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ABSTRACT

Small-scale fisheries are important for the livelihoods and food security of millions of people
in low-income countries. Sustainably managing these dynamic social-ecological systems
requires understanding links between ecosystems and human well-being: the focus of
ecosystem service approaches. However, in-depth exploration of how co-production and
temporal dynamics shape ecosystem benefits in small-scale fisheries remain nascent. There
is thus an opportunity to better investigate pathways through which small-scale fisheries
support food security. To address this gap, we ask how households allocate seafood landings
across different uses, depending on supply and season. Using a daily survey, we collected
panel data on landings from 15 households on Atauro Island, Timor-Leste, over six 1-week
periods across three seasons, representing 630 survey days and 179 fishing trips. We found
households mediate the pathways through which seafood contributes to food security.
Specifically, the proportion of landings eaten, sold or shared changed with the amount
landed and across seasons. As landings increased, households ate a smaller proportion and
sold a greater proportion. The greatest proportion of landings were sold in the preparation
season, when households save money to buy staple foods. Landings were shared with family
and kin, reflecting the importance of seafood for social capital and community food security.
Put broadly, households shaped a dynamic and non-linear (not directly proportional) relation-
ship between service supply and benefits. Our findings demonstrate that seasonal context
and livelihood priorities shape seafood provisioning benefits in small-scale fisheries. Careful
consideration of temporal scale in ecosystem service assessments is critical for sustainable
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management of small-scale fisheries.

1. Introduction

For the 32 million small-scale fishers living in low-
income countries (World Bank, FAO, WorldFish
2012), the provisioning ecosystem service of wild-
caught seafood (inclusive of all edible aquatic ani-
mals, hereafter ‘seafood’) provides important food
security benefits. Seafood is a vital source of protein
and micronutrients (Hicks et al. 2019); income from
the seafood trade is critical for buying staple foods
(Fabinyi et al. 2017); and when shared, seafood
strengthens social capital and mechanisms of recipro-
cal altruism (Vaughan and Vitousek 2013). However,
stressors such as biodiversity loss, over-exploitation
and climate change are all negatively impacting mar-
ine fisheries in ways that will disproportionately
affect low-income countries (Allison et al. 2009;
Blasiak et al. 2017).

In linked social-ecological systems such as small-
scale fisheries, interdependencies between human
wellbeing and ecosystems create critical feedbacks
(Reyers et al. 2013; Mehring et al. 2017). Sustainable
and equitable management of fisheries for human
wellbeing depends on moderating and responding

to relevant changes in coastal ecosystems. Ecosystem
service approaches can help to integrate ecological
and wellbeing objectives in fisheries management.
However, the ability of ecosystem services to inform
decision-making has been limited by knowledge gaps
about the links between ecosystem service supply and
the delivery and distribution of benefits (Bennett and
Chaplin-Kramer 2016; Rieb et al. 2017; Chan and
Satterfield 2020; Mandle et al. 2021). Recent research
has emphasized the need for greater attention to four
key knowledge gaps in ecosystem services research
that limit our understanding of coastal areas as com-
plex social-ecological systems (Solé and Ariza 2019):
(1) the benefits and beneficiaries (Chan and
Satterfield 2020; Mandle et al. 2021), (2) processes
of co-production (Bennett et al. 2015), (3) temporal
dynamics (Rau et al. 2020), and (4) fisheries in low-
income countries (Lautenbach et al. 2019; Blythe
et al. 2020).

First, the links between the biological resources
and the social and economic benefits of fisheries,
including food security, are determined by complex
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and context-specific variables, such as local and
regional markets, supply chains, and the distribution
of costs and benefits amongst fishers (Smith et al.
2010; Darling 2014). Yet, small-scale fisheries man-
agement often assumes that increased fish popula-
tions will directly equate to changes in benefits for
people, including food security (Foale et al. 2013;
Wieland et al. 2016). These perspectives overlook
the complex social systems in which fisheries operate
and the multi-dimensional nature of food security.
Likewise, although ecosystem services approaches can
provide human centred perspectives on coastal sys-
tems (Loomis and Paterson 2014), they have tended
to focus primarily on the ecosystem processes and
functions (i.e. biophysical aspects) that determine the
potential supply of services from a landscape (Chan
and Satterfield 2020). More specifically, coastal eco-
system services research has addressed food provi-
sioning (Blythe et al. 2020), but assessments mostly
focus on the potential supply and value of food, with
less attention to the benefit contributions to human
wellbeing (Solé and Ariza 2019). The potential supply
of an ecosystem service does not necessarily equate to
benefits for people; not all services are realised and
who actually benefits from a service is determined by
access (Ribot and Peluso 2003; Daw et al. 2011;
Queiroz et al. 2015). In addition, individual ecosys-
tem services can support multiple benefits to indivi-
duals that contribute to human wellbeing through
different mechanisms and the importance of benefits
may differ between social groups (Chaigneau et al.
2019). Understanding the delivery of benefits to peo-
ple is critical if ecosystem service approaches are to be
relevant to household food security outcomes in
small-scale fisheries.

Second, co-production and in particular, account-
ing for the ways that people mediate benefit flows
from seafood, is critical for understanding the con-
tributions of small-scale fisheries to household food
security. Social processes mediate the multiple stages
linking landscapes to human wellbeing values
(Spangenberg et al. 2014a, 2014b), with many ecosys-
tem services co-produced by people to varying
extents (Palomo et al. 2016). The quantity and quality
of ecosystem services delivered is therefore affected
by both natural and non-natural capital inputs
(Palomo et al. 2016). However, little research has
focused on the co-production of marine and coastal
ecosystem services (Outeiro et al. 2017), the combi-
nations of natural and non-natural capital needed to
co-produce ecosystem services in time and space are
not well understood (Bennett et al. 2015; Solé and
Ariza 2019), and there are knowledge gaps in the co-
production of ecosystem services for food security
(Cruz-Garcia et al. 2016). Ecosystem services research
has shown that greater human inputs (such as labour
and technology) in fishery production systems are

associated with greater supply of provisioning ser-
vices i.e. greater landings (Outeiro et al. 2017).
However, how the supply of a service, such as sea-
food, translates into benefits for people depends on
how people choose or allow ecosystem services to
flow to different purposes and beneficiaries (the allo-
cation mechanism of co-production) (Fedele et al.
2017). Indeed, recent food systems research in fish-
eries highlights the importance of linking production
to food security by accounting for how seafood is
used after it is landed (Hicks et al. 2019; Arthur
et al. 2021; Simmance et al. 2021). Thus, empirical
work on the allocation of the provisioning service of
seafood service is key to understanding how people
influence the delivery and distribution of food secur-
ity benefits in small-scale fisheries.

Third, seasonal food scarcity is the main cause of
hunger and malnutrition among the rural poor glob-
ally (Vaitla et al. 2009) and must be addressed to
achieve food security, which * ... exists when all
people, at all times, have physical and economic
access to sufficient safe and nutritious food that
meets their dietary needs and food preferences for
an active and healthy life’ (emphasis added) (FAO
1996). Direct dependence on ecosystem services inex-
tricably links seasons and livelihoods in low-income
countries (Hugq et al. 2020), creating vulnerabilities of
food insecurity and poverty to seasonal variability
and climatic and socio-economic change, particularly
in coastal communities (Blasiak et al. 2017; ESPA
2018). Seasonal changes in the availability of fisheries
resources are linked to target species’ life histories
(Maynou et al. 2011; Pellowe and Leslie 2017;
Hunnam et al. 2021) and in access to fisheries as
a result of weather, especially wind and sea condi-
tions (Cetra and Petrere 2014; Mills et al. 2017; Gill
et al. 2019; Grantham et al. 2021). Seasonality is often
well understood in traditional ecological knowledge
(Gunawardena et al. 2016) and reflected in fishing
effort and decisions of where and when to fish
(Moreno-Béez et al. 2012; Beitl 2015). Seasonal
changes in catch can impact small-scale fishery values
chains (Jueseah et al. 2020) and directly affect fisher
livelihoods and food security (Fabinyi et al. 2017),
creating cycles of hardship (Siar 2003). However,
there has been limited attention in ecosystem services
research to temporal changes in the delivery of ben-
efits to people (Rau et al. 2020); for example, a
majority (71%) of research on coastal ecosystem ser-
vices has focused on a single point in time (Blythe
et al. 2020). Temporal variability in ecosystem ser-
vices can be linear or non-linear and supply of and
demand for ecosystem services can change differently
through time (Rau et al. 2018). As a result, the rela-
tionships between ecosystems and human wellbeing
change through time and single data snapshots can-
not explain variability and interactions in ecosystem



services (Renard et al. 2015). Empirical work on the
temporal aspects of ecosystem services, and specifi-
cally the seasonal delivery of benefits from seafood, is
needed to inform the management of food security in
small-scale fisheries.

Fourth, most ecosystem services research has
focused on higher income countries (Lautenbach
et al. 2019), including temporally sensitive research
(Rau et al. 2020) and coastal research, which is mostly
in Europe and North America (Liquete et al. 2013;
Blythe et al. 2020). Yet, livelihoods and food security
tend to be more directly dependent on local ecosys-
tems in low-income countries (Levy et al. 2005; Yang
et al. 2013), including for millions of people who
depend directly on coastal ecosystems and small-
scale fisheries (World Bank, FAO, WorldFish 2012).
Understanding the linkages between ecosystem ser-
vices and benefits for people is critical for safeguard-
ing natural resources and particularly those
important for groups most vulnerable to global
change (Cinner et al. 2012; Howe et al. 2013). Given
that people interact with and value nature in diverse
ways (Diaz et al. 2018), extrapolating perspectives of
fishery ecosystem services from higher income coun-
tries is problematic. Thus, there is a geographic
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mismatch between ecosystem services research and
reliance on natural resources, including small-scale
fisheries, and associated vulnerabilities. More empiri-
cal ecosystem services research is needed in low-
income countries to understand the ways that people
mediate the pathways through which seafood contri-
butes to food security.

To address these knowledge gaps, we used an in-
depth case study of a small-scale fishery on Atauro
Island, Timor-Leste to explore how people co-produce
seasonal benefits from small-scale fisheries. We drew
on the ecosystem service cascade conceptual frame-
work (Figure 1), which illustrates the multi-stage rela-
tionship between people and nature (Haines-Young
and Potschin 2010). Later adaptations of the cascade
framework explicitly highlight the influence of contex-
tual factors and human values in shaping social-
ecological feedbacks along the cascade (Spangenberg
et al. 2014a, 2014b; Fedele et al. 2017). Specifically, we
focused on the mediating mechanism of allocation,
which links service supply to benefits, by examining
the ways people use landed seafood at different times
of the year (Figure 1).

The aim of the research was to strengthen ecosys-
tem service perspectives for food security in small-

processes and
functions

Conceptual framework for case study

Services
provisioning,
regulating, cultural

Nutrition

Social

Fish g
capital

Income

Benefits
contribution to
wellbeing

Values
importance to
wellbeing
Guide:
X Flow stages
Mediating mechanisms

Influencing factors

Feedbacks

Figure 1. Ecosystem service cascade framework illustrating the multiple linkages and factors that influence how nature
contributes to people (adapted from Fedele et al. 2017). Inset detail shows cascade components examined in the case study
small-scale fishery, including the provisioning ecosystem service of fish at different rates of supply and season as an influencing

factor.
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scale fisheries through empirically examining the
temporal aspects of ecosystem Dbenefit co-
production. We set out to deepen knowledge of the
role of people in mediating pathways linking the
provisioning service of seafood to household food
security benefits, and how this changes seasonally.
To address this aim, we asked how does the propor-
tion of seafood landings used in each way (i.e. the
allocation seafood to different benefit
streams) vary by (1) total quantity landed (i.e. supply
of realised service); (2) season; and (3) the interaction
between quantity landed and season. We triangulated
quantitative analysis of the post-harvest use of land-
ings with qualitative insights into seasonal livelihoods
to examine how ecosystem service supply and season
influence the ways people mediate benefit flows.

services

2. Materials and methods
2.1. Background and study site

Research was carried out in the community of Adara,
Atauro Island Timor-Leste (Figure 2). Timor-Leste is
a Small Island Developing State (SIDS) located at the
heart of the Coral Triangle. Improving human well-
being and protecting coastal environments in concert
is a key challenge for the sustainable future of the
country (Rosegrant et al. 2016; Lépez Angarita et al.
2019). In particular, addressing acute food insecurity
is a high priority in Timor-Leste. Food scarcity and
low dietary diversity are widespread (Bonis-Profumo
et al. 2019); 36% of the population experience chronic
food insecurity (IPC 2019) and 50% of children under
5 years of age are chronically malnourished (WFP
2018). One of the main causes of food insecurity in
Timor-Leste is the occurrence of an annual lean sea-
son: high dependence on rainfed, low-yield subsis-
tence agriculture leads to food shortfalls during the
rainy season, when crops are growing but not yet
ready to harvest (da Costa et al. 2013; Erskine et al.
2014). Thus, seasonality has important links to food
and nutrition outcomes.

2

Timor-Leste

Atauro
Island

Figure 2. Map indicating location of study community
(Adara) on Atauro Island, Timor-Leste.

Seafood has the potential to contribute to
improved food and nutrition security in Timor-
Leste. National average per-capita seafood consump-
tion is 6.1 kg (AMSAT 2011), which is substantially
lower than other Islands in the pacific (World Bank
2018). Low seafood consumption is attributed to an
underdeveloped fishery sector, poor transport and
storage infrastructure, weak governance and limited
integration of fisheries into food security policy (Mills
et al. 2013; Steenbergen et al. 2019; Farmery et al.
2020). However, the ecological status of marine
resources in Timor-Leste is poorly documented
(ADB 2014) and there is a pressing need to identify
and establish sustainable coastal management strate-
gies to support the integration of fisheries in food
secure futures in Timor-Leste (World Bank 2018;
Lopez Angarita et al. 2019).

The need to balance diverse social and ecological
needs in coastal resource management is pressing on
Atauro Island, Timor-Leste’s only populated islet.
Located 25 km north of the capital Dili, Atauro
Island is 140 km? in area, rising steeply up to
999 m at its highest point. The Island is home to
roughly 9,200 people, living in 23 communities
across five different administrative sub-districts
(GDS 2015). Livelihoods and food security on
Atauro Island are more fishery-based than other
parts of Timor-Leste and every Saturday the Island
hosts the country’s largest regular fish market (Mills
et al. 2013). The narrow reefs that fringe Atauro
Island are also the focus of a conservation pro-
gramme aimed at establishing a national network of
small marine protected areas (Conservation
International 2020) and its beautiful beaches and
rich marine life (PIFSC 2017) make it one of the
main attractions of a small but growing tourism
industry. Understanding how different stakeholders,
and particularly local communities, benefit from
marine ecosystems, is thus critical to ensuring just
and sustainable futures on Atauro Island.

The community of Adara, located on the western
coast of Atauro Island, provided an apt case-study for
our research (Figure 2). Similar to many rural coastal
communities in low-income countries, people in
Adara pursue diversified and seasonally dynamic live-
lihoods, which are predominantly natural resource-
based. Main livelihood activities include crop farm-
ing, livestock rearing and fishing. Fisheries in Adara
are low-technology and artisanal. Fishing activities
are typically carried out from small wooden canoes
or the shore. The main gear types used include nylon
gillnets, traditional wooden spears with a sharpened
metal tip, baited lines and gleaning (hand collection).
Fish are used for household subsistence, traded as
a source of income in the village or at the Saturday
market, and also shared with friends and family.
Refrigeration is limited by the lack of electricity in



the village and so the main way of storing fish is
salting and sun drying. Households dry fish for
their own consumption and to sell. Adara is relatively
isolated, accessible only by foot or boat, and has
limited infrastructure, with no running water or elec-
tricity. At the time of the research, 26 households
lived in Adara, with a total population of approxi-
mately 120 people.

2.2. Data collection

Data were collected between June 2018 and
May 2019. We used mixed methods (specifically,
a combination of seasonal calendars, key informant
interviews and daily household surveys) to collect
quantitative and qualitative data on livelihoods and
consumption at different times of the year. We ana-
lysed the data to evaluate (1) seasonal context and (2)
fishing seasonality. Below we describe each data col-
lection method, followed by a description of the data
analysis.

2.2.1. Seasonal calendars

Seasonal calendars are a participatory tool used to elicit
community perceptions of annual variation in pro-
cesses or conditions through time. We used seasonal
calendars to collect qualitative data on weather condi-
tions, agriculture and fisheries at different times of
the year. The aim of the seasonal calendars was to
understand how livelihoods in the community - parti-
cularly fishing — shift with season. Seasonal calendars
were carried out with men and women separately in
focus groups in July 2018. Focus groups were held in
a public space and were open to all community mem-
bers. In total, there were 15 participants in the men’s
group and 19 in the women’s group. The focus group
was implemented by the lead author and a facilitator,
who translated between English and Tetum (one of the
national languages of Timor-Leste). The aims of the
seasonal calendar were explained to participants and
each focus area (weather, livelihoods, fisheries) was
then discussed in turn within the group. Findings
were recorded as notes (in English and Tetum) on to
a large format dial framework representing the annual
cycle. Each seasonal calendar focus group lasted
between 2 and 3 hours.

2.2.2. Interviews

Individual interviews were used to explore seasonality
in specific livelihood activities. Interviews were car-
ried out in November 2018 by the lead author and
a research facilitator, who translated between English
and Tetum. A structured question format was used to
guide interviews and interview responses were
recorded as notes in a structured recording sheet.
Livelihood interviews collected data on activities, har-
vests and challenges at different times of the year.
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Each interview took between 60 and 90 minutes to
complete. Interview respondents were purposefully
selected members of the community who were
actively involved in each specific livelihood activity,
and who were able and willing to participate. In total,
16 individuals were interviewed, including four for
each fishing, gleaning (the manual collection of mar-
ine organisms from intertidal zones), agriculture and
livestock rearing.

2.2.3. Household panel survey

We conducted a daily panel survey on household
activities and consumption for two 1-week periods at
three different times of the year (survey seasons).
Survey seasons were selected to capture differences in
weather, livelihoods and food security according to the
seasonal calendar findings. The first survey season
corresponded with when households were preparing
for the period of seasonal food insecurity (hereafter
Preparation season), the second was during the season
of food scarcity (hereafter Lean season) and the third
survey season was during the main harvest season
(hereafter Harvest season). The seasonal context is
described in more detail in the results section.
Within each survey season, two survey weeks were
chosen to correspond with the full and new moon
(Table 1) to control for the impact of lunar cycles on
tidal conditions. The survey was digitised using
Kobotoolbox survey software (Harvard Humanitarian
Initiative n.d.) and implemented by three local data
collectors, who each surveyed five households daily
during survey weeks. Hence in total, 15 households
were surveyed for 14 days in each of the three seasons;
a total of 630 household survey days. Data used in this
research were collected by asking whether any house-
hold members had gone fishing the previous day, and
if so, the total number of fish landed and the number
of landed fish used for household consumption, traded
(for income) or shared/given away.

2.3. Data analysis

The analysis was carried out in two distinct stages.
First, we drew on qualitative data to evaluate the
seasonal context in the study community. Second,
we examined the post-harvest use of fish. Using
quantitative data, we analysed how household alloca-
tion of landed fish to different uses varied with the
amount landed and across seasons, and we compared
differences in the total proportion of landings used in
each way.

2.3.1. Seasonal context

We combined qualitative data from seasonal calen-
dars, interviews and informal discussions to provide
an overview of the seasonal context in the study
community. Seasonal calendar data were used to
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Table 1. Dates of household panel survey (shading and bold dates indicate data collection days).

Day of the week
T W Th F Sa Su

Survey season Year Month
Preparation 2018 August
Lean 2019 January
April
Harvest 2019
May

24 25 26 27 28
Loz 4 s
9 10 11 12

Lunar cycle: new moon (O)and full moon (®)

Lunar cycle: new moon (o)and full moon (¢).

provide a basic framework of typical seasonal cycles
in the study community, linking weather conditions
and livelihood strategies at different times of the year.
Any ambiguity or uncertainty in seasonal calendar
data was resolved through informal discussions with
key informants. Insights from individual livelihood
interviews were integrated to provide a more in-
depth understanding of the seasonal livelihood con-
text presented by the seasonal calendars.

2.3.2. Post-harvest use of landings

We quantitatively evaluated how the allocation of fish
to different post-harvest uses varied with the number
of fish landed and across seasons. We analysed survey
data on post-harvest use of landings from household
fishing trips using mixed models fitted using
R statistical software (R Core Team 2018). Mixed
models were fitted with a log-linked negative bino-
mial distribution using the Ime4 package (Bates et al.
2014). The effects on post-harvest use of (i) total fish
landings and (ii) season were analysed in models
represented as:

i) Count ~ Use * Landings + offset(log(Qtotal)) +
(1|household)

ii) Count ~ Use * Season + offset(log(Qtotal)) + (1]
household)

Use is a categorical variable of different post-harvest
uses (Eat, Sell, Share) and Count is the number of
individual fish used in each way. Landings is
a categorical variable that describes the total number
of fish landed (<10, 10-20, >20) and Season is the
survey season in which the fishing trip was recorded
(Preparation, Lean, Harvest). To standardise the model
output across different landing quantities we included
total number of fish landed (Qfotal) as an offset

variable. Household was included as a random effect
to account for the panel structure of the data. Post-hoc
Tukey adjusted pairwise comparisons were carried out
using the emmeans package (Lenth 2019). Landings
data included fishing trips using all methods except
gleaning. Gleaning was left out because there were
distinct differences in the main target groups com-
pared to other fishing methods and thus landing quan-
tities were incomparable and data were insufficient to
support a separate analysis. Unless specified, differ-
ences reported in the results were found to be signifi-
cant at a 95% confidence interval (p < 0.05).

To compare how fish were used across landing
groups in different seasons, we aggregated catch
data from fishing trips in each landing group in
each season. Using chi-square goodness of fit tests,
we analysed whether the post-harvest use of fish
differed significantly from what would be expected
if households allocated catch equally across uses.
Using Pearson’s chi-square comparisons, we exam-
ined whether the allocation of fish to a particular
post-harvest use within each landing quantity differed
among seasons.

3. Results
3.1. Seasonal context

Livelihoods and the food security context in the study
community correspond with seasonal weather and sea
conditions (Figure 3). Survey seasons were chosen to
capture three distinct seasons. The lean season survey
was carried out in January (segment L, Figure 3). In
seasonal calendars, January was identified as a main
period of rainfall and rough sea conditions in the
study community (Figure 3(a)). Weather conditions in



a. Weather conditions

Jan

Dec

Oct Mar

Sep Apr

Jul Jun

Sea (outer ring) Rain (middle ring) Temperature (inner ring)

. Rough . Heavy . Hot
. Moderate/mixed . Light/occasional Moderate
Calm None Cool

Fishing (outer ring)
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b. Livelihoods

Jul Jun

Agriculture (middle ring) Food consumption (inner ring)

. Good Clear/dig land . Scarce
Moderate . Planting Moderate
Poor . Main harvest . Abundant

Secondary harvest

Figure 3. Summary of seasonal weather conditions and livelihood context in the study community based on seasonal calendars.
Outlined segments indicate seasons in which daily household survey was implemented: L = lean season, H = harvest season,

P = Preparation season.

January are characterised by the western monsoon,
which typically occurs between December-February.
The lean season in the study community coincides
with the rainy season because of the high dependence
on rainfed agriculture. Crops are planted during the
rainy season (Figure 3(b)) and in interviews, respon-
dents described how the first rains signify the time to
start planting and the timing, reliability and quantity of
rain are all key determinants of crop success. During the
planting season there are no crops available to harvest
and so households must rely on stored crops and
bought foods, such as rice. During interviews, focus
groups and informal discussions, members of the com-
munity described how during the lean season, stored
staple crops run low and households must reserve some
staple crops as insurance in case of a low harvest the
following year or for re-sowing. Therefore, a household
may have stores of staple crops available that they do
not consume during the lean season because being able
to replant is the main priority. Some interview respon-
dents stated that in previous years, poor rains and pest
damage have meant that within a single season they
have had to replant crops up to three times.

The lean season also corresponds with the poor
fishing season. In seasonal calendars, interviews
and informal discussions, January and February
were identified as the worst months for fishing
(Figure 3(b)) with rough sea conditions during
the western monsoon (Figure 3(a)) make fishing
risky or even impossible in the study community.
During rough weather fishers reported using
mostly baited handlines from the shore or gleaning
in the intertidal zone. Gleaning in particular is an
important source of subsistence seafood during the

lean season when food in general is scarce
(Grantham et al. 2021). For instance, during an
interview, one woman explained how she gleans
when they have nothing else to accompany rice.
Gleaners described being less selective during the
rough season than in the calm season, for example
collecting smaller shells and less preferred types of
seafood. Weather conditions also affect fish proces-
sing and trade. During focus groups, women
described how the processing and trade of fish
cease during the rainy season because fish are sun
dried outside and cannot be dried in the rain.
Selling dried fish is a main source of income in
the study community, particularly for women.
Women buy fish from local fishermen, which they
then salt and dry to sell at the weekly market held
on Atauro Island’s eastern coast. Rough weather
also affects boat transport to the market for fish
sellers and buyers, reducing the trade of fresh and
dry seafood in the lean season.

The harvest season survey period was carried out in
March-April (segment H, Figure 3). These months are
characterised by light rainfall, moderate temperatures
and calm seas (Figure 3(a)) and encompass the main
agricultural harvest and good fishing (Figure 3(b)). In
seasonal calendars and interviews, the main harvest of
staple crops including corn and beans was reported to
occur between March and May (Figure 3(b)). A small
harvest of early corn in February is the first harvest of
the year and some secondary crops are harvested
through until August. Staple crops are predominantly
used for household subsistence; they are harvested
intensively and stored, whereas secondary crops,
including fruits and vegetables, are harvested as
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needed and occasionally sold. Interview respondents
highlighted how the success of a year’s harvest can
stipulate annual fishing activities. Households know
how many ears of corn and sacks of beans they must
harvest to be able to eat through the following year. If
annual harvests of staple crops are insufficient to last
through to the end of the following lean season, house-
holds will increase their livelihood focus on fishing as
a source of income to buy food and staple crops for
planting. Calm seas during the harvest season charac-
terise the good fishing season in the study community
(Figure 3(b)). In interviews, some fishers reported that
during months when the sea is calm, they may go on
multiple fishing trips in a single day. Gillnets are
a common fishing method in calm weather. The nets
are laid from wooden canoes, usually at dawn, to
target schools of fish on the reef edge. Spearfishing is
also a common method in calm weather. Unusually
for Timor-Leste, a number of women in the study
community are spear-fishers, who specifically target
octopus as a high-value catch.

The preparation season survey was carried out in
August (segment T, Figure 3). In seasonal calendars,
August was described as being hot, dry and windy,
with variable sea conditions (Figure 3(a)). The hot
weather and lack of rain between August and
September (Figure 3(a)) brings the harvest season to
a close (Figure 3(b)). In focus groups, community
members described how as the harvest finishes, they
begin to prepare for the lean season by saving money,
stocking up on rice and managing their consumption
of subsistence crops. In seasonal calendars, mixed sea
conditions were reported in August (Figure 3(a)) and
it was considered to be a moderate fishing season
(Figure 3(b)). Poor water clarity prevents spearfishing
but gillnets can be used on calm days.

3.2. Post-harvest use of landings

In total, 179 fishing trips were recorded across the
three survey seasons (Preparation = 70, Lean = 48,
Harvest = 61). Total landings ranged from 1 to 100
fish and the mean number of fish landed per trip
varied by season (P =22, L = 10, H = 12).

3.2.1. Allocation across landing groups

The post-harvest use of fish was related to the num-
ber of fish landed (R* = 0.43, Figure 4(a), Appendix 1
Landings). Paired comparisons (Appendix 2.1) show
that the proportion of fish allocated in a particular
way varied among landing groups (<10fish, 10-20
fish, >20 fish). Specifically, the proportion of fish
eaten was greater for small landings (<10 fish) than
large landings (>20 fish). The proportion of fish sold
was greater for large landings, followed by medium
landings (10-20 fish), and lowest for small landings.
There were no differences in the proportion of fish

shared across landing groups. Paired comparisons
(Appendix 2.2) of the proportion of fish used for
eating, sharing and selling within landing groups
show that the relative importance of different post-
harvest uses also varied with the number of fish
landed. Within the small and medium landing groups
the proportion of fish sold and shared was similar
and less than the proportion eaten, while for large
landings the proportion of fish sold or eaten was

similar and greater than the proportion that was
shared.

3.2.2. Allocation across seasons

Season also had a significant effect on the post-
harvest use of fish (R® = 0.44, Figure 4(b),
Appendix 1 Season). The proportion of landed fish
allocated to non-consumption uses differed by season
(Appendix 3.1). A greater proportion of fish were
sold in the preparation season, followed by the har-
vest season, with the smallest proportion of fish sold
in the lean season. The proportion of fish that was
shared was lower in the preparation season than
other seasons. Paired comparisons of the proportion
of landed fish used in different ways within each
season (Appendix 3.2) highlights differences in the
relative importance of post-harvest uses. In the pre-
paration season, the proportion of fish eaten or sold
was similar and greater than the proportion shared.
In the lean season, the greatest proportion of fish was
used for eating, followed by sharing and the smallest
proportion was sold. In the harvest season, eating was
also the main use of fish, but the proportions sold
and shared were similar.

3.2.3. Seasonal allocation within landing groups

Landed fish were not equally allocated across uses
(Figure 5). For all landing quantities in all seasons,
we compared the proportions of landed fish used in
each way compared to proportion expected if fish
had been allocated equally (i.e. one-third). Catches
were only allocated equally across post-harvest uses
for large landings (>20 fish) in the lean season
(Table 2). For all other seasonal landing groups,
except large landings in the preparation season,
significantly more than one-third of fish were
eaten (paired comparisons Appendix 4.1). Large
landings during preparation season were the only
group in which significantly more than one-third of
fish were sold. Significantly less than one-third of
fish were sold from large landings in the harvest
season, medium landings (10-20 fish) in the lean
season and small landings (<10 fish) in all seasons.
The proportion of fish shared was significantly less
than one-third across all landing groups in the
preparation season, and small landings in the lean
season and large landings in the harvest season.
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group category and (b) fishing trips in each survey season.

There were significant differences between seasons
in the proportion of fish within landing groups used
in each way (Figure 5, Table 3, paired comparisons
Appendix 4.2). For small landings (<10 fish), the
proportion eaten was greatest in the lean season,
followed by the preparation season and the smallest
proportion was eaten in the harvest season. The pro-
portion sold was similar in the preparation and har-
vest seasons, while in the lean season none were sold.
The proportion shared was greater in the harvest
season than in other seasons.

For medium landings (10-20 fish), similar propor-
tions were eaten in the preparation and lean seasons,
and this was less than the proportion eaten in the
harvest season. The proportion sold was similar in the
preparation and harvest seasons and was greater than in
the lean season. The proportion shared was greatest in
the lean season, followed by the harvest season and with
the least shared in the preparation season.

For large landings (>20 fish), a greater proportion
was eaten in the harvest season than the preparation

season. The proportion sold was greatest in the pre-
paration season, followed by the lean season, and
smallest in the harvest season. The reverse was true
for the proportion shared, which was greatest in the
harvest season, followed by the lean season and low-
est in the preparation season.

4. Discussion

Overall, we found the relationship between the supply
of the food provisioning service of seafood and benefits
to people was neither direct nor constant through time.
Fishing households used landed fish differently depend-
ing on the quantity landed and season, which were
defined by weather conditions and the food security
context linked to agricultural cycles. Uses of landings
characterise different pathways through which the pro-
visioning service of seafood contributes directly and
indirectly to the wellbeing domain of food security
(Chaigneau et al. 2019). Changes in the proportion of
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Figure 5. Post-harvest use of fish for different landing groups in each season, proportion of total landings shown on bars.

Table 2. Summary of chi-square tests comparing the propor-
tion of fish used in each way in each landing group in each
season.

Landing group Season X df p
Small (<10 fish) Preparation 147.25 2 < 0.001
Lean 260.68 2 < 0.001
Harvest 78.237 2 < 0.001
Medium (10-20 fish) Preparation 17117 2 < 0.001
Lean 164.95 2 < 0.001
Harvest 32337 2 < 0.001
Large (>20 fish) Preparation 361.02 2 < 0.001
Lean 5.19 2 0.07466
Harvest 66.916 2 < 0.001

Table 3. Summary table of chi-square tests comparing the
proportion of fish used in each way in each landing groups
among different seasons.

Landing group Use X df p
Small (<10 fish) Eat 63.624 2 < 0.001
Sell 18.647 2 < 0.001
Share 40.874 2 < 0.001
Medium (10-20 fish) Eat 21577 2 < 0.001
Sell 66.19 2 < 0.001
Share 37.426 2 < 0.001
Large (>20 fish) Eat 44.789 2 < 0.001
Sell 232.61 2 < 0.001
Share 125.95 2 < 0.001

landings that were eaten, sold or shared illustrate how
households mediate flows of nutrition, income and
social capital from seafood. Ecosystem services (and
specifically the cascade framework) offer a way for

analysing small-scale fisheries dynamics from produc-
tion to consumption with a focus on how fisheries
benefits are co-produced. Specifically, examining the
allocation of ecosystem services across benefits can
more accurately connect fishing dynamics to a range
of wellbeing outcomes that ecosystem services
approaches explicitly examine (MA 2003a) but that
may be less emphasized in fisheries literature
(Coulthard 2012). Our findings highlight the ways that
attending to the temporal aspects of co-production, and
specifically the allocation of seafood across food security
benefits, can strengthen ecosystem service perspectives
of small-scale fisheries as dynamic social-ecological sys-
tems. In particular, our findings shed light on (i) the
importance of temporal scale in ecosystem service
assessments; (ii) changing benefit trade-offs; (iii) the
role of co-production in adaptation; and, (iv) contribu-
tions of fisheries to social capital and community food
security.

4.1. Temporal scale

First, seasonal differences in how households used
landed fish shows that our understanding of how
small-scale fisheries support household food security
is influenced by choices of temporal scale in ecosys-
tem service assessments. In the lean season, almost all
fish were consumed directly by fishing households,



whereas in the preparation season fish were also often
sold. Therefore, as in other small-scale fisheries
(Clark et al. 2002), fishing in the study community
shifted seasonally from subsistence focused and pro-
viding predominantly direct nutrition benefits for
fishing households to being small-scale commercial
and so also providing indirect food security benefits
as a source of income. Hence, a seasonal lens reveals
the pathways through which fishing supports food
security benefits at different times of the year, which
would not be visible at annual resolutions.

Choices of temporal scale in ecosystem services
evaluation matter instrumentally and morally. Our
ability to detect, understand and predict ecosystem
service dynamics is affected by the temporal scale of
ecosystem service assessments, including the tem-
poral grain (time frame of minimum unit), resolution
(time between minimum units) and extent (total
duration) of observation and analysis (MA 2003b;
Kandziora et al. 2013). Dominant processes vary
with scale and thus, particularly when the wellbeing
of vulnerable groups is at stake, consideration from
whose perspective ecosystem service dynamics are
defined, valued and managed is important because
choices of scale can favour the interests of certain
groups (MA 2003b; Wilbanks 2006). Fine resolution
perspectives are important for understanding local
drivers of change in multi- and cross-scale ecosystem
service assessments (Scholes et al. 2013). Crucially,
accounting for local-scale dynamics increases the
relevance of ecosystem services research to the inter-
ests of key stakeholders (Folke et al. 2005) and by
extension the priorities of decision-makers. The use
of single snapshots to assess food provisioning ser-
vices in coastal systems (Blythe et al. 2020) risks
overlooking the dynamic pathways through which
small-scale fisheries contribute to household food
security. This research illustrates how seasonal eco-
system service assessments can strengthen under-
standing of the links between ecosystem services
and their benefits for people.

4.2. Trade-offs

Second, changes in how landings were allocated
between uses suggest that perceived opportunity
costs of different food security contributions from
fishing vary at different rates of supply and with
season. Each fish landed can only be used in one
way, thus the opportunity cost of one type of benefit
(e.g. nutrition) is the other benefits forgone (e.g.
income or social capital). The allocation of landings
to different uses therefore represents a trade-off
between different benefits. We found that as landings
got larger, the proportion eaten decreased and the
proportion sold increased. This is unsurprising as
households can only consume a limited amount of
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seafood, so once households have satisfied their own
consumption needs, they make choices to sell or
share fish, particularly in the context of poor storage
infrastructure. Thus, beyond a certain quantity, the
benefits forgone of gaining more nutrition benefits
from a fish diminishes relative to potential to gain
from other benefits. Allocation choices also differed
between seasons. For example, the proportion of
small landings that were eaten by the fishing house-
hold was greater in the lean season than in other
seasons. This result may reflect the greater impor-
tance of fish as a source of nutrition to fishing house-
holds (as opposed to income), when food in general,
including seafood, is scarce and market access lim-
ited. Hence, the allocation of landed fish across dif-
ferent uses reflects the perceived relative importance
of benefits, and the constraints and opportunities to
realise them by surveyed households. Factors influen-
cing benefit trade-offs are likely to be context specific
and vary, for instance with socio-economic context
and cultural values, as well as with season. Thus, the
findings from the study community cannot be
assumed to be generalisable elsewhere. Within
a particular fishery, understanding how benefit trade-
offs and factors influencing them shape the seasonal
use of seafood, will strengthen the capacity of ecosys-
tem service assessments to support food security
objectives in small-scale fisheries.

4.3. Adaptation

Third, our findings highlight the importance of
understanding how fishing households use benefit
co-production to adapt to the seasonal context and
recognising limits to adaptation. Through the seaso-
nal allocation of landed fish across different uses
households adjust the pathways through which fish-
ing contributes to household food security. For exam-
ple, by selling a greater proportion of landings in the
preparation season, surveyed households use fishing
as a source of income that enables them to buy staple
foods during the lean season. That fishers adjust the
use of landings to prioritise certain benefits at parti-
cular times has been demonstrated elsewhere, for
example prioritising fishing as a source of income to
support recovery rather than for subsistence in
response to crises (Thomas et al. 2019). Human
responses to stressors are at the core of resilient
livelihoods (Tanner et al. 2015) and understanding
the capabilities, opportunities and constraints that
determine the ability of people to negotiate the social-
ecological context is essential to understanding adap-
tation to environmental change (Brown and
Westaway 2011). For people living in poverty, ‘ordin-
ary’ micro-practices of evaluation and adaptation
(everyday agency), such as how landings are used,
are often particularly important, but unrecognised,
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strategies for navigating change and vulnerabilities in
their day-to-day lives (Payne 2012; Lister 2015;
Mcmichael et al. 2019; Selimovic 2019). In small-
scale fisheries, accounting for factors that affect
everyday agency, such as how seasonal market access
influences the ability of households to earn income
from fishing, is crucial for identifying the opportu-
nities and constraints to adaptation in small-scale
fisheries as part of resilient livelihoods. Our findings
thus reiterate the importance of human agency in
ecosystem service co-production and mediating
links between ecosystems and human wellbeing
(Spangenberg et al. 2014a; Rademacher et al. 2019).
Placing people central to ecosystem service perspec-
tives in small-scale fisheries, and recognising factors
that influence the ability of fishers to exercise every-
day agency, would advance understanding of seasonal
vulnerability in coastal communities.

4.4. Social capital

Finally, understanding how fishing households allo-
cate seafood to different benefits, and specifically the
decision to share landings, highlights the importance
of small-scale fisheries for social capital and commu-
nity-level food security. Gifting and exchange, includ-
ing of food, is an important customary practice in
Timor-Leste (Mcwilliam 2011) and food sharing pro-
vides a means through which households redistribute
surplus and alleviate food shortages within social net-
works (da Costa et al. 2013; Inder et al. 2014). We
found that fishing households shared a substantial
proportion of landings, particularly in the lean season
and the harvest season. Landings are typically shared
amongst family and kin networks within the study
community, and particularly with people who cannot
fish themselves (e.g. elderly individuals) or who did
not go fishing on that particular day. Landings are
also shared with community members who help with
fishing activities (e.g. sorting nets) and, if a fishing
trip was particularly successful, some fishers will offer
fish to any passing community members to ‘share the
blessing’. Sharing landings therefore represents a way
that fishing households engage in social relations and
influence the distribution of nutrition benefits from
seafood. Thus, when seafood is shared it contributes
to bonding social capital, which has been positively
linked to food security through improved food avail-
ability, access and stability (Mertens et al. 2015; Lee
et al. 2018; Nosratabadi et al. 2020). However, intan-
gible benefits, including social capital, are difficult to
measure and value and have therefore been histori-
cally underrepresented in ecosystem service assess-
ments (Chan et al. 2012). This research illustrates
that greater attention to social capital in ecosystem
services would strengthen understanding of how fish-
ing households benefit from the provisioning service

of seafood and factors influencing the distribution of
nutrition benefits from seafood as part of resilient
food security in coastal communities. Identifying eco-
system service beneficiaries is essential for addressing
the priorities of decision-makers concerned with the
links between nature and human wellbeing (Rieb
et al. 2017), including food security. Ensuring fish
reaches those who need it would substantially
improve nutrition in, and beyond, coastal areas
(Hicks et al. 2019).

5. Conclusions

The contribution of small-scale fisheries to local
food security is not only determined by available
fish populations and the ability of people to catch
them, but also on how landings are used. People
mediate flows of benefits from the provisioning ser-
vice of seafood through their use of landed fish.
Using the case study of a small-scale fishery in
Timor-Leste, we found that the proportion of land-
ings eaten, sold or shared by fishing households
changed seasonally and with the quantity landed;
people mediate a dynamic and non-linear relation-
ship between seafood and nutrition, income and
social capital benefits. These findings highlight the
importance of understanding how benefits are co-
produced at temporal scales appropriate to the liveli-
hood dynamics of coastal communities. Specifically,
attending to seasonal allocation would strengthen
understanding of the types and distribution of ben-
efits from the provisioning service of seafood, which
is critical for informing resource management and
decision-making for food security in small-scale fish-
eries. This research reiterates calls for people centred
and temporally sensitive assessments of ecosystem
benefits, particularly in small-scale fisheries, to
enhance the relevance of ecosystem service perspec-
tives for coastal food security. To understand who
benefits from what and how in small-scale fisheries
we must also ask when.

Acknowledgments

First and foremost, the authors would like to thank the
survey implementers for their incredible hard work and the
panel households who so generously gave their time to
participate in the research. Also to Pedro Correia
Monteiro, Inacia Clart and Nelson da Costa, the research
assistants who made the project possible and enjoyable,
and the WorldFish Timor-Leste staff who provided support
and assistance during fieldwork.

Disclosure statement

No potential conflict of interest was reported by the
author(s).



Funding

This research was supported by a complexity scholar award
from the James S. McDonnell Foundation to GSC and the
Australian Research Council Centre of Excellence for Coral
Reef Studies. Data collection for this research was sup-
ported by funding from a Crawford-in-Queensland Student
Award to RG in 2018. Input from DJM and JL was funded
through the CGIAR Research Program on Fish Agri-Food
Systems (FISH) led by WorldFish. The program is sup-
ported by contributions from the CGIAR Trust Fund.

Ethics and consent

Household survey data presented in this study were col-
lected as part of research activities conducted in accordance
the James Cook University human ethics guidelines.
Research activities were approved (reference number
H7626) prior to being carried out. Participants were
informed of the nature and purpose of research activities
through a verbal statement in local language and, if they
were willing to participate, they were asked to give signed
consent.

ORCID

R. Grantham @ http://orcid.org/0000-0003-3877-926X
J. Lau @ http://orcid.org/0000-0002-0403-8423

D. J. Mills @ http://orcid.org/0000-0003-0181-843X

G. S. Cumming @ http://orcid.org/0000-0002-3678-1326

References

ADB. 2014. State of the coral triangle: Timor-Leste. Asian
Development Bank.

Allison EH, Beveridge MCM, and van Brakel M. 2009.
Climate change, small-scale fisheries and smallholder
aquaculture. Fish Sustain Dev. 69-82. https://www ksla.
se/wp-content/uploads/2011/10/Fisheries_sustainability_
and_development.pdf

AMSAT. 2011. Fish and animal protein consumption and
availability survey in Timor-Leste.

Arthur RI, Skerritt DJ, Schuhbauer A, Ebrahim N,
Friend RM, Sumaila UR. 2021. Small-scale fisheries and
local food systems: transformations, threats and oppor-
tunities. Fish Fish. 1-16. doi:10.1111/faf.12602.

Bates D, Maechler M, Bolker B, and Walker S 2014. Fitting
linear mixed-effects models using Ime4. do:10.18637/jss.
v067.i01.

Beitl CM. 2015. Mobility in the mangroves: catch rates, daily
decisions, and dynamics of artisanal fishing in a coastal
commons. Appl Geogr. 59:98-106. doi:10.1016/j.apgeog.201
4.12.008.

Bennett EM, Chaplin-Kramer R. 2016. Science for the
sustainable use of ecosystem services. F1000Research.
5:2622. doi:10.12688/f1000research.9470.1.

Bennett EM, Cramer W, Begossi A, Cundill G, Diaz S,
Egoh BN, Geijzendorffer IR, Krug CB, Lavorel S, Lazos E,
et al. 2015. Linking biodiversity, ecosystem services, and
human well-being: three challenges for designing research
for sustainability. Curr Opin Environ Sustain. 14:76-85.
doi:10.1016/j.cosust.2015.03.007.

Blasiak R, Spijkers J, Tokunaga K, Pittman ], Yagi N,
Osterblom H. 2017. Climate change and marine fish-
eries: least developed countries top global index of

ECOSYSTEMS AND PEOPLE (&) 27

vulnerability. PLoS One. 12:1-15. doi:10.1371/journal.
pone.0179632.

Blythe J, Armitage D, Alonso G, Campbell D, Esteves
Dias AC, Epstein G, Marschke M, Nayak P. 2020.
Frontiers in coastal well-being and ecosystem services
research: a systematic review. Ocean Coast Manag. 185:
105028. doi:10.1016/j.0ocecoaman.2019.105028.

Bonis-Profumo G, McLaren R, and Fanzo J. 2019. Ravaged
landscapes and climate vulnerability: the challenge in achiev-
ing food security and nutrition in post-conflict Timor-Leste.
In: David B, and Fanzo J, editors. Advances in food security
and sustain ability. Academic Press; p. 97-132

Brown K, Westaway E. 2011. Agency, capacity, and resi-
lience to environmental change: lessons from human
development, well-being, and disasters. Annu Rev
Environ Resour. 36:321-342. doi:10.1146/annurev-envi
ron-052610-092905.

Cetra M, Petrere M. 2014. Seasonal and annual cycles in
marine small-scale fisheries (Ilheus - Brazil). Fish Manag
Ecol. 21:244-249. doi:10.1111/fme.12070.

Chaigneau T, Brown K, Coulthard S, Daw TM, Szaboova L.
2019. Money, use and experience: identifying the
mechanisms through which ecosystem services contri-
bute to wellbeing in coastal Kenya and Mozambique.
Ecosyst Serv. 38:12. doi:10.1016/j.ecoser.2019.100957.

Chan KMA, Satterfield T. 2020. The maturation of ecosys-
tem services: social and policy research expands, but
whither biophysically informed valuation? People Nat.
1-40. doi:10.1002/pan3.10137.

Chan KMA, Satterfield T, Goldstein J. 2012. Rethinking
ecosystem services to better address and navigate cul-
tural values. Ecol Econ. 74:8-18. do0i:10.1016/j.ecoleco
n.2011.11.011.

Cinner JE, McClanahan TR, Graham NA]J, Daw TM, Maina J,
Stead SM, Wamukota A, Brown K, Bodin O. 2012.
Vulnerability of coastal communities to key impacts of cli-
mate change on coral reef fisheries. Glob Environ Chang,
22:12-20. doi:10.1016/j.gloenvcha.2011.09.018.

Clark BM, Hauck M, Harris JM, Salo K, Russell E. 2002.
Identification of subsistence fishers, fishing areas,
resource use and activities along the South African
Coast. South African ] Mar Sci. 24:425-437.
doi:10.2989/025776102784528574.

Conservation International. 2020. Creating a protected area
network [WWW Document]. [accessed 2020 Feb 20].
https://www.conservation.org/Timor-Leste/our-work
/creating-a-protected-area-network.

Coulthard S. 2012. What does the debate around social well-
being have to offer sustainable fisheries? Curr Opin Environ
Sustain. 4:358-363. doi:10.1016/j.cosust.2012.06.001.

Cruz-Garcia GS, Sachet E, Vanegas M, Piispanen K. 2016.
Are the major imperatives of food security missing in
ecosystem services research? Ecosyst Serv. 19:19-31.
doi:10.1016/j.ecoser.2016.04.001.

Darling ES. 2014. Assessing the effect of marine reserves on
household food security in Kenyan coral reef fishing
communities. PLoS One. 9:1-20. doi:10.1371/journal.
pone.0113614.

Daw T, Brown K, Rosendo S, Pomeroy R. 2011. Applying
the ecosystem services concept to poverty alleviation: the
need to disaggregate human well-being. Environ
Conserv. 38:370-379. doi:10.1017/5S0376892911000506.

Diaz S, Pascual U, Stenseke M, Martin-Lopez B,
Watson RT, Molndr Z, Hill R, Chan KMA, Baste IA,
Brauman KA, et al. 2018. Assessing nature’s contribu-
tions to people. Science (80-). 359:270-272. doi:10.1126/
science.aap8826.


https://www.ksla.se/wp-content/uploads/2011/10/Fisheries_sustainability_and_development.pdf
https://www.ksla.se/wp-content/uploads/2011/10/Fisheries_sustainability_and_development.pdf
https://www.ksla.se/wp-content/uploads/2011/10/Fisheries_sustainability_and_development.pdf
https://doi.org/10.1111/faf.12602
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/j.apgeog.2014.12.008
https://doi.org/10.1016/j.apgeog.2014.12.008
https://doi.org/10.12688/f1000research.9470.1
https://doi.org/10.1016/j.cosust.2015.03.007
https://doi.org/10.1371/journal.pone.0179632
https://doi.org/10.1371/journal.pone.0179632
https://doi.org/10.1016/j.ocecoaman.2019.105028
https://doi.org/10.1146/annurev-environ-052610-092905
https://doi.org/10.1146/annurev-environ-052610-092905
https://doi.org/10.1111/fme.12070
https://doi.org/10.1016/j.ecoser.2019.100957
https://doi.org/10.1002/pan3.10137
https://doi.org/10.1016/j.ecolecon.2011.11.011
https://doi.org/10.1016/j.ecolecon.2011.11.011
https://doi.org/10.1016/j.gloenvcha.2011.09.018
https://doi.org/10.2989/025776102784528574
https://www.conservation.org/Timor-Leste/our-work/creating-a-protected-area-network
https://www.conservation.org/Timor-Leste/our-work/creating-a-protected-area-network
https://doi.org/10.1016/j.cosust.2012.06.001
https://doi.org/10.1016/j.ecoser.2016.04.001
https://doi.org/10.1371/journal.pone.0113614
https://doi.org/10.1371/journal.pone.0113614
https://doi.org/10.1017/S0376892911000506
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1126/science.aap8826

28 R. GRANTHAM ET AL.

d] da Costa M, Lopes M, Ximenes A, Do Rosario
Ferreira A, Spyckerelle L, Williams R, Nesbitt H,
Erskine W. 2013. Household food insecurity in
Timor-Leste. Food Secur. 5:83-94. doi:10.1007/s12571-
012-0228-6.

Erskine W, Ximenes A, Glazebrook D, Da Costa M,
Lopes M, Spyckerelle L, Williams R, Nesbitt H. 2014.
The role of wild foods in food security: the example of
Timor-Leste. Food Secur. 7:55-65. doi:10.1007/s12571-
014-0406-9.

ESPA. 2018. Well-being in deltas integrated assessment.

Fabinyi M, Dressler WH, Pido MD. 2017. Fish, trade and
food security: moving beyond ‘availability’ discourse in
marine  conservation. Hum  Ecol. 45:177-188.
doi:10.1007/s10745-016-9874-1.

FAO. 1996. Report of the world food summit 13-
17 November 1996. Rome.

Farmery AK, Kajlich L, Voyer M, Bogard JR, Duarte A.
2020. Integrating fisheries, food and nutrition - insights
from people and policies in Timor-Leste. Food Policy.
91:101826. doi:10.1016/j.foodpol.2020.101826.

Fedele G, Locatelli B, Djoudi H. 2017. Mechanisms med-
iating the contribution of ecosystem services to human
well-being and resilience. Ecosyst Serv. 28:43-54.
doi:10.1016/j.ecoser.2017.09.011.

Foale S, Adhuri D, Alino P, Allison EH, Andrew N, Cohen P,
Evans L, Fabinyi M, Fidelman P, Gregory C, et al. 2013. Food
security and the coral triangle initiative. Mar Policy.
38:174-183. doi:10.1016/j.marpol.2012.05.033.

Folke C, Fabricius C, Cundill G, Schulze, L. 2005.
Communities, ecosystems, and livelihoods. In Capistrano,
D, Samper, C, Lee, M, Raudsepp-Hearne, C (eds.).
Ecosystems and human well-being: multiscale assessments
. Vol. 4. Washington, DC: Island Press; p. 261-277.

GDS. 2015. Statistics Timor-Leste [WWW Document].
Vol. 2 population distribution by Adm Aldeia popula-
tion; [accessed 2019 Nov 11]. http://www.statistics.gov.
tl/category/publications/census-publications/2015-
census-publications/volume-2-population-distribution-
by-administrative/.

Gill DA, Oxenford HA, Turner RA, Schuhmann PW. 2019.
Making the most of data-poor fisheries: low cost map-
ping of small Island fisheries to inform policy. Mar
Policy. 101:198-207. doi:10.1016/j.marpol.2017.10.040.

Grantham R, Alvarez-romero JG, Mills DJ, Rojas C,
Cumming GS. 2021. Spatiotemporal determinants of
seasonal gleaning. People Nat. 1-15. doi:10.1002/
pan3.10179.

Gunawardena NDP, Jutagate T, Amarasinghe US. 2016.
Patterns of species composition of beach seine fisheries
off North-Western coast of Sri Lanka, fishers’ percep-
tions and implications for co-management. Mar Policy.
72:131-138. do0i:10.1016/j.marpol.2016.07.007.

Haines-Young RH, and Potschin MP. 2010. The links
between biodiversity, ecosystem services and human
well-being. In: Raffaelli D, and Frid C, editors.
Ecosystem ecology: a new synthesis. Cambridge:
Cambridge University Press; p. 110-139.

Harvard Humanitarian Initiative. n.d. KoBoToolbox
[WWW Document]. https://www.kobotoolbox.org/
#home.

Hicks CC, Cohen PJ, Graham NAJ, Nash KL, Allison EH,
D’Lima C, Mills DJ, Roscher M, Thilsted SH, Thorne-
Lyman AL, et al. 2019. Harnessing global fisheries to
tackle micronutrient deficiencies. Nature. 574:95-98.
doi:10.1038/s41586-019-1592-6.

Howe C, Suich H, van Gardingen P, Rahman A, Mace GM.
2013. Elucidating the pathways between climate change,
ecosystem services and poverty alleviation. Curr Opin
Environ Sustain. 5:102-107. doi:10.1016/j.cosust.2013.
02.004.

Hunnam K, Carlos I, Hammer MP, Dos Reis Lopes J,
Mills DJ, Stacey N. 2021. Untangling tales of tropical
sardines: local knowledge from fisheries in Timor-Leste.
Front Mar Sci. 8. doi:10.3389/fmars.2021.673173.

Huq N, Pedroso R, Bruns A, Ribbe L, Huq S. 2020.
Changing dynamics of livelihood dependence on ecosys-
tem services at temporal and spatial scales: an assess-
ment in the southern wetland areas of Bangladesh. Ecol
Indic. 110:105855. doi:10.1016/j.ecolind.2019.105855.

Inder B, Brown A, Datt G. 2014. Poverty and the agricultural
household in Timor-Leste: some patterns and puzzles centre
for development economics and sustainability.

IPC. 2019. The first IPC analysis report on the chronic
food security situation in Timor-Leste.

Jueseah AS, Knutsson O, Kristofersson DM, Témasson T.
2020. Seasonal flows of economic benefits in small-scale
fisheries in Liberia: a value chain analysis. Mar Policy.
119:11. doi:10.1016/j.marpol.2020.104042.

Kandziora M, Burkhard B, Miiller F. 2013. Mapping pro-
visioning ecosystem services at the local scale using data
of varying spatial and temporal resolution. Ecosyst Serv.
4:47-59. doi:10.1016/j.ecoser.2013.04.001.

Lautenbach S, Mupepele A, Dormann CF, Lee H,
Schmidt S, Scholte SSK, Seppelt R, Teeffelen AJA, Van,
Verhagen W, Volk M, et al. 2019. Blind spots in ecosys-
tem services research and challenges for implementation.
Reg Environ Chang. 19:2151-2172. do0i:10.1007/s10113-
018-1457-9.

Lee GO, Surkan PJ, Zelner J, Paredes Olortegui M,
Penataro Yori P, Ambikapathi R, Caulfield LE,
Gilman RH, Kosek MN. 2018. Social connectedness is
associated with food security among peri-urban
Peruvian Amazonian communities. SSM - Popul Heal.
4:254-262. doi:10.1016/j.ssmph.2018.02.004.

Lenth R. 2019. emmeans: estimated marginal means, aka
least-squares means. R package version 1.4.

Levy M, Babu S, Hamilton K, Rhoe V, Catenazzi A,
Chen M, Reid WYV, Sengupta D, Ximing C,
Balmford A, et al. 2005. Ecosystem conditions and
human well-being, in: ecosystems and human well-
being: current state and trends. Washington (DC):
Island Press; p. 125-164.

Liquete C, Piroddi C, Drakou EG, Gurney L,
Katsanevakis S, Charef A, Egoh B. 2013. Current status
and future prospects for the assessment of marine and
coastal ecosystem services: a systematic review. PLoS
One. 8:15. doi:10.1371/journal.pone.0067737.

Lister R. 2015. ‘To count for nothing™ poverty beyond the
statistics. J Br Acad. 3:139-166. doi:10.5871/bacad/
9780197265987.003.0005.

Loomis DK, Paterson SK. 2014. The human dimensions of
coastal ecosystem services: managing for social values.
Ecol Indic. 44:6-10. doi:10.1016/j.ecolind.2013.09.035.

Lépez Angarita J, Hunnam K, Pereira M, Jonathan Mills D,
Pant J, Shwu Jiau T, Eriksson H, Amaral L, Tilley A. 2019.
Fisheries and aquaculture of Timor-Leste in 2019: current
knowledge and opportunities. Penang (Malaysia):
WorldFish.

MA. 2003a. MA conceptual framework. In: Ecosystems and
human well-being: current state and trends. Washington
(DC): Millennium Ecosystem Assessment; p. 25-36.


https://doi.org/10.1007/s12571-012-0228-6
https://doi.org/10.1007/s12571-012-0228-6
https://doi.org/10.1007/s12571-014-0406-9
https://doi.org/10.1007/s12571-014-0406-9
https://doi.org/10.1007/s10745-016-9874-1
https://doi.org/10.1016/j.foodpol.2020.101826
https://doi.org/10.1016/j.ecoser.2017.09.011
https://doi.org/10.1016/j.marpol.2012.05.033
http://www.statistics.gov.tl/category/publications/census-publications/2015-census-publications/volume-2-population-distribution-by-administrative/
http://www.statistics.gov.tl/category/publications/census-publications/2015-census-publications/volume-2-population-distribution-by-administrative/
http://www.statistics.gov.tl/category/publications/census-publications/2015-census-publications/volume-2-population-distribution-by-administrative/
http://www.statistics.gov.tl/category/publications/census-publications/2015-census-publications/volume-2-population-distribution-by-administrative/
https://doi.org/10.1016/j.marpol.2017.10.040
https://doi.org/10.1002/pan3.10179
https://doi.org/10.1002/pan3.10179
https://doi.org/10.1016/j.marpol.2016.07.007
https://www.kobotoolbox.org/#home
https://www.kobotoolbox.org/#home
https://doi.org/10.1038/s41586-019-1592-6
https://doi.org/10.1016/j.cosust.2013.02.004
https://doi.org/10.1016/j.cosust.2013.02.004
https://doi.org/10.3389/fmars.2021.673173
https://doi.org/10.1016/j.ecolind.2019.105855
https://doi.org/10.1016/j.marpol.2020.104042
https://doi.org/10.1016/j.ecoser.2013.04.001
https://doi.org/10.1007/s10113-018-1457-9
https://doi.org/10.1007/s10113-018-1457-9
https://doi.org/10.1016/j.ssmph.2018.02.004
https://doi.org/10.1371/journal.pone.0067737
https://doi.org/10.5871/bacad/9780197265987.003.0005
https://doi.org/10.5871/bacad/9780197265987.003.0005
https://doi.org/10.1016/j.ecolind.2013.09.035

MA. 2003b. Dealing with scale. In: Ecosystems and human
well-being: a framework for assessment. Millenium ecosys-
tem assessment. Washington (DC): Island Press; p. 107-147.

Mandle L, Shields-Estrada A, Chaplin-Kramer R,
Mitchell MGE, Bremer LL, Gourevitch D,
Hawthorne P, Johnson JA, Robinson BE, Smith JR,
et al. 2021. Increasing decision relevance of ecosystem
service science. Nat Sustain. 4:161-169. doi:10.1038/
541893-020-00625-y.

Maynou F, Recasens L, Lombarte A. 2011. Fishing tactics
dynamics of a Mediterranean small-scale coastal fishery.
Aquat Living Resour. 24:149-159. doi:10.1051/alr/2011131.

Mcmichael C, Katonivualiku M, Powell T. 2019. Planned relo-
cation and everyday agency in low - lying coastal villages in
Fiji. Geogr J. 185:325-337. doi:10.1111/ge0j.12312.

Mcwilliam A. 2011. Exchange and resilience in Timor-
Leste. ] R Anthropol Inst. 17:745-763. doi:10.111
1/j.1467-9655.2011.01717 x.

Mehring M, Zajonz U, Hummel D. 2017. Social-ecological
dynamics of ecosystem services: livelihoods and the
functional relation between ecosystem service supply
and demand-evidence from socotra archipelago, Yemen
and the sahel region, West Africa. Sustainability. 9:15.
do0i:10.3390/su9071037.

Mertens F, Fillion M, Saint-Charles J, Mongeau P, Tavora R,
Passos CJS, Mergler D. 2015. The role of strong-tie social
networks in mediating food security of fish resources by
a traditional riverine community in the Brazilian Amazon.
Ecol Soc. 20. doi:10.5751/ES-07483-200318.

Mills D, Abernethy K, King J, Hoddy E, Jiau TS, Larocca P,
Gonsalves D, Fernandes A, Park S. 2013. Developing
Timor-Leste’s coastal economy: assessing potential cli-
mate change impacts and adaptation options. Penang
(Malaysia): WorldFish.

Mills DJ, Tilley A, Pereira M, Hellebrandt D, Pereira A,
Cohen PJ. 2017. Livelihood diversity and dynamism in
Timor-Leste; insights for coastal resource governance
and livelihood development. Mar Policy. 82:206-215.
doi:10.1016/j.marpol.2017.04.021.

Moreno-Baez M, Cudney-Bueno R, Orr BJ, Shaw WW,
Pfister T, Torre-Cosio J, Loaiza R, Rojo M. 2012.
Integrating the spatial and temporal dimensions of fish-
ing activities for management in the Northern Gulf of
California, Mexico. Ocean Coast Manag. 55:111-127.
doi:10.1016/j.0cecoaman.2011.10.001.

Nosratabadi S, Khazami N, Abdallah MB, Lackner Z,
S. Band S, Mosavi A, Mako C. 2020. Social capital con-
tributions to food security: a comprehensive literature
review. Foods. 9:1650. doi:10.3390/foods9111650.

Outeiro L, Ojea E, Garcia Rodrigues J, Himes-Cornell A,
Belgrano A, Liu Y, Cabecinha E, Pita C, Macho G,
Villasante S. 2017. The role of non-natural capital in
the co-production of marine ecosystem services.
Int ] Biodivers Sci Ecosyst Serv Manag. 13:35-50.
doi:10.1080/21513732.2017.1415973.

Palomo I, Felipe-lucia MR, Bennett EM, Martin-l6pez B,
and Pascual U. 2016. Disentangling the pathways and
effects of ecosystem service. Advances in ecological
research. 54: 245-283.

Payne R. 2012. ‘Extraordinary survivors’ or ‘ordinary
lives”? Embracing “everyday agency” in social interven-
tions with child-headed households in Zambia’. Child
Geogr. 10:399-411. doi:10.1080/14733285.2012.726071.

Pellowe KE, Leslie HM. 2017. Seasonal variability shapes
resilience of small- scale fisheries in Baja California Sur,
Mexico. PLoS One. 12:1-15. doi:10.1371/journal.pone.01
82200.

ECOSYSTEMS AND PEOPLE (&) 29

PIFSC, 2017. Interdisciplinary baseline ecosystem assessment
surveys to inform ecosystem-based management planning in
Timor-Leste: Final Report. Pacific Islands Fisheries Science
Centre https://doi.org/10.7289/V5/SP-PIFSC-17-002.

Queiroz C, Meacham M, Richter K, Norstrom AV,
Andersson E, Norberg ], Peterson G. 2015. Mapping
bundles of ecosystem services reveals distinct types of
multifunctionality within a Swedish landscape. Ambio.
44:89-101. doi:10.1007/s13280-014-0601-0.

R Core Team. 2018. R: a language and environment for
statistical computing.

Rademacher A, Cadenasso ML, Pickett STA. 2019. From
feedbacks to coproduction: toward an integrated con-
ceptual framework for urban ecosystems. Urban Ecosyst.
22:65-76. doi:10.1007/s11252-018-0751-0.

Rau AL, Burkhardt V, Dorninger C, Hjort C, Ibe K, Kef3ler L,
Kristensen JA, McRobert A, Sidemo-Holm W,
Zimmermann H, et al. 2020. Temporal patterns in ecosys-
tem services research: a review and three recommendations.
Ambio. 49:1377-1393. doi:10.1007/s13280-019-01292-w.

Rau AL, Von Wehrden H, Abson DJ. 2018. Temporal
dynamics of ecosystem services. [Ecol Econ.
151:122-130. doi:10.1016/j.ecolecon.2018.05.009.

Renard D, Rhemtulla JM, Bennett EM. 2015. Historical
dynamics in ecosystem service bundles. Proc Nat Acad
Sci USA. 112:13411-13416. doi:10.1073/pnas.1502565112.

Reyers B, Biggs R, Cumming GS, Elmqvist T,
Hejnowicz AP, Polasky S. 2013. Getting the measure of
ecosystem services: a social-ecological approach. Front
Ecol Environ. 11:268-273. doi:10.1890/120144.

Ribot JC, Peluso NL. 2003. A theory of access. Rural Sociol.
68:153-181. doi:10.1111/j.1549-0831.2003.tb00133 x.

Rieb JT, Chaplin-Kramer R, Daily GC, Armsworth PR,
Bohning-Gaese K, Bonn A, Cumming GS, Eigenbrod F,
Grimm V, Jackson BM, et al. 2017. When, where, and
how nature matters for ecosystem services: challenges
for the next generation of ecosystem service models.
Bioscience. 67:820-833. do0i:10.1093/biosci/bix075.

Rosegrant MW, Dey MM, Valmonte-Santos R, and Chen
OL. 2016. Economic impacts of climate change and
climate change adaptation strategies in Vanuatu and
Timor-Leste. Mar Policy. 67:179-188. doi:10.1016/j.
marpol.2015.12.010.

Scholes RJ, Reyers B, Biggs R, Spierenburg M],
Duriappah A. 2013. Multi-scale and cross-scale assess-
ments of social-ecological systems and their ecosystem
services. Curr Opin Environ Sustain. 5:16-25. doi:10.10
16/j.cosust.2013.01.004.

Selimovic JM. 2019. Everyday agency and transformation:
place, body and story in the divided city. Coop Confl.
54:131-148. doi:10.1177/0010836718807510.

Siar SV. 2003. Knowledge, gender, and resources in small-scale
fishing: the case of Honda Bay, Palawan, Philippines.
Environ Manage. 31:569-580. doi:10.1007/s00267-002-
2872-7.

Simmance FA, Cohen PJ, Huchery C, Sutcliffe S, Suri SK,
Tezzo X, Thilsted SH, Oosterveer P, McDougall C,
Ahern M, et al. 2021. Nudging fisheries and aquaculture
research towards food systems. Fish Fish. 1-20. doi:10.1
111/faf.12597.

Smith MD, Lynham ], Sanchirico JN, Wilson JA. 2010.
Political economy of marine reserves: understanding
the role of opportunity costs. Proc Natl Acad Sci
U S A. 107:18300-18305. doi:10.1073/pnas.0907365107.

Solé L, Ariza E. 2019. A wider view of assessments of ecosystem
services in coastal areas: the perspective of social-ecological
complexity. Ecol Soc. 24:24. doi:10.5751/ES-10883-240224.


https://doi.org/10.1038/s41893-020-00625-y
https://doi.org/10.1038/s41893-020-00625-y
https://doi.org/10.1051/alr/2011131
https://doi.org/10.1111/geoj.12312
https://doi.org/10.1111/j.1467-9655.2011.01717.x
https://doi.org/10.1111/j.1467-9655.2011.01717.x
https://doi.org/10.3390/su9071037
https://doi.org/10.5751/ES-07483-200318
https://doi.org/10.1016/j.marpol.2017.04.021
https://doi.org/10.1016/j.ocecoaman.2011.10.001
https://doi.org/10.3390/foods9111650
https://doi.org/10.1080/21513732.2017.1415973
https://doi.org/10.1080/14733285.2012.726071
https://doi.org/10.1371/journal.pone.0182200
https://doi.org/10.1371/journal.pone.0182200
https://doi.org/https://doi.org/10.7289/V5/SP-PIFSC-17-002
https://doi.org/10.1007/s13280-014-0601-0
https://doi.org/10.1007/s11252-018-0751-0
https://doi.org/10.1007/s13280-019-01292-w
https://doi.org/10.1016/j.ecolecon.2018.05.009
https://doi.org/10.1073/pnas.1502565112
https://doi.org/10.1890/120144
https://doi.org/10.1111/j.1549-0831.2003.tb00133.x
https://doi.org/10.1093/biosci/bix075
https://doi.org/10.1016/j.marpol.2015.12.010
https://doi.org/10.1016/j.marpol.2015.12.010
https://doi.org/10.1016/j.cosust.2013.01.004
https://doi.org/10.1016/j.cosust.2013.01.004
https://doi.org/10.1177/0010836718807510
https://doi.org/10.1007/s00267-002-2872-7
https://doi.org/10.1007/s00267-002-2872-7
https://doi.org/10.1111/faf.12597
https://doi.org/10.1111/faf.12597
https://doi.org/10.1073/pnas.0907365107
https://doi.org/10.5751/ES-10883-240224

30 R. GRANTHAM ET AL.

Spangenberg JH, Gorg C, Truong DT, Tekken WV,
Bustamante JV, Settele J. 2014a. Provision of ecosystem
services is determined by human agency, not ecosystem
functions. Four case studies. Int J Biodivers Sci Ecosyst
Serv Manag. 10:40-53. doi:10.1080/21513732.2014.884166.

Spangenberg JH, Von Haaren C, Settele J. 2014b. The ecosys-
tem service cascade: further developing the metaphor.
Integrating societal processes to accommodate social pro-
cesses and planning, and the case of bioenergy. Ecol Econ.
104:22-32. doi:10.1016/j.ecolecon.2014.04.025.

Steenbergen D], Fabinyi M, Barclay K, Song AM, Cohen PJ,
Eriksson H, Mills DJ. 2019. Governance interactions in
small-scale fisheries market chains: examples from the
Asia-Pacific. Fish Fish. 20:697-714. doi:10.1111/faf.12370.

Tanner T, Lewis D, Wrathall D, Bronen R, Cradock-Henry
N, Huq S, Lawless C, Nawrotzki R, Prasad V,
Rahman MA, et al. 2015. Livelihood resilience in the
face of climate change. Nat Clim Chang. 5:23-26. doi:10
.1038/nclimate2431.

Thomas AS, Mangubhai S, Vandervord C, Fox M, Nand Y.
2019. Impact of Tropical Cyclone Winston on women
mud crab fishers in Fiji. Clim Dev. 11:699-709. doi:10
.1080/17565529.2018.1547677.

Vaitla B, Devereux S, Swan SH. 2009. Seasonal hunger:

a neglected problem with proven solutions. PLoS
Med. 6:e1000101. doi:10.1371/journal.pmed.1000101.

Vaughan MB, Vitousek PM. 2013. Mahele: sustaining com-
munities through small-scale inshore fishery catch and
sharing networks. Pacific Sci. 67:329-344. do0i:10.2984/
67.3.3.

WEP. 2018. WFP Timor-Leste Country Brief.

Wieland R, Ravensbergen S, Gregr EJ, Satterfield T,
Chan KMA. 2016. Debunking trickle-down ecosystem
services: the fallacy of omnipotent, homogeneous
beneficiaries. Ecol Econ. 121:175-180. do0i:10.1016/j.eco
lecon.2015.11.007.

Wilbanks TJ. 2006. 2. How scale matters: some concepts
and findings. In: Reid WV, Berkes F, Capistrano D,
Wilbanks TJ, editors. Bridging scales and knowledge
systems: concepts and applications in ecosystem
assessment. Washington (DC): Island Press; p. 20-
126.

World Bank, FAO, WorldFish. 2012. The hidden harvests.
The global contribution of capture fisheries. Washington
(DC): World Bank.

World Bank. 2018. Timor-Leste systematic country diag-
nostic, timor-leste systematic country diagnostic. doi:10
.1596/29877.

Yang W, Dietz T, Liu W, Luo J, Liu J. 2013. Going beyond
the millennium ecosystem assessment: an index system
of human dependence on ecosystem services. PLoS One
8. doi:10.1371/journal.pone.0064581.


https://doi.org/10.1080/21513732.2014.884166
https://doi.org/10.1016/j.ecolecon.2014.04.025
https://doi.org/10.1111/faf.12370
https://doi.org/10.1038/nclimate2431
https://doi.org/10.1038/nclimate2431
https://doi.org/10.1080/17565529.2018.1547677
https://doi.org/10.1080/17565529.2018.1547677
https://doi.org/10.1371/journal.pmed.1000101
https://doi.org/10.2984/67.3.3
https://doi.org/10.2984/67.3.3
https://doi.org/10.1016/j.ecolecon.2015.11.007
https://doi.org/10.1016/j.ecolecon.2015.11.007
https://doi.org/10.1596/29877
https://doi.org/10.1596/29877
https://doi.org/10.1371/journal.pone.0064581

	Abstract
	1.  Introduction
	2.  Materials and methods
	2.1.  Background and study site
	2.2.  Data collection
	2.2.1.  Seasonal calendars
	2.2.2.  Interviews
	2.2.3.  Household panel survey

	2.3.  Data analysis
	2.3.1.  Seasonal context
	2.3.2.  Post-harvest use of landings


	3.  Results
	3.1.  Seasonal context
	3.2.  Post-harvest use of landings
	3.2.1.  Allocation across landing groups
	3.2.2.  Allocation across seasons
	3.2.3.  Seasonal allocation within landing groups


	4.  Discussion
	4.1.  Temporal scale
	4.2.  Trade-offs
	4.3.  Adaptation
	4.4.  Social capital

	5.  Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	Ethics and consent
	References

