
i 
 

 

 
 

Fisheries Management under 
Individual Transferable Quota: 

Outcomes for Ecology and Equity 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maartje Oostdijk 

 
 
 
 

Faculty of Life and Environmental sciences 
University of Iceland 

Department of Physical Geography 
Stockholm University 

2021 



 
 

 

 
Fisheries Management under 

Individual Transferable Quota: 
Outcomes for Ecology and Equity 

 
 
 

Maartje Oostdijk 
 
 
Dissertation submitted in partial fulfillment of a double Philosophiae Doctor degree in 

Environment and Natural Resources at the University of Iceland and in physical 
geography at the Department of Physical Geography at Stockholm University 

 
 

Advisors 
Prof. Brynhildur Davidsdóttir (University of Iceland) 

Prof. Gunnar Stefansson (University of Iceland) 
Dr. Ingrid Stjernquist (Stockholm University) 

 
PhD Committee 

Prof. Brynhildur Davidsdóttir (University of Iceland) 
Prof. Gunnar Stefansson (University of Iceland) 

Prof. Maria J. Santos (University of Zurich) 
Dr. Ingrid Stjernquist (Stockholm University) 

Dr. Peter Schlyter (Blekinge Institute of Technology) 
 

Opponents 
Prof. Dr. Mary Wisz 

Prof. Dr. Henrik Österblom 
 

Double degree regulated by a Cotutelle agreement as set in Grant No. 675153 from the 
European Commission, between 

 
Faculty of Life and Environmental Sciences 
School of Engineering and Natural Sciences 

University of Iceland 
Reykjavik, April 2021 

and 
Department of Physical Geography 

Stockholm University 
Stockholm, April 2021 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fisheries Management under Individual Transferable Quota: Outcomes for Ecology and 
Equity 
Dissertation submitted in partial fulfillment of a Philosophiae Doctor degree in 
Environment and Natural Resources  
Dissertations in Physical Geography No.14. (ISSN 2003-2358) 
 
Copyright © 2021 Maartje Oostdijk  
All rights reserved 
 
Faculty of Life and Environmental Sciences  
School of Engineering and Natural Sciences 
University of Iceland 
Sturlugata 7 
102, Reykjavik 
Iceland 
 
Telephone: +354 525 4000 
 
Bibliographic information: 
Maartje Oostdijk, 2021, Fisheries Management under Individual Transferable Quota: 
Outcomes for Ecology and Equity, PhD dissertation, Faculty of Life and Environmental 
Sciences, University of Iceland, 198 pp. 
 
Author ORCID: 0000-0002-8995-9597 
 
 
ISBN 978-9935-9579-2-4 
 
Printing: Háskólaprent 
Reykjavik, Iceland, April 2021 



 
 

 

Summary 
 
The management of marine resources pose a difficult commons problem as monitoring 
behavior is difficult and benefit flows from the resources are uncertain. Implementing 
individual transferable quota (ITQ) is a management regime in which quasi-property 
rights are assigned for an often mobile and uncertain environmental resource, fish or 
marine invertebrates. This thesis addresses sustainability impacts of ITQ’s as a fisheries 
management tool. The findings demonstrate that fisheries management regimes in which 
fisheries opportunities are allocated as quota and / or are allocated individually experience 
reduced overfishing compared to controls that do not have these attributes (Paper I), 
however the analysis found less support for transferability and no support for longer 
duration being associated to any change in the probability of overfishing. In addition, a 
longitudinal study showed that with an adaptive design ecological and economic goals 
could be balanced in an important mixed fishery in Iceland (Paper II), and based on such 
findings suggested that several policy changes could be implemented to modify the 
ecological risk of catch-quota balancing allowances. Additional longitudinal analyses 
allowed to conclude that rapid consolidation in an important small-boat fishing sector in 
Iceland, which may have had negative implications for local fishing communities (Paper 
III), and that on average since the introduction of ITQ’s total amount of quota traded 
stayed below around 60% for the main commercial species in the Icelandic ITQ system. 
Moreover, the results of Paper IV also show that in case of a credible announcement of 
quota revocation in the future there would be scope for policy reform. Finally, research 
is beginning to emerge that shows that marine species are unequally affected by climate 
change. In a final chapter the analyses show that under different scenarios of global 
change a re-shaping of the Icelandic foodweb is likely (Paper V). The re-shaping of the 
foodweb will be to the benefit of some resource users and to the loss of others. In general, 
the findings from all the analyses together demonstrate that there could be benefits to 
individual quota implementation for fisheries sustainability and that some of the 
hypothesized trade-offs could potentially be balanced, the thesis highlights ways forward 
in investigating the common pool problems in fisheries management. 
 
  



 
 

Útdráttur 
Stjórnun fiskveiðiauðlinda skapar vandamál varðandi sameign þar sem eftirlit með 
hegðun er ekki án vandkvæða og flæði ávinnings frá auðlindinni er óljós. Innleiðing 
framseljanlegs kvóta er stjórnunarfyrirkomulag þar sem quasi-eignarétti er úthlutað fyrir 
umhverfisauðlind, fisk eða hryggleysingja sjávar, sem er hreyfanleg og ríkir um óvissa. 
Þessi doktorsritgerð fjallar um sjálfbærnisáhrif framseljanlegs kvóta sem stjórntæki 
fiskveiðiauðlinda.  Niðurstöðurnar sýna fram á að stjórnunarkerfi fiskveiða sem byggja 
tækifæri til veiða á kvótum eða úthlutunum til einstaklinga, leiða frekar til minni ofveiði 
heldur en þau sem hafa ekki þá eiginleika (fræðigrein I), en samt sem áður benti 
greiningin til þess að lítil tengsl væru á milli tegundatilfærslu og líkinda á minni ofveiði, 
og engin tengsl á milli lengra tímabils án breytinga á kerfinu og líkinda á ofveiði. Þar að 
auki sýndi langtímarannsókn fram á að með aðlögunarhönnun væri hægt að gæta 
jafnvægis milli vistfræðilegra og efnahagslegra markmiða í mikilvægum blönduðum 
veiðum við Íslandsstrendur (fræðigrein II). Lagðar voru fram tillögur um innleiðingu 
margsháttar stefnubreytinga til þess að draga úr vistfræðilegum áhættum sem snúa að 
tegundatilfærslum sem byggðar voru á þeim niðurstöðum. Frekari langtímarannsóknir 
gáfu tilefni til að draga þá ályktun að hröð samþjöppun hafi átt sér stað í þeim mikilvæga 
geira sem fiskveiði smábáta er á Íslandi, sem gæti hafa leitt til neikvæðra áhrifa á 
samfélög sem byggist upp á fiskveiðum (fræðigrein III), og að síðan kvótakerfið var 
innleitt hafi að magn þess kvóta sem höfð voru viðskipti með, haldist að meðaltali um 
tæplega 60% fyrir þær tegundir sem eru efnahagslega mikilvægastar fyrir íslenska 
kvótakerfið. Enn fremur benda niðurstöður úr fræðigrein IV til að ef kæmi til trúverðugrar 
tilkynningar um afturköllun kvóta í framtíðinni gæfi það færi á umbótum á stefnu. Að 
lokum benda rannsóknir sem fram hafa komið nýlega til þess að frekar megi gæta áhrifa 
hlýnun jarðar á sjávartegundir umfram aðrar. Í lokakafla ritgerðarinnar benda greiningar 
til að íslenskur fæðuvefur tekur breytingum undir mismunandi atburðarásum breytinga á 
jörðinni (fræðigrein V). Þær breytingar á fæðuvefnum munu gagnast einum hóp 
auðlindanotkenda á meðan aðrir tapa á þeim. Almennt benda niðurstöður greininganna 
þegar þær eru settar saman til þess að innleiðingar einstaklings kvóta gætu haft í för með 
sér kosti fyrir sjálfbærni fiskveiðiauðlinda og að hægt væri að jafna út suma af þeim 
fórnarskiptum sem gerðar hafa verið tilgátur um, og þessi ritgerð dregur upp mynd af 
frekari rannsóknum sem varpað gætu ljósi á sameigna vandamál í fiskveiðistjórnun. 
 
  



 
 

Sammanfattning 
Förvaltningen av fiskeresurser utgör ett svårt ”commons”-problem, dvs ett problem 
rörande förvaltningen av en gemensamt utnyttjad men inte enskilt ägd resurs, eftersom 
övervakningen av resurserna liksom nyttan från dessa är osäkra. Implementeringen av 
individuellt transfererbara kvoter (individual transferable quatas ITQ) är en metodik för 
att skapa kvasiäganderättigheter till en ofta rörlig och osäker naturresurs som fisk eller 
marina evertebrater. Den här avhandlingen berör flera viktiga frågor inom 
fiskeriförvaltningen men med fokus på ITQ:er som förvaltningsverktyg. Avhandlingen 
visar att förvaltningsregimer där fiskemöjligheterna fördelas som kvoter och/eller 
individuellt ger minskat överfiske jämfört med kontroller som saknar dessa egenskaper 
(artikel I). Den fann emellertid inget stöd för att transfererbarhet eller längre 
tidshorisonter var kopplade till några förändringar i sannolikheten för överfiske. 
Dessutom visades för ett viktigt isländskt blandat fiske att, med en adaptiv design, 
ekologiska och ekonomiska mål kunde balanseras gentemot varandra (artikel II) 
samtidigt som resultatet pekar mot flera olika policyförändringar för att modifiera den 
ekologiska risken i kvotbalanserade tilldelningar. Avhandlingen visar vidare på en snabb 
konsolidering inom fiskesektorn för mindre fiskebåtar på Island vilket kan ha en negativ 
påverkan på mindre fiskesamhällen (artikel III), och att i snitt kvothandeln inom det 
Isländska ITQ-systemet för de viktigare kommersiella arterna låg under 60%. 
Avhandlingen påvisar dessutom att vid en trovärdig deklaration av ett kvotåterkallande i 
framtiden så skulle det finnas utrymme för policyformer (artikel IV). Slutligen, en 
framväxande forskning pekar mot att marina arter påverkas av klimatförändringar på ett 
skiljaktigt sätt. Avhandlingens sista kapitel visar att olika scenarier för globala 
förändringar sannolikt kommer att omforma den isländska marina näringsväven (artikel 
V). En omformning av näringsväven kommer att gynna vissa naturresursbrukare medan 
andra kommer att missgynnas. 
 
  



 
 

 

Samenvatting 
Het beheer van marine vis en ongewervelden stelt het visserijbeleid voor uitdagingen, 
gezien het feit dat het lastig is het gedrag van vissers te monitoren. Ook zijn er vele 
onzekerheden voor de vissers zelf omtrent de vangst, vanwege deze onzekerheden weegt 
het kortetermijnbelang soms zwaarder dan de (duurzaamheids-)belangen op de lange-
termijn. Individuele (en verhandelbare) quota zijn een vorm van visserijbeleid waarin 
quasi-eigendomsrechten aan vissers worden gegeven/verkocht. Dit proefschrift 
adresseert verschillende duurzaamheids-aspecten van individuele quota. De resultaten 
demonstreren dat beleidsvormen waarin toegang tot de visserij wordt verleend in de vorm 
van quota en/of aan individuele bedrijven wordt verleend geassocieerd zijn aan een 
reductie in overbevissen (Paper I). Echter, de analyse vond weinig bewijs voor een 
verband tussen duurzaamheid en verhandelbaarheid van quota, en de analyse vond geen 
enkel bewijs voor een langere allocatie (langer dan één jaar) van individuele quota en 
duurzame exploitatie. In een tijd-serie analyse werd gevonden dat met een adaptief 
ontwerp van visserijbeleid ecologische en economische doelen voorzichtig tegen elkaar 
kunnen worden afgewogen, in een visserij waarin de vangst gemend is (Paper II). Dit 
artikel richtte zich op een specifiek mechanisme in IJsland waarin vissers vangst in 
overeenstemming kunnen brengen met quota, na de vangst. Op basis van deze 
bevindingen worden verschillende beleidsvoorstellen gedaan om het risico voor de 
visbestanden te verminderen. Verdere tijd-serie analyses demonstreerden dat er snelle 
consolidatie is opgetreden in een belangrijke visserij met kleinere boten in IJsland (Paper 
III). Zulke consolidatie zou negatieve consequenties kunnen hebben gehad in de 
afgelegen dorpen in IJsland waar visserij een belangrijke economische sector is. Paper 
IV laat zien dat er ruimte is voor herziening van het quota-beleid in IJsland wanneer er 
een geloofwaardige aankondiging wordt gedaan van een herroeping van de quota (quota 
wordt bijvoorbeeld voortaan geveild). In een laatste artikel wordt door middel van een 
analyse met een ecosysteem-model het IJslandse ecosysteem bestudeerd in de toekomst, 
onder verschillende scenario’s van opwarming en verzuring van de oceaan (Paper V). 
De analyse laat zien dat sommige soorten zullen toenemen in biomassa en anderen zullen 
verminderen, wat ten gunste zal zijn van sommige vissers en ten nadele van anderen. In 
het algemeen, demonstreren de bevindingen van alle analyses in dit proefschrift dat de 
introductie van individuele quota gunstig van zijn voor de duurzaamheid van de visserij 
en dat adaptief beleid noodzakelijk is. Het proefschrift benadrukt belangrijke 
onderwerpen voor toekomstig onderzoek in visserijbeheer.  
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1. Introduction 
 
Advances in fishing techniques, globalization, the fast development of new markets, illegal 
fishing and lack of institutions have been claimed to cause a true “tragedy of the commons” 
where “roving bandits” with no incentives to conserve marine resources deplete populations 
that could be beneficial for societies and ecosystems around the globe (Berkes et al. 2006). 
Fortunately, after decades of severe exploitation, efforts to restore marine populations are 
finally paying off (Duarte et al., 2020). Fish is a renewable resource and if well managed can 
serve as a high value food source as well as offer economic and cultural benefits to societies 
around the world now as well as in the distant future (Costello et al., 2016). Moreover, we rely 
on healthy marine ecosystems for many non-monetized ecosystem services (Worm et al., 
2009). Sustaining lower exploitation rates can be beneficial for both the ecosystem as well as 
catches (Costello et al. 2016), whereas decline and rebuilding can incur significant costs 
(Worm et al., 2009). The ultimate risk of overfishing being a shift towards an undesirable state 
in which the population is “collapsed” and rebuilding is difficult or impossible due to 
population and ecosystem feed-backs (Holling, 1996). For instance, having too few individuals 
to sustain a healthy population (i.e. allee effects such as mate limitation or reduced cooperation 
(Winter et al., 2020)). Because of climate change decreased productivity of fish populations is 
projected globally, but if well-managed, even under decreased productivity of the environment, 
yield and profits are forecast to increase (Gaines et al., 2018). Fisheries science and 
management are inherently interdisciplinary fields, and success of fisheries management 
should thus not hinge on a single of the three pillars of sustainability; ecological, social and 
economic concerns are equally important. In fact, there are indications that fisheries 
management can address economic, social and ecological objectives synergistically (Asche et 
al., 2018).  
 
Current fisheries management counts several successful rebuilt and well-managed stocks, 
under a wide range of management solution (Melnychuk et al., 2013). An often-coined solution 
to end the tragedy of the commons is the implementation of property rights in the form of 
individual transferable quota (ITQ) or individual quota (IQ), to align fishers economic 
incentives with a long-term interest in the sustainability of the target stock (Branch, 2009). 
Currently ~25% of global landings are caught under some form of quota management (EDF, 
2018). Individual quota systems are usually managed by implementing a total allowable catch 
(TAC) based on scientific evidence and by dividing this TAC into individual shares. In the 
majority of these systems there is some form of transferability, permanent and/or temporary 
(Essington 2010; Melnychuk et al. 2016). ITQ systems have been praised for their potential 
economic efficiency (Newell, Sanchirico, and Kerr, 2005) and possible positive outcome on 
the status of marine stocks (Costello, Gaines, and Lynham 2008). On the other hand, in many 
ITQ systems there has been substantial consolidation of quota rights into the hands of fewer 
holders (Agnarsson et al., 2016), which has led to negative impacts on fishing communities 
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(McCay 1995; Putten and Gardner 2010). In addition, in most systems, fishing rights have been 
freely granted to fishers in proportion to their historical catches which is another controversial 
(and possibly avoidable) aspect of these regimes with possible adverse societal, economic and 
even ecological consequences (Lynham, 2014; McCay, 1995). This aspect is controversial as 
the most aggressive harvesters (having caused potentially the most environmental destruction) 
are allocated the largest shares, and new entrants to the system will have to pay for their harvest 
rights in contrast to older incumbents remaining in the system. Such implications need to be 
considered, especially since it is becoming apparent that global climate change will have severe 
implications for the equitable distribution of marine resources (Cheung et al., 2010).  
 
Thébaud, Innes, and Ellis (2012) pointed out that there were few systematic empirical 
assessments of ITQ regimes and their effects on marine populations. A similar lack of empirical 
information has been signaled for the quota market (Matthiasson 2012; Holland et al. 2015), 
the instrument through which fishing operations under an ITQ system achieve greater 
efficiency. In recent years the number of studies on ITQs and ecological outcomes has been 
growing. Some of this work is case-study based (Grimm et al., 2012), some of these studies 
compare across case studies (Chu, 2009; Essington, 2010) while others use global databases 
which contain stock assessments or catch levels of fisheries around the world (Costello, Gaines, 
and Lynham 2008; Essington et al. 2012; Melnychuk et al. 2012; Melnychuk et al. 2016). While 
there is some evidence that quota-systems (including ITQ and IQ) meet fisheries management 
goals, the evidence on which aspects of quota management regimes are causing these beneficial 
effects is still sparse. Is transferability, individual allocation or management by means of quota 
associated with good management outcomes? (Gibbs, 2009). Moreover, other fisheries 
management regimes have gotten disproportionately little attention. This thesis contributes to 
both of these gaps in the literature in paper I, by studying systems by their attribute (I, T and 
Q) and perform a comparative study over a wide array of fisheries management systems to 
examine which attribute is associated with sustainable exploitation. Some see tradability as a 
key element to the success of ITQ’s as an economic tool: quota is presumed to flow to the most 
efficient companies. Other systems have not implemented tradability because prevention of 
consolidation of quota into the hands of fewer holders and away from rural areas are key issues 
in these systems (e.g. Norway and Japan). The implementation of ITQ’s is phrased as a trade-
off between economic efficiency and predictability on the one hand and equity on the other 
hand. Predictability of ITQ systems has also been linked to better ecological outcomes 
(Essington, 2010; Melnychuk et al., 2012). In this thesis fisheries management under individual 
transferable quota are investigated, aiming at the unraveling of impacts of fisheries 
management attributes on the health of marine populations, and the impact of ITQ systems on 
equity. The papers in this thesis focus largely on the Icelandic system as a case study of ITQ 
management. The overarching question guiding the research herein is: how do individual 
transferable quota management in fisheries perform across the different domains of 
sustainability? 
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1.2 Theoretical background and previous 
research 
 
1.2.1 Ocean fisheries a (tragic) common pool resource  
Ocean fisheries are a difficult natural resource to manage collectively, even when they are 
taking place in a countries’ exclusive economic zone (EEZ). This is because 1) the boundaries 
of the resource are difficult to define and usually extend over large areas, 2) the resource is 
mobile, fish migrate (Fulton, 2011), 3) there are uncertainties regarding the harvestable levels 
due to marine ecosystem dynamics (Poos et al., 2010; Punt et al., 2013), and 4) it is difficult to 
monitor appropriators (i.e. harvesters), and appropriators are often even in different nations 
(Bromley, 2009; Ostrom et al., 2007). The phrasing “tragedy of the commons” (popularized 
by: Hardin, 1969) is frequently invoked in fisheries and fisheries-economics literature. This 
concept is invoked to sketch two alternatives: either the government manages the resource by 
a strong top-down control (“command and control”, (Birkenbach et al., 2017)), or some way is 
found to align economic incentives of the harvesters to the sustainability of the resource in the 
long run through privatizing the resource (and in the fisheries case the access to the resource) 
(Arnason, 2007a).  
 
This type of thinking forgoes advances in our understanding of how humans have self-
organized and have been perfectly able to manage resources without privatization or 
government interventions probably since the first agricultural societies (Kohler, 1992). There 
are ample examples of successfully managed commons, e.g. the famous case of lobster 
fisheries on the North East coast of the US or community controlled Amerindian hunt for 
beavers (Berkes et al., 1989), and it has long been demonstrated that the “tragedy of the 
commons” is not a default trajectory for all shared resources (Ostrom, 2010). Even in 
complicated resources as marine fish, successful cases of collective “self-organized” 
management have been shown to exist. In such cases, for instance, cooperatives form that set 
their own total allowable catches and regulate fishing activity amongst a group (Leslie et al., 
2015).  
 
Moreover, it is not exactly clear that privatization of resources necessarily results in better 
outcomes. For instance, there are examples of privatized agricultural fields with degrading soil 
and occasionally even erosion which is a good example of why privatization and sustainability 
incentives do not always seem to align and where additional regulation/government 
intervention has been needed to guard against top-soil loss (Bromley, 2009). In addition, 
thinking that privatization versus government intervention are the only two options in solving 
common pool resource problems forgoes the complexity of social-ecological systems and their 
management. It is usually not one single intervention or one single level of 
governance/government that is associated to the management of natural resources, but 
empirical studies have shown that there are many layers and many structures associated to these 
(Ostrom, 1990). For instance, individually assigned rights may be (partially) grouped for a 
collective benefit (Ostrom, 1990); further, even if rights are individually assigned, governments 
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often play a role with management and enforcement and collective initiatives will exist in 
combination with private property and government intervention.  
 
Designing a system in a top-down fashion and imposing it on users of the common pool 
resource is not as successful or adaptive as working with the users of a common pool resource 
over time to develop a system that matches the ecological system and the practices of local 
resource users, their norms or the long-term economic wellbeing of the harvesters (Ostrom, 
2010a). An example of the perceived importance of certain management measures is that when 
contacting fisheries experts for Paper I, the experts often told us that the fishery was managed 
for 100% under a form of quota management, but also for 100% under a form of effort 
management. The divide that was made in Paper I between input (control) systems and output 
systems is to some extent artificial and most output systems have input restrictions at the same 
time, and these can be perceived as very important by those who are managing a local resource. 
In the literature, this type of (even more simplistic!) type of classification is common, but it 
may overlook important combinations of management measures for the local context. In Paper 
II of this thesis a system in Iceland’s multi-species fishery is investigated, the high level of 
tailoring to the context makes this system a good example of how resource management can 
be adapted over time to the local economic and ecological context.  
 
1.2.2 Sustainability effects of I(T)Q’s, theoretical background 
Marine fish stocks do not naturally lend themselves to property rights as it is impossible to 
demarcate individual fish as belonging to different owners (or even resources within a given 
national territory), or for owners to catch the fish that only belong to them. The mobility of 
most fish stocks prevents ownership by sea area. The solution found by fisheries management 
has been to develop ownership of the right to fish (‘fishing opportunities’) rather than the fish 
themselves (e.g. Arnason, 2013). Under individual quota systems (IQ or ITQ when quota is 
transferable), a quota limit on the amount of fish harvest is held by a specified fisher, company, 
or license. When the time duration of IQs is sufficiently long and secure, it is argued that the 
alignment of the costs and benefits of overfishing extend forward in time such that the long-
term sustainability of the fish stocks is in the fisher’s own interest as they will bear the 
consequences of (un)sustainable behavior. These aspects of IQs ought to make fishers good 
stewards of their target stocks (Arnason, 2007a). A possible link between such stewardship and 
health or marine stocks is proposed to follow through lobbying for different quota settings, i.e. 
it is said that if long-run ownership of the asset is not certain, individuals should have a greater 
incentive to lobby for a higher TAC. There is also anecdotal evidence of fishers asking 
managers for lower quota under IQ systems (Costello and Grainger, 2018; Isaksen and Richter, 
2019), although there is also anecdotal evidence of the reverse (the conversation, 2017). 
 
For marine fisheries in particular there are several reasons to be skeptical of the often-claimed 
link between individual ownership and resource stewardship. First, since the common pool 
nature of the resource remains even when fishing opportunities are privately owned, gains from 
overfishing still accrue individually while costs are still shared collectively (Bromley, 2009; 
Sumaila, 2010). Second, there are many opportunities to ‘cheat’ in marine fisheries. Examples 
include high-grading, when selecting more valuable individuals of a stock and throwing 
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undersized individuals overboard (references). Also, through quota-busting, i.e. fishing more 
than quota allocations. And finally through discarding by throwing undesired species over 
board (Bromley, 2009; Sumaila, 2010).  
 
Other ecological benefits from IQs are said to arise from the reduction of the ‘race to fish’ that 
occurs when a quota limit is held commonly and harvested on a ‘first come, first serve’ basis 
(Birkenbach et al., 2017). By eliminating this racing behavior, IQs should reduce the amount 
of lost fishing gear by causing a less rushed pace of fishing and thus limit indirect mortality 
through ‘ghost fishing’. A longer, more planned fishing season should also allow greater 
selectivity as fishers avoid certain times and areas of the sea to protect vulnerable stocks 
(Branch et al., 2006), IQs would thus reduce incentives for discarding (Branch et al., 2006).  
 
1.2.3 Empirical ecological findings regarding I(T)Q’s 
Because many of the theoretical claims are controversial, empirical work on the question 
whether sustainability is linked to the attribution of property rights in marine systems is needed. 
The seminal empirical study on management systems and the sustainability of marine fisheries 
comes from Costello et al. (2008), which concluded that a fisheries collapse is less likely to 
occur in systems managed by ITQs. In this study, ITQ systems were compared to all non-ITQ 
of fisheries management, which includes a great diversity of fisheries management systems 
including fisheries that have no management system in place at all. It is therefore unclear 
whether the ITQs outperform IQs, output-based systems fished collectively (Q) or even having 
any management system in place. There are also issues with the indicator of fisheries 
sustainability in Costello et al. (2008) as landings data (or even catch data) may not reflect the 
sustainability of fish stocks (Branch et al., 2011).  

Recently Isaksen and Richter (2019) followed the approach of Costello et al. (2008) but used 
stock assessment data as well as landings data. In this study, ‘property rights’ in fisheries are 
defined as IQs, ITQs, or individual spatial management (territorial user rights for fishing). 
Similar to Costello et al. (2008), the conclusion drawn is that these systems decrease the risk 
of stock collapse. However, Isaksen and Richter (2019), while distinguishing between tradable 
and non-tradable property rights regimes do not distinguish between systems of IQs and ITQs 
and their individual allocation (I), their market-based aspect (T), or their output-based aspect 
(Q). The control group contained unmanaged regimes, effort regimes as well as fisheries with 
fleet level quota, while the “property rights group” also contained spatial property rights 
(territorial use rights for fishing, TURFS).  

Testing ITQs specifically, neither the before-after control-impact approach used in Essington 
(2010) nor the time-series analysis used in Essington et al. (2012) found significant impacts on 
target species status (control stocks in Essington (2010) were not all under quota management). 
However, Essington (2010) did find reduced variation in fisheries status indicators, possibly 
linked to increased harvesting security under IQ/ITQ. Chu (2009) found that results differed 
among systems: in some cases, stock biomass recovered after ITQ introduction, in other cases 
biomass was stable or continued to decline. Biomass, however, can be impacted by historical 
overexploitation in such a way that restauration is complicated by population dynamics and as 
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such insensitive to management intervention (at least one can expect significant delays between 
intervention and result (Duarte et al., 2020).  

Conversely, empirical studies that have compared IQ to Q systems find no significant 
difference between the effect the two systems have on average stock health (Melnychuk et al., 
2012), although the authors did find Q systems are associated with lower fishing mortality than 
effort-based management and that IQ systems are associated with a lower occurrence of high 
overfishing.  

To date, Melnychuk et al. (2012) and Melnychuk et al. (2016) remain the only studies to 
compare stock outcomes for different aspects of fisheries management. With Paper I this thesis 
contributes to the empirical study of fisheries management regimes by their attributes.  

1.2.4 Equity issues in fisheries (-management)  
While the equity implications of fisheries management solutions are a decades old concern 
(McCay et al., 1995; Pálsson and Helgason, 1995), it is only recently that equity implications 
of fisheries management solutions have gotten wider recognition (Costello, 2019; Symes and 
Phillipson, 2009) and that these concerns are explicitly considered when designing new 
methods to allocate fisheries opportunities. Concerns regarding equity implications of fisheries 
management have mainly focused on the concentration of quota into the hands of few 
companies within individual transferable quota systems (ITQ‘s) (Byrne et al., 2020; Pálsson 
and Helgason, 1995) and on geographical consentration and the loss of quota in (remote) rural 
areas (Edvardsson et al., 2018). Inequality in fisheries opportunities, a reduction in jobs and 
viable fishing communities are of pressing concern and will likely be exacerbated by climate 
change (Gaines et al., 2019). Larger companies with more financial resources may have an 
easier time adapting to future changes (Holland et al., 2017), and climate change is likely to 
have more severe impacts in fisheries that suffer from overexploitation, fisheries which are 
often found in lower income countries where fishing is a more vital part of livelihoods (Asche 
et al., 2018).  
 
Initial allocation of harvest rights is also a contentious issue in fisheries management and 
research. Initial allocation of individual quota is often done at a moment where the industry is 
not highly profitable (Gunnlaugsson et al., 2020) and quota are often freely gifted to industry 
participants (this practice is also called grandfathering) (Lynham, 2014). However, over time, 
inefficient resource users are incentivized to sell their harvesting rights and cash out 
(Gunnlaugsson et al., 2020), while remaining participants consolidate and become more 
profitable (while overcapacity is reduced), especially if stocks restore and the cost of fishing 
goes down (Merayo et al., 2018). In Iceland the largest companies have been present from the 
start of the ITQ system (Paper IV), likely because new entrants have a disadvantage compared 
to companies already in the industry: they will have to buy or lease quota which has increased 
in value and becomes a larger investment over time (Copes and Charles, 2004).  
 
Another issue with the grandfathering approach, aside from the difficulty to allow for a fair 
way to deal with new entrants in the industry, is the problem that quota are gifted only to those 
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that own vessels, this means that those working on the vessels or in the processing industry are 
not directly compensated if the owner of the vessel decides to sell their quota (Matthiasson, 
2012). A third issue with the grandfathering approach to individual allocation (addressed in 
Paper IV of this thesis) is that new entrants to the industry have to buy the quota, and that if 
the government decides to revoke the privilege it may be the case that these new entrants lose 
out, which would cause industry resistance to changes in fisheries governance (Tullock, 1975). 
This gap between rights that are grandfathered over time, and those that are bought by new 
entrants widens over time, until it is supposedly complete (a 100% of rights have been bought 
by new entrants), this situation is also called “Transitional Gains Trap” (Tullock, 1975). The 
perceived unfairness of government revocation of rights for new entrants represents a lock-in 
situation for individual quota systems, especially for those systems in which quota is 
permanently transferable. Paper IV shows that this lock-in situation may not be as major as 
originally thought and policy change is theoretically possible.  
 
1.2.5 Individual quota in mixed fisheries 
Another challenging aspect of quota systems in fisheries is their predominant focus on single 
species management, even though ITQs are often implemented in combination with input 
management (Thébaud, Innes, and Ellis, 2012) or implemented in fisheries that are inherently 
multi-species in nature (Squires et al., 1998). Shifting ranges of species may complicate this 
matter even further (Gaines et al., 2018).  

Harvesters in mixed-species fisheries are often uncertain how much of each fish they will catch 
on a fishing trip. If individual quota (IQs or, if transferable, ITQs) are implemented in a mixed 
fishery fishers may face a problem: what if they run out of quota in one species before they 
have used up remaining quota in other species (Squires et al., 1998). Discarding the excess 
catch in the unwanted species is one possible response, but this is economically wasteful and 
complicates stock assessments (Batsleer et al., 2015; Sturludottir, 2018). Discarding is now 
also prohibited in a growing number of fisheries (Condie et al., 2014; Mcquaw and Hilborn, 
2020). Allowing trade of quota helps with this dilemma (Melnychuk et al., 2016), but this is 
not always possible: sometimes trade is prohibited (Copes and Charles, 2004) or quota may be 
scarce because of an overall shortage (Mcquaw and Hilborn, 2020). System wide quota 
shortages (or so called “choke species”) have been a reason for low quota uptake in other mixed 
fisheries (Mcquaw and Hilborn, 2020). For these species it can be for instance that the total 
allowable catch is set low for rebuilding purposes and therefore the total amount of quota will 
be limited.  

Catch–quota balancing mechanisms are 1) banking (i.e., transfer of quota between periods) 2) 
transformation (i.e., exchange of quota in one species for quota in another species), and 3) 
surrender (i.e., catch in excess of quota is “sold” at a prescribed price to the fishery manager). 
These mechanisms give harvesters flexibility within limits to balance quota to catch after 
harvesting. Banking is a common mechanism across mixed fisheries and has been positively 
associated with stock status across fisheries (Melnychuk et al., 2016). Transformation is 
allowed in Iceland and has been allowed previously in certain fisheries in New Zealand and 
Canada, but has been abandoned there mainly because of concerns of systematic overfishing 
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(e.g. fishers used certain species quota to actively target species for which they did not hold 
quota (Sanchirico et al., 2006)).  

 
Figure 1: A mixed haul from a demersal trawler in Iceland with Atlantic cod, redfish and Atlantic wolffish. 
Picture credit: Svanhildur Egilsdóttir, Hafrannsóknastofnun 

 
1.2.6 Challenges ahead: reshaping of current marine ecosystems 
The ocean has stored more than 90% of the global heat in the climate system since the 1950’s 
(IPCC, 2014). Global warming and decreasing pH levels are causing a re-shaping of marine 
ecosystems (Cheung et al., 2011). The effect of global warming on marine species alters 
phenology and causes mismatches in time-events (Cheung et al., 2011; Pankhurst and Munday, 
2011; Sumaila et al., 2011), such as a mismatch between a plankton bloom and a spawning 
event, causing less food available for the new larvae (Asch et al., 2019). It is also well-known 
that warming has caused migration to for example greater depth and/or higher latitudes (Dulvy 
et al., 2008). Warming itself can also cause decreases in aerobic performance due to lower 
oxygen levels in non-mobile species (Pörtner and Knust, 2007). Shifts in primary productivity 
could results in altered productivity in higher trophic levels (Cheung et al., 2011). At a 
theoretical level combined pressures such as overfishing and warming could result in unwanted 
system transitions (Holling, 1996) by enhanced allee-effects (Winter et al., 2020), complicating 
stock recoveries.  
 
Globally, ocean acidification is predicted to increase mortality, and impact growth and survival 
of many marine species (Falkenberg et al., 2018) and is likely to re-shape marine ecosystems 
in the near future. This re-shaping is due to not all organisms being equally likely to be affected 
by ocean acidification. Species traits like shells of aragonite or calciferous exoskeletons may 
make some species more vulnerable to future changes (Mclaskey et al., 2016), other species 
lacking these traits may become increasingly dominant due to competitive exclusion (Olsen et 
al., 2018). These projected changes and the emergence of novel species assemblages and 
ecosystems may therefore have a yet unknown effect on productivity and affect people that 
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directly depend on these ecosystems for their livelihoods (Marshall et al., 2017). Paper V 
indicates strong direct but also strong indirect consequences of warming and acidification on 
the Icelandic marine foodweb when projecting forward under different scenarios of combined 
ocean acidification and warming. This re-shaping of ecosystems will be of the benefit of some 
fishers and the losses of others, and policy makers should be aware of these dilemmas. Fishers 
with more diverse quota-portfolios may be more resilient to future ocean changes (Fulton, 
2011; Holland et al., 2017).  
 

1.3 Gaps in knowledge and research questions 
From the above there are several knowledge gaps arising. First, the empirical literature often 
does not distinguish between the different aspects of such systems and it is not yet known if 
there is much benefit to ITQ implementation beyond the benefits of quota (a total allowable 
catch) (Bromley, 2009). There are indications that individual allocation aids preventing high 
levels of overfishing (Melnychuk et al., 2012), but the evidence is not yet conclusive.  
 
Secondly, due to the difficulty of implementing individual quota in fisheries that are inherently 
multi-species, such fisheries often suffer from low levels of quota uptake (Mcquaw and 
Hilborn, 2020). With such low levels of quota uptake, ITQ’s in mixed fisheries may fall short 
of delivering their proposed economic benefits (Arnason, 1993). Balancing mechanisms have 
been implemented in many fisheries to aid harvesters harvesting under uncertainty to match 
their quota to their catches (Sanchirico et al., 2006). Iceland has one of the world’s most 
elaborate balancing mechanisms and also relatively high quota uptake, but especially its 
transformation system (quota in one species can be transformed into quota of other species) 
could carry pervasive incentives (National economics institute, 1999). Despite Iceland 
propensity to pervasive behavior, persistent overfishing of any one species has not been shown 
(Woods et al., 2015). It is thus of interest to know what the drivers are for the usage of balancing 
mechanisms in Iceland, and to know why this system seems to be working relatively well.  
 
Thirdly, while development of quota markets over time have been studied (Newell et al., 2005; 
Sanchirico and Newell, 2003), detailed information on these markets has been lacking 
especially regarding markets of permanent shares (Holland et al., 2015). Analysis of drivers of 
quota trade is very limited (Innes et al., 2014). It is also not known how much of originally 
grandfathered quota changes hands in the quota market, and how much political leeway this 
would give policy makers to change original quota allocations. Finally, a re-shaping of the 
Icelandic marine foodweb is likely (and already occurring) due to the impacts of climate change 
and the differences in species responses, it is not (yet) known how major fisheries with large 
catch-values and many participants will be affected in terms of their catches. Given that climate 
change is an ongoing and continuing process, understanding species responses and interactions 
will be a challenging moving target.  
 
The following overarching question guiding the research in this thesis is: how do individual 
transferable quota management in fisheries perform across the different domains of 
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sustainability? The main focus lies on the Icelandic ITQ system. The overarching research 
question is addressed with the following research questions:  
 
RQ1: What attribute of ITQ system (the I, the T or the Q) is associated with sustainable 
outcomes for fish populations? (Paper I) 
RQ2: How have ITQ’s been implemented in Iceland’s multi-species demersal fishery? (Paper 
II) 
RQ3: How has the quota market for permanent and temporary quota trades evolved over time? 
(Paper III and Paper IV) 
RQ4: What are drivers for quota trade? (Paper III) 
RQ5: How is Iceland’s marine ecosystem likely to be affected by climate change and; what 
are the implications of climate change for the fisheries with most catch-value and participants 
(i.e. fishing companies) in the Icelandic ITQ system? (Paper V) 
 

2. Methods and region of study 
2.1 Case study region: Iceland  

Iceland is located in the sub-arctic, but the waters south off the island are relatively warm 
because of the Atlantic meridional overturning circulation (AMOC), while the northern waters 
are characterized by polar waters off the Greenland current. This also results in highly variable 
conditions and ecosystem productivity. Iceland’s EEZ is relatively large compared to the size 
of the total population, making fishing an important contributor to GDP and exports as well as 
to national culture (Arnason, 2007b). In Iceland a history of overexploitation and collapse of 
several commercially important fish stocks (mainly Atlantic herring, (Arnason, 1993)) has 
prompted a series of management interventions. Iceland is often exemplified as a case of good 
fisheries management mainly for the touted economic efficiency (Arnason, 2012). The local 
fisheries management is now also said to be one of the more ecologically sustainable in the 
world (Melnychuk et al., 2017).  

The first non-transferable individual quota were issued in Iceland in 1976 for herring (a stock 
that collapsed in the 1960’s). In 1984 individual quota were introduced for the demersal fishery 
(with an effort quota option) and in 1986 IQ’s were introduced in the capelin fishery (Arnason, 
1993). The current ITQ system in Iceland finds its origin in the Fisheries Management Act of 
1990. With this act, quota were allocated for an undetermined duration and were freely 
transferable (within years as temporary leases and as permanent transactions) within 
concentration limits (Arnason, 1993). The ITQ system has expanded from only a few species 
in 1990 to 26 species 2016, divided in some cases by region or sub-stock (Byrne et al., 2020). 
The most commercially important demersal species have been Atlantic cod, haddock, saithe, 
redfish and Greenland halibut while the most commercially important pelagic species have 
been capelin and herring (Byrne et al., 2020). Blue whiting and mackerel are currently 
becoming increasingly important pelagic fish species as both stocks have recently migrated 
pole-wards (Campana et al., 2020). The above species have been targeted by different vessel 
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types, from small coastal boats to large trawlers, and in some important species (Atlantic cod 
and haddock) the share caught by hook and line boats has been increasing in recent years 
(Sigurardóttir et al., 2014). The small-boat sector has relatively more participants but has also 
become increasingly concentrated over time (i.e. the number of participants has become 
smaller over time, see Paper III and Paper V of this thesis).  

A discard ban or landing obligation was implemented in Iceland alongside the quota system in 
1989 (Condie et al., 2014). Individual quota in combination with a ban on discarding can 
complicate fishing in multi-species fisheries, where harvesters are not certain about the exact 
catch composition of the species-mix prior to harvesting. If quota in a species runs out before 
the quota in other species, fishers will have to revert to quota trade which can sometimes be 
difficult, especially if there are fleetwide shortages in certain species (i.e. so called “choke 
species) (Paper II). This is why Iceland designed an elaborate system of catch-quota balancing 
mechanisms in which quota shortages can be resolved by borrowing from the next year or 
transferring quota between species. This elaborate and unique system is the subject of Paper II.  
 

2.2 Methods of inference  
Based on the need for longitudinal assessment of fisheries management interventions, this 
thesis research makes use of three main types of methods: (i) statistical analysis of time-series 
(Papers I-II), (ii) network analysis (Paper III and V) and (iii) ecosystem modeling (Paper V). 
The specific methods employed in all papers and the type of data used are listed in Table 1. 
Paper I employed mixed effects models of time-series to investigate associations between 
fisheries management systems as well as a Difference in Differences analysis that mimics an 
experiment setting (“natural experiment”) by comparing stocks undergoing changes in 
management to control stocks that don’t undergo such an intervention. Paper III and Paper V 
use descriptive network statistics, and Paper III also uses a statistical modeling technique for 
network data to investigate drivers of trade-connections in a quota market in Iceland. The last 
section of this chapter explains the main study region, subject of Paper II-V, Iceland in relation 
to its ITQ system as well as the extensive possibilities in the Icelandic ITQ system to balance 
catch to quota after harvesting (Paper II). 
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Table 1: Summary of data used and methods applied in the research for this thesis  

Paper Data Methods 

I 
 

Stock assessments: RAM legacy database 
(http://ramlegacy.org/), global database of stock 
assessments.  
 
Management data: combined approach 
reviewing literature & legislation and expert 
consultation 

Impact analysis: General linear 
mixed effects models, Difference 
in Difference analysis. 

II Total yearly individual catches and allowed 
catches per vessel and company, and conversion 
ratios and lease prices of all main demersal 
species in the Icelandic ITQ system. Vessel and 
company characteristics. 

General linear mixed effects 
models, general linear model, 
descriptive statistics. 
 

III  All permanent and temporary quota trades in the 
Icelandic ITQ system between 2004 and 2016. 
Detailed company level information, lease 
prices. 

Descriptive network statistics, 
statistical network models 
 

IV  All permanent quota holdings in the Icelandic 
ITQ system between 1991 and 2016. 
Estimations of permanent quota prices 2001-
2009. 

Descriptive statistics, spreadsheet 
modeling. 

V Historical assessments of fish stocks for Iceland 
and historical catches (Sturludottir et al., 2018).  

Network analysis, dynamic 
ecological modeling (process-
based) 

 

2.2.1 Longitudinal data and analyses 
Mixed-effect models: Mixed-effects modelling frameworks allow for the introduction of 
random effects for variables where the sustainability indicators are more likely to share a 
similar response (Verbeke and Molenberghs, 2009). For example, a response of a stock in one 
region to a management system studied in Paper I will be more likely to correlate to the 
response of another stock in the same region. Both Paper I and Paper II also account for 
autocorrelation in the timeseries: e.g. the response of one fishing vessel studied in one year in 
Paper II will more likely correlate to the response of the same fishing vessel in another year. 
The fact that these observations are not independent violates a major assumption of linear 
regressions, and if not considered in the modeling process may give rise to type I statistical 
errors: rejecting a null hypothesis when there is in fact no relation (Verbeke and Molenberghs, 
2009).  
 
Difference-in-Differences analyses: Difference in Differences (DiD) analysis was used in 
Paper I. DiD analysis is commonly used for analyzing time series data where systems that 
undergo a change (i.e., treatment) are compared to systems that remain the same (i.e., control). 
An important assumption in this approach is that treatment stocks would have followed a 
similar trajectory to control fisheries if no change had occurred (Shadish et al., 2004).  
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2.2.2. Network analysis 
Research on networks is part of the broader study of complex systems, with its origination in 
graph theory (Scott, 1987). Network analysis is based on a theoretical framework which studies 
interactions or flow of information (called links or edges) between elements of systems (nodes), 
represented by a matrix. Information on the nature of interactions and their importance can also 
be included in the study of networks. Many natural and social phenomena have been 
represented as networks and maybe this is not surprising as a network is an intuitive depiction 
of connections between entities, may they be animals (including humans) and their social 
interactions, countries trading with one another, stations in a transportation network, computers 
connected through the internet etc. Intriguingly, despite this enormous diversity of networks 
observed in natural and human-made systems, diverse networks can share several universal 
structural characteristics (Barzel and Barabási, 2013), and many network own properties 
(endogenous properties of the network, in network terminology) can be found to explain a large 
share of the connections in a network. Sometimes shared network-processes underlie these 
observed similarities between networks. An example of such well-known real-world processes 
can be explained in terms of networks is the “the rich get richer” process. This is a cliché, but 
it’s also a true representation of real-world networks. In network terms the “rich get richer” is 
a dynamic that is called “preferential attachment”, those with more network connections are 
more likely to form even more new connections by a statistical likelihood that is greater than 
chance (Barabasi, 2009) (for instance a research article with many citations is going to attract 
proportionately more citations for several reasons including the quality/novelty/pioneering 
aspects of the work itself). Such a dynamic would cause extremely skewed distributions of 
connections in social networks, something that is frequently observed in real-world networks 
(Barabasi, 2009). 
 
Paper III studied if such a skewed distribution of trades was present in a quota trade network 
and if this meant that more connected traders would more easily form new trade-connections 
in a quota market. This had been indicated previously for quota markets in e.g. Tasmania (Innes 
et al., 2014). For this purpose, the quota market for Atlantic cod in Iceland was modeled as a 
weighted directed network. Networks were created for each year in the dataset so that 
timeseries of network statistics could be computed. The number of incoming and outgoing 
trades per quota holder (in- and outdegree respectively) and fitted power-law, exponential and 
log- normal relationships to the in- and out-degree distributions (Clauset et al., 2009) were 
measured. Power-law distributions are extremely skewed and could be a result of network 
endogenous processes such as the “preferential attachment” process that is described above. 
Some support was found for a scalable distribution (power-law) in the cod quota market which 
could have been indicative of network processes such as popularity and the formation of hubs, 
which in turn could indicate a market that is not easily accessed by all individuals (Innes et al., 
2014; van Putten et al., 2011).  
 
In Paper V network metrics were used to analyze which species or functional group in the 
Icelandic marine ecosystem could be considered as ecological key-stone species. Key stone 
species are defined as a species or functional group through which many other species (or 
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functional groups) are indirectly connected or species that are a main prey species for many 
other species/functional groups. The Google page rank indicator gives a high score to species 
that support many other (important) species directly and indirectly through predator-prey 
interactions (Allesina and Pascual, 2009). Indegree centrality, which quantifies the relative 
importance of a species by how many predators depend on that species as a diet species (Chen 
et al., 2008), was also calculated. A centrality measure was also calculated, betweenness that, 
similar to the Google page rank, indicates how many species are directly and indirectly 
connected through that species or functional group (McDonald-Madden et al., 2016).  
 
Statistical modeling of networks allows for the investigation of drivers of connectivity. 
Exponential random graph modeling is a method that is used in this thesis to help quantify the 
effect of characteristics of quota holders on trade formation (i.e., characteristics of ‘nodes’ on 
‘edges’ in network terminology) (Fischer and Jasny, 2017). In the ERG model in Paper III the 
number of trades between two quota holders can be viewed as a value in the response variable 
of a regression model, and the predictor variables were internal network characteristics of the 
quota holders (e.g., reciprocity) as well as external characteristics (e.g., vessel size). The 
approach is divided into two steps. In the first step a well-fitting statistical model is searched 
for the empirical network, the second step simulates models generated in the first step and tests 
whether the observed network-structure is well-replicated (Pol, 2017). The outcome of the 
ERG models are the log-odds for a set of parameters, similar to those of a logistic regression. 
The value of the log-odds characterizes the strength and the direction (±) of the influence of a 
parameter on the likelihood of link-formation, i.e. zero (no link) or one (link is present). 
 

2.2.3 Ecological food-web modeling 
For Paper V the Atlantis ecosystem model was used for the Icelandic trophic relationships. The 
Atlantis model is a full ecosystem model built on an oceanographic model and includes all 
major marine functional groups and species in the Icelandic exclusive economic zone (EEZ). 
The oceanographic part of the model contains 51 three-dimensional spatial boxes that exchange 
water flows, salinity levels, and temperature. The oceanographic data were adapted from a 
hydrodynamic model developed by (Logemann et al., 2013). The ecological model contains 52 
functional groups (see Figure 2), where vertebrates are generally modeled with a higher level 
of detail than invertebrates. Vertebrate groups have age structure and recruitment is modeled 
using the Beverton-Holt function while invertebrates and plankton groups are simple biomass 
pools. Sturludottir et al. (2018) provide a detailed description of the Icelandic Atlantis model. 
The Atlantis model was used to test the effects of several different scenarios, namely ocean 
acidification and warming climate change. First, a literature review was performed to 
determine the parameter ranges for impacts of ocean acidification and the temperature niches 
of species in the Icelandic marine ecosystem, then the last ten years of the model run (2002-
2012) were repeated five times to create a baseline scenario until the year 2100, the model was 
then run for several scenarios of warming or combined warming and ocean acidification.  
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Figure 2: Food web connections between modeled functional groups in the Icelandic modeled functional 
groups, image from (Sturludottir, 2018). 
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3. Paper summaries and 
insights from the thesis 
papers 

 

3.1 Paper I: Which attributes of fishing 
opportunities are associated with sustainable 
fishing? 
 
Maartje Oostdijk & Griffin Carpenter, Which attributes of fishing opportunities are associated 
with sustainable fishing? Manuscript1 
 
Individual transferable quotas (ITQs) are an increasingly used system to allocate fishing 
opportunities. While there have been several prominent studies that link these systems to 
sustainable outcomes (occurrence of overfishing (fishing mortality) and overfished stocks 
(biomass), there is little information on which specific attributes of this system (individual, 
transferable, or quota) of this system, or indeed any other system, that leads to sustainable 
outcomes. To analyze the impact of different allocation systems on target species, systems of 
allocating fishing opportunities were classified for 423 fish stocks from 1990-2018, producing 
the largest global database of its kind. A decision tree was designed to enable classification of 
fisheries management regimes by their attributes (Figure 4).  
 
Research questions: 
 
Overarching research question (RQ1): What attribute of ITQ system (the I, the T or the Q) 
is associated with sustainable outcomes for fish populations? 
 
This research question is divided into the following sub questions: 

- What fisheries management systems are associated with healthy marine stock status? 
- What attribute of ITQ systems (the I/the T/or the Q) is associated with healthy marine 

stock status? 
- How does duration of harvesting rights affect stock status? 

 

                                                
1 *Author contributions: MO collected the data for several regions jointly with GC, MO lead the research design 
and carried out the analysis. MO wrote the first draft of the paper, GC helped writing.  
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Figure 3. Decision tree containing a classification of fisheries opportunities by their attributes. The blue 
terms are the twelve exhaustive classifications used in this study for all fisheries management systems. 
Generally, the blue terms are the final classifications with all assigned attributes, no distinction between 
spatial, temporal and capacity limitations were made for the effort classifications due to the difficulty 
assigning percentages to the respective categories. The number of each unique stock and classification 
combination is noted in each of the final classifications (Figure corresponds to Figure 1 in Paper I).  

 
Methods 
Stocks were classified as experiencing overfishing if fishing mortality was higher than 1.1 
times maximum sustainable yield, stocks were classified as overfished if biomass was lower 
than 0.8 times biomass at maximum sustainable yield. Mixed effects models were used to 
predict the incidence of overfishing by the different management regimes and attributes (I, T, 
Q). A difference in differences strategy was employed for stocks where attributes changed 
during the time-period of the study (1990-2018), see 2.1. 
 
Main results 
Systems that use quota limits and allocate limits individually were associated with reduced 
overfishing (Figure 4). Little significant benefit of transferability nor the permanent allocation 
of fishing rights as opposed to a fixed single season was found (Figure 4). Difference in 
difference analysis revealed that stocks that change from effort management to quota 
experienced less overfishing, as well as stocks adding attributes T, L and I. The analysis of 19 
treatment fisheries that transition from general quota management to individual (transferable) 
quota management showed no significant changes for any of the indicators compared to control 
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fisheries. There is thus some evidence that quota and individual (transferable) quota reduce the 
probability of overfishing, but these results are less reflected in biomass and causal evidence 
is weak and not confirmed when pairing the same species in the same or a nearby geographical 
region with different management approaches (i.e. quota versus I(T)Q). Little support was 
found for the hypothesis that tradability and is associated with more sustainable outcomes and 
no support was found for durability of harvesting rights.  
 

 

Figure 4: A) frequency of overfishing (F/Fmsy >1.1) and B) frequency of overfished observations (B/Bmsy < 
0.8) for the attributes I, T, Q, P, L and R. Each observation is a stock-year combination. C) Mixed-effects 
results for the attributes I, T, and Q. Negative (black, open circles) effects indicate a reduced probability of 
overfishing for I and Q (overfishing: 343 stocks with 6803 observations; overfished: 299 stocks with 6875 
observations) and a reduced probability of overfished for pooled and leasable. D) Effects for the duration 
of fishing opportunities compared to a single season. The positive (black, closed circle) value indicates an 
increased probability of the overfished state for fixed multiple seasons (Figure corresponds to Figure 3 in 
Paper I). 

 

3.2 Paper II: Catch–quota matching allowances 
balance economic and ecological targets in a 
fishery managed by individual transferable quota 
 
Maartje Oostdijk, Conor Byrne, Gunnar Stefansson, Maria J. Santos, Pamela J. Woods, Catch–
quota matching allowances balance economic and ecological targets in a fishery managed by 
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individual transferable quota: Proceedings of the National Academy of 
Scienceshttps://doi.org/10.1073/pnas.20080011173.  
 
Many economic benefits of IQ systems could be compromised in mixed fisheries owing to 
fisher’s uncertainties related to the catch mix. A fisher could face problems when s/he reaches 
quota of one species but not the others, and incentives for discarding these fish become strong. 
Mixed fisheries managed by quota have solved this issue in different ways by implementing 
catch-quota balancing mechanisms (Sanchirico et al., 2006). While previous studies 
investigated catch-quota balancing behaviour at the level of the whole fleet (Sanchirico et al., 
2006; Woods et al., 2015), individual vessel behaviour was investigated in the most elaborate 
catch-quota balancing system in the world - Iceland. Catch-quota balancing allowances can 
theoretically lead to overfishing if total allowable catches (TACs) are consistently exceeded. 
In the Icelandic case several methods of balancing catch to quota after harvesting exist: 1) 
transferring quota between vessels (i.e. leasing quota), 2) transferring quota between years (i.e. 
quota banking) 3) transferring quota between species (i.e. species transformations, 4) “grace 
take” (i.e. a small percentage of the catch can be sold directly to the directorate of fisheries for 
a fraction of its value). Banking and species transformations in the Icelandic system are further 
detailed in Figure 5. This paper focussed on the species transformation system because this 
system carries a risk of persistent TAC overages and is therefore the most ecologically risky. 
Conversion ratios used in species transformation systems could contribute to this risk because, 
if these ratios do not reflect the profitability of the different species, they could open up avenues 
to profit from differences in the exchange rates (i.e. arbitrage) which could exacerbate the 
ecological risk to certain species especially if fishers could target such species. 
 

                                                
2 Author contributions: MO collected the data jointly with CB, MO lead the research design and me and CB 
jointly carried out the analysis. PW and MJS also designed the research, GS aided with the methodology. MO 
wrote the first draft of the paper all co-authors helped writing.  
 
The paper is reprinted under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/).  
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Figure 5. Transformation and banking limits in the Iceland ITQ system. Positive (light green)/negative (red) 
limits restrict increases (decreases) in the permitted catch of the relevant species in the current period. Total 
cod equivalents (CEs) (units converting species quota to the same unit based on last year’s price relative to 
cod) are summed across species before applying the 1.5% positive transformation and 5% total 
transformation limits; all others are applied as percentages of the originating species quota. The arrows are 
scaled relative to the total percentage of CE of the relevant species. The left-hand side of the figure shows 
how transformation limits are designed asymmetrically; the positive limits are based on a vessel’s total CE 
quota, aggregated across species, which is the same for all species, while the negative limits are based on 
quota in the relevant species. This means that the overall fleetwide limit on positive transformations can 
potentially be several times TAC for low biomass species (it is 75 times TAC for common dab) but will be 
small relative to TAC for high biomass species and may be further constrained by the limited “supply” of 
negative transformations from low biomass species (Figure corresponds to Figure 2 in Paper II). 

 
Research questions: 
 
Overarching research questions (RQ2): How have ITQ’s been implemented in Iceland’s 
multi-species demersal fishery? 
 
This research question is divided into the following sub questions: 
 
- How does fleet -level catch-quota balancing differ between the different species and years in 
the Icelandic system? 
- What incentives are created by the Icelandic balancing system? 
- What differences exist between companies and fleet segments in their balancing behavior? 
 
 
Methods 



 31  
 

An index was designed that describes the similarity of balancing across individual vessels in 
the Icelandic fleet (the directionality index). The overall directionality of balancing 
adjustments, was defined as Ds for species s and calculated as follows: 
 

𝐷"	 =
∑ &'()
( 	*	∑ +'()

(
∑ &'()
( ,	∑ +'()

(
   (1) 

 
where Ps is the positive quota adjustment for vessel i (0 when negative), and Ns is the negative 
quota adjustment for vessel i (0 when positive). This index takes values between -1 and +1; the 
former implies that transformation or banking are purely negative, the latter that transformation 
or banking are purely positive, while 0 indicates equal volumes of positive and negative flows. 
The directionality index was calculated separately for quota transformed and quota  
banked at the end of each year. This index was then predicted by several potential drivers of 
catch-quota balancing in the Icelandic fleet (opportunities for arbitrage, and indicator of a 
general shortage (“choke indicator”) and an indicator of the ability to target individual species. 
Moreover, individual level models were employed to predict catch, in which also the impact 
of vessel- and company characteristics on the catch-quota balancing behavior was studied.  
 
Main results 
Evidence was found that balancing behaviour was frequently similar across the fleet. 
Transformations could be predicted by an indicator of a potential for arbitrage caused by 
differences in conversion ratios used for transformation and lease prices and the total allowable 
catch (Table 2).  
 
Table 2: Directionality of transformations model with fractional logit estimates of the contribution of each 
of the predictor variables, standard errors, z values and probabilities. It can be observed that arbitrage 
potential and TAC are the most important predictors of transformation directionality with a positive effect. 
Asterisks represent significance levels, with *** at the <0.01 level (Table corresponds to Table 1 in Paper 
II).  

 Predictor Estimate 
standard 
error z value Pr(>|z|) 

Arbitrage potential  1.47 0.21 7.14 < 0.001*** 
Choke indicator (dummy variable)  -0.17 0.44 0.38 0.70 
Total allowable catch (TAC) 0.99 0.29 3.41 < 0.001*** 
Targeting indicator -0.09 0.14 -0.63 0.53 
Targeting indicator * arbitrage potential -0.21 0.15 -1.35 0.18 
Cox & Snell's R2 = 0.27     
Nagelkerke's R2 = 0.58         

 
Larger companies contribute more to differences between catch and quota. Despite these 
findings, TAC overages tended to be modest and especially so in recent years (< 30%). The 
only species with substantial TAC overages in recent years was Lemon sole. Key reasons for 
the limited TAC overages appear to be a recent (2011-2012) tightening of vessel transformation 
limits and the central role of Atlantic cod. Cod is the main target species in the Icelandic 
demersal fishery but cannot be persistently overfished due to a specific prohibition on positive 
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transformations into the species. These results show how the tailored design of the Icelandic 
catch-quota balancing system has helped in balancing economic and ecological goals in 
fisheries management. The usage of the system is though not similar across the fleet and future 
research may be needed to indicate if larger companies can make more use of arbitrage 
opportunities due to their ability to hire staff to deal with optimising catch-quota balancing. 
We also suggested a few policy changes, on order to make the design of the catch-quota 
balancing system less ecologically risky, which include the prioritisation of between year 
transfers over species transformations as between year transfers cannot lead to systematic TAC 
overages or underages, and a limit for transformation into species (currently the amount of 
transformations are only constrained by amounts out of species, and the limit into species is 
based on aggregate quota holdings, which is risky for small biomass species). 
 

3.3 Paper III: Structure and evolution of cod 
quota markets networks in Iceland over times of 
financial volatility 
 
Maartje Oostdijk, Maria J. Santos, Sveinn Agnarsson, Pamela J. Woods (2019) Structure and 
evolution of cod quota markets networks in Iceland over times of financial volatility Ecological 
Economics, 159, 279-290, https://doi.org/10.1016/j.ecolecon.2019.01.0354 
 
This paper explores changes in the quota markets over a period of time that included the 
financial crash (2004-2016). While quota markets are the main instrument through which 
individual transferable quota systems are supposed to reach their efficiency, there are few 
studies on their functioning and empirical information remains scarce. It is also though the 
quota market that consolidation occurs in ITQ systems and the investigation of drivers for trade 
is important to distinguish between e.g. vessel-level consolidation or company level 
consolidation. Namely, consolidation can occur on two levels: 1) accumulation of quota onto 
fewer vessels and accumulation of quota into the hands of fewer holders (often also due to 
mergers of companies). The exit of the less profitable harvesters from the fishery can reduce 
over- capacity, which is a necessary step towards economic sustainability in fisheries (Branch, 
2009). However, quota consolidation can also occur in a fleet where overcapacity is no longer 
a problem, caused by other economic benefits such as profitability and the resilience gained by 
owning a diversity of fishing quota (Holland et al., 2017). 
 
Research questions: 

                                                
4 Author contributions: MO conceived of the research idea, lead the data collection and carried out the analysis, 
MO wrote the article with help of MJS, SA and PJW. 
 
The paper is reprinted under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/).  
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Overarching research questions (RQ3 and RQ4): How does the quota market for permanent 
and temporary quota trades evolve over time? And What are drivers for quota trade? 
 
These research questions are divided into the following sub questions: 
 

- How did financial volatility shape the largest quota trade networks in Iceland? 
- How does the concentration of quota in the largest quota market in Iceland develop 

over time? 
- How do network characteristics of companies impact the prices obtained in the quota 

markets? 
- What are main drivers for quota trade for cod quota share and lease markets in Iceland? 

 
Methods 
Changes in quantity and amount of quota trade over time in the Icelandic cod quota markets 
for permanent and lease quota were described, for the small boat segment of the market and 
the regular segment. Changes in network indicators over time were described, and network 
models were employed (exponential random graph models) to study drivers of quota trade. 
 
Main results 
While prior to the crash the market for permanent quota displayed a large amount of activity, 
the activity became sparser and never fully recovered after the crash. The lease quota market 
displayed a dip around 2009-2010 but regained its activity. Some support for power law fits 
was found for 9 out of the 24 distributions of quota trades (per vessel) in quota share markets. 
Especially the smaller boat market consolidated rapidly between 2004 and 2008 which is also 
reflected in a rapid increase in network connectivity (the networks are displayed in Figure 6).  
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Figure 6. Owner networks of the small-boat quota share market for permanent shares for fishing years 
2004–2005, 2008–2009 and 2012–2013. Upper panels show the large-boat networks and lower panels show 
the small-boat networks. Nodes are scaled to the amount of quota owned. Open diamond nodes have 
outgoing trades, open circle nodes have incoming trades, black colored nodes have both incoming and 
outgoing trades and purple nodes have both incoming and outgoing trades as well as five or more total 
trades in the same fishing year (“broker nodes”) (Figure corresponds to Figure 4 in Paper III).  

 
Drivers associated with consolidation (gross tonnage of vessels or allocated quota to the vessel 
owner) were more important factors shaping trade relations than the need to match quota to 
catches in the markets for permanent cod quota. There were slight indications that network 
position mattered for the prices obtained in the lease-markets. Broker nodes got significantly 
higher prices for quota that they leased out in both the small- and large-boat as well as central 
nodes as measured by betweenness centrality in the large-boat network, although surprisingly 
the opposite result was found for betweenness centrality in the small- boat network.  
 

3.4 Paper IV: Trade and potential measures of 
the Transitional Gains Trap - A quantitative 
analysis of the Icelandic ITQ system 
 
Conor J. Byrne, Maartje Oostdijk, Sveinn Agnarsson, Brynhidur Davidsdóttir, Quota Trade 
and potential measures of the Transitional Gains Trap - A quantitative analysis of the Icelandic 
ITQ system (in review Marine Resource Economics)5 

                                                
5Author contributions: CB conceived of the idea and designed the study. MO collected the data and carried out 
part of the analysis. CB wrote the first draft and MO, SA and BD helped with the writing. 
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The Transitional Gains Trap has been cited as an argument against reallocation of 
grandfathered transferable fishing quota; the initial recipients gradually sell until all quota have 
been purchased at which point industry profitability returns to normal and it becomes 
politically impossible to reallocate the quota. Despite this, there do not appear to be any studies 
examining the extent of the trap in ITQ fisheries or more generally. This paper proposes 
potential quantitative measures of the trap which reflect not only the total volume of quota 
purchased but also the extent to which these purchases may be offset by quota sales or rent 
from retained grandfathered quota.  
 
Research questions: 
 
Overarching research questions (RQ3): How does the quota market for permanent and 
temporary quota trades evolve over time?  
 
This research questions was divided into the following sub questions: 
 

- How can TGT be empirically calculated? 
- What is the extend of TGT in the Icelandic quota system? 

 
Methods 
A quantitative measure of TGT in the Icelandic ITQ system was designed. The proposed 
measure of TGT reflects potential loss faced by individual harvesters due to revocation of 
purchased quota. However, it also considers the offsetting effect on these harvesters of 
accumulated profits due to the initial grandfathered allocations as well as investment in 
additional or new quota. This measure of TGT was then calculated for Iceland´s ITQ system 
under a range of assumptions on the gains of (grandfathered and purchased) quota. 
 
 
 
Main results 
 
Figure 7 shows the (stylized) effect of considering rent accumulation when calculating TGT. 
In the figure it can be seen that TGT can in fact decline over time if part of a company´s quota 
was grandfathered; accumulation of resource rent from the grandfathered quota can gradually 
offset the cumulative net investment cost of purchased quota.  
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Figure 7. Effect of rent accumulation on cumulative net investment cost of quota holders (Figure 
corresponds to Figure 4 in Paper IV). 

 
The net investment of company (A) which received grandfathered quota is initially zero and 
becomes increasingly negative (i.e. surplus) as resource rent is accumulated and compounds in 
value. The net investment of company (B) with purchased quota is initially the purchase price 
of the quota. Calculations for Iceland´s ITQ system, from their introduction in 1991 until 2016, 
suggest that the extent of the trap varies considerably by species but generally remained below 
60%. Finally, it is shown that the trap can decrease over time. This potential decrease of the 
trap is especially apparent in a scenario where the government announces a revocation in the 
future. This paper shows that, under a broad base of assumptions (regarding the rents generated 
from owned and purchased quota), there is political scope for reform of quota systems where 
quota have been initially freely gifted.  
 

3.4 Paper V: Risk assessment for key socio-
economic and ecological species in a sub-arctic 
marine ecosystem under combined ocean 
acidification and warming 
Maartje Oostdijk, Erla Sturludóttir, Maria J. Santos, Risk assessment for key socio-economic 
and ecological species in a sub-arctic marine ecosystem under combined ocean acidification 
and warming Manuscript6 
 
The Arctic as a region may be particularly vulnerable for consequences of ocean acidification 
and is projected to be largely corrosive to aragonite by the end of the century. Moreover, 

                                                
6 Author contributions: MO conceived of the research idea, carried out literature research and ran modeling 
scenarios with the help of ES. MO wrote the first draft of the manuscript and ES and MJS helped with writing.  
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warming in the Arctic happens at a faster pace than the global average. As different species or 
even individuals have different vulnerabilities to lower pH levels and have different responses 
to warming re-shaping of ecosystems is likely. Recent lab experiments also indicate that the 
larval stage of several fish species may be very vulnerable for ocean acidification (Frommel et 
al., 2011; Stiasny et al., 2016), and recent empirical literature already shows decreased average 
productivity linked to warming (Free et al., 2019).  
 
Research questions: 
 
Overarching research questions (RQ5): How is Iceland’s marine ecosystem likely to be 
affected by climate change and; what are the implications of climate change for the fisheries 
with most participants (i.e. fishing companies)? 
 
This research question is divided into the following sub questions: 
 

- Which species in the Icelandic EEZ are likely to be impacted by increasing ocean 
temperatures? 

- Which species in the Icelandic EEZ are likely to be impacted by lowering pH levels? 
- How is the marine foodweb around Iceland impacted under combined warming and 

acidification scenarios? 
- How does this impact the fisheries with the most participants in Iceland? 

 
 
 

 
Figure 8 (Paper V). A hypothetical foodweb with different effects of ocean acidification or warming on 
species. Species are directly exposed to pressures of ocean acidification, warming and fishing but not all 
species are equally affected by the same drivers and species will likely experience indirect effects due to 
impacts on diet species or changes in competition and predation (Figure corresponds to Figure 5 in Paper 
V). 



 38  
 

Methods 
Species of interest were selected based on the number of participants in the fishery and catch-
value or their ecological function in the foodweb. Network indicators were used to select 
species with key roles in the foodweb. Then a literature review was performed on the possible 
impacts of ocean acidification on the species/functional groups and searched the literature for 
temperature niches or optima. Then the Atlantis end-to-end ecosystem model was parametrized 
based on the literature review and projected forward under twelve scenarios of combined 
warming and acidification. Two scenarios were developed for ocean acidification, namely a 
moderate and a severe acidification scenario. For the moderate scenario we adjusted (i) growth 
of benthic groups by -20%, and (ii) reduced cod recruitment by -20%. For the severe 
acidification scenario, we adjusted (i) growth of benthic groups by -30%, and (ii) reduced cod 
recruitment by -30%. These are relatively small reductions, as studies have suggested that 
recruitment may be reduced by 76% to 92% (Stiasny et al., 2016). If information on 
temperature optima or niches were found, these were used to parameterize the temperature 
optima in Atlantis as was done in (Griffith et al., 2012). 
 
Main Results 
Divergent species responses were found to warming and acidification levels; certain species 
benefited while others decreased in biomass under warming and acidification scenarios. With 
conservative harvest rates, Atlantic cod (the largest catch-value species) population size is 
projected to remain stable under even the harshest ocean acidification and warming scenario 
modeled, while without ocean acidification nor warming the population size is projected to 
slightly increase and stabilize around 2040. Figure 9 displays the biomass (left-hand panels) 
and catches (right-hand panels) of the most important sectors in the Icelandic ITQ system (>5% 
of catch-value) under the different scenarios of combined ocean acidification and warming, 
over time. Although the biomass of the Atlantic cod stock was surely impacted by the forced 
reduction in recruitment, biomass levels seemed to stabilize in all scenarios at levels higher 
than present, while in the baseline scenario biomass increased further (Figure 9). The model 
did not forecast a collapse or a strong decrease in biomass compared to current levels. Biomass 
of Atlantic cod has been increasing steadily since the reduction of harvest rates in the early 
2000’s and if this harvest rate is kept constant the Atlantis model predicts a rather stable 
biomass (Figure 9) and catches (Figure 9). However reduced biomass of haddock was predicted 
compared to the present, probably because of predation pressure of Atlantic cod (Figure 9). In 
scenarios where warming and acidification resulted in reductions in biomass of Atlantic cod 
other species in the ecosystem increased, by reduced competition and predation compared to a 
baseline scenario with no global change. These results highlight the interdependencies of 
multiple global change drivers and their cascading effects on trophic organization, as well as 
the impacts on important species within the Icelandic ITQ system. The different responses of 
the Icelandic species to global change are an important consideration when building climate-
resilient fishing operations. However, there are high levels of uncertainty regarding individual 
species responses to ocean acidification and warming. Especially given that there is not much 
experimental research on Icelandic species specifically. 
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Figure 9. Biomass (left panels) and catches (right panels) of the main Icelandic fisheries (5% or more of 
Icelandic catch-value, organized from highest to lower catch values) in Atlantis under the baseline scenario 
and eight different global change scenarios. Note that the y-axes are on very different scales.  
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4. Discussion 
 

4.1 Scientific insights – individual papers 
This thesis contributed to the field of fisheries science with the study of ecological impacts on 
target stocks of fisheries management regimes and the study of the evolution of socio-economic 
indicators over time in an ITQ regime. Moreover, the thesis contributed to the literature by 
projecting forward under climate change scenarios and studying impacts on the most important 
stocks in an ITQ regime. Table 3 lists the gaps in knowledge and the contribution to the field 
of each of the individual papers. 
 
The effectiveness of the different fisheries management regimes for conserving and re-building 
marine stocks while improving socio-economic conditions for fishers remains unclear. First, a 
comparative analysis of fisheries management systems (RQ1, Paper 1, see Table 3) aimed to 
give more clarity on what aspects of fisheries governance systems provide positive outcomes 
on fish stocks.  

RQ1: What attribute of ITQ system (the I, the T or the Q) is associated with sustainable 
outcomes for fish populations? The strongest effect was found for quota in reducing the 
probability of overfishing, also individual allocation was found to reduce the probability of 
overfishing. No support was found for longer allocation and little support was found for 
transferability of harvesting rights in preventing overfishing. This research contributes to which 
aspects of a quota system are relevant for management of fish and invertebrate populations. In 
the past individual transferable quota regimes have been only compared to control fisheries 
under different (undifferentiated) management styles, some of which are open access regimes 
(Costello et al., 2008). This simplistic comparison design made it impossible to differentiate 
the effects of stewardship claims associated to individual quota and simply the effect of setting 
of a biologically reasonable total allowable catch on target stocks (Bromley, 2009). Fisheries 
managers can opt for different designs of so-called rights-based management, possibly also to 
avoid some of the social costs associated to ITQs as has happened in many European fisheries 
(Gibbs, 2009). Allocating harvesting rights individually but for a limited duration, for instance 
via auction seems to be a viable policy option according to the outcomes of Paper I. What also 
became clear from Paper I is that there is an enormous heterogeneity worldwide in how fishing 
opportunities are allocated and, in several systems, there is some shared / pooled quota next to 
quota that is individually assigned. This mix of rights is common in other resource systems as 
well and might be overlooked due to a focus on singular solutions (Ostrom, 2010b). 
 
 
 
Table 3: Knowledge gaps, papers and insights from this thesis 

Knowledge gap  Paper Main insight 
It is unclear which (if 
any) attribute of 

I Many types of quota systems reduce the probability of 
overfishing compared to effort systems, individual 
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individual quota 
systems preserves the 
health of marine 
populations 

allocation is also associated with reduced overfishing, but 
the strongest effect was found for quota.  

It is not clear what the 
drivers are for the use 
of Icelandic 
balancing 
mechanisms   

II The Icelandic balancing system in its mixed fishery has a 
relatively high quota uptake, but overfishing is relatively 
modest.  
Pervasive incentives were nonetheless observed, 
overfishing may be limited by the fact that 
transformations flow from small to large biomass species 
which makes the volume of transformations relatively 
smaller (see summary figure from Paper II).  

It is not clear how 
quota markets 
respond to financial 
volatility and what 
are drivers for quota 
trade 

III Quota trade reduced after the financial crisis and never 
regained the same activity. Drivers for buying quota were 
vessel size and company sizes, also reciprocity was 
significant in shaping trade.  

The theoretical model 
of the Transitional 
Gains Trap (TGT) has 
not been empirically 
thought out nor 
implemented 

IV TGT can be calculated empirically, illustrative 
calculations show that TGT is not complete for the ITQ 
in Icelandic fisheries, moreover, under certain 
assumptions TGT reduces over time. 

It is not known how 
the Icelandic marine 
foodweb will respond 
to combined warming 
and acidification. 

V Combined warming and acidification impact certain 
species/functional groups more than others. The Atlantic 
cod stock, the most important fishery in terms of catch-
value and participants, is projected to be less productive 
but still increase compared to current levels under 
scenarios of warming and acidification. 

 
Secondly, this research assessed the function of the fishery with the most elaborate catch-quota 
balancing options around the world, Iceland’s demersal fishery (Paper II, see Table 3).  
RQ2: How have ITQ’s been implemented in Iceland’s multi-species demersal fishery? 
The research indicated that pervasive incentives are likely to exist because conversion ratios 
used for transferring quota between species were indicated but not to reflect their relative 
profitability. However, overfishing because of the system was limited as has been shown 
before (Woods et al., 2015). Indications were found that this is the case because the system is 
tuned over time to the local socio-economic context: a central role of Atlantic cod and the 
limits being more restrictive for high biomass species, and it is exactly these species that tend 
to be the sink species for the species transformations.  
The Icelandic quota mixed demersal fishery has a much higher quota uptake than in many other 
mixed fisheries around the world (Kuriyama et al., 2016; Mcquaw and Hilborn, 2020), and 
thus shows that if a catch-quota matching design is tailored well to the local context, economic 
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and ecological goals of management could be balanced. These results are likely to be of 
growing relevance due to the increased implementation of individual quota systems and discard 
bans around the world (Chu, 2009; Condie et al., 2014; Mcquaw and Hilborn, 2020), and 
shifting distributions of marine species due to climate change (Campana et al., 2020 ; Fulton, 
2011).  
 
Thirdly, the research in this thesis studied drivers for quota trade in the largest quota market in 
Iceland (the market for cod quota). Accumulation of allocated quota to companies with more 
allocated quota is a driving mechanism for consolidation (a form of “the rich getting richer” 
which is a known social network mechanism). Consolidation has been observed earlier in the 
Icelandic quota system (Agnarsson et al., 2016; Pálsson and Helgason, 1995).  
RQ 3: How does the quota market for permanent and temporary quota trades evolve over time? 
The boat’s gross tonnage (GRT) in our ERG models (Table 3) had a strong explanatory 
power, but only in the first fishing years studied (the initial years after introduction of the small-
boat quota system) and the effect was the strongest for the small-boat market. The significant 
effect of boat size may have been explained by the switch to output controls which would have 
reduced each vessels landing-potential as previous to implementing ITQ’s in the small-boat 
segment effort quota were consistently overfished (Matthiasson and Agnarsson, 2010). Those 
that chose to remain fishing rather than exit the fishery would need to buy enough quota to 
remain profitable, and for larger boats, this would be a larger share of the quota. High 
reciprocity (in the lease markets around 20% of ties was reciprocal) and modularity pointed to 
the importance of personal ties in the quota trade networks. 
 
Fourth, this thesis contributed with the development of a model for the Transitional Gains Trap 
(TGT) and empirical calculations based on the Icelandic ITQ system. In a previous analysis of 
the Icelandic ITQ system the TGT was invoked as an impediment to reallocation of 
grandfathered quota (Kristofersson, 2010): virtually all originally grandfathered quota in the 
main species in the Icelandic system were likely to be in the hands of new incumbents. If the 
government would consider reallocation of these quota many participants in the industry would 
be duped.  
RQ4: What are drivers for quota trade? Paper IV (see Table 3) details a new methodology in 
which originally grandfathered quota are traced over time. Paper IV also presents analyses 
based on a set of assumptions on rent already generated by grandfathered quota; any excess 
profit from gifted profit could have technically been used to acquire new quota, thus many 
quota purchases of older industry participants have in a way been compensated by gains 
from gifted quota. Moreover, if quota were purchased (even if purchased by a new entrant) 
returns from this quota should be considered when calculating TGT. Under a set of realistic 
broad-based assumptions TGT is shown to decline over time in the Icelandic ITQ system, 
which would give policy makers leeway to consider reallocation of grandfathered quota.  
 
Fifth, Icelandic fisheries are likely to be affected by climate change. It would be expected that, 
even in the case of increased productivity in case of warming, Icelandic fisheries will likely be 
affected through the pathway of ocean acidification and warming (Lam et al., 2016).  
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RQ5: How is Iceland’s marine ecosystem likely to be affected by climate change and; what are 
the implications of climate change for the fisheries with most participants? Paper V (see Table 
3) showed that different sensitivities of species for warming and acidification together re-
shaped the Icelandic foodweb under scenarios of global change projected until 2100. 
Generally, the sensitivity of a few predatory fish caused changes in the foodweb by 
decreasing predation and competition. Indirect effects due to climate changes impacts on 
important species have been addressed with other ecosystem models modeling different 
ecosystems around the world (Marshall et al., 2017; Olsen et al., 2018). Catches of the main 
fisheries in Iceland were projected to still be high (confirming findings in (Lam et al., 2016)) 
but catches for Atlantic cod and redfish were lower in scenarios of global change than under a 
baseline scenario with no changes. As the fishery for Icelandic cod is of key socio-economic 
(i.e. the fishery is of socio-economic importance since it has the most companies participating 
in all Icelandic fisheries and the highest landed value) importance in Iceland it is crucial that 
more information becomes available on the species’ sensitivity for ocean acidification.  
 

4.2 Scientific contributions – synthesis of the thesis 
results 
The overarching question guiding the analyses in this thesis was: how do individual 
transferable quota management in fisheries perform across the different domains of 
sustainability? This chapter synthesizes results from the different chapters, focusing on 
ecological sustainability of fisheries management tools (Chapter 4.2.1.; addressing RQ1, RQ2, 
RQ5) and the socio-economic impacts of ITQ’s (Chapter 2.2.2 addressing RQ4), as well as 
trade-offs between the different sustainability domains.  

4.2.1 Ecological sustainability and fisheries management 
regimes (Papers I, II and V)  

As mentioned above in chapter 3, Paper I demonstrated a benefit of individual allocation for 
the health of marine stocks. One explanation for this finding is a decreased race to fish in such 
systems (Birkenbach et al., 2017) and/or better adherence to the stipulated total allowable catch 
(Melnychuk et al., 2012). Another possible explanation could be that individual quota are often 
implemented alongside a discard ban (this has happened for instance in Iceland, but also on the 
west coast of the US). Implementing individual quota alongside a discard ban often results in 
very low quota uptake in mixed fisheries (Mcquaw and Hilborn, 2020; Melnychuk et al., 2012). 
This in itself could explain part of the findings in Paper I and is linked to the study performed 
in Paper II. The low quota uptake in mixed fisheries represents a trade-off: overfishing may be 
limited in such systems, but there is also a large loss in potential catch-value (Mcquaw and 
Hilborn, 2020). In Paper II this potential trade-off is studied in the Icelandic system, which has 
the most elaborate catch-quota balancing system in the world to deal with this trade-off in IQ 
systems. A harvesters mis-match between catch and quota can also be an incentive for (in some 
systems illegal) discarding (Acheson et al., 2015; Sturludottir, 2018). Transferability can 
resolve this difference between catch and quota, and theoretically could reduce incentives for 
illegal discarding. However, transferability has not been positively associated with marine fish 
or invertebrate stock biomass in empirical studies (Melnychuk et al. (2016) found a negative 
association between allowing for either permanent or temporary transferability and marine fish 
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or invertebrate stock biomass). Despite the lack of evidence supporting ecological benefits of 
transferability of quota in IQ systems, transferability may still be very important resolving 
differences between catch and quota, especially in mixed fisheries (Bromley, 2009). However, 
transferability is not always enough to resolve the difference between catch and quota, for 
instance in the presence of a general quota shortage (Holland, 2013) or high frictional costs. 
This is where more elaborate balancing mechanisms come into play which can help balance 
the mis-match between catch and quota and reduce incentives for illegal discarding for 
individual harvesters. Between-year transfers have been shown to be positively associated with 
stock biomass (Melnychuk et al., 2016), possibly caused by such reduced incentives for 
discarding. In Iceland between-species transfers (species transformations) are allowed, which 
have been the cause of overfishing of several stocks in Iceland, albeit not systematically so 
(Woods et al., 2015). Paper II showed that because of the tuning to the local context the 
economic and ecological goals of this fishery are relatively well-balanced. However, Paper II 
did show that the system is likely to carry pervasive incentives and in other systems with less 
constraining factors these could result in persistent overfishing. From a conservation point of 
view, as addressed in Paper II it would be prudent to add an upper limit to species 
transformations in Iceland into particular species. Nonetheless, in Iceland’s mixed fishery 
overfishing is to some extent allowed for economic reasons and whether these catch-quota 
balancing mechanisms actually reduce discarding in individual quota fisheries is not yet 
known. This kind of nuance within a case-study in Paper II is not a part of Paper I, where 
whether balancing mechanisms are in place or not was not recorded for instance, which could 
cause our threshold for overfishing to be crossed (despite being an intentional element of the 
systems design).  
 
In Paper II the central role of Atlantic cod in Iceland’s socio-economic system is addressed; 
due to a prohibition on transforming quota into Atlantic cod (and other factors) ecological risks 
associated to the transformation system are likely reduced. Paper V addresses the central role 
of Atlantic cod in the Icelandic food-web: under scenarios of climate change in which Atlantic 
cod biomass is reduced, biomass of other species is increasing due to reduced predation and 
competition (mainly haddock and capelin). Moreover, future changes in the biomass of 
different species and the re-shaping of the marine ecosystem will have implications for 
important fishery sectors, as well as the usage of balancing mechanisms in the mixed fishery. 
In Paper V harvests levels remain at the current level, under which biomass increases for 
Atlantic cod are projected even if the stock is negatively impacted by climate change.  
 
4.2.2 Socio-economic dimension of ITQ’s: quota markets (papers 
III and IV) 
Papers III and IV studied quota markets in Iceland, one of the longest standing ITQ systems 
globally. While Paper III focusses on the largest market for lease and permanent quota in 
Iceland (the market for cod quota), Paper IV focusses on the 16 most important quota markets 
for permanent quota. Paper III distinguishes between the small-boat segment of the market for 
which quota was introduced more recently, while Paper IV studies both segments together, 
focusing on the total amount of quota traded over time. From Paper IV it’s clear that most trade 
occurs in the first few years of the introduction of ITQ’s, and after a few years there is little 
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difference in the cumulative trade. As the large-boat market was already under quota for several 
years at the start of the study period (ITQ’s were introduced in 1991 while the study period of 
Paper III starts in 2004) confirming the suspicion in Paper III that much of the quota trade had 
already occurred for the large-boat market. The rapid consolidation observed in the small-boat 
segment in Paper III may have had important implications for the fishing communities largely 
relying on landed catch from small-boat sector (Chambers et al., 2017). The small-boat 
segment and demersal fisheries have many more participants and a somewhat more equal 
distribution of quota holdings (Paper III, Paper V, Byrne et al., 2020), while the pelagic 
fisheries are highly concentrated (Byrne et al., 2020). This is reflected in the fact that quota 
trades are frequently occurring in the cod quota market and that TGT is much larger in those 
fisheries. Moreover, trade in recently grandfathered quota is much more limited than trade in 
species that were grandfathered in the early 90’s probably because quota was gifted to already 
more established fishing companies. This gives some food for thought regarding new 
introductions of species in the Icelandic ecosystem due to climate change: if quota is gifted to 
the fishing industry based on for instance harvesting capacity it could be that quota holdings 
and the wealth generated from these is moving even further away from an equitable 
distribution. Despite the large amount of trade observed (in both Paper III and Paper IV), Paper 
IV concludes that the transitional gains trap is not complete and that there would be scope for 
policy reform, especially if there is a credible announcement of this reform in the future. 
However, implications for such reform and impacts on fishing industry and communities would 
need to be carefully considered.  
 
4.3.3 Trade-offs in fisheries management 
Potential trade-offs could arise in different quota management regimes. For instance, allowing 
for transferability could be economically more efficient as the fleet size reduces and fewer and 
more efficient harvesters spend less time harvesting (Merayo et al., 2018). On the other hand, 
quota are allocated only to vessel owners and rapid consolidation of quota (as studied in Paper 
III) may leave others in the fishing community without employment and without windfall from 
allocated quota impacting social dynamics in fishing communities (Chambers et al., 2017). 
Potential trade-offs related to different aspects of quota management regimes are shown in 
Figure 10. This thesis did not indicate a trade-off invoked by allowing for transferability 
between social and ecological goals, simply because transferability did not significantly impact 
marine stock status (Paper I). As addressed before and in Paper I hypothesized mechanisms for 
transferability to benefit the ecological sustainability dimension of fisheries would be, for 
instance 1) allowing better matching between catch and quota or 2) facilitation of monitoring 
with smaller fleet size 3) strength of property rights would be larger in case of allowing 
transferability. However, Paper I (and Melnychuk et al., 2016) found little empirical support 
for these theories. On the other hand Paper I did suggest a link between individual allocation 
and reduced overfishing. Quota trade in the study of Paper IV also took place indirectly 
(through vessel and permit transfers) which could enhance consolidation and a trade-off may 
thus exist between the ecological domain and social domain caused by individual allocation 
(Figure 10. Potential trade-offs between the economic domain and social domain were not 
investigated here (see Figure 10). An example of such a potential trade-off is that transferability 
may enhance the economic performance of fisheries (Arnason, 2012), potentially at the cost of 
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fishing communities and maybe especially so in small-boat ITQ systems (Paper III, Chambers 
and Carothers, 2017). In Paper II a specific trade-off was studied between ecological fisheries 
management goals and economic ones; the fact that catch-quota balancing mechanisms allow 
for a higher quota uptake in mixed fisheries at the cost of allowing overfishing. Paper II shows 
that such trade-offs could be relatively well balanced, if management is tuned to a local context. 
This lesson may apply to a wider array of possible trade-offs associated with fisheries 
management tools.  
 

 
Figure 10: Hypothesized sustainability outcomes, synergies and trade-offs between these arising from 
fisheries management. This figure is adapted from the literature review in Paper I. Yellow circles represent 
hypothetical social outcomes of fisheries management attributes, green circles represent hypothetical 
ecological outcomes of fisheries management attributes, blue circles represent hypothetical economic 
outcome of fisheries management attributes. 

 

4.3 Practical implications – synthesis of the 
thesis results 
Outcomes of the research in this thesis have several practical implications. For instance, almost 
all output systems studied in Paper I outperformed a system based on total effort in reducing 
overfishing. A switch from input management to output management can be costly 
(Beddington et al., 2007) but our research, as well as that of (Melnychuk et al., 2012) indicates 
that it may be worthwhile for the sustainability of the resource in the long run. While our 
research also indicated that individual allocation aided with reducing overfishing, further 
research is needed to study the underlying mechanisms but it’s likely that reduced racing 
behavior plays a role (Birkenbach et al., 2017), allocating quota individually may thus be 
desirable but may depend as well on certain social goals of policy. If harvest rights are 
individually allocated for a longer duration, this could cause issues with allowing for new 
entrants (Copes and Charles, 2004). Experimentation with other methods of allocation, e.g. 
leasing quota from the government or auctioning quota (possibly with different auction markets 
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for different fleet segments) are possible policy options to deal with the new-entrants trade-off 
of individual allocation (Lynham, 2014). Another practical implication from this thesis arises 
from Paper II. As explained above implementing IQ’s in mixed fisheries comes with new issues 
that could reduce possible economic benefits of IQ implementation. Paper II shows that some 
of the trade-offs in this fisheries management dilemma can be balanced if the design of the 
management regime is tailored to the local social-ecological context. Pervasive incentives were 
nonetheless indicated. In addition, Paper II contributes with several practical suggestions on 
how the ecological risks present could be modulated in the Icelandic system: 1) it would be 
better if balancing was done at the company rather than the vessel level 2) ecological risk could 
be reduced by prioritizing between year transfers over species transformations 3) it would be 
prudent to add a limit on transformation into species to protect small-biomass species. Paper 
IV demonstrated with illustrative calculations that TGT can be calculated empirically, and that 
the trap may decrease over time. This potentially increases the political scope for reform of 
grandfathered quota systems. The reshaping of ecosystems and the “winners” and “losers” in 
the ecosystem as a result of climate change (addressed in Paper V) will also have economic 
implications. Especially in combination with the spatial shifts in the distribution of marine 
populations new species will be allocated and old species will be lost to fishers, some aspects 
of these shifts can be addressed by policy proactively, especially in the case of new fishing 
opportunities.  
 

4.4 Limitations and further research 
All papers in this thesis are limited in their scope, and several limitations are important to keep 
in mind when interpreting their results. For Paper I the scope of the study was limited to 
governmental policy, and thus in the classification method the study relied on the legal 
definitions of fisheries management systems. This was at times counter-intuitive for fisheries 
managers/experts. For instance, in some individual quota systems quota are pooled after 
individual allocation, such systems may operate “de facto” like a cooperative but legally quota 
is with the individual company. Moreover, such systems often have an option to “opt out” of 
the coop and fish the quota share in a competitive fishery outside of the IQ system. The same 
classification method was applied to the duration of harvesting rights but also the legal 
definitions of duration may differ from the perceived duration of fishing opportunities based 
on historical precedent. Often fisheries experts would classify harvesting rights as indefinite 
while legislation explicitly states that rights can be revoked. The distinction between our 
classifications of “legal ability” and “indefinite” are however up for debate as even secure 
property rights can be modified if governments change their policies (though usually owners 
can expect compensation in such cases). Paper II was limited by the use of indicators to 
estimate effects of drivers on the usage of balancing mechanisms. For instance, lease prices 
were assumed to be “arm’s length” and to reflect the profitability of a fishery. However, lease 
prices can be impacted by species for which there is a fleetwide quota shortage (so called 
“choke species) (Holland, 2013; Mcquaw and Hilborn, 2020). This is the reason for the design 
of a choke species indicator, but as explained in Paper II both indicators are imperfect and the 
lease price may still be impacted by a gradually increasing quota shortage throughout the 
fishing year. Also our use of a targeting indicator in Paper II is rather simplified and an 
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elaborate analysis of technical interactions in Icelandic fisheries should be undertaken to really 
know which species or species mixes are actively targeted (Katsanevakis et al., 2010). Both 
Paper III and Paper IV are limited in their scope by studying Icelandic fisheries at the level of 
single companies. Individuals may own several companies and companies may own shares in 
other fishing companies (Cooper et al., 2014), if this is the case total holdings of 
companies/individuals may be larger than those estimated in Paper III and Paper IV.  
 
Uncertainties are present in all analyses in this thesis, for instance in Paper I there is a lot of 
variability in the outcome variables across fisheries and confidence intervals in several tests 
are wide compared to the effect sizes that are found. While a wide range of cases was studied 
(more than 400 stocks, over a time period of almost 30 years, although not all of time-series 
were complete), more data-collection on the topic could increase the statistical power of the 
tests and reduce the uncertainty in our results. Paper V should be considered illustrative 
modeling of the Icelandic foodweb under scenarios of climate change. There is very little 
information on possible Ocean Acidification effects on key species in the Icelandic foodweb. 
Paper V highlights several important species for which the future under climate change is 
highly uncertain. Moreover, several broad-based assumptions were made when modeling 
climate change impacts on the Icelandic ecosystem: recruitment and growth were impacted by 
a fixed change in growth or recruitment under ocean acidification scenarios rather than a 
gradual impact of increasing acidity and temperature was increased in one time-step rather than 
progressively increasing over time. Broad assumptions were also made for the forward 
projections in Paper IV especially when rent and windfall profits were estimated, as there are 
no sources for the true price of quota shares in Iceland nor for the profitability of individual 
companies, as stressed in Paper IV these calculations should be considered illustrative for the 
Icelandic system and offer no precise estimate of TGT.  
 
Out of the limitations stipulated above several interesting avenues for further research arise. In 
future research it would be good that an explicit distinction is made between government 
policies and legislation and “de facto” policies and informal management structures that are in 
place. For instance, the category “self-governed-quota-pool” is only one way in which self-
governance could come into play. In future work relating fisheries management interventions 
it would be interesting to record whether e.g. pooling of quota after allocation occurs. The 
combination of legislation and informal management practices are likely to impact the 
conservation of marine populations. Moreover, Paper I only looked at single management 
regimes and attributes on their impact on marine populations, one avenue to expand this 
research would be to look at combinations of management interventions and their impacts on 
marine populations (e.g. combinations of spatial effort and quota (Stefansson and Rosenberg, 
2005)). As explained above Paper II used a very simplified indicator of the ability of fishers to 
target individual species. A much-needed future avenue for that work would be an analysis of 
all technical interactions in the Icelandic demersal fisheries. Such an analysis would record 
which species are likely to be caught with one another, with which gear and in which spatial 
locality (Branch and Hilborn, 2008; Katsanevakis et al., 2010). This work can then also be used 
to parametrize the Icelandic Atlantis model and project forward under climate change. In this 
way, more realistic catch mixes and possible future constraints (e.g. “choke species) can be 
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modeled. As shown in Paper V different species are likely to have different responses to 
warming in the marine ecosystem around Iceland, which will also cause changes in species 
mixes. A possible future issue for the fishery is that this will cause different quota shortages in 
different locations around the country (Dobeson, 2018). Paper V also made clear that research 
on ocean acidification impacts on species in the Icelandic waters is lacking. More experiments 
for ocean acidification on Icelandic key species are needed. The approach in Paper V to select 
species of interest could be used to select important species to focus on in combination with a 
traits-based approach.  
Further research is also needed into the mechanisms behind the findings in Paper I, as well as 
possible alternative explanations. For instance, Birkenbach et al. (2017) demonstrated that 
individual quota slow the race to fish, which could be one pathway through which Individual 
Quota could reduce overfishing. An interesting new research avenue could be to find out if the 
decreased racing in individual quota systems results in reduced quota overages (which have 
been shown to occur less in IQ systems (Melnychuk et al., 2012)) and if this is the underlying 
cause for the reduced occurrence of overfishing in such systems.  

Finally, further research is needed to test if there are trade-offs between social, economic and 
ecological goals across a wide range of fisheries management systems. This thesis provided an 
indication that the hypothesized trade-off caused by ITQ’s between ecological fisheries 
management goals and social fisheries management goals may not exist: no definite proof was 
found for the ecological benefit of implementing tradable quota. However, this thesis has not 
studied consolidation of harvesting rights across a range of fisheries management regimes, 
which would be needed to assess if, for instance systems, with individual allocation are more 
consolidated through the sale of permits with quota attached than systems without such 
individual allocations. If this would be the case a possible trade-off could exist between 
ecological goals and social goals (e.g. fair access to the fishery, distributional consequences of 
individual quota) caused by individual allocation. Previous research has not indicated such a 
trade-off (Asche et al., 2018). Asche et al. (2018) indeed showed synergies between social, 
economic and ecological outcomes of fisheries, which were the strongest in “rights-based 
management” regimes (any system with individual allocation including ITQ’s). This result is 
exactly the contrary of the hypothesized trade-offs that have been associated with ITQ systems, 
regarding social and economic outcomes, and ecological and social outcomes. This dispute in 
the literature is therefore highlighting the need to better understand and empirically 
demonstrate trade-offs and synergies associated with fisheries management systems, however, 
several fundamental questions remain unanswered, such as (i) what are the ecosystem effects, 
(ii) would better indicators of stock health or of other metrics of stock performance change 
these results, (iii) what is the impact of the fisheries management scheme on equity in the 
fishery, and (iv) how do these findings relate to fisheries management systems attributes, 
beyond merely comparing “rights based management” versus open access regimes and 
licensing schemes. (v) how do these trends evolve over time? 
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5. Conclusions 
The analyses in this thesis have addressed several important sustainability implications of the 
implementation of ITQ’s, the overarching question guiding the analyses in this thesis was: how 
do individual transferable quota management in fisheries perform across the different domains 
of sustainability? Research in this thesis has demonstrated that fisheries management regimes 
in which fisheries opportunities are allocated as quota and / or are allocated individually 
experience reduced overfishing compared to controls that do not have these attributes. The 
thesis however found little support for transferability and no support or longer duration and 
their impacts on sustainability of fish stocks. The thesis also showed rapid consolidation in an 
important small-boat fishing sector in Iceland, which may have had negative implications for 
local fishing communities. The fact that longer duration was not associated with positive 
ecological outcomes may give policymakers leeway to design fisheries management systems 
with good ecological outcomes but less severe distributional consequences as past 
implementation of ITQ’s. This will and should be a careful balancing act between economic 
(e.g. increased efficiency, profitability), ecological (e.g. stock health, ecosystem health) and 
social goals (e.g. fair access, equitable distribution of gains, quality jobs) of policymakers.  
In addition, the thesis showed that with an adaptive design ecological and economic goals could 
be balanced in an important mixed fishery in Iceland. Finally, research is beginning to emerge 
that shows that marine species are unequally affected by climate change. In a final chapter the 
thesis shows that under different scenarios of global change a re-shaping of the Icelandic 
foodweb is likely. The re-shaping of the foodweb will likely be to the benefit of some resource 
users and to the loss of others, which requires adaptive policy design in the near future.  
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