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ABSTRACT. We examined and compared aspects of local-level resilience in 13 coastal communities
within and adjacent to all of Madagascar’s national marine protected areas. Our examination of social
resilience focused on indicators of the flexibility of household livelihood portfolios and both formal and
informal governance institutions, the capacity of communities to organize, their capacity to learn, and
access to household assets and community infrastructure. In general, we found high levels of flexibility in
formal institutions and livelihood portfolios and high levels of participation in decision-making and
community groups. Together, theseindicatorssuggest somelatent capacity to adaptively manageresources,
but this capacity may be offset by poor levels of trust between communities and resource managers, a poor
understanding of the ways in which humans affect marine resources, inadequate feedback of ecological
monitoring to communities, inflexibility in informal governance institutions, and alack of assetsto draw
upon. We suggest that building desirable resilience in Madagascar’ s marine protected areas will require
the following: investments in community-level infrastructure, projects to generate household income, and
enhanced agricultural production to improve the well-being of communities; improvementsin the capacity
to learn through investmentsin formal and informal education; enhanced trust between park staff and local
communities; empowerment of communities to govern and enforce natural resources; the increased
accountability of leaders and transparency of governance processes, adequate cross-scale interaction with
local, provincial, and national institutions; and the pursuit of these activities in ways that capitalize on
community-specific strengths, such as high flexibility and the presence of sociocultural institutions such
as taboos that regul ate resource use.
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INTRODUCTION

Because of high levels of endemism and species
diversity, Madagascar is considered a biodiversity
hotspot (Myers et al. 2000). Consequently, it isa
key focal areafor international conservation efforts.
In 2003, Maagasy President Ravalomanana
announced that by 2009 Madagascar would have
created a 6 million-ha network of terrestrial and
marine reserves to protect its unique biodiversity,
effectively tripling the areaunder protection (Duffy
2006). Although Madagascar’'s commitment to
conservation is an important contribution to global
conservation, only a few studies have examined
conservation in Madagascar from the point of view
of resilience (Bodin et al. 2006, Janssen et al. 2006).

Resilience is the ability of a socia-ecological
system to cope with and adapt to external social,
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political, or environmental disturbances (Folke et
al. 2002, Adger 2006, Gallopin 2006, Marshall and
Marshall 2007). Resilience can be a positive
attribute; for example, adesirable social-ecological
system can absorb multiple perturbations before
shifting to an undesirable state. It can also be a
negative attribute, in that an undesirable
configuration may persist despite attempts to
change it to a desrable one. Scientists,
governments, and natural resource managers have
become increasingly interested in applying
resilience to conservation initiatives by actively
managing for the resilience of social-ecological
systems (Hughes et a. 2005, Lebel et al. 2006,
Marshall and Marshall 2007). Managing resilience
means actively building or eroding aspects of a
particular system configuration to either prevent the
system from moving to an undesirable state or push
the system to a more desirable state (Walker et a.
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2002, Lebel et al. 2006). In practice, managing
resilience entails. (1) understanding the key
components of resilience, how they are linked, and
how they are affected by externa drivers;, (2)
nurturing the positive elements of resilience and
eroding the negative ones; (3) adaptively or
experimentally managing resources as socidl,
economic, or ecological conditions change; (4)
where necessary, creating or improving linkages
across gpatial and temporal scales, and (5)
embracing disturbances as opportunitiesfor change
and transformation to more desired states (Walker
et al. 2002, Hughes et al. 2005).

The nation of Madagascar is vulnerable to chronic
stresses and recurring disturbances. Part of that
vulnerability or lack of resilience is because of
extreme poverty. Most (61%) of the inhabitants
subsist on incomes of lessthan U.S. $1/d, and 40%
consume less than the minimum daily nutritional
requirement (UN 2007). External disturbances that
coincide with interna vulnerabilities generate a
range of crises. Some are ecological crises, such as
deforestation (Kull 2000, Marcus 2001, Barrett et
al. 2006) or recurring tropical storms. For example,
in the 20062007 season, six major cycloneshit the
island, leaving over half amillion peoplein need of
humanitarian aid (Reuters 2007). Other crises are
political or economic, such as the 10-fold
fluctuation in the price of vanilla crops in 2005
(International Trade Centre Market News Service
2005). Likewise, a six-month presidential crisisin
2002 caused the suspension of flightsto M adagascar
(Duffy 2006). To date, there has been little research
examining the capacity of social-ecological systems
inMadagascar to copewith or adapt to disturbances.

In a comparison of national-level socia
vulnerability across Africa, Madagascar ranked as
the most vulnerable country (Adger and Vincent
2005). This suggests that Madagascar is highly
susceptibleto theimpactsof disturbances. Although
this index deads specificaly with human
vulnerability to fluctuations in water availability
caused by climate change, it incorporatesindicators
such as economic well-being and stability,
ingtitutional  stability, the strength of public
infrastructure, global interconnectivity, and
dependence on natural resources. Many of these
indicators are also relevant to vulnerability to other
types of economic, ecological, and political events.

Giventheturbulent social and ecological conditions
that characterize Madagascar, it is important to
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understand how Madagascar's marine protected
areas can be set up to manage resilience. One of the
challenges for conservation practitioners attempting
to understand and manage resilience in coral reefs
isthat many resilience frameworks (e.g., Walker et
al. 2002) do not reflect the type of data commonly
collected during socioeconomic monitoring of
conservation projects (e.g., Pollnac 1998, Bunce et
al. 2000, Pollnac and Crawford 2000). Our goal for
this paper isto devel op and implement aframework
in which the type of socioeconomic data that are
regularly collected as part of coral reef management
can be used to explore some key aspects of social
resilience (Fig. 1). We use socioeconomic
monitoring data to examine aspects of socia
resilience at the scale of the social-ecological
system in a marine protected area (MPA) that
encompasses oneto five communities. Weexamine
and compare four local-level resilience characteristics
in communities adjacent to Madagascar’ s national
MPAs. These are flexibility (Gunderson 1999,
Adger 2000), assets (Adger 2000), the capacity to
learn (Carpenter et al. 2001, Lebel et a. 2006), and
the capacity to organize (Carpenter et al. 2001,
Lebel et al. 2006). To highlight which specific
aspects of resilience could potentially be bolstered
or devel oped in attempting to manage theresilience
of Madagascar's expanding MPA network, we
compare indicators of these four key resilience
characteristics. Where possible, we also describe
how these indicators are linked to regional and
national scales (e.g., Berkes and Seixas 2006).

Study sitesand institutions governing marine
resour ces

We conducted research in 13 communities in
northern Madagascar between September and
November 2005 in communities located within or
adjacent to national MPA boundaries (Fig. 2).
Communities were selected specifically to
encompass a range of socioeconomic conditions
such as population size, development, and
dependence on marine resources. All of
Madagascar’'s MPAs are located in remote areas
away from large urban centers. It should be noted
that, technically and administratively, the Tampolo,
Tanjona, and Cap MasoalaMPAs are all part of the
Masoala national park. We surveyed al of the
communities in the Tampolo and Tanjona MPAS,
but only 50% of the communities in Sahamalaza
and one of four communities adjacent to the Nosy
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Fig. 1. Conceptual framework for exploring social resilience. The four key clusters of social resilience
are flexibility, capacity to learn, capacity to organize, and assets. In aresilient system, one would expect
each cluster to be robust and linked at the local, regional, and national levels. A nonresilient system may

have aweak cluster or lack linkages across scales.
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Atafana MPA. The community we studied in the
Nosy Atafana MPA is the largest of the four
communities and contains about 50% of the
population adjacent to that park. Our study sites
cover al the officialy designated MPAS in
Madagascar. The study villages were not randomly
selected, so care should betaken when generalizing
the study results.

No-take zones in which fishing is prohibited exist
in al of the MPAs. In Tanjona, Tampolo, and Cap
Masoala, only local residents can use the multiple-
use zone of the marine reserves. In each of these
three areas, the no-take portion of the reserve is
approximately 10% of thetotal area. Thisresultsin
atotal of approximately 10 km? of no-take area.
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Fig. 2. Map of study sites within and adjacent to Madagascar’ s marine protected areas.
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TheNosy Atafanamarineparkisacircular areawith
adiameter of 4 km that covers approximately 1000
ha, including a 20-ha no-take area (ANGAP 2002,
Gell and Roberts 2003). In the communities around
the Nosy Atafana MPA, it is taboo to farm on
Tuesdays and Thursdays (Cinner 2007). Consequently,
thosearethedefactofishing daysfor most residents.
In an effort to make the park more reflective of the
local socioeconomic circumstances, the Association
nationale pour la gestion des aires protégées
(ANGAP), i.e, the nationa association for the

management of protected areas, renegotiated the
rules of the park to allow fishing in the multiple-use
parts of the park on Tuesdays, Thursdays, and
Sundays(Cinner 2007). Inaddition, theMadagascar
government has begun transferring management
authority (transfert de gestion) for both marine and
terrestrial resources to communities and NGOs
(Kull 2002, Cinner et a. 2009c). Compliance
records at Nosy Atafana suggest low levels of
recorded offences: Between 1998 and 2000, there
were three to five incidents per year of fishing in
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no-take areas and eight to 14 incidents per year of
using prohibited gear (Gell and Roberts 2003). In
addition to government-based management such as
MPAs, two forms of informal institutions also
govern marine resource use in Madagascar: the
traditional social code known as dina and local
taboos known as fady. Dina is a socia code
developedand enforced at thelocal level (Kull 2002,
Rakotoson and Tanner 2006). In parts of
Madagascar, dina is used to establish and enforce
local fishing regulations (Rakotoson and Tanner
2006). However, at our study sites dina is not used
for this purpose.

A number of studies (e.g., Ruud 1960) describe
Malagasy taboos (fady) and their social role
(Lambek 1992, 1998, Walsh 2002). However, few
studiesexaminetaboosthat restrict resource useand
their potential rolesin conservation (Lingard 2003,
Bodin et al. 2006, Louden et al. 2006), particularly
in the marine environment (Cinner 2007). Local
taboos at our study sites include restrictions on
certain  marine species such as guitarfish
(Rhinobatos productus), red snapper (Lutjanus
campechanus), and sea turtles (Cheloniidae spp.;
Cinner 2007). Taboosal sorestrict thedaysonwhich
people can work in thericefields. Thesetaboos can
serve to limit the number of fishing days for those
who consider fishing secondary to agriculture.
There are sacred marine areas at Cap Masoala,
Sahamalaza, and Nosy Atafanain which fishing is
restricted or prohibited (Cinner 2007). Virtually all
of the local resource-use taboos are highly specific
in nature; for example, dietary restrictions are often
limited to a particular family or clan.

At Tanjona, Tampolo, and Cap Masoal a, ecological
monitoring of the condition of cora reefs and
fisheries resources has been ongoing for several
years. At these sites, monitoring has occurred at
least sporadically since 1999 (Randriamanantsoa
and Lope 1999) and is conducted by consultants,
ANGAP rangers, and international NGO staff. At
Nosy Atafana, ecological monitoring is more
sporadic but hasalso beentaking placesinceat least
1999 (Wilkinson 2000). At Sahamal aza, ecological
monitoring was just beginning when this research
got under way.
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METHODS

We gathered information using several techniques,
including household surveys and interviews with
key informants and community leaders. A
househol d wasdefined aspeopleliving together and
sharing meals. In communities of fewer than 30
households, we attempted to survey every
household, but this was never achieved because of
thelong-term absencesof certainresidents. Inlarger
communities of greater than 30 households, we
selected the households to be surveyed based on a
sample design in which we would survey every
second or third householdinavillage (Henry 1990).

In total, 264 households were surveyed in the 13
communitiesadjacent to thefive parks. The number
of surveys per community ranged from seven to 44.
The number of surveys per park ranged from 43 to
70. The head of the household was individually
interviewed in the national language (Malagasy)
with a structured survey form administered by a
trained research assistant. The household interview
contained both open-ended and fixed questions that
are described below.

Our key informants included park rangers,
managers, and scientistsfrom ANGAP; NGO staff;
and knowledgeable community members such as
community elders, a queen, and elected officials.
Key informants were individually interviewed. We
selected key informants using nonprobability
sampling techniques. Weorganized our dataaround
four key clusters of resilience: flexibility, capacity
to organize, capacity to learn, and assets (Table 1).

Flexibility indicators

As indicators of flexibility, we used quantitative
data about dependence on natural resources and
livelihood diversity, as well as descriptions of the
formal and informal institutionsthat govern marine
resources (Adger 2000, Cumming et al. 2005). We
examined dependence on fishing and other
livelihood activitiesby asking respondentstolist all
of the jobs the people in the household engaged in
for food or money. We grouped occupations into
the following categories: fishing, selling marine
products, tourism, farming, cash crops, gleaning,
salaried employment, and the informal sector. For
our purposes, gleaning is the collection of marine
organisms from shallow or intertidal areas, and it
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Table 1. Summary, brief description, and methods used to examine indicators of flexibility, capacity to
organize, capacity tolearn, and assets. K| = key informant interview, HS=household survey, Sl = secondary
information, and PO = participant observation.

Measure Description of indicators Methods
Flexibility
Dependence on natural resources Importance of fishing and other natural-resource-based Kl, HS
occupations to household income and food security
Livelihood diversity Number of different occupations per household Kl, HS
Linkages and feedbacks between Open-ended questions about how the 2005 fluctuation KI, HS
marine and terrestrial resource use in the price of vanilla affected the respondent’s
sectors livelihood (Tanjona park only)
Descriptions of formal and informal Open-ended questions about the rules, regulations, and K, S|
institutions used to govern resources degree of compliance with taboos (fady), marine parks,
and other institutions that govern resources
Capacity to organize
Involvement in community The number of community groups respondentswere  HS
organizations involved in
Participation in community Ordinal score representing how involved respondents  HS
decision making were in community decision-making processes
Migration Whether respondents were born in the community or  HS

local region, i.e., within 75 km

Capacity to learn

Perceptions about humans as causal Responses to open-ended questions such as“How can  HS

agents in marine ecosystems you affect the number of fish in the sea?’ and “What
can be done to increase the number of fish in the sea?’

Education Y ears of formal education HS

Monitoring of resources Qualitative descriptions about the presence of and Kl, Sl
feedback from ecological monitoring

Assets

Material style of life Material style of lifeindicators, including type of Kl, HS, PO
walls, roof, and floor and number and type of
appliances in a household

Infrastructure Presence of key community-level infrastructuresuch ~ Kl, HS, SI, PO

asamedical center, hard-top roads, a school, etc.
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generally focuses on octopus and sea cucumbers.
The informal sector activities included ownership
of asmall shop, salesof food or clothesfrom akiosk,
casual work, etc.

We then asked respondents to rank these activities
in order of importance. Livelihood diversity was
examined by counting the number of different
occupational categoriesengaged in by ahousehold.
Key informants provided information about formal
and informal institutions governing marine
resources and about theimpacts of the changeinthe
price of vanilla on marine resource use. In the five
communities adjacent to the Tanjona MPA, we
asked respondents an open-ended question about
how the drop in the vanilla price in 2003 affected
their use of marineresources. Theseresponseswere
grouped into the following categories: increase in
fishing effort, no change in fishing effort, decrease
in fishing effort, and don’t know.

I ndicator s of the capacity to organize

Our indicators of the capacity to organize included
guantitative data on involvement in community
organizations, migration, community decision
making, and population (Putnam 1993, Adger 2000,
Carpenter et a. 2001, Pretty and Ward 2001, L ebel
et al. 2006). We determined the total population for
each area by multiplying the mean number of
occupants per house by the total number of houses
in the area. We aso used secondary sources where
available. Respondents were asked whether they
belonged to any community organizations and
whether they wereinvolved in community decision
making. All thosewho said that they did were asked
to describe the type and number of these
organizations and how they were involved in
community decision making. Respondents were
considered active in decision making if they had
leadership positions and/or actively spoke during
community meetings. Respondents were considered
passive if they attended meetings but did not talk.
Respondentswereal so asked wherethey werefrom.
If they came from another village, they were
considered immigrants. They were considered
nonregional immigrantsif they camefrom morethat
75 km outside the study site.

Indicator s of the capacity to learn

As indicators of the capacity to learn, we used
quantitative data on how communities perceive the
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ability of human activities to negatively or
positively affect marine resources, the number of
years of formal education, and qualitative
descriptions of resource monitoring (Carpenter et
al. 2001, Tompkins 2005, Lebel et a. 2006). We
asked respondents how many years of formal
education they had completed. To understand
perceptions about human agency in the
environment, respondents were asked, “What can
affect thenumber of fishinthesea?’ They werealso
asked about the mechanisms by which their
response could affect the number of fish in their
local environment. For example, if a respondent
mentioned that gill nets could affect the number of
fish in the sea, he or she was asked to explain how.
Responses were then grouped into relevant
categories, and oneresponsecouldfitinto morethan
one category. Respondents were also asked “What
could be donearound [thiscommunity] sothat there
would be more fish in the sea?’

Assetsindicators

Our indicators of assets included quantitative data
on material life-style and community-level
infrastructure (Adger 2000, Pollnac and Crawford
2000). Relative wealth or socia status within a
community was identified by examining the
Material Styleof Life(MSL) of households(Pollnac
and Crawford 2000, Cinner and Pollnac 2004). M SL
is a method of measuring wealth based on the
presence or absence of household possessions or
structure. To determine culturally appropriate
indicators of wealth, we asked key informants to
describe the house of arich person and the house of
apoor person. We developed alist of 22 items such
asatelevision, clock, radio, gasstove, and el ectrical
generator aswell asthetypeof walls, roof, and floor.
We recorded the presence of these items during the
household surveys. Key informantsand observation
provided information about the presence of key
components of community infrastructure such as
hospitals, medical clinics, doctors, dentists, primary
and secondary schools, piped water, sewer pipes/
canals, sewage treatment facilities, electric service,
telephone service, food markets, pharmacies, hotels
or guest houses, restaurants, gas stations, public
transportation, hard-top road access, and banking
facilities (Pollnac 1998).


http://www.ecologyandsociety.org/vol14/iss1/art41/

RESULTS
Flexibility findings

Most study sites were similar in the mean number
of occupations per household, with 3.0in Tampolo,
3.1in Cap Masoaa, and 3.2 in Tanjona and Nosy
Atafana. However, Sahamalaza, the most rural and
remotesite, had considerably fewer occupationsper
household (2.2). The agricultural and cash crop
sectors had the broadest participation and involved
more than 92% of respondents (Fig. 3). The
proportion of residents dependent on marine
resources varied between parks. However, many of
those who participated in the fishery considered it
their most important occupation, particularly at Cap
Masoala, Sahamalaza, and Tanjona (Fig. 3).
Gleaning at all siteswaslessimportant than fishing,
but did comprise a significant livelihood activity
except in Tampolo. Occupations in the salaried
employment sector accounted for 3%, and those in
the" other” sector, including remittances, traditional
healing arts, etc. made up 9%. Tourism is an
important economic activity in parts of coastal
Madagascar, but only 1% of respondents were
involved in the sector, mostly as porters or local
guides. Many key informants described changesin
marine resource use after a magjor drop in vanilla
prices from U.S. $400/kg to U.S. $35/kg in 2003
(International Trade Centre Market News Service
2005). Onekey informant notedthat, “ After thedrop
in vanilla prices, many people are now fishing.” In
the Tanjona MPA, 41% of fishers claimed that the
dropinvanillapricesresulted in them fishing more.
Alternatively, 29% claimed that it had noimpact on
their use of marine resources, and 7% said that they
fished less because the loss of income suffered by
vanillaproducers reduced the demand for and price
of fish. Additionally 14% mentioned that they
worked harder at other jobs, and 10% didn’t know
or didn’t respond.

Capacity to organize findings

Human population in communities adjacent to the
parks ranged from 300 to more than 2275 people
(Table 2). An average of 47% of al respondents
immigrated to the study sites, but only 8.5% were
not from the local area (Table 2). There was
considerablevariancearound thismean, becausethe
Tampolo and Tanjona parks had almost five-fold
more immigrants than the Nosy Atafana MPA.
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Almost every household interviewed reported
involvement in decision making, and 40%—60% of
households were actively involved (Table 2).
However, decisions about natural resources at the
village council level were reported to have weak
links to decisions at the regional or national level.
The mean number of community groups to which
all households belonged was 0.6 (SD 0.7), and sites
ranged from 0.3 to 0.9 (Table 2). Groups included
conservation and development groups such as
fishing and farming groups established by ANGAP
to aid resource users. In Antongil Bay, an umbrella
organization was established to represent the
interests of all stakeholders in the coastal zone
around the bay, including fishers at Tampolo and
Cap Masoaa. One consistent theme that arose in
both informal interviews and in key informant
interviewswas a considerable criticism of ANGAP
and the process through which they have instituted
conservation in the protected areas. Multiple
respondentsin Sahasoaremarked that they had been
asked to sign documents that stated that they were
fishers to maintain their rights to fish in the Nosy
Atafana MPA. ANGAP officials returned a week
later and claimed that these people had signed a
document agreeing not to harvest octopus and other
species from the marine park. ANGAP officials at
the Mananara office confirmed the respondents
story. As a result, general perceptions about
ANGAP were quite negative, and there appeared to
be little trust or good will between the community
and ANGAP. Somerespondentsinthe Cap Masoala
MPA also felt excluded from the conservation
process. One respondent noted that, “ The marine
park gives us a difficult life. There was no
consultation with uswhen they instituted the park.”
Another respondent at Cap Masoala noted that the
marine park’ s boundary markers arein violation of
the taboos associated with the sacred area adjacent
to the no-take area, and the park thus created
negative spiritual forces.

Capacity to learn findings

The mean number of years of formal education of
all respondents was only 3.2 (SD 3.0), and ranged
from2.5at Sahamalazato 5.2 at Nosy Atafana. Nosy
Atafana was the only site with a mean of > 3 yr of
formal education. Many respondentsnoted that they
received little if any feedback from the ecological
monitoring programs regularly conducted in the
parks. Lessthan 60% of respondents mentioned that
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Fig. 3. Percentage of households participating in select occupational sectors. The areas in black indicate
the percentage of households that rank them as the primary occupation.
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Table 2. Indicators of the capacity to organize at each study site, including involvement in community
groups and decision making, population, and immigration at each study site. Community organizations =
the mean number of community organizations local households were involved with, Decision making =
the percentage of the community involved in decision making, Activein decision making = the percentage
of the community actively involved in decision making, Immigrants = the percentage of respondents who
wereimmigrantsfromthelocal area, and Nonregional =the percentage of respondentswhowereimmigrants
from outside the local area.

Site Community Decision Activein Population Immigrants Nonregional

organizations making decision

making

Nosy Atafana 0.9 97.7 59.1 2275' 15.9 6.8
Cap Masoaa 0.3 94.9 434 1361* 60.5 131
Sahamalaza 0.8 100 54.3 585° 32.9 5.7
Tampolo 0.5 97.7 55.8 286 72.1 2.3
Tanjona 0.6 92.3 42.3 316 53.8 154
Average for all 0.6 96.5 50.9
sites 964 46.7 85
TANGAP 2002.

*Grandcourt et al. 1999.

8| ndicates only estimates for the study sites. There were additional hamletsin the park that we were not
ableto survey, so thisis an underestimate of the true population dependent on the parks.

human activities could affect the number of fishin
the sea, amost all of them referring to direct fishing
activities. The most commonly mentioned factor
affecting fish abundance (40% of responses) was
the number of fishermen, but the second most
frequently cited response was “don’t know” (Table
3). When asked about how the factors they
mentioned could affect fish abundance, 25% of
respondents described specific causal mechanisms.
The most frequently cited mechanism was habitat
destruction (10% of al responses). Only 2% of
respondents mentioned that stochastic events such
as cyclones, political/economic events, or climate
change could affect the condition of thefishery, and
3% said that supernatural or religious factors can
influence the fishery. Overall, 25% of respondents
did not know what could improve the condition of

the marine environment (Table 4). The most
frequently cited responses were excluding
outsiders, closing areas, limiting effort, reducing
gill net use, and improving enforcement. Less than
20% of all respondents suggested that closed areas
were a means to improve fishery resources.
Tampolo had the highest proportion of interviewees
mentioning closed areas (41%). At other sites, only
10%—-16% of interviewees mentioned closed areas.

Assetsfindings

Despite being in cyclone-prone areas, few houses
were constructed from solid materials such as
concrete walls or floors and metal roofs (Table 5).
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Table 3. Percentage of respondents at each site who mentioned specific factorsthat could affect the number
of fish in the sea. Causal mechanisms explain how respondents believed the factor that they mentioned
affects fish abundance. Respondents could mention more than one category, so the columns will not

necessarily add up to 100%.

Response category Cap Masodla  Sahamaaza Tanjona  Nosy Atafana  Tampolo All sites
Human agency 47 72 63 44 52 57
Fisheries 45 72 63 44 52 57
Number of fishers 31 62 48 23 31 41
Fishers from outside 4 12 6 0 12 7
Nets 14 6 23 23 7 14
Other gear 8 3 2 2 5 4
Social/cultural factors 4 2 4 0 0 2
Stochastic events, e.g., climate 6 2 4 0 0 2
change, political conditions
Supernatural causes, e.g., gods, 0 2 0 14 2 3
ancestors
Causal mechanisms 24 12 25 40 29 25
Habitat 18 6 15 9 2 10
Reproduction 16 2 4 7 7 7
Life-history stages 2 2 2 16 19 7
Fish mortality 0 2 4 7 7 4
Fish behavior, 4 3 6 14 2 6
e.g., moved, hiding
Don’t know 33 14 23 16 33 23

None of the households had access to electricity,
and few possessed amenities such asradios, clocks,
or mirrors. The community adjacent to the Nosy
Atafana MPA had the highest proportion of
respondents who owned items such as a radio, a
metal roof, and wood plank floors, suggesting that
this village had the highest MSL. All the
communities were remote, and few had access to
government servicesor facilitiessuch ashealth care,
schools, or transportation (Table 6). Sahasoa, the
largest village surveyed, had the most amenities

available. These consisted of a primary school, a
medical clinic, a restaurant, sporadic public
transportation viaadirt road, and small bungalows
for rent. None of the other villages had roads, and
there were few public services available.
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Table 4. Percentage of respondentsin each community who mentioned specific factorsthat could improve
the condition of the fishery. Respondents could mention more than one category, so the columns will not

necessarily add up to 100%.

Response category Nosy Atafana Cap Masoala Sahamalaza Tampolo Tanjona All sites
Don't know 18 41 17 26 27 26
Exclude outside fishers 0 19 16 30 27 18
Closed areas 14 10 16 42 11 18
Reduce fishing effort 18 7 23 7 7 13
Reduce use of gill nets 23 12 6 2 20 12
Enforcement 5 12 7 21 9 10
Reduce use of seine nets 9 5 3 2 9 5
Social cohesion 0 0 9 2 2 3
Supernatural causes 11 0 3 0 2 3
Palitical/economic solutions 0 0 3 2 2 2
DISCUSSION and Brockington 2006). This suggests that the

On anational level, Madagascar has been exposed
to a broad range of chronic and stochastic
socioeconomic, political, and ecological disturbances.
These have contributed to a system state with
consistently high poverty, child mortality, food
insecurity, and mal nutritionand aseverely degraded
natural resource base (Kull 2000, Marcus 2001,
Barrett et a. 2006, UN 2007). Although national-
level statistics can fail to reflect considerable
heterogeneity in well-being, our coastal study sites
were characterized by low levels of education,
considerable poverty, and a lack of access to
infrastructure such as schools or health care. Many
conservation projectsand national parksarelocated
in the areas in which biodiversity is highest and
natural resources are the least degraded, so that the
ecosystem dtill maintains desirable resilience
characteristics (McClanahan 2007). Conservation
projectsand even attemptsto integrate conservation
with development agendas in Madagascar have
frequently failed to produce tangible results
(Sussman et al. 1994, Peters 1998, Marcus and Kuull
1999, Marcus 2001, Harper 2002, Kull 2002, West

social-ecological system in Madagascar may bein
aresilient but highly undesirable configuration. As
ecosystems become more degraded, shifting to a
desirable state becomes more difficult. Adaptive
capacity is the potential to cope with disturbances
and take advantage of the new opportunities that
result from climate impacts, conservation
interventions, or other changes to the social-
ecological system (IPCC 2007).

In adirect comparison with coastal communitiesin
Kenya, Tanzania, Mauritius, and the Seychelles, the
adaptive capacity of our study sites in Madagascar
wasthelowest of all (McClanahan et al. 2008). This
suggests that one reason why this undesirable state
persists may be because communities are not able
to take advantage of the opportunities arising from
conservation, development, and other forms of
change. Managing for resilience in Madagascar’'s
MPAswill require an understanding of the existing
components of resilience and the ability to both
capitalize on those aspects of resilience that are
desirable and change those that are not. This paper
provides an origina contribution by developing a
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Table 5. Distribution of household items, expressed as percentage of households with selected material
possessions, and fortnightly expendituresin U.S. dollars.

Item Cap Masoaa Nosy Atafana Sahamalaza Tampolo Tanjona
Radio 431 68.2 329 535 42.2
Clock 1.7 9.1 7.1 4.7 2.2
Mirror 17.2 6.8 8.6 4.7 17.8
Thatch roof 94.8 56.8 94.3 90.7 97.8
Metal roof 6.9 432 7.1 9.3 2.2
Cement floor 0.0 6.8 57 0.0 0.0
Dirt floor 0.0 0.0 14 0.0 44
Wood floor 29.3 56.8 0.0 14.0 4.4
Bamboo floor 74.1 38.6 94.3 83.7 91.1
Wood wall 52 54.5 0.0 4.7 2.2
Bamboo wall 96.6 43.2 98.6 95.3 97.8
Outhouse toilet 27.6 97.7 12.9 53.5 40.0
Public toilet 25.9 0.0 14 7.0 13.3
No toilet 53.4 2.3 87.1 37.2 44.4
Average fortnightly expenditures/ 14.9 7.4 13.9 11.2 14.9
household

framework to explore some key aspects of social
resilience that can be used with the type of
socioeconomic data that are regularly collected in
socioeconomic monitoring of coral-reef management
systems. We explored how local socioeconomic
conditions may be contributing to the conditions of
undesirable resilience and low adaptive capacity
and make recommendations for improving them.

Flexibility

One key aspect of resilience in social-ecological
systemsistheflexibility of resource usersto switch
from onelivelihood strategy to another (Berkesand
Sexias 2006). Madagascar's MPAs are located in
remote rural areas whose human communities rely

on marine and terrestrial resources for income and
subsistence livelihoods. Most households have a
variety of livelihood activities to draw upon. The
average number of occupations per household is
relatively consistent across sites and almost double
the 1.7 mean occupations per household found in
Kenya (Cinner et al. 2009a). However, the viability
of some key occupations such as cash crops is
sporadicand highly susceptibl eto disturbancessuch
as price fluctuations or cyclones. Changes in the
price of vanilla can heavily influence marine
resource use in some areas, suggesting apparent
substitutability links between the marine resource
and cash crop sectors. On average, households in
Sahamal aza engage in almost onefewer occupation
than do households in the other parks, suggesting
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Table6. Index of servicesand facilities (adapted from Pollnac 1998). X indicatesthat the service or facility
was present. None of the communitieshad ahospital, adoctor, adentist, aschool, piped water, sewer pipes/
canals, sewage treatment facilities, an electric service, atelephone service, afood market, a pharmacy, a
petrol station, hard-top road access, or banking facilities.

Services/facilities Cap Masoala Nosy Atafana Sahamalaza Tampolo Tanjona
Medical clinic X

Primary school X X X X X
Hotel or guest house X X

Restaurant X

Public transportation X

that livelihood strategies in Sahamalaza are less
flexible. Enhancing flexibility through supplemental
income strategies may be a key component of
building resilience in this area.

Institutional flexibility provides the conditions
necessary for experimentation and the ability to
respond to change (Tomkins and Adger 2004,
Berkesand Sexias 2006). A range of local resource-
userestrictionsexistsintheform of resource-habitat
taboos (Ruud 1960, Colding and Folke 2000, Cinner
2007). Studiesin PapuaNew Guineaand Indonesia
show that customary management practices can be
highly adaptive and conserve cora reef resources
(Cinner et al. 2006). However, customary taboos
related to resource usein Kenya(McClanahan et al.
1997) and Madagascar (EImqvist 2004, Bodin et al.
2006) appear to be relatively inflexible institutions
that focus on spiritual connections to ancestors
rather than manipulating resources (Cinner 2007).
Attempts to integrate customary institutions into
multiscale co-management initiatives have been
successful under some conditions (Aswani and
Hamilton 2004, Cinner and Aswani 2007) but may
erode the customary institutions in other situations
(e.g., Gelcich et al. 2006).

Madagascar's MPAs experiment with a range of
management techniques in attempts to compliment
these informal institutions and create functional

redundancy at different scales (Elmqvist et a.
2003). For example, managers of the Nosy Atafana
MPA demonstrated flexibility in developinglocally
appropriate temporal restrictions that compliment
taboosabout farming during certain days. However,
in Cap Masoala, attemptsto integrate the customary
closure with the MPA resulted in sentiments that
the sacred areawas being desecrated (Cinner 2007).
Decentralization of management authority to the
stakeholders through the transfert de gestion
enablescommunitiesto develop locally appropriate
rulesandregulations(Alcornand Toledo 1998). The
capacity to enforce theserulesisoften lacking, and,
under certain conditions, decentralized control over
resources can result in incentives to overexploit
local resources, thus weakening ecological
resilience (Raik and Decker 2007).

Capacity to organize

The capacity to organizeisan important component
of resilience because it enables people to respond
to disturbances by drawing upon resources outside
of their households. On the positive side, the
communities we studied were relatively small,
whichentailed |ow transaction costsfor cooperation
and collective action (Ostrom 1990, Anderieset al.
2004). Our study sites also had a high degree of
participation in community decision making, which
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isakey factorinlocal-level resilience (Tomkinsand
Adger 2004). Almost all the respondents attended
community meetings, and more than 50% actively
participated. In comparison, a similar study in
Kenya found that 54% of respondents were
passively involved in decison making and only
36% were actively involved (Cinner et a. 2009a).

Our sites had a higher degree of group interaction
(Ostrom 1990), measured as membership in
community groups, than was found in similar
studiesin Kenyaand Tanzania(Cinner et al. 2009a;
J. Cinner, unpublished data). However, there was
considerable heterogeneity among the Madagascar
study sites. Households in Cap Masoala were
involved in few community groups. Many
community organizations were local in scope and
scale, although several groups were regional in
focus. All sites had linkages with ANGAP and
international conservation NGOs. Despite attempts
by ANGAP and the international groups to be
participatory, reportsfrom resource userssuggested
that trust between the community and these
organizations was lacking. Thiswas partly because
of the law enforcement activities inherent in
ANGAP responsibilities.

Therewere high levels of migration, particularly in
Tanjonaand Tampolo. Migration levelscan be used
as a measure of group heterogeneity (Curran and
Agardy 2002). Because the vast mgjority of this
migration was from the local area, it was unclear
how this affected group homogeneity and the
associated transaction costs of collective decision
making (Ostrom 1990). Results suggested that, at
all study sites, self-organizing following a
disturbance may be hindered by a lack of
institutional linkages and a lack of trust between
communities and park officials (Adger et a. 2005).
In the Masoala peninsula parks, migration and
minimal involvement in community organizations
were also areas of concern. The high degree of
livelihood and institutional flexibility as well as
aspects of organizational capacity appeared to
provide some latent ability for communities in
Madagascar's MPAs to respond to both
environmental and social change (Berkes and
Sexias 2006). However, effectively adapting or
responding to change aso requires that
communitiesunderstand the mechanismsthat affect
resources, can identify potential avenues for
managing or mitigating the effects of disturbances,
and have the assets and social capital to enact
responses. We found these aspects of adaptive
capacity generally lacking at our study sites.
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Capacity to learn

Understanding the perceived role of human agency
as both a cause of ecosystem degradation and a
source for positive change is critical in defining
space for experimentation. |If people are not ableto
perceive connections between human activities and
the condition of the resources they depend on, they
arenot likely to support management initiativesthat
restrict resource use. Likewise, if people do not
believe that human activities can improve the
condition of resources, they will not be willing to
experiment with management aternatives. Although
approximately 60% of our respondents identified
direct uses such as overfishing as factors that could
impact the number of fish in the sea, there was only
alow awareness of the mechanisms through which
thesefactorsoperate. Despitethe high susceptibility
of coastal residents to external events such as
cyclones, cora bleaching, and the interdependence
between marine resource use and cash-crop price
fluctuations, few respondents noted connections
between these events and the condition of marine
resources. Although ecological monitoring does
occur at these sites, feedback about the conditions
was not effectively reaching the communities, with
the result that the potential to adaptively modify
regulationsbased on new information wasnot being
realized.

Assets

The aspect of resilience we found most lacking was
access to assets. Both household assets and
community infrastructure were significantly
inferior to those in communities in Kenya,
Tanzania, Mauritius, and the Seychelles when
compared using the same methodology (McClanahan
et al. 2008, Cinner et a. 2009b). Addressing basic
needs such as food security and shelter may be a
crucia first step before communities can begin to
meaningfully engage in conservation (Marcus
2001, Cinner and Pollnac 2004).

CONCLUSION, RECOMMENDATIONS,
AND LIMITATIONS

In summary, there were several aspects of local-
level social resilience in Madagascar’s MPAS that
appeared quite desirable. Flexibility in both
livelihood strategies and the formal institutions
governing marine resources appeared to provide
some latent ability to adaptively manage marine
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resources. Likewise, involvement in community
organizationsand decisionmakingwashighrelative
to other countries in the region. Conversely, there
were several apparent weaknesses in socid
organization that, if addressed, could help movethe
social-ecological system of our study sites toward
a more desirable configuration. Both households
and communities lacked assets. Poor feedback of
scientific information to communities was a key
factor contributing to low levels of trust between
park staff and communities. Low levels of formal
education inhibited both the recognition of the
mechanisms that affect marine resources and the
perception of waystoimprovethecondition of those
resources. Therewere also poor links between local
and larger-scale institutions.

However, there were exceptions to these
generalized strengthsand weaknesses. For example,
households in Sahamalaza had considerably less
diverse livelihood portfolios. Levels of formal
education at Nosy Atafana were almost double the
mean at the other parks. Householdsin Cap Masoala
belonged to only half of the average number of
community groups. These exceptions suggest that
specific strategies for building resilience will have
to occur on acase by case basis. What specific steps
might we then take to manage the resilience of
Madagascar's MPA social-ecological systems?
Based on our own research and the lessonsfrom the
Malagasy experience with integrated conservation
and devel opment projects, weprovidethefollowing
recommendations for managing resilience in
Madagascar’ s MPASs:

« Investments in areas such as community-
level infrastructure, househol d-level income-
generating projects, and improved agricultural
production are needed to improve the well-
being of communities (Marcus 2001).

. Investments in formal and informal
education for children and adults are
necessary to improve the capacity to learn
(Peters 1998). This will require building the
capacity of teachers and administrators and
providing infrastructure for education.
Learning ingtitutions need to provide the
community with feedback from scientific
monitoring information and look for waysto
combine scientific and local knowledge
(Aswani and Hamilton 2004, Berkes and
Sexias 2006).
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« Thereisaclear need to build trust between
park staff and local communities. Local
communitiesneedto beempoweredtogovern
natural resources and enforce relevant
regulations. The decentralization of the
transfert degestion programisapositive step
toward enabling communities to make
decisions about natural resources, but this
must al so be coupled with providing rightsto
resources, capacity building, andinstitutional
strengthening (Kull 2002).

+ Challenges to the perceived legitimacy of
institutions and law can beimproved through
increasing the accountability of leaders and
the transparency of governance processes
(Peters 1998, Kull 2002). Institutions need to
ensure adequate cross-scale interaction with
local, provincial, and nationa institutions
(Elmvqist et al. 2003).

All of these activities should be pursued in ways

that capitalize on community-specific strengths,
aspects of strong social capital in decision making,
and/or the presence of sociocultural institutions
such as taboos that regulate resource use (Cinner
2007, Cinner and Aswani 2007). Our study
developed and compared specific resilience
indicators across sites. It built upon previous
research that identified broad clusters of factors
necessary for building social resilience at arange of
scales, including the individual (Marshall and
Marshall 2007), household (Adger and Vincent
2005), community (Adger 2000, Berkesand Seixas
2006), and nation (Adger and Vincent 2005). We
examined alimited suiteof indicatorsand organized
our clusters differently from previous studies
because of our focus on quantitatively comparing
indicators relevant at the scale of the MPA. There
weremany facetsof resiliencediscussedin previous
studies that were difficult to investigate given our
methodology. In particular, we did not investigate
important process-oriented factors such aslearning
from crisesand the use of social memory asasource
of innovation (Berkes and Sexias 2006). These
factors may al so be important components of social
resilience at these sites. Additionally, our study
examined resilience at the MPA level, which often
aggregated multiple communities. Thus, wedid not
Investigate aspects of resilience operating at other
scales such as the individual level (Marshall and
Marshall 2007). Consequently, the results we
presented here were intended to explore only part
of the complex resilience picture.
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