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Executive Summary 
 

High seas marine ecosystems are facing a variety of threats, including fish stock 

overexploitation; the destruction of deep-sea habitats by harmful fishing gears; and illegal, 

unreported, and unregulated fishing. To help combat these threats, regional fisheries 

management organizations (RFMOs) can implement area-based management tools (ABMTs)—

methods of spatial regulation, such as closed areas, that address human impacts on marine 

spaces by restricting certain activities. While ABMTs, also called closures for the purposes of the 

study, offer benefits that can help reduce stress on high seas ecosystems, research suggests 

that they should be coupled with strong monitoring to best provide these benefits. In the past, 

insufficient technology posed an obstacle to monitoring high seas fishing effort. However, 

increasingly common automatic identification system (AIS) data, which are broadcast from 

fishing vessels and communicate vessel identity and location information, provide an ideal 

mechanism to assess fishing activity in international waters.  

To understand vessel compliance with ABMTs implemented by RFMOs, I used processed 

AIS data from Global Fishing Watch (GFW) to evaluate fishing effort inside closures on the high 

seas from 2017 to 2019. So that I could accurately assess compliance using the GFW dataset, I 

focused on spatial closures with temporal or gear restrictions. I obtained a list of 13 closures 

across four RFMOs—IATTC, NAFO, NEAFC, and SEAFO—for 2017 and 14 closures across five 

RFMOs—IATTC, NAFO, NEAFC, SEAFO, and SIOFA—for 2018 and 2019. Results revealed that 11 

of the 14 total ABMTs examined likely experienced illegal fishing across all three years, with a 

total of 13,259.7 hours of fishing effort classified as illegal based on my analysis occurring in 

2017, 12,664.3 hours in 2018, and 14,541.1 hours in 2019.  

Analysis of this fishing effort, as well as its scientific and regulatory context, 

demonstrates that although many closures appear to have reduced effort relative to 

surrounding areas, illegal activity inside ABMTs could compound with other factors to threaten 

marine habitats. For example, almost all closures designed to protect vulnerable marine 

ecosystems (VMEs)—groups of species that are particularly vulnerable to fishing impacts 

because of their slow growth rates, late maturation, and fragile structures—contain fishing 

effort with prohibited gears across all three years. This harmful illegal fishing effort may 
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combine with the host of other complications surrounding VME protection, such as data 

scarcity, the lack of RFMO responsiveness to scientific advice, and VME-harming activity just 

outside closure boundaries, to inflict damage on these fragile ecosystems. Although data about 

VME location is sparse, the small proportion of VMEs estimated to be protected in many 

RFMOs suggests that most VMEs are more subject to destructive activities than their enclosed 

counterparts.  

Other factors may also affect the success of ABMTs with which vessels are relatively 

compliant. Some long-standing closures designed to protect fish stocks with low numbers have 

small amounts of fishing effort, but the fish species have not recovered, suggesting that new 

management strategies are needed to combat other stock threats. Additionally, vessels are 

perfectly compliant with the only closure analyzed designed to protect highly migratory fish 

species and appear to be responsive to shifts in its regulations. However, this closure is 

estimated to be only a small part of the management program for these stocks, and their health 

overwhelmingly depends on the success of other measures. Ultimately, these analyses give 

insight into the success of current RFMO closures and suggest future considerations in the use 

of ABMTs by regional fishery bodies. 
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Abbreviations 
 
 
Abbreviation Meaning 

ABMT Area-based management tool 

AIS Automatic identification system 

CEM Conservation and enforcement measure 

CM Conservation measure 

CMM Conservation management measure 

EEZ Exclusive economic zone 

FAD Fish aggregating device 

FAO Food and Agriculture Organization of the United Nations  

FMC Flag State Fisheries Monitoring Centers 

GFW Global Fishing Watch 

IATTC Inter-American Tropical Tuna Commission 

ICES International Council for the Exploration of the Sea 

IUU Illegal, unreported, and unregulated 

MCS Monitoring, control, and surveillance 

MPA Marine protected area 

NAFO Northwest Atlantic Fisheries Organization 

NEAFC North-East Atlantic Fisheries Commission 

RFMO Regional fisheries management organization 

SEAFO South East Atlantic Fisheries Organization 

SIODFA Southern Indian Ocean Deepwater Fisheries Association 

SIOFA Southern Indian Ocean Fisheries Agreement 

SPRFMO South Pacific Regional Fisheries Management Organization 

UNFSA United Nations Fish Stocks Agreement 
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1. Introduction 
 

 The Food and Agriculture Organization of the United Nations (FAO) estimates that 

approximately 60 percent of fish stocks are fished to capacity while about 34 percent are fished 

at unsustainable levels (FAO 2020). The proportion of stocks fished to capacity has been 

climbing since the late 1980s, while the percentage of overfished stocks has steadily increased 

since the mid-1970s (FAO 2020). Pelagic fish species may be particularly exploited: as the 

demand for seafood products has heightened over the last six decades, commercial fishing 

activities have risen sharply in shared international waters, the areas of the ocean beyond the 

exclusive economic zones (EEZs) within nations’ jurisdictions (also called the high seas; Cullis-

Suzuki and Pauly 2010).  As of 2010, approximately 67 percent of straddling and highly 

migratory stocks were overfished or depleted, while less than half that percentage were 

overfished in national waters (FAO 2009; Cullis-Suzuki and Pauly 2010; Dunn et al. 2019). With 

this heavy exploitation, biomass for most high seas fish species is declining (Cullis-Suzuki and 

Pauly 2010). 

Illegal, unreported, and unregulated (IUU) fishing contributes to high seas fish stock 

exploitation. IUU fishing refers to fishing activities that do not comply with relevant 

management obligations and can include a wide range of activities in international waters—for 

example, violating the rules of a fisheries management body or fishing while not being 

registered with a particular country (NOAA Fisheries 2019). These activities can be perpetuated 

by a variety of fishers, from those working in small-scale fisheries to those engaged in 

international crime efforts (NOAA Fisheries 2019; Song et al. 2020). Current and accurate 

assessments of IUU fishing activity are difficult to obtain due to its covert, coordinated, and 

often widespread nature; however, research suggests IUU fishing imposes immense costs on 

marine environments (Agnew et al. 2009; NOAA Fisheries 2019). Literature estimates of global 

annual fishing losses from IUU fishing, as assessed in 2009 for both national and international 

waters, range between $10 and $23.5 billion, or 11 to 26 million tons of fish (Agnew et al. 

2009). In addition to immediately contributing to the overexploitation of fish stocks, including 

those on the high seas, IUU fishing can indirectly cause further overfishing to occur. IUU fishing 

activities inhibit the ability of fisheries managers to accurately assess stock numbers, potentially 
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leading to the overestimation of quotas and compounded overexploitation of fish populations 

(Agnew et al. 2009; NOAA Fisheries 2019). 

Fish stock overexploitation is not the only threat facing high seas marine ecosystems. 

Certain benthic habitats are recognized by the United Nations General Assembly (UNGA) and 

the FAO as vulnerable marine ecosystems (VMEs), groups of species—such as corals, sponges, 

or sea pens—that are particularly vulnerable to fishing impacts because of their slow growth 

rates, late maturation, and fragile structures (Ashford et al. 2019; Bell et al. 2019). VME species 

contribute benefits to both their surrounding environment and human society, providing a 

variety of ecosystem services, novel biomolecules for use in medicine, and guidance for new 

material designs (Ashford et al. 2019). They also are relied upon by some commercially 

important fish species as sites for shelter, food, and spawning (Ashford et al. 2019).  These 

sensitive, deep-sea habitats are especially vulnerable to destruction by the use of harmful, 

bottom-contact fishing gears, such as demersal trawls (Gjerde et al. 2013; Ardron et al. 2014; 

Druel and Gjerde 2014; Ashford et al. 2019; Bell et al. 2019). While it is difficult to precisely 

estimate the damage already inflicted on VMEs, the UNGA and the FAO have recognized 

bottom fishing as an urgent threat to deep sea habitats since the early 2000s (DSCC 2017). 

These challenges are exacerbated by traditionally poor management regimes (Gjerde et 

al. 2013; FAO 2012; FAO 2020). To manage high seas fish stocks and prevent their 

overexploitation, approximately 18 major regional fisheries management organizations 

(RFMOs; Figure 1) were established—mostly in the latter half of the twentieth century—and 

charged with overseeing stocks in particular regions of the high seas (Dunn et al. 2018). While 

RFMOs have historically guided the overfishing of stocks and allowed large bycatch rates via 

their lax regulations and enforcement methods (Haas et al. 2020), they have a variety of tools 

at their disposal to control the amount of fishing effort within their convention areas, where it 

is concentrated, and its impacts on surrounding ecosystems (Dunn et al. 2018). For example, 

annual total allowable catches, observer coverage, and requirements for gear to possess certain 

characteristics are all methods RFMOs use to direct fishing effort and mitigate adverse impacts 

of fishing inside their jurisdictions (Dunn et al. 2019). Another possible method that RFMOs can 

leverage to regulate the impact of fishing effort in specific locations are area-based 
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management tools (ABMTs)—methods of spatial regulation, such as closed areas, that address 

anthropogenic impacts in marine areas by restricting certain types of activity (Dunn et al. 2019). 

ABMTs, also called closures for the purposes of this study, have been used by RFMOs in their 

management efforts, particularly by RFMOs that oversee fragile VME habitats (Ardron et al. 

2014; Dunn et al. 2019). However, the RFMOs that manage tuna and tuna-like fish species 

(mostly a subset of RFMOs known as tuna RFMOs; Figure 1) have established few ABMTs—

likely due to enforcement challenges, the need to deploy these areas under the authority of 

multiple international stakeholders, and the difficulty of selecting particular regions to conserve 

in dynamic offshore ecosystems (Boerder et al. 2019; Dunn et al. 2019; Ortuño Crespo et al. 

2020). 

 

 

Figure 1 Some of the major tuna RFMOs (right) and non-tuna RFMOs (left; WhoFishesFAR [date unknown]). 

 

While not every RFMO has widely implemented ABMTs, closures offer benefits that 

could help alleviate stress on high seas stocks and ecosystems. Areas that restrict fishing 

activities with certain gears or at specific times can positively affect organism’s size, abundance, 

habitat, and ecosystem function while reducing threats (Halpern and Warner 2002; Claudet et 
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al. 2008; Lester et al. 2009; Gaines et al. 2010; Reimer et al. 2020). These effects can be 

especially beneficial for VMEs, where large-scale closures to bottom trawling and other 

destructive fishing methods can protect VME resources as well as the species that depend on 

them (Sumaila et al. 2007; Wright et al. 2015). In fact, some have identified ABMTs as a crucial 

component of VME management strategies to avoid significant adverse impacts to these 

sensitive ecosystems (Roberts et al. 2005; Auster et al. 2011; Gianni et al. 2011).  

Although ABMTs are an established VME protection tool, their role in the protection of 

large, highly mobile pelagic fish species is less certain.  Critics have cited species mobility, 

spatial and temporal dynamism, and enforcement challenges as reasons why implementing 

ABMTs to protect migratory species may be complex and not necessarily beneficial (Game et al. 

2009; Kaplan et al. 2010; Game et al. 2010). However, because these species move in defined 

patterns, return to the same locations, and tend to aggregate in groups, recent research 

suggests they may too benefit from ABMTs. Thoughtfully implemented closures, particularly 

around locations where species go through important life history periods, can help pelagic 

stocks reap similar benefits as VMEs—including resilience to stock collapse and poor 

management decisions (Boerder et al. 2019). Successful deployment of ABMTs for highly 

mobile pelagic species has already been documented, with benefits including species size 

increases, spillover, and reduced species bycatch (Dunphy-Daly 2015; Boerder et al. 2019). 

While ABMTs may benefit both seafloor habitats and migratory fish stocks, their 

implementation could have the side effect of increasing fishing effort in the area surrounding 

the closure. The practice of fishing close to a marine reserve boundary is called “fishing the 

line,” and fishers that engage in this behavior are likely benefiting from the spillover of fish 

across closure boundaries that is associated with marine protected areas, or MPAs (Murawski 

et al. 2005; Kellner et al. 2007). Although this tactic may benefit small numbers of fishers, large 

quantities of fishing effort close to an ABMT may diminish both the fished stock and protected 

population (Hilborn 2002; Halpern et al. 2004; Kellner et al. 2007). Fishing the line has been 

documented near both large-scale pelagic reserves by commercial fishing vessels (Boerder et al. 

2017) and small marine reserves (Murawski et al. 2005; Kellner et al. 2007). For example, an 

analysis of commercial tuna purse seine fishing effort near the Galápagos Marine Reserve 
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revealed that fishing effort was denser near the reserve boundary: up to four times more 

fishing effort occurred within 20 kilometers of the ABMT than in the surrounding area (Boerder 

et al. 2017). 

To achieve maximal ABMT benefits and manage possible adverse effects of fishing close 

to reserve boundaries, research suggests closure implementation on the high seas should be 

coupled with strong monitoring and enforcement efforts (Dinmore et al. 2003; Hiddink et al. 

2006; Edgar et al. 2014; Wright et al. 2015). In the late 1990s, the international fishing 

community formally began to recognize the importance of regulating and monitoring high seas 

fishing activity to prevent IUU fishing. In 1995, the newly adopted United Nations Fish Stocks 

Agreement (UNFSA) required implementation of effective monitoring, control, surveillance 

(MCS), and enforcement measures (Dunn et al. 2018). The FAO Code of Conduct for 

Responsible Fisheries, also published in 1995, called for the same (FAO 1995; Dunn et al. 2018). 

In the last two decades, efforts to reduce IUU fishing through effective MCS have included the 

development of RFMO regulations, information-sharing organizations, and legislation. For 

example, some RFMOs publish public lists of vessels known to have participated in IUU fishing, 

and the International Monitoring, Control, and Surveillance network provides a platform for 

fisheries law enforcement professionals to exchange information. Most recently, the 

Agreement on Port State Measures to Prevent, Deter and Eliminate Illegal, Unreported and 

Unregulated Fishing, which entered into force in 2016, is a binding international agreement 

that aims to reduce the financial incentives of IUU fishing by requiring parties to deny port 

entry and port services to IUU fishing vessels (Dunn et al. 2018).  

While there have been advancements in MCS within the last two decades, there are still 

obstacles to thoroughly monitoring high seas fishing activity. Countries have struggled with 

incomplete compliance with the UNFSA and the FAO Code of Conduct (Pitcher et al. 2009; Dunn 

et al. 2018). Additionally, RFMO confidentiality restrictions often prevent researchers from 

obtaining data to assess fishing effort, and any publicly available data often lacks the resolution 

to provide insight into the compliance and impacts of fishing activity (Dunn et al. 2019). In the 

past, the technology used to monitor effort has also posed a barrier: using onboard observers, 

logbooks, or electronic vessel monitoring systems to record fishing activity on selected vessels 
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produced sparse datasets that could not be accurately used to evaluate global fishing effort 

(Anticamara et al. 2011; Watson et al. 2013; Kroodsma et al. 2018).  

However, increasingly prevalent automatic identification system (AIS) tracking data 

provide an ideal mechanism to assess vessel interaction and compliance with high seas ABMTs 

(Dunn et al. 2018). AIS data are broadcast from transmitters aboard fishing vessels and 

communicate vessel identity and location information, and they can be received by nearby 

vessels, ground station AIS receivers, and AIS-capable satellites (Dunn et al. 2018). While AIS 

was originally intended to help prevent vessel collisions, the abundance of information its data 

provide—such as vessel identifying information, current position, speed, and course—has led to 

its emergence as a powerful, and often publicly available, vessel monitoring and tracking tool 

(Natale et al. 2015; Dunn et al. 2018). The international nonprofit Global Fishing Watch (GFW) is 

one organization that processes commercial fishing vessel AIS data and makes it accessible for 

public use. While only a small portion of the world’s 2.9 million motorized fishing vessels carry 

AIS, it is estimated that vessels with AIS are responsible for 50 to 70 percent of fishing effort 

more than 100 nautical miles from shore and as much as 80 percent of fishing effort in 

international waters, making AIS data from organizations like GFW a suitable tool for 

monitoring fishing vessels in international waters (Kroodsma et al. 2018; GFW [date unknown]). 

For this project, I used AIS data from GFW to evaluate the interaction and compliance of 

fishing vessels with ABMTs implemented by both tuna and non-tuna RFMOs in the international 

waters of the Atlantic, Indian, and Pacific Oceans. Specifically, I sought to determine the 

quantity of fishing effort taking place at prohibited times or with prohibited gear types inside 

RFMO spatial closures from 2017 to 2019. The results of these analyses can provide insight into 

the success of different RFMO closures, suggest possible deficiencies in closure 

implementation, and point to future directions and considerations in the use of ABMTs by 

regional fishery bodies. 
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2. Materials and Methods 
 

2.1 Compilation of closure list 
 

I obtained 2017–2019 conservation measures (also called conservation and 

enforcement measures and conservation management measures, depending on the RFMO) 

from each website of all RFMOs present in the Atlantic, Indian, and Pacific Oceans. I then 

compiled a table of all measures across those years that contained a spatial component of any 

kind. I included spatially and temporally broad recommendations (for example, those that 

proposed banning driftnets inside the entirety of an RFMO’s spatial area for an indefinite period 

of time) as well as more specific resolutions (for example, those that prohibited a specific 

activity, such as using a fish aggregating device (FAD), in a small area during a certain time of 

year).  

From the noted RFMO ABMTs, I selected the closures for which I would be able to 

clearly assess closure violations using the GFW dataset (section 2.2). The obtained GFW data do 

contain the date of fishing activity along with the gear type used, so I included spatial closures 

with a time (fishing is only allowed during certain weeks or months of the year) and/or gear (for 

instance, fishing with longlines is prohibited) component. These GFW data do not note the 

species targeted by fishing vessels, FAD use, or specific gear qualities, such as mesh size or net 

length. I excluded closures with restrictions based on these sorts of characteristics unless I 

could use a feature of the data as a substitute to draw conclusions about violations. For 

example, the Northwest Atlantic Fisheries Organization (NAFO) prohibits fishing for squid in 

some parts of its convention area, a restriction that does not reference a time, location, or gear 

type. However, it is probable that these squid are caught using squid jiggers, a specific gear type 

that can be used to assess closure compliance. 
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2.2 Data acquisition, aggregation, and analysis 
 

Global Fishing Watch (GFW) provided 2017–2019 satellite vessel tracking and fishing AIS 

data containing the following variables: 

• Date of the data 

• Latitude for the lower-left corner of the grid cell in which the vessels were 

present (at 100th degree resolution) 

• Longitude for the lower-left corner of the grid cell in which the vessels were 

present (at 100th degree resolution) 

• ISO3 code for the flag state of the vessels 

• Gear type with which the vessels were equipped 

• Hours the vessels were present in the grid cell 

• Hours the vessels spent fishing in the grid cell 

• The number of vessels present in the grid cell  

I performed all data analyses using Python (version 3.6.12) in the integrated 

development environment Spyder (version 3.3.6). I used the ArcPy package (version 2.6) for all 

spatial analyses and the pandas package (version 1.1.3) for all tabular analyses. I conducted all 

spatial analyses using the geographic coordinate system World Geodetic System (WGS) 1984.  

Using coordinates obtained from RFMO conservation measures, I created shapefiles 

containing polygons of each selected 2017–2019 spatial closure. I then aggregated GFW fishing 

effort data by date, latitude, longitude, and gear type, excluding data points not within 5 

degrees of any closure in any direction. I used the wrangled fishing effort data to create 

shapefiles containing points at the provided longitudes and latitudes, preserving the date, 

latitude, longitude, vessel presence, fishing effort, and vessel quantity information in the 

shapefile’s attribute table. Because these coordinates represented the lower-left corner of a 

0.01-degree by 0.01-degree grid cell, 0.005 degrees was subtracted from each longitude value 

and added to each latitude value to shift each point to the center of its cell. Then, I found all 

points within each spatial closure. For closures without a time component—that is, ABMTs that 

enforced the same restrictions year-round—I created summary tables for each closure 
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containing the total fishing effort by gear type. For closures with a time component, I calculated 

fishing effort by gear type both by and across dates when the ABMT was both open and closed. 

I used similar methods to calculate the fishing effort taking place surrounding each 

closure. After creating spatial buffers of 1 degree around each closure polygon, I used the 

buffers and shapefiles containing fishing effort points to find all the points within each buffer. 

For closures lacking a time component, I summarized the hours of fishing effort inside buffers 

by gear type. For closures with a time component, I calculated the hours of fishing effort by and 

across dates when the ABMT was both open and closed. I performed all these analyses for each 

individual closure and each year, resulting in this collection of shapefiles and summary tables 

for each of the closures present in 2017, 2018, and 2019. 

 
2.3 GFW vessel classification 

 

To produce datasets containing information about specific vessels—including 

information about the gear type they employ—GFW combines data from vessel registries, AIS 

activity and identity information, and vessel characteristics inferred from their neural networks. 

Currently, GFW classifies fishing vessels into 17 different classes using these tools, and some of 

these classes are nested to represent increased levels of specificity. When vessel registry 

information and GFW’s neural networks cannot classify a vessel into one of the most specific 

gear categories, it is placed into a higher order class. For example, if a fishing vessel does not 

clearly fall into any category, it will be grouped into the broadest category, fishing. Similarly, if 

GFW can determine that a vessel is a purse seiner but not whether it is a tuna purse seiner or 

another type of purse seiner, it will be placed in the more general category purse seines. 

 
2.4 Identification of illegal gear types 

 

From my generated summary tables containing fishing effort information across all gear 

types, I manually selected the gear types for each closure that likely represented fishing effort 

with illegal gears. For one closure—SEAFO’s VME closure, which is closed to all gears at all 

times—this included all gear types. For other VME ABMTs closed only to bottom-contacting 

gears, the most prevalent type of closure, I included the general fixed gear category and all of 
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its nested types (pots and traps, set longlines, and set gillnets) along with trawls. The trawls 

category incorporates both pelagic and bottom trawls, so it is possible that some trawl fishing 

inside VMEs is not actually in violation of closure rules. However, because bottom trawling is 

recognized as a fishing practice intensely destructive to seafloor habitats (Ardron et al. 2014), I 

chose to include it in the calculation of illegal fishing effort for closures with bottom-contact 

gear restrictions. Other general categories besides trawls were not included in illegal fishing 

effort calculations when there was the possibility that they contained both illegal and legal gear 

types; rather, they were only included when all nested gear types were prohibited. For 

example, if an ABMT forbade the use of only set longlines, I would not incorporate the fixed 

gear category in my calculation of illicit effort. It is possible that the specific gear type used 

within the fixed gear category was a set longline, but it is also possible that it was a set gillnet or 

a trap, two permitted gears. 

The violation of RFMO conservation measures is a form of IUU fishing. Illegal fishing—

the ‘I’ in in IUU—includes fishing activities within RFMO jurisdictions that do not adhere to 

RFMO regulations, such as using a specific gear type in an area where that gear type is 

prohibited by an RFMO measure (FAO [date unknown]). To reflect the fact that the activities 

discussed here violate or could violate RFMO regulations based on my analyses, they are 

characterized as “illegal” or “classified as illegal.” However, it is not certain that all of these 

fishing activities actually defy RFMO regulations; it is likely not feasible to completely and 

correctly identify all fishing effort performed in violation of RFMO ABMT measures. Instead, I 

used these analyses and careful assumptions to arrive at estimates of fishing effort performed 

in restricted areas or with restricted gear types. 

 
2.5 Data visualization 

 

I created data visualizations using ArcGIS Pro (version 2.6.0) and the ggplot2 package 

(version 3.3.2) in R (version 4.0.2) within RStudio (version 1.2.5042). 
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3. Results 
 

3.1 Closures identified for analysis 
 

 My initial documentation of all spatial RFMO measures resulted in a list of 29 closures 

across eight RFMOs. After selecting the closures that I could best examine using the GFW data, I 

obtained a list of 13 closures across four RFMOs—IATTC, NAFO, NEAFC, and SEAFO—for 2017 

and 14 closures across five RFMOs—IATTC, NAFO, NEAFC, SEAFO, and SIOFA—for 2018 and 

2019 (Table 1, Figure 2). Seven of the 2017 ABMTs and eight of the 2018–2019 ABMTs were 

protecting VMEs or restricting bottom-contact gears, while one aimed to protect migratory fish 

stocks. Each year from 2017 to 2019, there were four closures with a temporal component. 

That is, all but four of the identified closures were in place from January to December for the 

years they were in effect. 

 
Figure 2 All ABMTs analyzed as they appear in 2019. For more information about closure changes across years, see specific 
closure maps below as well as Appendix A. 
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Table 1 ABMTs selected for analysis; activities considered illegal inside each ABMT; gear categories in the data that were 
classified as prohibited; the temporal extent of each ABMT (if applicable); and, of the years 2017–2019, the years the closure 
was in effect. 

 

RFMO ABMT Activity prohibited GFW gear categories 
classified as illegal 

Temporal 
extent (UTC) Years of analysis in place 

IATTC El corralito 

Fishing for yellowfin, bigeye, 
and skipjack tunas by purse-
seine vessels >182 metric 
tons carrying capacity 

Purse seines 
Other purse seines 
Tuna purse seines 

10-09–11-08 2017–2019 

NAFO 

Shrimp 3L Shrimp fishing Trawls  2017–2019 

Shrimp 3M Shrimp fishing Trawls 06-01–12-31 2017–2019 

Squid Squid fishing Squid jiggers 01-01–06-30 2017–2019 

VME coral 
3O Bottom fishing 

Dredges 
Fixed gear 
Pots and traps 
Set gillnets 
Set longlines 
Trawls 

  2017–2019 

VME 
seamount Bottom fishing 

Dredges 
Fixed gear 
Pots and traps 
Set gillnets 
Set longlines 
Trawls 

  2017–2019 

VME 
sponge/coral Bottom fishing 

Dredges 
Fixed gear 
Pots and traps 
Set gillnets 
Set longlines 
Trawls 

  2017–2019 

NEAFC 

Blue ling Bottom fishing 

Dredges 
Fixed gear 
Pots and traps 
Set gillnets 
Set longlines 
Trawls 

02-15–04-15 2017–2019  

Rockall 
haddock 

All fishing except with 
longlines 

Drifting longlines 
Set longlines  2017–2019  

VME Bottom fishing 

Dredges 
Fixed gear 
Pots and traps 
Set gillnets 
Set longlines 
Trawls 

  2017–2019  

SEAFO 

Bottom 
fishing 

All fishing except with set 
longlines 

All except: 
Set longlines   2017–2019 

VME All fishing All   2017–2019 
VME 
Valdivia 
Bank 

Fishing except with pots and 
set longlines 

All except:  
Pots and traps 
Set longlines 

  2017–2019 

SIOFA VME Bottom fishing except with 
trap and line methods 

Dredges 
Set gillnets 
Trawls 

  2018–2019 
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3.2 Fishing effort with prohibited gear types inside closures without temporal components 
 

3.2.1 NAFO closures 
 

 Most NAFO closures exhibited a pattern of fishing effort classified as illegal rising before 

falling again, although these changes occurred in different magnitudes . Illegal fishing in the 

NAFO coral 3O closure, one of NAFO’s three ABMTs designed to protect VMEs, increased from 

2017 to 2018 but fell to pre-2017 levels in 2019 (Tables 2–4, Figures 3 and 4). Inside the 

sponge/coral closure, another VME ABMT, fishing effort with illegal gear types also increased 

from 2017 to 2018 before returning to approximately 2017 levels in 2019 (Tables 2–4, Figures 3 

and 4); however, these changes were more moderate than those of the NAFO coral 3O closure. 

In the shrimp 3L closure, NAFO’s only non-VME closure without a temporal component, fishing 

effort using prohibited gears more than doubled from 2017 to 2018 (Tables 2 and 3, Figures 3 

and 4). Effort declined in 2019, but it remained at nearly twice 2017 levels (Tables 2 and 4, 

Figures 3 and 4). The NAFO seamount closure, the third NAFO closure created to protect VMEs, 

displayed a different pattern. Approximately 200 hours of fishing effort classified as illegal 

occurred in 2017, but effort dropped to less than 25 percent of that value in 2018 and 2019 

(Tables 2–4, Figures 3 and 4). 

For most non-temporal NAFO ABMTs, legal fishing effort inside the closure remained 

higher than illegal fishing effort (Figure 4). This difference was especially pronounced for the 

VME seamount closure, where fishing effort with permitted gear types was five times higher 

than fishing effort with prohibited gear types in 2017, 60 times higher in 2018, and 20 times 

higher in 2019 (Figure 4). The sponge/coral closure was the only NAFO ABMT where, in the 

scope of my analysis, legal fishing effort was ever lower than illegal fishing effort, and this 

relationship was true across all three years (Figure 4). 

 
3.2.2 NEAFC closures 
 

 The two non-temporal NEAFC closures exhibited different patterns in their amounts of 

fishing effort that used prohibited gear types. In the Rockall haddock closure, fishing effort was 

reduced by approximately half (from about 27 hours to about 12 hours) from 2017 to 2018 
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while fishing effort inside the VME closure remained about the same, shifting from about 317 

hours to 325 hours (Tables 2 and 3, Figures 3 and 4). In both closures, though, effort with illegal 

gears increased from 2018 to 2019 (Tables 3 and 4, Figures 3 and 4). For the VME closure, the 

2019 level of effort with illegal gear types was about 8 percent higher than the amount of 

fishing with prohibited gears in 2018 (Tables 3 and 4, Figures 3 and 4). For the Rockall haddock 

closure, 2019 effort was nearly three times higher than 2017 effort and over six times higher 

than 2018 effort (Tables 2–4, Figures 3 and 4). 

 Inside both NEAFC’s Rockall haddock and VME closures, there were similar trends in the 

amount of fishing with permitted gear types compared to the amount of fishing with prohibited 

gear types. Fishing effort inside these closures with legal gears was considerably higher—always 

about 5 times or more—than fishing effort with illegal gear types in both 2017 and 2018 (Figure 

4). However, in 2019, legal fishing effort dropped below illegal fishing effort for both closures, 

with effort using permitted gear types reduced to about half of the fishing effort using 

prohibited gear types for the VME closure (Figure 4). For the Rockall haddock closure, legal 

effort was about one-third of illegal effort (Figure 4). While this change in relationship between 

effort types did correspond with a rise in fishing using illegal gears from 2018 to 2019 (Figure 3), 

there was an even more pronounced reduction in legal fishing effort during this same time 

(Figured 5). It appears to be the drop in effort using permitted gears, rather than the more 

moderate rise in prohibited effort, that is responsible for this change; if legal effort would have 

remained at any of its 2017 or 2018 values for either closure, there would have been more legal 

effort than illegal effort in 2019 even accounting for prohibited effort shifts. 

 
3.2.3 SEAFO closures 
 

Like the NAFO non-temporal closures, all of the SEAFO closures exhibited similar 

patterns in their amounts of fishing effort with prohibited gear types across years. Inside the 

SEAFO bottom fishing closure—where only fishing with set longlines was permitted—the only 

fishing that occurred from 2017 to 2019 used drifting longlines, an illegal gear type. Fishing 

effort with drifting longlines fell across all three years, declining about 700 hours each from 

2017 to 2018 and 2018 to 2019 (Tables 2–4, Figures 3 and 4). Illegal fishing effort inside the 
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SEAFO VME closure—where all fishing with any kind of gear is prohibited—also dropped across 

all three years. Fishing effort was about 70 hours lower in 2018 than 2017, while fishing effort 

in 2019 was about 1400 hours lower than 2018 (Tables 2–4, Figures 3 and 4). Across all non-

temporal closures, only these two SEAFO closures have hours of illegal effort in the thousands 

for individual years.  

Fishing inside the SEAFO Valdivia Bank closure displays these same patterns. The SEAFO 

Valdivia Bank closure, while included in the conservation measure that implements the more 

restrictive SEAFO VME closure, allows fishing with pots and set longlines instead of prohibiting 

all gears. Inside this ABMT, illegal fishing effort declined from about 76 hours in 2017 to fewer 

than 5 hours in both 2018 and 2019 (Tables 2–4, Figures 3 and 4). Except for the Valdivia Bank 

closure, no SEAFO closures had any fishing effort with permitted gear types from 2017 to 2019 

(although legal fishing effort is not possible inside the VME ABMT as it is closed to all fishing). 

For the one year, 2017, fishing effort with gear types other than those that were prohibited 

occurred inside the Valdivia Bank closure, fishing took place for less than one hour (Figures 4 

and 5).  

 
3.2.4 SIOFA VME closure 
 

There was no fishing with gear types classified as illegal in SIOFA’s VME closure—its only 

ABMT—for the two years it was in place during the scope of this analysis, 2018 and 2019 

(Tables 3 and 4, Figures 3 and 4). The rest of the fishing effort inside the closure during those 

years, all legal, declined by about half from 2018 to 2019 (Figures 4 and 5). 
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Figure 3 Natural log of the hours of fishing effort inside all closures—when they were in effect—from 2017 to 2019. Only fishing 
effort classified as illegal is displayed. 
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Figure 4 Natural log of the hours of fishing effort inside all closures—when they were in effect—from 2017 to 2019. Both fishing 
effort classified as legal (green) and illegal (red) are displayed. 

 



 23 

 

Figure 5 Natural log of the hours of fishing effort inside all closures—when they were in effect—from 2017 to 2019. Only fishing 
effort classified as legal is displayed. 

 
3.3 Fishing effort with prohibited gear types inside closures with temporal components 
 

Three of the four ABMTs included in my analysis that have temporal components—that 

is, that are in effect only at certain times of the year—had no illegal fishing effort during the 

time the area was closed. No fishing effort with the identified prohibited gear type, squid 

jiggers, took place inside the NAFO squid closure from 2017 to 2019, both when the closure was 

in effect and when it was not (Tables 2–4, Figures 3 and 4). NEAFC’s blue ling closure also had 

no illegal fishing effort within its boundaries at any time across all three years (Tables 2–4, 

Figures 3 and 4). However, while the blue ling closure also contained no legal fishing effort at 

any time, the NAFO squid closure had large amounts of legal effort—always at or over 100,000 
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hours, due to its size—inside the closure both when it was and was not in effect (Figures 4 and 

5). Inside IATTC’s corralito closure, no purse seines of any kind were used when it was in effect 

in 2017, 2018, and 2019 (Tables 2–4; Figures 3, 4, and 6). Vessels did fish with purse seines in 

the closure area outside of the closed period, though, in quantities ranging from nearly 2,000 to 

about 3,500 hours each year (Figure B1). 

The remaining ABMT with a temporal component did contain fishing effort with gear 

types identified as illegal during the time it was closed to those gears. The NAFO Shrimp 3M 

area was closed to shrimp fishing for just over half of the year (seven months) from 2017 to 

2019, but much of the trawling effort that took place over the course of each year occurred 

during these seven months (Figure 7). The hours vessels spent trawling remained about the 

same in 2017 and 2018—about 3500 hours (Tables 2–3, Figures 3 and 4). However, the trawling 

effort more than doubled in 2019 (Table 4, Figures 3 and 4). Although the time vessels trawled 

was much reduced inside the ABMT during the five months of the year when it was not closed 

to shrimp fishing (Figure 7), similar effort trends during these five months were present across 

years. Vessels spent over 300 hours trawling during this five-month period in each 2017 and 

2018, while over 600 hours of trawling effort occurred in 2019. Additionally, during the seven 

months the closure was in effect, fishing effort was overwhelmingly classified as illegal. In 2017, 

the only type of fishing effort that took place was trawling. In 2018, about one hour of fishing 

with legal gears took place, and in 2019, vessels spent 300 hours fishing with legal gears (about 

5 percent of the trawling effort during that same period; Figure 4). 
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Figure 6 Hours of fishing effort with gear types classified as illegal inside IATTC’s corralito closure—i.e., all purse seine types. 
Purse seine effort is shown when the closure both is and is not in effect. In el corralito, no fishing with illegal gears occurs inside 
the closure boundary during the 2017–2019 closure time periods. 

 

 

 

IATTC corralito closure (in effect October 9—November 8) 
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Figure 7 Hours of fishing effort with gear types classified as illegal inside NAFO’s shrimp 3M closure—i.e., trawls. Trawl effort is 
shown when the closure both is and is not in effect. 

 
3.4 Summary of results across closures 
 

 Overall, fishing effort classified as illegal declined from 2017 to 2018 and increased from 

2018 to 2019. About 13,260 hours of fishing effort took place in 2017, 12664 in 2018, and 

14541 in 2019 for a total of approximately 40,465 hours (Tables 2–4). In both 2017 and 2018, 

the illegal fishing effort within temporal closures was about one-third of that within non-

temporal closures (Tables 2–3); in 2019, fishing effort within temporal closures was higher than 

that within nontemporal closures by over 650 hours (Table 4).  

 

 

NAFO shrimp 3M closure (in effect June 1—December 31) 
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Table 2 Presence and fishing effort, both in hours, by vessels using gear types classified as illegal inside ABMTs and at times when ABMTs are in 
effect in 2017. The number of vessels contributing to these activities is also shown. Italicized closure names indicate closures with temporal 
components. 

2017 

RFMO ABMT 
Presence by vessels using gear types 
classified as illegal (hours) 

Fishing effort by vessels using gear 
types classified as illegal (hours) Vessel count 

 El Corralito  0  0  0 

NAFO 

Shrimp 3L 276.67 273.40 91 

Shrimp 3M 3549.66 3509.41 8617 

Squid  0  0  0 

VME coral 3O 129.03 128.95 35 

VME seamount 234.73 205.76 457 

VME sponge/coral 141.81 141.06 319 

NEAFC 

Blue ling  0  0  0 

Rockall haddock 26.87 26.16 34 

VME 320.41 317.22 373 

SEAFO 

Bottom fishing 2938.23 2880.88 12485 

VME 5846.10 5700.94 14583 

VME Valdivia Bank 82.08 75.92 85 

Total  13545.59 13259.71 37079 

 

Table 3 Presence and fishing effort, both in hours, by vessels using gear types classified as illegal inside ABMTs and at times when ABMTs are in 
effect in 2018. The number of vessels contributing to these activities is also shown. Italicized closure names indicate closures with temporal 
components. 

2018 

RFMO ABMT 
Presence by vessels using gear types 
classified as illegal (hours) 

Fishing effort by vessels using gear 
types classified as illegal (hours) Vessel count 

 El Corralito 0  0  0  

NAFO 

Shrimp 3L 694.22 685.48 423 

Shrimp 3M 3484.31 3453.47 8624 

Squid 0  0  0  

VME coral 3O 205.53 205.50 136 

VME seamount 52.04 41.21 82 

VME sponge/coral 157.93 157.60 314 

NEAFC 

Blue ling 0  0  0  

Rockall haddock 12.31 12.31 16 

VME 325.30 324.89 403 

SEAFO 

Bottom fishing 2208.04 2146.81 11178 

VME 5761.40 5632.11 17532 

VME Valdivia Bank 5.19 4.94 26 

SIOFA VME 0  0  0  

Total  12906.29 12664.33 38734 
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Table 4 Presence and fishing effort, both in hours, by vessels using gear types classified as illegal inside ABMTs and at times when ABMTs are in 
effect in 2019. The number of vessels contributing to these activities is also shown. Italicized closure names indicate closures with temporal 
components. 

2019 

RFMO ABMT 
Presence by vessels using gear types 
classified as illegal (hours) 

Fishing effort by vessels using gear 
types classified as illegal (hours) Vessel count 

 El Corralito 0  0  0  

NAFO 

Shrimp 3L 517.11 517.04 230 

Shrimp 3M 7722.62 7603.72 24137 

Squid 0  0  0  

VME coral 3O 98.08 97.75 46 

VME seamount 58.04 48.79 97 

VME sponge/coral 145.35 144.23 320 

NEAFC 

Blue ling 0  0  0  

Rockall haddock 77.75 77.75 75 

VME 358.08 351.90 645 

SEAFO 

Bottom fishing 1511.90 1454.27 8337 

VME 4466.36 4244.48 17025 

VME Valdivia Bank 1.31 1.19 9 

SIOFA VME 0  0  0  

Total  14956.59 14541.11 50921 
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4. Discussion and Conclusions 
 

My findings demonstrate that there is likely some level of illegal fishing effort taking 

place inside most RFMO ABMTs I examined in this analysis. Despite these instances of 

noncompliance, vessels seem to frequently adhere to closure regulations overall, with visibly 

less vessel activity often present inside closures. However, vessel interactions with closures, 

and the impacts of these interactions on surrounding ecosystems, vary by RFMO. 

 
4.1 IATTC  
 

  There was no purse seine fishing of any kind inside IATTC’s corralito closure in 2017, 

2018, or 2019. These gaps in effort are noticeable among the regular purse seining that occurs 

during the rest of the year (Figure 6), and spatial and temporal patterns suggest precise 

awareness of closure restrictions. During all three years, vessels began fishing with tuna purse 

seines within one or two days of both the closing and opening dates of the area (Figure 6), and 

fishing effort took place close to its boundaries while the closure was in effect, sometimes in 

high quantities (Figures 8 and 9). Additionally, vessels complied with el corralito even after 

recent policy changes. From 2009 to 2016, el corralito was closed from September 29 to 

October 29; in 2017, the closure period was shifted to October 9–November 8 to accommodate 

the extension of a different purse seine closure (International Fisheries…2017). These results 

suggest that, from 2017 to 2019, purse seiners were compliant with the corralito closure and 

responsive to regulation changes.  It is possible that this compliance results, at least in part, 

from IATTC’s observer program. In the eastern Pacific Ocean—where el corralito is located—an 

observer must be present on each trip made by purse seiners with a capacity more than 363 

metric tons, and at least 50 percent of the observers assigned each year to national fleets must 

be observers from IATTC rather than observers from the vessel’s flag state (IATTC 2009).  

Vessel compliance with el corralito does not necessarily indicate that yellowfin, bigeye, 

and skipjack stocks—the tuna species el corralito is designed to protect—in the eastern Pacific 

Ocean are healthy. While no purse seining effort appears inside the closure, its close spatial and 

temporal proximity to el corralito could still harm the species this ABMT is attempting to 
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conserve (Kellner et al. 2007). Additionally, to manage these species, IATTC predominantly 

relies upon a total closure of the purse-seine fishery in its convention area for 72 days (IATTC 

Scientific Advisory Committee 2017). Meanwhile, the closure of the corralito area for one 

month of the year is estimated to be equivalent to a three-day closure of the entire purse-seine 

fishery in IATTC’s jurisdiction (IATTC Scientific Advisory Committee 2014; IATTC Scientific 

Advisory Committee 2017). While vessels appear to be in perfect compliance with el corralito 

according to this analysis, the status of tuna stocks in the eastern Pacific Ocean likely largely 

depends on vessel adherence to the 72-day total closure to purse seining. However, juvenile 

bigeye tuna do occur with the greatest frequency inside the corralito area (WCPFC 2015), so el 

corralito could be specifically important for facilitating the recruitment of this species.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
  2017 2018 

2019 
 

IATTC el corralito closure (in effect October 9–November 8) 

Figure 8 Locations of fishing activity inside and around IATTC’s corralito 

ABMT from 2017 to 2019 while it is in effect from October 9 to November 

8. All points, even those outside the closed area, represent only nonzero 

fishing effort with gears prohibited inside the closure. Pink points indicate 

fishing effort classified as illegal (i.e., fishing effort inside the ABMT), blue 

points show fishing effort taking place within one degree of the closure 

boundary, and gray points depict all other effort. 

Claire Mullaney
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2017 2018 

2019 
 

IATTC el corralito closure (in effect October 9–November 8) 
 

Figure 9 Quantity of fishing hours inside and around IATTC’s corralito 

ABMT from 2017 to 2019 while it is in effect from October 9 to November 

8. All shaded areas, even those outside the closed area, represent only 

nonzero fishing effort with gears prohibited inside the closure. Pink 

indicates a high amount of effort while blue indicates a low amount of 

effort. 

Claire Mullaney
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4.2 NEAFC 
 

 In my analysis, I found levels of illegal fishing across all NEAFC closures except for the 

blue ling closure. However, NEAFC compliance reports do not fully concur with these results. 

While no NEAFC contracting parties reported infringements on the blue ling closure from 2017 

to 2019, they also did not report any infringements on the Rockall haddock closure, an ABMT 

where I found between about 12 and 78 hours of fishing with classified illegal gears each year 

(Figure 10; NEAFC 2018a, 2019, 2020). NEAFC also did not find any significant violations of its 

VME closure. Like the blue ling and Rockall haddock closures, no NEAFC contracting parties 

reported infringements on the recommendation implementing the closure, but NEAFC also 

discusses additional monitoring procedures in place for VME closures (NEAFC 2018a, 2019, 

2020). The Secretariat monitors warnings that are generated when specific groups of fishing 

vessels—that is, vessels that may be engaging in activity contrary to regulations in force—enter 

closed areas and shares these reports with flag State Fisheries Monitoring Centers, or FMCs 

(NEAFC 2015a, 2018a, 2019, 2020). In the case of reports of illegal vessel interaction with the 

VME closure, NEAFC states that “[t]he almost totality of these warnings are considered by the 

Secretariat as ‘false positives’ and the FMCs that have reacted to the lists confirmed it” (NEAFC 

2018a, 2019, 2020). Meanwhile, I found more than 315 hours of illegal fishing effort inside 

NEAFC’s VME closure each year from 2017 to 2019 (Figure 11). Differing data sources or 

methodologies, as well as the possibility that the Secretariat has access to additional 

information to check findings, could be responsible for these discrepancies.  

 Although the blue ling and Rockall haddock closures have each been in place for over a 

decade, neither blue ling nor Rockall haddock stocks have shown signs of improvement 

according to NEAFC reports. The Rockall haddock stock was initially assessed to be in good 

shape: in 2008, the International Council for the Exploration of the Sea (ICES)—the organization 

from which NEAFC takes scientific advice—noted that Rockall haddock had a biomass above, 

and fishing mortality below, precautionary levels (NEAFC 2008). By 2010, recruitment was low 

and directed fishing for Rockall haddock was not recommended (NEAFC 2010), and in 2013, 

recruitment was described as having been low for “a number of years” (NEAFC 2013c). 

Recruitment has since slightly improved, but it remains below average, and catch 



 34 

recommendations continue to be reduced (ICES 2019b, ICES 2020a). Because the Rockall 

haddock closure is designed to protect juvenile Rockall haddock (ICES 2016), it is possible that 

illegal fishing activity in this area is contributing to the low recruitment identified in this fishery. 

Although vessels seem to be relatively compliant with this ABMT—there is clearly less fishing 

activity inside the closure than outside of it—perhaps this effort is enough to inflict damage on 

a vulnerable population, or perhaps the more frequent fishing close to the boundary of the 

closure encroaches on the habitat of juvenile haddock (Figure 10). 

Less is known about the blue ling stock. In the early 2000s, ICES identified it as suffering 

reduced reproductive capacity and advised that no fishing of blue ling should take place (ICES 

2003). ICES provided similar advice in 2019, stating that, as there were no signs of stock 

rebuilding, the blue ling closure and the prevention of directed fishing should remain in place 

(ICES 2019a). ICES also noted that fishing effort was likely low—because of management 

measures like the blue ling closure—but ultimately unknown (ICES 2019a). Unlike the Rockall 

haddock closure, the results of this analysis show perfect vessel compliance with the blue ling 

closure, yet there continues to be reduced blue ling stock sizes. It is worth noting that there are 

additional blue ling spawning areas besides the one enclosed by NEAFC’s blue ling ABMT that 

remain open to fishing year-round (ICES 2007). 

In addition to the illegal fishing of NEAFC VME closures found in this analysis, the history 

of advice provided to NEAFC about VME protection suggests that some of its VMEs may remain 

vulnerable to degradation. While ICES notes the scarcity of data on vulnerable deep-water 

habitat abundance (ICES 2010), they also discuss new data and use it to recommend updates 

(ICES 2011, 2012, 2013, 2014, 2015). For example, ICES provided advice to NEAFC about closure 

boundary modifications from 2008 to 2016 (ICES 2008, 2010, 2011, 2012, 2013, 2014, 2015, 

2016). Based on this advice, NEAFC has revised its VME closures consistently over the past 

decade (NEAFC 2009, 2013a, 2013b, 2014, 2015b, 2018b). However, ICES has reiterated several 

pieces of advice over multiple years that have never been incorporated into NEAFC’s regulatory 

framework, and it eventually ceased providing this advice. For example, ICES suggested 

revisions to the boundary of the northwest Rockall closure—a polygon within the overall NEAFC 

VME closure—from 2010 through 2016 to incorporate more areas containing cold-water coral 



 35 

(ICES 2010, 2011, 2012, 2013, 2014, 2015, 2016). In 2017, though, ICES noted the presence of 

VME indicators outside of the closure boundary but maintained that it needed no revisions 

(ICES 2017b). Similarly, ICES recommended the closure of an area known as Josephine 

Seamount each year from 2012 through 2016 but then ceased giving this advice—even though 

Josephine Seamount remained, and remains still, a region open to bottom fishing (ICES 2012, 

2013, 2014, 2015, 2016; NEAFC 2014). From 2018 to 2020, ICES recommended no changes to 

closures or closure boundaries, even though some of these consistently recommended changes 

had not ever been implemented (ICES 2018, 2019, 2020).  

This regulatory history suggests that some VMEs in the NEAFC convention area may be 

vulnerable to degradation from destructive fishing practices because of the rejection of 

consistently advised protective measures. This vulnerability is exacerbated by the fact that, as 

found in this analysis, some level of illegal fishing is likely occurring inside the areas of NEAFC 

that are closed to bottom-contact fishing (Figure 11). Additionally, it is possible that some parts 

of NEAFC’s VME closure provide less protection to VMEs than others; some closure polygons 

overlap or are surrounded by areas open to bottom fishing (Figure C1), which may leave ABMTs 

more likely to be encroached on by vessels using prohibited gear types (ICES 2017a). This ICES 

assessment is supported by the results of this analysis. Much of the vessel activity inside the 

VME closure is inside the polygons surrounded by regions open to bottom fishing, and there is 

also frequent fishing near the boundaries of these polygons, including the polygon for which 

ICES consistently recommended revisions to protect more VME species (Figure 11). Because 

NEAFC only requires observers on vessels exploratory bottom fishing (NEAFC 2014)—that is, 

bottom fishing outside of existing closures and established bottom fishing areas—observers are 

likely not present to monitor vessels moving between these two spaces. 

 
 
 
 
 
 
 
 
 



 
 
  2017 2018 

2019 
 

NEAFC Rockall haddock closure 

Figure 10 Locations of fishing activity inside and around NEAFC’s Rockall 
haddock ABMT from 2017 to 2019. All points, even those outside the 
closed area, represent only nonzero fishing effort with gears prohibited 
inside the closure. Pink points indicate fishing effort classified as illegal 
(i.e., fishing effort inside the ABMT), blue points show fishing effort taking 
place within one degree of the closure boundary, and gray points depict all 
other effort. 

Claire Mullaney
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2017 2018 

2019 
 

NEAFC VME closure 

Figure 11 Locations of fishing activity inside and around NEAFC’s VME 
ABMT from 2017 to 2019. All points, even those outside the closed area, 
represent only nonzero fishing effort with gears prohibited inside the 
closure. Pink points indicate fishing effort classified as illegal (i.e., fishing 
effort inside the ABMT), blue points show fishing effort taking place within 
one degree of the closure boundary, and gray points depict all other 
effort. 

Claire Mullaney
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4.3 NAFO 
 

To analyze the NAFO squid and shrimp closures—all three of which prohibited fishing 

for specific organisms but did not regulate gear type usage—I had to make significant 

assumptions. Despite its large area, the NAFO squid closure had no fishing with the classified 

illegal gear type, squid jiggers, at any time during 2017–2019. While commercial fishing vessels 

fishing for squid sometimes use squid jiggers, they may also use other gears like purse seines 

(Commercial…[date unknown]). With fewer than 22 hours of non-tuna purse seining occurring 

in NAFO Divisions 3 and 4 (the area of the squid closure) each year, it is possible that calculated 

illegal fishing effort in the squid closure would still be low, if not zero, if purse seine effort were 

to be included.  

While the fishing effort identified as illegal in NAFO’s squid ABMT could be an 

underestimate, it is possible that illegal fishing effort is overestimated for the shrimp closures. 

The shrimp 3L closure had illegal fishing effort that ranged from about 270 hours to about 685 

hours, with effort peaking in 2018 (Figure 12). Inside the shrimp 3M closure, at least 3,400 

hours of fishing effort classified as illegal took place each year, and in 2019, there was twice 

that much effort (Figure 13). Although bottom trawls are used in commercial shrimp fisheries 

(Zaima 2014), they are used in other fisheries as well—especially in the vicinity of both these 

closures, which lie inside the area of NAFO where fishing with bottom-contact gears is 

permitted (Figure C2). The data used also do not discriminate between midwater and bottom 

trawls, so this fishing effort calculation likely includes both trawl types. Additionally, there are 

currently moratoria on both of these shrimp fisheries. Directed effort towards shrimp in NAFO’s 

3M region has been prohibited since 2011 (NAFO 2017a), and in NAFO’s 3L region, since 2015 

(NAFO 2017b). Combined, these assumptions suggest that at least some of the fishing inside 

the NAFO shrimp closures is not illegal.  

 

 

 

 



  

2017 2018 

2019 
 

NAFO shrimp 3L closure 

Figure 12 Locations of fishing activity inside and around NAFO’s shrimp 3L 

ABMT from 2017 to 2019. All points, even those outside the closed area, 

represent only nonzero fishing effort with gears prohibited inside the 

closure. Pink points indicate fishing effort classified as illegal (i.e., fishing 

effort inside the ABMT), blue points show fishing effort taking place within 

one degree of the closure boundary, and gray points depict all other 

effort. 
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  2017 2018 

2019 
 

NAFO shrimp 3M closure (in effect June 1—December 31) 

Figure 13 Locations of fishing activity inside and around NAFO’s shrimp 3M 

ABMT from 2017 to 2019 while it is in effect from June 1 to December 31. 

All points, even those outside the closed area, represent only nonzero 

fishing effort with gears prohibited inside the closure. Pink points indicate 

fishing effort classified as illegal (i.e., fishing effort inside the ABMT), blue 

points show fishing effort taking place within one degree of the closure 

boundary, and gray points depict all other effort. 

Claire Mullaney
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Even if I have identified some legal effort, though, the emergence of patterns in the 

shrimp 3M ABMT invite further investigation. The vast majority of trawling effort—along with 

some of the largest quantities of it—occurs when the closure is in effect, with a sharp increase 

in effort at the beginning of the closure period (Figure 7). Additionally, there are lower 

quantities of effort in the region around the closure boundary when the closure is in place 

(Figure 7). If vessels are adhering to the moratorium and not fishing for shrimp, there seems to 

be some other characteristic of the shrimp 3M region during this time that invites trawl fishing. 

In 2017, fishing with classified illegal gear types in the NAFO VME seamount closure was 

higher than that in the coral 3O and sponge/coral closures. However, the NAFO VME seamount 

closure had considerably less illegal fishing effort in 2018 and 2019 than these other VME 

closures, despite having an area larger than each of them (Figures 14–16). Although this drop 

corresponds to the year one of the NAFO VME seamount closure polygons changed shape and 

reduced in size, this polygon contained no fishing effort I identified as illegal in 2017 (when the 

polygon was its original shape) or in 2018 (when its shape was updated; Figure 15). 

Additionally, this shift incorporated more seamounts into the closure and eliminated areas 

devoid of them (NAFO Scientific Council 2017)—presumably also including more regions 

frequented by commercially important fish species that could be attractive to vessels (Ashford 

et al. 2019). However, because of the seamount ABMT’s size, fishing effort is still relatively low 

compared to other NAFO VME closures across all three years, with seamount closure polygons 

containing sparse fishing activity (Figures 14–16).  

Like with NEAFC’s VME closure, the location of NAFO’s bottom footprint offers an 

explanation for these patterns of fishing effort. NAFO’s footprint, or the area of NAFO where 

fishing with bottom-contact gears is currently permitted, is adjacent to the eastern edge of the 

coral 3O ABMT and fully encloses the sponge/coral ABMT (Figure C2). Although the outline of 

the footprint is not shown on the maps of NAFO’s fishing effort, two rounded concentrations of 

bottom fishing activity extending out from Canada’s EEZ depict its shape (Figures 14–16). Like in 

NEAFC, a high concentration of fishing activity is present in VME ABMTs enclosed by or adjacent 

to bottom-fishing areas relative to VME closures removed from these footprints. Perhaps the 

proximity of these two area types makes vessels prone to accidental fishing inside closures. For 
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example, in the coral 3O closure, illegal fishing effort often appears just at the edge of the 

closure closest to the footprint (Figure 14); the sponge/coral closure consists of many small 

polygons amid areas where bottom fishing is legal, so avoiding them may be challenging for 

vessels (Figure 16). Whether closeness of VME closures and bottom fishing areas facilitates 

mistaken illegal fishing or provides an easier opportunity to willfully engage in it, this pattern 

across two RFMOs suggests that this arrangement will result in elevated illegal fishing activity 

inside ABMTs close to footprints relative to their more distant counterparts. Despite the 

apparent presence of illegal fishing, the distribution of fishing activity surrounding NAFO’s VME 

closures—sparse bottom fishing everywhere but the footprint and reduced fishing activity 

inside ABMTs compared to surrounding areas—suggest general closure compliance (Figures 

14–16). In NAFO’s own compliance assessments using the vessel monitoring system, a form of 

electronic monitoring similar to AIS except that it is less publicly accessible and transmits 

information less frequently, it found no fishing inside any of its VME closures from 2017 to 2019 

(NAFO 2018, 2019, 2020). 

Like with other RFMOs, additional factors at play in NAFO have the potential to 

jeopardize VME health. According to NAFO’s records, much of the commercial fishing activity in 

its jurisdiction is conducted with bottom-contact fishing gear. In 2018, 38 out of 43 total fishing 

vessels operating in NAFO’s regulatory area used bottom trawls as their primary gear type, and 

90.6 percent of fishing days were spent targeting demersal species with bottom trawls (NAFO 

2019); these values have held relatively steady since 2009 (NAFO 2019). NAFO also employs 

bottom-contact gear for its own purposes, using bottom trawls in its regulatory area—including 

inside VME closures—to conduct scientific surveys and assess stocks (NAFO Scientific Council 

2019). NAFO continues to request that its Scientific Council evaluate the impact of these 

trawling surveys on VMEs inside closed areas; however, the Scientific Council has consistently 

advised that they are harmful and that eliminating surveys performed within VME closures will 

have minimal impacts on stock assessments (NAFO Scientific Council 2018, 2019). Additionally, 

there is overlap between VME closures and oil and gas activity, including exploration licenses 

and two wells inside the sponge/coral closure (Figure C3; NAFO Scientific Council 2020). 
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2019 
 

NAFO coral 3O closure 

Figure 14 Locations of fishing activity inside and around NAFO’s VME coral 

3O ABMT from 2017 to 2019. All points, even those outside the closed 

area, represent only nonzero fishing effort with gears prohibited inside the 

closure. Pink points indicate fishing effort classified as illegal (i.e., fishing 

effort inside the ABMT), blue points show fishing effort taking place within 

one degree of the closure boundary, and gray points depict all other 

effort. 
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NAFO seamount closure 

Figure 15 Locations of fishing activity inside and around NAFO’s VME 

seamount ABMT from 2017 to 2019. All points, even those outside the 

closed area, represent only nonzero fishing effort with gears prohibited 

inside the closure. Pink points indicate fishing effort classified as illegal 

(i.e., fishing effort inside the ABMT), blue points show fishing effort taking 

place within one degree of the closure boundary, and gray points depict all 

other effort. 
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NAFO sponge/coral closure 

Figure 16 Locations of fishing activity inside and around NAFO’s VME 

sponge/coral ABMT from 2017 to 2019. All points, even those outside the 

closed area, represent only nonzero fishing effort with gears prohibited 

inside the closure. Pink points indicate fishing effort classified as illegal 

(i.e., fishing effort inside the ABMT), blue points show fishing effort taking 

place within one degree of the closure boundary, and gray points depict all 

other effort. 
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 Despite engaging in potentially harmful survey practices, NAFO has been attentive to 

VME protection relative to other RFMOs (Bell et al. 2019). In the mid-2000s, NAFO began 

implementing regulations to comply with most UNGA mandates and has engaged in additional 

VME research; for example, NAFO’s Scientific Council has conducted density analyses to identify 

areas with high concentrations of VME indicator species (Kenchington et al. 2019). Despite 

these efforts, assessments indicate that current NAFO VME closures are not protecting most 

VME habitats or biomass. In 2019, percentages of individual VME indicator species that were 

fully unprotected ranged from 30 to 99.99 percent (Kenchington et al. 2019). In addition to 

illicit fishing effort likely having some impact on VMEs within closures, NEAFC’s VMEs are thus 

also vulnerable to industry activity, commercial trawling, and NAFO’s survey trawling 

practices—sometimes all at once as in the case of the sponge/coral closure. 

 
4.4 SEAFO 
 

Based on these results, illegal fishing took place inside most SEAFO VME closure 

polygons each year from 2017 to 2019 (Figures 17 and 18). Concentrated, high amounts of 

fishing effort usually occurred outside of closed areas—for example, in the EEZs of African 

nations (Figure 18). However, one closure polygon that did consistently have a high amount of 

fishing effort was the Africana seamount, a closure adjacent to the South African EEZ. In this 

area, there were hundreds to thousands of hours of fishing effort each year, accounting for 

most illegal fishing effort inside the SEAFO VME closure calculated in these analyses. In 2019, 

the effort near the Africana Seamount appears to be particularly centered around the closure 

area (see the easternmost polygon in Figure 18). 

Other closure polygons also have frequent vessel fishing activity even if those vessels 

are not fishing for large amounts of time. Polygons that are adjacent to EEZs are especially 

frequently fished, particularly those in close proximity to Africa. In addition to containing a large 

amount of effort, the Africana Seamount polygon is filled with vessel activity across the three 

years of this analysis (Figure 18). While they do not contain the same quantity of effort, the 

closure polygons adjacent to the EEZs of Ascension and Saint Helena are also fished throughout 

their entire areas (Figures 17–18). However, polygons close to the EEZs of island nations but far 
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from the African coast, such as those south and southwest of Tristan de Cunha, do not appear 

to have the same concentration of fishing effort or activity (Figures 17–18). Interestingly, there 

is one closure polygon near Ascension’s EEZ—located south of Ascension and west of Saint 

Helena—that initially contains no fishing effort but experiences an increase in vessel activity in 

2018 and 2019 (Figures 17–18), even though the total illegal fishing effort inside SEAFO’s VME 

closure decreases during this time.  

Unlike in NEAFC and NAFO, the location of bottom fishing areas does not fully explain 

these fishing patterns (Figure C4), and there appears to be less overall compliance with SEAFO’s 

VME closures than with those of other RFMOs. However, while all of this effort is illegal based 

on SEAFO’s regulations, most of it was not conducted with bottom-contact gear, the type of 

gear known to be most destructive to VMEs. Besides approximately 266 hours of effort with set 

longlines—a gear type shown to inflict significantly less damage on the seabed than bottom 

trawling (Pham et al. 2014)—in 2018, this analysis did not identify the use of any other specific 

bottom-contact gears inside SEAFO’s VME closure from 2017 to 2019. 

Like other RFMOs with VME closures, though, the illegal fishing found in this analysis is 

potentially combining with other factors to leave VMEs inside SEAFO vulnerable to degradation. 

For example, SEAFO’s Scientific Committee, like other scientific advising groups, has noted the 

challenge of VME data availability when making recommendations. In some form, the areas of 

SEAFO closed to bottom fishing for the purposes of VME protection have been in existence 

since 2006 (SEAFO 2006). The closures were revised close to their current configuration in 2010 

based on the advice of the Scientific Committee (SEAFO 2010, SEAFO Scientific Committee 

2010). While providing recommendations for these revisions, the Scientific Committee noted 

that data on the distribution of VMEs in SEAFO’s convention area remained sparse, potentially 

causing many VMEs to go unrecognized except for specific seamounts hosting particularly 

vulnerable ecosystems (SEAFO Scientific Committee 2010). Still, bathymetric and oceanographic 

data were considered options to help “establish protective measures on a precautionary basis” 

(SEAFO Scientific Committee 2010).  

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2017 2018 2019 

SEAFO VME closure 

Figure 17 Locations of fishing activity inside and around SEAFO’s VME ABMT from 2017 to 2019. Because all gear types are prohibited inside this closure, each point represents all 
nonzero effort occurring at its location. Pink points indicate fishing effort classified as illegal (i.e., fishing effort inside the ABMT), blue points show fishing effort taking place within 
one degree of the closure boundary, and gray points depict all other effort. 

Claire Mullaney
48



 

2017 2018 2019 

SEAFO VME closure 

Figure 18 Quantity of fishing hours inside and around SEAFO’s VME ABMT from 2017 to 2019. Because all gear types are prohibited inside this closure, shaded areas represent all 
nonzero effort. Pink indicates a high amount of effort while blue indicates a low amount of effort. 
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Estimates of VME distribution suggest that the majority of SEAFO VMEs are not 

protected. As of 2011, SEAFO’s closed areas—which were the same then as today—

represented 19 percent of seamounts, 27 percent of seamounts with a summit shallower than 

2,000 meters, and 14 percent of bottom areas with depths shallower than 2,000 meters (SEAFO 

Scientific Committee 2011). In choosing which areas to close, SEAFO’s Scientific Committee 

discussed the importance of implementing closures in a variety of areas within SEAFO to 

protect different features that could be present in each region (SEAFO Scientific Committee 

2010). Additionally, rather than closing areas with the most exploitation, SEAFO focused on 

preserving areas that had been unexploited or slightly exploited (SEAFO Scientific Committee 

2011). Like NEAFC and NAFO, data scarcity coupled with the likelihood that at least some VMEs 

remain unprotected suggest that VMEs outside of closed areas are experiencing some level of 

destruction. Meanwhile, with SEAFO’s methodology for closure implementation, even the most 

pristine VMEs are still subject to the effects of the illegal fishing found in this analysis (although, 

as discussed above, the use of harmful bottom-contact gear types is likely infrequent from 

2017–2019).  

 
4.5 SIOFA 
 

Although my results found no fishing with gears classified as illegal inside SIOFA’s VME 

closure, the circumstances surrounding its establishment may provide insight into the overall 

protection of VMEs in SIOFA’s convention area. In 2006, the Southern Indian Ocean Deepwater 

Fisheries Association (SIODFA)—an industry group that “represents the interests of deep-sea 

fishing operators of the southern Indian Ocean [SIO] by promoting responsible management of 

the fisheries of the SIO and the conservation of deep-sea biodiversity” (SIODFA 2020)—

established 11 benthic protected areas closed to bottom trawling based upon bathymetric, 

inferred habitat, and biodiversity data collected from area operations. It created two additional 

protected areas in 2013 (SIODFA 2015). Rather than set aside large areas where trawling was 

prohibited, SIODFA selected “locali[z]ed areas of known value and representative benthic 

biodiversity”—primarily to avoid restricting activities such as mining, oil extraction, and 

research work across sizeable regions in case these protected areas became established MPAs 
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in the future (SIODFA 2015). In 2018, as proposed by Australia, SIOFA’s Scientific Committee 

evaluated 12 of these areas for protection and concluded that five should be designated as 

protected areas (SIOFA Scientific Committee 2018).  

Although these five closures are interim protected areas—i.e., they will be in place until 

additional advice from the Scientific Committee can be provided (SIOFA 2019)—it is still 

important that current VME protection in SIOFA’s convention area may not be sufficient. While 

the International Union for Conservation of Nature partnered with SIODFA in its designation of 

these benthic protected areas and supported their adoption by SIOFA (IUCN…2010; SIOFA 

Scientific Committee 2018), SIODFA described receiving quiet criticism from other 

environmental groups that they closed areas of no fishing importance, a charge that they deny 

(SIODFA 2015). If this accusation is true, it could help explain the lack of illegal fishing inside 

these closures, although it is possible that SIOFA’s observer requirements—100 percent 

scientific observer coverage for the duration of trips using trawl gear and 20 percent observer 

coverage for trips using any other bottom gear—help prevent some illicit fishing effort (SIOFA 

2019). Either way, the current SIOFA VME closures in place were created by an industry group 

that explicitly stated its avoidance of closing areas to allow for future industry operations, and 

these protected areas do not yet seem to have been evaluated by scientists. While these 

characteristics do not guarantee that some VMEs in SIOFA are left exposed to harmful fishing 

activity, they allow for this possibility—especially coupled with the scarce VME indicator taxa 

distribution data described by SIOFA’s Protected Areas and Ecosystems Working Group (SIOFA 

PAEWG 2021). Combined, these factors suggest that the lack of illegal fishing inside the recently 

designated SIOFA VME closures may not be an indicator of the protection of VMEs in SIOFA’s 

jurisdiction. 

 
4.6 Implications of insufficient VME protection 
 

 These results demonstrate that most VMEs protected by ABMTs on the high seas are 

likely still experiencing some bottom fishing pressure. Additionally, analyses of the regulations 

of RFMOs implementing VME closures indicate that there are often VMEs in their jurisdictions 

that remain unprotected or threatened due to factors like data paucity, frequent trawling, or 
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current or future industry activities. These threats are particularly concerning because of the 

level of damage that can be inflicted on VMEs by bottom-contact fishing gears. For example, 

bottom trawling has been compared to the act of clear-cutting forests in the literature (Watling 

and Norse 1998). The impacts of mobile bottom-contact fishing gears—including trawls and 

dredges—vary depending on the substrate type present but can included the removal of 

epifaunal invertebrates; homogenization of the seafloor; and the removal of organisms 

important for other species’ recruitment, habitat, and food (Watling and Norse 1998). The slow 

growth rates and longevity of some VME species mean that recovery from a disturbance, such 

as bottom trawling, can take a significant amount of time (Watling and Norse 1998). If bottom 

trawling occurs rapidly and repeatedly, species that need complex seabed structure to 

survive—some commercially important like grouper, snapper, and cod—may permanently 

disperse (Watling and Norse 1998). Combined, these effects can severely alter some of the 

most biologically productive areas of the ocean and result in economic consequences due to 

their role in diminishing certain fish species populations (Watling and Norse 1998).  

These impacts are visible in known VME areas. A recent survey of a specific seamount in 

the northeast Pacific, which has endured fishing impacts for at least 50 years, found widely 

distributed VME indicator taxa, and over half the area surveyed supports dense assemblages (at 

least one VME indicator per square meter; Du Preez et al. 2020). However, surveyors also 

documented bottom-fishing impacts that seemed to have persisted for decades, including fields 

of coral rubble and abundant derelict fishing gear (Du Preez et al. 2020). With the focus on VME 

protection beginning in the early 2000s and some RFMOs not implementing VME ABMTs until 

the 2010s, it is possible the impacts described in this study could exist in the protected VMEs 

examined here. They may exist in unprotected VMEs as well: to help understand the location of 

VMEs, most RFMOs have regulations known as “move-on rules” that require vessels to stop 

fishing when they encounter a certain amount of VME indicator species in their fishing gear. 

However, the thresholds in place are often high enough that, if sufficient VME indicator species 

are caught to meet them, significant damage will have already occurred to the VME (DSCC 

2016). Thus, although the northeast Pacific seamount’s capacity for dense growth even after 50 
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yeas of bottom fishing is encouraging, VME relief from stressors through sound management 

and enforcement is still needed (Du Preez et al. 2020). 

 While trawls are one of the gear types most destructive to VMEs, this analysis also 

makes assumptions about this gear when calculating illegal fishing effort. Because the dataset 

used does not distinguish between pelagic and bottom trawls, it is possible that some of the 

trawling effort identified as illegal fishing inside VME closures is pelagic trawling, which would 

not violate regulations (except in SEAFO’s VME closure, where all fishing is prohibited). 

However, the SPRFMO Scientific Committee—the scientific advising body to an RFMO with no 

closures analyzed in this study—found that, when vessels were midwater trawling for bentho-

pelagic species, 10 percent of tows contacted the seabed (Tingley 2014). While midwater trawls 

cannot be distinguished from bottom trawls in this analysis, the inclusion of both trawl types 

does allow for the possibility that midwater trawls, in addition to bottom trawls, can cause 

seafloor damage. 

 
4.7 Assumptions, limitations, and future work 
 

 In addition to the assumptions of this analysis discussed explicitly above—the use of 

gear types as a proxy for effort directed towards a specific species (section 4.3) and possible 

overestimation of illegal trawling (sections 2.3, 4.3, and 4.6)—I used an assumption to analyze 

one additional closure. The regulation implementing IATTC’s corralito ABMT applies only to 

specific purse-seine vessels. In el corralito, purse-seiners with more than 182 metric tons of 

carrying capacity are prohibited from fishing for yellowfin, bigeye, and skipjack tunas. For this 

closure, it was assumed that vessels inside and around el corralito—that is, more than 200 

miles from shore—would likely be more than 182 metric tons. All purse seines, not just tuna 

purse seines, were categorized as illegal gears to allow for the possibility that tunas were being 

caught using different purse seine types. Despite these assumptions that could lead to an 

overestimation of effort, no fishing classified as illegal was found in the corralito closure in 

2017, 2018, or 2019. 

 External limitations may also influence this analysis. AIS is estimated to be present on 

50–75 percent of fishing vessels longer than 24 meters and more than 75 percent of vessels 
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longer than 36 meters; that is, most vessels that have the capacity to fish on the high seas, as 

many as 80 percent, are likely equipped with AIS (GFW [date unknown], Kroodsma et al. 2018). 

However, AIS requirements for fishing vessels vary highly by country and organization, and 

overall, AIS is present on only a fraction of the world’s motorized vessels (Dunn et al. 2018; 

Kroodsma et al. 2018). It is thus possible that there are illegal fishing activities perpetuated in 

these ABMTs by vessels that are not required to have AIS on board. Data spatial resolution is 

another possible limitation of this study. While this dataset is fine-scale—fishing effort is 

represented in areas of 0.01 degrees by 0.01 degrees—it is possible that small amounts of 

fishing effort in grid cells straddling closure boundaries are incorrectly included in or excluded 

from illegal fishing calculations. 

 These results suggest possible areas of future work. Two RFMOs examined here, SEAFO 

and SIOFA, describe VME protection strategies that involve conserving multiple small regions 

representative of unique benthic assemblages. An evaluation of this strategy in the context of 

RFMO regulations and high seas ecosystems, including a discussion of the ease of commercial 

fishing vessel compliance with many small protected areas, would be a useful addition to the 

current body of literature on the success of different ABMT and MPA types. Additionally, the 

results of this study differ from the compliance assessments reported by RFMOs that offer 

publicly available evaluations of vessel compliance with their closed areas (NAFO and NEAFC). If 

feasible with the information made accessible by RFMOs, a deeper analysis of how RFMOs 

evaluate compliance and where these differences arise could add more dimension to 

discussions of illegal fishing inside high seas ABMTs. Finally, while closure fishing effort was 

visually compared to fishing effort surrounding closures in this study, an analysis of how fishing 

effort quantities change with distances away from closure boundaries could help evaluate 

fishing pressure on closure edges and reveal if vessels are fishing the line. 

 
4.8 Conclusions 
 

Analysis of the illegal fishing effort calculated in this study—as well as its scientific and 

regulatory context—demonstrates that although many closures appear to have reduced effort 

relative to surrounding areas, prohibited activity inside ABMTs could compound with other 
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factors to threaten marine habitats. For closures designed to protect VMEs, illegal effort may 

combine with the host of other complications surrounding VME conservation that are present 

in multiple RFMOs. These challenges include data scarcity, the lack of RFMO responsiveness to 

scientific advice, and the presence of VME-harming activity just outside closure boundaries. Of 

particular concern are bottom fishing areas located adjacent to VME closures, which result in 

noticeably more illegal fishing effort in those closures in two different RFMOs. Although data 

about VME location are sparse, the small proportion of these habitats estimated to be 

protected in many RFMOs suggests that most VMEs are more subject to destructive activities 

than their enclosed counterparts.  

Other factors may also affect the success of ABMTs with which vessels are relatively 

compliant. Some long-standing closures designed to protect fish stocks with low numbers have 

small amounts of fishing effort, but the fish species have not recovered, suggesting that new 

management strategies are needed to combat other stock threats. Additionally, vessels are 

perfectly compliant with the only closure analyzed designed to protect highly migratory fish 

species and appear to be responsive to shifts in its regulations. However, this closure is 

estimated to be only a small part of the management program for these stocks, and their health 

overwhelmingly depends on the success of other measures. Ultimately, these analyses give 

insight into the success of current RFMO closures and suggest future considerations in the use 

of ABMTs by regional fishery bodies—timely findings as scientists and managers work to meet 

the United Nations goal of conserving 10 percent of coastal and marine areas worldwide. 
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Appendices 
 

Appendix A: Measures implementing analyzed closures 
 
Table A1 RFMO regulations, resolutions, and recommendations implementing the ABMTs analyzed in this study. Italicized measure titles 
indicate that the measure implementing the closure changes across years. CEM, CM, and CMM stand for the different ways some RFMOs 
identify their measures: conservation and enforcement measure, conservation measure, and conservation and management measure, 
respectively. 

RFMO ABMT 2017 2018 2019 

IATTC El Corralito 
Resolution C-17-01 as amended 
by Resolution C-17-02  

Resolution C-17-02  Resolution C-17-02  

NAFO 

Shrimp 3L CEM 2017, Article 9 CEM 2018, Article 9 CEM 2019, Article 9 

Shrimp 3M CEM 2017, Article 9 CEM 2018, Article 9 CEM 2019, Article 9 

Squid CEM 2017, Article 11  CEM 2018, Article 11  CEM 2019, Article 11  

VME coral 3O CEM 2017, Article 17 CEM 2018, Article 17 CEM 2019, Article 17 

VME seamount CEM 2017, Article 17 CEM 2018, Article 17 CEM 2019, Article 17 

VME sponge/coral CEM 2017, Article 17 CEM 2018, Article 17 CEM 2019, Article 17 

NEAFC 

Blue ling Rec. 7:2017  Rec. 7:2017  Rec. 7:2017  

Rockall haddock Rec. 5:2017  Rec. 5:2018  Rec.  5:2019  

VME Rec. 19:2014 (as amended by 
Rec. 09:2015 and Rec. 10:2018)  

Rec. 19:2014 (as amended by 
Rec. 09:2015 and Rec. 10:2018) 

Rec. 19:2014 (as amended by 
Rec. 09:2015 and Rec. 10:2018) 

SEAFO 

Bottom fishing CM 30/15 CM 30/15 CM 30/15 

VME CM 30/15 CM 30/15 CM 30/15 

VME Valdivia Bank CM 30/15 CM 30/15 CM 30/15 

SIOFA VME N/A CMM 2018/01  CMM 2019/01  

 
 
A.1 References for all RFMO measures implementing analyzed closures 
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Tuna in the Eastern Pacific Ocean During 2017. Available 
from:https://www.iattc.org/PDFFiles/Resolutions/IATTC/_English/C-17-
01_Tuna%20conservation%20in%20the%20EPO%202017.pdf.  
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[NAFO] Northwest Atlantic Fisheries Organization. 2017. Conservation and Enforcement 
Measures 2017. Available from:https://www.nafo.int/Portals/0/PDFs/fc/2017/CEM-
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Appendix B: Fishing effort in the one-degree area surrounding selected temporal closures 
 

 
 

 
Figure B1 Hours of fishing effort in the one-degree area (the buffer) surrounding IATTC’s corralito closure boundary. Only effort 
with gear types classified as illegal inside el corralito—i.e., all purse seine types—is displayed. Purse seine effort is shown when 
the closure both is and is not in effect. 

 
 
 
 
 
 
 
 
 
 
 
 

Buffer of IATTC corralito closure (in effect October 9—November 8) 
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Figure B2 Hours of fishing effort in the one-degree area (the buffer) surrounding NAFO’s shrimp 3M closure boundary. Only 
effort with gear types classified as illegal inside the shrimp 3M closure—i.e., trawls—is displayed. Trawl effort is shown when 
the closure both is and is not in effect. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Buffer of NAFO shrimp 3M closure (in effect June 1—December 31) 
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Appendix C: Maps of bottom fishing and oil and gas activity 
 

 
Figure C1 NEAFC VME closures (red) and areas open to bottom fishing (green) inside the NEAFC Regulatory Area (red outline; 
ICES 2017a).   

 
 

ICES Special Request Advice   Published 20 June 2017 
sr.2017.11 
  

ICES Advice 2017  3 

 
Figure 1 VME closures (red areas) and existing fishing areas (green areas) within the NEAFC Regulatory Area (red line outline). The 

inset highlights the portion of the NEAFC Regulatory Area that contains VME closures and existing fishing areas. 
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Figure C2 NAFO VME closures (red) and areas open to bottom fishing (green) inside the NAFO Regulatory Area (blue outline; 
MCI 2016).   

REVIEW – Deep Sea Conservation Coalition August 2016                                                                                                                                           21

49 NEAFC. (2015, November). Annual overview of bottom fishing in the NEAFC Regulatory Area (AM 2015-53, 34th Annual Meeting of the North East  
Atlantic Fisheries Commission).
50 Northwest Atlantic Fisheries Organization (NAFO). (n.d.). The NAFO Convention Area. Retrieved from http://www.nafo.int/about/frames/area.html.
51 Ibid.

2.2 NORTHWEST ATLANTIC
 
The regulation of bottom fisheries on the high seas of the Northwest Atlantic is governed 
by the Northwest Atlantic Fisheries Organization (NAFO). The NAFO Convention Area 
encompasses a very large portion of the Atlantic Ocean, covering a total of 6,551,289 
km2 and including the 200-mile EEZs under the jurisdiction of four coastal states  
(the United States, Canada, St. Pierre et Miquelon and Greenland).50 Management by 
NAFO, however, applies only to the 2,707,895 km2 of ocean outside the EEZs, known  
as the NAFO Regulatory Area (NRA).51

NAFO

SOURCE: MARINE CONSERVATION INSTITUTE 2016
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Figure C3 Conflicts between NAFO’s sponge/coral closure and oil and gas activity (NAFO Scientific Council 2020). 
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within the NRA. The present MSP exercise (Durán Muñoz et al., 2020) pays special attention to the apparent 
significant spatial overlap between oil and gas exploration and proposed production activities, fisheries and 
VME in the Flemish Pass area, as well as to the potential conflicts between users of the marine space (e.g. 
reduction of fishing opportunities) and between users and the environment (Fig. 2).  This map reveals the 
overlap (and potential conflicts) between different regulatory and jurisdictional frameworks (e.g. areas 
closed to bottom fishing are currently open to oil and gas exploration and production).  

 

 

Figure 1.11. Map of the Flemish Cap-Flemish Pass area (Div. 3LM) showing the potential conflicts 
 between different users of the marine space (e.g. oil and gas vs. fisheries) and 
 between users and environment (oil and gas vs. VMEs). The yellow star indicates 
 the location of the proposed production installation within the Bay du Nord 
 Development Project (outlined in blue). Sources (2018): NAFO, C-NLOPB and CBD. 

Synthesis of offshore petroleum activities in 3KLMN 

Offshore petroleum activities have been occurring in NAFO divisions 3KLMN for decades. The first drilling 
activities began in the 1960s, reservoirs were discovered in the 1970s and by 1997 the first oil producing 
platform (Hibernia) began operation. Today the most intense offshore activity is concentrated in 3L with four 
petroleum producing platforms assembled in the Jeanne d’Arc basin area. 3KMN is currently subject to 
exploration activity only, except for the relatively recent significant development licenses located in the Bay 
du Nord area in 3M (Fig. 3). 
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Figure C4 SEAFO VME closures (red; note that these areas are closed to all gears, not just trawls) and areas open to bottom 
fishing (green), along with some closures prohibiting certain gears, inside the NAFO Regulatory Area (blue outline; MCI 2016).  
Also note that the southernmost orange areas only permit set longlines, not all longlines and pots, and that the orange area in 
the inset permits pots and set longlines, not pots and all longlines. 
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3.0 SOUTH ATLANTIC
3.1 SOUTH EAST ATLANTIC
 
The regulation of bottom fisheries on the high seas of the Southeast Atlantic 
is governed by the South East Atlantic Fisheries Organisation (SEAFO). The 
Convention Area covers a sizable part of the high seas of the South East Atlantic 
Ocean, encompassing all the waters beyond areas of national jurisdiction in a 
region bounded by parallel lines of latitude and meridians of longitude, and the 
EEZs of west and southern African states.101

SEAFO

FIGURE 9

SEAFO % 
“Fishable” 

Area

% “Fishable” 
Seamounts

Areas closed to 
bottom trawling

5.1% 1.8%

Areas closed 
to all bottom 
fishing 
including 
bottom trawling

16.1% 21.5%

Areas where 
bottom fishing 
is permitted

42.9% 25.5%

Areas where 
prior impact 
assessment 
required before 
bottom fishing 
can occur

41.0% 53.0%

TOTAL 175,943 502

km2 seamounts

Seamounts <2000m deep

2000m Isobath

Bottom trawl closure 

Existing bottom fishery – 
open to all bottom gear

Existing bottom fishery – 
closed to bottom trawl  
(pots and/or longlines only)

Regulatory Area
SO

U
R

C
E:

 M
AR

IN
E 

C
O

N
SE

R
-

VA
TI

O
N

 IN
ST

IT
U

TE
 2

01
6



 64 

References 
 
Agnew DJ, Pearce J, Pramod G, Peatman T, Watson R, Beddington JR, Pitcher TJ. 2009. 

Estimating the Worldwide Extent of Illegal Fishing. Sandin SA, editor. PLoS ONE. 
4(2):e4570. doi:10.1371/journal.pone.0004570. 

Anticamara JA, Watson R, Gelchu A, Pauly D. 2011. Global fishing effort (1950–2010): Trends, 
gaps, and implications. Fisheries Research. 107(1–3):131–136. 
doi:10.1016/j.fishres.2010.10.016. 

Ashford OS, Kenny AJ, Barrio Froján CRS, Downie A-L, Horton T, Rogers AD. 2019. On the 
Influence of Vulnerable Marine Ecosystem Habitats on Peracarid Crustacean 
Assemblages in the Northwest Atlantic Fisheries Organisation Regulatory Area. Front 
Mar Sci. 6:401. doi:10.3389/fmars.2019.00401. 

Ardron JA, Clark MR, Penney AJ, Hourigan TF, Rowden AA, Dunstan PK, Watling L, Shank TM, 
Tracey DM, Dunn MR, et al. 2014. A systematic approach towards the identification and 
protection of vulnerable marine ecosystems. Marine Policy. 49:146–154. 
doi:10.1016/j.marpol.2013.11.017. 

Auster PJ, Gjerde K, Heupel E, Watling L, Grehan A, Rogers AD. 2011. Definition and detection of 
vulnerable marine ecosystems on the high seas: problems with the “move-on” rule. ICES 
Journal of Marine Science. 68(2):254–264. doi:10.1093/icesjms/fsq074. 

Bell JB, Guijarro-Garcia E, Kenny A. 2019. Demersal Fishing in Areas Beyond National 
Jurisdiction: A Comparative Analysis of Regional Fisheries Management Organisations. 
Front Mar Sci. 6:596. doi:10.3389/fmars.2019.00596. 

Boerder K, Bryndum-Buchholz A, Worm B. 2017. Interactions of tuna fisheries with the 
Galápagos marine reserve. Mar Ecol Prog Ser. 585:1–15. doi:10.3354/meps12399. 

Boerder K, Schiller L, Worm B. 2019. Not all who wander are lost: Improving spatial protection 
for large pelagic fishes. Marine Policy. 105:80–90. doi:10.1016/j.marpol.2019.04.013. 

Commercial Fishing for Squid and Cuttlefish. [date unknown]. Available from: 
https://britishseafishing.co.uk/commercial-fishing-for-squid-and-cuttlefish/.  

Cullis-Suzuki S, Pauly D. 2010. Failing the high seas: A global evaluation of regional fisheries 
management organizations. Marine Policy. 34(5):1036–1042. 
doi:10.1016/j.marpol.2010.03.002. 

[DSCC] Deep Sea Conservation Coalition. 2016. How much longer will it take? A ten-year review 
of the implementation of United Nations General Assembly resolutions 61/105, 64/72 
and 66/68 on the management of bottom fisheries in areas beyond national jurisdiction. 
Available from:http://www.savethehighseas.org/publicdocs/DSCC-Review-
2016_Launch-29-July.pdf.  

[DSCC] Deep Sea Conservation Coalition. 2017. Protecting Deep Sea Vulnerable Marine 
Ecosystems Under the United Nations General Assembly Resolutions and SPRFMO 
Convention. Available from:http://www.savethehighseas.org/wp-
content/uploads/2017/07/DSCC-briefing-NZ-Workshop-final.pdf.  

Dinmore TA, Duplisea DE, Rackham BD, Maxwell DL, Jennings S. 2003. Impact of a large-scale 
area closure on patterns of fishing disturbance and the consequences for benthic 
communities. ICES Journal of Marine Science. 60(2):371–380. doi:10.1016/S1054-
3139(03)00010-9. 



 65 

Druel E, Gjerde KM. 2014. Sustaining marine life beyond boundaries: Options for an 
implementing agreement for marine biodiversity beyond national jurisdiction under the 
United Nations Convention on the Law of the Sea. Marine Policy. 49:90–97. 
doi:10.1016/j.marpol.2013.11.023. 

Dunn DC, Jablonicky C, Crespo GO, McCauley DJ, Kroodsma DA, Boerder K, Gjerde KM, Halpin 
PN. 2018. Empowering high seas governance with satellite vessel tracking data. Fish 
Fish. 19(4):729–739. doi:10.1111/faf.12285. 

Dunn DC, Crespo GO, Caddell R. 2019. Area-based Fisheries Management. In: Caddell R, 
Molenaar EJ, editors. Strengthening International Fisheries Law in an Era of Changing 
Oceans. Hart Publishing. p. 189-217. [accessed 2020 Feb 23]. 
http://www.bloomsburycollections.com/book/strengthening-international-fisheries-
law-in-an- era-of-changing-oceans. 

Dunphy-Daly M. 2015. A Meta-Analysis of the Value of Marine Protected Areas for Pelagic Apex 
Predators [Dissertation]. Available 
from:https://dukespace.lib.duke.edu/dspace/handle/10161/9961.  

Du Preez C, Swan KD, Curtis JMR. 2020. Cold-Water Corals and Other Vulnerable Biological 
Structures on a North Pacific Seamount After Half a Century of Fishing. Front Mar Sci. 
7:17. doi:10.3389/fmars.2020.00017. 

Edgar GJ, Stuart-Smith RD, Willis TJ, Kininmonth S, Baker SC, Banks S, Barrett NS, Becerro MA, 
Bernard ATF, Berkhout J, et al. 2014. Global conservation outcomes depend on marine 
protected areas with five key features. Nature. 506(7487):216–220. 
doi:10.1038/nature13022. 

[FAO] Food and Agriculture Organization of the United Nations. [date unknown]. Illegal, 
Unreported and Unregulated (IUU) fishing. Available from:http://www.fao.org/iuu-
fishing/background/what-is-iuu-fishing/en/.  

[FAO] Food and Agriculture Organization of the United Nations. 1995. Code of Conduct for 
Responsible Fisheries. Rome (Italy): Food and Agriculture Organization of the United 
Nations. Available from:http://www.fao.org/publications/card/en/c/e6cf549d-589a-
5281-ac13-766603db9c03.  

[FAO] Food and Agriculture Organization of the United Nations. 2009. The state of the world 
fisheries and aquaculture 2008. Rome (Italy): Food and Agriculture Organization of the 
United Nations. Available from:http://www.fao.org/3/i0250e/i0250e00.htm.  

[FAO] Food and Agriculture Organization of the United Nations. 2012. The state of world 
fisheries and aquaculture 2012. Rome (Italy): Food and Agriculture Organization of the 
United Nations. Available from:http://www.fao.org/3/i2727e/i2727e00.htm.  

[FAO] Food and Agriculture Organization of the United Nations. 2020. The State of World 
Fisheries and Aquaculture 2020. FAO. [accessed 2021 Mar 9]. 
http://www.fao.org/documents/card/en/c/ca9229en. 

Gaines SD, Lester SE, Grorud-Colvert K, Costello C, Pollnac R. 2010. Evolving science of marine 
reserves: New developments and emerging research frontiers. Proceedings of the 
National Academy of Sciences. 107(43):18251–18255. doi:10.1073/pnas.1002098107. 

Game ET, Grantham HS, Hobday AJ, Pressey RL, Lombard AT, Beckley LE, Gjerde K, Bustamante 
R, Possingham HP, Richardson AJ. 2009. Pelagic protected areas: the missing dimension 



 66 

in ocean conservation. Trends in Ecology & Evolution. 24(7):360–369. 
doi:10.1016/j.tree.2009.01.011. 

Game ET, Grantham HS, Hobday AJ, Pressey RL, Lombard AT, Beckley LE, Gjerde K, Bustamante 
R, Possingham HP, Richardson AJ. 2010. Pelagic MPAs: The devil you know. Trends in 
Ecology & Evolution. 25(2):63–64. doi:10.1016/j.tree.2009.09.002. 

[GFW] Global Fishing Watch. [date unknown] Transforming fishing through transparency and 
technology. Available from:https://globalfishingwatch.org/map-and-data/technology/.  

Gianni M, Currie D, Fuller S, Speer L, Ardron J, Weeber B, Gibson M, Roberts G, Sack K, Owen S, 
et al. 2011. Unfinished business: a review of the implementation of the provisions of 
UNGA resolutions 61/105 and 64/72 related to the management of bottom fisheries in 
areas beyond national jurisdiction. 

Gjerde KM, Currie D, Wowk K, Sack K. 2013. Ocean in peril: Reforming the management of 
global ocean living resources in areas beyond national jurisdiction. Marine Pollution 
Bulletin. 74(2):540–551. doi:10.1016/j.marpolbul.2013.07.037. 

Haas B, McGee J, Fleming A, Haward M. 2020. Factors influencing the performance of regional 
fisheries management organizations. Marine Policy. 113:103787. 
doi:10.1016/j.marpol.2019.103787. 

Halpern BS, Warner RR. 2002. Marine reserves have rapid and lasting effects. Ecol Letters. 
5(3):361–366. doi:10.1046/j.1461-0248.2002.00326.x. 

Halpern BS, Gaines SD, Warner RR. 2004. CONFOUNDING EFFECTS OF THE EXPORT OF 
PRODUCTION AND THE DISPLACEMENT OF FISHING EFFORT FROM MARINE RESERVES. 
Ecological Applications. 14(4):1248–1256. doi:10.1890/03-5136. 

Hiddink JG, Hutton T, Jennings S, Kaiser MJ. 2006. Predicting the effects of area closures and 
fishing effort restrictions on the production, biomass, and species richness of benthic 
invertebrate communities. ICES Journal of Marine Science. 63(5):822–830. 
doi:10.1016/j.icesjms.2006.02.006. 

[IATTC] Inter-American Tropical Tuna Commission. 2009. Resolution C-09-04: Resolution on the 
International Dolphin Conservation Program. La Jolla, California (USA). Available 
from:https://www.iattc.org/PDFFiles/Resolutions/IATTC/_English/C-09-04-
Active_Resolution-on-IDCP.pdf.  

[IATTC Scientific Advisory Committee] Inter-American Tropical Tuna Commission Advisory 
Committee. 2014. Fifth Meeting:  Meeting Report. La Jolla, California (USA). Available 
from:https://www.iattc.org/Meetings/Meetings2014/SAC-05/Docs/_English/SAC-05-
RPT_5th%20Meeting%20of%20the%20Scientific%20Advisory%20Committee.pdf.  

[IATTC Scientific Advisory Committee] Inter-American Tropical Tuna Commission Advisory 
Committee. 2017. Eighth Meeting:  Report of the Meeting. La Jolla, California (USA). 
Available from:https://www.iattc.org/Meetings/Meetings2017/SAC-
08/PDFs/Docs/_English/SAC-08-RPT_8th-Meeting-of-the-Scientific-Advisory-
Committee.pdf.  

[ICES] International Council for the Exploration of the Sea. 2004. 4.10.2: Deep-water Fisheries 
Resources South of 63°N: Blue ling (Molva dypterygia). Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2004/may/Bli-
comb.pdf.  



 67 

[ICES] International Council for the Exploration of the Sea. 2007. 9.3.2.7: NEAFC request to 
compile data on documented historical or present spawning/aggregation areas of blue 
ling in the NEAFC Convention area. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2007/Special%20R
equests/Spawning%20Aggregations%20for%20Blue%20Ling.pdf.  

[ICES] International Council for the Exploration of the Sea. 2008. 1.5.4.1: Answer to request 
from NEAFC for evaluation and advice on a proposal to expand the areas closed for 
fishing on the mid-Atlantic Ridge. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2008/Special%20R
equests/NEAFC%20Deep-sea%20closed%20areas.pdf.   

[ICES] International Council for the Exploration of the Sea. 2010. 9.3.2.2: Advice to NEAFC on 
vulnerable deep-water habitats. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2010/Special%20R
equests/NEAFC%20Vulnerable%20deep-water%20habitats.pdf.  

[ICES] International Council for the Exploration of the Sea. 2011. 1.5.1.3/1.5.4.1: Update of cold-
water coral and sponge maps and the information underpinning such maps on 
Vulnerable Marine Habitats (including Hatton and Rockall Banks). Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2011/Special%20R
equests/NEAFC-EC%20Vulnerable%20Marine%20Habitats.pdf.  

[ICES] International Council for the Exploration of the Sea. 2012. 1.5.4.1: Standing NEAFC 
request on vulnerable deep-water habitats in the NEAFC Regulatory Area. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2012/Special%20R
equests/NEAFC_Vulnerable_deep-water_habitats.pdf.  

[ICES] International Council for the Exploration of the Sea. 2013. 1.5.5.1: Vulnerable deep-water 
habitats in the NEAFC Regulatory Area. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2013/Special%20re
quests/NEAFC_Vulnerable_deep-water_habitats.pdf.  

[ICES] International Council for the Exploration of the Sea. 2014. 1.6.5.1: Vulnerable deep-water 
habitats in the NEAFC Regulatory Area. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2014/2014/Vulner
able_deep-water_habitats_NEAFC.pdf.  

[ICES] International Council for the Exploration of the Sea. 2015. 1.6.5.1: NEAFC request on 
vulnerable deep-water habitats in the NEAFC Regulatory Area. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2015/2015/NEAFC
_VME_advice.pdf.  

[ICES] International Council for the Exploration of the Sea. 2016. 1.6.5.1: Vulnerable deep-water 
habitats in the NEAFC Regulatory Area. Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2016/2016/Vulner
able_deep-water_habitats_in_the_NEAFC_Regulatory_Area.pdf. 

ICES. [ICES] International Council for the Exploration of the Sea. from: 
https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2017/Special_requests/n
eafc.2017.11.pdf.   

[ICES] International Council for the Exploration of the Sea. 2017b. New information regarding 
vulnerable habitats in the NEAFC Regulatory Area. doi:10.17895/ices.pub.3060.   



 68 

[ICES] International Council for the Exploration of the Sea. 2018. New information regarding 
vulnerable habitats in the NEAFC Regulatory Area. doi:10.17895/ices.pub.4428.   

[ICES] International Council for the Exploration of the Sea. 2019a. Blue ling (Molva dypterygia) 
in subareas 1, 2, 8, 9, and 12, and in divisions 3.a and 4.a (Northeast Atlantic). Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2019/2019/bli.27.n
ea.pdf.  

[ICES] International Council for the Exploration of the Sea. 2019b. Haddock (Melanogrammus 
aeglefinus) in Division 6.b (Rockall). Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2019/2019/had.27.
6b.pdf.  

[ICES] International Council for the Exploration of the Sea. 2019c. New information regarding 
vulnerable habitats in the NEAFC Regulatory Area. doi:10.17895/ices.advice.5580.  

[ICES] International Council for the Exploration of the Sea. 2020a. Haddock (Melanogrammus 
aeglefinus) in Division 6.b (Rockall). Available 
from:https://www.ices.dk/sites/pub/Publication%20Reports/Advice/2020/2020/had.27.
6b.pdf.  

[ICES] International Council for the Exploration of the Sea. 2020b. Information on vulnerable 
habitats in subareas of the NEAFC Regulatory Area closed to fishing for purposes other 
than VME protection. doi:10.17895/ices.advice.7427.  

[ICES] International Council for the Exploration of the Sea. 2020c. New information regarding 
vulnerable habitats in the NEAFC Regulatory Area. doi:10.17895/ices.advice.7426. 

International Fisheries; Pacific Tuna Fisheries; Revised 2017 Fishing Restrictions for Tropical 
Tuna in the Eastern Pacific Ocean (Final Rule). Federal Register 82:188 (September 29, 
2017). p. 45515. Available 
from:https://www.federalregister.gov/documents/2017/09/29/2017-
20950/international-fisheries-pacific-tuna-fisheries-revised-2017-fishing-restrictions-for-
tropical-tuna.  

IUCN and the fishing industry team up for promoting sound deepwater fisheries management 
in the high seas. 2010. Available from:https://www.iucn.org/content/iucn-and-fishing-
industry-team-promoting-sound-deepwater-fisheries-management-high-seas.  

Kaplan DM, Chassot E, Gruss A, Fonteneau A. 2010. Pelagic MPAs: The devil is in the details. 
Trends in Ecology & Evolution. 25(2):62–63. doi:10.1016/j.tree.2009.09.003. 

Kellner JB, Tetreault I, Gaines SD, Nisbet RM. 2007. FISHING THE LINE NEAR MARINE RESERVES 
IN SINGLE AND MULTISPECIES FISHERIES. Ecological Applications. 17(4):1039–1054. 
doi:10.1890/05-1845. 

Kenchington EL, Lirette C, Murillo FJ, Beazley LI, Downie AL. 2019. Vulnerable Marine 
Ecosystems in the NAFO Regulatory Area: Updated Kernel Density Analyses of 
Vulnerable Marine Ecosystem Indicators. doi:10.13140/RG.2.2.24834.43206. [accessed 
2021 Apr 29]. http://rgdoi.net/10.13140/RG.2.2.24834.43206. 

Kroodsma DA, Mayorga J, Hochberg T, Miller NA, Boerder K, Ferretti F, Wilson A, Bergman B, 
White TD, Block BA, et al. 2018. Tracking the global footprint of fisheries. Science. 
359(6378):904–908. doi:10.1126/science.aao5646. 



 69 

Lester S, Halpern B, Grorud-Colvert K, Lubchenco J, Ruttenberg B, Gaines S, Airamé S, Warner R. 
2009. Biological effects within no-take marine reserves: a global synthesis. Mar Ecol 
Prog Ser. 384:33–46. doi:10.3354/meps08029. 

McDermott GR, Meng KC, McDonald GG, Costello CJ. 2019. The blue paradox: Preemptive 
overfishing in marine reserves. Proc Natl Acad Sci USA. 116(12):5319–5325. 
doi:10.1073/pnas.1802862115. 

[MCI] Marine Conservation Institute. 2016. UNGA Ten Year Review. Available 
from:https://marine-conservation.org/deep-sea-benthic-protection/.  

Murawski SA, Wigley SE, Fogarty MJ, Rago PJ, Mountain DG. 2005. Effort distribution and catch 
patterns adjacent to temperate MPAs. ICES Journal of Marine Science. 62(6):1150–1167. 
doi:10.1016/j.icesjms.2005.04.005. 

[NAFO] Northwest Atlantic Fisheries Organization. 2017a. Northern Shrimp in Division 3M. 
Available from:https://www.nafo.int/Portals/0/PDFs/Advice/2017/pan3m.pdf.  

[NAFO] Northwest Atlantic Fisheries Organization. 2017b. Northern Shrimp in Divisions 3LNO. 
Available from:https://www.nafo.int/Portals/0/PDFs/Advice/2017/pan3lno.pdf. 

[NAFO] Northwest Atlantic Fisheries Organization. 2018. Annual Compliance Review 2018 
(Compliance Report for Fishing Year 2017). Available 
from:https://www.nafo.int/Portals/0/PDFs/COM/2018/comdoc18-19.pdf.  

[NAFO] Northwest Atlantic Fisheries Organization. 2019. Annual Fisheries and Compliance 
Review 2019 (Compliance Report for Fishing Year 2018). Available 
from:https://www.nafo.int/Portals/0/PDFs/COM/2019/comdoc19-28.pdf.  

[NAFO] Northwest Atlantic Fisheries Organization. 2020. Annual Compliance Review 2020 
(Compliance Report for Fishing Year 2019). Available 
from:https://www.nafo.int/Portals/0/PDFs/COM/2020/comdoc20-17REV.pdf.  

[NAFO] Northwest Atlantic Fisheries Organization Scientific Council. 2017. Report of Scientific 
Council Meeting. Montréal (Canada). Available 
from:https://www.nafo.int/Portals/0/PDFs/sc/2017/scs17-22.pdf.  

[NAFO] Northwest Atlantic Fisheries Organization Scientific Council. 2018. Report of Scientific 
Council Meeting. Tallinn (Estonia). Available 
from:https://www.nafo.int/Portals/0/PDFs/sc/2018/scs18-20.pdf.   

[NAFO] Northwest Atlantic Fisheries Organization Scientific Council. 2019. Northwest Atlantic 
Fisheries Organization Scientific Council Reports 2019. Available 
from:https://www.nafo.int/Portals/0/PDFs/sc/2019/scs19-22.pdf.  

[NAFO] Northwest Atlantic Fisheries Organization Scientific Council. 2020. Report of Scientific 
Council Meeting. Available from:https://www.nafo.int/Portals/0/PDFs/sc/2020/scs20-
19.pdf.  

Natale F, Gibin M, Alessandrini A, Vespe M, Paulrud A. 2015. Mapping Fishing Effort through AIS 
Data. Tserpes G, editor. PLoS ONE. 10(6):e0130746. doi:10.1371/journal.pone.0130746. 

[NEAFC] North-East Atlantic Fisheries Commission. 2008. Report of the 27th Annual Meeting of 
the North-East Atlantic Fisheries Commission. London (UK). Available 
from:https://www.neafc.org/neafcmeeting/14.  

[NEAFC] North-East Atlantic Fisheries Commission. 2009. Recommendation by the North East 
Atlantic Fisheries Commission in Accordance with Article 5 of the Convention on Future 
Multilateral Cooperation in North East Atlantic Fisheries on the Protection of Vulnerable 



 70 

Marine Ecosystems from Significant Adverse Impacts in the NEAFC Regulatory Area. 
Available from: https://www.neafc.org/system/files/Rec%20VME%20final.pdf.   

[NEAFC] North-East Atlantic Fisheries Commission. 2010. Report of the 29th Annual Meeting of 
the North-East Atlantic Fisheries Commission. London (UK). Available 
from:https://www.neafc.org/neafcmeeting/2298.  

[NEAFC] North-East Atlantic Fisheries Commission. 2013a. Recommendation 8:2013. Available 
from: 
https://www.neafc.org/system/files/Rec8_Proposal_Norway_Marine%20Ecosystems_2
013_coordinate_format_corrected.pdf.   

[NEAFC] North-East Atlantic Fisheries Commission. 2013b. Recommendation 9:2013. Available 
from: https://www.neafc.org/system/files/Rec9_Rockall_VME_closure_0.pdf.    

[NEAFC] North-East Atlantic Fisheries Commission. 2013c. Report of the 32nd Annual Meeting 
of the North-East Atlantic Fisheries Commission. London (UK). Available 
from:https://www.neafc.org/node/8038.  

[NEAFC] North-East Atlantic Fisheries Commission. 2014. Recommendation 19:2014 on area 
management measures for the protection of vulnerable marine ecosystems in the 
NEAFC Regulatory Area, as amended. Available from: 
https://www.neafc.org/system/files/Recommendation-19-2014-VME-protection-as-
amended-by-%20Rec-09-2015-Rec-10-2018-Rec-10-2021.pdf.  

[NEAFC] North-East Atlantic Fisheries Commission. 2015a. Extraordinary meeting of NEAFC: 
Annex F. London (UK). Available from: 
https://www.neafc.org/system/files/Annexes%28complete%29.pdf. 

[NEAFC] North-East Atlantic Fisheries Commission. 2015b. Recommendation 9:2015: 
Recommendation on amending Recommendation 19:2014. Available from: 
https://www.neafc.org/system/files/Rec9_amend-VME-protection.pdf.  

[NEAFC] North-East Atlantic Fisheries Commission. 2018a. Compliance Report 2017. Available 
from:https://www.neafc.org/system/files/AM-2018-39-
Rev2_2017_Compliance_Report.pdf.  

[NEAFC] North-East Atlantic Fisheries Commission. 2018b. Recommendation 10:2018: 
Recommendation to amend Recommendation 19:2014 on the Protection of Vulnerable 
Marine Ecosystems in the NEAFC Regulatory Area, as amended. Available from: 
https://www.neafc.org/system/files/Rec_10_Amend-Rec.19-2014.pdf.  

[NEAFC] North-East Atlantic Fisheries Commission. 2019. Compliance Report 2018. Available 
from:https://www.neafc.org/system/files/AM-2019-41%20Rev.1_2018-Compliance-
Report.v2%28PE_2019-02-12_Rev2%29.pdf.  

[NEAFC] North-East Atlantic Fisheries Commission. 2020. Compliance Report 2019. Available 
from:https://www.neafc.org/system/files/2019%20Compliance%20Report.pdf.  

NOAA Fisheries. 2019. Improving International Fisheries Management: 2019 Report to 
Congress. https://media.fisheries.noaa.gov/dam-
migration/improvingintlfisheriesmgmt_2019_report_final.pdf. 

Ortuño Crespo G, Mossop J, Dunn D, Gjerde K, Hazen E, Reygondeau G, Warner R, Tittensor D, 
Halpin P. 2020. Beyond static spatial management: Scientific and legal considerations for 
dynamic management in the high seas. Marine Policy. 122:104102. 
doi:10.1016/j.marpol.2020.104102. 



 71 

Pitcher T, Kalikoski D, Pramod G, Short K. 2009. Not honouring the code. Nature. 
457(7230):658–659. doi:10.1038/457658a. 

Pham CK, Diogo H, Menezes G, Porteiro F, Braga-Henriques A, Vandeperre F, Morato T. 2015. 
Deep-water longline fishing has reduced impact on Vulnerable Marine Ecosystems. Sci 
Rep. 4(1):4837. doi:10.1038/srep04837. 

Reimer JM, Devillers R, Claudet J. 2020 Dec 14. Benefits and gaps in area-based management 
tools for the ocean Sustainable Development Goal. Nat Sustain. doi:10.1038/s41893-
020-00659-2. [accessed 2021 Mar 10]. Available 
from:http://www.nature.com/articles/s41893-020-00659-2. 

Roberts CM, Hawkins JP, Gell FR. 2005. The role of marine reserves in achieving sustainable 
fisheries. Beddington JR, Kirkwood GP, editors. Phil Trans R Soc B. 360(1453):123–132. 
doi:10.1098/rstb.2004.1578. 

[SEAFO] South East Atlantic Fisheries Organisation. 2006. Conservation Measures 06/06 on the 
Management Of Vulnerable Deep Water Habitats And Ecosystems In The SEAFO 
Convention Area. Available from: http://www.seafo.org/Documents. 

[SEAFO] South East Atlantic Fisheries Organisation. 2010. Conservation Measures 18/10 on the 
Management of Vulnerable Deep Water Habitats and Ecosystems in the SEAFO 
Convention Area. Available from: http://www.seafo.org/Documents. 

[SEAFO Scientific Committee] South East Atlantic Fisheries Organisation Scientific Committee. 
2010. Report of SEAFO Scientific Committee. Windhoek (Namibia). Available from: 
http://www.seafo.org/Documents. 

[SEAFO Scientific Committee] South East Atlantic Fisheries Organisation Scientific Committee. 
2011. Report of SEAFO Scientific Committee. Windhoek (Namibia). Available from: 
http://www.seafo.org/Documents. 

[SIODFA] Southern Indian Ocean Deepwater Fisheries Association. 2015. Southern Indian Ocean 
Deepwater Fisheries Association (SIODFA) Benthic Protected Areas in the Southern 
Indian Ocean. Fremantle (Australia). Available from: 
http://apsoi.org/sites/default/files/documents/meetings/SC-01-INFO-15%20-
%20SIODFA%20Benthic%20Protected%20Areas.pdf. 

[SIOFA] Southern Indian Ocean Fisheries Agreement. 2019. CMM 2019/01: Conservation and 
Management Measure for the Interim Management of Bottom Fishing in the Agreement 
Area (Interim Management of Bottom Fishing). Available 
from:https://www.apsoi.org/node/460. 

[SIOFA PAEWG] Southern Indian Ocean Fisheries Agreement Protected Areas and Ecosystems 
Working Group. 2021. SIOFA Vulnerable Marine Ecosystem Mapping. Available 
from:https://www.apsoi.org/sites/default/files/documents/meetings/PAEWG-03-
06%20VME%20mapping.pdf.  

[SIOFA Scientific Committee] Southern Indian Ocean Fisheries Agreement Scientific Committee. 
2018. Report of the Third Meeting of the Scientific Committee of the Southern Indian 
Ocean Fisheries Agreement (SIOFA). La Réunion. Available 
from:http://apsoi.org/sites/default/files/documents/meetings/Report%20of%20the%20
Third%20Meeting%20of%20the%20SIOFA%20Scientific%20Committee_0.pdf.   



 72 

Song AM, Scholtens J, Barclay K, Bush SR, Fabinyi M, Adhuri DS, Haughton M. 2020. Collateral 
damage? Small-scale fisheries in the global fight against IUU fishing. Fish Fish. 
21(4):831–843. doi:10.1111/faf.12462. 

Sumaila U, Zeller D, Watson R, Alder J, Pauly D. 2007. Potential costs and benefits of marine 
reserves in the high seas. Mar Ecol Prog Ser. 345:305–310. doi:10.3354/meps07065. 

Tingley G. 2014. SC-02-10: An assessment of the potential for near-seabed midwater trawling to 
contact the seabed and to impact benthic habitat and Vulnerable Marine Ecosystems 
(VMEs). Honolulu, Hawaii (USA). Available 
from:https://www.sprfmo.int/assets/Meetings/Meetings-2013-plus/SC-Meetings/2nd-
SC-Meeting-2014/Papers/SC-02-10-Midwater-trawls-potential-for-benthic-impacts.pdf. 

WCPFC. 2015. Opening Statement by Chairman of IATTC. Bali (Indonesia). Available 
from:https://www.wcpfc.int/node/27121.  

Watling L, Norse EA. 1998. Disturbance of the Seabed by Mobile Fishing Gear: A Comparison to 
Forest Clearcutting. Conservation Biology. 12(6):1180–1197. doi:10.1046/j.1523-
1739.1998.0120061180.x. 

Watson RA, Cheung WWL, Anticamara JA, Sumaila RU, Zeller D, Pauly D. 2013. Global marine 
yield halved as fishing intensity redoubles. Fish Fish. 14(4):493–503. doi:10.1111/j.1467-
2979.2012.00483.x. 

WhoFishesFAR [Internet]. [date unknown]. [place unknown]; [date unknown; cited 2021 Apr 
29]. Available from:http://www.whofishesfar.org/agreements.  

Wright G, Ardron J, Gjerde K, Currie D, Rochette J. 2015. Advancing marine biodiversity 
protection through regional fisheries management: A review of bottom fisheries 
closures in areas beyond national jurisdiction. Marine Policy. 61:134–148. 
doi:10.1016/j.marpol.2015.06.030. 

Zaima L. 2015. Commercial Shrimp Trawling: the profit does not outweigh the damaging effects 
on rest of the ecosystem. Available 
from:https://sharkresearch.rsmas.miami.edu/commercial-shrimp-trawling-the-profit-
does-not-out-weigh-the-damaging-effects-on-rest-of-the-ecosystem/.  

 

 


