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ABSTRACT. The predicted future shortfall in seafood production from tropical small-scale fisheries demands support to help diversify
income streams and food production for coastal communities. Livelihood diversification can comprise the enhancement or addition
of components to existing fisheries, yet the likely socioeconomicimpacts are unclear. With along history of nondeleterious introductions,
the marine snail “trochus” (Rochia nilotica) was introduced to Samoa from 2003 to 2006 to offer a new artisanal fishery resource. Some
15 years later, we surveyed 303 fishers using structured questionnaires and mixed effects models to evaluate how the fishery has
contributed to fisher well-being and what factors have influenced the socioeconomic impacts. Most fishers consumed part of their
catch and both fisherwomen and fishermen shared harvests informally within communities, thereby bolstering resilience of the social-
ecological systems at the community level. More than one-quarter of fishers sold part of their catch and the new earnings represented
17% of their gross income from all sources. Fishing incomes were gender equitable and influenced by fishing frequency and capital
assets (boats). Most fishers were satisfied with income from the relatively new fishery and improved income was reported by a majority
of fishers, especially those younger and less experienced. Additional money from the fishery was most often spent on food, church
tithing, and school fees. This relatively new fishery fostered positive well-being outcomes that were gender inclusive. Extrapolations of
annual incomes across the fishery reveal a rapid return on investment from foreign-aid funded development. The study reveals that
certain coastal artisanal fisheries can be gender equitable and that benefits are likely underestimated because of subsistence consumption
and informal distribution networks. Diversifying the marine resources accessible to small-scale fishers offers a promising strategy to
support coastal livelihoods and strengthen resilience of social-ecological systems.
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INTRODUCTION

Diversifying small-scale fisheries

Small-scale fisheries (SSFs) provide livelihood and nutrition to
millions of coastal people worldwide (Chuenpagdee et al. 2006,
Mills et al. 2011) yet are threatened by increasing fishing pressure
and external stressors (Kolding et al. 2014). Diminished fishery
productivity can erode resilience of social-ecological systems,
especially where resource diversity is low (Nayak et al. 2014). In
small-island developing states, seafood consumption can be
remarkably high and represent the main source of protein (Bell
et al. 2009, Charlton et al. 2016). With increasing populations,
and continued reliance on local seafood, Bell et al. (2009) predict
that coastal fisheries will struggle to meet the consumptive
demands of coastal communities in the Pacific Islands. Sustaining
a “safe and just space” for small-scale fishers in the Blue Economy
into the future compelsinitiatives that maintain human well-being
of coastal and marine-resource dependent people (Cohen et al.
2019).

Programs to diversify fisher livelihoods through nonfishery
income streams, i.e., “pluriactivity” or “occupational
diversification,” could take pressure off fish stocks in SSFs
(Allison and Ellis 2001, Salmi 2005). However, alternative
economic opportunities are an ongoing challenge for island
countries, such as those in the Pacific (Pollard and Abbott 2004,
SPC 2015). Further, fishers might not want to take up other
occupations because they enjoy fishing (Pollnacet al. 2001, Cinner

2014) and because it sustains tradition and diets in coastal
households (Kawarazuka and Béné 2010, Loring et al. 2019).

Diversifying the marine resources accessible to fishers is an
alternative approach to sustaining SSFs (Cinner 2014, Finkbeiner
2015, Stacey et al. 2019). This could arise from programs to train
fishers in new gear and techniques, or establish markets for
previously unexploited species (Bell et al. 2018), or the
introduction of new commercial species (Andréfouét et al. 2014,
Tioti and Bermudes 2016). Such initiatives can build adaptive
capacity, through the substitution of food resources for coastal
fishers, thereby reducing food security vulnerability (see Hughes
etal. 2012). When fishers share their catch with others, diversified
harvests can enhance resilience of social-ecological systems at the
community level (Vaughan and Vitousek 2013). Fishery
development should aim to be gender inclusive (Bell et al. 2009,
Koralagama et al. 2017), especially because poverty and hardship
are often strongly influenced by an inadequate access to income
opportunities (Allison and Ellis 2001, Pollard and Abbott 2004).
The planning of such programs would thus greatly benefit from
research into how small-scale fishers respond to, and benefit from,
resource diversification. How are newly accessed resources shared
or traded within communities; are the impacts of resource
diversification gender equitable; what are the potential factors
that influence income to fishers and how is the fishery income
used; and do newly accessed resources contribute to other
dimensions of well-being?
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In Samoa, an autonomous central-western Pacific Island country,
shellfish resources are sparse and the native species are small,
offering limited seafood to coastal villages (Tiitii and Aiafi 2016).
A recent introduction (2003-2006) to Samoa of a larger and more
productive marine snail, called “trochus” (Rochia nilotica), aligns
with Blue Economy aspirations of “increasing food production
from the sea” (Cohen et al. 2019). The nascent fishery offered an
opportunity to examine the above questions about socioeconomic
impacts of livelihood diversification through a relatively new
component to existing fishing livelihoods (sensu Stacey et al.
2019).

Small-scale fisheries income and well-being

Many SSFs in the tropics focus on tropical invertebrates that are
eaten, traded, or sold locally. Harvesting of coastal shellfish is
widespread because they can be collected by hand and with little
fishing gear or experience (Gillett and Tauati 2018).
Consequently, shellfish fisheries often involve both men and
women, youth and elderly, in fishing and postharvest processing
(Chuenpagdee et al. 2006, Frocklin et al. 2014, Santos 2015).
Generally, low-value invertebrates are eaten by fishers and their
families while high-value species and shells are sold, contributing
to the general household income (Frocklin et al. 2014).

Income generation from invertebrate fisheries can differ
enormously among countries, depending on target species and
markets (Gillett and Tauati 2018). For instance, fishers in Pacific
Islands targeting sea cucumbers might have relatively high annual
incomes (Purcell et al. 2018, Hair et al. 2019) compared with fisher
incomes in artisanal fisheries in Africa (Frocklin et al. 2014,
Belhabib et al. 2015). Nonetheless, domestic seafood sales are still
vital for local economies and household incomes in numerous
countries (Gillett 2009, Mills et al. 2011). Such artisanal fisheries
for shellfish and other invertebrates are often undervalued and
underreported in fisheries databases (Zeller et al. 2006, Béné et
al. 2015).

The importance of small-scale fisheries to income generation has
been widely touted (Mills et al. 2011, Belhabib et al. 2015), yet
few studies have compared fishing incomes with other income of
fishers (Allison and Ellis 2001, Purcell et al. 2018). Income varies
greatly among different types of fishers and fishing métiers
(Frocklinet al. 2014, Purcell et al. 2018). Such disparities can arise
from individual behaviors, fishing efficiency, and socioeconomic
circumstances (Faraco et al. 2016), and the ecosystem and fishing
gear used by fishers (de la Torre-Castro et al. 2017). Boat and
fishing gear can allow access to more profitable fishing grounds
and/or increase catch rates, thereby improving incomes (Kuster
et al. 2005).

Gendered division of labor can exist in fisheries, but Weeratunge
et al. (2010) argue that research should move beyond this limited
perspective. Gender inequality in fisheries income is widely known
(Zhao et al. 2013, Teh et al. 2020), yet the underlying causes are
diverse. Compared to male fishers, women could be
disadvantaged by being restricted to just gleaning, processing,
and selling activities (Santos 2015, Furkon et al. 2019), being
restricted to intertidal areas (Siar 2003, de la Torre-Castro et al.
2017), having poorer access to boats (Gerrard and Kleiber 2019),
being given lower prices by traders (Purcell et al. 2016), and even
being excluded in some fisheries, thus obtaining less catch
(Chapman 1987, Hauzer et al. 2013). Women might invest less
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time in fishing because of their involvement in child raising,
farming, caring for elders, and housekeeping (Harper et al. 2013,
de la Torre-Castro et al. 2017, Biswas 2018).

Gendered disparities in fishery income might also be attributable
to the proclivity of women to retain part of their catch for
subsistence consumption (Harper et al. 2013, Gillett and Tauati
2018). In certain cultures, men are held as income earners and so
might sell a comparably larger part of their catch (Kronen et al.
2007, Frocklin et al. 2014). Consequently, while prices and
landings for harvested seafood might be gender equitable, women
fishers might gain lower weekly income (de la Torre-Castro et al.
2017, de la Torre-Castro 2019). Thus, framing poverty in Pacific
Island fisheries on income alone might be inadequate because
fisheries contribute substantially to local diets (Pollard and
Abbott 2004, Charlton et al. 2016).

Fishery catches and incomes strongly influence fisher well-being.
The concept of well-being includes their economic yield, food
supplies, employment, and psychological and physical health
(Coulthard et al. 2011, Weeratunge et al. 2014). Satisfaction with
one’s livelihood source is one, of many, useful measures of well-
being, derived directly from socioeconomic surveys (Coulthard
etal. 2015, Purcell et al. 2016). Fishery dissatisfaction can impact
on fishers’ mental and physical health (Coulthard et al. 2015,
Pollnac and Poggie 2006), and undermine the relationships
between fishers and management institutions (Trimble and
Johnson 2013). An integration of objective (e.g., food or income)
and subjective well-being measures (e.g., satisfaction) thus offers
a more holistic perspective on impacts within social-ecological
systems (Weeratunge et al. 2014).

Trochus: a nascent fishery in Samoa

Pacific Island states rely on foreign aid for fishery-related
development assistance (Hanich and Tsamenyi 2009). Billions of
dollars in official development assistance have been destined to
support nutrition and livelihood of fishers worldwide (Blasiak
and Wabnitz 2018). Several case examples have illustrated positive
socioeconomic impacts from foreign-aid diversification of
fisheries in Pacific Island countries. For instance: seaweed farming
in Fiji (Lal and Vuki 2010), pearl oyster farming in the central
Pacific (Fong et al. 2005), and green snail introduction in French
Polynesia (Andréfouét et al. 2014). These projects directly or
indirectly benefited coastal communities improving their adaptive
capacity, income, and well-being.

Trochus is a commercially important herbivorous marine snail of
the western Pacific (Nash 1993, Gillett and Tauati 2018). It has
long been harvested for export of its shell (Gillett and Tauati
2018), and is avidly consumed locally (Foale and Day 1997, Nash
1993). In Samoa, native reef shellfish (e.g., Tectus pyramis and
Turbo chrysostomus) were relatively small and naturally sparse
(Purcell and Ceccarelli 2021), offering limited yields for artisanal
fishers. Being a larger and often more abundant animal, trochus
by contrast has been a substantial fishery resource in other Pacific
Islands but was not endemic to Samoa until recently (Tiitii and
Aiafi 2016, Purcell and Ceccarelli 2021). Trochus has been
translocated to new localities beyond its distribution, including
Cook Islands, French Polynesia, Tonga, and Hawaii with little
evidence of any negative ecological impacts of the introductions
spanning 90 years (Bell et al. 2005, Gillett and Tauati 2018). Owing
to its fishery potential and low risk of ecological impact, the
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Samoan Ministry of Fisheries introduced trochus to its reefs in
2003-2006 with support from Australia’s foreign aid program
(ACIAR Project FIS/2001/085). This was done primarily through
translocations of broodstock animals from Fiji and Vanuatu. The
intention was to diversify seafood and potential revenue for local
communities, weighed against potential biodiversity risks (Tiitii
and Aiafi 2016). Abundant colonization of trochus occurred
within 15 years, and they are now many times denser at some reef
sites than the native herbivorous gastropods (Seinor et al. 2020,
Purcell and Ceccarelli 2021). Trochus has become an additional
seafood resource for more than 1000 small-scale fishers in Samoa,
second-most harvested (after fish) by many fishers (Purcell et al.
2020).

Aims and objectives of this study

We assessed the socioeconomic impacts of the nascent trochus
fishery in Samoa using gender-disaggregated data from
questionnaire-based surveys of fishers across multiple coastal
villages. Specifically, we sought to determine the key factors that
influence income, fishing costs, subsistence consumption, trade,
and indices of well-being in this social-ecological system. We
apply a robust examination of gender equity in fishery outcomes
by using quantitative mixed-model analyses to account for
correlated factors that vary alongside gender groupings (Purcell
et al. 2020). Estimates of the number of fishers in the fishery and
our data on average annual income of fishers allow an appraisal
of the annual economic potential of shell exports. The research
approach allows us to examine how island communities can
benefit from fishery development, and offers new insights into
evaluating gender equity and potential drivers of livelihood
outcomes in social-ecological systems.

MATERIALS AND METHODS

Study sites

Data were collected from November to December 2018 in villages
around both of Samoa’s main islands: Upolu (19 villages) and
Savai’i (15 villages; Fig. 1). Villages were chosen in consultation
with the Fisheries Division of the Ministry of Agriculture and
Fisheries (MAF), Samoa. The villages were those in which trochus
was known to be collected, but we did not base the selection on
other variables.

Data collection

On average, 9 fishers (range = 6-10, median = 9) were interviewed
in each village, subject to their availability. In total, 303 fishers
were interviewed. Some villages had fewer than 10 fishers. Apart
from consulting with the village mayor, we used snowball
sampling to locate active fishers. Fishers could be exclusively
fishing (for consumption and sharing), or fishing and selling. The
few encountered sellers who did not also fish for trochus were not
interviewed. We also employed a gender-inclusive approach
(Kleiber et al. 2015), whereby women fishers were interviewed
where possible in order to ensure their representation. Sampling
allowed for any person who collected trochus within the past year,
regardless of their age, gender, or the frequency or purpose of
fishing. Respondents ranged from 16 to 68 yr old (average = 38).

The surveys were approved (SCU: ECN-18-204) for ethical
human research and overseas research and followed guidelines of
the Australian National Statement on Ethical Conduct in Human
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Research 2007. The Ministry of Women’s Affairs in Samoa
granted additional approval. We sought and obtained
authorization to conduct the interviews from the chiefs or mayors
of each village. Information sheets about the research were given
to each interviewed fisher, and all interviewees gave written
consent to be interviewed and for the data to be used in the
research.

Fig. 1. Map of Samoa showing locations of the 34 study
villages in which fishers were interviewed (red dots).
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Interviews using a structured questionnaire (Appendix 1) were
conducted at either the fishers’ homes or in an open place within
villages (Fig. 2). Interviews took 25-40 min to complete and were
facilitated by an interpreter when conducted by a foreign
researcher (SWP). To derive response variables, we asked each
fisher questions including (but not restricted to) the following:
their perceived weekly income from fishing trochus based on an
average-day catch over the past year; perceived weekly income
from all livelihood sources; amount and cost of fuel used on their
last fishing trip and how many fishers shared the fuel costs; average
number of fishing trips per week; number of months per year not
fishing; costs of various fishing gear and frequency of purchase;
income earned from the last recalled sale of trochus and days
taken to harvest those animals sold; and what portions of the
trochus were eaten themselves, given away, i.e., shared, and sold.
To obtain potential explanatory covariates from fishers, we
recorded their gender, age, years of fishing experience, fishing
methods, boat use, weekly fishing frequency, place of sale if they
sold part of the trochus they caught, and if they sold the empty
shells. A conversion rate of US$0.385 per WSS at the time of the
surveys was applied.

Fishery officers of MAF collectively provided conservative
estimates of the number of trochus fishers in nonsurveyed coastal
villages around Upolu and Savai’i. The sum of those village
estimates was added to the sum of data on the median numbers
of fishers reported in our study villages (based on median
responses of fishers), yielding a total estimate of fishers for both
Upolu and Savai’i. Annual total gross income to fishers for the
entire fishery was derived by multiplying the questionnaire-
derived data on average gross annual income per fisher in Upolu
and Savai’i, separately, by the estimated number of trochus fishers
on each island.
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Statistical analysis

Linear mixed models (LMM) or generalized linear mixed models
(GLMM) were used to analyze each response variable. The
analyses were performed using ASReml-R, a powerful linear
mixed modeling software that can fit a wide range of potentially
complex treatment and covariance structures (Butler et al. 2018).
Explanatory variables were classed as anatomical (factors and
covariates of prime interest) or secondary (factors or covariates
that could reduce error or explain variation) and were fitted as
either fixed or random model terms in the model (Table A2.1).
The secondary variables were retained in each final model with
no variable selection. The significance of the fixed terms was
assessed using a Wald test (Butler et al. 2018) and the percentage
of total variation explained by each of the random terms was
calculated for each response variable.

Fig. 2. (a, b) Conducting interviews with trochus fishers; (c) a
young fisher selling trochus (Rochia nilotica) flesh in bottles; (d)
a pile of trochus shells on sale by the roadside in Savai’i; (e)
trochus flesh in bottles for sale in a town market in Savai’i; (f)
two Samoan fishers in a typical traditional paddle canoe during
a trip to collect trochus and other seafood; (g) a pile of trochus
shells broken by fishers in order to extract the uncooked flesh.
All persons depicted gave verbal consent to being
photographed.

Potential nonlinearity between each response variable and fisher
age was examined by fitting a cubic smoothing spline (Verbyla et
al. 1999), and with the assistance of added variable plots
(Atkinson 1985). Terms that were marginal to higher order terms
were not removed from the model. The gender-by-age interaction
was removed when nonsignificant (P > 0.05). However, given the
aim of investigating gendered and geographic variation, random
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terms involving gender and age were retained for all response
variables. Residual plots were inspected for potential outliers and
to check model assumptions.

Net annual income from sales of trochus flesh and average gross
income per day from fishers’ last sale of trochus were calculated
for the 88 (out of 303) interviewed fishers who sold trochus. Data
for both variables were log-transformed for analysis to meet
normality and homogeneity assumptions. A datum for one fisher
earning US$385 per day (WS$1000) was validated and retained
for analysis. Fisher satisfaction with earnings from trochus and
the perception of fishers about change to their overall income
from selling trochus were also measured for the 88 fishers selling
trochus. Fisher satisfaction was an ordinal response on a Likert
scale: very dissatisfied, partly dissatisfied, indifferent, mostly
satisfied, and very satisfied. These data were analyzed using a 3-
threshold multinomial ordinal GLMM to accommodate the set
of random effects (McCullagh and Nelder 1989). Fisher
perception about changes to their overall income from trochus
was measured as an ordinal response: income has decreased,
income has stayed the same, or income has increased. The data
were analyzed using a 2-threshold multinomial ordinal GLMM
following the same approach as for fisher satisfaction.

Data on the proportion of trochus given away, i.e., shared with
others in their village, was measured as an ordinal response: none
given away, small part given away, half given away, most given
away, and all given away. The data were analyzed using a 3-
threshold multinomial ordinal GLMM, as described. Data on the
proportion of trochus eaten by fishers themselves was analyzed
as an ordinal response variable: none eaten themselves, small part
eaten themselves, half of catch eaten themselves, most eaten
themselves, or all of the catch eaten themselves. Likewise, data on
the proportion of trochus sold by fishers were analyzed as an
ordinal response: none sold, small part sold, half sold, most sold,
or all sold. These final two response variables were analyzed using
a 4-threshold multinomial ordinal GLMM.

RESULTS

Subsistence consumption

For 2018, we estimated that 7.0 million (£ 2.7 mil, s.e.) trochus
were captured across all fishers in Samoa. This corresponds to an
average of 42 trochus day™ fisher reported across respondents.
Most of the catch was retained for subsistence consumption
because 71% of fishers did not sell any of their catch.

A majority of fishers retained at least half of the trochus for their
household consumption (Fig. 3a). Personal consumption of
trochus varied somewhat among villages (34% of variation) and
was comparable among the factors tested (gender, age, fishing
method, and fishing experience; P > 0.05). Half of the fishers
(51%) gave away a small part of their catch, and almost one-third
(29%) of fishers gave away half of their catch (Fig. 3b). The
proportion of trochus given away did not depend significantly on
any of the explanatory variables (P > 0.05).

One-third (34%) of the fishers removed the trochus flesh from the
shells themselves, while 30% of fishers did this task with their
spouse, 15% of fishers did the processing with family members,
and the rest did the processing with other people and their
children. On average, fishers spent 36 min in postharvest
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processing for one day’s catch. Most fishers (61%) broke the shell
to get the flesh out, while 33% took the flesh out leaving the shell
intact, and 6% of fishers alternated between the two methods.
Fishers who broke the shells (Fig. 2g) spent slightly more time to
get the flesh out (1.9 min shell’) than fishers who left the shells
intact (1.6 min shell™).

Fig. 3. Percentage of men and women on Savai’i and Upolu
responding to the use of their collected trochus (Rochia
nilotica).
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Fishing income and costs

Net annual income and sales

Fishers who sold trochus earned an average net annual income of
US$1805 £ 1876 s.d. (WS$4689 *+ 4873) from selling trochus (flesh
alone or with shells). This annual income depended significantly
on fishing frequency per week (P = 0.002), and varied slightly
between men and women, according to their village of residence
(11% of variation among random model terms), but there was no
main effect of gender on annual income. Only one interviewed
fisher sold the (empty) shells of trochus.

Fishers who sold trochus invested, on average, US$106 + 193 s.
d. annually in fishing gear and materials, representing 6% of their
gross annual income from trochus (Fig. 4). Fishing costs
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principally comprised a mask, snorkel, fins, gloves, wetsuit, torch,
and batteries. Only 35% of divers used fins, only 4% used a wetsuit,
and half of the divers (47%) used cheap swimming goggles
without snorkel (cost US$8-19). A torch was reportedly used by
29% of fishers, revealing substantial nighttime fishing.

Fig. 4. Average value (US$ £ s.e.) of fishing cost per year,
trochus (Rochia nilotica) net income per year, and income from
all sources per year for men and women that sell trochus on
Savai’i and Upolu islands.
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Twenty-nine percent of fishers sold some or all of their trochus
catch (Fig. 3c). None of the factors tested (gender, age, fishing
method, or fishing experience) significantly affected (P > 0.05)
the proportion of trochus sold by fishers. The proportion of the
trochus catch sold by fishers did not vary between women and
men overall, but differed somewhat at the level of specific villages
(14% of variation among random model terms). Around half
(55%) of the fishers sold their catches from roadside stalls (Fig.
2d), 11% sold in markets (Fig. 2e), 6% to households within the
village, 5% using other nonspecified methods (Fig. 2c), 4% from
a village stall, and the rest in combinations of these modes.

Gross income per day

Based on last-sale recall, fishers who sold trochus grossed, on
average, US$37 * 44 s.d. per day from fishing and selling trochus.
Use of a boat for fishing (Fig. 2f) significantly affected daily gross
incomes (P = 0.03). Predicted daily incomes (back-transformed)
for boat users were more than 50% greater (US$30) than nonboat
users (US$19). Fishers with greater fishing frequency (per week)
tended to earn more daily income (P = 0.04).

Measures of well-being

Satisfaction

Most fishers were satisfied with income from the fishery (Fig. 5).
Specifically, 46% responded to be very satisfied, 37% mostly
satisfied, 15% indifferent, and 2% not very satisfied. The rank of
satisfaction in income from trochus was comparable between men
and women, and also among the other explanatory variables (P
> 0.05).
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Fig. 5. Percentages of fishers per village responding to their
satisfaction of income from trochus (Rochia nilotica; only
villages with trochus sales reported by some respondents).
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Perception about trochus improving the fisher’s income

A slight majority (59%) of fishers who sold trochus said that the
new fishery resource had improved their income. More than one-
third of fishers (39%) believed that their income was unchanged,
while just 2% said their income had decreased since they started
harvesting trochus. There was weak evidence that the perception
on changesin income were significantly affected by age (P =0.041)
and fishing experience (P = 0.049); older fishers and fishers with
more years fishing for trochus were less optimistic about their
income being improved by the new fishery.

Fishers said that they spent the money earned from trochus sales
mainly on food, church, school fees, household expenses, fishing
gear, and medical costs (Fig. 6). Fewer fishers spent the additional
money on alcohol, home improvements, and other minor
expenses.

Valuation of the fishery

Summed across all revenue sources, the average annual gross
income of fishers was US$10,472. The average gross annual
income to fishers from selling trochus was US$1912 + 1901 s.d.,
representing 17% of their income from all sources (Fig. 4).
Extrapolating to all the fishers estimated in the fishery (1037
fishers), the total value of sales of trochus flesh in 2018 calculates
to US$571,000 (WS$1.48 million).

Based on our observations of catches, we conservatively estimated
that 15% of the harvested trochus were above 90 mm basal shell
width (~250 g), which is the legal size and preferred for exports.
In a related study, we calculated a total exportable weight of 263
tonnes of trochus shell harvested in Samoa in 2018 (Purcell et al.
2020). At conservative sale prices to exporters of just WS$5 kg’
for trochus shells, this volume would equate to US$507,000.
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Fig. 6. Proportion of fishers responding on which items they
spent the extra income earned from trochus (Rochia nilotica;
only fishers who sold trochus and reported earning greater
income, n = 55).
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DISCUSSION

Subsistence consumption

Trochus introduced to Samoan reefs has diversified seafood
consumption and rural incomes. Livelihood diversification
benefits from this fishery commenced mostly within the 5-10 years
prior to our surveys (Purcell et al. 2020). Our result show that
socioeconomic impacts are inclusive because young and old fishers
and both men and women harvest trochus. The substantive impacts
of trochus to subsistence consumption is an inspiring development
in an age when Pacific Island communities still rely heavily on
coastal fishing for dietary animal protein and need to diversify
seafood supply (Bell et al. 2009). Impacts of this species
introduction on hard corals and native edible herbivorous
gastropods are unsupported by field data (Seinor et al. 2020,
Purcell and Ceccarelli 2021). Notwithstanding, potential
ecological impacts to other animals from diminished algal
resources and occupancy of refugia remain unstudied.

Trochus are now relatively abundant in Samoa (Purcell and
Ceccarelli 2021). Fishers were harvesting an average of 46 trochus
shells per day, many of which were small individuals (Purcell et al.
2020). Trochus was harvested in Samoa primarily for local
subsistence consumption, and we found that informal markets and
noneconomic distribution networks within communities are
significant. The tendency for Samoan trochus fishers to share, i.e.,
give away, part of their catch mirrors similar trends in other
subsistence and small-scale fisheries (Barnes-Mauthe et al. 2013,
Vaughan and Vitousek 2013, Dacks et al. 2020). Such forms of
resource sharing serve to maintain culture, social connections, and
reciprocity in sharing of other resources and services within
communities (Vaughan and Vitousek 2013, Kittinger et al. 2015).
Such sharing of fishery harvests can also bolster resilience at the
community level (Vaughan and Vitousek 2013). This is especially
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pertinent for resilience of social-ecological systems disrupted by
natural disasters, e.g., cyclones or tsunamis, economic crises, and
global pandemics (Bennett et al. 2020).

Previously, the value of the fishery was measured by sales of the
flesh at roadside stalls and town markets (Tiitii and Aiafi 2016).
Because just 29% of fishers sold their catch, our study highlights
that seafood trade in extensive informal social networks should
also be measured in order to fully reveal the importance of
fisheries. This study also shows that the culture of resource sharing
transcends to newly developed fisheries.

Subsistence fisheries are especially important in the Pacific
Islands for food supply (Kuster et al. 2005, Watson et al. 2016,
Gillett and Tauati 2018). Data elucidating the landing fate of
marine resources, including catch for subsistence consumption,
inform our understanding of the contribution of fisheries to local
food security (Chuenpagdee et al. 2006, Kronen et al. 2007). For
instance, reef fishers in Indonesia, Hawaii, and Kiribati use most
of their catch for subsistence consumption rather than an income
source (Kittinger et al. 2015, Watson et al. 2016, Furkon et al.
2019). The predominance of consumptive use of trochus in
Samoa contrasts with a history of harvesting for its shell in other
countries (Nash 1993). Differing extents of trochus consumption
among villages in our study are consistent with observations of
large geographic variations in shellfish consumption within other
Pacific Island countries (Kronen et al. 2007).

Fishing income and costs

Small-scale fishing households rarely depend on just one
livelihood source, and fishers often harvest a variety of seafood
(Cinner and Pollnac 2004, Kittingeret al. 2015, Purcell et al. 2016).
A diverse catch composition provides a buffer to seasonal
variation in resource abundance and market prices, and allows
for opportunism during fishing. The newly developed trochus
fishery in Samoa has diversified coastal income sources, thereby
building adaptive capacity to the risk of livelihood failure through
declining fisheries (Allison and Ellis 2001, Bell et al. 2009). This
is germane in view that long-lived reef resources are declining and
island fisheries will benefit from short-lived, fast-growing
invertebrates (Cohen and Foale 2013).

Artisanal fishers often benefit from a range of income streams,
such as agriculture, tourism, construction, handicrafts, and
transport (Cinner and Pollnac 2004, de la Torre-Castro et al. 2017,
Stacey et al. 2019). Coastal fishers are also facing economic
hardship from market disruptions and a slump in tourism as a
result of the COVID-19 pandemic (Bennett et al. 2020). Trochus
contributed 17% of annual income for approximately 300 Samoan
fishers selling the flesh across the whole fishery. Cash has become
an increasing necessity for services in Pacific Island communities,
even in rural areas (Pollard and Abbott 2004). The diversification
of fishery income from this introduced species has fortuitously
strengthened the resilience of the social-ecological system to cope
with shocks, such as global pandemics. During the year of this
study (2018), the total value of income generation was
US$508,000, providing evidence of a substantial return on
investment from the original cost of the translocation program
(US$223,000).

Social norms in some fisheries hold that men are responsible for
income generation while women take care of household duties
(Frocklin et al. 2014, de 1a Torre-Castro et al. 2017, Biswas 2018)
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and wealth might be held by young men (Barclay et al. 2019).
However, this stereotype is an overgeneralization for most SSFs
(Harper et al. 2013, Biswas 2018). In the Pacific Islands, in
particular, women contribute substantially to fishery-based
income of households (Harper et al. 2013). Our study furnishes
an important example in which small-scale fishing income was
gender equitable and inclusive because annual income from selling
trochus was primarily due to how often (per week) fishers went
fishing and, statistically, had little to do with gender or age.

A main driver of catch rates and fishery income in Samoa was
access to a boat. Across fisheries globally, boat owners tend to
earn more than nonowners (Teh et al. 2020). In some fisheries,
women’s limited access to fishing equipment restricts their access
to certain fishing grounds and consequently reduces their catches
and income (Frocklin et al. 2014). Boats have been provided as
an aid to support, or rebuild, fishery livelihoods (Tewfik et al.
2008). Our findings show that fishing capital can strongly affect
fishery catches and economic impacts.

A proposed management plan for the fishery includes minimum
legal-size limits, a prohibition on nighttime collection, and the
provision for seasonal closures. The minimum size limit of 9 cm
shell width would serve to safeguard yield-per-recruit and egg-
per-recruit of trochus while also satisfying size requirements for
potential exports of the shells (Nash 1993). The management plan
specifies the possibility for shell exports, contingent on a
ministerial decision, which could potentially nearly double the
present income of fishers. Our data also indicate that keeping the
shell intact would not take fishers more time. Intact shells can be
stockpiled to await sale for export (Gillett and Tauati 2018). We
also installed equipment and held capacity building workshops
on both Upolu and Savai’i islands to train villagers in skills to
polish shells and make shell jewelry for sale. In contrast to exports
of whole shells for button manufacturing, the potential industry
in trochus shell jewelry and handicrafts would demand few shells.

Other well-being dimensions

Well-being in fisheries is increasingly influencing fisheries policies,
and data on well-being helps to understand fishers’ motivations
(Coulthard 2012). Psychological measures of happiness offer
important dimensions of well-being (Pollnac and Poggie 2006,
Coulthard et al. 2015). In many Southeast Asian small-scale
fisheries, e.g., Philippines, Indonesia, and Vietnam, fishers like
their occupation, are satisfied with their income, and would not
leave fishing for an alternative occupation (Pollnac et al. 2001).
In Samoa, more than 80% of trochus fishers were satisfied with
the income made from the fishery. In comparison, fishers in some
other island fisheries, e.g., sea cucumbers, were often dissatisfied
with the fishery incomes because of supply chain issues (Purcell
et al. 2016).

Fishing costs can represent a large proportion of total fishery
earnings (Teh et al. 2020). A relatively rare characteristic of
Samoa’s trochus fishery is the low fishing cost, averaging just
USS$103 per year per fisher, which helps to explain the high rates
of satisfaction. Psychological wellness could also be attributable
to the economic importance of the fishery to those fishers selling
the flesh.

In some cases, increased income in fisheries might spur
consumption of alcohol, or other expenses of limited benefit to
community development, e.g., alcohol, gambling, and
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transactional sex (Barclay et al. 2019, Hair et al. 2019). This
appears not the case in our study, at least based on accounts by
men and women fishers. The new income from the fishery allowed
fishers to buy more food, contribute to their church, pay for school
fees and household expenses. The fishery thus contributes directly
and indirectly to food security and social well-being.

CONCLUSION

Our study provides an encouraging case of livelihood
diversification, through the introduction of an herbivorous
marine gastropod to Pacific Island reefs. We find that Samoa’s
trochus fishery is primarily contributing to food security and is
also diversifying income generation of fishers. In addition to these
objective well-being measures, satisfaction of hundreds of fishers
and the contribution of trochus catches in sharing networks
within communities further boosts the livelihood impacts. This
social-ecological system is a case in which benefits to users were
gender equitable; what determined catches and incomes most was
whether fishers used a boat and how often they went fishing. Our
data further highlight that the distribution of seafood through
informal networks within communities can be significant, and
might account for an important component of the catch. The
underutilization of the trochus shells, which are roughly an
equivalent value to the flesh, opens a promising opportunity to
add value to the social-ecological system and further improve
fisher incomes and well-being.
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Appendix 1. Socioeconomic questionnaire.

Trochus Fisher and Seller Questionnaire — Samoa

Surveyor: Date: / / Time start: .
Fisher name: Gender: female: I:' male: I:' age: I:I
Village/place of residence: Waypoint #

Introduction to respondents:

* Who are we? SCU and MAF. Purpose of project.

* The questionnaire is part of a project to assess the benefits of the (introduced) Aliao [Rochia
nilotica] fishery in Samoa. It will take about 30—40 minutes.

* This study is funded by the Australian Centre for International Agricultural Research.

Your responses are completely voluntary. You can choose to not respond to any questions.

Your responses will be kept confidential and will be used in a project report and publications,
which will show averages of responses from fishers in the village. Your individual information
will not be shown. An Information Sheet gives contact details to get feedback about the project and
an address in case you have complaints.

* Unless otherwise stated, our questions ONLY refer to the introduced Aliao, not Aliao Samoa.

Type and location of fishing

1. Do you only fish commercially for Aliao or do you also fish/collect other marine resources (to sell)?

Only Aliao: I:' Other resources too: I:I

2. How long ago was the last time you went fishing for Aliao? days.

3. Do you collect the Aliao by walking on the reef at low tide (gleaning)? Yes I:I No I:I
4. Do you collect the Aliao by free-diving/snorkeling? Yes I:' No I:'

5. In what part of the reef do you go to collect the Aliao??
Reef flat: Reef crest: Front reef slope (3-10 m): I:I

Fishing effort
6. Over the past 6 months, on how many days did you collect some Aliao each week, on average, during
fishing months? days per week.
7. Were there some months that you didn’t go out to collect Aliao? If so how many months per year not
fishing
If you didn’t fish some months, why?

8. If you use a boat to get out to the fishing sites to collect Aliao, what sort of boat?

Canoe paddle only I:' Canoe paddle+sail I:I Boat with outboard I:' ....engine HP?



9. If you used an outboard motor, how much fuel did you use on the last trip in which you collected Aliao?

Litres: Cost: How many other people (not including you) shared that cost?

10. What other costs would you have for fishing Aliao?

Item Cost (Tala) Per time (day,week,month,year)

mask, snorkel

fins

wetsuit

gloves

sack

torch

batteries

11. On a normal day during the past year, how many people are in the group fishing with you? __

Are all of them fishing too? Yes I:' No I:' number fishing (not incl. you)

12. On your fishing trips, how many hours are spent to get to and from the fishing sites; i.e. not including
the fishing time? Hours round-trip (transportation only).

13. When fishing, how many hours per day would you spend in the water looking for Aliao? hrs.

14. During the past 6 months, how many Aliao (not including Aliao Samoa) would you normally catch on

average per day? . On a good day?: .

Is this average number that only you personally caught? Yes I:' No I:I (revise above)

15. Can you rank which marine resources you would, on average, collect the most of, by volume, and
which ones you would collect less, by volume? ‘1’ is most volume, ‘2’ is second most volume, etc

Fish: : Giant clams: ] Turbo shells: :
Octopus: | | Other clams/cockles: ] Other gastropods: L
Lobster: | | Aliao Samoa: ] Sea urchins: -
Turtle: || Aliao (giant): : Sea cucumber: |
Crabs: | | Zoanthids: L] Other L

Processing and use

16. Do you break the Aliao shells to get out the meat or leave shells whole? Break: I:' Whole:|:|

17. For the Aliao that you catch each month, what froportion would you give away?

All: I:' Most: I:' Half: Small part: None: I:'

18. For the Aliao that you catch each month, what froportion would you eat yourself?

All: I:' Most: I:I Half: Small part: :I None: I:I

19. For the Aliao that you catch each month, what rroportion would you sell?

All: I:' Most: I:I Half: Small part: :' None: I:I




20. Who does the work to get out the meat of the Aliao if you sell the meat?

You:|:| Spouse:|:| Children:l:l Other family member:l:l Other (non-family) person: I:'

21. For one average day’s catch, how much time do you (and your family) spend to do the work to take out

the meat of the Aliao you catch? hrs

Sale of Aliao
22. Do you catch and sell the Aliao, or do you only sell Aliao that someone else caught?

Catch and sells: I:I Sells Aliao that someone caught:

We would like to ask you some questions about income you earn from selling Aliao, and you can skip any
of the questions if you feel uncomfortable answering them.

23. On a good week, how much money would you earn from the Aliao you sell? Tala/week
24. This year, how much would you earn on an average week from the Aliao you sell? Tala/week
25. This year, how much would you earn on average per week from all income sources? Tala/week
26. How much money did you earn the last time you sold Aliao? $ Tala

How many shells/pieces was that (total) ?
Was that for just one day of fishing? Yes:|:| No: I:' days
27. Where do you usually sell the Aliao?

Roadside:|:| Market:|:| Village stall:|:| |:|

28. Are you satisfied with the money that you earn from selling Aliao?

Very I:' Mostly I:' Indifferent: I:' Not very I:' No I:'

29. Do you ever sell empty Aliao shells, or parts of them (e.g. jewellery)?
Never I:I Seldoml:l Sometimes I:' Frequently I:'

30. If you sell the empty shells, what price do you sell each shell for? /shell
31. Has the sale of Aliao increased your weekly income, or has it remained the same, or declined because

you are selling Aliao? Increased I:' Same I:I Declined I:'

32. If you earn more money now because you are selling Aliao, what things do you most spend that
additional income on?

Food I:I Alcoholl:l School fees I:' Other household expenses I:' Medical costs I:I
House improvements I:' Improvement of community infrastructure I:I Church/tithing I:'
Boat/fishing gear I:' Other equipment I:' Funerals, feasts or customary occasions I:I

Phone/internet credit I:' Other Other




Fishing history and perceptions

33. How many years ago did you first start collecting the introduced Aliao? years.

34. How many other people do you think are also collecting [introduced] Aliao in your village?

35. Compared to recent years, do you think the numbers of Aliao on the reefs are declining, staying fairly

stable, or increasing?
Decreasing I:I Stable|:| Increasing I:I

36. Would you be okay if the Ministry of Agriculture and Fisheries brought in a minimum size limit as a
fishery regulation for collecting Aliao? No (unhappy) I:' Don’t care I:I Okay I:'

37. Would you be okay if MAF brought in a seasonal closure (e.g. for a few months) each year as a fishery
regulation for Aliao? No (unhappy) I:I Don’t care I:' Okay I:'

Is there any other information or comments that you would like to say? Or do you have any
questions?:

Time finished:




Appendix 2

TABLE A2.1 | Summary of potential factors and covariates in the analysis of the response variables for the trochus data. Ticks denote the
explanatory variables included in the analysis of each response variable.

Response

Anatomical

Secondary variables

Island

Village

Gender

Age

Surveyor

Fishing Av. days
strategy  fishing/week fishing/day

Hours

Fishing

experience

Where
sold

Boat use

Annual
fishing costs

Net annual income from
trochus

Avg. gross income-day!
Satisfaction with fishery
income

Perception of change in

income from trochus

Proportion of catch
given away
Proportion of catch
eaten

Proportion of catch sold

L N N N N N

L N N N N RN

L Y N N N RN

L N N N N RN

L N N N N RN

L N N N N RN

L S N NI N

v
v

L N N N N RN

v

v
v
v

v

v
v
v

v
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