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Abstract: In the last decades, several targets for marine conservation were set to counter the effects of
increasing fishing pressure, e.g., protecting 10% of the sea by 2020, and establishing large-scale marine
protected areas (LSMPAs). Using the ‘reconstructed’ catch data for 1950 to 2018 made available by
the Sea Around Us initiative, we show that the declaration of an exclusive economic zone (EEZ) in
1983 by the U.S.A. and its protection by the U.S. Coast Guard had a much bigger impact on catches
around the Northwestern Hawaiian Islands than the subsequent creation of a LSMPA. This is similar
to Pitcairn Islands, a UK territory. Trends differed sharply in the Galapagos and New Caledonia,
where neither their EEZ declaration nor the LSMPA (by Ecuador in 1988 and by France in 2014)
stopped local fisheries from continuous expansion. Our results also demonstrate that in the studied
multizone LSMPAs continued local fishing induces a ‘fishing down’ effect wherein the mean trophic
level (TL) declined, especially in the Galapagos, by 0.1 TL per decade. Stakeholders’ responses to
a short questionnaire and satellite imagery lent support to these results in that they documented
substantial fishing operations and ‘fishing the line’ within and around multizone LSMPAs. In the
case of EEZs around less populated or unpopulated islands, banning foreign fishing may reduce
catch much more than a subsequent LSMPA declaration. This confirms that EEZs are a tool for coastal
countries to protect their marine biodiversity and that allowing fishing in an MPA, while politically
convenient, may result in ‘paper parks’ within which fishing can cause the same deleterious effects
as in wholly unprotected areas.

Keywords: large scale marine protected area (LSMPA); conservation priority; biodiversity; fisheries;
exclusive economic zone (EEZ); ecosystem effects of fishing

1. Introduction

Globally, there is an increased awareness of the multiple threats to biodiversity in
general, and marine biodiversity in particular. In the Pacific, the idea of protecting certain
areas is anchored in the ancient notion of sacred sites, “tapu” areas, a traditional Polynesian
concept [1]. Over the last century, this idea has evolved, and it is now globally accepted
and implemented under the concept of marine protected areas [2,3].

Under the IUCN (International Union for Conservation of Nature) definition, the
primary objective of an MPA must be to conserve nature under specific management
objectives [4]. In practice, well-managed MPAs do not only conserve nature within the
MPA, but also in the surroundings contributing to economic, recreational and cultural value
to society providing crucial and sustainable ecosystem services, including biodiversity,
food security and fish spilling out of their boundaries [5–7]. Existing MPAs vary from
strict ‘no-take’ areas to sites where the use of natural resources is deemed compatible with
conservation [8], often with boundaries that limit these activities within zones—so called
‘multi-use MPAs’. On the other hand, no-take MPAs are here considered equivalent to the
strict nature reserve category of the IUCN system. Under this definition, a marine reserve
is an area that strictly protects its biodiversity and geological features from all human uses

Sustainability 2021, 13, 9572. https://doi.org/10.3390/su13179572 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-6386-5357
https://orcid.org/0000-0001-5905-1556
https://orcid.org/0000-0003-3756-4793
https://doi.org/10.3390/su13179572
https://doi.org/10.3390/su13179572
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13179572
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13179572?type=check_update&version=1


Sustainability 2021, 13, 9572 2 of 18

and activities, except for specific and well-regulated research and monitoring, no matter
its size [9].

This study focuses on the performance in regards to the fishing pressure applied to
various commercial marine species across four large scale marine protected areas (LSMPAs)
in four different exclusive economic zones (EEZ) in the Pacific (Hawaii, Pitcairn, Galapagos,
New Caledonia; Figure 1). While there is some controversy around the definition of
LSMPAs regarding their extension and the activities allowed within them, here, LSMPAs
are usually considered to refer to marine protected areas in excess of 100,000 km2, where the
allowed activities identify the IUCN category that it belongs to [10–13]. The four LSMPAs
of this study are characterized by different levels of protection, i.e., they are either classified
as 100% no-take (in Northwestern Hawaii and Pitcairn) or divided into different zones with
varying levels of protection (multi-use; New Caledonia, Galapagos). We selected these four
well-documented LSMPAs in the Pacific to compare the effect of their EEZ enforcement to
the declaration of no-take or multi-use MPAs (Table 1).
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Figure 1. The EEZ of the four Pacific study sites included in this study, with information on their
bathymetry, and their no-take borders (see also Table 1). The no-take LSMPAs are situated in the
Northwest Hawaiian Islands (25◦ N and 169◦ W) and in Pitcairn Islands (25◦04′ S and 130◦06′ W).
The multi-use LSMPAs are around the Galapagos (0◦30′ S and 90◦30′ W) and New Caledonia (22◦16′

S and 166◦28′ E).

Performance is defined as “manner or quality of functioning”, and it refers here to
the degree of compliance with one of the main purposes of MPAs: protecting marine
ecosystems from having their biodiversity fished out of them. Even though this study is
mainly focused on the effect of fishing, this is not the only ecological factor affecting MPAs
performance; as well, their atmospheric variability and physical oceanography will also
affect their performance, and the status of their ecosystem components and resources.

Historical catch reconstructions of exploited taxa from 1950 to 2018 are used to evaluate
the effect of MPA and EEZ establishment on fishing intensity, expressed by catch tonnage
that it generates. The country-by-country fisheries catch data reconstructions are based on
a rationale [14] that was later operationalized for use in any country [15,16]. In addition, a
one-question personalized questionnaire was sent to knowledgeable stakeholders to elicit
perceptions of the fishing intensity within each MPA. This was corroborated by satellite
imagery from the Global Fishing Watch (GFW).

The no-take LSMPAs that are evaluated here are the Papahānaumokuākea Marine
National Monument (jointly with its 2016 expansion) in the Northwestern Hawaiian
Islands (USA) and the Pitcairn Islands Marine Reserve (UK). The multi-use LSMPAs
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are the Galapagos Marine Reserve (Ecuador) and the Coral Sea Natural Park of New
Caledonia (France).

The Papahānaumokuākea marine reserve is situated around the Northwestern Hawai-
ian Islands, and to native Hawaiians, it is where life originated and where spirits return
to after death [17]. Efforts to protect this distinct cultural and ecological area date back to
1909, when its islets and reefs became the Hawaiian Islands Reservation. They were recog-
nized as the Northwestern Hawaiian Islands Coral Reef Ecosystem Reserve in 2001 [18],
and established as a Marine National Monument in 2006. The Papahānaumokuākea ma-
rine reserve became one of the largest and most strictly protected marine reserves in the
world, and a model for the creation of marine reserves that protect cultural and ecological
resources.

Pitcairn Islands, a UK territory surrounded by a marine ecosystem in nearly pristine
conditions [19], began in 1989 when Henderson Island was declared as a UNESCO World
Heritage Site. However, until 2012, the Pitcairn Island Council and the small island’s
community did not unanimously support the creation of a marine reserve around the
Pitcairn Islands. Later, a proposal to establish the world’s largest fully protected MPA was
submitted to the U.K. government, and in January 2015, an experiment began to assess
satellite monitoring of the Pitcairn EEZ [20]. The experiment was successful and led to the
drafting of the Pitcairn Island MPA Ordinance and the LSMPA designation.

The Galapagos Islands are a province of Ecuador. The boundaries of the Galapagos
Marine Reserve (GMR) were first designated in 1971 and the first marine protection was
announced in 1986 [21]. However, its implementation did not get the support of the
local population, whose rejection of measures proposed by the Galapagos National Park
Services and the Darwin Biological Station repeatedly took very ugly forms [22,23]. In
1998, when the GMR was established (Table 1), it was one of the largest MPAs in the
world. However, since its inception, it has been mired in issues related to different interests
and power struggles [21]. To reduce conflicts, enhance sustainability and protect marine
biodiversity [24], the first zoning plan was declared in 2000 and demarcated in 2006 [25].

In New Caledonia, a semi-autonomous overseas territory of France, efforts to protect
the marine biodiversity date back to 1970, when a lagoon area was declared a marine
reserve [18]. This was followed by the establishment of other marine reserves in 1990 [18].
In 2014, the French government decreed the creation of a “Coral Sea Natural Park” encom-
passing the entire EEZ of New Caledonia (Table 1). After extensive public consultations,
a park management plan was approved and in 2018, the president of New Caledonia
approved the Decree on the management plan 2018–2022 [26]. However, in 2020, a lawsuit
by a fishing company caused a French court to declare the creation of the “Coral Sea
Natural Park” null and void, because it was not based on New Caledonian legislation [27].
The required legislation was eventually passed by the New Caledonian parliament, but its
implementation is delayed by local political squabbling.

This research adds another layer of knowledge to advance the use of more compre-
hensive data to consider more integrated management with stricter regulations and proper
enforcement in multizone MPAs. More informed decision-making can conserve marine
ecosystems and also protect small-scale fisheries and local economies that depend on these
natural resources. In the following, we describe the approach and metrics we used to com-
pare the performance of these four LSMPA within their EEZs to better inform conservation
policy-making.
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Table 1. Basic features on the four large-scale marine protected areas covered in this study.

Item or
Property

Papahānaumokuākea
+ Expansion

Pitcairn Islands
Marine Reserve

Galapagos
Marine Reserve

Coral Sea
Natural Park

New Caledonia

EEZ designation year a 1983 1997 1952 1978
LSMPA stb year b 2006 + 2016 2016 1998 2014

LSMPA area (km2·103) b 1493 833 138 1107
No-take area (km2·103) 1493 833 1.3 c 54 d

% of EEZ protected 94.6 99.6 16.6 77.8
% of EEZ with no-take 94.6 99.6 0.2 3.8
Fisheries catch (t·103) e 456 870 2121 829

Relative catch (t·km−2) e 0.29 1.04 2.54 0.58
a Source: www.seaaroundus.org (accessed on 15 May 2021). b Source: www.MPAatlas.com (accessed on 18 May 2021); for Hawaii, this
refers only to the area around the Northwest Islands EEZ. c Galapagos: based on digitizing maps in [28]; d New Caledonia: based on data
from [29]. e Source: www.seaaroundus.org (accessed on 15 May 2021); catches from 1950 to 2018.

2. Materials and Methods
2.1. Selection of the MPAs

We selected four well-documented LSMPAs in the Pacific to compare the ecosystem
response between a well-enforced EEZ and no-take or multi-use MPAs (Table 1), with
(reconstructed) fisheries catches being the quantitative evidence used to assess the response.

In Papahānaumokuākea, commercial activities were banned, but light recreational
and subsistence fishing was allowed. The site was designated as a mixed cultural and
natural UNESCO World Heritage site in 2010. Ten years after the monument declaration,
Papahānaumokuākea was expanded to the entire EEZ around the Northwestern Hawaiian
Islands [30]. Designated as no-take area, the LSMPA occupies 15,082,511 km2 [31]. The area
protects, inter alia, 2% of the world’s seamounts [32] (www.seaaroundus.org; accessed on
15 May 2021), known for harboring high levels of biodiversity and endemicity [31].

Efforts to protect the isolated Pitcairn Islands began more than 30 years ago and
resulted in the designation of 832,898 km2 (99.6% of the EEZ) as the Pitcairn Islands Marine
Reserve in September 2016, where all extractive activities are prohibited [33]. The area is
classified as no-take, and is thus considered in this study as a no-take LSMPA.

The Galapagos Marine Reserve (GMR) is the smallest of the present studied LSMPAs.
It is a multi-use area of 137,975 km2 [21] with different zones, e.g., a no-take area of
1323 km2 [28] and conflicting objectives (artisanal fishing, tourism, and conservation).
New zoning arrangements were proposed in 2016, but not implemented until 2019 [21].
This new zoning and potential benefits of it are not explored in this study.

The Coral Sea Park was conceived, and is likely to remain, as a multi-use LSMPA
which occupies 1,100,210 km2 of New Caledonian waters (77.3% of the EEZ) with a no-take
area of 53,862 km2 [29].

2.2. Sources of Reconstructed Catches

Reconstructed fisheries catches are based on official catches generated by national agencies
that are reported to the Food and Agriculture Organization of the United Nations (FAO) [34],
but which are complemented by catches that are omitted in official statistics [14,35]. Procedures
used for reconstructions operationalized in [15,36] were applied and the details of these
reconstructions are provided in the references cited in Table 2. The time series of reconstructed
catch data from the Sea Around Us database [37] allocated to half degree cells provided a
measure of the tonnage of exploited biodiversity for the EEZs of the LSMPAs listed in Table 1.
Catches are from industrial, artisanal, subsistence and recreational fisheries, without focusing
on a single gear. Foreign catch is understood here as the catch by vessels with a flag other
than the sovereign country, i.e., the US for the Northwest Hawaiian Islands, Ecuador for the
Galapagos, the UK for Pitcairn and France for New Caledonia.

www.seaaroundus.org
www.MPAatlas.com
www.seaaroundus.org
www.seaaroundus.org


Sustainability 2021, 13, 9572 5 of 18

Table 2. Publication in which the reconstructions are presented which yielded the catch data used here.

Period
Covered

(and Remark)

Papahānaumokuākea
+ Expansion

Pitcairn
Islands
Marine

Reserve a

Galapagos
Marine
Reserve

Coral Sea
Natural Park

New Caledonia

From 1950 to various
years

2002
[36,38,39]

2009
[40]

2010
[41,42]

2007
[43]

Update to 2010 [15,44] [45] [42] [46]
Update to 2018 [47] [48] [49] [48]

a See also [50].

2.3. Fishing down the Food Web

The impact of fisheries on the resources of two LSMPAs which currently continue to
be exploited commercially, i.e., the EEZs of New Caledonia and the Galapagos Islands, was
quantified using the Marine Trophic Index (MTI), i.e., the mean trophic level of fish and
invertebrates in the catch [51,52]. The MTI document shifts in fisheries catches, from large,
high-trophic level, to small, lower-trophic level species, i.e., assessing ecological shifts in
the species landed.

For New Caledonia, the method of Kleisner et al. [53] was used to account for the
geographic expansion of the fisheries, a major cause of bias in interpreting time series of
MTI [54]. For Galapagos, we applied the approach of Schiller et al. [41], which explicitly
accounted for the taxonomic distinction between inshore and offshore taxa. This avoided
an ill-defined ecosystem that combined species which do not interact with each other [41].

2.4. Fishing the Line

Maps illustrating the propensity of fishing vessels to operate along the edge of MPAs,
marine reserves or other areas with higher resource biomass, and with a tendency to
‘spill over’ their border [55–57] were extracted from the Global Fishing Watch (GFW)
database [58], covering a 6-month period in 2018 around the Galapagos.

2.5. Questionnaires to Stakeholders

As part of a global assessment of the perceived effectiveness of MPAs throughout
the world, 150 personal emails were sent between February 2020 and June 2021. These
emails were sent to different stakeholders that are in a close relationship with the MPA,
i.e., members of the scientific and NGOs communities, journalists and government staff in
the four island groups. Scientists, NGO staff and journalists were selected based on their
publications. Within governments, we aimed at staff or managers from environmental
departments. The only question was whether a given MPA was being fished, i.e., respon-
dents were asked to choose between ‘no fishing’, ‘light fishing’, ‘moderate fishing’ and
‘very intense fishing’; respondents were also invited to provide further comments. We are
aware of the importance of fishers’ opinions towards MPAs and that their role should be
considered [59]; however, fishers’ replies were not added in the results of this paper due to
their low response rate. The UBC Office of Research Ethics approved this research and its
ethics (ID #: H19-03029).

3. Results
3.1. EEZ Effect on Total Catch

Foreign catches declined radically following EEZ implementation in the Northwestern
Hawaiian Islands, Pitcairn and New Caledonia (Figure 2). These three EEZs belong to
the US, UK and France, i.e., entities with the means to suppress foreign fishing. In the
Northwestern Hawaiian Islands and Pitcairn, this resulted in a radical reduction of catches,
while in New Caledonia, this resulted in a replacement of foreign catches by local catches.
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This confirms that establishing clear property rights of fisheries resources through EEZs
allows effective governance of fisheries [60].
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Figure 2. Total catch from 1950 to 2018 (extracted from the Sea Around Us database; www.
seaaroundus.org, accessed on 10 February 2021) at the four study sites, showing main fishing coun-
tries. The early ‘EEZ’ declaration by Ecuador was unilateral and did not conform with international
laws at the time.

In the Northwest Islands of Hawaii and Pitcairn Islands, the annual catch gradually
grew since the 1950s until it dropped by 91% in 1983 in Hawaii and by 94% in 1996 in the
Pitcairn Islands. The decade-long increases in catch since the 1950s were the result of the
global buildup and expansion of fishing effort throughout the world’s oceans, particularly
the Pacific [61,62]. The rapid decrease of the total catch in both sites coincided with the
establishment of an EEZ, and was indeed one of its results (Figure 2, upper panels. There,
before the EEZ establishment, many different fishing entities contributed to the overall
catch. However, since the EEZ establishment, the local fleets dominate.

Before the EEZ establishment around the Hawaii Northwest Islands, nearly 90% of
the tonnage taken was caught by three foreign fleets, i.e., those of Taiwan, Japan and China
(Table 3). In the Pitcairn Islands, before the EEZ establishment, more distant-fishing foreign
entities frequented the fishing grounds. Since the 1970s, European and Asian fleets began
facing restricted access to formerly openly accessible coastal waters. Exclusion as well as
complicated negotiations for EEZ quota agreements with sovereign countries led some
fleets to seek alternative, more distant waters [1], mainly in the southern hemisphere [63].

Table 3. Top three entities with fishing fleets operating (or having operated) within the EEZ between
1950–2018. Range of years in bracket indicate the bulk of the catch.

Northwestern
Hawaii

(1958–1980)

Pitcairn
(1970–1996)

Galapagos
(1998–2018)

New Caledonia
(1960–2018)

Taiwan (48%) Russia (44%) Ecuador (72%) New Caledonia (57%)

Japan (26%) Japan (10%) Unknown country
(17%) Japan (15%)

China (14%) Norway (10%) Panama (4%) Indonesia (11%)

The waters around Galapagos are at the confluence of three major ocean currents [26],
and they are very productive [64]. However, this is not the only reason why the Galapagos
Islands have the highest overall catch among the four sites (Table 1). The other reason is
that the Ecuadorian mainland fleet operates within the Galapagos EEZ.

www.seaaroundus.org
www.seaaroundus.org
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Contrary to what occurs around the Pitcairn and Hawaiian Islands, in the cases of
the Galapagos Islands and New Caledonia, as may be visually assessed in Figure 2, the
establishment of EEZs does not coincide with any change in total catch. Instead, the catch
increases over time, independently of EEZ establishment.

In Galapagos EEZ the major component of these catches is generated by the industrial
sector. Of the 56 commercially caught species, 5 represent 89% of the total catch: skipjack
tuna, Katsuwonus pelamis (40%), yellowfin tuna, Thunnus albacares (20%), Humboldt squid,
Dosidicus gigas (16%), bigeye tuna, Thunnus obesus (10%) and blue shark, Prionace glauca. In
New Caledonia, the industrial sector contributes 52% of a catch composed of 119 taxa. Of
the catch identified to species level, three dominate overall, albacore tuna Thunnus alalunga
(12%), spangled emperor Lethrinus nebulosus (7%) and yellowfin Thunnus albacares (5%).

On the other hand, in the multi-zone LSMPA of Hawaii, the catch is predominantly
recreational (65%). The top 5 of the 171 commercially caught taxa in Hawaii represent
55% of the total catch: mahi-mahi Coryphaena hippurus (14%), yellowfin tuna Thunnus
albacares (13%), skipjack tuna Katsuwonus pelamis (11%), with the nondescript group “marine
fishes not identified” making up almost 11%, and the scad Selar crumenophthalmus (7%).
Conversely, in Pitcairn, most of the fishing that historically took place was undertaken
by the industrial sector (99.96%). Most of this catch was reported as “marine fishes not
identified” (92%), which only a small percentage attributed to species, notably yellowfin
tuna Thunnus alalunga and bigeye tuna Thunnus obesus.

3.2. Effects of MPA Declaration on Fisheries

The creation of Papahānaumokuākea in 2006 had minimal impact on total catches
because only a few lobster boats based in the main Hawaiian Islands were licensed to
operate within the Northwestern Hawaiian Islands. The US tuna fleet, which operated
before the extension of Papahānaumokuākea in waters extending from 50 to 200 miles
(i.e., the entire EEZ), was also minimally affected because the catches from these areas
were a very small fraction of their total withdrawals [65]. In fact, there is not much fishing
around Papahānaumokuākea (Figure 3A).

Similarly, the declaration of the MPA had no noticeable effect on the catch around the
Pitcairn Islands (Figure 3B) and New Caledonia (Figure 3C), albeit for different reasons.
In the Pitcairn Islands (where the MPA was created in 2016), foreign fleets were already
absent since the declaration of the EEZ in 1997. On the other hand, in New Caledonia, the
MPA declaration (which covered almost the entire EEZ) was not followed by any measure
designed to limit fishing operations in what is supposed to be the “Parc Naturel de la Mer
de Corail.” Indeed, fishing effort increased in the ‘Parc Naturel’ since it was created [66–68].
The Government of New Caledonia appears oblivious to the fact that extractive activities
must be limited for an MPA to be recognized as such, e.g., by IUCN [69].

It is in the Galapagos Archipelago that the situation is most complex (Figure 3D). Even
though the no-take areas only occupy 1% of the MPA (or 0.2% of the EEZ), the lack of
consultation and participation of the small-scale fishers during the MPA creation has led
to many disputes [70]. This resulted in conservation efforts having little support on the
island, despite the dependence of Galapagos’ economy on tourism, which itself depends
on a healthy marine ecosystem [64].
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Figure 3. Fishing by recorded vessel effort in the four study sites: (A) Northwest Islands of Hawaii,
(B) Pitcairn, (C) Galapagos and (D) New Caledonia. The yellow dots and the intensity of the yellow
color reflect the distribution of fishing effort. Extracted from the latest data of the GFW AIS-based
fishing effort and vessel presence datasets. Based on the detections of >114,000 unique AIS devices
on fishing vessels, of which ~70,000 are active each year. Source: Global Fishing Watch data from
January 2018 to July 2018 [71].

The fisheries resources in Ecuador’s EEZ around Galapagos experience pressure by
five fisheries:

(1) An artisanal fishery by about 1000 fishers (98% men; [72]) residing in the Galapa-
gos Islands;

(2) A tourist-based recreational fishery;
(3) A legal industrial fishery by industrial vessels from the Ecuadorian mainland;
(4) Illegal foreign fishing;
(5) Large foreign (mainly Chinese) fisheries just outside the EEZ, relying on species that,

to a large extent, will complete their life cycle within the Galapagos EEZ.

The fishers in (1) are the descendants of several waves of settlers from the Ecuadorian
mainland, the most important of which started illegally in 1991 and legally in 1994 in the
heydays of the short-lived fishery for sea cucumbers [73,74]. Most of these fishers, and their
sons, want to be able to fish as along the Ecuadorian mainland, i.e., without restrictions,
and are reluctant to accept that they operate within an MPA. They are also largely unaware
of the dependency of the economy of the Galapagos Islands on tourism, and hence the
frequent conflicts between fishers and the authorities [64,73].

As a result of the failure to effectively restrict artisanal fishing, overexploited species
of reef fish and invertebrates, such as the red spiny lobster, have not recovered despite
years of legal protection [75]. Since 1971, catches gradually increased, peaked in 2008, and
fluctuated since (Figure 2). Many artisanal fishers now also engage in longline fishing,
which reduces the population of large pelagic fish that are part of what makes Galapagos
attractive to dive tourism [76].

The fishery in (2) is supposed to be a catch-and-release fishery [77]. However, ‘playing’
with large pelagic fish stresses them, notably by increasing the lactate content of their
blood [78], and few of the fish released survive the ordeal [79,80].

The Ecuadorian fishery (3) in the EEZ of Galapagos is described in [42,74,81–84].
The major species targeted are tunas (Thunnus albacares, T. obesus and Katsuwonus pelamis),
groupers (Mycteroperca olfax, Paralabrax albomaculatus and Epinephelus labriformis), other
bony fishes (Caulolatilus princeps and Pontinus clemensi) and invertebrates such as sea
cucumber (Isostichopus fuscus) and lobsters (Panulirus penicillatus and P. gracilis).
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Some of the foreign fishing countries in Figure 2 (lower left panel), such as Colombia,
Japan, Costa Rica, Taiwan and South Korea, have been involved in illegal longline fishing
around the Galapagos (4). There is a case where the flesh of the (highly protected) Galapa-
gos sea lion was used as bait to catch sharks for finning, while only operating on a license
for tuna [85].

The large foreign fishery (5) pertains mainly to a large Chinese squid fishery that oper-
ates in the high seas outside of the Galapagos [86,87]. Media complaints about this fishery
were largely disingenuous, as they singled out this fishery, which was legal. Moreover,
the vessels in question did not appear to have been dashing in and out of the EEZ, as
often appears when ‘fishing the line’ (see below), and also appear to have followed new
guidelines from the Chinese Government to remain 15 nm (nautical miles, i.e., 27.8 km)
from the EEZ border. Nevertheless, the large catch by this fleet [85,86] likely impacted the
squid stock in question, as it can be expected to straddle the EEZ border. Debates about
this fleet are thus better conducted in a frame of discussion to protect marine resources in
the high seas, i.e., to reduce or abolish fishing therein [88,89].

3.3. Fishing down Marine Food Webs

Both New Caledonia and the Galapagos Islands exhibit a decline of the mean trophic
level of the fish that they exploit, suggesting a gradual erosion of their resource base
(Figure 4). In both cases, the decline of mean trophic levels (TLs) was more pronounced
inshore than offshore, which is to be expected, given that there are fewer small, low-trophic
level species offshore than inshore. In the Galapagos, this effect was enhanced by the rush
for, and huge catch of the brown sea cucumber (Isostichopus fuscus) from the mid-1980s to
the late 2000s. Sea cucumbers (including the brown sea cucumber), feed on bottom detritus
(with a definitional TL = 1) and their associated microfauna, and thus have a low trophic
level of about 2.1 [90]. Large catches of the brown sea cucumber will thus tend to reduce
mean trophic level, if only temporarily.
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Figure 4. Changes in mean trophic level (TL) of the catch, or Marine Trophic Index (MTI) from 1950
to 2018 in the New Caledonia EEZ (top panel) and the Galápagos Islands EEZ (bottom panel). In New
Caledonia, the rate at which the inshore, intermediate and offshore MTI (estimated using the method
of Kleisner et al. [53]) was 0.056, 0.098, and 0.039 TL per decade; in Galapagos, the inshore TL trend,
estimated using the criteria in Schiller et al. [41] was 0.099 per decade if the temporary dip in TL
caused by the sea cucumber fishery (dotted line) is ignored.
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3.4. Fishing the Line

Figure 5 illustrates two levels of ‘fishing the line’ around the Galapagos Islands.
The first level is represented by non-Ecuadorian vessels fishing at the southern edge of
the Galapagos EEZ (Figure 5A). Operations of this sort by a Chinese squid fleet were the
subject of intense, negative international press coverage (see above). Figure 5B documents
fishing at the edge of the Galapagos LSMPA, i.e., within the Galapagos EEZ, by Ecuadorian
vessels and vessels from other countries presumed to have access agreements to the
Galapagos EEZ.
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(A): Demonstrates fishing the line in the EEZ of Galapagos in September 2020. (B): Shows fishing the
line around the Galapagos Marine Reserve in December 2019 [71].

Note that only a small fraction of the Galapagos LSMPA is no-take (Table 1). Thus,
Ventura et al. [91] suggested protecting the western coast of Fernandina and Isabela Islands
and their endemic vertebrates, such as Galapagos penguins (Spheniscus mendiculus), flight-
less cormorants (Phalacrocorax harrisi) and the local invertebrates that provide food to the
resident fur seals and the seabirds that breed in that area.

In addition, also note that the non-occurrence of fishing the line not necessarily implies
that a marine reserve or MPA was badly designed because it does not generate a ‘spill-
over’. Rather, it may be due to the border area of the marine reserve or MPA having a low
productivity or not including desired habitats [92]. For example, spill-over around the
Papahānaumokuākea Marine National Monument is not expected as there are no nurseries
or spawning grounds around the LSMPA for the target species of the Hawaiian longline
fishery [93].

3.5. Stakeholder Opinions

Out of 150 emails sent to the different stakeholders to assess the level of fishing at the
four sites, 20 did not reach their intended recipient, and 17 responses provided information
that was not relevant. Only 42 replied to the question (Table 4).

The fishing effort observed in Figure 3 matches the stakeholders’ responses to inquiries
on the intensity of fishing from our questionnaire. Table 5 presents a sample of some of the
replies that confirmed the impressions summarized in Table 1.
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Table 4. Response ratios by occupation of stakeholder respondents for each site (response received/emails sent).

LSMPA Acad. Gov. Journ. NGO Most Common
Response

Papahanaumokuakea
Monument 5/9 5/11 1/10 0/5 No fishing

Pitcairn Islands 7/10 1/2 1/6 0/4 Light fishing
Galápagos Marine

Reserve 7/15 0/8 1/6 3/8 Moderate fishing

Natural Park of the
Coral Sea 3/10 4/11 1/6 3/9 Light fishing

Table 5. Example of responses from the different stakeholders at the study sites.

LSMPA Comment

Hawaii

“No fishing (not legally and no evidence as far as I know for any US vessels fishing there
based on Global Fish watch)” Academic—April 2020.
“No commercial fishing is allowed. Indigenous/traditional and non-commercial fishing
activities, as well as permitted research involving extraction are allowed. Although I don’t
know at what level the latter activities actually take place, given the remoteness of the
monument I will select: Light fishing” Government—March 2020.
“[ . . . ] From what I have reported, there seemed to be minimal fishing there (8% perhaps of
bigeye catch?) and when the monument expanded, those fishers likely just went elsewhere as
overall catch has remained the same or grown since the expansion” Journalist—April 2021.

Pitcairn
Islands

“[ . . . ] there is a limited amount of fishing for subsistence still ongoing on Pitcairn Island—I
do get a regular update from some of the islanders—so probably record it as ’light
fishing’—but not for commercial enterprise!” Academic—April 2020.
“We didn’t observe any fishing boats in the MPA, we did however find a lot of fishing
aggregation devices washed up on Henderson Island. [ . . . ] So hard to know because I don’t
know where the devices floated from. I’d say they are at least moderately targeting the MPA
by floating the devices through them to pull fish out to the edge” NGO—March 2021.
“Pitcairn MPA: light fishing. There is of course some subsistence fishing from the island’s 46
residents, but at a Pitcairn Environment Group meeting just last week, a presentation on
satellite monitoring of AIS signals indicated no ships inside the EEZ” Academic—April 2021.

Galapagos

“[ . . . ] The number of active fishers and vessels has shown a declining trend since 2002 due
to several socioeconomic factors, including the total closure of the sea cucumber fishery, the
global financial crisis 2007–09, and the aging of local small-scale fishers. Based on this
information, in my opinion, the level of fishing in the Galapagos Marine Reserve, before the
COVID-19, was moderate. Since 16 March a lockdown was established in Galapagos. Since
then, commercial flights were prohibited and the number of tourists has declined to zero for
the first time in the history of the archipelago. In consequence, most fishers stopped their
fishing operations as there are not places to sell their landings. Some fishers remain fishing to
fulfill local seafood demand. [ . . . ]” Academic—April 2020.
“To answer your question, I would say levels are moderate, amongst the artisanal fishing
fleet that is permitted to fish inside the Galapagos Marine Reserve” Academic—May 2020. “[
. . . ] Unfortunately, it’s not a straightforward answer. If you refer to the coastal resources
around the islands, I would tick the moderate fishing box, because the local artisanal fleet has
brought the sea cucumber to commercial collapse and has likely overexploited lobster and
grouper. If you refer to open water fishing then I would tick the ‘light fishing’ box, as the
effort in relation to the industrial and semi-industrial fleets outside the reserve is very small.
If forced to choose an overall figure, I’d find it tough, but would probably have to pop for
‘moderate’ to reflect the impact on the coastal resources. [ . . . ]” Academic—June 2021.

New
Caledonia

“I would consider that current fishing level in the Natural Park of the Coral Sea in NC is
Moderate fishing. [ . . . ] So yes, fishing is happening (and probably because of that it should
not be called an MPA, but a marine managed area), but I believe it is moderate and it is
controlled” NGO—April 2021.
“We believe that the current level of fishing activities in the NPCS is moderate to light. [ . . . ]
Furthermore, compared to what can be observed on the outside borders of our EEZ, we
believe that the fishing effort in New-Caledonia is really low” Government—March 2021.

4. Discussion

Here, we showed that well-enforced EEZs allow for effective governance and pro-
tection of marine resources [94]. In Pitcairn and the Northwest islands of Hawaii, the
establishment of EEZs had a strong effect on fisheries, directly and substantially reducing
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foreign industrial fishing. Therefore, the subsequent impact of the LSMPA establishment
on catches was very small in both Northwestern Hawaii and Pitcairn.

We found that in multizone LSMPAs, neither the EEZ nor the MPA establishment
produced a change in the total catch over time. Our results also demonstrate that in
multizone LSMPA, neither the EEZ or MPA establishment changed the total catch. Instead,
fishing down marine food webs is evident. This is a starting point to advance the use
of more comprehensive data for more integrated management, stronger regulations and
proper enforcement in multizone MPAs.

Marine protected areas (MPAs) and exclusive economic zones (EEZs) have the po-
tential to protect marine ecosystems. However, the exploitation of marine resources has
been continuously increasing since the 1950s, driven by the geographical and technological
expansion of the fishing industry [62].

As a result of the United Nations Convention on the Law of the Sea [95], coastal
states can claim an exclusive economic zone (EEZ) which extends to 200 nautical miles
from their shores. Under Article 56 of UNCLOS, coastal states have an exclusive right to
exploit or conserve both living resources, such as fish, and non-living resources, such as
oil and natural gas within this zone. Article 56 also mentions explicitly the possibility of
establishing MPAs [60].

The operations of industrial fisheries within an EEZ can cause substantial damage to
the biodiversity therein. However, satellite-based monitoring allows cost-effective tracking
of industrial fishing vessels. Thus, if all maritime countries were to be prodded by the
International Maritime Organization to force their industrial vessels to carry an automatic
identification system (AIS), monitoring and surveillance would be straightforward [96].
For example, in Galapagos, satellite information helped spot the vessel Fu Yuan Yu Leng
999, which entered the protected waters of the Galapagos Marine Reserve (GMR) in
August 2013 with thousands of sharks and shark fins on board. This refrigerated cargo
vessel was involved in illegal transshipments from tuna long-liners in the equatorial
eastern Pacific [71].

Currently, as one of the NGO respondents to our questionnaire suggested (June 2021),
“the GMR is one of the MPAs with the best technological control and surveillance systems.
However, there are other external factors that affect us, such as the fish aggregating devices
(FADs) used by the tuna purse seine industry. Those devices are placed outside the GMR,
but by the currents [bring them into] the reserve and when they leave, they remove biomass
from the reserve. There are also minor impacts from local artisanal fishing, with prohibited
gear such as longlines”. The same modus operandi of deploying FADS to pull fish out
the MPA was also reported in Pitcairn by an NGO (March 2021, stakeholders opinion
questionnaire).

Global catches have been declining since 1996 [16], which highlights the importance
of rebuilding stocks in the waters of both developed and developing countries. This overall
decline of catch is not due to a decline in fishing effort or to the establishment of marine
reserves. Rather, it is due to excessive fishing pressure on fish populations globally [97],
notwithstanding stock rebuilding in the EEZ of a few countries that are enlightened in this
regard, notably the US and Norway [98–102].

Stock rebuilding can be aided by establishing MPAs that offer high levels of protection
and networks among them. However, MPAs and similar place-based tools for protecting
marine biodiversity will have ecological and social benefits only if fishing regulation,
monitoring and enforcement are not undermined by political sort-termism [103] and are
ecologically coherent.

In New Caledonia, the EEZ implementation resulted in foreign fleets being replaced
by a local industrial fleet, as was also the case in Canada [104]. The subsequent designation
of the entire EEZ as a huge MPA, the ‘Parc Naturel de la Mer de Corail’ has no effect
whatsoever on catches, because it is in effect a ‘paper park’, involving no restriction on
the operation and growth of the local industrial fishery. Fortunately, the local demand
for livelihoods and fish, and the export potential are limited, thus for the time being,
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preventing fishing pressure to grow as it does within Galapagos. In this territory the
migration of landless farmers and impoverished fishers from the Ecuadorian mainland,
who found themselves unemployed when the sea cucumber boom led to a predictable
collapse of the brown sea cucumber population. Indeed, this is a major element of the
perennial issues of fisheries management in Galapagos [64,73]. We showed that satellite
monitoring and perception surveys of various stakeholder groups can support each other
in evaluating the performance of MPAs. Thus, it appears that we possess the legal, technical
and conceptual tools to protect marine biodiversity via LSMPAs, which work as long as
stakeholder involvement is duly considered [105–107]. The point is to use these tools.

One of the differences between establishing an EEZ and an MPA is that most new
MPAs are founded on scientific research of the area, for example biodiversity assess-
ments [108,109] or anthropogenic threat evaluations [110,111]. This is already a very
positive aspect of establishing integrated, well-designed and connected MPAs. The more
information there is about a sea area, the coastal populations and their socio-ecological
relationships, the better stressors, systemic impacts and inter-annual variabilities can be
identified [112]. Data is vital to inform policy commitments around ocean protection and
rebuild ocean life [113]. Once again, we want to stress that, even though we do not observe
positive or direct changes after no-take or multi-use MPAs establishment, we must not
underestimate the value of and need for MPAs that offer equitable access of resources to
locals, high levels of protection and that cover a representative set of marine habitats such
that biodiversity is maintained.
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