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Filling the Data Gap – A Pressing
Need for Advancing MPA Sustainable
Finance
John J. Bohorquez* , Anthony Dvarskas and Ellen K. Pikitch

School of Marine and Atmospheric Sciences, Stony Brook University, Stony Brook, NY, United States

Reaching protected area (PA) coverage goals is challenged by a lack of sufficient
financial resources. This funding gap is particularly pervasive for marine protected areas
(MPAs). It has been suggested that marine conservationists examine examples from
terrestrial protected areas (TPAs) for potential solutions to better fund MPAs. However,
the funding needs for MPAs and TPAs have not been directly compared, and there
is risk of management failures if any such differences are not properly considered
when designing MPA financial strategies. We perform an in-depth literature review
to investigate differences in distribution of costs incurred by MPAs and TPAs across
three primary categories; establishment, operational, and opportunity costs. We use
our findings to conduct a snapshot quantitative comparison, which we complement
with theoretical support to provide preliminary insight into differences between MPA and
TPA costs, and how these may influence financial strategies most appropriate for each
type of PA. Our research suggests that TPA costs, and thereby funding requirements,
are greater for the time period leading up to and including the implementation
phase, whereas MPAs have higher financial requirements for meeting long-term annual
operational costs. This may be primarily due to the prevalence of private property rights
for terrestrial regions, which are less frequently in place for ocean areas, as well as
logistical requirements for enforcement and monitoring in a marine environment. To
cement these suggestions in greater analytical certainty, we call for more thorough
and standardized PA cost reporting at all stages, especially for MPAs and PAs in
developing countries. The quantity and quality of such data presently limits research in
PA sustainable finance, and will need to be remedied to advance the field in future years.

Keywords: conservation finance, protected area costs, protected area management, funding protected areas,
sustainable finance, marine protected areas (MPAs), property rights

INTRODUCTION

Implementation of protected areas (PAs) for conservation restricts human activities, such as
exploitation or extraction of natural resources, within targeted ecosystems. In so doing, PAs may
preserve biodiversity in key areas, allow degraded ecosystems to recover, and increase resilience
to the impacts of climate change (O’Leary et al., 2018). The rising popularity of PAs in recent
decades is evidenced by the multiple global initiatives that have come into force to expand PAs
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around the world (United Nations Environment Programme,
2011; United Nations Department of Economic and Social
Affairs, 2017). These initiatives typically have separate goals
for marine protected areas (MPAs) and land based PAs [which
we refer to here as terrestrial protected areas (TPAs)]. Aichi
target 11, formed in 2010 under the Convention for Biological
Diversity (CBD), aims to have 10% of the ocean (within Exclusive
Economic Zones) and 17% of land area protected by the year
2020. Following the CBD targets, the United Nations established
a target of conserving 10% of the entire ocean by 2020 under Goal
14 Target 5 of the UN Sustainable Development Goals. IUCN has
recommended an additional long term goal of protecting 30%
of the ocean by 2030. In comparison, goals for TPA coverage
have a particularly long history spanning multiple decades,
including the IVth World Parks Congress under IUCN in 1992
that aimed to have 10% of each biome under protection by
2000 (IUCN, 1993).

In light of these PA expansion goals, there is much concern
over how to generate adequate financial resources to achieve
them. Costs that PAs incur are typically broken down into three
categories (James et al., 2001; McCarthy et al., 2012; Brander et al.,
2015), which are described as follows:

Establishment Costs – All costs in the time period from project
conception up to active implementation. This may include
purchase of land or other acquisition costs, administration costs,
legal fees, transaction costs, research and surveys, and initial
capital costs for enforcement equipment, tourism, or other
capital infrastructure.

Operational Costs – year to year costs for management,
monitoring, and enforcement. This may also include
maintenance, scientific research for tracking PA performance,
and employee salaries. Routine activities related to education and
public or stakeholder outreach also fall under this category.

Opportunity Costs – the society wide benefits that are
foregone by the restriction of economic activities resulting from
implementation of the PA. Opportunity costs are frequently
borne by external stakeholders, rather than the PA managing
agency or institution directly. Opportunity costs may sometimes
be a part of the budget for the PA in the event that management
pays compensation to groups or individuals that lose income as a
result of PA implementation.

A lack of adequate funding to meet PA costs both impedes
the ability to expand PA networks, and may render existing PAs
ineffective in reaching their conservation goals (Bruner et al.,
2004; Edgar et al., 2014; Gill et al., 2017), regressing to what
is referred to as “paper park” status (Thur, 2010). Furthermore,
there is a general global funding gap for conservation at large. In
2014, Credit Suisse in partnership with McKinsey & Company,
WWF, and Yale University released a comprehensive overview
of the state of conservation finance. The report estimated that
about $300-$400 Billion would be required per year to preserve
healthy ecosystems around the globe, but only $52 Billion per
year is actually being delivered (Huwyler et al., 2014).

While the funding gap applies to both marine and terrestrial
conservation, there is a stark difference in the advancement
of and available resources for TPAs versus MPAs. TPAs are
much closer to reaching their expansion goal of 17% having

achieved 14.8% coverage by the end of 2016 (Hussain et al., 2011;
UNEP-WCMC and IUCN, 2016; United Nations Department
of Economic and Social Affairs, 2017), whereas MPA coverage
had only reached 5.1% by that time (UNEP-WCMC and IUCN,
2016). While MPA coverage has grown in recent years [estimated
by the World Database on Protected Areas at 7.4% in October
2018 (Marine Protected Areas Coverage in 2018, 2018)], coverage
still falls far short of the 10% by 2020 target, and fully or
strongly protected MPAs comprise a small percentage of the
total (Sala et al., 2018). In addition, marine ecosystems are
particularly underfunded among PAs as a whole (Emerton et al.,
2006; Bruner et al., 2008). Review of the currently available
literature reveals that there are more studies of TPA costs
than those of MPA costs, which only a handful of available
sources directly address (Balmford et al., 2004; Gravestock et al.,
2008; McCrea-Strub et al., 2011; Brander et al., 2015). The
historic advancement of terrestrial versus marine conservation in
implementation, research, and resource allocation fits with one
researcher’s description of marine ecosystems as the “Cinderella”
of conservation (McIntyre, 1992 as quoted in Jones, 2014).

Financial mechanisms used to fund TPAs are currently more
diverse and sophisticated than those used for MPAs. Thus, it may
be instructive to consider successes in terrestrial conservation
finance for MPA funding guidance (De Santo, 2012). Examples
of traditionally TPA-oriented funding mechanisms that are
now being applied to MPAs include debt-for-nature swaps
(Gockel and Gray, 2011; Baird et al., 2017; Weary, 2017) and
“blue carbon,” or carbon offsets for coastal or marine specific
sequestration (Murray et al., 2011; Pendleton et al., 2012; Runting
et al., 2016; Baird et al., 2017). However, these mechanisms
have only been employed in a handful of marine conservation
projects around the world. In working toward achievement of
the 10% by 2020 goal, MPA managers must continue to adapt
TPA funding mechanisms and strategies to a marine context,
and the growing emphasis on MPAs will present numerous
opportunities for TPA finance experts to transfer their skillset
to MPAs. However, for this collaboration and skills transfer to
succeed, the fundamental differences between MPA and TPA
finance need to be mutually understood.

This paper focuses on potential differences in costs between
MPAs and TPAs, and how these relate to developing effective
financial strategies. The aforementioned cost categories
(establishment, operational, and opportunity) are differentiated
based on whether costs are incurred upfront or whether they
are ongoing year-to-year expenditures, which can make them
more appropriate for some financial mechanisms over others.
For example, revolving funds are used to provide immediate
one time payments to recipients whereas trusts can deliver
consistent payouts over a longer period of time (Clark, 2007). By
definition, sustainable finance for PAs requires adherence not to
just quantity of funds required, but also that funding is delivered
in a timely manner in accordance with needs (Emerton et al.,
2006). Thus determining any difference in the required timing of
funds for MPAs versus TPAs is critical to adopting or designing
effective and sustainable financial strategies. In this paper, we
review the existing literature to investigate the potential for
statistically analyzing the differences in the funding requirements
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of MPAs versus TPAs. While we ultimately find that data are very
limited, we provide some quantitative and qualitative insights,
and provide recommendations as to data needs that will allow
fuller elucidation of sustainable finance issues.

METHODS

Literature Review
We conducted a comprehensive literature review to examine
costs incurred by the groups or agencies establishing and
operating PAs. Per our focus on costs, we sought articles from
all geopolitical scopes that provided specific values in currency
terms, either estimated or actual observations, for any of the
three cost categories (Table 1). We developed a collection
of available literature via databases “Web of Science” and
“Google Scholar” using combinations of keywords and phrases
including; Marine Protected Areas, Protected Areas, Nature
Reserves, Marine Reserves, Costs, Management, Operations,
Expansion, and Establishment. We then expanded our collection
by reviewing internal citations from this initial set of articles.
We also considered articles uncovered by expert input, prior
research, or conference attendance. Both peer reviewed and white
paper or government reports were considered, as well as studies
addressing multiple spatial scales, from site-specific assessments
to comprehensive global estimates. The literature was collected in
multiple stages; initially from September to November 2017, and
then from January to February 2018.

Quantitative Comparison
Our intent is not to compare total funding requirements between
MPAs and TPAs. Rather, we compare how total funding needs
are distributed among the three categories of costs that PAs can
incur during different stages of development. We framed this
via a series of ratios that track proportional expenditures across
cost categories:

Ratio 1: Establishment Costs as a % of Total Costs.
Ratio 2: Establishment to Operational Costs (EST : OP).
Ratio 3: Establishment to (Operational and Opportunity
Costs) (EST : OP+ OC).
Ratio 4: (Establishment and Opportunity Costs) to
Operational Costs (EST+ OC : OP).

Due to the differences between studies (e.g., scope, location,
and time of study) that would influence costs, we did not combine
different studies in our calculation of ratios. Rather, we calculated
ratios from numbers provided within the same study to avoid
confounding cost ratio results with study-related differences.
Therefore, in our literature review, we paid special attention to
studies that contained values for multiple cost categories as a
prerequisite for inclusion in the quantitative comparison portion
of the review.

Each study used a different time period for their respective
analysis, with some incorporating discount rates when estimating
future costs. For accurate comparison, we standardized to a
common time period and discount rate based on the approach
used in the Brander et al. (2015) report on future costs
of global MPA expansion (Brander et al., 2015). Brander
calculates establishment costs over a 5-year implementation
period, immediately followed by 30 years of operations. Like
Brander, we return present values (PV) for the 35-year period
with a 3% discount rate. All dollar values are converted to 2017
USD via the Consumer Price Index (CPI) from the Bureau
of Labor Statistics. Consequently, the methodology assumes
establishment costs stretched over a 5-year period from 2018 to
2022, followed by 30 years of operational costs. Opportunity costs
are factored in for the full 35-year time horizon.

RESULTS

Literature Review
Our literature review yielded twenty-four articles on PA costs
for different spatial and political scales published from 1999 to
2018. We cataloged and present here (Tables 2A,B, 3) each piece
of literature based on scope, environment considered (marine
or terrestrial), the costs reported, type of data, and eligibility
for inclusion in our quantitative comparison. Papers and articles
include projections for real cases, estimations for hypothetical
scenarios, and observations from ongoing efforts Some studies
are site- or region-specific, in which case their geographic focus
is also referenced (Green et al., 2012; Rojas-Nazar et al., 2015;
Pascal et al., 2018). Other studies have used a collection of
case examples or data sets to construct cost models to both
identify variables that influence costs, as well as to project costs of

TABLE 1 | Review of data type behind reported costs and geopolitical scope for surveyed literature in review.

Data types

Reported observation Actual
costs incurred by a single or set
of protected areas that have
been recorded and reported.

Surveyed estimation Costs
projected for hypothetical
expansion or implementation of
new PAs via survey responses
from PA managers or other
experts.

Literature estimation Costs
projected for hypothetical
expansion or implementation of
new PA via review of available
literature.

Calculated estimation Costs
projected for hypothetical
expansion or implementation of
new PAs calculated using
existing model or other objective
method.

Spatial/political scopes

Site specific Cost numbers are
attributed to a specific PA or local
network of PAs.

National Aggregated costs for all
PAs of a given type in a specific
country.

Regional Aggregated costs for
all PAs of a given type across a
continent or region (e.g.,
Mediterranean Sea).

Global Aggregated costs for all
PAs of a given type for a global
target or hypothetical expansion
scenario.
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TABLE 3 | Number of articles by data type and geo-political scope.

Data types

Reported observation Surveyed estimation Literature estimation Calculated estimation

9 5 2 13

Spatial/political scopes

Site specific National Regional Global

4 3 4 13

Some studies included multiple sources to generate their cost figures, e.g., both surveyed as well as calculated estimations (see Table 2).

expansion on a global scale (Balmford et al., 2003, 2004; Moore
et al., 2004; Gravestock et al., 2008; McCrea-Strub et al., 2011).
These papers are particularly influential in the field as many
other studies adopted their models for cost projections. Another
subset of influential work includes papers that estimate costs for
reaching specific global conservation goals, such as Aichi Target
11 and the UN’s SDG 14.5 (James et al., 2001; McCarthy et al.,
2012; United Nations Development Programme [UNDP], 2012;
Brander et al., 2015).

Operational costs were the most commonly reported cost
within the literature reviewed with 22 of 24 papers returning
values. Establishment costs were less frequently reported, with
13 studies having figures. Only five studies returned values
for opportunity costs, though this is partly attributed to our
focus on costs being incurred by the PA, rather than costs
borne by society at large. As mentioned in the introduction,
opportunity costs would only translate to costs incurred by a
PA managing agency if compensation is paid to those losing
economic opportunities because of PA establishment. While
there are examples of compensation packages for fishers as
part of PA budgets like in the Great Barrier Reef (Macintosh
et al., 2010), current literature suggests that such direct monetary
compensation packages remain challenging especially for Marine
PAs due to a lack of stakeholder use and activity data and are
likely rare overall (McCay and Jones, 2011). Furthermore, it is
possible that some of the studies we analyzed already accounted
for such compensatory payments (and therefore a portion of
opportunity costs) within their calculations for establishment and
operational costs, perhaps contributing to the data limitations
for opportunity costs. Hence, when discussing results going
forward, operational and establishment costs are the primary
focus and opportunity costs are a secondary consideration.
However, we still accounted for and report ratios for opportunity
costs when possible.

Quantitative Perspective
Fourteen works provided values across the required cost
categories. Not all of these studies were eligible, however.
Studies were deemed ineligible for the analysis if (1) costs
were incompletely or inadequately reported or estimated (Venter
et al., 2014), or (2) if they did not provide adequate distinction
for how costs were distributed by category (Pearce, 2007;
Hussain et al., 2011; Binet et al., 2016), marine vs. terrestrial
environment, or a combination of both (Gantioler et al.,
2010; Binet et al., 2016). Additionally, we removed Bruner
et al. (2004) from eligibility as the only establishment cost
estimate it provided was directly taken from James et al.

(2001), which we already accounted for in the literature
review (Bruner et al., 2004).

After filtering out these ineligible works, we were left with 10
studies to compare ratios against, only nine of which accounted
for establishment costs. The combination of limited samples,
combined with the fact that many samples were replicates
of common estimation models (Balmford et al., 2003, 2004;
McCrea-Strub et al., 2011), prevented us from conducting a
detailed statistical analysis to test for a significant difference of
cost ratios between MPAs and TPAs. Still, we provide an initial
estimate of potential ranges and differences from the available
data (Figure 1 and Table 4). Most studies reported costs for a
range of scenarios (e.g., cost estimates for total area protected
versus cost estimation based on protection priorities (Brander
et al., 2015), cost estimates based on MPA size (United Nations
Development Programme [UNDP], 2012), cost estimates by
wealth of country (McCarthy et al., 2012). The figures reported
in Figure 1 and Table 4 correspond with the minimum and
maximum ratios within each study across all scenarios presented.

Terrestrial protected areas generally hold higher values than
MPAs for Ratio 1 (establishment costs as % of total) and Ratio
2 (establishment costs to operating costs). In all but one case,
the exception being the minimum bound for Natura (2000),
establishment costs for TPAs make up over 70% of total costs,
and have a Ratio 2 of at least 2.68 implying that the majority of
costs would be incurred prior to implementation. In contrast,
establishment costs for MPAs make up a maximum of 39.40%,
and all Ratio 2 values are well-below 1.00 such that the majority of
costs are estimated to occur over the operational time period. In
fact, there is no overlap in Ratio 2 values between MPAs and TPAs
with the one exception again being the minimum bound of the
Natura (2000) study, which slightly overlaps with the maximum
values for MPAs under Brander and UNDP. Opportunity costs
were only included in Klein et al. (2010), Brander, and Rojas-
Nazar studies, so our ability to compare TPAs versus MPAs on
the basis of Ratios 3 and 4 is quite limited. However, Ratio 4 is
generally higher for the TPA than MPA scenarios.

DISCUSSION

Taking Stock of Current Literature
While our review is unique in its comparative focus on MPAs
versus TPAs, it is not the first literature review to be conducted
on costs incurred by PAs. Bruner et al. (2004) and Pearce (2007)
are two examples included in our literature review that discuss
a collection of literature assessing different types and methods
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FIGURE 1 | Graphic demonstrating the range of Ratio 2 values (Establishment to Operational costs) calculated for five TPA and four MPA studies from Table 4. Bars
indicate the boundaries of minimum and maximum ratio values for individual studies. Circles denote ratios for studies that only returned one value. The range of
values are written next to their corresponding bars and circles.

TABLE 4 | Cost ratios per each eligible study.

Ratio 1 Ratio 2 Ratio 3 Ratio 4

EST as % of total EST – OP EST : OP + OC EST + OC : OP

Terrestrial

James et al., 2001 72.80 – 73.77% 2.68 – 2.81 2.68 – 2.81 2.68 – 2.81

McCarthy et al., 2012 75.97 – 87.41% 3.16 – 6.94 3.16 – 6.94 3.16 – 6.94

Klein et al., 2010∗ N/A N/A N/A 1.30 – 13.99

Frazee et al., 2003 82.53 – 88.11% 4.72 – 7.41 4.72 – 7.41 4.72 – 7.41

Shaffer et al., 2002 96.23% 25.5 25.5 25.5

Gantioler et al., 2010∗∗ 32.91 – 89.14% 0.49 – 8.21 0.49 – 8.21 0.49 – 8.21

Marine

Brander et al., 2015 2.63 – 12.52% 0.25 – 0.53 0.03 – 0.14 1.25 – 8.55

United Nations Development Programme [UNDP], 2012 1.16 – 39.40% 0.01 – 0.65 0.01 – 0.65 0.01 – 0.65

Pascal et al., 2018 8.71 – 20.10% 0.10 – 0.25 0.10 – 0.25 0.10 – 0.25

Rojas-Nazar et al., 2015 11.88% 0.15 0.13 0.23

Klein et al., 2010 N/A N/A N/A 0.002 – 3.78

∗Klein et al., 2010 does not include establishment costs, so Ratio 4 is exclusively Opportunity Costs to Establishment Costs. ∗∗Scenarios included from Natura (2000)
are for countries where MPAs were ruled out as the study did not adequately differentiate cost distribution by environment for countries where both MPAs and TPAs
were present.

calculating PA costs (Bruner et al., 2004; Pearce, 2007). However,
both of these studies strictly look at terrestrial sources of funding.
In addition, they both have similar faults and expose common
gaps in information on this topic.

As discussed in the introduction, MPAs and financial research
surrounding MPAs are generally not as in depth and widespread
as their TPA counterparts. The focus of Bruner et al. (2004) and
Pearce (2007) on terrestrial ecosystems is indicative of this trend.
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Further, only nine studies focused exclusively on marine areas,
with two additional studies looking at both types simultaneously.
The materials included within Bruner and Pearce also indicate
that establishment costs are much less frequently reported than
operational costs for PAs in general. For example, while Bruner
included a total of 15 studies, only James et al. (2001) included a
direct estimate of establishment costs.

We came across several other informative sources during the
research process that, while not included in our final tabulation,
referenced the state of available information on PA costs. Several
cited a lack of adequate data collection on conservation costs in
general, including PAs (Naidoo et al., 2006; Ban and Klein, 2009;
Kark et al., 2009; Cook et al., 2017). More specifically, data for
marine planning and acquisition costs (as part of establishment
costs) for PAs in developing countries have been cited as
especially difficult to acquire (Balmford et al., 2003; Naidoo
et al., 2006; Ban and Klein, 2009). This pattern is represented
to a degree in our literature review with fewer works containing
establishment cost estimates than operational cost estimates.

The dispersed nature of information within our review, as
well as from qualitative references in other works, highlights
specific gaps in the literature and directions for future focus in
closing these knowledge gaps. Improving cost data in marine
areas, and establishment cost data in both marine and terrestrial
environments, needs to be a primary focus in order to improve
assessment of financial sustainability for PAs. Researchers have
also called for standardization of reported information in order
to make data from different sources easier to compare (Binet
et al., 2016; Cook et al., 2017). Such recommendations have
included reporting of common line items or cost categories, as
well as systematic methods of calculation and accounting. We
experienced challenges ourselves from the lack of standardized
reporting methodologies while trying to compare costs across
different studies. Some experts and researchers have referenced
global health programs as a bar for cost reporting that
conservation efforts can try to emulate (Cook et al., 2017).

Quantitative Snapshot
Our comparison of the time distribution of costs obtained
by tracking across multiple cost categories provides an initial
understanding of differences between MPAs and TPAs that can
be followed up by evaluation at an individual MPA and TPA level.
We observe a common pattern where establishment costs make
up a far greater share of costs for TPAs than MPAs. In the context
of meeting financial needs, this may indicate that TPAs require a
greater share of total funding requirements in costs leading up to
implementation, whereas costs for MPAs are incurred on more
of a long term year-to-year basis for management, monitoring,
and enforcement.

While we are limited in observations pertaining to
opportunity costs, Klein et al. (2010) estimate higher opportunity
costs as a proportion of management costs for terrestrial
regions than marine areas. In that study, opportunity costs
were influenced by agricultural rents and income from fishing
for TPAs and MPAs respectively, indicating that compensatory
payments could perhaps be higher for infringement on land
development than extraction of marine natural resources.

However, the nature of and amount to which these opportunity
costs might result in compensatory payments is likely variable
across countries. For that reason, it is important to have a
globally representative spread of PA cost data to get a complete
picture of PA costs, rather than, for example, data from strictly
developed countries that may have better reporting capacity.

Theoretical Interpretation
Below we provide potential theoretical support for the observed
findings on differences in cost ratios in TPAs versus MPAs.
Similar to our quantitative comparison, the intent is to provide
an initial perspective on TPA versus MPA costs and their
implications for financing strategies.

Property Rights
Perhaps the greatest fundamental difference between MPAs
and TPAs is the prevalence of private property rights in
policies and spatial management of land versus sea. Purchasing
private property rights as an establishment cost should therefore
theoretically play a greater role in the costs of TPAs than MPAs.
Private property rights are generally more prevalent in land-
based scenarios due in part to the relative ease of identifying
and establishing boundaries (Jones, 2014). Parties that can hold
private property rights include individuals (for residence and
commercial use), corporations, and in some cases communities
that restrict use of land to community members. Some of the most
frequent commercial uses for private land include agriculture or
timber, which according to Maxwell et al. (2016) are also the
two greatest threats to terrestrial biodiversity at large (Maxwell
et al., 2016). The widespread threat of agriculture to terrestrial
conservation, and the frequency with which TPAs are likely
to require purchases of private land, is also demonstrated by
many studies in our review that incorporate agricultural land
values into considerations for estimating costs. Such examples
include the McCarthy et al. (2012) study that exclusively relied on
agricultural land values to estimate global costs of TPA expansion.
In addition, Klein et al. (2010) and Venter et al. (2014) studies
incorporate opportunity costs as a function of agricultural rents,
and James et al. (2001) and Shaffer et al. (2002) used land market
values to calculate purchase prices under establishment costs.
Despite slight differences in methodologies, we find that TPA
studies commonly calculate expansion costs as directly related
to the value of private property and use rights, and thereby
view expansions as directly imposing onto private land in the
majority of cases.

For the ocean, quasi-property rights can be introduced
spatially via mechanisms such as Territorial Use Rights for
Fishing (TURF) that give permitted vessels exclusive access over
certain fishing grounds. In addition to zonal rights, access rights
can be allocated to specific uses across a marine area, including
to specific resources and industries. Not only are private property
rights very rare in ocean regions (Jones, 2014), but the ocean and
its resources have also been generally viewed through the lens
of open access, such that development of private property rights
is frequently considered a form of conservation itself. In some
cases, areas with private property rights for marine resources
have been considered de facto MPAs, also referred to by state
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agencies as DFMPAs (National Marine Protected Areas Center,
2008; Jones, 2014). One example is the leasing of marine areas for
offshore wind energy, which has been discussed as having positive
conservation benefits for the restrictions placed on fishing in such
areas (Coates et al., 2016; Hammar et al., 2016).

Therefore, the use of private property rights as a
conservation measure suggests that future MPA expansions
may be less likely to encroach on regions where marine
private property rights presently exist, whereas TPAs are
likely to target areas with private property rights to restrict
industries like timber, mining, and agriculture that are
substantial threats to terrestrial conservation. Property
rights (or the lack thereof) pose an interesting paradox
for marine conservation in that a lack of property rights
has frequently been associated with over exploitation and
ecosystem degradation, yet may also provide an opportunity
to establish MPAs at a lower cost than if property rights were
more widespread.

Logistics and Operational Costs for Management
When analyzing costs of PAs, it is important to consider
the logistical differences between required management,
monitoring, and enforcement activities in marine versus
terrestrial environments. While such differences have never
been directly compared in a quantitative manner, studies
have outlined general differences between marine and terrestrial
conservation. In one example of a feasibility assessment for MPAs
in Sweden, the authors cited Swedish administrative officials as
claiming that MPAs are substantially more expensive to manage
than TPAs, including monitoring and enforcement (Grip and
Blomqvist, 2018). This was primarily attributed to a need for
ships and advanced technology required for monitoring and
enforcement in a marine environment. While ships are expensive
to purchase, the operating costs of vessels is also particularly
high. For reference, a recent study on MPA monitoring assumed
$30,000/day for ship time (Kachelriess et al., 2014). While this
estimate is specific to larger offshore vessels, even the smallest
vessels for coastal or nearshore monitoring can cost 100s of
dollars per day.

It is also important to consider potential differences in PA
size between marine and TPAs and their influence on logistics
and thereby operational costs, especially because comparative
research finds that MPAs are larger on average than TPAs
(Lindholm and Barr, 2001) and that the largest PAs in the world
are typically MPAs1. Larger PAs generally require higher total
operational costs. However, research indicates that larger PAs
have lower operational costs per unit area than smaller PAs
(Balmford et al., 2003, 2004). Thus, in the case of our calculations
for area based changes in the United Nations Development
Programme [UNDP] (2012) report, larger MPAs return a higher
Ratio 1 value (EST : OP) than smaller MPAs despite having
higher operational costs overall (see Supplementary Material),
presumably as the decrease in marginal establishment costs per
unit area is not as substantial.

1www.protectedplanet.net

There has been much recent focus on the prospects for
technological advances to lower costs (Grip and Blomqvist,
2018). Remote monitoring is an increasingly popular method for
marine and terrestrial ecosystem surveillance that can reduce the
need for active vessels and vehicles, with subsequent promise
for cost savings and improved execution for enforcement and
monitoring (Pala, 2015; Proud et al., 2016; Richards et al., 2017).
For enforcement purposes, improvements in remote monitoring
may benefit MPAs more than TPAs considering that land based
poachers and other violators can hide under forest canopy and
other terrestrial features. For monitoring ecological performance,
remote sensing remains limited to surface layers of the ocean,
and expensive (and sometimes environmentally harmful) in situ
monitoring tasks such as SCUBA diving and benthic trawls
are often needed (Pomeroy et al., 2004). However, further
improvements in remote monitoring and advancements in other
cheaper and less invasive in situ methods such as environmental
DNA, drones, satellite images, etc. may lead to significant cuts
in operational costs required for MPAs in the future (Bohmann
et al., 2014; Pikitch, 2018). Future research should evaluate how
the addition of new technologies may benefit MPAs and TPAs
differently depending on the specific technology and PA context.

CONCLUSION

The results of our literature review revealed a lack of available
data to statistically analyze differences among three categories
of costs incurred by PAs. Still, our findings provide an
initial perspective on how MPAs and TPAs may incur costs
differently. We observe a distinct pattern in the presently
available information where TPAs incur a greater proportion
of costs prior to implementation, while MPAs typically incur
the majority of costs over the long term. Per our observations,
TPAs would ideally focus on financial strategies that can deliver
the majority of total required funding prior to implementation.
Meanwhile MPAs may be better candidates for strategies that
can guarantee consistent and controlled funding over multiple
decades. While such a pattern between one-off implementation
costs and ongoing costs seems elementary in theory, perhaps it
has not been given proper recognition in practice as evidenced
by a lack of financial resources made available to long term MPA
operations and resulting paper park status (Reid-Grant and Bhat,
2009; Thur, 2010; Gill et al., 2017). And if MPA managers have
yet to give this due consideration, then this lesson is all the
more relevant for terrestrial conservation finance professionals
looking to focus on the many growing opportunities in marine
conservation. One recent example of successfully adapting a
traditional TPA funding metric to an MPA is the debt-for-nature
swap in the Seychelles orchestrated by The Nature Conservancy,
which includes a regimented funding plan for at least
20 years of marine conservation efforts in the country (Debt
Relief for dolphins: A new plan to protect the water around
the Seychelles, 2017).

Our study also leads to an even more important conclusion
about research surrounding PA costs and finance. This review
documents that presently available PA cost data and statistics
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are insufficient to answer basic questions about PA costs and
funding needs on a technical level. The inability to rely on
rigorously collected data to conduct specific analyses will likely
limit advancements in PA sustainable finance until the data gap
is remedied. Furthermore, in addition to the need to expand the
amount of information available, it is necessary to transition to
a network of higher quality data. Only eight of the 22 studies in
our literature review included any actual observations, whereas
the majority of cost assessments were estimations determined
either by a method of calculation or response to a survey,
including all but one of the studies we were able to adapt to
our quantitative comparison. To refine our understanding on
PA costs and management, we need to transition from data
rooted in estimations projecting hypothetical scenarios toward
actual PA observations. More investment is therefore needed in
both MPA and TPA conservation cost reporting, ideally in a
standardized metric as recommended by other researchers in the
field (Cook et al., 2017).

AUTHOR CONTRIBUTIONS

JB compiled and synthesized the background research
for this work, including the literature review. He also
structured and performed the comparative analysis, and
organized and wrote the initial drafts of the manuscript.
AD provided guidance on the development of the paper
and its structure, reviewed the quantitative findings and
suggested modifications, edited versions of the manuscript, and
assisted in conceptualizing the implications of the research.

EP contributed to the conceptualization, writing, broader
context, and provided intellectual insight to the manuscript.
She also helped obtain the funding with which this work
was supported.

FUNDING

This work was made possible by the generous support of
Pamela M. Thye and John Frederick Thye, the Ocean Sanctuary
Alliance (OSA), and the Institute for Ocean Conservation
Science (IOCS).

ACKNOWLEDGMENTS

The authors would like to thank Andrew Hudson of the
United Nations Development Programme for valuable insight
and review of early drafts. They also thank the reviewers for
Frontiers for thoughtful and constructive feedback.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmars.
2019.00045/full#supplementary-material

TABLE S1 | Costs and calculated ratios for individual conservation scenarios
within each study assessed in the quantitative comparison.

REFERENCES
Baird, B., Honey, M., Orgera, R., Patlis, J., Reheis-Boyd, C., Stauffer, P., et al.

(2017). Protecting Our Marine Treasures: Sustainable Finance Options for U. S.
Honolulu, HI: Marine Protected Areas.

Balmford, A., Gaston, K. J., Blyth, S., James, A., and Kapos, V. (2003). Global
variation in terrestrial conservation costs, conservation benefits, and unmet
conservation needs. Proc. Natl. Acad. Sci. U.S.A. 100, 1046–1050. doi: 10.1073/
pnas.0236945100

Balmford, A., Gravestock, P., Hockley, N., Mcclean, C. J., and Roberts, C. M. (2004).
The worldwide costs of marine protected areas. Proc. Natl. Acad. Sci. U.S.A. 101,
9694–9697. doi: 10.1073/pnas.0403239101

Ban, N. C., Adams, V., Pressey, R. L., and Hicks, J. (2011). Promise and problems
for estimating management costs of marine protected areas. Conserv. Lett. 4,
241–252. doi: 10.1111/j.1755-263X.2011.00171.x

Ban, N. C., and Klein, C. J. (2009). Spatial socioeconomic data as a cost in
systematic marine conservation planning. Conserv. Lett. 2, 206–215. doi: 10.
1111/j.1755-263X.2009.00071.x

Binet, T., Diazabakana, A., Laustriat, M., and Hernandez, S. (2016). Sustainable
Financing of Marine Protected Areas in the Mediterranean: a Financial Analysis.
Available at: http://www.rac-spa.org/sites/default/files/doc_medmpanet/final_
docs_regional/55_study_on_the_sustainable_financing_of_mediterranean_
mpas.pdf

Bohmann, K., Evans, A., Gilbert, M. T. P., Carvalho, G. R., Creer, S., Knapp, M.,
et al. (2014). Environmental DNA for wildlife biology and biodiversity
monitoring. Trends Ecol. Evol. 29, 358–367. doi: 10.1016/j.tree.2014.04.003

Brander, L., Baulcomb, C., Amrit, J., Lelij, C., Van Der Eppink, F., Mcvittie, A.,
et al. (2015). The Benefits to People of Expanding Marine Protected Areas.
Amsterdam: University of Amsterdam.

Bruner, A., Naidoo, R., and Balmford, A. (2008). Review on the Economics of
Biodiversity Loss?: Scoping the Science Review of the Costs of Conservation
and Priorities for Action. Available at: http://ec.europa.eu/environment/nature/
biodiversity/economics/pdf/costs_report.pdf

Bruner, A. G., Gullison, R. E., and Balmford, A. (2004). Financial costs
and shortfalls of managing and expanding protected-area systems in
developing countries. Bioscience 54:1119. doi: 10.1641/0006-3568(2004)
054[1119:FCASOM]2.0.CO;2

Clark, S. (2007). A Field Guide to Conservation Finance. Washington, DC: Island
Press.

Coates, D. A., Kapasakali, D., Vincx, M., and Vanaverbeke, J. (2016). Short-term
effects of fishery exclusion in offshore wind farms on macrofaunal communities
in the Belgian part of the North Sea. Fish. Res. 179, 131–138. doi: 10.1016/j.
fishres.2016.02.019

Cook, C. N., Pullin, A. S., Sutherland, W. J., Stewart, G. B., and Carrasco,
L. R. (2017). Considering cost alongside the effectiveness of management in
evidence-based conservation: a systematic reporting protocol. Biol. Conserv.
209, 508–516. doi: 10.1016/j.biocon.2017.03.022

Curtis, R., Houseal, B., Schjelderup, E., and Zapata, B. (2001). Planificación
Financiera a Largo Plazo para Parques y áreas Protegidas. Arlington, VA:
The Nature Conservancy. Available at: https://www.cbd.int/doc/nbsap/finance/
TNC-FinPlanGuide2001_spanish.pdf

De Santo, E. M. (2012). From paper parks to private conservation?: the role of
NGOs in adapting marine protected area strategies to climate change from
paper parks to private conservation: the role of NGOs in adapting marine
protected area. J. Int. Wildl. Law Pol. 15, 25–40. doi: 10.1080/13880292.2011.
650602

Debt Relief for dolphins: A new plan to protect the water around
the Seychelles (2017). Debt Relief for dolphins: a new plan to protect the

Frontiers in Marine Science | www.frontiersin.org 12 February 2019 | Volume 6 | Article 45

https://www.frontiersin.org/articles/10.3389/fmars.2019.00045/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmars.2019.00045/full#supplementary-material
https://doi.org/10.1073/pnas.0236945100
https://doi.org/10.1073/pnas.0236945100
https://doi.org/10.1073/pnas.0403239101
https://doi.org/10.1111/j.1755-263X.2011.00171.x
https://doi.org/10.1111/j.1755-263X.2009.00071.x
https://doi.org/10.1111/j.1755-263X.2009.00071.x
http://www.rac-spa.org/sites/default/files/doc_medmpanet/final_docs_regional/55_study_on_the_sustainable_financing_of_mediterranean_mpas.pdf
http://www.rac-spa.org/sites/default/files/doc_medmpanet/final_docs_regional/55_study_on_the_sustainable_financing_of_mediterranean_mpas.pdf
http://www.rac-spa.org/sites/default/files/doc_medmpanet/final_docs_regional/55_study_on_the_sustainable_financing_of_mediterranean_mpas.pdf
https://doi.org/10.1016/j.tree.2014.04.003
http://ec.europa.eu/environment/nature/biodiversity/economics/pdf/costs_report.pdf
http://ec.europa.eu/environment/nature/biodiversity/economics/pdf/costs_report.pdf
https://doi.org/10.1641/0006-3568(2004)054[1119:FCASOM]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[1119:FCASOM]2.0.CO;2
https://doi.org/10.1016/j.fishres.2016.02.019
https://doi.org/10.1016/j.fishres.2016.02.019
https://doi.org/10.1016/j.biocon.2017.03.022
https://www.cbd.int/doc/nbsap/finance/TNC-FinPlanGuide2001_spanish.pdf
https://www.cbd.int/doc/nbsap/finance/TNC-FinPlanGuide2001_spanish.pdf
https://doi.org/10.1080/13880292.2011.650602
https://doi.org/10.1080/13880292.2011.650602
https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


www.manaraa.com

fmars-06-00045 February 15, 2019 Time: 16:16 # 13

Bohorquez et al. Filling the Data Gap

water around the Seychelles. Available at: https://www.woi.economist.com/
debt-relief-for-dolphins/

Edgar, G. J., Stuart-Smith, R. D., Willis, T. J., Kininmonth, S., Baker, S. C., Banks, S.,
et al. (2014). Global conservation outcomes depend on marine protected areas
with five key features. Nature 506, 216–220. doi: 10.1038/nature13022

Emerton, L., Bishop, J., and Thomas, L. (2006). Sustainable Financing of Protected
Areas. A Global Review of Challenges and Options. Gland: IUCN.

Frazee, S. R., Cowling, R. M., Pressey, R. L., Turpie, J. K., and Lindenberg, N.
(2003). Estimating the costs of conserving a biodiversity hotspot: a case-study
of the Cape Floristic Region, South Africa. Biol. Conserv. 112, 275–290. doi:
10.1016/S0006-3207(02)00400-7

Gantioler, S., Bassi, S., Kettunen, M., McConville, A., ten Brink, P., Rayment, M.,
et al. (2010). Costs and Socio-Economic Benefits Associated With the Natura 2000
Network. London: Final Report to the European Commission.

Gill, D. A., Mascia, M. B., Ahmadia, G. N., Glew, L., Lester, S. E., Barnes, M., et al.
(2017). Capacity shortfalls hinder the performance of marine protected areas
globally. Nature 5, 665–669. doi: 10.1038/nature21708

Gockel, C. K., and Gray, L. C. (2011). Debt-for-nature swaps in action: two case
studies in Peru. Ecol. Soc. 16:13. doi: 10.5751/ES-04063-160313

Gravestock, P., Roberts, C. M., and Bailey, A. (2008). The income requirements
of marine protected areas. Ocean Coast. Manag. 51, 272–283. doi: 10.1016/j.
ocecoaman.2007.09.004

Green, J. M. H., Burgess, N. D., Green, R. E., Madoffe, S. S., Munishi, P. K. T.,
Nashanda, E., et al. (2012). Estimating management costs of protected areas: a
novel approach from the Eastern Arc Mountains, Tanzania. Biol. Conserv. 150,
5–14. doi: 10.1016/j.biocon.2012.02.023

Grip, K., and Blomqvist, S. (2018). Establishing marine protected areas in Sweden:
internal resistance versus global influence. Ambio 47, 1–14. doi: 10.1007/
s13280-017-0932-8

Hammar, L., Perry, D., and Gullström, M. (2016). Offshore wind power for
marine conservation. Open J. Mar. Sci. 6, 66–78. doi: 10.4236/ojms.2016.
61007

Hussain, S., McVittie, A., Brander, L., Vardakoulias, O., Wagtendonk, A.,
Verburg, P., et al. (2011). The Economics of Ecosystems and Biodiversity.
The quantitative Assessment. Nairobi: Final Report to the United Nations
Environment Programme.

Huwyler, F., Kappeli, J., Serafimova, K., Swanson, E., and Tobin, J. (2014).
Conservation Finance: Moving Beyond Donor Funding Toward an Investor-
Driven Approach. Available at: https://www.cbd.int/financial/privatesector/g-
private-wwf.pdf

IUCN (1993). Parks for Life: Report of the IVth World Congress on National Parks
and Protected Areas. Glands: The World Conservation Union.

James, A., Gaston, K. J., and Balmford, A. (2001). Can we afford to conserve
biodiversity? Bioscience 51, 43–52.

James, A. N., Green, M. J. B., and Paine, J. R. (1999). A Global Review of Protected
Area Budgets and Staff. Cambridge: University of Cambridge.

Jones, P. (2014). Governing Marine Protected Areas: Resilience Through Diversity.
Abingdon: Routledge. doi: 10.4324/9780203126295

Kachelriess, D., Wegmann, M., Gollock, M., and Pettorelli, N. (2014). The
application of remote sensing for marine protected area management. Ecol.
Indicators 36, 169–177. doi: 10.1016/j.ecolind.2013.07.003

Kark, S., Levin, N., Grantham, H. S., and Possingham, H. P. (2009). Between-
country collaboration and consideration of costs increase conservation
planning efficiency in the Mediterranean Basin. Proc. Natl. Acad. Sci. U.S.A.
106, 15368–15373. doi: 10.1073/pnas.0901001106

Klein, C. J., Ban, N. C., Halpern, B. S., Beger, M., Game, E. T., Grantham, H. S.,
et al. (2010). Prioritizing land and sea conservation investments to protect coral
reefs. PLoS One 5:12431. doi: 10.1371/journal.pone.0012431

Lindholm, J., and Barr, B. (2001). Comparison of marine and terrestrial protected
areas under federal jurisdiction in the United States. Conserv. Biol. 15, 1441–
1444. Available at: https://www.jstor.org/stable/3061500.

Macintosh, A., Bonyhady, T., and Wilkinson, D. (2010). Dealing with interests
displaced by marine protected areas: a case study on the great barrier reef
marine park structural adjustment package. Ocean Coast. Manag. 53, 581–588.
doi: 10.1016/j.ocecoaman.2010.06.012

Marine Protected Areas Coverage in 2018 (2018). Prot. Planet Rep. Available at:
https://protectedplanet.net/marine

Maxwell, S. L., Fuller, R. A., Brooks, T. M., and Watson, J. E. M. (2016). The ravages
of guns, nets and bulldozers. Nature 536, 146–155. doi: 10.1038/536143a

McCarthy, D. P., Donald, P. F., Scharlemann, J. P. W. J. P. W., Buchanan, G. M.,
Balmford, A., Green, J. M. H., et al. (2012). Financial costs of meeting global
biodiversity conservation targets: current spending and unmet needs. Science
338, 946–949. doi: 10.1126/science.1229803

McCay, B. J., and Jones, P. J. S. (2011). Marine protected areas and the Governance
of marine ecosystems and fisheries. Conserv. Biol. 25, 1130–1133. doi: 10.1111/
j.1523-1739.2011.01771.x

McCrea-Strub, A., Zeller, D., Rashid Sumaila, U., Nelson, J., Balmford, A.,
and Pauly, D. (2011). Understanding the cost of establishing marine
protected areas. Mar. Policy 35, 1–9. doi: 10.1016/j.marpol.2010.
07.001

McIntyre, A. D. (1992). Introduction: a perspective on marine conservation. Proc.
R. Soc. Edinb. 100, 1–2. doi: 10.1007/s13280-011-0230-9

Moore, J., Balmford, A., Allnutt, T., and Burgess, N. (2004). Integrating costs into
conservation planning across Africa. Biol. Conserv. 117, 343–350. doi: 10.1016/
j.biocon.2003.12.013

Murray, B., Pendleton, L., Jenkins, W., and Sifleet, S. (2011). Green Payments for
Blue Carbon: Economic Incentives for Protecting Threatened Coastal Habitats.
Durham, NC: Duke University.

Naidoo, R., Balmford, A., Ferraro, P. J., Polasky, S., Ricketts, T. H., and Rouget, M.
(2006). Integrating economic costs into conservation planning. Trends Ecol.
Evol. 21, 681–687. doi: 10.1016/j.tree.2006.10.003

National Marine Protected Areas Center (2008). in State of the Nation’s De Facto
Marine Protected Areas, eds R. Grober-Dunsmore and L. Wooninck. Silver
Spring, MD: National Marine Protected Areas Center.

O’Leary, B. C., Ban, N. C., Fernandez, M., Friedlander, A. M., García-
Borboroglu, P., Golbuu, Y., et al. (2018). Addressing criticisms of large-scale
marine protected areas. Bioscience 68, 359–370. doi: 10.1093/biosci/biy021

Pala, C. (2015). How technology is protecting world’s richest marine reserve. Yale
Environ. 360, 1–6.

Pascal, N., Brathwaite, A., Brander, L., Seidl, A., Philip, M., and Clua, E. (2018).
Evidence of economic benefits for public investment in MPAs. Ecosyst. Serv. 30,
3–13. doi: 10.1016/j.ecoser.2017.10.017

Pearce, D. W. (2007). Do we really care about biodiversity? Biodivers. Econ. 37,
313–333.

Pendleton, L., Donato, D. C., Murray, B. C., Crooks, S., Jenkins, W. A.,
Megonigal, P., et al. (2012). Estimating Global “Blue Carbon” emissions from
conversion and degradation of vegetated coastal ecosystems. PLoS One 7:43542.
doi: 10.1371/journal.pone.0043542

Pikitch, E. K. (2018). A tool for finding rare marine species: environmental DNA
analysis shows promise for studying rare and elusive marine species. Science
360, 1180–1182. doi: 10.1126/science.aao3787

Pomeroy, R. S., Parks, J. E., and Watson, L. M. (2004). How Is Your
MPA Doing? A methodology for evaluating the management effectiveness
of marine protected areas. Ocean Coast. Manage. 48, 485–502. doi:
10.1016/j.ocecoaman.2005.05.004

Proud, R., Browning, P., and Kocak, D. M. (2016). “AIS-based Mobile satellite
service expands opportunities for affordable global ocean observing and
monitoring,” in Proceedings Of the OCEANS 2016 MTS/IEEE Monterey,
Monterey, CA. doi: 10.1109/OCEANS.2016.7761069

Reid-Grant, K., and Bhat, M. G. (2009). Financing marine protected areas in
Jamaica: an exploratory study. Mar. Policy 33, 128–136. doi: 10.1016/j.marpol.
2008.05.004

Richards, P., Arima, E., VanWey, L., Cohn, A., and Bhattarai, N. (2017). Are Brazil’s
deforesters avoiding detection? Conserv. Lett. 10, 469–475. doi: 10.1111/conl.
12310

Rojas-Nazar, U. A., Cullen, R., Gardner, J. P. A., and Bell, J. J. (2015). Marine reserve
establishment and on-going management costs: a case study from New Zealand.
Mar. Policy 60, 216–224. doi: 10.1016/j.marpol.2015.06.029

Runting, R. K., Lovelock, C. E., Beyer, H. L., and Rhodes, J. R. (2016). Costs and
opportunities for preserving coastal wetlands under sea level rise. Conserv. Lett.
10, 1–9. doi: 10.1111/conl.12239

Sala, E., Lubchenco, J., Grorud-Colvert, K., Novelli, C., Roberts, C., and Sumaila,
U. R. (2018). Assessing real progress towards effective ocean protection. Mar.
Policy 91, 11–13. doi: 10.1016/j.marpol.2018.02.004

Frontiers in Marine Science | www.frontiersin.org 13 February 2019 | Volume 6 | Article 45

https://www.woi.economist.com/debt-relief-for-dolphins/
https://www.woi.economist.com/debt-relief-for-dolphins/
https://doi.org/10.1038/nature13022
https://doi.org/10.1016/S0006-3207(02)00400-7
https://doi.org/10.1016/S0006-3207(02)00400-7
https://doi.org/10.1038/nature21708
https://doi.org/10.5751/ES-04063-160313
https://doi.org/10.1016/j.ocecoaman.2007.09.004
https://doi.org/10.1016/j.ocecoaman.2007.09.004
https://doi.org/10.1016/j.biocon.2012.02.023
https://doi.org/10.1007/s13280-017-0932-8
https://doi.org/10.1007/s13280-017-0932-8
https://doi.org/10.4236/ojms.2016.61007
https://doi.org/10.4236/ojms.2016.61007
https://www.cbd.int/financial/privatesector/g-private-wwf.pdf
https://www.cbd.int/financial/privatesector/g-private-wwf.pdf
https://doi.org/10.4324/9780203126295
https://doi.org/10.1016/j.ecolind.2013.07.003
https://doi.org/10.1073/pnas.0901001106
https://doi.org/10.1371/journal.pone.0012431
https://doi.org/10.1016/j.ocecoaman.2010.06.012
https://protectedplanet.net/marine
https://doi.org/10.1038/536143a
https://doi.org/10.1126/science.1229803
https://doi.org/10.1111/j.1523-1739.2011.01771.x
https://doi.org/10.1111/j.1523-1739.2011.01771.x
https://doi.org/10.1016/j.marpol.2010.07.001
https://doi.org/10.1016/j.marpol.2010.07.001
https://doi.org/10.1007/s13280-011-0230-9
https://doi.org/10.1016/j.biocon.2003.12.013
https://doi.org/10.1016/j.biocon.2003.12.013
https://doi.org/10.1016/j.tree.2006.10.003
https://doi.org/10.1093/biosci/biy021
https://doi.org/10.1016/j.ecoser.2017.10.017
https://doi.org/10.1371/journal.pone.0043542
https://doi.org/10.1126/science.aao3787
https://doi.org/10.1016/j.ocecoaman.2005.05.004
https://doi.org/10.1016/j.ocecoaman.2005.05.004
https://doi.org/10.1109/OCEANS.2016.7761069
https://doi.org/10.1016/j.marpol.2008.05.004
https://doi.org/10.1016/j.marpol.2008.05.004
https://doi.org/10.1111/conl.12310
https://doi.org/10.1111/conl.12310
https://doi.org/10.1016/j.marpol.2015.06.029
https://doi.org/10.1111/conl.12239
https://doi.org/10.1016/j.marpol.2018.02.004
https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


www.manaraa.com

fmars-06-00045 February 15, 2019 Time: 16:16 # 14

Bohorquez et al. Filling the Data Gap

Shaffer, M. L., Scott, J. M., and Casey, F. (2002). Noah’s options: initial cost
estimates of a national system of habitat conservation areas in the United States.
Bioscience 52, 439–443. doi: 10.1641/0006-3568(2002)052[0439:NSOICE]2.0.
CO;2

Thur, S. M. (2010). User fees as sustainable financing mechanisms for marine
protected areas: an application to the Bonaire National Marine Park. Mar. Policy
34, 63–69. doi: 10.1016/j.marpol.2009.04.008

UNEP-WCMC and IUCN (2016). Protected Planet Report 2016: Update on Global
Statistics. Gland: IUCN.

United Nations Department of Economic and Social Affairs (2017). The Sustainable
Development Goals Report. New York, NY: United Nations Department of
Economic and Social Affairs.

United Nations Development Programme [UNDP] (2012). Catalysing Ocean
Finance Volume I: Transforming Markets to Restore and Protect the Global
Ocean. New York, NY: UNDP.

United Nations Environment Programme (2011). Strategic Plan for Biodiversity
2011–2020: Further Information Related to the Technical Rationale for the Aichi
Biodiversity Targets, Including Potential Indicators and Milestones. New York,
NY: United Nations Environment Programme.

Venter, O., Fuller, R. A., Segan, D. B., Carwardine, J., Brooks, T., Butchart,
S. H. M., et al. (2014). Targeting global protected area expansion for
imperiled biodiversity. PLoS Biol. 12:e1001891. doi: 10.1371/journal.pbio.
1001891

Weary, R. (2017). Debt Conversions to Finance Action on the Blue Economy
for Small Island Developing States. in (Openchannels.org). Available at:
https://www.openchannels.org/webinars/2017/debt-conversions-finance-
action-blue-economy-small-island-developing-states

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Bohorquez, Dvarskas and Pikitch. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Marine Science | www.frontiersin.org 14 February 2019 | Volume 6 | Article 45

https://doi.org/10.1641/0006-3568(2002)052[0439:NSOICE]2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052[0439:NSOICE]2.0.CO;2
https://doi.org/10.1016/j.marpol.2009.04.008
https://doi.org/10.1371/journal.pbio.1001891
https://doi.org/10.1371/journal.pbio.1001891
https://www.openchannels.org/webinars/2017/debt-conversions-finance-action-blue-economy-small-island-developing-states
https://www.openchannels.org/webinars/2017/debt-conversions-finance-action-blue-economy-small-island-developing-states
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


www.manaraa.com

© 2019. This work is licensed under
http://creativecommons.org/licenses/by/4.0/ (the “License”).  Notwithstanding
the ProQuest Terms and Conditions, you may use this content in accordance

with the terms of the License.


	Filling the Data Gap – A Pressing Need for Advancing MPA Sustainable Finance
	Introduction
	Methods
	Literature Review
	Quantitative Comparison

	Results
	Literature Review
	Quantitative Perspective

	Discussion
	Taking Stock of Current Literature
	Quantitative Snapshot
	Theoretical Interpretation
	Property Rights
	Logistics and Operational Costs for Management


	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


