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A B S T R A C T   

People’s preferences and choices around food directly influence their resource use and the resilience of 
dynamically linked natural and human systems. In this study we examine fish preference and consumption 
patterns in Dhaalu atoll, Maldives, where fisheries have experienced rapid change in response to tourism and 
development. We find that reef fishes are now a significant part of local diets, with 58% of interview respondents 
preferring to eat reef fish over the historically more popular and sustainable tuna. Our findings suggest that 
preferences, which vary with gender and age, are an important yet underutilized indicator of changing pressures 
on reefs. While demand from nearby resorts currently drives the majority of reef fishing in these islands, we 
document seasonal spikes in the local catch and consumption of reef fishes and record an informal network of 
sharing that should be considered while developing management plans. Rising levels of reef fish consumption 
could have significant environmental impacts in the Maldives with implications for island food security and 
community wellbeing.   

1. Introduction 

How people assign value to places and species ultimately impacts 
how they are used and managed [22,26]. Management in turn affects 
community health and wellbeing in part by shaping how critical re-
sources like land and water are utilized [11,34]. On islands with little 
agricultural land, fish are frequently the primary source of protein, 
contributing in some small island states to over half of the animal pro-
tein intake [7]. Fisheries management in these contexts has direct con-
sequences for people’s nutrition and for the ecological resilience of coral 
reef habitats [5]. 

However, fisheries are complex systems involving multiple stake-
holders [9,21]. Often, conflicts arise when governance fails to consider 
the plurality of values - including not only economic and ecological but 
also social and cultural - that a resource such as fish might possess [29]. 
For example, Chinese values around luxury seafood and a preference for 
“plate-sized” red coral groupers pushes fishers in the Philippines to 
target sub-adults of this species that have not yet spawned, impacting 
the resilience of these fish stocks and the long-term livelihoods of fishers 
[17]. In the Andaman Islands, commoditization of the leopard coral 

grouper (Plectropomus leopardus) since the 1990s has transformed the 
socioeconomic value of this fish, with certain communities that catch 
and export it now referring to this species simply as “dollar” [2]. 

Value differences can be especially pronounced in islands where 
tourism, urbanization, and development are transforming local econo-
mies [42,49]. Numerous studies have documented the complex and 
diverse ways in which people understand and relate to fish [18,25,46], 
how fish and fisheries help to maintain or build sharing networks within 
communities [13,14], their traditional and spiritual value [24,38], and 
their importance to community identities [43,47]. However, despite 
general consensus among scientists and policymakers that resource 
management is “people management” [8], and an understanding that 
there are severe consequences to social-ecological resilience when the 
human dimensions of these systems are ignored [4,10,15], prioritizing 
and integrating cultural and social values into marine management has 
remained a challenge [3]. In particular, values around certain kinds of 
fish and how they might drive people’s preferences and consumption 
patterns remain an under-addressed part of planning [16]. This is partly 
because values have been understood and conceptualized in a variety of 
ways over time [27] and have only recently begun to be operationalized 
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for conservation science [6]. 
In this study, we attempted to gain an initial understanding of the 

ways in which communities in the Maldives might value different spe-
cies of fish (in particular, reef fish and tuna) by assessing their prefer-
ences and consumption patterns. We were also interested in 
understanding how the dynamics that currently shape reef fishing feed 
back into seasonal patterns of consumption, and are influenced by so-
cial, developmental, and environmental changes occurring on islands. 
We would like to note that while preferences and choices help structure 
people’s actions, they are only one part of the larger landscape of value 
relations. Few people make choices based purely on their preferences 
and desires, but the latter can nevertheless be a useful and effective 
indicator of how people think about, use, and value resources in places 
that are rapidly globalizing. In this way, they may be revealing of how 
future policies could impact different sections of society and their 
wellbeing. 

In the Maldives, with its extensive coral reef ecosystems, an economy 
once dependent on fishing now relies on tourism. Tourism directly and 
indirectly accounts for two thirds of the country’s GDP [51]. In 2019, a 
record number of 1.7 million tourists visited the Maldives. The resulting 
pressures on the country’s resources have been significant [45]. 
Notably, the tourist industry has created new markets for fisheries 
products by creating a steadily growing demand for reef fish [44]. Reef 
fishes make up 83% of the fish consumed by tourists [19] and resorts can 
demand 500 kg of reef fish per day (Supplementary Information). 
However, it has been unclear to what extent reef fish are being eaten 
outside of resorts and whether local preferences for fish are changing. 
Historically, tuna has been at the center of traditional cuisine in the 
Maldives [1]. While there is an unfortunate paucity of historical infor-
mation on reef fish consumption, archeological work across the archi-
pelago has found that scombrid (tuna) remains dominate in both the 
Buddhist (pre-1153 CE) and the Islamic (1153-present) periods of set-
tlement. As Litster [32] writes, “the dominance of tuna in all periods, 
despite the availability of inshore reef fish highlights a deliberate and 
continued practice perhaps linked to the… cultural preference for tuna”. 
While reef fish do appear in the archeological record, they are found in 
significantly smaller quantities, suggesting that they were fished to a 
much lesser degree. This points to a relatively underutilized reef fishery, 
despite the availability of reef fish, and stands in contrast to other islands 
in the tropics where reef fishing has played a more prominent role in 
society and been practiced for millennia. In some cases, this long-term 
demand for nearshore and reef species has become unsustainable and 
contributed to its overfishing [39,48]. In Palau, there are efforts now 
underway to shift consumer demand towards more pelagic species like 
tuna to help offset pressures on the reef [13,14,49]. While knowledge of 
reef fish behavior and reef fishing methods are extensive in islands with 
a long history of reef fishing, in the Maldives, it is references to tuna – as 
an item of trade, a dietary staple in the islands, and the methods used to 
fish it – that abound in ethnographic and other writing. The 
pole-and-line fishery for pelagic tuna dates back to the 14th century [52] 
and current records indicate that more than half the tuna caught is 
consumed locally rather than exported [36]. It’s this historical reliance 
on and connection to tuna that has enabled reef fish populations here to 
remain healthy even in the face of major climate change-related dis-
turbances [12,40]. However, shifting preferences and consumption 
patterns could intensify pressures on coral reefs [31]. While there are 
some informal rules that govern the fishing of some lagoon fish on 
particular islands [37], apart from the grouper fishery, reef fisheries in 
the Maldives currently do not have a national management plan [44]. 

We aimed to gain insight into the ways in which people value tuna 
and reef fish today by documenting individual preferences and con-
sumption patterns of fish across four islands in Dhaalu atoll, Maldives. 
We expected strong preferences for tuna and a higher consumption of 
tuna over other fish given the age of this fishery and the ubiquity of tuna 
in traditional cuisine. We collected social and demographic data on age, 
gender, and profession, among other variables to help understand what 

influenced individual preference. Additionally, we also gathered infor-
mation regarding seasonality in reef fishing, catch composition, reef fish 
markets, and fishing practices from fishers to better understand the 
dynamics that governed reef fishing. Since these fisheries are local and 
small-scale, we paid particular attention to how fishing practices may be 
linked to fish consumption patterns, cultural events, and community 
networks, and how these may be changing over time. 

2. Methods 

The Maldives is a double chain of 26 atolls and over 1190 islands in 
the central Indian Ocean, extending from 0.5◦S to 7◦N of the equator. 
539, 834 people live across its 190 inhabited islands, although close to 
40% of the total population is concentrated in the capital city of Malé. 
This study was conducted on 4 islands in Dhaalu atoll, in the central 
province of the Maldives. Dhaalu is an atoll ringed by 59 islands, of 
which 6 are inhabited by local communities. Historically, the chief 
employment on these islands has been tuna fishing, but a significant 
proportion of residents today also work in government jobs, in local 
schools and offices, in small businesses and shops, and in resorts. 
Currently, there are 6 resorts in Dhaalu located on separate resort islands 
that lack an Indigenous population. 

We used structured surveys with a combination of fixed responses 
and open-ended questions to collect data on individual preferences and 
assess the household consumption of reef fish and tuna (see Supple-
mentary Information for survey instrument). Surveys were conducted in 
English or Dhivehi (the local language), based on the respondent’s 
preference. We used a mixed approach to identify respondents, with 
both snowball and convenience sampling. To begin, island council 
members directed us to long-time residents or fishers to invite to be 
surveyed, who directed us to other potential respondents. We also 
recruited participants in public spaces, e.g., around harbor areas, in 
cafes, or during daily community gatherings outdoors, and interviewed 
them if they consented to participate in the study. Two of the people who 
were invited to participate in the study declined. 

Of the 100 respondents we surveyed, 56 were fishers (full-time, part- 
time, subsistence, or recreational), 78 were male and 22 were female 
(see Table S1 for island-level differences). The ethnic (Maldivian) and 
religious (Muslim) background of respondents was homogenous; these 
characteristics of our sample are similar to the population of this atoll, 
and to the archipelago in general. The mean age of men interviewed was 
43.5 (+/- 14.3 SD) and of women was 42 (+/− 14.2 SD) (Fig. S1). Since 
our surveys were not a random sample of the population, they may not 
adequately represent the entire population of these islands. However, 
our study was aimed at gathering baseline information and identifying 
potential social and cultural factors which may influence preferences, 
consumption, and fishing for future investigation. 

We used a two-way ANOVA to test for differences in household 
consumption of reef fishes and tuna (consumption (kg) ~ fish_type +

island). Consumption was generally reported as a weight (kg) of fish 
consumed per household per week. In a few instances, it was reported 
for the individual – in these cases, we extrapolated the value for the 
number of household members to get an estimate for the entire house-
hold. We used a log (x + 1) transformation on the data to improve 
normality of residuals while avoiding zero values. 

We used a generalized linear mixed model (GLMM) with a binomial 
link function to determine the best predictors of fish preference among 
the population interviewed. We coded preference for reef fish as 0 and 
tuna as 1 and tested for the effects of (a) gender (m/f), (b) age (19− 80), 
(c) profession, (d) historical preference and (e) island (random effect) on 
an individual’s current preference for tuna or reef fish (grouped into 
these two categories based on more detailed species-specific responses, 
see Supplementary Information). We included profession in our model 
to assess if one’s role as a fisher influenced their preferences for certain 
species of fish (we pooled profession into three categories – tuna fisher, 
reef fisher, and other). In our interviews, reef fishers often mentioned 
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they took home a small proportion of their catch to consume with 
family; tuna fishers said the same. We therefore thought it important to 
consider profession and the role it might play in influencing individual 
preference. We defined historical preference as the past preference for a 
particular kind of fish that an individual reported to have had when they 
were younger. All respondents gave us the relative percentage of 
different reef fish and tuna species in their diets in the past versus today. 
Our global model was: preference ~ gender + age + profession +

historical preference + island (random). We sequentially dropped var-
iables using the drop1 function to select our best model (preference ~ 
gender + age + island). All analyses were run in R [41]. 

Finally, we interviewed the respondents who identified as reef fishers 
to understand the dynamics related to reef fishing (e.g., seasonality, 
gear, markets), which we then coded inductively and condensed into six 
broad themes given in Table 2 below. While these conversations 
generated a rich amount of information, we limited our discussion in 
this manuscript to addressing the main factors that fishers identified as 
influencing reef fish catch and consumption and the changes they have 
observed over time. 

3. Results 

We expected tuna to be consumed at a higher quantity than reef fish 
in households. Strikingly, we found no significant differences in the 
reported average weekly household consumption of fresh tuna and reef 
fish in the islands surveyed (Fig. 1; Table S2, p > 0.05). 

Meanwhile, 58% of all interview respondents said they preferred to 
eat reef fish over tuna today. Our model indicated that gender and age 
were key determinants of people’s preferences for certain species of fish 
(Fig. 2; Table 1). Men preferred to eat reef fishes (in particular, snappers, 
emperors, groupers, and chubs), while women reported a preference for 
tuna (skipjack, frigate, or yellowfin tuna). After gender, age was a sig-
nificant determinant of individual fish preference, with preference for 
reef fish increasing in people around the age of 40–45. Profession and 
historical preference were dropped from the final model because they 
did not have a significant effect on the variance explained. 

When it came to the dynamics that influenced reef fishing, fishers 
noted several factors – from seasonality and market demand to coral 
bleaching and changing gear – that could influence current and future 

consumption patterns (Table 2). In general, they perceived changes in 
the abundance and composition of their catch in response to coral 
bleaching (specifically, a post-bleaching decline in Chromis spp. used for 
bait) and developmental changes on the island (e.g., reclamation, harbor 
construction), as well as modifications in fishing practices and gear over 
time. Some noted that fish abundance had decreased during land 
reclamation and after, and also during the dredging of the channel and 
harbor areas. Others did not observe a change in reef fish species due to 
development on land. 

Notably, almost all fishers spoke of a decrease in bait species and 
linked it to the extensive use of more exploitative methods of bait fishing 
recently, including the use of lights and SCUBA. They also identified a 
clear seasonality in the catch and consumption of reef fishes, with a 
spike in reef fish consumption occurring during the period of Ramadan 
and Eid when community barbeques and gatherings were more 
frequent. Reef fish were seen as the more appropriate fish for frying 
during these times, with the demand for reef fish and their price 
increasing during this period. In general, a wide variety of reef fish 
species were targeted by fishers in Dhaalu atoll. The most popular spe-
cies fished were snappers (in particular, Lutjanus gibbous), groupers 
(Epinephelus tauvina, E. microdon, E. caerulopunctatus, Cephalopholis 
argus, Variola laoti), emperors (Lethrinus spp.), jacks (Caranx spp.), sea 
chubs (Kyphosus spp.), soldierfish (Sargocentron spillifera), and rainbow 
runners (Elegatis bipinnulata). While reef fishers used several kinds of 
gear on reefs, handlines were the most commonly used. They were used 
with or without a weight, and with or without bait (live or dead). 

In parallel to buying and selling fish, there appeared to be an active 
informal system of sharing fish with friends, family, and neighbors. 14% 
of respondents said the reef fish they obtained was procured exclusively 
through sharing, while 58% obtained it through a combination of 
sharing and/or direct fishing. Only 17% exclusively bought their reef 
fish. 

4. Discussion 

While the tuna fishery – and tuna – retains a place of prominence in 
Maldivian culture, our results indicate that reef fishes have so far been 
an overlooked part of local diets. Notably, reef fishes were preferred by a 
small but significant majority of our respondents, indicating that reef 
fish consumption may increase in the future. These dynamics need be 
carefully examined in order to better support local communities’ social 
adaptive capacities to urban development and accelerating tourism, and 
in managing their resilience to sea level rise, coral bleaching, and other 
threats due to contemporary global climate change [33,50]. 

Preferences were influenced by people’s gender and age. Our in-
terviews suggest that the preference for tuna amongst women might be 
partly rooted in the popularity of traditional cuisine and the diversity of 
culturally important dishes that are cooked with tuna (e.g., rihakuru, 
garudiya, maashuni). In contrast, reef fish were associated with a “bad 
smell,” and women found the process of cleaning and gutting reef fish 
unappealing. Five of the women interviewed said they would never eat 
reef fish because they disliked it so much. Women’s involvement in 
small-scale fisheries in the Maldives has not been the focus of any formal 
research before, even if women’s roles, while less visible, might include 
a range of activities related to fishing like cleaning, cooking, selling, etc 
[30]. In the past, women used to be responsible for sewing nets and 
cleaning the catch of fish once it was landed. “Now the nets are imported 
and catch [of tuna] is sold to collector vessels or taken directly to Malé”, 
an older respondent mentioned. However, another said that she had 
been fishing “daily from the shore since the age of 20… since I had 
children”. She explained that she began fishing to provide her children 
with fresh fish since her husband was a tuna fisher and was frequently 
away. This suggests that women’s involvement in small-scale reef fish-
eries, while not necessarily direct, might still be important to consider 
especially from the point of view of island food systems and the pro-
cesses that contribute to the nutritional health of communities. The 

Fig. 1. Household consumption of reef fish and tuna (kg/week, on log scale) 
across the four islands surveyed (n = 22, 25, 26, 27, for each island respec-
tively). Colors indicate fish consumed (blue = reef fish(rf); yellow = tuna). 
(For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.) 
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gender-based differences in preference we record in this study could also 
point to a deeper split in values relating to marine resources, and more 
broadly to the ways in which the ocean is seen and used by men and 
women in the Maldives. This underscores the need to advance meth-
odological and analytical approaches to gender for a comprehensive 
understanding of human-ecological interactions in coastal fisheries [28, 
35]. 

Fish preference also varied by age, which reflects generational 
changes in diet (Fig. 2). Reef fishes were commonly perceived to be the 
healthier fish amongst older people (> 40 years), with multiple re-
spondents stating that their doctors had advised them to eat less tuna 
and more reef fish. However, 70% of people over the age of 40 still cited 
tuna-based preparations as their favorite dishes, suggesting that while 
there is a preference for reef fish as an everyday food, it does not replace 
traditional preparations made with tuna. The nutritional implications of 
these differences in diet with age could be significant, especially for 
younger people whose food choices today are more influenced by global 
trends. These patterns in preference were largely consistent across the 4 
islands, but respondents on Rinbudhoo showed a slightly stronger 
preference for frigate tuna (Auxis thazard) over all other fish. This was 
likely related to their observance of community fishing days for frigate 
tuna which enter the island lagoon during particular lunar periods, 
prompting fishers to pool resources and organize fishing days during this 
time. During the course of our survey, 20+ fishers were involved in 
landing a catch of over 1500 frigate tuna in one evening. This catch was 
shared between all community members and was distributed to several 

households on the island. This observation points to the underexamined 
cultural and social role that reef fish might play in community well-
being, for instance by maintaining or enhancing social networks [13, 
14]. These networks seemed prevalent in the islands we surveyed, with 
58% of all respondents obtaining their reef fish via an informal system of 
sharing with friends and family, or by direct fishing. Understanding 
these networks is important for developing bottom-up management that 
is sensitive to the impacts certain policies might have on social re-
lationships and the role those relationships might play in supporting 
communities’ responses to current or future challenges. 

Cultural values and preferences have implications for social- 
ecological resilience by influencing what is fished, when, and how 
intensively. Fishing practices in turn affect people’s choices when it 
comes to seafood consumption, especially in smaller, localized fisheries. 
Our interviews with fishers highlighted several important dynamics 
related to reef fishing (Table 2). One of most significant concerns fishers 
had, and one that was mentioned often, was around the use of baitfish 
species. Multiple respondents noted a reduction in damselfish (Chromis 
spp.) in response to coral bleaching events in the past decade. While 
damselfish are not consumed, they are frequently used as live bait for the 
tuna fishery. Along with reductions due to coral bleaching, our in-
terviews revealed a sense among fishers that baitfish populations 
(Spratelloides spp., Caesionid spp.) were declining due to the increased 
use of lights and SCUBA to catch bait, and that other less preferable 
species such as triggerfish (Balistidae), damselfish (Pomacentridae) and 
cardinalfish (Apogonidae) were being targeted as a result of this. 
Mohamed et al. [38] previously found that many elderly fishers talked 
about current fishing practices resulting in the unavailability of baitfish, 
and that “all fishermen agreed that the lack of bait was due to the 
methods they used. [38]” While there is some natural seasonal fluctu-
ation in baitfish numbers that fishers recognize, our study highlights the 
urgent need for a thorough understanding of the impacts of these new 
fishing practices on baitfish populations. 

Resorts have been known to exert a substantial influence on reef 
fishing [44], and our interviews with fishers confirm that these were the 
main markets for full-time reef fishers, with fishers generally selling 
their catch to the resort closest to their home island. Fish were sold by 

Fig. 2. Preference for tuna (1) or reef fish (0) as a function of age (x axis) and gender (female = red, male = teal). Gray points are the raw data (n = 100). Lines are 
model predictions with shaded areas showing standard error. (For interpretation of the references to color in this figure legend, the reader is referred to the web 
version of this article.) 

Table 1 
Results of best model (preference ~ gender + age + (1 | island)) for glmm 
testing determinants of fish preference.  

Random effect: Variance Std. Dev.   

Island (intercept) 0.370 0.609    

Fixed effects: Estimate Std. Error z value Pr(>|z|) 

Female (intercept) 2.92 1.023 2.856 0.004 
Male -2.094 0.588 -3.559 0 
Age -0.045 0.019 -2.404 0.016  
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weight and fishers did not indicate any difference in the prices for 
different species. However, the networks that are involved in the selling 
of reef fish are complex and are likely to vary by island, depending on 
the number of buyers and middlemen that transport catch to Malé before 
it is further distributed. While resorts drive reef fishing in a significant 
way (buying at between USD 1.3–3 per kg of reef fish directly from 
fishers) we found that community demand for reef fish during particular 
times of the month (e.g., the new and full moon) and year (during 
Ramadan), also increased local reef fishing effort. 39% of respondents 
reported an increase in their consumption of reef fish during Ramadan. 
One respondent mentioned that reef fish were essential during this 
period as “the morning meal always needs fried reef fish”. Apart from 
fresh reef fish, the consumption of canned and smoked tuna (valhomas) 
also increased during Ramadan. Our study was conducted in the early 

part of 2020, but it is likely that reef fish consumption varies through the 
year, spiking during Ramadan. This is indicative of a dynamic landscape 
of personal preference and choice, which has the potential to impact 
island food systems and the ecology of coral reefs in this archipelago. 
While contemporary reef fishing methods (outside of the bait fishery) 
are still fairly inefficient (e.g., handlines), an increased demand among 
the local population, alongside resort demand, could quickly lead to 
increased fishing on coral reefs, with more efficient and potentially more 
destructive gear types. Notably, the reef fishery does not currently have 
a cohesive national management plan in the Maldives. While there are 
yearly fisheries regulations that recommend the implementation of rules 
(e.g., General Fisheries Regulation 2020/R-75) there is a lack of data on 
how and where these are implemented and monitored [23]. Identifying 
times of the month and year when the extraction of a resource increases 
– and the reasons for it – can be useful in implementing management 
designs that are steeped in local knowledge. Similarly, we suggest that 
future work should seek to better understand the linkages between a 
resort’s consumption dynamics with respect to the increasing exploita-
tion of the reef fishery and the domestic consumption of reef fish among 
the broader community. 

5. Conclusions 

In conclusion, our study finds that reef fish are being actively 
consumed in local households in Dhaalu atoll, Maldives, and 58% of our 
respondents reported a preference for reef fish over tuna today. This 
highlights the need to better account for the preferences and choices 
around fish consumption and their seasonalities in particular cultures 
and societies across the globe’s island and coastal communities. If reef 
fishes continue to increase in their popularity, and if governing bodies 
do not monitor and manage their catch across the Maldives, the feed-
backs to coral reef ecosystems could be quick and damaging. Here we 
suggest that preferences, along with consumption data, may be used as 
an early indicator of changing diets, but also that their incorporation 
into fisheries planning can help ensure that different stakeholder values 
guide and inform future management decisions. Second, we document 
an increase in the catch and demand for reef fish during particular times 
of the month and year, information that may help guide the formulation 
of future management plans. Finally, we emphasize the need to examine 
women’s roles in local reef fisheries in the Maldives, especially in the 
context of island food and nutritional security. 

Sustainably managing fisheries so that their ecological and social 
functions are maintained remains one of the major challenges for marine 
conservation. It has become increasingly clear that equitable conserva-
tion policies will need to take a trans-disciplinary approach to be suc-
cessful, integrating perspectives from both the natural and social 
sciences. People’s values guide the choices they make and impact their 
wellbeing and ability to adapt to change [20]. As the pressures of 
climate change continue to alter habitats worldwide, engaging with and 
integrating the human dimensions of social-ecological systems will be 
necessary to help formulate, guide, and improve on conservation 
outcomes. 
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Table 2 
Themes related to fishing and fisheries that emerged during interviews with full- 
time fishers. Quotes provided in this table elucidate some of the differing views 
that fishers held with regards to each line of questioning. Topics are ordered in 
descending order, from most to least mentions.  

Theme Number of 
individuals 
mentioning theme 

Impact on fishing 

Changes in reef fish 
abundance and 
composition  

22 “The size of the fish hasn’t 
changed but the numbers have 
reduced” 
“Number of fishers more now, so 
we get less fish” 
“No change in fish numbers but 
the reef is dead” 

Resort demand  12 “Resorts drive reef fish catch” 
“Demand for reef fish has 
increased since resorts came up… 
more people engaged in reef 
fishing today” 
“Now reef fishers here go reef 
fishing on a demand basis… if 
resort requests it, they go” 

Impacts of coral 
bleaching  

11 “Less baitfish like Chromis 
because of coral bleaching” 
“Bait fishing has reduced because 
of coral bleaching” 
“Chromis spp. is difficult to find 
now after coral bleaching” 

Seasonality in reef 
fishing  

10 “During Ramadan people stay on 
the island and fish on reefs” 
“Reef fish catch is higher during 
full and new moon periods” 
“I target trevallies during the 28th 
and 29th and red snappers during 
the 14th-17th days of the lunar 
month” 

Impacts of 
development  

7 “There’s been no change or 
decrease in fish even with 
reclamation” 
“During reclamation there 
weren’t that many fish around, 
but it’s getting better again” 
“The entire coastline has changed 
because of reclamation and the 
fish have also changed in response 
to this” 

Impacts of changing 
bait fishing practices  

6 “Number of reef fish has 
decreased because there’s light 
being used in bait fishing” 
“Diving to catch baitfish should be 
banned because we end up 
catching the full community” 
“Earlier, people wouldn’t go 
beyond the atoll for bait. Now 
people are able to go further 
because of bigger engines” 

Impacts of changing 
gear  

3 “New fishing tools have made it 
easier to catch more fish”  

S. Yadav et al.                                                                                                                                                                                                                                   



Marine Policy 134 (2021) 104773

6

Acknowledgements 

We are deeply grateful to all community members in Dhaalu atoll 
who generously volunteered their time for surveys and made this work 
possible. We would also like to thank Jack Kittinger, Adam Ayers, Aviv 
Suan, and Sahir Advani for their feedback on this work, and Matthew 
Lucas and Michael McWilliam for statistical advice. Funding for this 
project was provided by National Geographic Society (grant #EC- 
51375R-19). Use of human studies in this research was approved 
through University of Hawaii’s IRB exemption (protocol #2019-00964). 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.marpol.2021.104773. 

References 

[1] M.S. Adam, R.C. Anderson, A. Hafiz, The Maldivian tuna fishery, IOTC Proc. 6 
(2003) 202–220. 

[2] S. Advani, How Commoditization and Cross-cultural Values Influence the 
Sustainability of Small-scale Fisheries in the Andaman and Nicobar Islands, India 
(Thesis), University of British Columbia, 2020. https://open.library.ubc.ca/collec 
tions/ubctheses/24/items/1.0388627. 

[3] M.J. Apgar, W. Allen, K. Moore, J. Ataria, Understanding adaptation and 
transformation through indigenous practice:the case of the Guna of Panama, Ecol. 
Soc. 20 (1) (2015) art45, https://doi.org/10.5751/ES-07314-200145. 

[4] S. Aswani, New directions in maritime and fisheries anthropology, Am. Anthropol. 
122 (3) (2020) 473–486, https://doi.org/10.1111/aman.13380. 

[5] J.D. Bell, A. Cisneros-Montemayor, Q. Hanich, J.E. Johnson, P. Lehodey, B. 
R. Moore, M.S. Pratchett, G. Reygondeau, I. Senina, J. Virdin, C.C.C. Wabnitz, 
Adaptations to maintain the contributions of small-scale fisheries to food security 
in the Pacific Islands, Mar. Policy 88 (2018) 303–314, https://doi.org/10.1016/j. 
marpol.2017.05.019. 

[6] N.J. Bennett, R. Roth, S.C. Klain, K. Chan, P. Christie, D.A. Clark, C. Wyborn, 
Conservation social science: understanding and integrating human dimensions to 
improve conservation, Biol. Conserv. 205 (2017) 93–108. 

[7] A. Bennett, P. Patil, K. Kleisner, D. Rader, J. Virdin, X. Basurto, Contribution of 
fisheries to food security:current knowledge, policy, and research. Nicholas 
Institute for Environmental Policy Solutions, 18-02, 2018. 

[8] F. Berkes, C. Folke, Linking social and ecological systems for resilience and 
sustainability, in: F. Berkes, C. Folke (Eds.), Linking Social and Ecological Systems: 
Management Practices and Social Mechanisms for Building Resilience, Cambridge 
University Press, Cambridge, UK, 1998, pp. 1–25. 

[9] T.D. Brewer, K. Moon, Towards a functional typology of small-scale fisheries co- 
management informed by stakeholder perceptions: a coral reef case study, Mar. 
Policy 51 (2015) (2015) 48–56, https://doi.org/10.1016/j.marpol.2014.07.020. 

[10] J.E. Cinner, Social-ecological traps in reef fisheries, Glob. Environ. Chang. 21 
(2011) 835–839, https://doi.org/10.1016/j.gloenvcha.2011.04.012. 

[11] S. Coulthard, L. Evans, R. Turner, D. Mills, S. Foale, K. Abernethy, C. Hicks, 
I. Monnereau, Exploring ‘islandness’ and the impacts of nature conservation 
through the lens of wellbeing, Environ. Conserv. 44 (2017) 298–309. 

[12] B. Cowburn, C. Moritz, G. Grimsditch, J.L. Solandt, Evidence of coral bleaching 
avoidance, resistance and recovery in the Maldives during the 2016 mass- 
bleaching event, Mar. Ecol. Prog. Ser. 626 (2019) 53–67. 

[13] R. Dacks, T. Ticktin, S.D. Jupiter, A.M. Friedlander, Investigating the role of fish 
and fishing in sharing networks to build resilience in coral reef social-ecological 
systems, Coast. Manag. 48 (2020) 165–187, https://doi.org/10.1080/ 
08920753.2020.1747911. 

[14] R. Dacks, S.A. Lewis, P. James, L.L. Marino, K. Oleson, Documenting baseline value 
chains of Palau’s nearshore and offshore fisheries prior to implementing a large- 
scale marine protected area, Mar. Policy 117 (2020), 103754, https://doi.org/ 
10.1016/j.marpol.2019.103754. 

[15] J.A. Drew, Use of traditional ecological knowledge in marine conservation, 
Conserv. Biol. 19 (2005) 1286–1293, https://doi-org.eres.library.manoa.hawaii. 
edu/10.1111/j.1523-1739.2005.00158.x. 

[16] M. Fabinyi, L. Evans, S.J. Foale, Social-ecological systems, social diversity, and 
power: insights from anthropology and political ecology, Ecol. Soc. 19 (4) (2014) 
art28, https://doi.org/10.5751/ES-07029-190428. 

[17] M. Fabinyi, W.H. Dressler, M.D. Pido, Moving beyond financial value in seafood 
commodity chains, Mar. Policy 94 (2018) 89–92, https://doi.org/10.1016/j. 
marpol.2018.04.033. 

[18] S. Grant, F. Berkes, Fisher knowledge as expert system: a case from the longline 
fishery of Grenada, the eastern Caribbean, Fish. Res. 84 (170) (2007) 162–170, 
https://doi.org/10.1016/j.fishres.2006.10.012. 

[19] M. Hemmings, S. Harper, D. Zeller, Reconstruction of total marine catches for the 
Maldives: 1950–2010, in: Fisheries Catch Reconstructions: Islands, Part IV, pp. 
107–120. Ed. by K. Zylich, D. Zeller, M. Ang, and D. Pauly Fisheries Centre 
Research Reports 22 (2) Fisheries Centre, University of British Columbia, 2014. 

[20] C.C. Hicks, A. Levine, A. Agrawal, X. Basurto, S.J. Breslow, C. Carothers, 
S. Charnley, S. Coulthard, N. Dolsak, J. Donatuto, C. Garcia-Quijano, M.B. Mascia, 

K. Norman, M.R. Poe, T. Satterfield, K. St. Martin, P.S. Levin, Engage key social 
concepts for sustainability, Science 352 (2016) 38–40. 

[21] M.M. Hoque Mozumder, M.M. Shamsuzzaman, M. Rashed-Un-Nabi, E. Karim, 
Socialecological dynamics of the small scale fisheries in Sundarban Mangrove 
Forest, Bangladesh, Aquac. Fish. 3 (1) (2018) 38–49, https://doi.org/10.1016/j. 
aaf.2017.12.002. 

[22] S. Jackso, N. Stoeckl, A. Straton, O. Stanley, The changing value of Australian 
tropical rivers, Geogr. Res. 46 (2008) 275–290. 

[23] A. Jaleel, The status of the coral reefs and the management approaches: the case of 
the Maldives, Ocean Coast. Manag. 82 (2013) 104–118, https://doi.org/10.1016/j. 
ocecoaman.2013.05.009. 

[24] R.E. Johannes, Words of the Lagoon: Fishing and Marine Lore in the Palau District 
of Micronesia, University of California Press, Berkeley, CA, USA, 1981. 

[25] R.E. Johannes, M.M.R. Freeman, R.J. Hamilton, Ignore fishers knowledge and miss 
the boat, Fish Fish. 1 (2000) 257–271. 

[26] N.A. Jones, S. Shaw, H. Ross, K. Witt, B. Pinner, The study of human values in 
understanding and managing social-ecological systems, Ecol. Soc. 21 (1) (2016) 
art15. 

[27] J.O. Kenter, C.M. Raymond, C.J. van Riper, E. Azzopardi, M.R. Brear, F. Calcagni, 
I. Christie, M. Christie, A. Fordham, R.K. Gould, C.D. Ives, A.P. Hejnowicz, 
R. Gunton, A.I. Horcea-Milcu, D. Kendal, J. Kronenberg, J.R. Massenberg, 
S. O’Connor, N. Ravenscroft, A. Rawluk, I.J. Raymond, J. Rodríguez-Morales, 
S. Thankappan, Loving the mess: navigating diversity and conflict in social values 
for sustainability, Sustain. Sci. 14 (2019) 1439–1461, https://doi.org/10.1007/ 
s11625-019-00726-4. 

[28] D. Kleiber, L.M. Harris, A.C. Vincent, Gender and small-scale fisheries: a case for 
counting women and beyond, Fish Fish. 16 (2015) 547–562. 

[29] M. Lam, T. Pitcher, S. Surma, J. Scott, M. Kaiser, A. White, E. Pakhomov, L. Ward, 
Value- and ecosystem-based management approach- the Pacific herring fishery 
conflict, Mar. Ecol. Prog. Ser. 617 (2019) 341–364. 

[30] P.D. Lama, Gendered consequences of mobility for adaptation in small island 
developing states: case studies from Maafushi and Kudafari in the Maldives, Isl. 
Stud. J. 13 (2) (2018) 111–128, https://doi-org.eres.library.manoa.hawaii.edu/ 
10.24043/isj.64. 

[31] S.A. Lewis, C. Fezzi, R. Dacks, S. Ferrini, P.A.S. James, L. Marino, Y. Golbuu, K.L. 
L. Oleson, Conservation policies informed by food system feedbacks can avoid 
unintended consequences, Nat. Food 1 (2020) 783–786, https://doi.org/10.1038/ 
s43016-020-00192-7. 

[32] M. Litster, Cowry Shell Money and Monsoon Trade: The Maldives in Past 
Globalizations (Ph.D. thesis), Australian National University, 2016. 

[33] N.A. Marshall, P.A. Marshall, J. Tamelander, D. Obura, D. Malleret-King, J.E. 
Cinner, A Framework for Social Adaptation to Climate Change; Sustaining Tropical 
Coastal Communities and Industries. Gland, Switzerland, IUCN, 2009. 

[34] M.C. McKinnon, S.H. Cheng, S. Dupre, J. Edmond, R. Garside, L. Glew, M. 
B. Holland, E. Levine, Y.J. Masuda, D.C. Miller, I. Oliveira, J. Revenaz, D. Roe, 
S. Shamer, D. Wilkie, S. Wongbusarakum, E. Woodhouse, What are the effects of 
nature conservation on human well-being? A systematic map of empirical evidence 
from developing countries, Environ. Evid. 5 (2016) 8, https://doi.org/10.1186/ 
s13750-016-0058-7. 

[35] E. Mcleod, S. Arora-Jonsson, Y.J. Masuda, M. Bruton-Adams, C.O. Emaurois, 
B. Gorong, C.J. Hudlow, R. James, H. Kuhlken, B. Masike-Liri, E. Musrasrik-Carl, 
Raising the voices of Pacific Island women to inform climate adaptation policies, 
Mar. Policy 93 (2018) 178–185. 

[36] K.I. Miller, I. Nadheeh, A.R. Jauharee, R.C. Anderson, M.S. Adam, Bycatch in the 
Maldivian pole-and-line tuna fishery, PLoS One 12 (2017), 0177391. 

[37] M. Mohamed, Changing Reef Values: An Inquiry Into the Use, Management, and 
Governance of Reef Resources in Island Communities in the Maldives (thesis), 
University of Canterbury, Christchurch, New Zealand, 2012. 

[38] M. Mohamed, N. Gombay, J. Pirker, Development and the sacred: an account of 
reef resource management in the Maldives, Int. J. Soc. Res. Innov. 3 (2019). 
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