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Abstract: 

Globally, the number of marine protected areas (MPAs) is increasing in hopes of addressing 

the declining health of the world’s oceans. One of the leading anthropogenic impacts causing 

this decline is the overfishing of marine species. MPAs impose a spatial restriction, with 

varying levels of protection, and therefore reduce once available fishing grounds. Prior 

fishing efforts in MPAs must either cease to exist or redistribute to new locations. This 

displacement of fishing effort is often raised as an argument against MPA establishment, as 

the movement of fishing effort is widely perceived to simply increase the negative impacts of 

fishing on areas outside MPAs. To investigate the relative importance of displacement of 

fishing effort from MPAs, this study first synthesised the current literature on studies 

examining the effects of fishing effort displacement from MPAs. Overall, 83 studies were 

found that discussed impacts that displaced fishing effort were having on biodiversity, local 

communities, or fishers. The majority of studies (58%) reported no negative impact of 

displaced effort, whereas 12% reported negative impacts arising from displaced effort, and 

this was seen across ecological and socio-economic factors. Some of the negative 

implications of displaced effort were increased costs for fishers, increased bycatch rates, 

impacting livelihoods, and increased degradation of benthic ecosystems. The remaining 

studies found displacement depended on which proposed MPA scenario was implemented. 

Overall, the impacts of displacement of fishing effort varied for each MPA and reinforced the 

concept that each MPA is unique to the environment that it is in. This study also found that 

the impacts of displacement seldom undermined the overall objectives of the MPAs. For the 

future of marine protection, this study shows that for effective management, managers need 

to assess the risks of displacement of fishing effort before MPA implementation. It also 

concluded that for a greater success of MPAs, spatial restrictions should be accompanied by a 

reduction in the overall fishing effort 

The second part of this study investigated how a newly proposed network of MPAs within 

the Hauraki Gulf Marine Park (HGMP), northern New Zealand, may influence fishing effort 

displacement. The Sea Change – Tai Timu Tai Pari marine spatial planning initiative is 

proposing an increase in marine protection within the HGMP from 6.6% protection to 17.6%. 

As the HGMP also supports the largest commercial and recreational snapper Chrysophrys 

auratus fishery within the country, these new MPAs may result in the displacement of this 

fishing effort. Fisheries data was retrieved from the Ministry of Primary Industries, and 

commercial and recreational snapper catches were mapped across the HGMP to see how 
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much catch was coming from the proposed MPAs. Overall, 9.6% of commercial snapper 

catch in 2020/2021 and 9.1% of recreational snapper catch (2017/2018) for the whole HGMP 

was caught within these proposed areas. At a local MPA level, the MPAs proposed for the 

inner HGMP support a higher proportion of the local recreational catch due to extensive 

fishing effort concentrated in these zones and surrounding areas. While this may potentially  

mean a greater effect of displacement on surrounding areas, further research and monitoring 

will be needed to determine any potential effects of this displacement. Importantly whether 

the proposed MPAs will have a net positive or negative impact on snapper populations and 

surrounding fisheries, and how these compare to wider biodiversity and socio-economic 

outcomes. As these MPAs are set to be implemented in 2024, this study helps provide insight 

into the level of displacement. 

Overall, this thesis has discussed that fishing effort displacement from the creation of MPAs, 

can have impacts on wider biodiversity, communities, and fishers, but more generally 

observed is that there are no increasing negative impacts. This study has highlighted though 

that there are gaps within the current knowledge regarding displacement effects on overall net 

populations. Impacts of displacement should be assessed for each new MPA highlighting the 

need for this study’s assessment of potential snapper fishery displacement within the Hauraki 

Gulf. Concluding that the proposed MPAs within the Hauraki Gulf may be used as a case 

study to investigate displacement effects further.   

  



 
 

iv 

 

Acknowledgements: 

 

I would like to extend a massive thank you firstly to all of my friends and family who have 

supported me through my time at university, through undergraduate to here I could not have 

done it without you all.  

To my supervisor Nick, thank you for your support and feedback throughout my postgraduate 

study. I am extremely grateful that we were able to find an awesome project for me to work 

on through this crazy Covid times. Thank you to Darren as well for supporting this work and 

providing access to the fisheries data.  

To Arie and Benn thank you both for your support with ArcGIS and finding the time to help 

me out and answer my questions when you could!!  

To all my uni friends, I really couldn’t have done this without all your support and 

encouragement, especially the late-night messages when we were all staying up to get that 

‘one last’ thing finished. Greta and Rebecca, a massive shout out to you both especially for 

getting me through this last hurdle.  

Mum, Dad, Nathan and Hadleigh thanks for putting up with me at my worst, and encouraging 

me to just keep on keeping on, and providing me with dinners, love and someone to vent too. 

To my lovely flat, apologies for all the late nights study in the lounge and the grumpy 

mornings, but I really appreciate all the kind words of support, Harriet for your proof-reading 

and coffees you provided me.   



 
 

v 

 

TABLE OF CONTENTS 

ABSTRACT…………………………………………………………………………………  ii 

ACKNOWLEDGEMENTS…………………………………………………………………iv 

TABLE OF CONTENTS…………………………………………………………………… v 

LIST OF FIGURES………………………………………………………………………..viii 

LIST OF TABLES…………………………………………………………………………. ix 

CHAPTER ONE: General Introduction……………………………………………………1 

1.1. Global overview…………………………………………………………………..1 

1.2. Marine Protected Areas…………………………………………………………...1 

1.3. Displacement …………………………………………………………..................2 

1.4. Fisher behaviour…………………………………………………………..............3 

1.5. Background on New Zealand Ocean state………………………………………..4 

1.6. Current New Zealand marine protection and management……………………….5 

1.7. Fishing within New Zealand……………………………………………………...6 

1.8. Species studied in New Zealand marine reserves ………………………………..7 

1.9. Future of marine protection within the Hauraki Gulf – Tikapa Moana…………..7 

1.10. Thesis Overview……………………………………………………………...11 

CHAPTER TWO: Does displaced effort from MPA implementation have negative 

impacts on biodiversity, fisheries, or communities? ……………………………………..12 

 2.1 INTRODUCTION………………………………………………………………12 

2.1.1 Overview of displacement……………………………………………...12 

2.1.2 Influencing factors……………………………………………………...12 

2.1.3 Types of fishers and fishing methods…………………………………..14 

2.14 Decision making of fishers……………………………………………...15 

2.1.5 Other factors influenced by displaced effort…………………………...15  

 2.2 METHODS……………………………………………………………………...16 

 2.3 RESULTS………………………………………………………………………..19 

2.3.1 Overview ………………………………………………………………19 

2.3.2 Displaced fishing impacts……………………………………………...20    

2.3.3 Displaced effort and MPA objectives………………………………….25 

 2.4 DISCUSSION  

  2.4.1 Overview……………………………………………………………..28 

  2.4.2 Ecological effects ……………………………………………………28 



 
 

vi 

 

  2.4.3 Socio-economic effects…………………………………………….…32 

  2.4.4 Spatial distributions…………………………………………………...35 

  2.4.5 Do displacement effects outweigh positive impacts of MPAs?............37 

  2.4.6 Future management incorporating displacement effects………………38 

  2.4.6 Conclusions……………………………………………………………39 

 

CHAPTER THREE: Analysis of potential displacement of commercial and recreational 

fishing due to proposed marine protection in the Hauraki Gulf Marine Park…………41

  

3.1 INTRODUCTION ………………………………………………………….......41 

3.1.1 Summary of Marine Protected Areas in New Zealand context…….......41 

3.1.2 Background on Hauraki Gulf Marine Park……………………….……42 

3.1.3 Fisheries within the Hauraki Gulf Marine Park……………………......43 

3.1.4 Current protection within the Hauraki Gulf Marine Park……………...44 

3.1.5 Sea Change – Tai Timu Tai Pari………………………………….……44 

3.1.6 Potential of displacement in Hauraki Gulf Marine Park…………….…46 

 3.2 METHODS………………………………………………………………….…..46 

3.2.1 Study site…………………………………………………………….....46 

            3.2.2 Snapper landing history, data, and analysis…………………………....46 

 3.3 RESULTS………………………………………………………………………..49 

3.3.3 Overview…………………………………………………………….....49 

3.3.2 Commercial fishing events ………………………………………….....51 

3.3.3 Recreational fishing events………………………………………….…56 

 3.4 DISCUSSION…………………………………………………………………...61 

  3.4.1 Overview of displacement for HGMP………………………………....61 

  3.4.2 Assessing displacement at local level……………………………….…63 

  3.4.3 Potential impacts of displacement in HGMP…………………………..65 

  3.4.4 Assessing effectiveness of HPAs & SPAs for snapper populations…...66 

  3.4.5 Benefits of marine reserves within the HGMP………………………...67 

3.4.6 Limitations……………………………………………………………..69 

  3.4.7 Future directions……………………………………………………….70 

  3.4.8 Conclusion……………………………………………………………..70 



 
 

vii 

 

CHAPTER FOUR: General conclusion………………………………………………….. 72 

  4.1 Overall summary and future directions……………………………..……72 

REFERENCES ……………………………………………………………………………..74 

APPENDICES………………………………………………………………………………85 

 Appendix A: Supplementary data for Chapter 2……………………………………..85 

Appendix B: Individual maps of proposed protection areas with commercial and 

recreational snapper fishery data…………………………………...98 

  



 
 

viii 

 

LIST OF FIGURES: 

Figure 1: Proposed new marine protection areas in Hauraki Gulf ………………………….10 

Figure 2: World map showing global distribution of displacement studies ………………...19 

Figure 3: Number of studies that reported negative effects from displaced fishing effort…..21 

Figure 4: Number of studies or reserves for (A) length of closure, (B) type of fisher, (C) 

species type, (D) method of fishing …………………………………………………………24 

Figure 5. Number of MPAs examined in fisheries displacement studies by (A) size of closure 

area and (B) level of restriction………………………………………………………………25 

Figure 6: Did displacement undermine MPA objective ……………………………………..26 

Figure 7: Total commercial and recreational fishing snapper catch (T) data for within each 

proposed HPA and SPA. (A) Commercial fishing data from 2020-2021 categorised by fishing 

method. (B) Recreational data from survey year 2017-2018 categorised by boat type……...49 

Figure 8: Map of commercial fishing events in the Hauraki Gulf 2020 - 2021……………...52 

Figure 9: Map of commercial fishing events in the Hauraki Gulf with included 10km buffer 

zones around MPAs………………………………………………………………………….53 

Figure 10:  Map of recreational fishing events in the Hauraki Gulf from 2017-2018 survey 

year …………………………………………………………………………………………..57 

Figure: 11: Map of recreational fishing events in the Hauraki Gulf from 2017-2018 survey 

year with included HPA 10km buffer zones…………………………………………………58 

Figure A1: Aldermen Islands………………………………………………………………...98 

Figure A2: Cape Colville…………………………………………………………………….99 

Figure A3: Craddock Channel………………………………………………………………100 

Figure A4: CROP…………………………………………………………………………...101 

Figure A5: Kawau Bay……………………………………………………………………...102 

Figure A6: Mokohinau Islands……………………………………………………………...103 

Figure A7: Motukawao……………………………………………………………………..104 

Figure A8: Noises…………………………………………………………………………..105 

Figure A9: Rangitoto-Motutapu Islands……………………………………………………106 

Figure A10: Rotoroa Island ………………………………………………………………..107 

Figure A11: Te-Hauturu-o-Toi……………………………………………………………..108 

Figure A12: Slipper Island ………………………………………………………………....109 

Figure A13: Tiritiri Matangi………………………………………………………………..110 

Figure A14: Whanganui-a-Hei…………………………………………………………….. 111 



 
 

ix 

 

 LIST OF TABLES: 

Table 1: Does displaced fishing effort have negative impacts on surrounding environment..22 

Table 2. Does displaced fishing effort (DFE) undermined the objectives of MPAs…………27 

Table 3: Commercial fishing method codes used within New Zealand……………………...46 

Table 4: Commercial fishing events and snapper (T) from proposed protection 

areas…………………………………………………………………………………………..54 

Table 5: Recreational fishing events and snapper (T) from proposed protection 

areas………………………………………………………………………………………….59 

Table A1: Supplementary data for Chapter 2………………………………………………..84 

 



 
 

1 

 

Chapter 1: General Introduction 

1.1 Global overview  

Globally, the health of marine ecosystems has shown negative trends due to the implication 

of human activities and over-exploitation of marine resources (O’Leary et al., 2016). No 

ocean area is now considered untouched by humans (Caselle et al., 2015), and it is estimated 

that 600 million livelihoods globally depend on marine resources (FAO, 2022). The State of 

World Fisheries and Aquaculture report  by FAO (2022) reports that in 2020 the global 

fisheries catch was 90.3 million tonnes. There was a decrease in the number of stocks caught 

at a sustainable level for this global fishery catch, reducing to 64.6% from 1990. Only 7.2% 

of the total number of stocks are still considered underfished (FAO, 2022). 

These numbers illustrate a frightening image that current management strategies are failing to 

protect marine species due to continued overfishing and exploitation (Stelzenmuller et al., 

2013). This decline, is also encompassed by the increasing reliance on seafood as a human 

protein source, signifying the importance of ensuring stocks are well managed and protected 

(Rassweiler et al., 2011). To address these issues regarding marine and fishery health, large 

international treaties, such as the Convention of Biological Diversity (CBD), have created 

global targets, the Aichi Targets, to conserve biodiversity. The latest target set at the 

convention held in 2020 was to have 30% of land and sea protected by 2030, with at least 

10% of this under strict protection standards (Convention of Biodiversity, 2020). These 

global conventions then set a precedent for countries that are signatories to attain these 

conservation goals and increase their protection areas nationally (Wood et al., 2008). 

1.2 Marine Protected Areas 

One current strategy to address declining ocean health is to increase the number and area of 

marine protected areas (MPAs) (Kriegl et al., 2021). MPAs have been described as one of the 

most powerful tools available to address the current state of over-exploitation in the oceans 

(Agardy et al., 2011) due to potentially increasing fishery yields and protecting biodiversity 

(Lynch, 2006). This expansion of MPAs for marine conservation is supported by empirical 

evidence that shows positive benefits for species within the MPA boundaries, with species 

showing increases in size, fecundity, and abundance (Halpern & Warner, 2002; Roberts et al., 

2001; Pauly et al., 2002). 
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MPAs can vary significantly in their regulations and the activities they permit within their 

boundaries, which can impact their conservation application (Lester et al., 2009). For this 

thesis, no take MPAs will refer to closures that completely prohibit all extractive fishing 

activities (Giakoumi et al., 2017), fisheries restricted areas (FRAs) refer to areas that have 

prohibited certain fishing practices (Petza et al., 2019), and multi-use MPAs refer to closures 

that are zoned to allow different activities in each zone (Rife et al., 2013). Out of these 

different types of MPAs, no-take MPAs have proven to be the most effective at restoring 

biodiversity and achieving conservation targets (Giakoumi et al., 2017; Rees et al., 2021). 

The level of protection for each MPA will be relative to the objectives of the select reserve, 

influencing the management strategy applied. Examples of MPA goals may be the protection 

of spawning grounds, protection of vulnerable species or habitats, enhancing biodiversity, 

enhancing fisheries, or creating a network of protected areas (Sen, 2010). An issue with the 

term MPA globally is that it can be applied loosely and does not necessarily mean effective 

management or protection (Rovelllini & Shaffer, 2020). MPAs that are not designed 

effectively may not address social and economic factors that can impact the goals of the 

reserves. This may result in low compliance from users, and if there is poor governance or no 

enforcement of protection measures, some MPAs risk becoming perceived as ‘paper parks.’ 

These MPAs will, therefore, not be achieving designated objectives, and although there is an 

increase in marine protection on paper, biodiversity is still at risk (Pieraccini et al., 2017). 

As outlined above, no-take MPAs have proven benefits to ecosystems and species within 

their boundaries. However, MPAs are often advocated to enhance fisheries by providing 

spillover of adults and larvae to the surrounding fishery. This projected spillover has been 

used by conservation managers as leverage for MPA implementation to address the potential 

loss of fishing grounds (Buxton et al., 2014). Therefore, to counteract the losses of catch, the 

spillover of individuals across reserve boundaries must exceed prior harvest (Kellner et al., 

2007). Spillover from MPAs has been observed empirically (McClanahan & Mangi, 2000; 

Goni et al., 2010; Forcada et al., 2010), but its ability to support fisheries management is still 

contested (Buxton et al., 2014; Jones, 2009).  

1.3 Displacement 

To achieve their stated goals MPAs typically impose restrictions on activities, such as 

fishing, that once occurred in these locations. Therefore, these fishing activities must either 
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cease or redistribute to a location outside the MPA (Sen, 2010). Hence, an important factor to 

consider when designing a new MPA is whether it adequately addresses any fishing effort 

displacement that may occur (Guenther et al., 2015). Understanding fishers' behavior in 

response to a closure area is a key component of whether MPAs will effectively achieve their 

objectives (Rees et al., 2021). For this study, we will use the definition of fishing effort 

displacement from Vaughan (2017), which is as follows: 

"The changes in fishing pattern and/or fishing behaviour that occurs in response to a new 

spatially-explicit intervention and these changes in the fishing pattern represent the temporal 

and spatial changes in fishing activity". 

From this definition, spatially explicit interventions refer to any form of spatial restriction 

that inhibits or prevents any extractive activity (Vaughan, 2017), such as the different types 

of MPAs mentioned prior. 

This redistribution of fishing effort can potentially have a range of impacts on socio-

economic, ecological, and cultural factors for fishers and the marine environment. MPAs 

need to be planned adequately to address any potential risks of effort redistribution and assess 

where this effort may be displaced too (Agardy et al., 2011). The impacts of displaced effort 

will differ for each MPA, as they are situation based and will depend on what fishing 

pressure, species, and habitats are present (Jennings, 2009). The size, level of restriction, and 

accessibility of the MPA can also affect the amount of displaced fishing effort (Sultan et al., 

2020; Rees et al., 2021). There is therefore an increasing need to understand more globally 

how displacement is affecting the marine environment. Particularly what kinds of impacts 

this displacement is causing, with increased clarity around under what conditions or 

circumstances they are a problem.  

1.4 Fisher behaviour 

The behaviour of the fishers regarding closure areas will influence the amount of 

displacement occurring (Horta e Costa et al., 2013). Holland and Sutinen (2000) discuss for 

New England trawl fisheries that vessel skippers' decision on fishing location choice was 

multi-levelled and usually decided before departing. The choice of location is influenced by 

factors such as previous knowledge/history, weather, profit, species targeted, and other 

vessels. Theoretically and empirically, studies have shown that fishers' choices are not 
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random and are influenced by habit and tradition (Sultan et al., 2020; Holland & Sutinen, 

2000; Abernethy et al., 2007) 

Hillborn (1985) discusses how fleet dynamics are highly significant to understanding how 

fishers interact with their surrounding environment. One of the key points he raises for 

understanding fleet dynamics is the effort allocation of fishers. More precisely when they 

fish, what they are fishing for, and where they are fishing. To simplify this, modeling of 

fishers' decision-making has shown that fishers aim to maximise profits or catch per boat at 

lower risks or access the highest catch at the lowest cost. They also hold a bias to stay within 

the same fishery and will only change if it appears the rewards hold a much high incentive 

(Bockstael & Opaluch, 1986). The ideal free distribution (IFD; Fretwell & Lucas, 1970) 

theory from behaviour ecology has also been used to investigate the spatial patterns of fishers 

foraging behaviour (Gillis, 2003; Poos et al., 2010; Gillis et al., 2012). The simplification of 

the IFD is that it suggests that the proportion of effort in an area will be relatively equal to the 

amount of catch in the same location (Gillis et al., 2012). Therefore, fishers distribute more 

according to resource availability than other social factors (Wallace et al., 2016). 

One pattern that has been observed in response to MPAs is fishing effort aggregating on the 

edge of reserves. This has been attributed to the abovementioned theory of spillover from 

MPAs, and fishers perceive higher rewards from fishing here (Kellner et al., 2007). This 

increased effort on the edge of the reserve may influence the benefits the MPA can provide to 

the surrounding ecosystem, so it is important to assess whether this will occur (Buxton et al., 

2014).  

Overall, it is of importance to understand how MPAs may influence fishers and how they 

redistribute themselves after the closure implementation. This change in spatial patterns may 

be then used to identify if the redistribution will have negative implications on wider factors.   

1.5 Background on New Zealand Ocean state: 

New Zealand is in the South Pacific Ocean and is recognised globally for having a large 

ocean domain. The Exclusive Economic Zone (EEZ) around New Zealand is the 5th largest 

in the world, with its managed ocean covering an area 16 times greater than its land mass 

(Gordon et al., 2010). This marine realm has significant ecological, economic, social, and 

cultural value (McGinnis, 2012). Due to its geographical isolation, many species across 

different taxonomic groups are found only within New Zealand waters, throughout various 
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habitats (Gordon et al., 2010). The commercial seafood trade is one of New Zealand's most 

significant exports and is worth around $3.5 billion to the economy (McGinnis, 2012). 

Recreationally, coastal environments are critical to people's livelihoods, and it is estimated 

that 3.5 million of the country's population visit the beach each year (Egan et al., 2022). 

Unfortunately, the health of this marine environment is now being threatened by numerous 

anthropogenic factors such as sedimentation, climate change, invasive species, fishing, and 

habitat loss (Gordon et al., 2010).   

1.6 Current New Zealand marine protection and management 

New Zealand has been considered a global pioneer for marine conservation with the creation 

of the Marine Reserves Act in 1971. This world leading example was followed by the first 

marine reserve in 1975 at Cape Rodney to Okarei Point (CROP), being recognised as one of 

the first in the world (Davies et al., 2018). The primary focus of the Marine Reserves Act 

(1971) was to provide untouched marine habitats for scientific research. However, it also 

acknowledges the role they can play in the protection of biodiversity (Edgar et al., 2017). To 

this day, the Marine Reserves Act (1971) has continued to be utilised and remains largely 

unchanged from its implementation (Davies et al., 2018). With mentioned global treaties such 

as the CBD and targets set for 30% protection by 2030, New Zealand is one of the 196 

countries that have pledged to achieve these targets (Rovellini & Shaffer, 2020). The latest 

New Zealand biodiversity strategy – Te Mana o te Taiao, was evaluated post-2020 CBD 

convention and has set new national targets for 2020 until 2050. One of the goals from this 

strategy set for 2035 is that New Zealand will have: 

"An effective network of marine protected areas and other tools, including marine and 

coastal ecosystems of high biodiversity value, is established and meets the agreed protection 

standard" (Department of Conservation, 2022). 

This goal highlights that New Zealand's management plan aims to achieve a high marine 

protection standard, but it does not quantify how much marine area will be under strict 

protection. From the first New Zealand Biodiversity Strategy (2000), the Marine Protected 

Area Policy (2005) was developed. This policy was created to support creating a network of 

MPAs within New Zealand, which were designed to protect and enhance biodiversity (Davies 

et al., 2018). The original goal of this MPA policy plan (2005) was to protect 10% of New 
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Zealand's waters by 2010, which has since been revised due to new global targets, as 

mentioned. Within this policy plan, an MPA in New Zealand management is defined as: 

           "An area of the marine environment especially dedicated to, or achieving, 

through adequate protection, the maintenance and/or recovery of biological diversity at the 

habitat and ecosystem level in a healthy functioning state." (Department of Conservation, 

2005). 

From this MPA policy, they define two main categories of MPAs used in New Zealand, 

which are known as Type 1 and Type 2. Type 1 MPAs are classified as no-take marine 

reserves, and Type 2 MPAs are other protected areas that reach a protection standard (Davies 

et al., 2018). At a minimum level of protection, Type 2 MPAs must prevent fishing methods 

that damage the seafloor, i.e., trawling and dredging. Within New Zealand's territorial sea, 

9.8% of Type 1 MPAs reach the international standard, but 96.5% of this is surrounding 

offshore islands such as the Kermadec Islands and the Subantarctic Islands. Currently, within 

the coastal zone of New Zealand, there are 44 Type 1 MPAs, which make up only 0.4% of 

the total protected area (Department of Conservation, 2019), which signifies New Zealand is 

not close to reaching set biodiversity targets.  

There are also other forms of marine protection within New Zealand water. 0.7% of coastal 

areas are Marine Mammal Sanctuaries, and 27.4% of the coastal area is protected from 

impacts of fishing methods that damage the benthos (Department of Conservation, 2019). 

There are also customary closures within New Zealand, such as taiāpure or mātaitai, set 

within the Fisheries (Kaimoana Customary Fishing) Regulations Act (1998) 

1.7. Fishing within New Zealand 

New Zealand has an extensive commercial and recreational fishing industry (Fisheries New 

Zealand, 2021). A New Zealand Marine Research Foundation (2016) report estimates that 

recreational fishing generates $1.7 billion in economic activity and is ranked nationally as the 5th 

most popular recreational activity. Recreational fishing catches in New Zealand are primarily 

managed with spatial restrictions, size, and catch limits (Fisheries New Zealand, 2021). 

Commercial fish stocks are managed in New Zealand under The Fisheries Act (1996), with 642 

of these stocks being controlled by the Quota Management System (QMS), which was 

implemented in 1986. The health of each stock is broken down into four performance measures: 
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the hard limit, the soft limit, the management target, and the overfishing threshold. Stocks are 

considered at less risk if they are fished to a level sufficiently above the soft limit. Fish stocks 

that are fished at their hard limit are considered “collapsed,” and fisheries closures may be 

required (Fisheries New Zealand, 2022). The Status of New Zealand’s Fisheries report (2022) 

reported that for 2021 15.1% of the stocks considered in the report were below their soft limit, 

and 4.8% were below their hard limit. This indicates that some stocks within New Zealand are 

not currently being managed effectively and overfishing in these instances is occurring. For the 

remainder of the stocks considered, 74.3% were above their management target levels (Fisheries 

New Zealand, 2022). 

1.8 Species studied within New Zealand marine reserves: 

Studies on species within New Zealand’s waters have shown positive outcomes due to marine 

protection across a range of taxonomic groups such as benthic species (Mello et al., 2020), kelp 

(Edgar et al., 2017), fish (Babcock et al., 2010) and invertebrates (Davidson et al., 2002). 

One species that has been extensively studied regarding marine protection in New Zealand is 

snapper – tāmure (Pagrus auratus). They have empirically shown benefits from protection, with 

studies showing increases in size, fecundity, and abundance of snapper from within reserves 

(Babcock et al., 2010; Edgar et al., 2017; Denny et al., 2004). These populations within MPAs 

have also shown significant larvae contribution to the surrounding fished populations (Le Port et 

al., 2017). Protection of snapper and other predatory species within MPAs has also been 

attributed to causing indirect trophic effects. With the abundance and size of snapper increasing 

inside reserves, there becomes greater predation on invertebrates such as the sea urchin – kina 

(Evechinus chloroticus). This increases the abundance of flora species, such as kelp (Ecklonia 

radiata), due to reducing herbivory impacts (Babcock et al., 2010). 

Snapper is both a commercially and recreationally important fishery for New Zealand (Parsons et 

al., 2009). Nationally, it is the largest recreational fishery, particularly off the northeastern coast 

of the North Island. Commercially, snapper is managed within the QMS and there are six 

different snapper stocks managed across the country. The largest Total Allowable Commercial 

Catch (TACC) is assigned to the stock SNA1, which is located off the northeastern coast of the 

North Island (Fisheries New Zealand, 2021). Due to this highlighted trophic and economic 

importance, understanding how snapper and snapper fishers respond to marine protection 

measures is of interest. 
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1.9 Future of marine protection within the Hauraki Gulf – Tīkapa Moana  

The Hauraki Gulf – Tīkapa Moana is a body of water located in the northwest of New Zealand on 

the edge of Auckland – Tāmaki Makarau, the largest urban centre within the country (Aguirre et 

al., 2016). The Hauraki Gulf has significant ecological, cultural, social, and economic values that 

need to be managed effectively (Pinkerton et al., 2015). The overall health of the Hauraki Gulf 

has been showing signs of decline through anthropogenic impacts such as overfishing, 

sedimentation, invasive species, pollution, and urbanisation (Peart, 2019) 

The Hauraki Gulf was made into a marine park in 2000 under the Hauraki Gulf Marine Park Act 

(2000). The Hauraki Gulf Marine Park (hereafter HGMP) covers 14,000km2 of highly productive 

and diverse ocean ecosystems, from the inner Gulf to deeper water on the edge of the continental 

shelf (Department of Conservation & Fisheries New Zealand, 2021b). The purpose of the HGMP 

Act (2000) is to ensure integrated management of the resources within the HGMP and recognise 

the historical and cultural importance of the area to tangata whenua. The HGMP Act (2000) does 

not limit any activities within the HGMP, but it established the Hauraki Gulf Forum to address 

concerns and create a plan of action for issues affecting the HGMP (Peart, 2019). Currently, 

within the HGMP, there are six marine reserves and four cable protection zones. These protect 

6.58% of the marine ecosystem, but only 0.3% is under strict no-take protection (Department of 

Conservation & Ministry of Fisheries, 2021b). There are also restrictions on where trawling and 

Danish seining can be used commercially within the HGMP (Kelly et al., 2014).  

In 2013 the Sea Change - Tai Timu Tai Pari, Marine Spatial Planning (MSP) process was 

initiated for the HGMP, funded by the Government and in partnership with iwi/hapū. There was 

increasing pressure to implement a cohesive plan for the HGMP due to the increasing decline in 

the health of the ecosystems in reports presented by the Hauraki Gulf Forum. This was the first 

utilization of MSP within New Zealand marine management. The original Sea Change plan was 

completed at the end of 2016 and then put forward to the central Government, outlining the key 

elements that need to be addressed (Peart, 2019). 

In association with the Department of Conservation, the Ministry of Primary Industries and 

Fisheries New Zealand, the central Government responded in 2021 with their ‘Revitalising the 

Gulf’ strategy plan for the HGMP. The Government plan outlines eight key elements that will be 

utilised to address the declining health of the HGMP. These elements will be implemented over a 

varying timescale, from immediately to staggered over the next three years. One of these key 
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elements is increasing the current marine protection within the HGMP. This will be acted upon 

by adding 11 new High Protection Areas (HPAs), 5 new Seafloor Protection Areas (SPAs), and 

extensions 2 of the current marine reserves within the HGMP. A community-led HPA has also 

been proposed for the Noises, which for the remainder of this study, will be included as one of 

the HPAs (Department of Conservation & Fisheries New Zealand, 2021a) (Figure 1 & Appendix 

B).  Overall, 19 new protection areas were the confirmed areas put forward in the final 

Revitalising the Gulf proposal document by the Government to the public and stakeholders for 

consultation (Department of Conservation, 2022). 

Concerning New Zealand’s MPA policy (2005), these new HPA areas will fall under Type 1 

MPA status as they prohibit extractive activity within their boundaries to protect and enhance 

biodiversity. Some provisions will be made to allow customary practices to continue within HPA 

boundaries. The SPA areas fall under Type 2 MPA status, as they protect the benthic 

environment while allowing compatible activities. The addition of these new closure areas will 

increase the protection within the HGMP to 17.6% (Department of Conservation & Fisheries 

New Zealand, 2021a).  

As discussed, MPAs have been shown to support biodiversity (Halpern & Warner, 2002; Roberts 

et al., 2001; Pauly et al., 2002), but their introduction can result in the exclusion of people who 

once accessed and utilised these areas (Sen, 2010; Guenther et al., 2015). Therefore, with the 

introduction of these new protected areas for the HGMP and the mentioned significance of this 

area for commercial and recreational fishers (Fisheries New Zealand, 2021), it is vital to assess 

the potential of fishing effort that may become displaced (Agardy et al., 2011). 
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Figure 1. Map of the Hauraki Gulf Marine Park (HGMP) with proposed protection areas. Shaded blue indicated the 

outline of the HGMP, green lines indicate new High Protection Areas and reserve extensions, and orange lines 

indicate new Seafloor Protection Areas. 
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1.10 Thesis Overview:  

Due to the discussed expansion of MPAs globally (Kriegl et al., 2021), it is important to 

better understand how fishers respond to these spatial restrictions imposed on their fishing 

grounds and investigate what implications this may have for the wider environment. This 

study will look to synthesise the current literature available to compile evidence of the 

reported fishing effort that has been displaced due to MPAs, and whether impacts from this 

displacement have been recorded. As the health of the world’s oceans continues to decline 

(O’Leary et al., 2016), and as MPAs are currently the primary method of marine protection 

(Agardy et al., 2011), it’s of vital importance to understand whether they are inflicting 

adverse effects on to other areas and if so to what degree are these effects may be offset by 

benefits of MPAs.  

Chapter 2 – will summarise the current literature regarding fishing effort displacement and 

report what impacts this may have on the wider ecosystems, communities, or fishers. This 

information can then be used to assess if factors influence more significant impacts of 

displaced fishing efforts from MPA implementation.  

Chapter 3 – provides a case study of the HGMP and how the Government proposed marine 

protected areas will influence commercial and recreational snapper fishers. Due to the 

discussed economic and social importance of the snapper fishery (Fisheries New Zealand, 

2021), it is crucial to understand where and how much displaced fishing effort may occur 

within the HGMP.  This understanding of the amount of displacement that may occur will 

enable managers to assess whether further management is required.  

Chapter 4 – provides a general conclusion to the information collated within this thesis, and 

the application of this data for future studies.  
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Chapter 2: Does displaced effort from MPA implementation have negative 

impacts on biodiversity, fisheries, or communities?  

2.1 Introduction 

2.1.1 Overview of displacement  

With the continued expansion of the use of marine protected areas (MPAs) as tools to achieve 

global conservation goals (Sala et al., 2016), it is of increasing importance to understand how 

fishers will respond to closure areas (Pita et al., 2020). MPAs impose a spatial limitation on 

fishers and where they can continue to access marine resources (Vaughan, 2017). Unless the 

activity that once occurred within this space ceases to exist, the effort will become 

redistributed in the remaining open space (Sen, 2010). This movement of individuals has 

been referred to as displacement (Vaughan, 2017). As mentioned in chapter 1, the definition 

of displacement that will be utilised for this report is from Vaughan (2017). In summary this 

definition, refers to the spatial changes in fisher behaviour concerning a closed area.  

 

To promote the use of MPAs for fisheries management and address displaced effort, one 

commonly discussed benefit is the spillover of individuals from the MPA to the surrounding 

fishery (Buxton et al., 2014; Goni et al., 2010). There can also be increased recruitment levels 

from larvae and eggs from adults within the reserve to the surrounding fishery (Le Port et al., 

2017; Harrison et al., 2012). Therefore, to counteract the losses of catch due to displaced 

effort, the spillover or recruitment of individuals across reserve boundaries must exceed the 

prior harvest level (Kellner et al., 2007) to balance the net impact of MPAs (Buxton et al., 

2006). Fishers still debate whether this spillover will adequately support displaced fisheries 

(Buxton et al., 2014, Jones, 2008). 

 

2.1.2 Influencing factors  

Factors such as size, and level of protection of individual MPAs will affect how much effort 

will become displaced once implemented (Buxton et al., 2006; Albers et al., 2020; Giakoumi 

et al., 2017). Objectives of MPAs can have significant variability in what they are trying to 

achieve. Examples of these are: to protect spawning grounds, protection of vulnerable species 

or habitats, enhance biodiversity, enhance fisheries or create a network of protected areas 

(Sen, 2010). Albers et al. (2020) found that when investigating the optimal site, size, and 

enforcement of new MPAs, the objective of the MPA varied the results. Conservation 
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priorities led to larger and more enforced MPAs, whereas economic priorities regarding 

fishing activity resulted in more multi-use and less enforced MPAs. Therefore, if the 

objective of the MPA is derived from a conservation background, managers may not be as 

concerned with the displacement of fishers from within that area. Alternatively, suppose the 

MPA is constructed from an economic standpoint. In that case, managers will not want to 

displace fishing activity and lose catch and revenue, so MPAs will not be as large or enforced 

(Albers et al., 2020).  

Edgar et al. (2014) discusses that one of the five key components of a more successful MPA 

is that the size is larger than 100km2; larger MPAs may influence the greater redistribution of 

fishing effort (Gardner et al., 2002; Mascia et al., 2010). Larger MPAs, which close off more 

areas from extractive activities, will influence more significant displacement if placed in a 

highly productive fishing area (Albers et al., 2020). In comparison, small reserves can have a 

proportionally small impact on the amount of redistributed fishing effort (Gardner et al., 

2002). However, they may impact local small-scale fisheries with limited means to displace 

effort (Stevenson et al., 2013).  

Studies have also shown that the most effective MPAs for conservation purposes are well 

enforced and older ones (Edgar et al., 2014), but some closure areas are enforced to protect 

stock at certain times of the year. This may be to protect vulnerable species in their spawning 

months (Horwood et al., 1998; Rjinsdorp et al., 2001; Keith et al., 2020) or to prohibit some 

fishing practices to protect migrating stocks (Cole et al., 2021). This will influence 

displacement more temporally and allow fishing effort to return once the closure has lifted 

(Horwood et al., 1998; Rjinsdorp et al., 2001). Regarding the level of protection, historically, 

no-take MPAs have proven the most effective in restoring biodiversity compared to partial 

protections (Giakoumi et al., 2017). This level of enforcement will directly impact the 

amount of effort that will become displaced, with fewer restrictions in partially protected 

zones (Rees et al., 2021).  

MPAs have been reported to have increased benefits for species with lower mobility and high 

site fidelity (Gilman et al., 2019). However, there is more scepticism towards MPAs' benefits 

for pelagic species (Game et al., 2010). Species with high site fidelity will also have a finite 

number of habitats they can occupy. If MPAs protect a number of these sites, this would 

predict that the displaced fishing effort would redistribute to the only remaining open 

populations (Van Wynsberge et al., 2013). For mobile pelagic species, displacement of effort 



 
 

14 

 

may be able to expand to greater regions within the species' home range and may provide 

more complex to predict the redistribution (Gilman et al., 2019).  

2.1.3 Types of fishers and fishing methods  

Globally, many stakeholders utilise the ocean for their livelihoods, ranging from large 

commercial enterprises to sustenance fishers (FAO, 2022). Commercial fishing operations 

worldwide are predicted to be worth around $80 billion and directly employ over 40 million 

people (Kriegl et al., 2021). Commercial fisheries have been studied significantly within the 

literature and have been found to overexploit fish stocks and damage ecosystems (Worm & 

Myers, 2004, Duplisea et al., 2002). There is a diverse range of methods and species targeted 

by commercial fishers, from static trapping devices to motor-powered pelagic trawls 

(Chuenpagdee et al., 2003). Due to advances in technology and policy changes, data from 

commercial fishing vessels have become more accessible. Commercial fishing vessels in 

several countries now must be equipped with logbooks and vessel monitoring systems 

(VMS). These allow for data such as position, speed, catch landing quantities, and gear types 

to be reported and monitored (Russo et al., 2011; Witt & Godley, 2007; Lee et al., 2010). 

This data gives managers greater understanding and control over current commercial fishing 

operations (Lee et al., 2010).  

In comparison, artisanal fisheries, who are referred to as smaller in nature, are crucial to 

supplying employment and food for large populations, particularly in the developing world 

(Johnson et al., 2013). Artisanal fishers utilise a large variety of gear to target a wide range of 

species (Stelzenmuller et al., 2008). The fishing gear used depends on the fishers' social 

setting and economic status. There is still traditional gear utilised in many areas, whereas in 

more affluent areas, more modern technology is available. Although artisanal fishers are 

thought to have a lesser environmental impact than commercial fishers, there is still over-

exploitation within this fishery (Adams & Dalzell, 1994). Due to unregistered boats and 

smaller vessels, it is harder to measure artisanal fishing pressures. This is important to note 

when implementing MPAs, as small-scale operations also work over a much smaller spatial 

extent than larger-scale fisheries. They, therefore, may incur more significant socio-economic 

effects if their chosen fishing grounds become restricted (Stevenson et al., 2013).   

Globally, recreational fishing (angling) is considered a common leisure activity of significant 

socio-economic importance (Cooke et al., 2004; Lewin et al., 2019). These recreational 

fishers are often overlooked in comparison with commercial fisheries within current marine 



 
 

15 

 

management planning (Cisneros-Montemayor & Sumaila, 2010), and their landings have 

been disregarded in their effect on fish stocks and ecosystems (Cooke et al., 2004). This 

underestimation of the impact that recreational fishers can contribute to stock declines is of 

concern, particularly for ecosystems that commercial fishing operations cannot access. 

Recreational fishing is often size-selective, targeting the larger fish for "trophy' purposes. 

This may influence the population structure, particularly if the size of one sex is larger than 

the other (Lewin et al., 2006).  

2.14 Decision making of fishers  

Studies have investigated fisher decision making regarding where and why they fish in 

certain locations (Holland & Sutinen, 2000; Abernethy et al., 2007; Wallace et al., 2016; 

Gillis, 2003). These studies have shown that fisher decision making is non-random, and they 

will use history and tradition to optimise catch at the lowest cost (Bockstael & Opaluch, 

1983; Holland & Sutinen, 2000). Others have investigated the influence of ideal free 

distribution (IFD; Fretwell & Lucas, 1970) theory from behavioural ecology on fisher 

decision making (Abernethey et al., 2007; Gillis, 2003; Sultan, 2020). With free movement of 

fishers, this implies that fishers will distribute themselves so that fishing pressure rises with 

resource wealth (Sultan, 2020). Catch can vary greatly across fishing grounds, but other 

social factors may still influence their decisions (Holland & Sutinen, 2000). This movement 

is vital to understand, especially with the increasing implementation of MPAs, as this data 

can be used in effective management planning of where displaced effort may go (Wallace et 

al., 2016).  

A pattern observed in response to MPA implementation is effort aggregating on the edge of 

reserves. This has been attributed to fishers perceiving higher rewards from fishing here due 

to potential spillover from the MPA (Kellner et al., 2007).  

2.1.5 Other factors influenced by displaced effort   

Fishing effort displaced from creating MPAs may also impact a range of ecological and 

socio-economic factors (Agardy et al., 2011; Stevenson et al., 2013). Socioeconomic effects 

are not overly studied regarding marine conservation, but they may create obstacles to 

effective management (Rees et al., 2021). Ban et al. (2019) discuss how important it is to 

know how humans will be affected by implementing marine protected areas. MPAs that 

support human well-being are more likely to succeed in achieving conservation goals. With 
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non-inclusive management being attributed to lower compliance, the MPA risks becoming 

ineffective (Sen, 2010).  

Ecologically, as discussed, MPAs have been shown to help species within their boundaries. A 

concern raised with the implementation of MPAs is that the displaced effort from this 

location will place additional stress on surrounding populations and ecosystems. If this 

pressure is too much, it may reduce the net impact value of the MPA and undermine its 

objectives, resulting in it not supporting either conservation or fisheries management 

(Kearney et al., 2012; Duplisea et al., 2002).  

The displacement of fishing effort from MPAs is often raised as an argument against MPA 

establishment, yet to date there has been no synthesis of the literature on the degree to which 

displaced effort from MPA has negative impacts on biodiversity, fisheries, or communities. 

This chapter therefore provides a review of the literature for the factors that influence this 

displacement, and whether these impacts are outweighed by the positive effects of the MPAs.  

2.2 Method: 

This literature review was conducted using Google Scholar, Scopus, and the University of 

Auckland's library portal for articles written in English regarding displaced fishing effort 

(1900-31/04/2022). The keywords used to search within the literature were: "fishing effort," 

"displacement," "redistribution," "marine protected area," "marine reserve," "fishing the line," 

"fishing patterns," "spatial closure," and "spillover." 

A study was included in this report if the main focusing question of the paper was referring to 

or measuring the effects of displaced or redistributed fishing effort concerning a spatial 

closure or MPA. Studies that focused on the biological spillover of species from within 

MPAs and did not refer to any fisher behaviour or effects of displaced fishing effort were 

excluded from the report.  

Each study was then assigned a category on what factor the displaced fishing effort was 

potentially impacting. The 4 categories are (1) ecological effects of effort displacement, (2) 

socio-economic effects of effort displacement, (3) "spatial distribution” patterns observed for 

displaced fishing effort, or (4) marine management addressing displaced fishing effort.  

Each study was then reviewed to see if the displaced fishing effort negatively impacted the 

category it was investigating. These results were split into 3 categories: yes, no, or scenario-
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dependent. The scenario-dependent studies discussed different proposals for MPA 

implementation, and negative impacts of displacement were found in some proposals, not 

others. For studies that focused on socio-economic impacts, they were also classified as 

scenario dependent if displacement effected some stakeholders and not others.  

The studies were also assessed to determine whether the data was from empirical data or a 

modelling study. Examples of empirical data were if the study looked at the displaced fishing 

effort by: vessel monitoring systems (VMS), habitat data, fish landings data, or quantitative 

surveys. Examples of models used within the data were: discrete choice models (DCM), 

spatially explicit models, population models, and random utility maximisation (RUM) 

models.  

For each study included, the objective of the proposed closure was found and then 

summarised into 3 groups which were: (1) conservation and support of livelihoods, (2) 

enhance biodiversity and conservation, and (3) fisheries management tool. If the objective of 

the closure was not specified, this was referred to as 'not discussed'. Examples of enhancing 

biodiversity and conservation were closures implemented to increase biodiversity, protect 

areas for conservation, protect an over-exploited species and increase benthos health. 

Examples of closure objectives as fisheries management tools were reduction of catch, 

protection of spawning/juvenile stock, reduction in bycatch, and increasing stock numbers. 

Examples of conservation and support of livelihoods were if the intention of the reserve was 

not only to help biodiversity but clearly stated to support local welfare.  

From here, the studies were analysed to determine whether the reported displacement was 

undermining the objectives of the MPA. These were grouped into yes, no, and scenario 

dependent. Studies that did not report results on the closure area's objective were defined as 

'unknown.' If the objective of the MPA was to enhance biodiversity and conservation within 

the protected area, results such as an increase in abundance, size, or diversity of individuals 

within the MPA indicated that displacement was not affecting this objective. For MPAs used 

as fisheries management tools, if the closure increased stock numbers, resulted in less 

bycatch, or protected increased numbers of juvenile stocks, this indicated displaced fishing 

effort was not affecting the MPA objective. For some studies, multiple scenarios were run 

under various closure levels. In these instances, the effects of displaced fishing effort were 

apparent in some simulations and were defined as scenario dependent.  
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The explanatory metrics sourced from each paper reviewed were location, size of MPA, 

length of the closure, species studied, method of fishing, and type of fishing, if relevant. This 

data of the selected explanatory variables provided insight into whether the variables 

contributed to the impacts arising from fishing effort displacement. For visual comparisons, 

the size of MPA was grouped into five groups, ranging from less than 10km2 to reserves 

greater than 10,000 km2. Studies that discussed more than one type of fisher or species caught 

were defined as 'multiple'. For studies that investigated levels of restriction and displacement 

across multiple reserves, metrics of the size of MPA and restriction levels were recorded for 

each reserve mentioned. Some studies were investigating potential displacement effects from 

hypothetical closures, and in these cases, this was noted too. In some instances, specific 

metrics were unavailable for studies. Therefore, an 'unknown' value was assigned to these 

instances.  

Analysis and maps for this review were conducted in Microsoft Excel and Google 

Maps 
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2.3 Results: 

2.3.1 Overview  

 A total of 82 studies were found that met the criteria of investigating the effect of MPAs on 

fishing effort displacement (Figure 1). There is a higher concentration of studies in the 

Northern Hemisphere, as seen around European countries, particularly those bordering the 

North, Mediterranean, and Baltic Seas. North America's northeastern and west coasts also 

have a concentration of studies. Of interest, there are no studies around the southeast Asian 

region. This region is reported to have the largest global fleet size, and marine sources here 

can provide up to 50% of all human animal protein consumption (FAO, 2022). The lack of 

data here may be due to low marine protection for most countries in this region, which has 

been attributed to the mentioned dependence on marine resources for their livelihoods 

(Savage et al., 2020). 

Figure 2. World Map showing location of fishing effort displacement studies included in this review. 

Green pin = 1 study, red pin = 2 studies, blue pin = 3 studies, pink pin = 4 Studies, orange pin = 8 Studies & grey pin = 9 studies 
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 2.3.2 Displaced fishing impacts  

10 of the 83 (n = 12%) studies found that displaced effort negatively impacted 

surrounding biodiversity, fishers, or communities. This negative impact was seen across 

socio-economic (n = 7) and ecological (n = 3) studies. For socio-economic these negative 

impacts ranged from affecting small communities to wider commercial fishers. Examples of 

these negative impacts were increasing costs to fishers (Poos & Rijnsdrop, 2007), effecting 

livelihoods (Kamat, 2014), increases in conflicts (Suuronen et al., 2010), and threatening 

cultural and indigenous rights (Richmond & Kotowicz, 2015; Sowman & Sunde, 2018). The 

negative effects of displacement were recorded to effect increasing bycatch rates of target or 

non-target species (Abott & Haynie, 2012; Cole et al., 2021) and degrade benthic systems 

(Dinmore et al., 2003).  

 

The majority of studies (58%; n = 48) found that displaced effort did not negatively impact 

biodiversity, fishers, or communities. However, 30% of studies (n = 25) found that negative 

impacts of displaced effort were scenario dependent and were influenced by which proposed 

MPA in the study was implemented. Scenario dependency was observed the most within 

ecological studies (n = 14), and the only other records were in socio-economic studies (n = 

11) (Figure 2 & Table 1). For ecological studies, different percentages of MPA protection 

were modelled, and under some levels of protection displacement was found to negatively 

affect: bycatch (Power & Abeale, 2009; Hoos et al., 2019; Klein & Watters, 2020), 

overfishing of neighbouring populations (Horwood et al., 2000; Hunter et al., 2006; Martin et 

al., 2011; Van Wynsberg et al., 2013; Kaplan et al., 2014), degrading benthic systems 

(Rijnsdorp et al., 2001; Hiddink et al., 2006; Greenstreet et al., 2009; Breen et al., 2020) and 

impacting density dependent species (Edwards & Plaganyi, 2011; Ellis & Powers, 2012).  

For socio-economic studies, negative effects from displacement were sometimes recorded for 

some stakeholders groups and not others, and these effects ranged across the variables 

mentioned above. 

When investigating the method of study utilised, there was almost an even split between the 

number of studies that used empirical data and those using modelling simulations (Table 1, n 

= 39 and n = 38, respectively). Out of the 10 studies that found the displaced effort of MPAs 

resulted in negative impacts, 9 came from empirical data, and only 1 was a modelling study. 

For scenario dependent impacts, there was a greater number of studies here that used 



 
 

21 

 

modelling (n = 19) compared to empirical data (n = 6). For studies that showed no negative 

impacts of displacement, there was a similarity between empirical (n = 233) and modelling 

studies (n = 19) reporting this, and all of the review studies (n = 6) fell under this result 

(Table 1).   

 

 

 

 

 

 

 

 

 

 

Figure 3. Number of studies that reported negative effects from displaced fishing effort.  

0

5

10

15

20

25

Yes No Scenario dependent

N
u
m

b
er

 o
f 

st
u
d

ie
s

Reported negative effects of displaced effort

Ecological

Spatial distribution

Management

Socio-economic



 
 

22 

 

   

 

 Influence of other variables on displacement    

 

Impacts of displaced fishing effort were studied most regarding permanent closures, 

commercial fishers, no-take reserves, demersal species, multiple fishing methods, and 

closures smaller or equal to 10km2 (Figure 4 A-D & Figure 5 A-B).  

 

           Length of closure 

Permanent closures were 3.4 times more likely to be investigated regarding displaced fishing 

effort than seasonal closures (n = 54 and n = 16, respectively). For all lengths of closures 

variables, ecological, socio-economic, and spatial patterns were observed. Management 

regarding displaced fishing effort was only reported for permanent closures (n = 4; Figure 

4A).  

           Type of fisher 

 

Commercial fishers were 3.8x and 12.3x more likely to be studied than artisanal or 

recreational fishers, respectively (n = 49, n = 13, and n = 4, respectively). Ecological impacts 

of commercial fishers were the most examined in the literature (n = 23), followed by socio-

economic impacts (n = 18). No ecological impacts of displaced effort were recorded for 

recreational fishers (Figure 4B).  

  

 
                    Method of study 

 

Did displacement result in 

a negative impact 

Category    Empirical Modelling Review Total 

Yes   9 1   10 
 

Ecological 2 1 
 

3 
 

Socio-economic 7 
  

7 

No   23 19 6 48 
 

Ecological 6 5 
 

11 
 

Management 1 2 4 7 
 

Socio-economic 8 11 2 21 
 

Spatial distribution 8 1 
 

9 

Scenario dependent 6 19   25 
 

Ecological 1 13 
 

14 
 

Socio-economic 5 6 
 

11 

Total 39 38 6 83 

Table 1. Does displaced fishing effort have negative impacts on surrounding environment, broken down by study category and study method 
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           Species  

Demersal and multiple species were the most reported groups (n = 28 and n = 26 studies, 

respectively). There appear to be more demersal species studied regarding ecological impacts 

(n = 14) than socio-economic (n = 7), but this pattern is reversed when looking at studies 

investigating multiple species (ecological; n = 7, socio-economic; n = 15). Spatial patterns 

regarding fishing effort displacement were the only category investigated for all species 

groups (Figure 4C). 

 

           Method of fishing  

Multiple fishing methods were the most reported within the literature (n = 47), followed by 

trawling methods (n = 18). Of studies investigating trawling methods regarding displaced 

fishing effort, over half looked at the ecological impacts of this trawling effort (n = 11; Figure 

4D).   

 

           Size of MPA 

0-10km2 was the most common size of MPA discussed in the literature regarding displaced 

fishing effort (n =26). Only socio-economic and spatial distribution impacts were studied for 

this size range (n = 18 and n = 8, respectively). Ecological impacts from the displacement of 

fishing effort are not discussed within the literature until closure areas reach greater than 

100km2 in size. Socio-economic impacts are reviewed across all size classes of closure areas 

(Figure 5A).  

 

           Level of restriction  

No take reserves were the most reported level of restriction discussed in the literature 

regarding displaced fishing effort (n =42). Out of these reserves, 24 were regarding socio-

economic impacts, 10 were regarding ecological impacts, and 8 were regarding spatial 

distribution patterns. The same number of reserves was found within the literature 

investigating fishing effort displacement effects from fisheries restricted areas (FRAs) and 

multi-use MPAs (n = 29; Figure 5B). 
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Figure 4. Breakdown of studies or reserves for (A) length of closure, (B) type of fisher, (C) species type, (D) method of fishing. 

Colours indicate study focus: blue = ecological, red = spatial distribution patterns, grey = management and yellow = socio-

economic.  
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2.3.3 Displaced effort and MPA objectives   

The largest number of studies on impacts of displaced fishing impacts were carried out in 

MPAs implemented to enhance biodiversity and conservation (n = 39), followed by MPAs 

implemented as fisheries management tools (n = 35). The smallest number of studies looked 

at displacement effects from MPAs implemented to conserve biodiversity while directly 

supporting livelihoods (n =2). Seven papers did not discuss the objectives of the MPAs and 

are defined as not discussed (Table 2).  

Most studies did not report that displacement effects were undermining the objectives of 

MPAs (n = 37). This is observed across all 3 categories of MPA objectives. Only two 

reviewed study found that displaced fishing effort impacted the MPA achieving its objective. 

One of these papers was trying to enhance biodiversity and conservation by reducing 

cetacean bycatch, and the closure area failed to do so, as it increased risk of bycatch in 

neighbouring areas (Cole et al., 2021). The other study was regarding an MPA that was trying 

to enhance conservation as well as supporting the local community livelihood, but resulted in 

decrease of the locals wellbeing (Kamat, 2014). 13 papers were scenario dependent, where 

the study reported that the MPA achieved its objective under certain proposed closures and 

failed to do so under others, through displacement impacting the wider environment through 

negative effects mentioned prior. 31 papers did not report on whether the MPA was achieving 

its objective. This was also observed across all 3 categories of MPA objectives (Figure 6).   
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Figure 5. Number of MPAs examined in fisheries displacement studies by (A) size of closure area and (B) level of restriction 
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Figure 6. Assessment of whether studies included in this report found that displaced fishing effort was undermining 

the stated objective of the closure or MPA 
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METHOD OF STUDY 

 

DFE Undermine 

Objective  

Objective Category Empirical Modelling Review Total 

Yes 
     

2  
Enhance biodiversity and 

conservation  

     

  
Ecological 0 1 0 1 

 Conservation and support of 

livelihoods 

     

  Socio-economic 1 0 0 1 

No 
     

37  
Conservation and support of 

livelihoods 

     

  
Socio-economic 1 0 0 1  

Enhance biodiversity and 

conservation  

     

  
Ecological 2 5 0 7   
Spatial distribution 3 1 0 4   
Socio-economic 1 5 0 6  

Fisheries management tool 
     

  
Ecological 6 6 0 12   
Spatial distribution 2 0 0 2   
Management 0 2 0 2   
Socio-economic 1 3 0 4 

Scenario Dependent 
    

13  
Enhance biodiversity and 

conservation  

     

  
Ecological 0 5 0 5   
Socio-economic 0 1 0 1  

Fisheries management tool 
     

  
Ecological 1 3 0 4   
Socio-economic 0 3 0 3 

Unknown 
     

31  
Enhance biodiversity and 

conservation  

     

  
Spatial distribution 2 0 0 2   
Management 1 0 0 1   
Socio-economic 11 2 0 11  

Fisheries management tool 
     

  
Fishing the line 2 0 0 2   
Management 0 0 1 1   
Socio-economic 3 2 0 5  

Not discussed  
     

  
Management 0 0 3 3   
Socio-economic 2 0 2 4 

Total 
  

39 38 6 83 

 

 

  

Table 2. Does displaced fishing effort (DFE) undermined the objectives of MPAs, broken 

down into the objective, method of study and study category. 

 



 
 

28 

 

 2.4 Discussion  

2.4.1 Overview  

Overall, fishing effort displacement is a phenomenon reported in the literature after the 

implementation of MPAs. Inevitably, this fishing effort will impact other areas (Murawski et 

al., 2005), but it does not appear to have overarching negative implications for ecosystems, 

communities, or fishers. This result is supported by Sala and Giakoumi (2018), who 

discussed that the small number of marine reserves globally would not see significant scale 

impacts of displacement effects, mainly as only 1.6% of the ocean is under full marine 

protection (Sala & Giakoumi, 2018).  

The results from this review indicate that displacement of fishing effort is noticeably more 

studied for commercial fishers than other fisher types. This higher level of studies may be 

influenced by commercial fishers being more impacted by all types of MPAs (Pita et al., 

2011). Advancements in vessel monitoring systems (VMS) and policies regarding reporting 

catch make commercial fishery data more accessible to study (Lee et al., 2010). This bias in 

the topic of study may overlook displacement effects arising from recreational and artisanal 

fishers (Stevenson et al., 2008; Cooke & Cowx, 2004).  There were no large differences in 

the amount of displacement studied for different levels of MPA restriction (Figure 5). This 

pattern may be related to the fact that no-take MPAs, fisheries restricted areas (FRAs), and 

multi-use MPAs all prohibit some levels of commercial fishers (Pita et al., 2011). In 

comparison, some recreational and artisanal fishing can still be utilised in some of these 

forms of MPAs, therefore, no displacement is to be observed. The most common species 

group studied for the displaced effort was demersal fish, and the most common singular 

method of fishing was trawling (Figure 4). These increases in demersal fish and trawling 

studies will also relate to the broader scope of studies investigating commercial fishers, as 

large-scale commercial trawling target demersal fish worldwide (Holland, 2000; Poos & 

Rjinsdorp, 2007; Keith et al., 2020). As trawling is a particularly degrading fishing method 

(Dinmore et al., 2003), the effects of trawling displacement may be of greater concern to the 

wider environment, so understanding their displacement patterns is vital. 

 

2.4.2 Ecological effects:  

Altogether, seventeen studies reported a definite or scenario dependent negative effect on 

ecological factors from the displaced fishing effort. Ecological studies of fishing effort 
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displacement were seen across various variables but more frequently were studied regarding 

permanent closures, commercial fishers, demersal species, and fisheries restricted areas 

(Figure 4). Of note, no ecological impacts of displacement were discussed for MPAs smaller 

than 100 km2 and all these seventeen studies were regarding commercial fishers (Appendix 

A). As commercial fishers operate over a much larger distance and further offshore than other 

fishers (Cooke & Cowx, 2004), they will be more affected by the larger offshore MPAs, as 

these could cover more of their fishing grounds (Gilman et al., 2019).   

Historically, most studies regarding the ecological effects of MPAs were theoretical, but 

increases are seen in empirically based evidence for impacts on the wider environment 

(Gaines et al., 2010). Two studies that defined displacement as having broader adverse effects 

were results from empirical studies (Dinmore et al., 2003; Abbott & Haynie, 2012), 

indicating that real effects of displaced effort have been observed. In comparison, thirteen of 

the scenario-dependent ecological effects were from modelling studies. Therefore, these 

predictions of implications from theoretical models of displaced effort still need to be 

validated empirically, but the effects they describe should be recognised in MPA 

management plans (Gaines et al., 2010).  

 

Displacement affecting bycatch: 

Bycatch is the unintentional catch of other species that occurs when fishing for target species. 

It is a leading contributor to the population decline in some species (Hoos et al., 2019). 

Numerous MPAs are implemented to reduce the rate of bycatch occurring within specific 

fisheries (Abbott & Haynie, 2012; Hoos et al., 2019; Cole et al., 2021; Keith et al., 2020; 

Klein & Watters, 2020; Powers & Abeale, 2009).  

The two ecological studies that reported negative effects of displaced effort on ecological 

systems were related to bycatch. Abbott and Haynie (2012) reported that an MPA 

implemented to reduce trawling bycatch of the endangered red king crab (Paralithodes 

camtschaticus) increased the bycatch of the also endangered halibut (Hippoglossus 

hippoglossus) instead. This increase in bycatch was due to the effort redistributing from 

within the closure areas to neighbouring areas that were more halibut than red king crab rich. 

This increase in non-target species bycatch highlights the importance of accounting for 

secondary effects that may arise in the wake of MPA creation, aside from their desired 

immediate impacts (Abbott & Haynie, 2012). Cole et al. (2021) also found that when 

modelling the closure of a seasonal MPA implemented to protect the endangered North 

Atlantic right whale (Eubalaena glacialis) on their migration did not mitigate the risk of 
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entrapment in snow crab (Chionoecetes opilio) fishery gear. Instead, the fishing effort from 

within the closure displaced further than anticipated, increasing the area outside the closure 

by 41%. As numerous death and injuries of cetaceans are due to entanglement in fishing gear 

(Dolman & Brakes, 2018), this displacement of effort into previous low-risk areas is of 

concern for right whale management. This study highlights the difficulty in protecting mobile 

marine species with MPAs, due to being unable to protect their entire range from fishing 

impacts (Martin et al., 2011; Gilman et al., 2019). 

Four studies (Powers & Abeale, 2009; Kaplan et al., 2014; Hoos et al., 2019; Klein & 

Watters, 2020) modelled different proposed MPAs for mobile species. All four papers 

reported that negative implications of displacement increasing bycatch were the largest when 

MPAs protected areas of higher fishing pressure. This result is due to no joint measure of the 

reduction of effort of the fishing fleets. This ineffectiveness of MPAs in reducing bycatch can 

also occur due to the MPA not addressing the specific ecological characteristics of both target 

and non-target species, such as home ranges (O’Keefe et al., 2014). 

 

Displacement impacts on the benthos:  

Dinmore et al. (2003) found that with the seasonal closure of the ‘Cod Box’ in the North Sea, 

trawling effort redistributed to areas that have previously received lower fishing pressure, and 

resulted in overall negative impacts for the benthos. Studies have shown that benthic systems 

take longer to recover from infrequent or initial trawling than constant trawling pressure, so 

this redistribution of effort is of concern for benthic species. It is, therefore, of higher value to 

close more lightly fished areas as degrading fishing methods can result in lower benthic 

diversity, biomass, and productivity (Duplisea et al., 2002; Dinmore et al., 2003; Hiddink et 

al., 2006). Hiddink et al. (2006), Greenstreet et al. (2009) and Breen et al. (2020) also 

examined different modelling scenarios to showcase how this displacement of commercial 

fishing effort can impact the benthos. These studies found that MPAs were slightly beneficial 

to benthic environments under some scenarios, but only saw a substantial increased benefit 

from MPAs when they closures were combined with reduction in effort controls for displaced 

fishing vessels.  

 

 Displaced effort overfishing neighbouring populations  

Protection scenarios modelled to address the declining stock of the endangered giant clam 

(Tridacna maxima) in French Polynesia, found that no-take MPAs areas were not as effective 

as other protection measures such as increasing size limit or reducing catch amount. This 
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model showed that with the implementation of no take MPAs the clams within the protection 

zone increased, but fishing pressure displaced on to the remaining open population of giant 

clams and fished these near to collapse. This collapse is due to the long-life and late 

maturation of the clam, and positive effects of spillover from reserves may only been seen 

after an extended period (Van Wynsberge et al., 2013). Hunter et al. (2006) also discusses for 

single species management, that closures must be designed to reduce overall mortality on the 

more vulnerable life stages of the protected species. They investigated different MPA 

scenarios for protecting thornback rays (Raja clavate) and found year-round closures resulted 

in increased fishing mortality in neighbouring areas from displaced effort. They found 

seasonal closures in spring were of greater benefit, as they protected spawning females and 

reduced landings, even with redistributed fishing effort. Understanding the correct timing of 

this closure is imperative, as a MPA implemented in summer, resulted in increased pressure 

on juveniles from the displaced fleet.  

 

A concern with displacing fishing effort from an MPA to another open area is that the effort 

may shift from a sink to a source area for a particular species. Crowder and Figueira (2000) 

investigated modelling MPA placement for source and sink populations of reef fish and 

concluded that placing MPAs is essential to achieving conservation goals. When a reserve is 

placed over a source area, the highly productive areas are protected, allowing for greater 

potential export of individuals and larvae to the surrounding system. As the source is 

protected, this means a greater chance of increasing the population in neighbouring areas. In 

contrast, placing a reserve over a sink area may reduce the overall population as the fishing 

effort may be displaced from these areas to the highly productive source areas. Hence, in this 

scenario, less recruitment and larvae production occur. Even when Crowder and Figueira 

(2000) modelled for placing MPAs in random locations, they found that this was still not as 

effective as protecting source areas and that the variance of successfully increasing overall 

populations was more significant. This study highlights the importance of understanding the 

ecology of the marine systems being protected (Rassweiler et al., 2012), although currently 

there is no empirical data that has reported the effects of this displacement on marine species. 

 

Displacement influencing density-dependent species:  

Another ecological aspect raised is understanding whether MPAs will protect specific life 

history traits of a species population. Species that exhibit bathytropic distributions, such as 

the South African hake (Merluccius paradoxus), have younger fish found in shallower waters 
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compared to older fish in deeper waters. These species may be negatively impacted under 

some MPA scenarios if fishing effort is displaced to focus on one age class. Edwards and 

Plaganyi (2011) found that their models produced a lower mean population age when deeper 

water habitats of older hake were protected, and displaced effort was concentrated on the 

younger population. This displacement of effort, therefore, resulted in a decrease in the 

biomass of the whole population. When shallower areas were protected, they found the 

opposite result. Protecting the younger fish increased the overall biomass of the population. 

Ellis and Powers (2011) modelled different MPA scenarios for protecting the spawning 

populations of gag grouper (Mycteroperca microlepis) to investigate how this protection may 

influence the sex ratio within the population. They found evidence that MPAs can help 

increase the protected population sex ratio, but this was reduced with increased fishing effort 

in open areas, due to increasing fishing mortality on other life stages.  

 

2.4.3 Socio-economic effects: 

Overall, 18 papers reported a definite or scenario dependent negative effect on socio-

economic factors from the displaced fishing effort. Socio-economic studies of fishing effort 

displacement were seen widely across all variables, particularly for smaller and permanent 

closures (Figure 4). This may be due to more socio-economic effects being reported for 

artisanal and recreational fishers compared to ecological factors, as they may be more 

implicated by coastal MPAs (Stevenson et al., 2013). Fishers’ who are more adapted to 

fishing in the broader area will be less economically affected than those who are not 

(Slijkerman & Tamis, 2015). Therefore, displacement through reserve creation may have 

disproportionately adverse effects on individual fishers depending on their ability to 

redistribute and their knowledge of the environment (Cinner et al., 2014). There were more 

socio-economic reports of adverse effects of displaced fishing from empirical studies than 

from modelling studies (Table 1). This proves that these adverse effects have been validated 

and are real-life experiences for communities and fishers impacted by displacement from 

MPAs (Stevenson et al., 2013; Kamat, 2014).  

Increase in fishing cost:  

One socioeconomic effect of displacement is that fishers endure an increased cost of fishing 

due to increased travel time, more significant fuel costs, and longer trips away from the port 

of origin (Carter, 2003; Stevenson et al., 2013; Hattam et al., 2014). Ban et al. (2019) discuss 

that their review found the most negative outcome on people's well-being from the 

introduction of MPAs was through this increased cost of activities. Factors such as the 
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experience of fishers, target species, gear or vessel adaptability, and alternative incomes will 

influence the displacement cost of individual fishers (Cinner et al., 2014).  

 

Mangi et al. (2011) reported that for mobile method fishers' excluded from the 206km2 Lyme 

Bay MPA, 73% reported a decrease in income immediately with the implementation of the 

MPA. They reported increases in fuel consumption due to longer fishing trips to find suitable 

fishing grounds, resulting in an overall increase in cost (Hattam et al., 2014). Another risk to 

consider due to fishers having to travel further and absorb greater costs is that they may look 

to capitalise more in new locations. This increased capitalization may result in higher fishing 

pressure outside the reserve than originally occurring within, therefore not addressing 

overexploitation (Agardy et al., 2011). Cinner et al. (2014) discuss how more empirical 

evidence indicating the long-term benefits of MPAs for fishers will help accept 

implementation and the short-term costs imposed. 

 

Livelihoods:  

As discussed, fishing and marine resources are vital for many livelihoods worldwide (FAO, 

2022). Jones (2008) and Hattam et al. (2014) expand on this, stating that for some fishers', 

fishing is not just viewed as a method of income but their 'way of life' and defines their 

identity. Numerous studies have discussed how the creation of MPAs resulted in negative 

impacts on some or all fishers excluded from reserves (Cinner et al.,2014; Hattam et al., 

2014; Kamat, 2014; Rees et al., 2021). Hattam et al. (2014) and Rees et al. (2021) reported 

that mobile fishers excluded from the Lyme Bay closure had perceived lower incomes, higher 

stress levels, and increased concerns for their safety owing to travelling further away from the 

port to fish. These factors combined resulted in them perceiving overall lower well-being 

since the implementation of the closure.  

Cinner et al. (2014) also found that 35% of artisanal fishers in Kenya felt that implementing 

MPAs had negatively affected their livelihoods. Although fishers here believe they have 

caught fish spilled over from the reserves, they do not feel it is adequate to make up for the 

area and catches they were displaced from. The impact of reserves on the peoples' well-being 

who require access to marine resources for sustenance can be significant. The Mnazi Bay-

Ruvuma Estuary Marine Park (MBREMP) was established in Tanzania in 2000. One of its 

goals was to enhance local communities' livelihoods through conservation projects and the 

promotion of ecotourism. Instead, poverty is increasing here for people who once relied on 

fishing to provide an income or sustenance. Therefore, the implementation of the MPA has 
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resulted in their livelihoods decreasing. Locals living here discuss how they struggle for food 

security now, and many people have pessimistic views of the marine park, as they feel it 

takes precedent over their well-being (Kamat, 2014) 

 

Conflict:  

The creation of new MPAs frequently increased the level of conflict occurring (Ban et al., 

2019), particularly through displaced fishing effort overlapping with the sectors of other 

fishing activities. This overlapping can lead to conflict for space to fish in the remaining open 

areas (Agardy et al., 2011). Cánovas-Molina and García-Frapolli (2020) discuss how 

conflicts regarding MPAs are increasing and are creating a barrier for MPAs to achieve their 

conservation goals. This conflict can be of even greater concern due to increasing 

competition for yields, especially due to other global issues such as climate change and 

overexploitation (Agardy et al., 2011). 

Globally increases in conflict from reserve implementation have been observed. Hattam et al. 

(2014) reported for the Lyme Bay closure that there is greater conflict as there is now less 

operating space for both fishing methods. These fishers discussed how ongoing conflicts 

arose due to increases in gear becoming entangled, resulting in increased stress between 

fishers (Rees et al., 2021). Studies from Hawaii (Stevenson et al., 2013), the North Sea 

(Suuronen et al., 2010) and the Great Barrier Reef (De Freitas et al., 2012) discuss how the 

conflict between displaced fishers was increased due to aggregating in smaller areas. Through 

this 'fisheries squeeze,' Suuronen et al. (2010) report that demersal fish trawlers were 

displaced into smaller and unfavourable fishing grounds, reducing the catch for these fleets, 

inflicting lower revenue on to fishers.  

Local people in Tanzania have also experienced an increasing amount of people needing to 

fish within the same areas, which has resulted in these areas becoming chaotic, now that 

competition has intensified. Additionally, the marine parks here are enforced violently, with 

the destruction of local boats and forced removal of fishing gear. There have been violent 

altercations between marine park rangers and locals who have been displaced from the 

marine park they once utilised to sustain their livelihoods (Kamat, 2014) 

 

Threat to cultural and indigenous rights  

Bennett et al. (2020) discuss how MPAs are often created in areas indigenous and local 

people utilise for income and food security. Displacement of local people from cultural or 

locally important sites was observed to negatively impact livelihoods in South Africa 
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(Sowman & Sunde, 2018), the Marianas Trench Marine National Monument (Richmond & 

Kotowicz, 2015), India (Bavnick & Vivekanandan, 2011) and Tanzania (2010). All these 

studies reported that individuals displaced from the MPAs implementation felt they had lost 

cultural heritage and their overall well-being had suffered. These issues may have been 

attributed to increases in conflicts, loss of incomes, or exacerbation of social vulnerabilities. 

Therefore, it is essential to include indigenous and local communities in MPA planning, 

incorporate all knowledge systems, and ensure people are not unfairly disadvantaged 

(Sowman and Sunde, 2018). These MPAs are unlikely to succeed without local community 

support, and without proper consultation may further marginalise these communities (Kamat, 

2014; Sowman & Sunde, 2018).  

2.4.4 Spatial distributions: 

As discussed, it is essential to understand where displaced effort may redistribute to so 

assessments can be made on whether the newly fished area will suffer adverse consequences 

from the increased fishing pressure (Dinmore et al., 2003). Spatial distribution has been 

studied across various variables, particularly for smaller reserves and permanent MPA 

closures (Figure 4 & 5). Evidence of displacement for spatial distributions was found 

empirically for 8 of the 9 studies investigating these patterns, indicating that this is a 

replicated observation (Table 1). One spatial distribution of effort commonly investigated 

after MPA creation is whether fishing vessels aggregate on the edge of reserve boundaries. 

This pattern is referred to as "fishing the line," which fishers consider a strategic harvesting 

technique to maximise yields of promised spillover stock from the reserve (Kellner et al., 

2007; van der Lee et al., 2013). This distribution may be of concern as increased fishing on 

the edge of the reserve may inhibit the expected population spillover from contributing to the 

adjacent fishery (Stelzenmüller et al., 2008). Several studies have focused on investigating if 

displaced fishing effort followed this spatial pattern in response to a closure (McClanahan & 

Kaunda-Arara, 1996; Wilcox & Pomeroy, 2003; Wilcox & Pomeroy, 2003; Forcada et al., 

2010; Stelzenmuller et al., 2008; Goni et al., 2010; van der Lee et al., 2013; Bucaram et al., 

2018; Kellner et al., 2007; Sultan, 2019; Rowlands et al., 2019).  

 

None of these studies reported that the displacement of fishers to the edge of the reserve 

negatively impacted biodiversity, fishers, or communities. As Forcada et al. (2010) report, 

fishers have been aggregating on the edge of the Tabarca MPA since it was first implemented 



 
 

36 

 

and continue to do so, indicating they must perceive benefits from this decision. Kellner et al. 

(2007) discuss how spatial distributions should be incorporated into management plans, as it 

has the potential to result in a depressed catch rate at the boundary, particularly for non-

cooperative artisanal fishers (McClanahan & Kaunda-Arara, 1996). Artisanal fishers may 

exhibit this pattern, especially due to not having the resources to access further sites away 

from the MPA (Cinner et al., 2014). Wilcox and Pomeroy (2003) were the only study to find 

contrary to this spatial distribution in their study of California's Big Creek Marine Ecological 

Reserve. They observed no aggregation of fishers' on the edge of this MPA. They discuss 

how other factors, such as distance from port and resource availability, were more influential 

to fishers' behaviour in this instance than benefits from the reserve.  

 

Habitat continuity: 

Habitat continuity is an essential factor to consider when looking at patterns of displaced 

fishing, especially for species with high habitat preferences (Goni et al., 2010). Studies on the 

lobster fishery in the Channel Islands (Guenther et al., 2015) and the Columbretes Islands 

Marine Reserves (CIMR; Goni et al., 2010) show two different results regarding lobster 

fishers' aggregating on reserve edges. For the Channel Islands, Guenther et al. (2015) found 

that with the creation of the reserves, the amount of fishing pressure within 1km of the 

reserve dropped from 10% to 5%. In this instance, the MPAs created total enclosed individual 

reef systems, resulting in no suitable habitats to fish for lobsters on the boundary of the 

reserves. For the Goni et al. (2010) study of lobster (Palinurus elephas) fishers' effort 

displacement in the CIMR, their results showed that 45% of effort was displaced within 1km 

of the reserve boundary and 70% of the effort displaced to within 5km of the reserve 

boundary. Compared to the Channel Island reserves (Guenther et al., 2015), the CIMR 

reserves have a continuation of habitat around the boundary of the reserves. This continuation 

of suitable habitat allows the fishing pressure here to remain concentrated around the reserve 

edge and Goni et al. (2010) predict that around 95% of the projected spillover of lobster into 

the surrounding fishery is being caught. This again highlights that displacement effects are 

specific for each MPA and the environment that it’s placed in.  
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2.4.5 Do displacement effects outweigh positive impacts of MPAs? 

As the displacement of effort has been shown to occur after MPA implementation, it is 

important to assess whether the effects of this displacement on biodiversity, communities, 

and fishers outweigh the positive effects of the MPA. The benefits of MPAs are reliant on a 

range of ecological, social, economic, and cultural factors. Positive views on MPAs from 

users can be undermined if MPAs are proposed to result in benefits for biodiversity, 

communities, or fishers but fail to live up to these objectives (Cinner et al., 2014). The three 

main MPA objectives reported from this study were conservation and support of livelihoods, 

enhancing biodiversity and conservation, and fisheries management tools. Overall, within the 

wider literature general positive benefits from MPAs have been shown empirically to help 

objectives by enhancing biodiversity (Halpern & Warner, 2002), supporting fisheries (Le Port 

et al., 2017; Bucaram et al., 2018), and improving communities' livelihoods (Cinner et al., 

2014). With Le Port et al. (2017) finding positive effects from reserves such as recruitment 

effect for snapper, are adequate to make up for lost fishing grounds and Bucaram et al. (2018) 

also reported since the closure of the oceanic Galapagos Marie Reserve (GMR) that purse 

seine fleets fishing productivity increased by 99% on average.  

Only two papers reported that the effects of displacement directly undermined the goals of 

the MPA, and therefore displacement effects may have outweighed the positive effects of the 

MPA. As Cole et al. (2021) found, the seasonal MPA imposed to protect the right whale did 

not mitigate this risk. It, therefore, did not achieve the set objective of the MPA. Hence, 

displacement of fishing for mobile species runs the risk of outweighing the benefits of the 

closure area if the full range of species is not incorporated into planning (Kaplan et al., 2014; 

Cole et al., 2021). Kamat (2014) also found that the MBREMP implemented to help enhance 

livelihoods within the lower socio-economic coastal community of Tanzania, instead resulted 

in the displacement of people from areas they accessed for sustenance. Overall, peoples 

livelihoods here were reduced, and they suffered from greater poverty and conflicts. This 

reinforces the concept that MPAs should include local and indigenous knowledge in their 

implementation, to ensure there is equity and no further injustices through displacement of 

people who are already marginalised (Kamat, 2014).  

 

Overall, no other studies directly compared that the effects of displacement would outweigh 

the positives that the MPA could provide, but numerous were achieving the stated objective 

of the MPA. Again, some studies showed that under certain MPA scenarios, the displaced 
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effort could undermine the objectives of MPAs. This failure to achieve objectives was seen if 

the displacement adversely impacted benthic communities, resulted in overexploitation of 

other populations, or failed to adequately support fisheries (Van Wynsberge et al., 2013; 

Greenstreet et al., 2009; Maina et al., 2021).  

 

 Stevenson et al. (2013) and Mangi et al. (2011) reported that even when fishers were 

displaced due to MPAs and incurred increased costs, their overall perception of wellbeing did 

not change. Lyme Bay, mobile-gear fishers displaced from this closure initially reported 

decreased financial stability. However, the same scale of financial impacts was not reported 

when interviewed in the following years after the closure. Fisheries landings were also 

consistent across gear types, concluding that fishing in Lyme Bay is still profitable for all 

fishers, with some fishers now perceiving higher costs and catches since MPA 

implementation (Mangi et al., 2011; Rees et al., 2021).  

Managers may need to weigh up how indirect effects of fishing displacement impact the 

MPA functioning as a whole and assess whether adverse effects are permittable to allow an 

MPA to achieve designated objectives. As seen in the Abbott and Haynie (2012) study, the 

MPA did protect higher levels of the red king crab bycatch as it was implemented to do but 

resulted in an overall increase in the bycatch of halibut. This study provides an example of 

how managers may need to weigh trade-offs between direct and indirect effects of MPA 

implementation and assess which is of greater importance (Pons et al., 2021).  

 

This overall lack of comparison between displacement impacting MPA function highlights 

that an avenue for future studies should investigate whether the net benefit of MPAs is 

outweighed by displacement of fishing effort in remaining open areas. The results of these 

future studies may provide further insight into long-term benefits for displaced fishers and 

help them to accept short-term costs. These results will also either legitimise the claim for a 

continued increase in marine protection (Cinner et al., 2014) or advise that MPAS are not the 

only tool to be utilised for marine management due to adverse displacement effects (Kaiser, 

2005). 

2.4.6 Future management incorporating displacement effects  

 

Due to the discussed implications that displacement of fishing effort from MPAs can inflict 

on the wider environment and communities, it highlights that identifying and managing 

displacement should be incorporated into MPA planning. Future management addressing 
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displacement needs to ensure it includes effort from all commercial, artisanal, and 

recreational fishers’ that utilise the area (Lynch, 2006; Jennings, 2009) to mitigate any equity 

or justice issues that may arise (Jones, 2009). Marine spatial planning (MSP) can achieve this 

through integrated stakeholder management and utilising existing information to support 

sustainable development (Agardy et al., 2011). Indigenous and local knowledge of areas is 

also crucial for future MPA planning. Incorporating this knowledge enhances feelings of 

inclusion and results in higher levels of compliance with regulations by those who frequently 

access the areas (Sowman & Sunde, 2018). 

Each MPA needs to be assessed individually when addressing displacement effects, as the 

effects of displacement are location specific (Jennings, 2009). Adequate biological, 

environmental, and fisheries data is required for managers to place MPAs accurately 

(Rassweiler et al., 2011), and optimal placements will increase benefits from the closure 

(Crowder & Figueria, 2000). Evidence should also be collated to assess whether the displaced 

effort will result in adverse impacts or put more pressure on more vulnerable environments or 

species after MPA implementation (Jennings, 2009; Abbott & Haynie, 2012). Fisheries 

management should ensure that they operate sustainably, and protection measures should not 

enhance overexploitation (Bastardie et al., 2017). To ensure that redistribution of effort is not 

inflicting overexploitation to new areas, MPA implementation should be accompanied with 

reduces in overall fishery catch and effort (Kaiser, 2005; Jones, 2008; Suuronen et al., 2010, 

Agardy et al., 2011).  

Another potential solution for addressing displaced fishers is a buyout scheme for fishers’ 

who can no longer fish within reserve boundaries. Sen (2010) outlines a potential 

compensation framework for such fishers’. The amount of compensation would be based on 

how greatly the fishery is affected by the closure areas and whether there is the potential for 

the fishery to absorb the fishing pressure outside of the reserve. When fisheries are 

overfished, effort buyout schemes would be utilised. However, these buyback schemes must 

be used with caution, as fishing pressure can return to the area and buybacks become 

expected by fishers, resulting in high costs to managers (Clark et al., 2005). 

 

2.4.7 Conclusions: 

Overall, this review has found that displaced fishing effort from MPAs occurs after 

implementation and needs to be accounted for with the continued increase in MPAs globally. 

This is due to the chance that there are adverse implications that this displacement of effort 

may inflict on wider biodiversity, communities, and fishers. It has also confirmed prior 
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comments that displacement needs to be assessed for each MPA individually, as the impacts 

are directly related to the species, habitats, communities, and fishers that utilise this area. 

Largely, no studies reported that these effects of effort displacement were inflicting negative 

impacts that would undermine the positive effects of MPAs. Future studies should look to 

compare the net benefit of MPAs to see if displacement of effort reduces this. Finally, effects 

of displacement are more pronounced when there are no added restrictions on effort or catch 

limits, so to properly address over-exploitation these measures should go hand in hand.  
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Chapter 3: Analysis of potential displacement of commercial and 

recreational fishing due to proposed marine protection in the Hauraki Gulf 

Marine Park  

3.1 Introduction 

         3.1.1 Summary of Marine Protected Areas in New Zealand context  

Globally, there has been increasing use of marine protected areas (MPAs) to address the 

ocean's declining health and overexploitation of fish stocks (O'Leary et al., 2016). This 

decline is seen in the latest State of World Fisheries and Aquaculture Report from FAO 

(2022), which paints an image of a continued increase in over-exploited fish stocks globally. 

MPAs have been recognised as a tool to address conservation and biodiversity goals. This is 

due to MPAs being found empirically to have positive benefits for species within their 

boundaries, with increases in abundance, size, and fecundity of individuals (Sala & 

Giakoumi, 2018; Lester et al., 2009; Halpern & Warner, 2002). 

 Global treaties such as the Convention of Biodiversity (CBD) have also incentivised the 

increase in marine protection globally by targets such as reaching 30% of oceans protected by 

2030 (Wood et al., 2008). As one of the signatories to this treaty, New Zealand has 

obligations to reach these global targets (Green & Clarkson, 2006). Our updated conservation 

plan is outlined in the New Zealand Biodiversity Strategy – Te Mana o te Taiao (2020). New 

Zealand has a large marine realm, with its Exclusive Economic Zone being the 5th largest in 

the world. Within this marine domain, there is a diverse range of species, and due to New 

Zealand's geographical isolation, numerous of these are endemic (Department of 

Conservation, 2005). 

 

There are two main types of marine protected areas (MPAs) found within New Zealand. 

These are Type 1, which are no-take marine reserves, and Type 2, which protect the 

environment from adverse fishing effects (Davies et al., 2018). Examples of Type 2 marine 

reserves are cable protection zones that prevent destructive fishing methods from impacting 

the benthos. Currently, there are 44 managed no-take marine reserves in New Zealand, 

covering an area of 0.4% of the coastal zone (Department of Conservation, 2005). Within 

New Zealand, there can be multiple barriers to the implementation of MPAs. This can arise 

from opposition from stakeholders, poor coordination, various levels of support from policy, 

and lack of data on biological and geographical features (Eddy, 2014). Initiatives such as Sea 
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Change – Tai Timu Tai Pari, New Zealand's first-ever marine spatial planning (MSP) project, 

look to address these barriers and provide greater marine protection (Peart, 2019).  

 

           3.1.2 Background on Hauraki Gulf Marine Park 

The Hauraki Gulf Marine Park (HGMP) is a location of great ecological, economic, social, 

and cultural importance. It is also bordered by the largest urban area within New Zealand, 

Auckland – Tamaki Makarau (Pinkerton et al., 2015). The HGMP covers 14,000 km2 of the 

ocean, from Mangawhai in the north to Waihi in the south and to the outer west coast of 

Aotea (Great Barrier; Figure 1). It became recognised as a marine park in 2000 by the 

Hauraki Gulf Marine Park Act (2000). This Act aimed to ensure the integrated management 

of the resources within the HGMP, including its islands and catchment areas. This Act also 

aimed to establish the Hauraki Gulf Forum, which was to facilitate this management (Hauraki 

Gulf Marine Park Act, 2000).  

Historically, Māori occupied the land surrounding the Hauraki Gulf, and over 13 iwis have 

ties to the land here. They used the HGMP to gather seafood for sustenance and trade and 

therefore have a long history of the HGMP providing for people who lived on its shores. 

European settlement within the region led to increased pressure on the marine environment 

through increased urbanisation and fishing effort (Aguirre et al., 2016). These fisheries were 

supported as within the HGMP, there is a large diversity of flora and fauna found, some of 

which are endemic to this region (Crossland et al., 1981; Kendrick & Francis, 2002; Hauraki 

Gulf Forum, 2020). There are over 100 different species fished for within the HGMP, with 

some of these species using the HGMP as an important nursery and spawning ground 

(Hauraki Gulf Forum, 2020). The HGMP also supports several cetacean species and 

internationally important migratory shorebirds and seabirds (Aguirre et al., 2016). 

 

Barbera (2012) investigated the Total Economic Value (TEV) of the HGMP and the value of 

the activities occurring here. Well difficult to assign an exact economic value to the 

importance of the HGMP; Barbera (2012) reported it supports the country's biggest 

commercial harbour as well as numerous other ports and marinas. Tourism, the Ports of 

Auckland, and recreational activities contributed the most to the TEV through the creation of 

jobs and contribution to the economy. The Sea Change (2017) report estimated that the 

HGMP supported the livelihoods of more than 1.5 million people and was important for 

sustaining people's wellbeing (Hauraki Gulf Act, 2000).  
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The HGMP has begun to exhibit signs of negative impacts from anthropogenic sources such 

as run-off, overfishing, sedimentation, plastic pollution, toxic chemicals, and urbanisation 

(Hauraki Gulf Forum, 2020). Since human settlement, there has also been intense habitat loss 

occurring within the HGMP, altering the ecosystems here. There has been a wide-scale loss 

of seagrasses and green-lipped mussel beds and an increase in mangroves – mānawa that 

thrive on increased sedimentation in estuaries (Aguirre et al., 2016). This is of concern as 

species within the HGMP have been found to have specific habitat ranges. Therefore, loss or 

changes to habitats can result in losses of other species or ecosystem functions (Thrush et al., 

2006) 

 

           3.1.3 Fisheries within the Hauraki Gulf Marine Park 

Fishing in the HGMP began with early Māori settlement and reached peaks with European 

commercial fishing in the 20th century. This intensification of effort through technological 

advancements resulted in fisheries in the HGMP beginning to collapse post the 1970s (Paul, 

2014). Fishing is considered to have one of the most significant impacts on HGMP through 

stock depletion and damage inflicted by destructive fishing methods. The primary 

commercially used fishing methods within the HGMP are bottom longlining, bottom 

trawling, Danish seining, and set netting. Out of these, bottom trawling and bottom longlining 

catch the largest tonnage of fish (Hauraki Gulf Forum, 2020). 

 

The most common recreational and commercial caught fish within the HGMP is snapper - 

tāmure (Pagrus australis), and this fishery within New Zealand is considered one of the most 

valuable coastal fisheries. Snapper is a demersal fish that occupies rocky reefs and sandy 

bottoms throughout the warmer waters of New Zealand and is most abundant within the 

HGMP (Fisheries New Zealand, 2021). They are generalist predators and were the most 

important fish species for the trophic interactions within the HGMP (Pinkerton et al., 2015). 

This is due to how they can influence changes in the ecosystem through the predation of 

herbivores such as sea urchins – kina. This decline in herbivore abundance through increased 

snapper predation allows for the regrowth of flora species such as kelp (Ecklonia radiata) 

(Shears & Babcock, 2002). 

 

The commercial snapper fishery is managed within the Quota Management System (QMS). 

The SNA1 stock area that includes the HGMP has the highest Total Allowable Catch (TAC) 

and Total Allowable Commercial Catch (TACC) across the country, 7050T and 4500T, 
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respectively. The Ministry of Primary Industries monitors these stocks, and under the 

Fisheries (Reporting) Regulations (2017), commercial fishers must report information on 

location and catch for each event. The snapper fishery within the HGMP is the largest 

recreational fishery in the country. Recreational catches here are controlled by the size and 

bag limits (Ministry of Primary Industries, 2021). Recreational snapper catches are now 

assessed using aerial-access survey methods for the Ministry of Primary Industries (Hartill et 

al., 2019). Within the HGMP there is also a customary allowance for snapper catch in SNA1, 

which is 50T (Fisheries New Zealand, 2021). 

 

There have been observed decreases in the size and abundance of snapper through 

overfishing pressures (Tuck et al., 2009) and a predicted drop in historical biomass of 83% 

(Pinkerton et al., 2015). Hauraki Gulf Forum (2020) reports that the snapper stock within the 

HGMP is overfished, and steps must be taken to rebuild this population. 

 

3.1.4 Current protection within the Hauraki Gulf Marine Park 

Currently, within the HGMP, there are six marine reserves (Type 1) and four cable protection 

areas (Type 2), and they cover an area of 0.23% and 6.3%, respectively (Department of 

Conservation & Ministry of Fisheries, 2021b). Bottom trawling and Danish seining are also 

banned from operating in areas within the Inner HGMP (Hauraki Gulf Forum, 2020), with 

initial bans being set as early as 1902 (Paul, 2014). 

 

           3.1.5 Sea Change – Tai Timu Tai Pari 

In late 2013, New Zealand began its first use of Marine Spatial Planning (MSP) with the 

creation of the Sea Change –Tai Timu Tai Pari project for the HGMP (Peart, 2019). MSP has 

become a globally used method to address future marine management and strives to use an 

integrated process to minimise conflicts while balancing goals and objectives (Santos et al., 

2019). A key component of MSP is ensuring there is stakeholder engagement in the planning 

process (Peart, 2019), to allocate the spatial and temporal distribution of activities within a 

marine system (Santos et al., 2019). For the HGMP MSP process, there were three years of 

integrated stakeholder meetings, with a finalised plan of action announced in late 2016 (Peart, 

2019). The Government then reviewed this plan, and their strategic plan for the HGMP was 

released in 2021: 'Revitalising the Gulf' (Department of Conservation & Fisheries New 

Zealand, 2021a). Within this strategic plan, the Government outlines 8 key strategy elements 

that aim to improve the health of the HGMP. The fifth element within this plan is to increase 
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the amount of marine protection currently within the HGMP, and the stated plan of action is 

to: 

           "Establish a network of MPAs to assist in the protection and passive restoration of at 

risk, high value and representative ecosystems in the HGMP and to boost abundance of fish 

stocks" 

 

To initiate this marine protection, 11 new High Protections Areas (HPA), 5 new Seafloor 

Protection Areas (SPA), one community-led HPA, and 2 extensions to existing marine 

reserves (CROP and Whanganui-A-Hei) will be implemented within the HGMP (Figure.1). 

These 19 new protection areas were the confirmed areas put forward in the final Revitalising 

the Gulf proposal document by the Government to the public and stakeholders for 

consultation by October 2022 (Department of Conservation, 2022). The stated purpose of the 

new HPA and reserve areas is to enhance and restore marine communities and ecosystems 

areas. They emphasise that this is mainly for rare, distinctive, and outstanding habitats. The 

SPAs' purpose is to restore and maintain ecologically important habitats while allowing for 

compatible uses (Department of Conservation & Fisheries New Zealand, 2021a).  

 

To enforce this, the HPA's will ban all commercial and recreational fishing activities, and the 

SPA's will restrict any benthic damaging fishing methods, predominately trawling and 

Danish seining. Of note, due to the presence of sensitive black coral species around the 

Mokohinau Islands, all fishing methods that interact with the seafloor will be prohibited here, 

including bottom long-lining and set-netting (Department of Conservation & Fisheries New 

Zealand, 2021b). There will be allowances made for customary catches within HPA 

boundaries. As discussed in chapter 1, these new HPA areas will serve as Type 1 MPAs, and 

the SPAs as Type 2 MPAs, as defined under New Zealand's MPA policy plan (Department of 

Conservation, 2005). These new protected areas are set to be initiated in 2024 and will 

increase the level of protection within the HGMP from 6.6% to 17.6% (Department of 

Conservation & Fisheries New Zealand, 2021b). 

 

For the inner HGMP, within the boundary of Cape Rodney to Cape Colville, there will be 6 

new HPA areas and 2 SPAs (Figure 1). This inner HGMP is categorised as shallower (<40m) 

and more sheltered. This area is the most used body of water in New Zealand and is 

susceptible to anthropogenic impacts from the urbanisation and coastal processes. For the 

outer HGMP, past the boundary of Cape Rodney and Cape Colville, there will be 3 new HPA 
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areas, one marine reserve extension, and 3 new SPA areas (Figure 1). This outer HGMP is 

defined by deeper waters (>40m) and is more dominated by oceanic processes. The Eastern 

Coast of the Coromandel is defined by an open coastline that is impacted by both coastal and 

oceanic processes (Department of Conservation & Fisheries New Zealand, 2021b). There will 

be 3 new HPA areas implemented and one marine reserve extension here (Figure 1).  

 

3.1.6 Potential displacement of fishing effort from proposed MPAs in Hauraki Gulf 

Marine Park 

As discussed, the snapper fishery in the HGMP is of great socio-economic importance, with 

the region hosting the largest recreational and commercial snapper fishery in New Zealand 

(Fisheries New Zealand, 2021). With element five of the Government plan, areas and fishing 

methods that have historically been used to catch snapper may become restricted from certain 

areas within the HGMP. These proposed areas will close 1515km2 of potential fishing 

grounds currently utilised by commercial and recreational fishers. It is, therefore, essential to 

understand the potential magnitude of displacement effects within the HGMP. This chapter 

will utilise recreational and commercial snapper fishery data provided by the Ministry of 

Primary Industries to assess how much current fishing pressure is observed within the 

proposed MPAs (Department of Conservation & Fisheries New Zealand, 2021a).  

 

3.2 Method  

3.2.1 Study site 

The Hauraki Gulf Marine Park (HGMP) is an area of significant ecological, economic, 

cultural, and social importance (Pinkerton et al, 2015). The area of the HGMP (runs from 

Mangawhai in the north to Waihi in the south, and encompasses over 14,000km2.  

 

3.2.2 Snapper landing history, data, and analysis 

 Commercial fishery data 

The commercial fishing data for snapper – tāmure was provided by the Ministry of Primary 

Industries (MPI). This data provided by MPI contained information for all commercial 

fishing trips within the SNA1 fisheries management area from 1/10/2016 to 30/09/2021. 

Through the Fisheries (Geospatial Position Reporting) Regulations (2017), commercial 

fishing vessels operating within New Zealand must always report their position 

electronically. Operators on vessels must ensure that the reporting device is continuously 

broadcasting geospatial location while fishing and from start to end. Under the Fisheries 
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(Reporting) Regulations (2017), commercial permit holders must report electronically for 

each fishing event the: event starts information, event ending information, fish catch report, 

the capture of non-target fish or protected species report, processing report, disposal report, 

and landing report. 

 

From the data provided by MPI, the report that was utilised for this study was the fish catch 

report. This data was cleaned using Microsoft Excel. For each fishing event, the required 

parameters were: Fishing Event Key, Fishing Method Code, Target Species Code, Total 

Catch Weight, Start Latitude, and Start Longitude. For any entries that were missing any of 

these parameters, they were omitted from the data. For this study, we will focus on the data 

retrieved in the most recent survey year, 2020-2021. This data set uses the fishing method 

codes outlined by Fisheries New Zealand (2021; Table 3). 

 

 

 

 

 

 

 

 

 

 

 

All methods will be prohibited in the proposed HPA, whereas bottom longlining (BLL) and 

handlining (HL) will still be permitted within most SPAs. For within the SPA areas 

applicable, the amount of snapper (T) that was not caught via BLL or HL was calculated, as 

well as how much this contributed to overall HGMP for each SPA. This was recorded, as 

these events will be the only commercial effort displaced from within these zones. This 

further analysis was unnecessary for the HPA zones as all fishing methods are excluded 

(Department of Conservation & Fisheries New Zealand, 2021a).   

 

CODE  FISHING METHOD  

BLL  Bottom Long Lining 

DS Danish Seining 

HL Hand Lining 

PRB Precision Bottom Trawl 

BT Bottom Trawling 

Table 3: Commercial fishing method codes (Fisheries New Zealand, 2021). Methods highlighted in yellow 

will be banned from all SPA areas, and methods highlighted in blue are banned from the Mokohinau SPA 
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Recreational fishery data  

 

Recreational fishing data was also provided by MPI. This data contains recreational fishing 

information from aerial-access surveys of Fisheries Management Areas (FMAs conducted in 

the Hauraki Gulf for the following years: 2004-2005, 2006-2007, 2011-2012, and 2017-2018. 

These surveys' focus species were snapper- tāmure and kahawai (Hartill et al., 2019).  

 

There is a joint method of aerial surveys and quantitative interviews at boat ramps for the 

current recreational survey methods. Flights take place over peak fishing hours, lasting for 

four and a half hours. The observers onboard the flight recorded recreational vessels showing 

active fishing activity. These observations are classified by boat type, which was broken into 

trailer boats, launches; yachts; charter boats; kayaks; or jet skis. To accompany this, surveys 

were done on the same day at access points or boat ramps supplying the chosen area. The 

focus of the survey questions was to find out the time, method, species, and amount of catch 

per recreational fishing vessel. These surveys took place on 47 days within a year, with 

various seasons and day types (Hartill et al., 2019).  

The complete methods of these aerial-access surveys are described in Hartill et al. (2019).  

 

Microsoft Excel was used to clean this data to filter for recreational fishing events focusing 

on snapper- tāmure catches within the Hauraki Gulf. For this study, we will focus on the data 

from in the most recent survey year of 2017-2018. The parameters retrieved from this data 

were: boat type, SNA_kg, observation ID, and location of the fishing event.  

 

           Analysis  

Shapefiles of the Hauraki Gulf Marine Park and the new proposed Sea Change marine 

protected areas were retrieved from the Department of Conservation website 

(https://www.doc.govt.nz/our-work/sea-change-hauraki-gulf-marine-spatial-plan/). The 

Nosies Marine Protection Team provided the shapefile for the Noises High Protection 

community area. These shapefiles along with fishing datasets were loaded into ArcGIS pro to 

produce spatial maps and attribute tables. All recreational and commercial events were 

mapped within the HGMP and attributed to whether they fell within an HPA, SPA or open 

area. This allowed the calculation of what proportion of catch occurred within each area and 
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provided an overall estimate of how much recreational and commercial catch come from 

within the proposed network.  

To examine the potential local displacement from each HPA, the amount of fishing within the 

proposed HPA was compared to the total fishing within the HPA and a 10 km area around the 

HPA. ArcGIS was used to zone a 10km area around each proposed marine reserve. This zone 

is created to assess how much of the local fishing effort within a 10km radius of each reserve 

occurs within the reserve boundaries. Attribute tables and maps from within ArcGIS were 

exported, and then Microsoft Excel was used to process the commercial and recreational 

fishery data.  

 

 

3.3 Results  

3.3.3 Overview  

Overall, commercial, and recreational fishing is occurring within all the proposed HPA and 

SPA closure areas, but overall catch in these areas is relatively low in comparison to the area 

that will remain open to fishing. The majority of commercial fishing occurring within the 

proposed MPAs is bottom long lining (BLL), with 12% of the total BLL catch occurring 

within the proposed HPAs (note that BLL will not be prohibited from most SPAs; n = 

114.9T). The main recreational boat type for catching snapper is trailer boats with 8.95% of 

all trailer boat catches coming from the proposed HPA closures (n = 161.7T; Figure 7).  
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Figure 7: Total commercial and recreational fishing snapper catch (T) data for within each proposed HPA and SPA. (A) Commercial fishing data from 2020-2021 categorised by fishing method.          (B) 

Recreational data from survey year 2017-2018 categorised by boat type.  
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3.3.2 Commercial snapper catch   

The commercial fishing effort can be seen operating over the whole HGMP, with a 

distinction between higher levels of BLL in the inner HGMP, and higher levels of BT, DS, 

and PRB in the outer HGMP and zones they are allowed to operate within. There is little 

commercial effort occurring within the innermost regions of the HGMP, particularly 

noticeable in areas adjacent to the Waitemata Harbour. There is an aggregation of set-net 

commercial fishers at the base of the Firth of Thames (Figure 8). BLL is the most common 

fishing method seen within 13 of the HPAs, making up 100% of snapper caught in 5 of the 

HPAs. The proposed Tiritiri Matangi HPA is the only exception, with DS being the most 

utilised here (Table 4). 

Overall, 6.43% of snapper – tāmure catch in 2020/2021 was caught in the proposed HPAs. 

The amount of commercial catch using methods that will be prohibited in SPAs (DS, BT and 

PRB), including all fishing methods prohibited from the Mokohinau SPA is 3.14% %. 

Consequently, the overall commercial catch that would be displaced by the proposed MPAs 

based on 2020/2021 catch and methods is 9.57%. This equates to 194.4T of snapper for 2020-

2021, making up 4.32% of the TACC quota for the SNA1 region (Fisheries New Zealand, 

2021).  

The total weight of commercial snapper catch from the proposed HPA areas was 130.05T. 

The HPA contributing the most to this is Te Hauturu-o-Toi (Little Barrier), with 38.4T of 

snapper caught here, making up 1.87% of the total HGMP commercial snapper catch. The 

Mokohinau Islands HPA is the second largest contributor to the total HGMP snapper catch (n 

= 27.6T), followed by the CROP marine reserve extension (n = 20.5T). No commercial 

snapper catches for 2020-2021 were reported in the Rangitoto-Motutapu Island or Rotoroa 

Island HPAs. Cape Colville, Motukawao, and Tiritiri Matangi HPAs have only one recorded 

commercial snapper event this year (Table 4).  

The total weight of commercial snapper caught within SPA boundaries, not including the 

Mokohinau SPA, that BLL does not catch is equal to 24.84T. Cape Colville and Kawau Bay 

SPAs have more than 80% of their commercial snapper catches caught by BLL. Therefore, 

most events occurring within these MPAs will not have to redistribute under SPA 

management. The Craddock Channel SPA has 40% of its commercial snapper caught via BT, 

which will also no longer be permitted to operate within this zone (Table 4).  
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For the Mokohinau SPA area, as BLL will also be prohibited here, the total commercial 

snapper catch was 39.5T across all methods. This was the second largest total snapper catch 

(T) across all the proposed closure areas.  

 

Proportion of local commercial catch in proposed MPAs 

The highest proportion of commercial catch from a HPA on a local scale was from the 

proposed HPAs at the Mokohinau Islands and Te Hauturu-o-Toi (Table 4).  For these 2 HPAs 

38.2% and 24.1%, respectively, of the local commercial snapper catch (i.e., occurring within 

10km of the HPA) is caught within the proposed closure area (Figure 9, Appendix B). The 

only other HPAs with more than 10% of commercial snapper catch within their 10km buffer 

zone coming from within the HPA boundaries are the North Aldermen Islands HPA and the 

CROP marine reserve extension (n = 19.3% and n = 10.9%; Table 4).  
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Figure 8. Map of commercial fishing events in the Hauraki Gulf 2020 - 2021. Green lines indicate proposed High Protection Areas and orange lines indicate 

proposed Seafloor Protection Areas, shaded blue = outline of HGMP.  
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Figure 9. Map of commercial fishing events in the Hauraki Gulf with included 10km buffer zones around MPAs. Green lines indicate proposed High Protection Areas (HPA), 

yellow zones indicate 10km buffer zone around each HPA. Orange lines indicated proposed Seafloor Protection Areas (SPA); orange shaded zones indicate 10km buffer zone 

around SPA.  
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AREA 

TYPE  

    FISHING METHOD (%)             

HPA Reserve name Size 

(km2) 

BLL BT DS PRB HL Events SNA 

catch 

(T) 

Catch 

not 

BLL 

(T) 

% of 

HGMP 

catch  

% of 

catch 

not 

BLL 

% of 

local 

10km  

events  

% of 

local 

10km  

catch   
Aldermen North  138 74% 21% 0% 0% 5% 19 13.1 - 0.64 - 16.5 19.3  
Aldermen South  150 45% 18% 5% 18% 14% 22 11.1 - 0.54 - 10.4 9.5  
CROP 15 96% 4% 0% 0% 0% 49 20.5 - 1.00 - 12.0 10.9  
Cape Colville  26 100% 0% 0% 0% 0% 1 0.91 - 0.04 - 0.72 1.08  
Kawau Bay 41 100% 0% 0% 0% 0% 8 2.85 - 0.14 - 3.0 3.11  
Mokohinau 118 89% 11% 0% 0% 0% 44 27.6 - 1.35 - 33.3 38.2  
Motukawao 30 100% 0% 0% 0% 0% 1 0.2 - 0.01 - 0.58 0.32  
Noises 60 100% 0% 0% 0% 0% 45 7.8 - 0.38 - 10.74 8.74  
Rangitoto and 

Motutapu 

11 0% 0% 0% 0% 0% 0 0 - 0 - 0 0 

 
Rotoroa Island 12 0% 0% 0% 0% 0% 0 0 - 0 - 0 0  
Slipper Island 14 50% 0% 50% 0% 0% 4 0.77 - 0.04 - 2.12 0.85  
Te Hauturu-o-Toi 195 93% 7% 0% 0% 0% 95 38.4 - 1.87 - 31.77 24.1  
Tiritiri Matangi  9 0% 0% 100% 0% 0% 1 0.22 - 0.1 - 0.67 0.52  
Whanganui A Hei  14 100% 0% 0% 0% 0% 10 6.6 - 0.32 - 5.18 6.61  
Total                  

779 

     
299 130.05  6.43  

  

SPA                            
Cape Colville  66 80% 0% 20% 0% 0% 5 1.96 0.44 0.10 0.02 2.08 1.29  
Craddock Channel 141 60% 40% 0% 0% 0% 25 15.4 6.3 0.75 0.31 8.65 9.0  
Kawau Bay 159 83% 4% 12% 0% 0% 113 41.5 10.9 2.02 0.53 27.6 24.9  
Mokohinau 317   70% 8% 0% 23% 0% 80 39.5 - 1.93 - 36.4 35.7  
Tiritiri Matangi  53 7% 0% 93% 0% 0% 28 7.94 7.2 0.39 0.352 9.8 10.0  
Total                

736 

     
251 106.3 24.84 5.19 1.21 

  

 Grand total          

1515 

      550 236.35 24.84 11.62 1.21   

Table 4: Commercial fishing event and snapper catch (T) data for 2020-2021 from within each proposed HPA and SPA.  Yellow cells highlight commercial methods that will be banned in  

all SPA zones, blue cell highlights BLL banned in Mokohinau SPA 
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3.3.3 Recreational snapper catch  

Total HGMP 

In comparison to the commercial fishing data (Figure 8) the distribution of the recreational 

fishing data (Figure 10) is more condensed within the inner HGMP, and along the coastlines 

of the mainland and islands. Of note, the Aldermen North proposed HPA, was the only HPA 

that has no recreational fishing events within its boundaries (Figure 10 & Table 5).  

Trailer boats were the most observed recreational boat type used for fishing, and for 13 of the 

HPAs it contributed more than 75% to the number of events (Table 5). 

Overall, 9.1% of recreational snapper – tāmure catch in 2017/2018 was within the proposed 

HPAs. As SPAs only prohibit fishing methods that impact the seafloor, recreational methods 

used to target snapper will still be allowed within these proposed areas. Due to this, SPAs 

will not be discussed further regarding displaced recreational fishing effort. The total of 

recreationally caught snapper within the HPA boundaries for the 2017-2018 was 206.52T, 

which is 6.8% of the recreational TAC for the SNA1 region (3000T; Fisheries New Zealand, 

2021) 

The greatest recreational catch was within the proposed HPAs at the Noises, Kawau Bay and 

Rotoroa Island (all islands located within the inner HGMP), which accounted for 3.6%, 1.6% 

and 1.1%, respectively, of the recreational snapper catch (T) of the HGMP in 2017/2018. All 

other 10 HPAs individually contribute less than 0.6% of the total recreational snapper catch 

(T) for the HGMP (Table 5).  

 Proportion of local recreational catch in proposed HPAs 

Half (n = 7) of the proposed HPA areas have greater than 10% of local recreational fishing 

snapper catch (T) occurring in their 10km buffer within the proposed closure area. Out of 

these, the greatest number of events occurring within the proposed area was again for the 

Mokohinau Islands and Te Hauturu-o-Toi HPA (n = 53% and n = 35%, respectively).  

 

Out of the HPAs, the Noises had the largest number of recreational fishing events occurring 

within its boundaries (n = 719), and this 60km2 area contributes 3.6% of total recreational 

snapper catch (T) for the entire HGMP. This HPA is also within the inner HGMP, where 

there are higher numbers of recreational fishing vessels (Figure 11). 
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Kawau Bay and Rotoroa Island HPAs also contribute 1.56% and 1.1% to the total 

recreational snapper catch (T) of the HGMP, respectively. Both HPAs also have over 10% of 

their catch within the 10km buffer caught within the proposed HPA boundaries (Table 5).  
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Figure 10. Map of recreational fishing events in the Hauraki Gulf from 2017-2018 survey year. Green lines indicate proposed High Protection Areas 
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Figure 11. Map of recreational fishing events in the Hauraki Gulf from 2017-2018 survey year with included HPA 10km buffer zones. Green lines 

indicate proposed High Protection Areas (HPA), yellow zones indicate 10km buffer zone around each HPA.  
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AREA 
 

  

BOAT TYPE (% OF EVENTS)  

  

HPA Reserve name Size 

(km2) 

Trailer 

Boat 

Launch Yacht Charter 

Boat 

Kayak Jet ski Total 

events 

Total 

SNA 

catch 

(T) 

% of 

total 

Snapper 

HGMP 

catch  

% of 

local 

10km 

events  

% of 

local 

10km 

catch  

 
Aldermen North  138 0 0 0 0 0 0 0 0 0 0 0  
Aldermen South  150 83% 17% 0 0 0 0 12 0.21 0.01 4 2  
CROP extension 15 90% 10% 0 0 0 0 10 1.16 0.05 3 5  
Cape Colville  26 86% 12% 2% 0 0 0 42 12.37 0.55 13 15  
Kawau Bay 41 82% 12% 3% 0 0 0 447 34.84 1.56 19 16  
Mokohinau 118 63% 24% 3% 1% 0 0 75 2.97 0.13 49 53  
Motukawao 30 91% 8% 0 0 1% 0 101 11.21 0.50 9 8  
Noises 60 79% 17% 2% 2 0 0 719 80.61 3.6 21 22  
Rangitoto and 

Motutapu 

11 82% 17% 0 1% 0 0 77 6.17 0.3 2 2 

 
Rotoroa Island 12 77% 20% 6% 0 0 2% 288 25.65 1.1 18 14  
Slipper Island 14 91% 5% 3% 0 0 1% 103 5.32 0.24 15 13  
Te Hauturu-o-Toi 195 75% 24% 1% 0 0 0 80 10.03 0.45 30 35  
Tiritiri Matangi  9 76% 22% 2% 1% 0 0 130 12.41 0.56 8 7  
Whanganui-a-Hei 

Marine extension  

14 91% 6% 0 0 1% 0 81 3.57 0.02 9 9 

 
Total          779 

      
2165 206.52 9.07 

 
 

Table 5: Recreational fishing event and snapper catch (T) data for survey year 2017-2018 from within each proposed HPA and SPA.   
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3.4 Discussion  

3.4.1 Overview of displacement for HGMP  

Overall, the proposed marine protected areas do not appear to restrict a large amount of 

commercial or recreational fishing currently occurring within the HGMP. Looking at 

displacement potential from HPAs, the displacement for recreational fishers was greater, with 

9.1% of the total HGMP snapper catch coming from these areas. In comparison, less of the 

total commercial snapper were caught within HPAs, making up 5.7% of this catch. When 

including the commercial fishing effort that will be restricted from within the SPAs this 

amount rose to 9.57% (Table 4 & 5). Hiddink et al. (2006) found for their study on the North 

Sea that when less than 20% of commercial plaice effort catch was displaced; this did not 

have adverse displacement effects on benthic systems. This result was observed mainly if the 

areas closed contributed little to the fishery. This study may apply to the commercial snapper 

data here, as slight displacement occurs from the HPA and SPAs, and these areas contribute 

little to the overall commercial snapper fishery.  

De Freitas et al. (2013) found that some negative effects of displacement were observed when 

56% of recreational fishers were restricted from accessing regular fishing grounds within the 

Great Barrier Reef (GBR) marine park. This redistribution of effort resulted in increased 

effort and competition in already heavily fished locations and was influenced by the ability to 

access new sites and travel costs. These effects were just observed across socio-economic 

impacts, no assessment was made to how this displacement effect the wider ecosystem. No 

studies throughout the literature have reported any adverse effects when less than 10% of 

recreational effort is displaced. Of note, the difference in size between the marine protected 

areas of the GBR and HGMP is significant. 33% of the 345,000km2 GBR is no take 

compared to the 17.6% of the 14,000km2 HGMP. Therefore, these socio-economic impacts of 

recreational displacement may not be as pronounced within the HGMP.  

The size and placement of MPAs have been attributed to influencing the displacement that 

will occur (Slijkerman & Tamis, 2015), which may have impacted the differences in 

displacement levels between recreational and commercial fishers. For recreational fishing, 

some of the smallest HPAs, Rotoroa Island (11km2) and Tiritiri Matangi (9km2), provided the 

third and fourth largest proportion of recreational snapper catch, respectively. As the size of 
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MPAs does not appear to influence the difference in the amount of displacement between the 

two fisher groups, where these MPAs are placed has had a greater influence. Both mentioned 

HPAs are within the inner HGMP, which is reported to be the most used body of water in 

New Zealand (Department of Conservation & Fisheries New Zealand, 2021b). For 

commercial fishing, the largest HPA reported the greatest proportion of HGMP snapper 

catch, which was for Te-Hauturu-o-Toi. However, the CROP marine reserve extension is a 

smaller proposed HPA area and reported the third largest commercial snapper catch. Te-

Hauturu-o-Toi and CROP are in the outer HGMP, where higher commercial fishing pressure 

is observed (Figure 8).  

Therefore, the overall difference in the displacement levels for commercial and recreational 

fishers may be attributed to the location of these new proposed MPAs. Ten proposed HPAs 

are either within the inner HGMP or near the coast (Figure 1). Cooke and Cowx (2004) 

discuss how recreational fishers target coastal regions that are more accessible, whereas 

commercial fishers operate in more distant waters, influenced instead by depth and 

profitability. This pattern is seen with fishing pressure within the HGMP, with recreational 

fishing being more intense in the coastal zones, where there are higher numbers of HPAs, and 

commercial fishing more prominent in the outer HGMP, where there are fewer HPAs (Figure 

8 & 10). The commercial BT and DS vessels are also prohibited from operating within the 

inner HGMP (Hauraki Gulf Forum, 2020), which is reflected in their dispersal (Figure 8).  

The placement of the HPAs in the outer HGMP also does not appear to cover locations of 

high commercial snapper effort. This placement, therefore, may have influenced the low 

amount of potential total commercial displacement observed (Slijerkman & Tamis, 2015). 

Even though four HPAs in the outer Gulf are greater than 100km2, where they have been 

placed does not cover areas of high commercial snapper fishing effort. This placement of 

HPAs in low commercial snapper activity is mainly seen for the two HPAs placed around the 

north and south Aldermen Islands.  

For looking at displacement of recreational fishers alone the size of the reserves may have 

influenced the overall low level of displacement observed (Slijerkman & Tamis, 2015). The 

six HPAs inside the inner HGMP (Figure 1) cover an area of only 154km2 combined. 

Comparing this to the total 14,000km2 of the HGMP, they only protect 1.1% of the entire 

HGMP. As mentioned, this is the country's most used body of water (Department of 
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Conservation & Fisheries New Zealand, 2021b); therefore, protecting this little of it may not 

influence significant levels of snapper fishery displacement.  

As discussed, commercial fishing effort displacement is more investigated in current 

literature. However, it appears for the HGMP that recreational fishers will experience slightly 

greater displacement, even when accounting for commercial displacement from the SPAs. 

The impacts of recreational fishers are also not as widely reported in the literature, despite 

Cooke and Cowx (2004) stating they can have adverse ecological effects, particularly 

influencing the overexploitation of fisheries. The introduction of the proposed reserve areas 

may provide a case study to assess whether this displacement of recreational effort has 

implications for the wider environment or communities, particularly due to the importance of 

the recreational snapper fishery within the HGMP (Fisheries New Zealand, 2021).  

Even with the increased protection from the proposed MPAs, the area protected within the 

HGMP rises to only 17.6%. Studies have discussed that to attain conservation goals, up to 

30% of the marine environment within a region needs to be protected (Horwood, 2000; Pauly 

et al., 2002; Greenstreet et al., 2009). If the protection level within the HGMP was to increase 

to reach this desired 30%, this might influence greater displacement patterns across the 

HGMP.  

3.4.2 Assessing displacement at local level 

 Commercial fishing effort  

The Mokohinau Island and Te Hauturu-o-Toi HPAs also have the highest proportion of 

commercial snapper catch within their 10km area caught within the HPA protection zone. 

The neighbouring SPAs for the Mokohinau Islands and Craddock Channel also receive 

higher commercial fishing pressure compared across this dataset (Table 4). As these four 

MPA areas 10 km zones overlap (Figure 9), this could be of concern for displacement if 

fishing effort aggregates in these remaining open areas resulting in conflict for fishing space 

(Suuronen et al., 2010). The cable protection zone will also restrict fishing vessels from 

displacing to the west of these MPAs. As BLL makes up 93% of effort in the Te Hauturu-o-

Toi HPA, this effort may not have to displace far as it may still operate within the adjacent 

SPA area. This will not apply to the 89% of BLL effort occurring within the Mokohinau 

Islands HPA, as BLL is also prohibited in the adjacent SPA to protect sensitive species 

(Department of Conservation & Fisheries New Zealand, 2021b), which may therefore result 



 
 

64 

 

in commercial effort needing to displace further distances. As discussed, conflicts arising 

from MPA implementation are becoming more frequent (Cánovas-Molina & García-Frapolli, 

2020), due to overlapping pressure to fish in remaining open space (Agardy et al., 2011). 

Conflict or ‘fisheries squeeze’ has been observed after MPA implementation globally, and 

has resulted in impacts such as reduced catches, greater gear entanglement and increased 

stress between fishers’ (Suuronen et al., 2010; Stevenson et al., 2013; Rees et al., 2021), 

which potentially may be of concern for these proposed closure areas.  

The CROP marine reserve extension is the 6th smallest HPA being implemented but has the 

3rd largest commercial snapper catch out of the data for 2020-2021. This area also had the 4th 

largest proportion of effort within its 10km zone occurring in the proposed protection area 

(Table 4). There is a pattern of aggregation of commercial effort in the area surrounding the 

existing CROP reserve (Figure A4).  This increase in commercial effort here, may be 

attributed to fishers perceive a benefit for fishing on the edge of the successful CROP marine 

reserve (Willis et al., 2003), to maximise yields by catching spillover of individuals from the 

reserve (Kellner et al. 2007; Buxton et al., 2014). This pattern has been reported historically 

for recreational snapper fishers surrounding this reserve (Willis et al., 2000). Other factors 

may be influencing this aggregation of commercial fishing vessels here, as the same pattern is 

not apparent around the marine reserve extension at Whanganui-A-Hei (Figure 7). Edgar et 

al. (2017) did report that the snapper biomass in the CROP reserve was substantially higher 

than the Whanganui-A-Hei reserve, which may influence this different pattern in fishing 

pressure observed as less spillover is expected from Whanganui-A-Hei.  

Recreational fishing effort  

The four largest HPAs had some of the smallest amount of recreational snapper catch for the 

2017-2018 year (Table 5). As discussed these HPAs are further off the coast in the outer 

HGMP and may be more inaccessible to the trailer-boats that make up the most recreational 

vessels (Cooke & Cowx, 2004). This may also be attributed to the target species for the two 

Aldermen Island HPAs is not predominately snapper. Other species such as blue marlin 

(Makaira mazara), crayfish – koura and jack mackerel – hautere (Trachurus murphyi) are 

targeted here, therefore, this displacement of fishing is not reported here (Department of 

Conservation & Fisheries New Zealand, 2021b).  
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The four largest recreational snapper catches come from HPAs within the inner HGMP, and 

these in order of catch size are: the Noises, Kawau Bay, Rotoroa Island and Tiritiri Matangi. 

Again, this is reinforcing that the largest amount of recreational displacement is occurring in 

location within easier access of urban centres, and that coastal MPAs have a greater impact 

on smaller scale fisheries (Stevenson et al., 2013).  

The Noises contributed the largest amount to the overall HGMP catch, with this 60km2 HPA 

responsible for 3.6% of the total HGMP recreational snapper catch. 22% of the recreational 

snapper catch within the 10km zone for the Noises also comes from within the proposed 

closure area, and this higher level of recreational fishing within the zone may influence 

greater displacement moving to neighbouring areas. The Neureuter family who own these 

islands have reported decreases in the biodiversity and health of the ecosystem surrounding 

the Noises, due to extensive overfishing pressures (Hauraki Gulf Forum, 2020)., so 

understanding patterns fishing pressure here is of importance. The 10km zone of the Noises 

also overlaps with the Rangitoto-Motutapu, Rotoroa Island and Tiritiri Matangi HPA 10km 

zones (Figure A8). Of note all the 10km zones surrounding HPAs within the inner HGMP, 

overlap with at least one other HPA (Figure 10). This again, may potentially increase conflict 

for space in the remaining open areas, and as reported for the GBR recreational fishers. 

3.4.3 Potential impacts of displacement in HGMP  

Socio-economic  

As discussed, one of the potential impacts of the proposed protection areas, is that they may 

influence greater levels of conflict in remaining open areas. As seen locally around the 

proposed MPAs, there may be increased levels of conflict for space in the remaining open 

areas, which may adversely affect some fishers (Agardy et al., 2011; De Freitas, 2012; 

Stevenson et al, 2013).  

Another socio-economic issue that may arise, is that there is non-compliance for these new 

MPAs. Shears and Usmar (2006) found that although commercial fishers complied with 

restrictions on the type 2 MPAs (cable zones) within the HGMP, recreational and charter 

fishers were observed fishing in these zones. Willis et al (2003) also reported for three marine 

reserves within the HGMP (CROP, Tawharanui and Whanganui-A-Hei) that there is illegal 

fishing happening within the reserve as people are not complying with been displaced from 
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these areas. This, therefore, reduces the effectiveness of these areas as lack of enforcement of 

an MPA that make it not achieve its desired objectives (Pieraccini et al., 2017).  

The Revitalising the Gulf report (2021) states that the ongoing plan for these new MPAs it to 

undertake monitoring, research, and evaluation, with the creation of the marine protection 

monitoring and reporting programme. Currently the Department of Conservation and 

Fisheries New Zealand are responsible for monitoring and enforcing compliance with marine 

protection, from both commercial and recreational fisheries (Marine Reserves Act, 1971; 

Ministry of Fisheries & Department of Conservation, 2008). Therefore, more resources will 

be required from this organisation to enforce and monitor these new MPAs, to ensure they are 

not becoming ‘paper parks’ (Pieraccini et al., 2017).  

Of note, no proposed marine protection areas are set for the north-eastern coast of the 

Coromandel Peninsula or around Aotea (Great Barrier Island; Figure 1). As seen in both 

commercial and recreational snapper fishing maps (Figure 7 & 9), there is substantial snapper 

fishing effort within these areas. Lynch (2006) discusses how this can be due to case 

avoidance by managers, to not implement reserves in some favoured fishing locations to 

achieve high compliance.  

Ecological  

Ecological impacts from displaced fishers were only found in the literature to occur for 

commercial fishing events within reserves larger than 100km2. As only seven of the proposed 

reserves are greater than 100km2 there may be less chance of negative impacts from 

displacement occurring. Dinmore et al. (2003) discussed displacing trawling effort in the 

North Sea resulted in negative impacts for the benthos in previously not trawled locations. 

BT, DS and PRB are already seen in areas across the outer HGMP (Figure 8), but exclusion 

of this effort from both HPA and SPAs may result in this effort extending further distance or 

into new areas. This expansion of effort may result in adversely affecting the benthos if the 

area here had been previously unfished (Dinmore et al., 2003).  

3.4.4 Assessing effectiveness of HPAs & SPAs for snapper populations  

As mentioned, the overarching goal of increasing marine protection within the HGMP was to 

assist in restoration of the ecosystem and boost abundance of fish stocks (Department of 

Conservation & Fisheries New Zealand, 2021a). For achieving the objective of boosting 
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abundance of fish stocks, snapper have shown overall positive responses from enforced, no 

take marine protection within the HGMP, with increases in abundances, size and fecundity 

observed. Snapper have shown the greatest increases in abundance in the shortest amount of 

time in the CROP and the Poor Knights reserves (Willis et al., 2003; Denny & Babcock, 

2004). However, the Tawharanui MPA displays lower snapper biomass than expected in 

comparison to the length of time it has been implemented for. This lower biomass indicates 

that trends cannot be applied generally to all reserves, as other factors such as compliance 

with regulations can inhibit snapper recovery (Willis, 2003). This also emphasises that the 

population recovery of each implemented MPA can vary, and this recovery will be influenced 

by the surrounding fish populations (Denny et al., 2004). As the new proposed MPAs are 

spread across the HGMP (Figure 1) snapper recovery may vary at each of these, depending 

on surrounding environmental and social factors.  

The habitats protected within the HPAs will also influence the amount of snapper recovery 

observed within each MPA, due to snapper being more commonly observed in greater 

abundances near reef systems (Willis, 2003). This is in comparison to Shears and Usmar 

(2006) who reported that partially protected areas comprising of mostly soft sediment habitat, 

such as the cable protection zone, did not appear to support an increase of snapper biomass. 

The Revitalising the Gulf report (2021) discusses all the new MPAs directly protect some 

reef systems, therefore suggesting all the sites would provide some adequate habitat for 

snapper recovery.  

As the SPAs will allow for compatible uses, they are therefore representative of type 2 MPAs 

or partially protected zones (Department of Conservation & Fisheries New Zealand, 2021a). 

Denny and Babcock (2004) and Denny et al. (2004) found that partial protection of snapper 

was ineffective at restoring populations. They attribute this to recreational fishing pressure 

still impacting snapper recovery, providing evidence that recreational fishing pressure does 

have the ability to impact recovery of fish populations. Sala and Giakoumi (2018) found this 

same pattern occurring globally where partial protection was not as effective as no take 

reserves. Therefore, the SPA zones may not support increasing protection for snapper, as they 

will not displace various fishing effort from within their zones.  
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  3.4.5 Benefits of marine reserves within the HGMP  

For MPAs to make up for the loss of fishing grounds for fishers through displacement, the 

benefits of the MPAs need to outweigh the lost costs (Buxton et al., 2014). This benefit can 

be through spillover of adults from the reserve to the surrounding fishery or increased 

recruitment of juveniles and larvae (Russ, 2002). This spillover and recruitment are more 

beneficial for a depleted fishery (Buxton et al., 2014) and snapper are considered overfished 

in the HGMP (Hauraki Gulf Forum, 2020).   

Through hydrodynamic modelling and genetic analysis of dispersed snapper larvae, Le Port 

et al. (2017) found that the CROP marine reserve provided 10.6% of juvenile snapper to 

400km2 of the surrounding area. The CROP reserve is only 5.2km2, making up only 1.3% of 

the area studied within this report, indicating that this reserve contributes a disproportional 

number of larvae to surrounding areas. These results support the estimates from Willis et al. 

(2003) that snapper within the reserve produces 23.3 times more eggs than areas outside the 

reserve, supporting up to 90km of coastline. Le Port et al. (2017) discuss that the hydrology, 

geography, and habitat suitability surrounding each reserve will impact the distribution 

potential of larvae. They conclude that the CROP reserve contributes enough recruitment to 

the surrounding fishery to compensate for the losses caused by closing the area to fishing. 

CROP is a well-established MPA that has seen increased snapper abundances and size over a 

long-term scale, enabling greater reproductive output (Willis et al., 2003). As the new MPAs 

are protecting similar environments, comparable recruitment patterns may be possible if the 

new reserves also influence positive effects for snapper populations and exhibit adequate 

environmental processes to facilitate larvae distribution.   

Qu et al. (2021) then utilised the data from the Le Port et al. (2017) paper to investigate the 

CROP marine reserve's economic benefit through the snapper recruitment supply to the 

surrounding fishery. They found that the average annual commercial value of snapper 

recruitment from the CROP reserves was $ 1.49 million. This amount expanded to $4.89 

million, when including the seafood processing industry and that it supported 16 full-time 

employees. Again, if similar patterns of snapper recruitment are observed from new Sea 

Change protection areas, this study provides evidence that this recruitment can provide an 

economic benefit. These two studies show how a well-established marine reserve, which has 

proven ecological benefits, can support the wider fishery and economy through snapper 

recruitment (Qu et al., 2021 & Le Port et al., 2017). 
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When MPA protection covers reef habitats from overfishing and observed increase in 

abundances of snapper such as crayfish are seen, indirect trophic effects can be observed. 

These effects are due to predation on sea urchins – kina (Evechinus chloroticus), and 

therefore reduce grazer densities, allow the recovery of macroalgal species. As macroalgal 

species, such as kelp (Ecklonia radiata) are primary producers and provide habitat for a 

diverse range of species, these indirect effects of snapper protection have a large lead on 

effect (Shears & Babcock, 2002; Shears & Babcock, 2003). A concern therefore may be if 

displaced fishing pressure of snapper and lobster are increased in some reef locations and 

enhances overfishing in these locations. As overfishing has been attributed to inflicting grazer 

dominated sites (Shears & Babcock, 2003) there is the potential that increased pressure at 

these sites may inflict increases in grazer dominance. This overfishing of as neighbouring 

population has been discussed theoretically for highly sedentary or migratory species (Van 

Wynsberge et al, 2013; Gilman et al., 2019) so may not be observed for the life 

characteristics of snapper or crayfish. It should still be of note for future monitoring, 

particularly for HPA areas such as the Mokohinau Islands or Aldermens where only select 

reef areas are protected and there have already been reports of kina barrens occurring here 

(Department of Conservation & Fisheries New Zealand, 2021a). 

The initial Sea Change plan was also the first use of marine spatial planning (MSP) within 

New Zealand (Peart, 2019). MSP allows for the designing of a network of MPAs within an 

area, to try to enhance the connectivity across multiple MPAs. A well-designed network of 

MPAs is more effective at supporting recruitment to other reserves, as well as maximising the 

amount of larvae export to the surrounding ecosystem, when compared to a single reserve. 

This is due to singular reserves usually not covering the average larvae dispersal distance for 

species within its protection. A network therefore addresses this, by covering a larger area. 

How effective the network is dependent on the movement of larvae and adults within this 

system (Edgar et al., 207; Gaines et al., 2010). Olds et al. (2011) found that increasing the 

connectivity between reserves can promote their performance and conclude that connectivity 

should be included in reserve design. This indicates, that the new proposed MPAs may create 

a network across the HGMP, that allows for increased recruitment, if there is adequate 

transfer of larvae and adults across this system.  
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3.4.6 Limitations  

The data for recreational fishing snapper effort included for this report was the latest 

available data from the 2018-2019 study year. Hartill et al. (2019) describe that these 

recreational catch estimates can vary from year to year. This variability is attributed to 

climatic conditions that will influence the movement of fish and level of recreational fishing 

occurring. Therefore, this 2018-2019 data may not provide the most accurate current 

assessment of recreational snapper fishing effort within the HGMP.  

This study has also only discussed potential displacement effects for snapper fishers, and not 

how other recreational and commercial fisheries may be affected by the proposed MPAs.  

Hence, the overall displacement that will be observed within the HGMP has the potential to 

be much greater when incorporating these other species.  

3.4.7 Future Directions  

Monitoring of observed displacement effects will be of great value to understand what 

systems may become at risk after the implementation of the proposed marine protection 

areas. Before-after-control-impact-pairs (BACIP) are the strongest study designs to provide 

evidence of impacts from MPA implementation and would provide excellent insight to 

reserve effects (Gell & Roberts, 2003; Kerr et al., 2019). The Revitalising the Gulf report 

(2021) discusses how monitoring systems are being developed for these areas, but for 

comparison of reserve effects to be made before studies must be undertaken. These studies 

should look to also address gaps within the current literature, of whether displacement effects 

impact the overall net population of snapper. This data would be of significant value to 

understand if displacement effects outweigh the positives of MPAs discussed by Le Port et al. 

(2017) and Qu et al. (2021).  

Not only should ecological data be acquired, but differences in the spatial and temporal 

patterns of fishers should also be recorded, to see how fishers respond to these closure 

measures, and if any further management actions need to be taken to mitigate impacts that 

may arise. This monitoring can also look to assess whether there is high compliance with the 

new MPA network, to ensure they are being as effective as possible.  

As mentioned further research should also look to investigate the potential displacement of 

other important recreational and commercial fisheries from the proposed MPAs. Two 

fisheries that should be investigated are crayfish – koura and scallops – tipa (Pecten 

novaezelandiae). Both these species are of high commercial and recreational value but have 
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seen vast decreases in abundances within the HGMP (Hauraki Gulf Forum, 2020). These 

species have also shown positive responses to marine protection (Murawski et al., 2000; 

Edgar et al., 2017). The scallop fishery may be easier to assess spatially where displacement 

may redistribute too as there are only so many available scallops beds within the HGMP to 

fish (Department of Conservation & Fisheries New Zealand, 2021a). This may also put the 

unprotected beds at higher risk of displacement effects from overexploitation, as due to their 

lower mobility all effort will be focused on the limited remaining open populations (Van 

Wynsberge et al., 2013).  

 

3.4.8 Conclusion  

 

Overall, the proposed marine protection areas, do not appear to inflict large displacement 

effects on commercial or recreational snapper fishers. This may be due to not a large enough 

area of the HGMP being protected, with the 17.6% falling short of the desired 30% protection 

for an area. Locally, there may potentially be observed effects of displacement for individual 

MPAs, particularly influencing increases of conflict for space. However, if these new MPAs 

are successful and well managed, they may increase greater recruitment of snapper to the 

wider HGMP. This recruitment can enhance proven ecological and economic benefits for the 

snapper fishery. As discussed, further data should be collated on other fisheries that will be 

displaced both commercially and recreationally from within the HGMP to gain a holistic 

view of potential displacement in the HGMP. Assessments should also be undertaken to 

assess whether displacement is impacting the net snapper population within surrounding 

fisheries. As these proposed MPAs are set to be implemented in 2024, this study and its 

recommendations are important to ensuring that these areas are effective at achieving their 

desired objectives of enhancing conservation and fisheries.  
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Chapter 4: Conclusions  

 4.1 Overall summary and future directions  

Displacement of fishing effort due to the restrictions imposed by MPAs is an expected 

outcome (Bucaram et al., 2018), and this study has shown that this effect has been reported 

globally. This review has highlighted that displacing effort may negatively impact the 

broader biodiversity, communities, and fishers. However, more commonly, it has shown no 

wide-scale adverse effects for most MPAs creation. Cases have also been observed when 

original social negative perceptions of displacement have changed over time, as there have 

been no longer-term impacts on catch rates and financial stability (Mangi et al., 2011). 

Although this study found that displacement does not appear to undermine the set objectives 

of MPAs within their boundaries, there do appear to be gaps in the current knowledge 

regarding the overall net effect of displacement on wider populations. As many MPAs aim to 

enhance biodiversity and fisheries management, it is essential to see how displacing of effort 

impacts overall net population sizes. Therefore, it is hard to conclude whether displacement 

outweighs the positive effects of recruitment and spillover of MPAs. This review also 

incentivised that assessing displacement effects should be done as a part of the planning 

process for each new MPA. These assessments must be done for individual MPAs as the 

species, communities and fishers that access each can affect the displacement. As numerous 

studies within this thesis showed displacement effects can be observed for MPA scenarios 

theoretically, this knowledge should be built on with empirical evidence to validate claims. 

With the new Sea Change proposed areas being set for implementation in 2024, and the high 

use of the HGMP for fishers, this area may provide a case study to assess potential 

displacement.  

Overall, there was little commercial fishing effort across the HGMP that would be excluded 

from both HPA and SPAs (9.57%). When comparing how trawling effort may displace, many 

other examples from the literature cover areas of 10,000km2 + (Dinmore et al., 2003, Hiddink 

et al., 2006). In contrast, the total proposed protection area for the HGMP is 1515km2, so the 

magnitude of effects from displacement may not be observed. This impact of displaced 

trawling was also of greater significance if it was displaced to previously unfished locations. 

From the commercial effort map (Figure 8), there do not appear to be many areas of the 

HGMP that are unfished and susceptible to the new pressure. A wider area scope may be 

required outside the HGMP to see if displaced effort redistributes here and if this is of 

concern. As Abbott and Haynie (2012) discuss, indirect effects from displaced effort need to 
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be accounted for to ensure they are not putting other species or habitat groups at risk of 

overexploitation.  

Relating the HGMP areas to the global data set of displacement literature was difficult in 

some respects as few studies discussed the impacts of recreational fisher effort displacement. 

There was a bias towards studies of commercial fishers, as they are thought to have the most 

significant adverse impacts on ecosystems and fisheries stocks (Worm & Myers, 2004). 

However, this bias may hide some of the impacts inflicted by smaller-scale fishers. 

Therefore, more study needs to be undertaken in this field. Due to the high use of the HGMP 

for recreational fishers (Department of Conservation & Fisheries New Zealand, 2021a), this 

could be an excellent case study for investigating if there are any impacts from recreational 

fishing displacement. Areas of interest would be within the inner HGMP, where there is high 

recreational fishing pressure, especially around the Noises HPA, due to the considerable 

fishing effort within this area (Figure 10). This further study will require a BACI design 

approach to accurately assess the effects of the MPAs on displacement (Gell & Roberts, 

2003). As these MPAs are set to be initiated in 2024, this may be an area of priority to 

address. Studies here could also investigate the impacts of displacement on net populations 

locally and for the entire HGMP.  

Understanding the effects and mechanics behind fishing effort displacement may be of 

increasing importance as other factors aside from MPAs begin to impose spatial restrictions 

on where fishers can fish, such as climate change. Already, there has been evidence of 

tropicalisation occurring globally, with tropical species redistributing poleward due to 

continued increases in ocean temperatures (Verges et al., 2014; Wernberg et al., 2016). As 

shifts in species distribution will influence the distribution of fishers who target them, 

displacement effects may also occur in these instances. Therefore, a general understanding of 

when displacement may influence negative impacts can be applied to managing this potential 

effort redistribution.  

In summary, one of the overarching themes that were reported within displacement literature 

is that for more effective marine management, there needs to be reductions in effort and catch 

in association with MPA creation to reduce overexploitation (Kaiser, 2005; Suuronen et al., 

2010; Agardy et al., 2011). Therefore, to help boost the snapper and other fishing-targeted 

species population sizes within the HGMP, further measures of restrictions on gear and catch 

limits may be required in association with proposed MPAs. 
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Appendix A: Supplementary data for Chapter 2  

Notes for below table:  

Under restriction level: FRA = Fisheries Restricted Area  

Under MPA objectives: Fisheries = fisheries management tool, Biodiversity = enhance biodiversity and conservation 

 

 

Title of paper Author Year Category Location Size (km2) 
Restriction 

level 

Length of 

MPA 
Species group 

Fishing 

method 
Type of fisher 

Negative 

impact of 

displacement 

MPA Objective 
Method of 

study 

Did 

displacement 

undermine 

objective 

Fishery Recovery in a 

Coral-reef Marine Park 

and Its Effect on the 

Adjacent Fishery 

McClanahan and B. 

Kaunda-Arara 
1996 

Spatial 

distribution 
Kenya 10 No take Permanent Reef fish Multiple Multiple No Fisheries Empirical No 

Evaluation of closed 

areas for fish 

conservation 

Horwood et al. 1998 Ecological England 10,000+ FRA Seasonal Demersal Trawling Commercial 
Scenario 

dependent 
Fisheries Modelling 

Scenario 

dependent 

A bioeconomic model 

of marine sanctuaries 

on Georges Bank 

Holland 2000 
Socio-

economic 
New England 10,000+ FRA Permanent Demersal Trawling Commercial 

Scenario 

dependent 
Fisheries Modelling 

Scenario 

dependent 

Effects of a partially 

closed area in the 

North Sea (“plaice 

box”) on stock 

development of plaice 

Pastoors et al. 2000 Ecological North Sea 42000 Multi use Permanent Demersal Trawling Commercial No Fisheries Empirical No 

A Bioeconomic Model 

of Marine Reserve 

Creation 

Sanchirico & Wilen 2001 
Socio-

economic 
Unknown Unknown No take Permanent Invertebrates Unknown Unknown No Biodiversity Modelling No 

Effort allocation of the 

Dutch beam trawl fleet 

in response to a 

temporarily closed area 

in the North Sea 

Rjinsdorp et al. 2001 Ecological North Sea 10,000+ FRA Seasonal Demersal Trawling Commercial 
Scenario 

dependent 
Fisheries Empirical 

Scenario 

dependent 

Economic impact of 

marine reserves: the 

importance of spatial 

behaviour 

Smith & Wilen 2002 
Socio-

economic 
California Unknown FRA Permanent Invertebrates Diver Commercial No Fisheries Modelling No 

Table 1A. Supplementary information of studies included in literature review.  
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Modelling the effects 

of establishing a 

marine  

reserve for mobile fish 

species 

Apostolaki et al. 2002 Ecological Mediterranean Sea Hypothetical No take Permanent Demersal Mulitple Commercial No Fisheries Modelling No 

Small-Scale Sicilian 

Fisheries: Opinions of 

Artisanal Fishers and 

Sociocultural Effects 

in Two MPA Case 

Studies 

Himes 2003 
Socio-

economic 
Mediterranean Sea 200, 500 FRA Permanent Multiple Mulitple Multiple No Biodiversity Empirical Unknown 

Do commercial fishers 

aggregate around 

marine reserves? 

Evidence from Big 

Creek Marine 

ecological reserve, 

central California 

Wilcox & Pomeroy 2003 
Spatial 

distribution 
California 6.86 No take Permanent Demersal Trawling Commercial No Biodiversity Empirical No 

Short-run Welfare 

Losses from Essential 

Fish Habitat 

Designations for the 

Surfclam and Ocean 

Quahog Fisheries 

Hicks et al. 2004 
Socio-

economic 

Gulf of St 

Lawrence 
Hypothetical No take Permanent Invertebrates Dredging Commercial 

Scenario 

dependent 
Biodiversity Modelling Unknown 

Confounding effects of 

the export of 

production and the 

displacement of fishing 

effort from marine 

reserves 

Halpern et al. 2004 Ecological Unknown Unknown Unknown Unknown Unknown Unkown Unknown No Biodiversity Modelling No 

Effort distribution and 

catch patterns adjacent 

to temperate MPAs 

Murawski et al. 2005 Ecological New England 22000 Multi use Both Demersal Trawling Commercial No Fisheries Empirical No 

Seasonal Migration of 

Thornback Rays and 

Implications for 

Closure Management 

Hunter et al. 2006 Ecological North Sea Unknown FRA Seasonal Rays Mulitple Commercial 
Scenario 

dependent 
Biodiversity Modelling 

Scenario 

dependent 

Predicting the effects 

of area closures and 

fishing effort 

restrictions on the 

production, biomass, 

and species richness of 

benthic invertebrate 

communities 

Hiddink et al. 2006 Ecological North sea Unknown FRA Permanent Demersal Trawling Commercial 
Scenario 

dependent 
Biodiversity Modelling 

Scenario 

dependent 
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Incorporation of 

Recreational Fishing 

Effort into Design of 

Marine Protected 

Areas 

Lynch 2006 Management 
Jervis Bay Marine 

Park 
215 Multi use Permanent Unknown Mulitple Recreational No Biodiversity Empirical Unknown 

Fishing the line near 

marine reserves in 

single and multispecies 

fisheries 

Kellner et al. 2007 
Spatial 

distribution 
California 0.13 No take Permanent Demersal Mulitple Commercial No Biodiversity Modelling No 

An “experiment” on 

effort allocation of 

fishing vessels: the 

role of interference 

competition and area 

specialization 

Poos & Rijnsdorp 2007 
Socio-

economic 
North Sea 10,000+ FRA Seasonal Demersal Trawling Commercial Yes Fisheries Empirical Unknown 

A Bioeconomic 

Analysis of Marine 

Reserves for Paua 

(Abalone) 

Management at 

Stewart Island, New 

Zealand 

Kahui & Alexander 2007 
Socio-

economic 
Stewart Island Hypothetical No take Unknown Invertebrates Diver Commercial No Fisheries Modelling No 

Spatial assessment of 

fishing effort around 

European marine 

reserves: Implications 

for successful fisheries 

management 

Stelzenmuller et al. 2008 
Spatial 

distribution 
Mediterranean Sea 

0.65, 2.7, 0.85, 

10700, 0.93 

3 No take, 2 

Multi-use 
Permanent Multiple Mulitple Artisanal No Biodiversity Empirical Unknown 

Human dimensions of 

Marine Protected 

Areas 

Charles & Wilson 2008 
Socio-

economic 
Nova Scotia 400 Multi use Permanent Unknown Unknown Multiple No Not discussed Review Unknown 

Fishing industry and 

related perspectives on 

the issues raised by no-

take marine protected 

area proposals 

Jones 2008 
Socio-

economic 
England Unknown Unknown Permanent Unknown Mulitple Multiple 

Scenario 

dependent 
Not discussed Empirical Unknown 

Fishing effort 

redistribution in 

response to area 

closures 

Powers & Abeare 2009 Ecological Gulf of Mexico Hypothetical No take Seasonal Multiple Long-lining Commercial 
Scenario 

dependent 
Biodiversity Modelling 

Scenario 

dependent 

Spatial policy and the 

behaviour of fisherman 
Valcic 2009 

Socio-

economic 
Oregon Unknown FRA Permanent Demersal Trawling Commercial No Fisheries Modelling Unknown 
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Using MPAs to 

address regional-scale 

ecological objectives 

in the  

North Sea: modelling 

the effects of fishing 

effort displacement 

Greenstreet et al. 2009 Ecological North Sea Hypothetical no take Permanent Demersal Mulitple Commercial 
Scenario 

dependent 
Fisheries Modelling 

Scenario 

dependent 

The role of marine 

protected areas in 

environmental 

management 

Jennings 2009 Management Unknown Unknown Unknown Unknown Unknown Unknown Unknown No Not discussed Review Unknown 

A Property Rights 

Approach to 

Understanding Human 

Displacement from 

Protected Areas: the 

Case of Marine 

Protected Areas 

Mascia & Claus 2009 
Socio-

economic 
Unknown Unknown Unknown Unknown Unknown Unknown Unknown No Not discussed Review Unknown 

Net contribution of 

spillover from a 

marine reserve to 

fishery catches 

Goni et al. 2010 
Spatial 

distribution 
Mediterranean Sea 44 FRA Permanent Invertebrates Trapping Commercial No Biodiversity Empirical No 

Conservation, Conflict 

and the Governance of 

Fisher Wellbeing: 

Analysis of the 

Establishment of the 

Gulf of Mannar 

National Park and 

Biosphere Reserve 

Bavnick & 

Vivekkanandan 
2010 

Socio-

economic 
Gulf of Mannar 560 No take Permanent Multiple Mulitple Multiple Yes Biodiversity Empirical Unknown 

Structure and spatio-

temporal dynamics of 

artisanal fisheries 

around a 

Mediterranean marine 

protected area: 

Implications for 

successful fisheries 

management 

Forcada et al. 2010 
Spatial 

distribution 
Mediterranean Sea 14 Multi use Permanent Multiple Mulitple Artisanal No Fisheries Empirical No 

Fishermen responses 

on marine protected 

areas in the Baltic cod 

fishery 

Suuronen et al. 2010 Ecological Baltic Sea 10,000+ No take Both Demersal Mulitple Commercial Yes Fisheries Empirical Unknown 
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Developing a 

framework for 

displaced fishing effort 

programs in marine 

protected areas 

Sen 2010 Management Australia and USA Unknown Unknown Unknown Unknown Mulitple Multiple No Not discussed Review Unknown 

Mind the gap: 

Addressing the 

shortcomings of 

marine protected areas 

through 

large scale marine 

spatial planning 

Agardy et al. 2010 Management Unknown Unknown Unknown Unknown Unknown Mulitple Multiple No Not discussed Review Unknown 

Assessing the Impacts 

of Establishing MPAs 

on Fishermen and Fish 

Merchants: The Case 

of Lyme Bay, UK 

Mangi et al. 2011 
Socio-

economic 
England 206 FRA Permanent Multiple Mulitple Commercial No Biodiversity Empirical Unknown 

Relative Impacts of 

Adult Movement, 

Larval Dispersal 

and Harvester 

Movement on the 

Effectiveness of 

Reserve 

Networks 

Gruss et al. 2011 Ecological Unknown Unknown No take Permanent Multiple Mulitple Multiple No Biodiversity Modelling No 

Evaluating the effects 

of area closure for 

recreational fishing in 

a coral reef 

ecosystem: The 

benefits of an 

integrated economic 

and biophysical 

modeling 

Gao & Hailu 2011 
Socio-

economic 

Ningaloo Marine 

Park 
Hypothetical No take Seasonal Multiple Mulitple Recreational No Biodiversity Modelling No 

Protecting old fish 

through spatial 

management: is there a 

benefit for sustainable 

exploitation? 

Edwards & Plaganyi 2011 Ecological South Africa Unknown FRA Permanent Demersal Mulitple Commercial 
Scenario 

dependent 
Fisheries Modelling No 
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Improving social 

acceptability of marine 

protected area 

networks: A method 

for estimating 

opportunity costs to 

multiple gear types in 

both fished and 

currently unfished 

areas 

Adams et al.. 2011 
Socio-

economic 
Fiji 80 Multi use Permanent Multiple Mulitple Commercial No Fisheries Modelling Unknown 

A preliminary 

investigation into the 

effects of Indian Ocean 

MPAs on yellowfin 

tuna, Thunnus 

albacares, with 

particular 

emphasis on the IOTC 

closed area 

Martin et al. 2011 Ecological Indian Ocean 544000 No take Both Pelagic Mulitple Commercial 
Scenario 

dependent 
Fisheries Modelling No 

What are we 

protecting? Fisher 

behavior and the 

unintended 

consequences of 

spatial closures as a 

fishery management 

tool 

Abbott & Haynie 2012 Ecological Bearing Sea 13,700, 5,974 FRA Permanent Multiple Trawling Commercial Yes Biodiversity Empirical No 

Spatial substitution 

strategies of 

recreational fishers in 

response to zoning 

changes in the Great 

Barrier Reef Marine 

Park 

De Freitaset al. 2012 
Socio-

economic 
Great Barrier Reef 345,000 Multi use Permanent Multiple Mulitple Recreational 

Scenario 

dependent 
Biodiversity Empirical Unknown 

Gag grouper, marine 

reserves, and density-

dependent sex change 

in 

the Gulf of Mexico 

Ellis & Powers 2012 Ecological Florida 394 and 356 FRA Seasonal Demersal Mulitple Multiple 
Scenario 

dependent 
Fisheries Modelling No 

Marine protected areas 

and the value of 

spatially optimized 

fishery management 

Rassweiler et al. 2012 Management California Unknown Multi use Permanent Multiple Mulitple Multiple No Fisheries Modelling No 
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Spatial patterns in the 

retained catch 

composition of Irish 

demersal otter 

trawlers: High-

resolution fisheries 

data as a management 

tool 

Gerritsen et al. 2012 
Socio-

economic 

Ireland and 

England 
Hypothetical No take Seasonal Demersal Trawling Commercial No Fisheries Modelling No 

Social impacts of a 

temperate fisheries 

closure: understanding 

stakeholders' views 

Hattam et al. 2013 
Socio-

economic 
England 206 FRA Permanent Multiple Mulitple Multiple 

Scenario 

dependent 
Biodiversity Empirical Unknown 

Best Management 

Strategies for 

Sustainable Giant 

Clam Fishery in 

French Polynesia 

Islands: Answers from 

a Spatial Modeling 

Approach 

Van Wynsberge et 

al. 
2013 Ecological French Polynesia Unknown Multi use Both Invertebrates Dredging Commercial 

Scenario 

dependent 
Biodiversity Modelling 

Scenario 

dependent 

Winners and Losers in 

Marine Conservation: 

Fishers' Displacement 

and Livelihood 

Benefits from Marine 

Reserves 

Cinner et al. 2013 
Socio-

economic 

Seychelles and 

Kenya 

14.7, 1.2, 14.53, 

0.80, 1.58, 10, 

0.29, 0.125, 

0.118 and 0.052 

Multi use Permanent Unknown Trapping Artisanal No 
Conservation/ 

livelihoods 
Empirical No 

Impact of a large-scale 

area closure on 

patterns of fishing 

disturbance and the 

consequences for 

benthic communities. 

Dinmore et al. 2013 Ecological North Sea 603.6 FRA Seasonal Demersal Trawling Commercial Yes Fisheries Empirical No 

Socioeconomic 

consequences of 

fishing displacemet 

from marine protected 

areas in Hawaii 

Stevenson et al. 2013 
Socio-

economic 
Hawaii Unknown FRA Permanent Reef fish Mulitple Artisanal No Fisheries Empirical Unknown 
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Fishing the line: catch 

and effort distribution 

around the seasonal 

haddock 

(Melanogrammus 

aeglefinus) spawning 

closure on the Scotian 

Shelf 

Van Der Lee et al. 2013 
Spatial 

distribution 
Scotian Shelf Unknown FRA Seasonal Demersal Trawling Commercial No Fisheries Empirical Unknown 

Evaluating the effect 

of fishery closures: 

Lessons learnt from 

the Plaice Box 

Beare et al. 2013 Ecological North sea 42000 Multi use Permanent Demersal Trawling Commercial No Fisheries Empirical No 

Fishers’ Behaviour in 

Response to the 

Implementation of a 

Marine Protected Area 

Horta e Costa et al. 2013 
Socio-

economic 
Mediterranean Sea 53 Multi use Permanent Multiple Mulitple Artisanal No Fisheries Empirical Unknown 

Mapping fisheries for 

marine spatial 

planning: Gear-

specific vessel 

monitoring system 

(VMS), marine 

conservation and 

offshore renewable 

energy 

Campbell et al. 2013 
Socio-

economic 
England 8, 476 No take Permanent Multiple Mulitple Commercial No Not discussed Empirical Unknown 

The Ocean is our 

Farm": Marine 

Conservation, Food 

Insecurity, and Social 

Suffering in 

Southeastern Tanzania 

Kamat 2014 
Socio-

economic 
Tanzania 430 Multi use Permanent Multiple Mulitple Artisanal Yes 

Conservation/ 

livelihoods 
Empirical Yes 

Impact assessment of a 

fisheries closure with 

effort and landings 

spatial analyses: A 

case study in the 

Western Baltic Sea 

Miethe et al. 2014 Ecological Baltic Sea Unknown FRA Seasonal Demersal Trawling Commercial No Fisheries Empirical No 
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DISPLACE: a 

dynamic, individual-

based model for spatial 

fishing planning and 

effort displacement — 

integrating underlying 

fish population models 

Bastardie et al. 2014 
Socio-

economic 
North Sea 14030 FRA Permanent Unknown Mulitple Commercial 

Scenario 

dependent 
Fisheries Modelling 

Scenario 

dependent 

Spatial management of 

Indian Ocean tropical 

tuna fisheries: potential 

and perspectives 

Kaplan et al. 2014 Ecological Indian Ocean 544000 No take Both Pelagic Mulitple Commercial 
Scenario 

dependent 
Fisheries Modelling 

Scenario 

dependent 

Investigating the co-

existence of fisheries 

and offshore renewable 

energy in the UK: 

Identification of a 

mitigation agenda for 

fishing effort 

displacement 

de Groot et al.. 2014 Management England Unknown Unknown Permanent Unknown Mulitple Commercial No Fisheries Review Unknown 

Equity and access in 

marine protected areas: 

The history and future 

of ‘traditional 

indigenous fishing’ in 

the Marianas Trench 

Marine National 

Monument 

Richmond & 

Kotowicz 
2015 

Socio-

economic 
Marianas Trench 506000 FRA Permanent Multiple Mulitple Artisanal Yes Biodiversity Empirical Unknown 

Competition for 

marine space: 

modelling the Baltic 

Sea fisheries and effort 

displacement under 

spatial restrictions 

Bastardie et al. 2015 
Socio-

economic 
Baltic Sea Hypothetical FRA Permanent Demersal Mulitple Commercial No Biodiversity Modelling No 

Differences in lobster 

fishing effort before 

and after MPA 

establishment 

Guenther et al. 2015 Ecological Channel Islands 797 No take Permanent Invertebrates Trapping Commercial No Biodiversity Empirical No 
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Evaluation of the 

effects on rockfish and 

kelp artisanal fisheries 

of the proposed 

Mejillones Peninsula 

marine protected area 

(northern Chile, SE 

Pacific coast) 

Ramirez et al.. 2015 Ecological Chile Hypothetical No take Permanent Multiple Mulitple Artisanal No Biodiversity Modelling No 

Quantifying the 

squeezing or stretching 

of fisheries as they 

adapt to displacement 

by marine reserves 

Chollet et al.. 2016 
Socio-

economic 
Honduras 9003 FRA Permanent Multiple Mulitple Multiple Yes Biodiversity Empirical Unknown 

Discrete choice 

modelling of fisheries 

with nuanced spatial 

information 

Hynes et al. 2016 
Socio-

economic 

Ireland and 

England 
Hypothetical FRA Unknown Demersal Trawling Commercial No Biodiversity Modelling Unknown 

Drivers of 

redistribution of 

fishing and non-fishing 

effort after the 

implementation of a 

marine protected area 

network 

Cabral et al.. 2017 
Socio-

economic 
Channel Islands 622 no take Permanent Multiple Mulitple Multiple No Biodiversity Empirical Unknown 

Fishing effort 

displacement and the 

consequences of 

implementing Marine 

Protected Area 

management – An 

English perspective 

Vaughan 2017 
Socio-

economic 
England Unknown Unknown Permanent Unknown Mulitple Multiple No Biodiversity Empirical Unknown 

Spatial planning for 

fisheries in the 

Northern Adriatic: 

working toward viable 

and sustainable fishing 

Bastardie et al. 2017 Management Northern Adriatic Unknown FRA Permanent Demersal Mulitple Commercial No Fisheries Modelling No 

Social impacts of 

marine protected areas 

in South Africa on 

coastal fishing 

communities 

Sowman & Sunde 2018 
Socio-

economic 
South Africa 

191.5, 40.9, 280, 

294 and 953.25 

2 No take, 3 

Multi-use 
Permanent Unknown Mulitple Artisanal Yes Biodiversity Empirical Unknown 
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Assessing fishing 

effects inside and 

outside an MPA: The 

impact of the 

Galapagos Marine 

Reserve on the 

Industrial pelagic tuna 

fisheries during the 

first decade of 

operation 

Bucaram et al. 2018 
Spatial 

distribution 
Galapgos Islands 133000 Multi use Permanent Pelagic 

Purse 

seining 
Commercial No Biodiversity Empirical No 

Site closure 

management strategies 

and the responsiveness 

of 

conservation outcomes 

in recreational fishing 

Gao & Hailu 2018 
Socio-

economic 

Ningaloo Marine 

Park 
Hypothetical No take Seasonal Multiple Mulitple Recreational No Biodiversity Modelling No 

Winners and Losers in 

Area-Based 

Management of a 

Small-Scale Fishery in 

the Colombian Pacific 

Lopez-Angaita et al. 2018 Ecological Colombia Unknown Multi use Permanent Multiple Mulitple Artisanal No Fisheries Empirical No 

Simulating the Effects 

of Alternative 

Management Measures 

of Trawl Fisheries in 

the Central 

Mediterranean Sea: 

Application of a Multi-

Species Bio-economic 

Modeling Approach 

Russo et al. 2019 
Socio-

economic 
Mediterranean Sea Hypothetical FRA Both Demersal Mulitple Commercial No Biodiversity Modelling No 

Fisheries management 

in the face of 

uncertainty: Designing 

time-area closures that 

are effective under 

multiple spatial 

patterns 

of fishing effort 

displacement in an 

estuarine 

gill net fishery 

Hoos et al. 2019 Ecological North Carolina Unknown Multi use Seasonal Multiple Netting Commercial 
Scenario 

dependent 
Biodiversity Modelling No 
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Spatial simulation of 

redistribution of 

fishing effort in 

Nigerian coastal waters 

using Ecospace 

Adebola & de 

Mutsert 
2019 Ecological Nigeria Unknown Unknown Permanent Invertebrates Mulitple Artisanal No Fisheries Modelling No 

What’s the catch? 

Profiling the benefits 

and costs associated 

with marine protected 

areas and displaced 

fishing in the Scotia 

Sea 

Klein & Watters 2020 Ecological Southern Ocean Hypothetical No take Permanent Invertebrates Trawling Commercial 
Scenario 

dependent 
Biodiversity Modelling 

Scenario 

dependent 

Modelling fishing 

location choice and 

spatial behaviour of 

fishers near a marine 

protected area 

Sultan 2020 
Spatial 

distribution 
Mauritius 3.53 No take Permanent Multiple Trapping Artisanal No Biodiversity Empirical Unknown 

Reducing fisheries 

impacts on the 

seafloor: A bio-

economic evaluation of 

policy strategies for 

improving 

sustainability in the 

Baltic Sea 

Bastardie et al. 2020 
Socio-

economic 
Baltic Sea Hypothetical No take Permanent Demersal Mulitple Commercial 

Scenario 

dependent 
Biodiversity Modelling 

Scenario 

dependent 

Social equity and 

marine protected areas: 

Perceptions of small-

scalefishermen in the 

Mediterranean Sea 

Bennett et al. 2020 
Socio-

economic 
Mediterranean Sea 

2.7, 4.07, 4.45, 

2.95, 40, 0.19, 

10.97, 3.22, 

0.33, 1.41 and 8 

No take Permanent Multiple Mulitple Artisanal No Biodiversity Empirical Unknown 

Evaluating socio-

economic and 

conservation impacts 

of management: A 

case study of timearea 

closures on Georges 

Bank 

Keith et al. 2020 
Socio-

economic 
Georges Bank 214 FRA Seasonal Invertebrates Dredging Commercial 

Scenario 

dependent 
Fisheries Empirical No 
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An integrated 

methodology for 

assessing ecological 

and economic impacts 

for marine 

management: A case 

study for abrasion and 

mobile fishing gear 

effects 

Breen et al. 2020 Ecological Ireland 504 No take Permanent Unknown Trawling Commercial 
Scenario 

dependent 
Fisheries Modelling No 

Effects of time-area 

closures on the 

distribution of snow 

crab fishing effort with 

respect to 

entanglement threat to 

North Atlantic right 

whales 

Cole et al. 2021 Ecological 
Gulf of St 

Lawrence 
6500 FRA Seasonal Multiple Trapping Commercial Yes Biodiversity Modelling Yes 

An evaluation of the 

social and economic 

impact of a Marine 

Protected Area on 

commercial fisheries 

Rees et al. 2021 
Socio-

economic 
England 206 FRA Permanent Multiple Mulitple Commercial 

Scenario 

dependent 
Biodiversity Empirical No 

Fishery spatial plans 

and effort 

displacement in the 

eastern Ionian Sea: A 

bioeconomic 

modelling 

Maina et al. 2021 
Socio-

economic 
Ionian Sea Hypothetical FRA Seasonal Demersal Mulitple Commercial 

Scenario 

dependent 
Fisheries Modelling 

Scenario 

dependent 
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Appendix B: Individual maps of proposed protection areas with 

commercial and recreational snapper fishery data  

 

For all maps in this section, the solid green lines show proposed High Protection Areas 

(HPAs), and the solid orange lines show the proposed Seafloor Protection Areas (SPAs). The 

yellow shaded areas indicate the 10km buffer zone for the HPAs and the orange shaded areas 

indicate the 10km buffer zone surrounding the SPAs. The shaded blue area represents the 

boundaries of the Hauraki Gulf Marine Park.  
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Aldermen Islands (North & South) - High Protection Area  

  

Figure A1: Aldermen Islands. Top: Commercial fishing events within the Aldermen Islands HPAs (2020-2021). 

Bottom: Recreational fishing events within the Aldermen Islands HPAs (2017-2018). 
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Cape Colville – High Protection and Seafloor Protection Area  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A2: Cape Colville.. Top: Commercial fishing events within the Cape Colville HPA & SPA (2020-2021), legend same 

as A1. Bottom: Recreational fishing events within the Cape Colville HPA (2017-2018), legend same as A1.  
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Craddock Channel – Seafloor Protection area  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure A3: Craddock Channel. Commercial fishing events within the Craddock Channel SPA (2020-2021), legend same as A1.  
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Cape Rodney to Okarei Point – marine reserve extension  

 

 

 

  

Figure A4: CROP. Top: Commercial fishing events within the CROP HPA (2020-2021), legend same as 

A1. Bottom: Recreational fishing events within the CROP HPA (2017-2018), legend same as A1.  
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Kawau Bay – High Protection and Seafloor Protection Areas  

 
Figure A5: Kawau Bay. Top: Commercial fishing events within the Kawau Bay HPA & SPA (2020-2021), legend same as A1. Bottom: 

Recreational fishing events within the Kawau Bay HPA (2017-2018), legend same as A1.  
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Mokehinau Islands – High Protection and Seafloor Protection Areas  

  

Figure A6: Mokohinau Islands. Top: Commercial fishing events within the Mokohinau Islands HPA & SPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Mokohinau Islands HPA (2017-2018), legend same as A1.  

 

.  
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Motukawao – High Protection Area  

Figure A7: Motukawao. Top: Commercial fishing events within the Motukawao HPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Motukawao HPA (2017-2018), legend same as A1.  
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Noises – High Protection Area  

  

Figure A8: Noises. Top: Commercial fishing events within the Noises HPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Noises HPA (2017-2018), legend same as A1.  
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Rangitoto-Motutapu Islands – High Protection Area  

  

Figure A9: Rangitoto-Motutapu Islands. Top: Commercial fishing events within the Rangitoto-Motutapu IslandsHPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Rangitoto-Motutapu IslandsHPA (2017-2018), legend same as A1.  
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Rotoroa Island – High Protection Area  

  

Figure A10: Rotoroa Island. Top: Commercial fishing events within the Rotoroa HPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Rotoroa HPA (2017-2018), legend same as A1.  
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Te-Hauturu-o-Toi (Little Barrier) – High Protection Area  

 

  

Figure A11: Te Hauturu-o-Toi. Top: Commercial fishing events within the Te Hauturu-o-Toi HPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Te Hauturu-o-Toi HPA (2017-2018), legend same as A1.  
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Slipper Island – High Protection Area  

  

Figure A12: Slipper Island. Top: Commercial fishing events within the Slipper HPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Slipper HPA (2017-2018), legend same as A1.  
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Tiritiri Matangi Island – High Protection and Seafloor Protection Areas   

Figure A13: Tiritiri Matangi. Top: Commercial fishing events within the Tiritiri Matangi HPA & SPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Tiritiri Matangi HPA (2017-2018), legend same as A1.  

 

.  
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Whanganui-a-Hei – marine reserve extension  

 

Figure A14: Whanganui-a-Hei. Top: Commercial fishing events within the Whanganui-a-Hei HPA (2020-2021), legend same as A1. 

Bottom: Recreational fishing events within the Whanganui-a-Hei HPA (2017-2018), legend same as A1.  
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