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A B S T R A C T   

Given the importance of coral reef ecosystems to not only the health, livelihoods, and well-being of individuals 
and communities throughout the world, but also to global biodiversity, it is critical to improve our understanding 
of coral reef small scale fisheries (SSF) as social-ecological systems (SES). When examined using a SES approach, 
SSF operate within coupled-feedbacks with their surrounding marine ecosystems, and environmental outcomes 
depend upon interactions among a variety of social, ecological, and institutional factors. In a SES context, social 
network analysis (SNA) can illuminate how structure and process contribute to governance successes or failures 
among actors and natural resource systems. To address gaps in understanding what factors impact community 
cohesion, the flow of information, and potential for collective action in SSF, SNA was combined with rich 
ethnographic data focused on fishers in St. Croix, U.S. Virgin Islands. Results suggest that fishers in St. Croix are 
not organized into one cohesive group, and that demographic and fishing-related attributes influence group 
membership in non-uniform ways. These findings align with and build on recent work on SSF, but further 
demonstrate that the processes that influence the formation and maintenance of ties among fishers are complex 
and potentially site-specific. This makes it challenging to come to meaningful conclusions related to the potential 
for collective action based on SNA alone, but highlights the important role that in-depth ethnographic and other 
qualitative data can play.   

1. Introduction 

Globally, small-scale fisheries (SSF) play a critical role, supple
menting and supporting livelihoods, contributing to food security, and 
combating poverty [46,65]. SSF are defined as traditional or artisanal 
fisheries involving fishing households (as opposed to commercial com
panies), using relatively small amounts of capital, and relatively small 
fishing vessels (if any). Fishers often make short fishing trips, remain 
close to shore, and the fish caught are mainly for local consumption 
[31]. Many SSF depend on coral reef ecosystems and are found 
throughout the tropics. Although coral reefs are some of the most bio
diverse and productive ecosystems globally, they are also more 
vulnerable to climate change impacts such as bleaching [70], storm 
intensity [34], ocean acidification [20], and sea level rise [59]. In 

addition, many reef SSF are found in small islands and developing 
countries, and often suffer from poor governance and conservation [7,9, 
42]. Research suggests several factors contribute to this, including lack 
of funding and capacity to monitor and enforce regulations, lack of data 
available to managers, complexities due to multi-gear and multi-species 
approaches, and lack of coordination among multi-scale management 
institutions [9,13,36]. 

Given the importance of coral reef ecosystems to not only the health, 
livelihoods, and well-being of individuals and communities throughout 
the world, but also to global biodiversity, it is critical to improve our 
understanding of coral reef SSF as social-ecological systems (SES). When 
examined using a SES approach, SSF operate within coupled-feedbacks 
with their surrounding marine ecosystems. Environmental outcomes 
depend upon interactions among a variety of social, ecological, and 
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institutional factors [24,37,47], and scholars have used a SES frame
work to explore how management institutions influence behavior and 
environmental outcomes [57]. SES studies of SSF have emphasized the 
importance of factors such as leadership, enforcement, social capital, 
and protected areas [37], participatory rulemaking [24,25], and the 
existence of community incentives to invest in long-term management 
[6,25,58] in helping groups to overcome collective action problems to 
more effectively manage fisheries resources [41]. 

Social Network Analysis (SNA) is an analytical approach focused on 
the patterns of relationships among individuals and groups. In a SES 
context, SNA can illuminate how structure and process contribute to 
governance successes or failures among actors and natural resource 
systems [14]. While SNA is often viewed primarily as a method for 
analysis of social networks data, recent applications to natural resource 
management emphasize its utility for expanding on theoretical concepts 
regarding systemic-level interactions, such as how social network 
structures influence the potential for collective action [10,16,49,60]. 
These recent applications identify social networks as important char
acteristics of SESs that can function in a variety of ways to facilitate or 
hinder natural resource management initiatives. Social networks can 
improve collaborative management processes by facilitating the diffu
sion and exchange of knowledge and information [27,39,63], enabling 
access to and sharing of important financial and social resources [21, 
52], and facilitating the resolution of conflicts [38]. However, not all 
networks function in the same way, and the structural pattern of re
lations of a network can significantly influence how actors in a particular 
resource management context behave and interact [3,29,48,69]. 

1.1. Cohesion and fragmentation 

SNA research suggests several factors contribute to the structure of 
fishers’ networks and cohesion (the degree to which individuals are held 
together through social relationships, [33]) among fishers, such as 
ethnicity [8,10], kinship and friendship [62], and gear type [26,27] (See 
[4] for a comprehensive review). Community cohesion plays an 
important role in supporting effective governance of natural resources, 
particularly in contexts with limited institutional capacities and/or 
limited management authority and enforcement, as is often the case 
with SSF [4,11]. Measuring cohesion among a group of fishers can be 
important in tracing trust as well as shared values and norms important 
to management outcomes [3]. Low cohesion or fragmentation in fish
eries systems may constrain avenues of social influence, limiting op
portunities for broader collective action, particularly for fisheries 
operating under resource limited or highly localized management con
texts [3,4]. 

Building on this body of work, our research seeks to understand how 
demographic and other factors contribute to network group membership 
among small-scale commercial fishers on the island of St. Croix, U.S. 
Virgin Islands (USVI). Valdes Pizzini et al. [68] provide a historical 
conceptual model to describe how complex processes such as colo
nialism, slavery/Emancipation, migration, and urban development have 
shaped coastal and fishing communities throughout the Caribbean, 
including in St. Croix. Declining economic conditions and government 
policies (e.g., homesteading) contributed to the islands’ gentrification, 
and the fishing communities shifted from place-based communities 
(where social and economic life is located in a place, an identifiable 
settlement where kin, neighbors, and friends live and are engaged in 
fishing activities) located along the water to network-based commu
nities in which fishers are connected to one another via social and 
economic relationships ([68]: 132–133). Results from recent censuses of 
USVI fishers support this shift, indicating fishers live scattered 
throughout the island, trailer their boats on a daily basis to boat ramps, 
and sell their catch on an individual basis (not in a central, common 
location such as a market) [43–45]. Additionally, [45] reported a large 
decline in the number of licensed commercial fishers on St. Croix (a 
decrease of 36.8% between 2004 and 2016, p.112), likely due to factors 

such as a moratorium on the issuance of new commercial fishing licenses 
that has been in place since 2001 and fishers allowing their licenses to 
lapse without renewing them. Lastly, Hurricane Maria devastated St. 
Croix in September 2017, critically impacting fishers via lost or 
destroyed fishing gear and lost revenue [67,71]. These factors contrib
uted to the structure and status of the fishers’ network leading up to the 
data collection period. 

Today, such historical, cultural, and social factors continue to impact 
when and how fishers interact with one another and how they exchange 
information, but to date no researchers have used SNA to examine the 
structure of the fishers’ network in St. Croix. Previous research found 
that, despite several attempts to establish a fishing cooperative and a 
fishermen’s organization in St. Croix, these attempts consistently fail 
[35,45]. Grace-McCaskey [35] found that although the vast majority 
(85%) of fishers interviewed in St. Croix felt that fishers were not “well 
organized,” nearly the same percentage of fishers felt that it would be 
beneficial for them if they were. The study described in this paper was 
conducted as a follow-up, using SNA to explore what factors influence 
how fishers are grouped. The overarching goal is to describe the struc
ture and composition of fishers’ social networks in St. Croix, and relate 
that structure and composition to the potential for fishers to organize for 
collective action. To do so, this exploratory analysis is guided by two 
research questions: 1) Are fishers grouped into one cohesive group, or 
are there clearly distinguishable subgroups? 2) If there are clearly 
distinguishable subgroups, what are the defining attributes of those 
groups (e.g., ethnicity, place of residence, primary fishing gear used)? 
This examination contributes to the growing body of literature geared 
toward better understanding the factors that bring and hold commu
nities together in the SSF context, and what that means for the man
agement of SES. For example, recent research highlights how social 
cohesion among fishers (and which factors facilitate or impede cohe
sion) plays an important role in promoting effective adaptation to 
climate change and other environmental stressors [64], as well as the 
connection between social cohesion and improved ecological conditions 
[7]. 

Collecting social networks data related to contentious issues (such as 
fisheries management in the USVI), in small, close-knit communities can 
be challenging. In this case, it was vital to pair SNA with ethnographic 
data and an understanding of the island’s fisheries and the wider socio- 
political context of fishing on the island. Although most networks 
studies of fishers have larger sample sizes, much can be learned from the 
study of smaller, island-based fishing communities, such as St. Croix. In 
these cases, the ethnographic context is imperative. The results pre
sented here build on extensive ethnographic research regarding fisheries 
management previously conducted in St. Croix over the past fourteen 
years [35,36], and findings from those studies were used to assist in the 
study design, as well as the analysis and interpretation of the networks 
data. Therefore, this study not only contributes to our understanding of 
the relationship between the structure of SSF networks and potential for 
collective action in SES, but also provides a case study highlighting the 
utility of a mixed methods research approach combining SNA with 
long-term, in-depth, qualitative methods such as ethnography [5,16]. 

2. Materials and methods 

2.1. Description of St. Croix 

St. Croix is the largest of the three main USVI and is located in the 
eastern Caribbean Sea. It has a land area of 215 km2 and lies 145 km east 
of Puerto Rico. Fishing has played an important role in St. Croix 
throughout the island’s history, not only providing the island’s residents 
with a fresh source of dietary protein, but also playing an important role 
in the island’s culture. The island’s commercial fishery is a SSF, and 
fishers typically use small boats that they keep at home and trailer to the 
island’s various launch sites and boat ramps, deciding where to fish on a 
daily basis depending on weather and sea conditions. It is a multi-gear, 
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multi-species fishery, with fishers typically using several types of fishing 
gears and targeting multiple species on a single trip ([36,68]). The pri
mary fishing gears used include pots/traps, tank diving (SCUBA) or 
freediving with spearguns, and handlines. Primary species landed 
include reef fish (e.g., snapper, grouper, parrotfish), coastal pelagics (e. 
g., jacks, mackerels), spiny lobster, and conch. Nearly 100% of landings 
are sold on island [22]. 

2.2. Social network analysis 

2.2.1. Data collection 
Social networks data were collected via structured interviews with 

commercial fishers during fieldwork from July 2019 through February 
2020 (n = 59). Commercial fishers in St. Croix are difficult to locate, 
partly because they operate at an individual scale, keeping their boats at 
their homes and transporting them by trailer to various ramps when they 
go out to fish. The island also lacks a formal marketplace where multiple 
fishers gather to sell their fish. For this reason, and following previous 
successful survey and interview data collection efforts targeting St. 
Croix’s commercial fishers [36,45], the primary effort to interview 
fishers occurred during a week in July 2019 when fishers visited local 
government offices to renew their fishing licenses. A total of 48 fishers 
were interviewed via this method. Additionally, attempts to locate and 
interview fishers occurred throughout the fieldwork period by visiting 
boat ramps and sites across the island where fishers sell their catch, often 
out of the back of their trucks (e.g., along the roadside). Additional 
fishers were also contacted via snowball sampling strategies [12], when 
their contact information was provided by interviewees. A total of 59 
commercial fishers were interviewed, which represents about 60% of 
the commercial fishers on the island who renewed their commercial 
fishing license for the 2019–2020 year (personal communication, DPNR 
personnel, 2020). A coverage of 60% falls within the ranges of other SNA 
studies in similar contexts (e.g., Alexander 2018), although it falls at the 
lower end of the spectrum. 

The first part of the structured interview included a combination of 
open- and closed-ended questions related to demographic data, fishing 
activities and behaviors, and perceptions about fisheries management in 
St. Croix. The networks data were collected during the second part of the 
structured interview, using a name generator with free-recall [19]. In 
this case, fishers were asked, “What other fishers do you talk to about 
fishing?” Information-sharing name generators are a common choice to 
capture social networks of fishers throughout the literature on collective 
action and resource management (e.g., [3,4,26,28]). This body of work 
sees information exchange between fishers as a prerequisite for 
achieving cooperation and collective action. Through information 
sharing, actors increase their trust in each other, can learn from each 
other, and are able to develop shared understandings, norms, agree
ments, and conflict resolution mechanisms [15,17,55]. Thus, there is 
reason to believe social connections between actors who harvest the 
same resource might help prevent overharvesting. As interviewees 
responded to the prompt, the interviewer wrote down the names of each 
fisher nominated by the interviewee, along with the type of relationship 
tie (e.g., family member, friend, know through fishing, etc.) and fre
quency with which they communicate (i.e., often, sometimes, rarely). 
There was no limit to the number of fishers nominated by an 
interviewee. 

2.2.2. Network construction 
A network of fishers was constructed where ties are given by the 

sharing of information about fishing between two nodes (fishers). The 
constructed network is directed [19]. This means that if Person A in
dicates they talk with Person B, but Person B does not indicate they talk 
with Person A, there would be a tie pointing from A to B but not from B 
to A. Network ties were weighted by the frequency with which a node 
talks to another about fishing: 1 = rarely, 2 = sometimes, 3 = often. 

2.2.3. Analytical strategy 
Throughout the analyses, a descriptive approach is used to obtain a 

set of measures related to the goals guiding the study. First, a general 
description of the network and the characteristics of the sample are 
determined. Then, the connectivity of the entire network and its sub
structures is analyzed to assess whether fishers form one cohesive group 
or demarcated subgroups. Next, cohesive subgroups are identified 
through community detection, and the defining attributes of the sub
groups (“communities”) are explored. Each of these steps is described in 
more detail below. 

General Descriptive Statistics. Descriptive statistics were calculated 
to gain a general understanding of the characteristics of our sample, and 
to develop an understanding of the network’s basic structure. Basic 
network metrics calculated include network size, the types of relation
ships present within the network, the distribution of frequency of 
interaction among respondents, and the average and median number of 
nominations sent and received. 

Cohesion. To assess the network’s cohesion, connectivity was 
measured, which refers to the extent to which nodes in a network are 
directly or indirectly connected to each other. Because no single mea
sure of connectivity can fully capture the patterns of connections within 
a network, multiple measures of the number of ties and their arrange
ment at different levels must be considered [53]. This strategy aligns 
with the recognition that cohesion is a multidimensional construct, 
better assessed through multiple indicators [33]. At the network level, 
connectivity was assessed by calculating the density, components, 
reachability of nodes, and assortativity. At the substructure level (i.e., in 
small regions of the network), the connectivity of groups of nodes 
ranging from those with a high number of nodes to those of individual 
nodes was assessed. To do this, a clique census was conducted and 
measures of transitivity, reciprocity, and articulation points were 
calculated. 

Community Detection. Community detection techniques allow for 
the identification of subsets of nodes that are well-connected among 
themselves (internally cohesive) and well-separated from other nodes. 
Internally cohesive groups of nodes are called clusters or communities in 
the community detection literature. The community detection technique 
we employ selects the partition into communities that maximizes 
modularity. Modularity is a popular index of the extent to which parti
tions reflect clusters internally well-connected but having few ties with 
other clusters. Higher values of modularity are achieved in partitions 
where the proportion of observed ties within clusters is higher than the 
expected proportion of ties we would observe if nodes’ connections 
within and between clusters were random [51]. While the maximum 
possible value of modularity is 1, modularity values between 0.3 and 0.7 
are more commonly observed in networks that have a community 
structure (i.e., networks comprised of internally cohesive groups with 
few ties with other groups) [51]. 

The community detection algorithm “optimal” was employed, 
implemented in the package igraph of R software using the undirected 
version of the original network, keeping two undirected ties for the cases 
in which directed ties were reciprocated in the original network (the 
“optimal” community detection algorithm does not allow for the use of 
directed graphs). The algorithm calculates the value of modularity over 
all possible partitions and chooses the partition with the highest 
modularity value. The community detection procedure results in: (1) a 
partition by which each node is assigned to a community, and (2) the 
modularity value obtained by the partition. 

Once the community detection procedure has been finalized, we 
conduct a permutation test to assess whether the resulting partition 
represents a significant subgroup structure. To perform the test, we 
generate 1000 random networks with the same degree distribution as 
the observed network. Then, we conduct the community detection 
procedure for each of the 1000 networks. Finally, we obtain a distri
bution of modularity scores for the 1000 networks and determine the 
location in the distribution where the modularity of the observed 
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network falls. If the modularity score in the observed network falls far 
from the center of the distribution, it suggests that the observed 
modularity has a small probability of being observed just by chance. 

Subgroup characterization. To identify the attributes of the groups 
resulting from the community detection procedure, descriptive statistics 
for each of the groups were calculated. The proportion of members of 
each group that falls into relevant attribute categories were calculated. 
For the attributes launch site and gear type, bar graphs (Figs. 2 and 3) 
were created to visualize the launch sites and type of gear towards which 
different groups tend to gravitate. 

3. Results 

3.1. Description of participants 

Table 1 provides summary data regarding the demographic and 
fisheries-related characteristics collected via interviews with 59 fishers. 

3.2. Basic network descriptives 

The resulting network has 59 nodes and 104 edges (see Fig. 1 and 
Table 1). We followed a complete network design, focusing on the ties 
among respondents only. Ties to non-respondent fishers were dropped. 
Complete network designs are a common choice in the literature on 
fisheries social networks and social-ecological networks [7,61]. Most of 
the ties in the network (77%) represent frequent communications be
tween fishers, 17% represent less frequent communications, and 4% 
represent rare communications. The network presents a mix of relational 
ties: 13% of the ties were identified as ties between family members, 
46% were based on fishing activities, 21% based on friendship, 18% 
based on work ties, and less than 1% were acquaintance ties. Fishers sent 
and received, on average, 1.76 ties. The median number of ties sent and 

Table 1 
Sample characteristics (N = 59). In cases where the categorical variables do not 
add to 59, the remaining observations were missing.  

Continuous Variables Min Max Mean sd 

Age 23 81 55.05 15.84 
# of years fishing  2.00 65.00 26.32 14.06 
% of household income from fishing  0 100 62.1 40.8 
Number of fishing trips per month  0 31 15.4 8.09 
Categorical Variables  Count %   
Race/Ethnicity      

Black/African American/West Indian 15 25.42%    
Hispanic/Puerto Rican 27 45.76%    
White 8 13.56%    
Mixed/Other 9 15.25%   

Place of birth      
St. Croix 34 57.63%    
Other 24 40.68%   

Place of residence      
Christiansted 14 23.73%    
Frederiksted (West area) 17 28.81%    
Mid-island 18 30.51%    
Northside 8 13.56%   

Level of education      
Some college or more advanced 
degree 

12 20.34%   

Gender      
Male 58 98.31%   

Gear      
Trap 14 23.73%    
Line 53 89.83%    
Net 13 22.03%    
SCUBA diving 33 55.93%    
Freediving 7 11.86%   

Species      
Reef 38 64.41%    
Deep water snapper 39 66.10%    
Lobster 25 42.37%    
Conch 24 40.68%    
Coastal pelagics 24 40.68%    
Dolphin/wahoo 42 71.19%    
Deep water pelagics 39 66%    
Whelk 4 7%    
Bait sold 4 7%   

Launch site      
Altona Lagoon 30 51%    
Molasses Pier 25 42%    
Frederiksted 18 31%    
Gallows Bay 9 15%    
Salt River 5 8%    
Green Cay (Moored/Docked) 3 5%    
Christiansted 6 10%    
Other 4 7%    

Fig. 1. St. Croix fishers’ network. Nodes sizes are proportional to their inde
gree. Black, unconnected nodes are isolates. Arrows at the end of each tie point 
to nominees and indicate the direction of the tie. Tie weights are represented in 
the thickness of the lines connecting two nodes. Communities are named by the 
color of their nodes as follows: Community 1 = orange, Community 2 = blue, 
Community 3 = green, Community 4 = yellow, Community 5 = purple, and 
Community 6 = red. Figure produced using the igraph package – R software. 

Table 2 
Network statistics for cohesion (N = 59).  

Density 0.03 

Components   
Largest component 43 (73%) 

Reachability   
Diameter (directed) 12  
Diameter (undirected) 7  
Average shortest path (directed) 3.78  
Average shortest path (undirected) 2.88 

Number of cliques   
Triangles 38  
Size four 5 

Dyad census   
Mutual ties 24 (0.7%)  
Asymmetric ties 80 (2.3%)  
Null ties 3238 (96.88%) 

Transitivity 0.24 
Reciprocity 0.13 
Number of articulation points 6 (10%)  
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received equals 1. 

3.3. Cohesiveness and fragmentation 

An analysis of the number and size of components reveals that a 
single component contains the majority of the nodes in the network (43 
nodes – 73%) (see Table 2). One component of size two and 14 isolates 
(nodes that do not have any connection with the rest of the network) are 
also observed. The fact that about a quarter of the nodes are isolates, 
along with a low density score (0.03), indicates a lack of cohesion in the 
overall network. 

We also obtain measures of reachability within the largest compo
nent. In the directed version of the network, a diameter of size 12 is 
observed, meaning information would have to travel through 12 nodes 
to connect the two most distant nodes in the network. In the undirected 
version of the network (if it is assumed that all ties are reciprocated), the 
diameter is seven nodes. An average shortest path of 3.78 in the directed 
version of the network indicates a piece of information would have to 
travel, on average, 3.78 steps to travel from one node to another. In the 
undirected version of the network, the average shortest path is 2.88. The 
reachability metrics we obtain (average shortest path and diameter) 
indicate a pattern of indirect communication between nodes and the 
presence of bridging (weak) ties. 

At the level of the network, assortativity coefficients were calculated 
for a wide range of fishers’ attributes to measure the extent to which 
connected nodes have similar characteristics. As shown in Table 3, 
assortativity coefficients indicate the network is moderately assortative 
with respect to age, number of years fishing, average number of fishing 
trips per month, and percentage of household income that comes from 
fishing. The network is slightly assortative with respect to ethnicity and 

level of education. These results suggest these factors may play a role in 
the formation of connections between fishers. The assortativity co
efficients for all other attributes indicated a non-assortative network 
(see supplementary material). 

Several measures at the substructure level further reveal patterns of 
connectivity. The fishers’ network presents a high number of null and 
asymmetric ties and a low number of mutual ties. The high proportion of 
asymmetric ties indicates nominations tend to be one-sided. More 
cohesive structures tend to be more reciprocal and highly knitted [32, 
50]. In addition, about 10% of the nodes are articulation points. 

3.4. Community detection 

The community detection procedure resulted in six connected sub
structures (i.e., excluding isolates) and a modularity score of 0.468 for 
the partition. Following others (e.g., [28]), we conduct a permutation 
test, which indicated this modularity score falls in the 96.9 percentile of 
the distribution of modularity scores obtained from 1000 randomly 
generated networks (i.e., p < 0.05). This suggests that the partition into 
six substructures detected via community detection is unlikely to occur 
due to chance alone. 

3.5. Characterizing subgroups 

Each subgroup (“community”) profile is characterized based on its 
composition in terms of selected attributes. Communities are distin
guished by the color of their nodes in Fig. 1. These attributes were 
chosen based on whether they were salient features of communities and 
include: age, years of fishing, ethnicity, whether they hold a college 
degree, number of fishing trips per month, percentage of household 
income that comes from fishing, relationship type, gear type, and launch 
site. Community members’ perceptions regarding fisheries management 
in St. Croix are also discussed when relevant. To better assess commu
nities’ profiles in terms of the gear type and launch site, Figs. 2–4 present 
the proportion of fishers in each community who use each gear type and 
each launch site. Table 4 presents descriptive statistics regarding the 
composition of each community for selected attributes, and Table A1 in 
Appendix A shows the composition of communities regarding additional 
attributes. Such additional attributes are not discussed in this section 
because differences are less marked. 

Community 1 – Orange (10 nodes): Fishers in Community 1 tend to 
be older than most fishers in the network. The average age in 

Table 3 
Assortativity by selected attributes.  

Attribute r 

Ethnicity  0.18 
Having a college degree  0.18 
Age  0.30 
Years fishing  0.30 
Being born in St. Croix  -0.03 
Number of trips  0.29 
Percentage income from fishing  0.24 
Launch site (first choice only)  0.05 
Place of residence  0.06  

Fig. 2. Percentage of fishers in each community that use each type of gear. Communities follow the same color scheme employed throughout this article: Community 
1 = orange, Community 2 = blue, Community 3 = green, Community 4 = yellow, Community 5 = purple, and Community 6 = red. Figure produced using 
R software. 
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Community 1 is 59.4 years compared with the overall mean of 51.1 
years. Likewise, Community 1 fishers have, on average, more years of 
fishing experience (mean = 33.1 years) compared with the rest of the 
network (overall mean = 23.32 years). Regarding ethnicity, this com
munity is composed of fishers who identify as Hispanic/Puerto Rican 
and mixed/other. Like most other communities, Community 1 has a low 
proportion of fishers with a college degree (10%). The number of fishing 
trips per month (mean = 12.6) and percentage of household income that 
comes from fishing (mean = 45%) are low compared to the rest of the 
network (overall mean = 62.1). Income from fishing accounts for 50% or 
less of the total household income for the majority of these fishers. In 
terms of relationship types observed, the community presents a combi
nation of kinship ties (5 out of 11) and friendship ties (6 out of 11). As 
depicted in Fig. 2, all fishers in Community 1 (10 out of 10) reported 
they use line fishing. In fact, most fishers in Community 1 (8 out of 10) 
selected line fishing as the type of fishing that generates them the most 
revenue. Fig. 3 reveals that, while there is some diversity in the launch 
sites these fishers use, most of their fishing trips leave from Molasses Pier 
and Frederiksted. Fishers in this community reported a high level of 
(self-reported) knowledge of fisheries management, and though the 

majority of the fishers in this group reported they attend fisheries 
management meetings “often/always,” most of them indicated they 
never actively participate in the meetings (e.g., by providing public 
comments). 

Community 2 – Blue (7 nodes): Similar to Community 1, Community 
2’s fishers are older than average, though there is more heterogeneity in 
age. This community is composed of a mix of fishers who identify as 
Black/African American/West Indian and as Hispanic/Puerto Rican. 
While most ties in this community are based on friendship (64%), there 
are also a couple of fishing ties, one acquaintance, and one family tie. 
For all fishers in this community, income from fishing accounts for a 
large percentage (50% of more) of their household incomes. In terms of 
fishing gears used, these fishers focus almost equally on line and SCUBA 
diving (Fig. 2), and they launch their boats from numerous sites (Fig. 3). 
Most of the fishers in this community do not find it easy to participate in 
fisheries management. 

Community 3 – Green (11 nodes): This community is characterized 
by having the strongest presence of White fishers in the network; 86% of 
fishers who identify as White (6 out of 7) are in this community. Fishers 
in Community 3 have fewer years of fishing experience (mean = 20.3 

Fig. 3. Percentage of fishers in each community that use each launch site. Communities follow the same color scheme employed throughout this article: Community 
1 = orange, Community 2 = blue, Community 3 = green, Community 4 = yellow, Community 5 = purple, and Community 6 = red. Figure produced using 
R software. 

Fig. 4. Map of St. Croix, showing launch sites. Map courtesy of Dr. Ethan Deyle, Dept of Biology, Boston University.  
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years) and are younger than average (median = 46 years). The per
centage of household income coming from fishing (mean = 45.5%; 
median = 25%) is low compared to that of the other communities. 
Fishing represents 50% or less of the total household income for the 
majority of these fishers, but there are some fishers that rely on fishing as 
their sole source of income. Most ties in this community are work-related 
(e.g., connections through non-fishing work) or fishing ties (74%). The 
remaining 16% of the ties (3) are friendship ties. This community has a 
bimodal distribution in terms of fishing trips per month with some of the 
fishers having very few trips per month (e.g., 2, 4) and some fishers with 
many more trips per month (e.g., 20, 30). The fishers in this community 
are mostly focused on line fishing: all of these fishers use line fishing 
(Fig. 2) and 9 out of 11 fishers selected it as the gear that generates them 
the most income. They use a diverse set of launch sites for their fishing 
trips (Fig. 3). The fishers in this community report a higher tendency to 
speak publicly at fisheries management meetings than the rest of the 
communities, and they are more dissatisfied with fisheries management. 

Community 4 – Yellow (9 nodes): Like Community 3, the fishers in 
Community 4 are also younger than average (median = 46 years). This 
community is composed mostly of Hispanic/Puerto Rican fishers (7 out 

of 9), who are connected to each other primarily via fishing (70%) and 
kinship (25%). Only one of the ties is based on friendship (5%). Nearly 
all the fishers in this community (7 out of 9) rely 100% on fishing for 
their household income. Fishers in this community focus primarily on 
SCUBA diving, with 90% ranking it as the most (or one of the most) 
revenue generating gear they use. Many of them, however, ranked 
multiple gears as equally important, and a third of the fishers selected 
traps as (one of) their most revenue generating gears (Fig. 2). Most 
fishers in this community (7 out of 9) launch their boats from Altona 
Lagoon (Fig. 3). Fishers in Community 4 believe themselves to be 
knowledgeable of fisheries management processes. Most of the fishers 
reported attending fisheries management meetings more frequently 
than those in other communities, but only three of them reported 
participating in the meetings regularly. In terms of self-reported 
knowledge of fisheries management processes, in most communities, a 
mix of responses is observed: some fishers report they only know a little 
or nothing about the process, and some report they are more knowl
edgeable about the process. Fishers in Community 4, however, present 
higher scores regarding their (self-reported) knowledge of fisheries 
management processes. 

Table 4 
Descriptive statistics for St. Croix partitions after community detection procedure.    

Communities    

1. Orange 2. Blue 3. Green 4. Yellow 5. Purple 6. Red    

Freq/ 
Mean 

%/sd Freq/ 
Mean 

%/sd Freq/ 
Mean 

%/sd Freq/ 
Mean 

%/sd Freq/ 
Mean 

%/sd Freq/ 
Mean 

%/sd 

Size (number of nodes) 10  7  11  9  2  6  
Race/Ethnicity              

Black/African American/West Indian 1 10% 3 43% 2 18% 1 11% 1 50% 1 17%  
Hispanic/Puerto Rican 4 40% 4 57% 3 27% 7 78% 1 50% 4 67%  
White 0 0% 0 0% 6 55% 0 0% 0 0% 1 17%  
Mixed/other 5 50% 0 0% 0 0% 1 11% 0 0% 0 0% 

College degree 1 10% 1 14% 6 55% 1 11% 0 0% 0 0% 
Age  59.4 13.49 56.14 19.29 50.64 12.13 46.44 13.66 48.5 7.78 40.33 12.56 
Years fishing 33.1 13.6 27.6 16.2 20.3 11.7 25.0 16.3 30.5 6.36 16.5 10.1 
Number trips per month 12.6 6.02 19.0 5.20 14.4 9.95 21.3 6.5 14.0 14.1 15.8 11.9 
% Income from fishing 45.0 38.4 82.9 23.6 45.5 45.4 86.7 33.2 25.0 35.4 63.7 49.2 
Gear               

Trap 1 10% 1 14% 2 18% 5 56% 0 0% 1 17%  
Line 10 100% 7 100% 11 100% 5 56% 2 100% 5 83%  
Net 4 40% 1 14% 2 18% 2 22% 1 50% 0 0%  
SCUBA diving 4 40% 6 86% 4 36% 8 89% 1 50% 5 83%  
Freediving 2 20% 0 0% 2 18% 1 11% 0 0% 0 0% 

Launch site              
Altona Lagoon 3 30% 2 29% 4 36% 7 78% 2 100% 5 83%  
Molasses Pier 6 60% 3 43% 1 9% 4 44% 2 100% 5 83%  
Frederiksted 5 50% 3 43% 2 18% 1 11% 1 50% 0 0%  
Gallows Bay 1 10% 1 14% 2 18% 1 11% 0 0% 0 0%  
Salt River 1 10% 1 14% 1 9% 1 11% 0 0% 0 0%  
Green Cay (Moored/Docked) 0 0% 0 0% 3 27% 0 0% 0 0% 0 0%  
Christiansted 1 10% 3 43% 1 9% 0 0% 0 0% 0 0%  
Other 1 10% 1 14% 2 18% 0 0% 0 0% 0 0% 

Relationships              
Number of edges 11  11  19  20  1  9   
Family 5 45% 1 9% 0 0% 5 25% 0 0% 2 22%  
Work 0 0% 0 0% 4 21% 0 0% 1 100% 3 33%  
Friend 5 45% 7 64% 3 16% 1 5% 0 0% 0 0%  
Fishing 1 9% 2 18% 12 63% 14 70% 0 0% 4 44%  
Acquaintance 0 0% 1 9% 0 0% 0 0% 0 0% 0 0% 

Perceptions              
Knowledgeable about fisheries management 3.6 1.26 3.43 1.51 3.27 1.42 4 1 2.5 0.7 2.83 1.17  
Satisfaction with fisheries management 3.1 1.1 2.57 0.98 2.55 1.04 2.67 1.58 4.0 1.41 3.0 1.26  
Ease of participation 3.4 0.97 2.57 1.27 3.45 0.82 3.44 1.13 4.5 0.7 3.2 0.75  
Meeting attendance               

Never 1 10% 1 14% 0 0% 0 0% 0 0% 0 0%   
Sometimes 3 30% 4 57% 6 55% 2 22% 0 0% 3 50%   
Often/always 6 60% 2 29% 5 45% 7 78% 2 100% 3 50%  

Meeting involvement               
Never 5 50% 3 43% 2 18% 3 33% 1 50% 3 50%   
Sometimes 4 40% 2 29% 3 27% 3 33% 1 50% 2 33%   
Often/always 1 10% 2 29% 6 55% 3 33% 0 0% 1 17%  
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Community 5 – Purple (2 nodes): Both fishers in this dyad are close to 
the mean age. One fisher identifies as Black/African American/West 
Indian and one identifies as Hispanic/Puerto Rican. The tie that connects 
them is a work tie. These fishers have more experience than average 
fishers (mean = 30.5 years), and they both report they attend manage
ment meetings. One person does not rely on fishing at all as a source of 
income and fishing accounts for 50% of the household income of the 
other. These fishers report using different gears (nets vs. SCUBA diving) 
and different launch sites. 

Community 6 – Red (6 nodes): Community 6 is composed of younger 
fishers when compared to the rest of the communities (mean age = 40.3 
years), and fishers with fewer years of experience (mean = 16.5 years; 
overall mean = 25.2 years). This community is diverse in terms of race/ 
ethnicity, having members who identify as Black/African American/ 
West Indian, Hispanic/Puerto Rican, and White. This community is 
based on a combination of fishing and work ties (77%) and also has the 
presence of two family members. Like Community 3, this community 
also has a combination of fishers reporting a wide range of number of 
fishing trips per month and the extent to which they rely on fishing for 
their household income. In terms of fishing gear, the fishers in this 
community primarily use lines or SCUBA diving (Fig. 2), and they re
ported using only Molasses Pier or Altona Lagoon for launching their 
boats (Fig. 3). The fishers in Community 6 are particularly interested in 
learning about fishing regulations; while most communities have a mix 
of “I’m somewhat interested” and “I’m always interested and try to be 
aware” responses, everyone in Community 6 says they are always 
interested in learning. 

The overall network structure also suggests that there are key people 
in important “brokering” positions, meaning that they could have a 
great deal of influence in how information flows through the network 
[18]. For example, very few nodes concentrate a high number of nom
inations; one fisher received 10 nominations and another one received 
15 nominations. As shown in Fig. 1, node sizes reflect the number of 
nominations fishers received. The majority of fishers in the network, 
however, received only one nomination, and 14 fishers received no 
nominations. This is suggestive of a disparity in the popularity of nodes 
and a hierarchy within the network. 

4. Discussion 

Returning to the guiding research questions, these results suggest 
that fishers in St. Croix are not grouped into one cohesive group, which 
reiterates findings from previous ethnographic research [36]. Although 
75% of the nodes in the network are included in the largest component, 
the network has a low density score and a relatively high number of 
fishers who are isolated (14 out of 59), meaning they are not connected 
to any other fishers in the network. During the interviews, these fishers 
indicated they did not talk to any other fishers about fishing. It is 
important to note, however, that while these fishers could in fact be true 
isolates in the network, it is also possible that they were suspicious of the 
intentions of the research and purposely chose not to provide any names, 
or they were not able to recall the names of anyone at the time of the 
interview. These are common issues researchers face when collecting 
and analyzing networks data (e.g., [2,23,30]), but such missing data can 
have important implications for the overall network structure and our 
findings. Further research into this point is needed to determine if they 
are true isolates. 

These findings suggest that while there seem to be six substructures 
(Communities 1–6) within the connected components, there does not 
appear to be any single attribute that is clearly driving the existence of 
all clusters. Instead, there seem to be multiple attributes and factors that 
influence the groupings, and may influence different groups of fishers in 
varied ways. For example, Community 3 is unique in several ways. First, 
nearly all of the White fishers (6 out of 7) are in Community 3, while 
those who identified as Black or Hispanic are mixed throughout the 
other communities. They also reported speaking at public fisheries 

management meetings more frequently than the fishers in other com
munities, as well as greater dissatisfaction with fisheries management. 

Although the differences between Community 3 and the other 
communities are only slight, when these findings are paired with 
ethnographic data and the larger historical and political context of 
fisheries management in St. Croix (i.e., [36]; Yandle, Sweeny Tookes, & 
Grace-McCaskey 2020), the findings are more meaningful. As described 
in detail in [36], St. Croix’s complex history of colonialism, migration, 
and status as a United States territory continues to influence de
mographic differences among social groups today. The vast majority of 
White individuals in St. Croix were not born there. Instead, they typi
cally grew up and were educated in the continental United States, then 
moved to the island as adults, pursuing a career in the diving industry or 
environmental conservation. Often, they fish for enjoyment, subsis
tence, and to supplement their earnings from other occupations. Even 
though many White residents, including those who are fishers, have 
lived in St. Croix for twenty or thirty years, because of their skin color, 
they are still perceived as “outsiders” by most fishers and other 
non-White island residents [36]. Therefore, it is not surprising that the 
SNA results suggest ethnicity influences some community groupings. 

When examining the type of relationships present in different com
munities, it is clear that some communities (i.e., Communities 1 and 4) 
have a higher proportion of family ties. Thirteen of the 14 family ties in 
the entire network are within (rather than between) communities, 
suggesting family ties are an organizing factor in the community struc
ture of the network. More specifically, Community 4 is made up pri
marily of Hispanic/Puerto Rican fishers who are connected to one 
another via fishing and kinship ties. These fishers report a high depen
dence on fishing for their household income, consider tank diving to be 
their highest revenue-generating gear, and report being highly knowl
edgeable about fisheries management processes. Again, these results 
align with previous findings about the importance of commercial fishing 
to a few Puerto Rican families that migrated to St. Croix from Vieques 
[35,36]. For these families, fishing plays a primary role in their liveli
hoods, and fishers from the same family often fish together in pairs or 
trios. It is also important to note that this community is the most central 
in the network (Fig. 1), and the fisher who received the most nomina
tions is part of this community. The influential positions of individuals 
such as this and the role they play regarding information and knowledge 
sharing in the network will be explored in future analyses. 

The results also do not indicate any clear patterns of primary fishing 
gear or launch site used influencing community membership. Each 
community has fishers who use multiple types of fishing gear and 
various launch sites. This likely reflects the specific characteristics of St. 
Croix’s small-scale commercial fishery mentioned previously, including 
that boats are kept at home, allowing fishers to choose on a daily basis 
on which side of the island to fish depending on weather, sea conditions, 
and other factors. This flexibility, however, also means that launch sites 
are not spaces for repeated social interactions among fishers, a contrast 
to findings in previous research [4]. Likewise, the lack of clear patterns 
in the communities related to gear use reflects the multi-method and 
multi-species characteristics of St. Croix’s fishery, but also suggests 
findings different from those related to other SSF (e.g., [26,27]). 

Results related to fishers’ perceptions of and participation in fisheries 
management processes also show a lack of consensus within and be
tween groups regarding perceptions of the current status of fisheries. 
While 37% of the fishers believe the current state of fishing is about the 
same as 5 years ago, 47% believe it has gotten worse. This lack of a 
shared understanding about the status of fisheries resources and varied 
perspectives on the extent to which the island’s fisheries are threatened 
might hinder collective action related to management and conservation 
measures [56]. Additionally, only 25% of the fishers stated they 
participate in fisheries meetings (territorial and/or federal) often, and 
39% stated that they never participate. These findings are similar to 
those from previous survey results [36]. Interestingly, however, ethno
graphic and observational data at territorial and federal fisheries 
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management meetings contradict these results, indicating that only a 
very small number of fishers from St. Croix (< 5) participate in and are 
actively engaged in management processes. One potential explanation 
for fishers reporting they participate more than they do is they wanted to 
be seen by the researchers as interested in fisheries management issues 
(social desirability bias). While a full analysis and explanation of the 
cause of the discrepancy is beyond the scope of this paper, these data 
regarding perceptions of and participation in management processes 
indicate that although managers design public meetings to be spaces 
that encourage the sharing of knowledge and information about the 
status of marine resources and discussion of management strategies, it is 
clear they are not fulfilling this role. If, instead, information and 
knowledge related to fishing and marine resources is being shared 
through ties via the network described here, then it may signal the need 
for managers to develop specific communication and outreach strategies 
that take into account the important and influential positions held by 
key members of the fishers’ network. 

5. Conclusions and future directions 

As is common with many exploratory studies, these findings lead to 
more questions than answers. Data collection is ongoing (temporarily 
stalled in 2020–2021 due to the COVID-19 pandemic and associated 
travel and research restrictions), and the results presented here are only 
the first step of many geared toward examining the role that social 
networks play in a small scale fishery SES such as that in St. Croix. Social 
networks data have also been collected from individuals who are not 
fishers but are involved in the local and federal fisheries management 
processes. Future analyses will focus on the structure of the larger 
fisheries management network in St. Croix, including fisheries scientists, 
managers, and other marine resource stakeholders. Building on the re
sults reported here, an examination of the larger network structure will 
allow us to examine cross-scale interactions to understand how social 
structure may facilitate or hinder flows of knowledge and resources 
between fishers and other fisheries management stakeholders. 

Three important caveats should also be mentioned here. First, as 
stated in Section 2.2.1 (Data Collection), our sample includes 60% of the 
commercial fishers on the island who renewed their commercial fishing 
license for the 2019–2020 year (personal communication 2020). While a 
coverage of 60% does fall within the range of other SNA studies in 
similar contexts (e.g., Alexander 2018), we acknowledge it is at the 
lower end of the spectrum, which must be taken into consideration when 
forming conclusions based on our analyses. A higher response rate 
would provide a more accurate picture of the network topology and of 
the shared attributes of connected nodes. Second, as stated in Section 4 
(Discussion), nearly one-fourth of the fishers we interviewed were iso
lates in the network, and stated that they did not talk to any other fishers 
about fishing. If they are indeed isolates in the network, then future 
research must seek to better understand factors that may contribute to 
the isolated positions (e.g., personal choice to not interact with others), 
the extent to which the relatively large number of isolates impacts how 
information and knowledge flow through the network, and the impacts 
on management outcomes. If, on the other hand, some or all of the 
isolates in our study chose not to disclose the names of fishers to whom 
they were connected, then we must acknowledge the possibility that 
important ties are omitted from the network. Lastly, we must note that 
the social networks data included in this analysis were collected only a 
few months prior to the start of the COVID-19 pandemic. Research in
dicates that, across the globe, the pandemic has impacted when and how 
individuals interact with one another, and that many social ties have 
changed permanently [40,66]. It is rational to assume that the fishers’ 
network in St. Croix has also been permanently altered due to the 
pandemic and its impacts. While we do not believe this point renders our 
findings any less valid or important, it does mean that future research 
that builds on what is presented here must take into consideration that 
the network may have changed significantly since these data were 

collected. 
Overall, the fact that multiple attributes influence community 

membership among St. Croix fishers aligns with and builds on recent 
work on SSF [4] but reiterates the fact that the processes that influence 
the formation and maintenance of ties among fishers are complex and 
potentially site-specific. This makes it challenging to come to mean
ingful conclusions related to the potential for collective action based on 
SNA alone, but highlights the important role that in-depth ethnographic 
and other qualitative data can play, particularly in the SSF context. 

Related to the potential for collective action among the fishers, 
future research could examine the extent to which fishers’ individual 
attributes or positions within the network and connections to the larger 
fisheries management network influence individual or group percep
tions of “us” versus “them.” Such perceptions could impede the flow of 
information throughout the network. Additionally, because kinship and 
friendship ties appear to play a role in community membership, how 
knowledge and perceptions are distributed within families could be 
examined. If greater consensus within family and friendship ties is 
observed, it might suggest the importance of socialization processes in 
forming beliefs and perceptions related to fisheries in resource- 
dependent contexts. This, in turn, can provide important information 
regarding what may encourage consensus and cooperation among 
fishers in St. Croix, which recent research shows plays an important role 
in promoting effective adaptation to climate change and other envi
ronmental stressors [64], and may contribute to improved ecological 
conditions [7]. Therefore, our findings, and the results of future 
research, can make valuable contributions to the management and 
policy contexts in St. Croix and the USVI as the islands’ fishers, man
agers, and residents more broadly continue to recover from the devas
tating impacts of Hurricanes Irma and Maria, and work toward 
developing management strategies that allow for the continued catch of 
marine species that support the livelihoods of fishers and the nutrition of 
island residents without leading to ecological collapse (Stoffle et al., 
2022; [1,71]). 

This research has contributed preliminary social data under a mixed 
SNA and ethnographic framework, in the interest of expanding appli
cability to the wider field of SES and the management of SSF sustained 
by coral reef ecosystems. Critiques of SES often highlight the potential to 
overlook subtleties and interactions across various social and ecological 
sub-systems [54]. As our preliminary findings have indicated, there is 
considerable heterogeneity among fisher communities in St. Croix. 
Future research can apply similar detailed quantifiable social groupings 
and their potential for collective action to appropriately scaled ecolog
ical data. For example, with regards to collective action, future research 
could more directly assess specific knowledge that fishers share about 
local ecological processes. Understanding how knowledge is diffused 
and adopted through networks into specific practice such as good fishing 
locations, or fishing gear modifications, may suggest areas of possible 
resource depletion. In turn, it may illuminate barriers to collective ac
tion resulting from absence of consensus regarding knowledge of 
ecological processes, or harmful practices being conducted by specific 
subgroups of the network. Overwhelmingly, developing better baseline 
social and ecological data in SSF contexts can support detection of in
teractions between individual actors and natural resource systems, to 
facilitate improved management and system-wide adaptive capacity. 
This is particularly vital in SSF which remain data poor yet support the 
livelihoods of small island communities throughout the world. 
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Table A1 
Descriptive statistics for St. Croix partitions after community detection procedure (additional attributes).    

Communities    

1. Orange 2. Blue 3. Green 4. Yellow 5. Purple 6. Red    

Freq/ Mean %/sd Freq/ Mean %/sd Freq/ Mean %/sd Freq/ Mean %/sd Freq/ Mean %/sd Freq/ Mean %/sd 

Size (number of nodes) 10  7  11  9  2  6  
Born in St. Croix 8 80% 3 43% 6 55% 6 67% 2 100% 5 83% 
Place of Residence             

Frederiksted (West area) 5 50% 1 14% 3 27% 2 22% 1 50% 2 33% 
Mid-island 5 50% 3 43% 1 9% 4 44% 0 0% 0 0% 
Christiansted 0 0% 2 29% 3 27% 1 11% 1 50% 3 50% 
Northside 0 0% 0 0% 4 36% 2 22% 0 0% 0 0% 

Species             
Reef 6 60% 4 57% 3 27% 9 100% 1 50% 5 83% 
Deep water snapper 8 80% 4 57% 7 64% 4 44% 2 100% 1 17% 
Lobster 4 40% 2 29% 4 36% 7 78% 1 50% 4 67% 
Conch 4 40% 1 14% 4 36% 7 78% 1 50% 3 50% 
Coastal pelagics 4 40% 2 29% 3 27% 4 44% 1 50% 4 67% 
Dolphin/wahoo 6 60% 7 100% 10 91% 4 44% 2 100% 5 83% 
Deep water pelagics 6 60% 6 86% 10 91% 5 56% 1 50% 4 67% 
Whelk 1 10% 0 0% 0 0% 1 11% 0 0% 2 33% 
Bait sold 1 10% 1 14% 0 0% 1 11% 1 50% 0 0% 

Point of sale             
Home 6 60% 1 14% 1 9% 0 0% 0 0% 0 0% 
La Reine 1 10% 3 43% 2 18% 5 56% 0 0% 0 0% 
Frederiksted Pier 0 0% 0 0% 1 9% 0 0% 0 0% 0 0% 
Restaurants 2 20% 2 29% 6 55% 4 44% 0 0% 4 67% 
Hotels 2 20% 1 14% 0 0% 0 0% 0 0% 1 17% 
Supermarkets 0 0% 0 0% 1 9% 0 0% 0 0% 1 17% 
Along the road 3 30% 4 57% 2 18% 3 33% 1 50% 4 67% 
Private customer 2 20% 1 14% 3 27% 1 11% 1 50% 2 33% 
Does not sell 0 0% 0 0% 1 9% 0 0% 0 0% 1 17% 
Other 0 0% 0 0% 2 18% 1 11% 0 0% 0 0% 

Perceptions             
Scientists and managers 
listen to fishers 

3 1.33 2.43 1.4 2.73 1.19 3 1.5 3 0 2.83 1.47 

Need for management 3.5 0.97 3.6 0.38 4.45 0.52 3.89 0.78 4.5 0.71 3.83 0.98 
R’s collective orientation 3.56 1.01 3.67 0.82 3.55 1.13 4 1.15 4.5 0.71 4.2 0.45 
R’s individual orientation 3.5 1.07 3.67 0.82 3.64 1.12 3.71 1.25 4.0 0 4.2 1.30 
Third order belief fishers’ 
collective orientation 

3.12 1.25 3.0 1.10 2.55 0.82 3.29 1.5 3.0 1.41 2.83 1.33 

Third order belief fishers’ 
individual orientation 

3.89 0.33 3.67 0.82 3.64 0.81 3.75 1.28 4.0 0 4.0 0.63 

Current status of fishing 
vs. 5 years ago               
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organized (Yes) 
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7 70% 6 86% 6 55% 8 89% 2 100% 6 100%  
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