D, Christensen V, Guenette S, Pitcher TJ, Sumaila UR, Walters CJ, Watson R, Zeller
D. 2002. Towards sustainability in world fisheries. Nature 418: 689-695.

Pawson MG, Glenn H, Padda G. 2008. The definition of marine recreational fishing in
Europe. Marine Policy 32: 339-350.

Pelc RA, Baskett ML, Tanci T, Gaines SD, Warner RR. 2009. Quantifying larval export from
South African marine reserves. Marine Ecol ogy-Progress Series 394: 65-78.

38



Pettersen AR, Moland E, Moland Olsen E, Knutsen JA. 2009. Lobster reservesin coastal
Skagerrak - An integrated analysis of the implementation process In: Dahl E, Moksness
E, Stettrup J (eds) Coastal Zone Management. Wiley-Blackwell, pp 178-188.

Plummer R, FitzGibbon J. 2004. Some observations on the terminology in co-operative
environmental management. Journal of Environmental Management 70: 63-72.

Rangel MO, Erzini K. 2007. An assessment of catches and harvest of recreational shore
angling in the north of Portugal. Fisheries Management and Ecology 14: 343-352.
Robertson RA, Caporossi G. 2003. New England recreational fishers' attitudes toward marine
protected areas: A preliminary investigation. In: Murdy, Jameson S (eds) Proceedings

of the 2003 North Eastern Recreation Research Symposium. Department of
Agriculture, Forest Service, Northeastern Research Station, Newtown Square, PA, pp
121-127.

Rowe S. 2001. Movement and harvesting mortality of American lobsters (Homarus
americanus) tagged inside and outside no-take reserves in Bonavista Bay,
Newfoundland. Canadian Journal of Fisheries and Aquatic Sciences 58: 1336-1346.

Rudd MA, Tupper MH, Folmer H, van Kooten GC. 2003. Policy analysis for tropical marine
reserves: challenges and directions. Fish and Fisheries 4: 65-85.

Russ GR. 2002. Y et Another Review of Marine Reserves as Reef Fishery Management
Tools. In: Sale PF (ed) Coral Reef Fishes: Dynamics and Diversity in a Complex
Ecosystem. Elsevier Science, pp 421-443.

Russ GR, AlcalaAC, Maypa AP, Calumpong HP, White AT. 2004. Marine reserve benefits
local fisheries. Ecological Applications 14: 597-606.

Russ GR, Zéler DC. 2003. From Mare Liberum to Mare Reservarum. Marine Policy 27: 75-
78.

Sanchirico JN, Eagle J, PAlumbi SR, Thompson BHJ. 2010. Comprehensive planning,
dominant-use zones, and user rights: A new erain ocean governance. Bulletin of
Marine Science 86.

Schroeder DM, Love MS. 2002. Recreational fishing and marine fish populationsin
California. California Cooperative Oceanic Fisheries Investigations Reports 43: 182-
190.

Schulze P-E, Karlsen E. 2009. Forslag til bevaringsomrader for hummer og torsk i Kragerg.
In Norwegian.(eng: Proposal for protected areas for lobster and cod in Kragerg).
Komite for marine omrader, Kragerg. Web source accessed 10.06.2010.

39



http://www.kragero.kommune.no /tel emark/kragero/k2pub.nsf/viewAttachments/
C1256B1900317730C1257656002B2E39/$FI L E/09013966. pdf

SSB (Statistics Norway). 2010. Fiske og fiskeoppdrett. (eng: fishery and aquaculture).
www.ssb.no. Oslo.

Steel BS, Lach D, Satyal VA. 2006. Ideology and scientific credibility: environmental policy
in the American Pacific Nothwest. Public Understanding of Science 15: 481-495.
Stobart B, Warwick R, Gonzalez C, Mallol S, Diaz D, Renones O, Goni R. 2009. Long-term
and spillover effects of a marine protected area on an exploited fish community. Marine

Ecol ogy-Progress Series 384: 47-60.

Stump NE, Kriwoken LK. 2006. Tasmanian marine protected areas: Attitudes and
perceptions of wild capture fishers. Ocean & Coastal Management 49: 298-307.

SumailaUR, Khan A, Watson R, Munro G, Zeller D, Baron N, Pauly D. 2007. The World
Trade Organization and global fisheries sustainability. Fisheries Research 88: 1-4.

Suman D, Shivlani M, Milon JW. 1999. Perceptions and attitudes regarding marine reserves.
a comparison of stakeholder groups in the Florida Keys National Marine Sanctuary.
Ocean & Coastal management 42: 1019-1040.

Sutinen JG, Johnston RJ. 2003. Angling management organizations: integrating the
recreational sector into fishery management. Marine Policy 27: 471-487.

Sutton SG. 2006. Understanding recreational fisher's participation in public consultation
programs. Human Dimensions of wildlife 11: 329-341.

Sutton SG, Tobin RC. 2009. Recreational fishers' attitudes towards the 2004 rezoning of the
Great Barrier Reef Marine Park. Environmental Conservation 36: 245-252.

Toivonen AL, Roth E, Navrud S, Gudbergsson G, Appelblad H, Bengtsson B, Tuunainen P.
2004. The economic value of recreational fisheriesin Nordic countries. Fisheries
Management and Ecology 11: 1-14.

Vorkinn M, Aas @, Kleiven J. 1997. Friluftsutevel se blant den voksne befolkningen -
utviklingstrekk og statusi 1996. In Norwegian. @stlandsforskning, Lillehammer.

Valstad JH, Pollock KH, Richkus WA. 2006. Comparing and combining effort and catch
estimates from aerial-access designs as applied to alarge-scale angler survey in the
Delaware River. North American Journal of Fisheries Management 26: 727-741.

Valstad JH, Korsbrekke K, Nedreaas K, Nilsen M, Nesheim Nilson G, Pennington M,
Subbey S, Wienerroither R. 2010. A probability-based survey using self-sampling to

40



estimate catch and effort in Norway’ s coastal tourist fishery. Report, Norwegian
Research Council project number 173274/S40. Institute of Marine Research, Bergen.

Wickson F, Carew AL, Russell AW. 2006. Transdisciplinary research: characteristics,
guandaries and quality. Futures 38: 1046-1059.

Williamson DH, Russ GR, Ayling AM. 2004. No-take marine reserves increase abundance
and biomass of reef fish on inshore fringing reefs of the Great Barrier Reef.
Environmental Conservation 31: 149-159.

Worm B, Hilborn R, Baum JK, Branch TA, Collie JS, Costello C, Fogarty MJ, Fulton EA,
Hutchings JA, Jennings S, Jensen OP, Lotze HK, Mace PM, McClanahan TR, Minto C,
Palumbi SR, Parma AM, Ricard D, Rosenberg AA, Watson R, Zeller D. 20009.
Rebuilding Global Fisheries. Science 325: 578-585.

Aanonsen OM. 2009. Bevaringsomrade for hummer i Lillesand. In Norwegian. Public
hearing regarding implementation of a protected area for lobster in Lillesand
municipality, Lillesand. http://www.lillesand.kommune.no/artikkel .aspx?M1d1=73
& Ald= 2945& back=1& sok=true.

41






PAPER |






PAPER 11






PAPER 111






PAPER IV









ISBN 978-82-91086-96-5



	1. Faculty of Biosciences v2.pdf
	Empty page
	Front page 2 page
	Empty page
	2.Preface 1st part
	3.Preface 2nd part
	Empty page
	4. Contents
	Empty page
	5. Thesis
	Empty page
	PAPER I
	Empty page
	Paper 1. Pettersen et al chapter 14
	Empty page
	PAPER II
	Empty page
	Paper 2. Self_subsidy_Kleiven et al
	PAPER III
	Empty page
	Paper 3. Kleiven et al effort estimates
	Empty page
	PAPER IV
	Empty page
	Paper 4.Kleiven et al, catch estimates
	Empty page
	Empty page
	Bakside



