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Biodiversity offset practices often focus solely on securing ecological validity, despite biodiversity
providing various human benefits such as ecosystem services (ES); the use of which is often lost by
both the development project and the offset itself. In this paper, a framework is suggested to rationally
examine the compensatory measures for ES use losses and tested with actual offset cases in
developing countries, focusing on endangered coral ecosystems. In the framework, we first evaluate the
necessity of compensatory measures for the losses of coral ES (CES) uses then suggest the restoration
measures of CES uses instead of provisions for livelihood supports. The restoration measures include
the provision of alternative sites and improvements to reduce the environmental load of the uses. The
framework revealed that the necessity of compensation measures and the suitable restoration measure
are varied depending on the original location and type of the CES uses, even within small areas.
Together with optimum offset site selection, restriction of the destructive CES uses, integrating existing
community-based resource management schemes, these careful considerations of CES in biodiversity
offset provides hint that enable local people to achieving a balance between conservation and use.
However, state of CES uses and corals should be monitored to ensure the framework effect. We further
discuss the condition to apply this framework.

Key words: Biodiversity offset, coral, ecosystem service, restoration, developing country.

INTRODUCTION

Biodiversity offsets (offsetting) are the measurable
conservation outcomes from actions taken to compensate
for the residual adverse impacts of development projects
on biodiversity, after taking prevention and mitigation
measures (BBOP, 2012). The goal of offsetting is to
reduce the net loss of biodiversity to at least zero, that is,
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to achieve “no net loss” (Bull et al., 2013; Ledec and
Johnson, 2016). However, it is acknowledged that
offsetting has various issues, such as the uncertainty of
the offset achievement, poor arrangement of long-term
monitoring, insufficient evaluation of the offsetting impact
on biodiversity value for humans, and the physical
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distance of the prospective beneficiaries of offsetting to
the recovery site (Maron et al., 2016; Grimm and Képpel,
2019; Souza et al., 2021). The most fundamental issue of
offsetting is the tradeoff between conservation and use;
the uses are predominantly supplied by healthy
ecosystems well conserved, however, such ecosystem is
degraded with the increasing uses (Moreno-Mateos et al.,
2015; Sonter et al., 2020). These issues become failure
risks of offsetting unless proper considerations are taken.

In developing countries, particularly within rural areas,
these issues are more serious. This is because local
livelihoods often rely largely on natural resources (Bidaud
et al, 2017; BBOP, 2012). However, many offset
practices focus only on securing ecological validity
(Gelcich et al., 2017). Therefore, international aid
organizations have recently requested that the social
aspects of offset practices also be considered (BBOP,
2012; Ledec and Johnson, 2016; Jacob et al., 2016). The
benefits provided by nature are generally called
ecosystem services (ES).

In the long term, offsetting can restore ES loss via
ecosystem recovery, if the offset site is located proximally
to the impacted area (Agar et al.,, 2019; Ledec and
Johnson, 2016). However, the current offset policy lacks
evidence ensuring the offset's potential for ecological
restoration (Maron et al., 2012). This is an uncertainty of
the offsetting and is caused in part by the poor
arrangement of long-term monitoring, which means that
the restoration of ES loss is also uncertain (Jossefson et
al., 2021). In addition, since a traditional impact
assessment lacks explicit guidance, an ES may be
gualitatively evaluated as an item such as land use,
habitat and land planning, but such evaluations may also
miss some ESs (Honrado et al., 2013) and less
considered biodiversity value for human beings (Souza et
al., 2021). In contrast, during the offsetting period,
additional ES losses often occur as natural areas
acquired as offset sites and certain uses of the ESs are
restricted for offset site management (Ledec and Johnson,
2016; Bidaud et al., 2017). Moreover, ES losses induced
by development projects will remain for a certain period
until “no net loss” is successfully achieved (Bullock et al.,
2011). Due to these circumstances, many local livelihoods
could be threatened by ES losses. While, the pattern of
ES use varies from site to site depending on demographic
dynamics (Honrado et al., 2013). Therefore, such ES
losses may not be serious depending on the location.

To supplement the lack of guidance available when
considering ES offsetting, ES considerations for the
establishment and management of protected areas (PA)
could be used as a reference, as both PAs and offset sites
ultimately have the same objectives (Benabou, 2014;
Bidaud et al., 2017). Furthermore, a number of studies
have scientifically and practically demonstrated the key
points required for successful PA establishment and
management (Edgar et al., 2014; Kelleher, 1999; Lester

et al., 2009; Leverington et al., 2010). However, we must
pay further attention to the considerations of ES for
offsetting because the uses of ES (ES uses), which are
affected by both development projects and offsetting, can
be concentrated elsewhere, causing conflicts and further
resource degradation (Bidaud et al., 2017). Thus,
developing a methodology by which to address cumulative
ES losses and consequent social problems is a key
challenge in offset planning (Jacob et al., 2016).

In recent studies, to tackle the above-mentioned issues,
an approach was proposed that selects offset sites using
three criteria: (1) those with higher restorability to mitigate
uncertainty; (2) those with a lower human dependency on
ES to mitigate trade-offs and reduce additional loss and
conflict; and (3) those with easy access for users to
mitigate the physical distance (Takeda et al., 2020).
However, this approach will not solve all offsetting issues;
the additional and remaining losses should be
supplemented through compensatory measures such as
livelihood support or monetary payments, and/or any
other suitable approaches.

In conventional practices of development projects and
PA management, various livelihood supports have often
been provided as compensatory measures against losses
or restrictions on ES (Munthali and Mughogho, 1992;
Sievanen et al.,, 2005; Triet, 2010); however, in many
cases, the effects of these supports have been
questioned or criticized as ineffective (Ireland, 2004;
Wright et al., 2015; Roe et al., 2017; Lowe et al., 2019).
Furthermore, because of insufficient monitoring data for
social changes, many cases have failed to evaluate the
effects (Roe et al.,, 2017; Wicander and Coad, 2018).
Given the financial difficulties of developing countries,
compensatory measures should be effective. Therefore,
the restoration of lost ES uses might be more realistic as a
compensation measure.

Coral reefs have developed from the tropics to the
subtropics and sustain a rich biodiversity in many
countries (Moberg and Roénnbéack, 2003; Yeemin et al.,
2006). Most coral reefs are in developing countries within
the tropical zone (Birkeland, 1997; Gomez, 1997).
However, those coral reefs under threat due to recent
development activities and/or urbanization (Cesar et al.,
2003; Wilkinson, 2008), as well as rising sea temperatures,
and the acidification of seawater (Burke et al., 2001). To
address these situations, several coral propagation
techniques, such as simple transplantation, transplantation
of nursery-raised corals, and electro-stimulation have
been implemented on a trial basis (Barton et al., 2015;
Jacob et al., 2018). However, fundamental challenges to
propagation have also been identified, such as the
difficulty in selecting sites that meet physical and
biological conditions, the removal of anthropogenic
stressors, and the measurement of restoration success
and long-term monitoring (Bayraktarov et al., 2016).
Furthermore, there are more cautious opinions that state
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Figure 1. Mitigation hierarchy against losses to ecosystems and ES uses, and study approaches proposed in this
paper (indicated by dashed squared circles). The figure is modified those of Takeda et al. (2020).

Source: Authors

there are no established techniques of propagation
(Precht et al., 2005; Edwards and Gomez, 2007; Hein et
al., 2017). For this reason, offsetting through the
establishment and management of PAs is likely to be
more realistic as a countermeasure, at least in the
mitigation of the adverse impacts of development projects
on coral in developing countries. However, a marine
environment presents unique challenges such as
environmental complexity and difficulty in the governance
of resource management, and therefore, a detailed study
on how these challenges can be dealt with through an
offset practice is expected (Niner et al., 2017, Jacob et al.,
2020).

The objective of this paper is to develop a framework
that efficiently compensates for the losses of coral ES
(CES) uses induced by both development projects and
offsetting. The framework rationally evaluates the
necessity of compensation and places a priority on
restoring the lost CES uses by examining the social
situation surrounding ES uses in and around the affected
area. the framework was applied to an actual coral
offsetting case and discussed its advantages and the
possibilities for sustainable CES uses.

METHODOLOGY
Approach
The mitigation hierarchy against the loss of ecosystems and ES

uses and the study approaches by which to consider compensatory
measures to loss are shown in Figure 1. Since the loss of ES uses

may not be serious, the necessity of compensatory measures for
each ES use was first evaluated. Once a certain necessity is
recognized, restoration measures will be suggested.

Framework

The framework used to examine compensatory measures is
described in Figure 2. This framework ultimately aims to consider
two items that coincide with the study approach: (A) the evaluation
of necessity for compensatory measures; and (B) the suggestion of
restoration measures. Item (B) can be further codified into three
subcategories; (1) suggestion of measures to improve the CES
uses® so as not to impact corals; (2) the identification of alternative
sites that can accommodate impacted CES uses; and (3) the
evaluation of the necessity for livelihood support.

To evaluate the necessity for compensatory measures, we
estimated how much each CES use contributes to livelihoods
(analysis “1”), how the restriction of CES uses is perceived (analysis
“2"), and how much CES use has been impacted by the
development project and will be impacted by the offsetting (analysis
“3"). Since some ES, such as cultural services, are difficult to
replace with a monetary value (Bullock et al., 2011; Calvet et al.,
2015; Moreno-Mateos et al., 2015), the contributions of CES uses
were estimated using two types of data: The level of original
engagement in the CES activities® (data “a”) and the purpose of the
CES activities (data “b”). The perception to the restriction is

CES uses refer to local people’s uses of provisioning and cultural services of
coral ecosystems that are restorable through offsetting.

%CES activities refer to the specific social activities using the provisioning and
cultural services of the coral ecosystem.
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estimated using direct data about the acceptance of the restrictions
and its reasons (data “c”). The impacts of the development project
and offsetting on CES uses are estimated from the CES activities
continuation status (data “d”), reasons for the discontinuation (data
“e”), and the inconvenience felt when performing the CES activities
(data “f").

If specific CES uses have a high need for compensation, the
content of the restoration measures is examined for those uses. To
examine these, the necessary conditions for CES uses (analysis “4”)
are estimated from four types of data: Reasons for the
discontinuation (data “e”), inconvenience felt when performing CES
activities (data “f”), sites for the current CES activities (data “g”), and
necessary conditions required to perform the CES activities (data
“h”).

Eventually, the necessity for compensation measures and the
restoration measures are comprehensively examined for each CES
activity and original site uses. If reasonable restoration measures
are not found, the necessity of the livelihood supports is evaluated.

Application to a coral offset case

This framework was applied to a coral offsetting case induced by a
wharf development project in the Republic of Vanuatu. The idea of
offsetting in this case is that offset coral losses by creating a new PA
at a site where mechanically damaged corals exist in a Community
Conservation Area (CCA) that is under registration process. The
outputs of the framework are expected to be incorporated into the
CCA management plan, and the restriction of activities will be newly
set, specifically for the offsetting on top of the CCA regulations, to
secure the additionality of the offsetting. Two (2) offset sites, named
Ifira East and Fatumaru in Port Vila Bay (where the wharf project site
is located), were officially selected as the offset sites from four
candidate sites (Figure 3) after analysis of their advantages and

disadvantages (Takeda et al.,, 2020). Those advantages and
disadvantages were evaluated based on the following: (1) levels of
dependency on CES, (2) restorability®, and (3) accessibility for CES
users and/or managers. Ifira East is advantageous because of its
high restorability, while Fatumaru is advantageous in terms of both
its restorability and lower dependency. These offset sites were
declared by the executing agency to the residents of Port Vila City
after a series of consultations with stakeholders, including the
primary CES users and the resource managers of Port Vila Bay.

Surveys

A preliminary survey was conducted in October 2017 before
construction of wharf was completed, in which random interviews
were held on the street around the local market, schools, and
residential areas of Por-Vila City. The aim was to test the question
items to be used for the main survey and to roughly grasp the CES
activities performed around Port Vila Bay. This interview style was
adopted as the required information did not depend on the locality,
and with the aim to hear opinions directly from various people.
Response alternatives for questions were predetermined based on
the census report of Port Vila City (McEvoy et al., 2016) and advice
from the Japan International Cooperation Agency local office. A total
of 11 residents responded to the interview.

The main survey was conducted in January and March 2018 after
construction was completed, and it used face-to-face structured

® The term “restorability” refers the possibility of restoring ESs through
ecosystem restoration.
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interviews with CES users of the wharf development project site
(development project site) and offset sites (Ifira East and Fatumaru)
to collect data “a,” and “b,” as described previously. Additionally,
between December 2018 and July 2019, further face-to-face
structured interviews were conducted with CES users to collect data
“‘c,” “d,” “e,” "f,” “g,” and “h,” also as described previously. An
interview style was used rather than questionnaire surveys, after
considering the difficulty of collecting filled-in questionnaire sheets
from the respondents due to cultural background and the social
circumstances of Vanuatu. Preliminary surveys found that most of
the locals used the provisioning and cultural CES in some manner
around Port Vila Bay, and that most locals could thus be considered
CES users. Therefore, in the main survey, the CES users targeted
for the interviews were not specifically pre-identified. Instead, the
location where the main CES users of each site live were
pre-identified with advice from the executing agency and a census
report of Port Vila City (McEvoy et al., 2016). Furthermore, instead
of a random sample taken from the entire population of the target
site, the locals who were willing to communicate on the interview
date and time were interviewed. Similarly, as the study did not
employ a purely quantitative approach to prove a hypothesis but
adopted a mixed method that combines qualitative and quantitative
examination, the sample size was not defined. All interviews were
conducted individually without prior notice to avoid response bias
resulting from communication among interviewees. The
interviewees were Vanuatuans between age of 11 and 79; gender,
affiliation, religion, and tribe were not considered. The details of the
interviews are presented in Table 1. The number of responses used
for the analysis was less than the actual number of interviewees
because no answers were obtained from all interviewees depending
on the analysis types.

The questions and answer options used in the main survey are
described in Table 2. For most questions, choices were given
considering the ease of answering and to avoid unit
misunderstandings. Since the preliminary survey identified four CES
activities, mainly performed in Port Vila Bay: Fishing, recreation,
tourism business, and sand mining, the interviewees were asked
about these CES activities in all questions. For the level of
engagement in CES activity, the interviewee was asked not only for

their original engagement, but also its frequency and duration, as
these contribute to our understanding of their dependence on the
CES. This assumption, for example, is supported by Salagrama
(2006) who emphasizes a clear correlation between the number of
working days of fishermen and their food security. For the purpose
of the CES activities, recreation and tourism business were clearly
conducted for spiritual fulfilment and income generation,
respectively. Therefore, data were collected only for fishing and
sand mining. In general, sustainable livelihoods could not be
achieved from securing food alone, but a cash income was also
required. Therefore, if “for selling” was frequently answered, these
activities are more likely to contribute to the interviewees’ livelihood.
On acceptance of the activity restrictions and continuation status of
the CES activities, the reasons were asked but interviewees were
not forced to give their answer to avoid disruptions to the social
order.

For the necessary conditions required to perform CES activities,
the answer options and categories provided are described in Table
3. Since the options provided may be insufficient, "others"” was also
available to allow a free answer. Among the categories, “substance”
reflects the substantive characteristics of provisioning and cultural
CES. Therefore, if “substance” is frequently answered, similarities in
CES should be considered when selecting alternative sites.

Data processing and analysis

The percentage of each answer was calculated by dividing the
number of answers by the total number of answers for each site
and/or for each CES activity; except for the reason for the
discontinuation as not enough answers were obtained and the
inconvenience felt which requires an answer regardless of the site
and CES activity. For the level of original engagement in the CES
activities, the engagement rate, weighted sum of engagement
frequency, and engagement duration were multiplied with each
other for each activity to optimize the engagement level. For the
inconvenience felt, the frequency of answered option within a
category was first divided by the number of answer options, then the
percentages of each category were calculated in addition to the
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Table 1. Details of the interviews of main survey.

Demography
. Number of  Gender ratio of . Youth Population Older
Interview Inttitranr;/nlzw Target site Interview location the the interviewee ocmldren population  aged (30-59  population  Unknown
interviewee  (Male/Female) ;Id)@a)rs (15-29years  yearsold)  (60-100 years (%)
° old) (%) (%) old) (%)
15t ] M Offset sites Ifira East [fira Island 90 1.6 22 50.0 38.9 8.9 0.0
eview  o01g Fatumaru Anabrou-Melcoffee Ward 100 16 0.0 57.0 380 5.0 0.0
Development project site Ifira Island 91 1.8 2.2 33.0 52.7 9.9 2.2
Ifira E i Vi
2nd Between Dec.  oreot gitgg 112 oSt fira Island and Port-Vila 50 23 00 372 488 93 47
. 2018 and Jan. Fatumaru city
Interview . , )
2019 Development project site Ifira Island 43 4.4 0.0 22.0 72.0 2.0 40
Reference Port-Vila & Ifira* 1.0 31.2 32.3 324 4.1 0.0

*Data cited in Vanuatu National Statistics Office (2016).

calculation of each answer percentage. The percentage of
each category was organized for the development project
site and for offset sites to propose suitable restoration
measures for each of these site categories. Since statistical
analysis using a mixture of qualitative and quantitative data
is not realistic, each data category was individually
organized and the analysis results were comprehensively
interpreted with respect to the previously described
procedure for a qualitative study introduced by Otani
(2017).

RESULTS
Contributions of the CES uses to livelihoods

The level of original engagement in the CES
activities at each site is shown in Figure 4. Fishing
consistently showed high engagement levels
among the sites, indicating that fishing is a major
activity in Port Vila Bay. While there was also a
high level of engagement for recreation, its activity
levels fluctuated between the sites. For tourism
business, engagement was high at Ifira East and

the development project site, but extremely low at
Fatumaru, while sand mining showed the lowest
engagement levels across all sites. Among the
CES activities, it is obvious that tourism business
is a source of income and that it contributes to
people’s livelihood. However, it is uncertain
immediately whether fishing contributes to
people’s livelihood as they may also fish for
recreational purposes. However, recreation plays
an important role in the spiritual fulfillment of
people (Millennium Ecosystem Assessment, 2003),
and therefore, fishing might indirectly contribute to
their livelihood. Sand mining is highly likely to
contribute to livelihoods as a source of income and
as a construction material.

The purposes given for the CES activities are
summarized in Figure 5. For fishing, “for
self-consumption” is the most prominent purposes
while “for selling” was less answered among the
sites. However, if including the combined option of
“both,” the portion of “for selling” increased at Ifira
East and the development project site; therefore,

fishing is a main means of livelihood for certain
people and at certain sites. For sand mining, more
than 90% of the responses were “for personal use,”
although the number of responses was low. These
results combined with the low level of engagement
in sand mining, indicate that it is not a critical CES
activity that sustains people’s livelihood.

Perception to the restriction of CES uses

The acceptance to the restrictions of CES
activities is presented in Figure 6. For fishing,
“totally accept” was the highest (62%), however,
“partly/conditionally accept” was low (6%);
therefore, its total acceptance percentage was
less than 70%. In contrast, for recreation and
tourism businesses, there were fewer “totally
accept” responses (34 and 42%, respectively), but
a higher percentage for “partly/conditionally accept”
(38 and 32%, respectively); consequently, its total
acceptance percentage was more than 70% for
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Data to be collected

Question

Answer option or unit

Level of original engagement in CES
activities

Purpose of the CES activities (only for
fishing and sand mining)

Occupations of the engaged persons

Acceptance of activity restrictions and
its reasons

Continuation status of CES activities
Reasons for the discontinuation

Inconvenience felt when performing
CES activities

Sites where CES activity is currently
being conducted

Necessary condition to perform CES
activities

Had you been doing any activities in the sea area?
How often had you been doing it?
How long had you been doing it?

What was the purpose of those activities?

What is your occupation?

Do you accept activity restrictions for offset site
management?

What is the reason for acceptance/rejection?

Are you still doing those activities?

What is the reason for a discontinuation?

Do you feel inconvenience to do the activities?
If you feel please specify the reason.

What is the site where activities are currently being
conducted?

What is the necessary condition for performing the
activities?

Fishing / recreation / tourism business / sand mining*
Days / month
<1 year/ 1-5 years / 6-10 years / 11-15 years / 16-20 years / >20 years

For self-consumption (For personal use) / For selling/ both

Fishermen / Farmers / Company employees / Shop employees / Shop owners /
Police / Military service members / Other occupations / No occupation*

Totally accept / Partly or conditionally accept / Barely accept / Fully reject
Free answer

Continued / discontinued

Free answer

Yes / No
Free answer

Star wharf (development site) / Ifira east coast (offset site) / Iririki east coast
(offset candidate site / Vatumaru bay (offset site) / others*

See Table 3*

*Multiple answering is allowed.
Source: Authors

or conditional the environmental load and if the restricted and

each activity. Meanwhile, sand mining obtained
moderate “totally accept’ (48%) and low “partly/
conditionally accept” (12%) responses;
consequently, its total acceptance percentage was
the lowest at 60%.

The reasons for acceptance are listed in Table 4.

The main reason for full acceptance is concerning

the negative environmental impacts of each activity.

This means that CES users were interested in
resource management. In contrast, the most

common reasons for partial
acceptance were to segregate restricted and
non-restricted areas, depending on the
destructiveness of the activities. According to
Takeda et al. (2020), most recreational activities
and tourism businesses do not have positive
correlations with the mechanical damage of corals,
but they do have the potential to cause damage in
shallow areas. Thus, if the activities to be
restricted could be rationally identified considering

non-restricted areas could be segregated as
zoning, compensatory measures may not be
required for all activities.

Impacts of development projects and offsets
on CES uses

The continuation status of CES activities is
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Table 3. Necessary conditions required to perform CES activities provided in the main interview.

Options given to interviewees for their answering

Categor — - — . - —
gory Fishing Recreational activities Tourism business Sand mining
Substance Many fish Beautiful place Beautiful environment Sand
Good atmosphere Many tourists Quality of sand
High safety
Resources  Available fishing gear Clean place Many fish Co-workers
Co-workers Less crowded Corals
Corals Co-workers
Many fish
Access Easy access Easy access Easy access Easy access
Close to fish landing site Close to tourism agent Close to residence
Close to fish market Close to market
Rules Legally/customarily allowed  Legally/customarily allowed Legally/customarily allowed Legally/customarily allowed
Others Others (Free answer) Others (Free answer) Others (Free answer) Others (Free answer)

Source: Authors
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Figure 4. Level of original engagement in CES activities by site.

Source: Authors

described in Figure 7. The highest continuation occurred
in sand mining (100%), followed by fisheries (71%),
tourism business (63%), and then recreation (57%). Since
sand mining exhibited a low engagement level and had a
low number of respondents, this result may not be
plausible. These results infer that certain CES users
discontinued their relevant activities. However adverse
impacts from the development project and offsetting on
the CES uses cannot be predicted from this data alone.
Furthermore, only four respondents provided answers for
the reasons for discontinuation. One responded that

pollution had increased, and the remaining three
responded that the development project itself was the
reason. It is difficult to hypothesize why pollution
increased, but the responses suggest that the
development project impacted the continuity of the CES
activities to a certain extent.

The inconvenience felt when performing CES activities
is shown in Figure 8, and the number of respondents who
experienced an inconvenience (33%) was greater than
those who did not (21%). Pollution, resource degradation,
and marine waste were the major inconveniences felt, as
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shown in Figure 9. However, other respondents also cited
unwelcome rules and regulations and fuel use increases
as inconveniences.

These results do not clearly indicate the impact of the
development project but suggest that the impacts from
construction and new wharf operations may increase
environmental degradation and force the original CES
uses to move to other areas. The forced movement can
also be caused by offsets, suggesting the offset impact on

CES uses. However, the degree of offset impact may be
less than the development project impact as the offset
theoretically does not cause environmental degradation.

Necessary conditions of the CES activities

The sites that responded, where CES activities are
currently being conducted, are summarized in Table 5.
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Table 4. Reasons for accepting restrictions.

Reason

CES activities

Fishing

Recreation

Tourism business

Sand mining

Reasons to totally
accept the
restrictions

Reasons to
partly/conditionally
accept the
restrictions

Reason for barely
accept the
restrictions

Reason for fully
reject the restrictions

-Restrictions are necessary for fish and
marine organism reproduction

-To create a beautiful environment for
marine life and human beings

-Marine resources can be recovered
following the restrictions

-Restrictions are a necessary practice
since marine resources are decreasing
*Resource management and avoiding
over-exploitation

-Restrictions ultimately result in higher
incomes

-Fishing impacts the environment and
marine resources

-We have to follow the regulation
-Fish populations are decreasing

-To conserve the environment

- To sustain marine life

-If fishing methods that do not damage
corals (e.g. shore fishing, boat fishing,
offshore fishing) are allowed

-If restricted area and non-restricted
areas are separated

*No answer

*No answer

-People can continue recreational
activities in another place

-To create a beautiful environment for
marine life

-Recreation impacts on resource and
environment

-To avoid environmental disturbances
-People destroying marine resources
*To pursue the miracle of Efate Island
*To conserve the environment

- To protect the environment

+To conserve corals

-If non-destructive activities are
allowed (because swimming and
snorkeling are a part of life).
+Restrictions should be dependent on
the type of recreational activity

If restricted area and non-restricted
areas are separated

-Small areas should be secured to
continue recreational activities

-If alternative places are prepared

-No answer

-Recreation is not harmful

= Tourism can provide livelihoods but
impacts the environment and marine
resources

-Restrictions are necessary to avoid
environment disturbance

*Tourism leads to disturbances of the
marine environment

*Tourism impacts the environment
and marine resources

-Beach usage should be altered for
children

-To help tourists create a better
environment

*Restrictions in limited areas are not a
problem

*Tourism destroys marine resources
*Tourism destroys the environment
*Tourists walk on corals

*The livelihoods of some people
depend heavily on the tourism
business (these people should be
excepted)

- If restricted area and non-restricted
areas are separated

*No answer

*No answer

-To mitigate soil erosion and
associated sea level rise,
which is a common issue in
the Pacific Islands

-Sand is decreasing and
erosion seems to be
progressing

-Sand mining impacts the
environment and marine
resources

-Sand mining induces
coastal erosion

-To avoid damage caused
by a sea level increase
-Sand amount is decreasing
-To recover marine life

- Collections of small
amounts of sand should be
allowed

*The amount of sand cannot
be recovered through coral
offsets

*No answer

Source: Authors

The sites with the most respondents were the
development project site (33%), followed by

Ifira

West (23%), and Ifira East (19%). Ifira East is the
closest to the development project site followed by

tended

Ifira West. These results indicate that CES users
to continue their activities at the original
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Figure 8. Inconvenience felt when performing
CES activities (n = 43).
Source: Authors

location or within its vicinity after construction completion.
Notably, recreation and sand mining continued mainly in
Ifira West but not at the development project site. In
contrast, fishing and tourism businesses continued mainly
at and near the development project site, thereby
suggesting that fishing and tourism businesses could be
continued relatively easily, even during new wharf
operations. These results imply that good access could be
an important condition for certain CES activities.
Considering the reason for discontinuation and the
inconveniences felt, healthy environments are supposedly
one of the most important conditions for CES activities.
However, since fishing and tourism businesses could
continue around the development project site where the
environment was degrading, there may be more important

Unwelcome
rules
/regulations
7%
Fuel use
increase / Pollution (not
7% R specified)

Resource
degradation
27%

Figure 9. Types of inconvenience (free description, n = 13).
Source: Authors

conditions to consider, depending on the CES activities.
The responses to the necessary conditions and their
categories are illustrated in Figures 10 and 11,
respectively. It is obvious that many responses belong to
the substantive condition that reflects the CES (Figure 11).
This means that many CES users are aware of the
substantial characteristics of the CES when performing
their activities; for example, “Many fish” was the most
frequent answer for fishing. Consequently, an area that
accommodates many fishes should be selected as an
alternative site for fishing. Furthermore, for recreation in
the offset sites, “easy access” would be required, based
on the responses. This is possibly because recreation
often requires frequent traveling. Additionally, rules are
also a necessary condition especially for recreation and
sand mining. This may explain why recreation and sand
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Table 5. Sites where CES activities are currently being conducted (multiple answers, n = 21).

Development

Others (inc. not

Activity : - Ifira East  Ifira West  Iririki East Fatumaru s Total
project site specified)
Fishing 9 6 6 5 1 2 29
Recreation 3 1 5 1 0 2 12
Tourism business 7 5 2 5 0 0 19
Sand mining 1 0 2 0 0 0 3
Others 1 0 0 0 0 0 1
Total 21 12 15 11 1 4 64
Percentage 33 19 23 17 2 6 100

Source: Authors

mining mainly continued outside of the development
project site (Table 4), specifically because of new rules
formulated for wharf operations.

Consideration of restoration measures

The necessity of compensation and the restoration
measures are shown in Table 6. Fishing is a prominent
CES activity among the sites. Higher dependence on the
living marine resources and higher engagement in fishing
around Port Vila City was also previously reported by
Trundle and McEvoy (2015). As reasons for the
discontinuation and the inconvenience, environmental
degradation supposedly induced by the development
project was often the response. These responses indicate
that the necessity of compensation is high. However,
fishing is not a major means of income generation.
Additionally, the interviewees tended to accept fishing
restrictions to enable resource management. From these,
the necessity of compensation can be evaluated as
moderated for the development project site. While the
necessity is low for the offset sites because offsetting
theologically does not cause environmental degradation
and an increase in the abundance of fish can be expected
due to the offset’s conservation effect. The most important
condition for fishing is fish abundance, and the current
major fishing sites are the development project site and
Ifira West, which suggests that fish are abundant at these
sites. Therefore, the following restoration measures were
suggested: (1) An alternative fishing site should be
designated at the development project site but rules for
safety and the prevention of marine pollution should also
be installed; (2) An alternative fishing ground should also
be designated at Ifira West, but measures such as the
installation of a floating pier and an information board
citing the environmental rules are desirable to avoid
further coral damage.

The level of engagement in recreation was high at Ifira
East and Fatumaru. However, a certain number of

interviewees discontinued the recreation and/or found
inconveniences to enjoy them, after the construction was
completed. Furthermore, many interviewees suggested
restriction/no restriction zoning for specific recreational
activities as a condition of the recreation restrictions. In
general, recreation keeps people mentally healthy.
Considering these points, the necessity of compensation
is high for Ifira East and Fatumaru users. For the
restoration measure option, good access was found to be
a key. Therefore, alternative sites should be designated in
the vicinity of the original sites. To avoid further
mechanical damage to the corals via trampling,
alternative sites should be located at a sandy beach or
should have a certain depth. Some sandy areas with
patchy coral colonies between Ifira Island and the
development project site, as well as the adjacent coastal
area of Fatumaru, are appropriate as they are both
located proximally to the original sites. To ensure that
further coral damage is avoided measures should be
taken, such as installing a floating pier and an information
board to cite the environmental rules.

Tourism businesses contribute to people’s livelihood,
and engagement in them was high at Ifira East and
development project site. In addition, a certain number of
interviewees reported that they discontinued their
businesses and/or experienced inconvenience to perform
their business due to the development projects.
Furthermore, many interviewees suggested restriction/no
restriction zoning for specific tourism as a condition of the
tourism restrictions. Considering these points, the
necessity of compensation is high for Ifira East and
project sites users. The most frequently identified
condition for a tourism business was “a beautiful
environment”, followed by “many tourists.” Moreover, the
development project site was the most frequently
identified location for current tourism businesses, followed
by Ifira East and Iririki East. This infers that local people
gather tourists at the new wharf and take them to
surrounding sites to let them enjoy the beautiful
landscape. The demand for tourism business will increase
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Table 6. Summary of the proposed restoration measures.

Alternative site that can Necessity of

Necessity of Measures to improve CES activities

Activity accommodate CES . livelihood
compensatory measures L S0 as not to impact the corals
activities supports
Set-up of rules for safety fishing and
Moderate for development prevention of marine pollution at
_ project site users; Development project site  development project site;
Fishing Low for Ifira East and Ifira West Installation of floating pier on shallow Low so far
Fatumaru users reefs and information board that cites
the local environmental rules
High for Ifira East users and  Area between . . .
Fatumaru users: development proiect site Installation of floating pier on shallow
Recreation : op pro) reefs and information board that cites  Low so far
Moderate for development and Ifira Island :
) ; o the local environmental rules
project site users Vicinity of Fatumaru
High for Ifira East users and . . .
Tourism development project site Development project site Installation of floating pier on shallow
. - P proj evelop proj reefs and information board that cites  Low so far
business users; Iririki west coast :
the local environmental rules
Low for Fatumaru users
Sand mining  Low for all sites No need to specify As needed basis Low so far
Source: Authors
with the operation of the new wharf, and consequently, (an offset site), Iririki West which has beautiful sandy

the development project site should be designated as an beaches should be suggested as the alternative site for
alternative site for gathering tourists. Instead of Ifira East tourists. However, tourism has the potential of causing



coral degradation. Therefore, the installation of a floating
pier and the establishment of rules such as ban on
standing and trampling on the corals should be
undertaken.

For sand mining, the level of original engagement was
low at all sites, and the purpose was personal use, and
thus it is not considered a major means of livelihood.
Additionally, many of the CES users continued their sand
mining after construction was completed, and the
acceptance level for sand mining restrictions is generally
high. Considering this information, compensatory
measures are not immediately required and should be
adopted on an as-needed basis.

Thus, a combination of alternative sites and
improvement measures could be suggested for all CES
activities except for sand mining, which has low
compensation necessity. Overall, the necessity of
livelihood supports was low for all CES activities.

DISCUSSION
Advantages and disadvantages of the framework

Offsetting could have potential conservation effects. In
addition, through the continuation of CES activities at
multiple alternative sites with minimum inconvenience and
reduced environmental load, it may be possible to
minimize the concentration of CES uses and consequent
conflict, and eventually balancing between conservation
and use theoretically can be achieved. However, to
confirm such outcomes for the framework, time series
change for the CES uses and the coral state should be
monitored for certain periods after the enforcement of
relevant laws and regulations. Of course, the cooperation
of stakeholders is essential. In this context, the framework
is incomplete. The framework only proposed reasonable
alternative sites and improvements of the CES uses, and
did not confirm the adequacy of those measures.

In Port Vila Bay, Takeda et al. (2020) previously found a
positive correlation between some CES uses and coral
damage. For example, line fishing and spear fishing were
correlated with mechanical coral damage, which may be
caused by walking and/or standing in a shallow area
(Takeda et al., 2020). These fishing methods are common
in some communities around Port Vila Bay (McEvoy et al.,
2016). In this context, measures proposed through the
framework, such as the dispersion of alternative sites,
awareness creation, and the installation of floating piers,
could help to avoid further coral degradation while
maintaining CES uses, and are therefore advantageous.
The framework revealed that the social situation and
changes necessary to propose compensation measures,
such as contribution of the CES uses to livelihoods,
perceptions of the CES use restrictions, conditions of
CES uses and, actual adverse impacts of the
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development project and offsetting, all varied from site to
site, even within a relatively small area. This helped to
screen and prioritize the CES uses that require
compensation and consequently enabled us to suggest
alternative sites and improvements for CES uses.
However, donor’'s safeguard policies also stipulate the
consideration of social situations and changes through
baseline socioeconomic studies and consultations with
locals, to ensure the project’s risks (e.g., The World Bank,
2016). This means that this idea of the framework is not
new.

The framework is unique in that the CES, which are
difficult to quantify, are rationally considered for both the
development project and offsetting and it can suggest
restoration measures per CES uses by considering the
characteristics of the original location and use style. For
example, the framework indicated that fishing at the
development project site was impacted by environmental
degradation but continued after construction completion.
In contrast, fishing at an offset site may not be largely
impacted by degradation. Eventually, the continuation of
fishing at the development project site while setting rules
for fishing safety and for the prevention of marine pollution
was proposed, having found that the development project
site has a higher abundance of fish.

It is notable that the applied project was in the
implementation stage and this situation made it possible
to evaluate the actual impacts; some locals were forced to
use CESs elsewhere, felt they were inconvenient to use,
or even forced to stop their use altogether. Such
implementation stage cases may still fail to evaluate the
actual impacts unless monitoring data is available. This
means that the framework can be conditionally used.

A way forward for the sustainable use of coral
ecosystems

In the same offset case for Vanuatu, the offset sites that
have a high restorability, lower human dependency on
CES, and good accessibility were officially selected, and
the CES activities to be restricted at the offset sites were
announced before this investigation to mitigate the social
impacts of development and offsetting. However, these
measures lacked solutions to manage further social
issues, that is, the remaining losses and additional losses
of CES uses had to be addressed. To respond to this
issue, this investigation has identified suitable alternative
sites and improvements of CES uses as a compensation
measure.

To manage PAs effectively and functionally,
management regimes should respond to the goals of local
communities (McClanahan, 2006). For Vanuatu, the offset
sites will be internalized within the CCA that the local
community is trying to establish for the purpose of
resource management. Although this localized situation is
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not applicable for all offsetting cases, aligning offsetting
with community-based resource management activities is
nonetheless beneficial. Thus, by using optimum offset site
selection, restrictions of the destructive CES uses,
provision of alternative sites for the uses, and the
improvement of the uses and integrating existing
community-based resource management schemes,
offsetting became a more realistic strategy by which to
achieve the sustainable use of endangered coral
ecosystems. However, to ensure the function of the
framework, the social and environmental changes should
be continuously monitored in a participatory manner
respecting community initiatives and with financial and
technical support of relevant authorities after taking these
measures in the offset case of Vanuatu.

Conclusion

Although development projects can benefit nations, the
deterioration of ecosystems associated with these
projects can negatively impact local livelihoods. This
paper suggested a framework by which to examine how
these social impacts can efficiently be compensated in
offsetting practices. By applying the framework to an
actual coral offsetting case, it was found that there is not
always a high necessity level for compensation and those
suitable alternative sites to restore CES activities can
differ depending on the original location of the CES
activities. Furthermore, the framework enabled us to
propose improvements of the CES use to reduce
environmental degradation while maintaining the benefits
of the use at alternative sites. Even though offsetting itself
has the potential to conserve degraded ecosystems, it
was also expected that these findings will facilitate the
sustainable uses of coral ecosystems, which are
increasingly threatened. However, to ensure the function
of this framework further social and coral monitoring are
required.
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