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A B S T R A C T   

In this paper we study the influence of the structure of relationships in the commercial network of fishery 
products in the economic performance and profits distribution among actors, taking the shark market in Mexico 
as a case study. For this, fishermen, permit holders and traders were interviewed in the local, regional and main 
markets for shark products in Mexico. With the information obtained, a weighted network of the shark market 
was built, the main centrality indices and the monetary contribution of each actor to the commercial system in 
terms of economic profits were calculated. Through a stepwise multiple regression analysis, the variables that 
positively affect economic profits were identified. Our results show that shark fin exporters obtain the highest net 
unitary profits, while traders of shark meat and fillet presented the highest net profits. The organization of the 
actors (type), the quantity traded (Kg), the out-degree and out-closeness are the variables that positively affect 
the economic performance of the shark market. These findings agree with standard economic networks theory 
about the consequences of competitive and monopolistic market structure on the distribution of the economic 
returns of the food commercialization. The quantitative analysis of weighted networks in the trade of shark 
products gives rise to new insights to understand how economic profits are generated and distributed in a 
commercial system and how the actors involved are favored by said activity.   

1. Introduction 

Marine products are among the most traded products in the world 
(Smith et al., 2010; Crona et al., 2010), with profits and volumes that 
exceed trade of other goods such as cocoa, sugar, corn, coffee and rice 
(Smith et al., 2010; Watson et al., 2016). The trade in marine products is 
considered more important than the trade in cattle, and pork combined 
(Asche et al., 2015). Fishing as an economic activity is part of a supply 
chain in which foreign currency, direct and indirect jobs, raw materials 
for industries and food for the fishers is generated (INAPESCA, 2006; 
Dorantes-González, 2017). These supply chains are sequences of steps 
where users (related operators) carry out the process of transforming a 
product from its creation or extraction through processing to the final 
sale of the product and delivery to consumers (Jiménez-Sánchez, 2002). 
As any economic activity, the study of its economic performance is 
essential to adopt actions to improve the economic return, equity and 
social distribution of the activity. In this regard, profits are the usual 
economic performance adopted in fisheries studies and modelling 

(Clark, 2010). 
Calculating profit in artisanal small-scale fisheries with largely 

informal market and no standardized reporting format (by government 
or tax offices) is hard, so this paper focuses on the economic aspects of 
small-scale fishing producer chains and measures the influence of the 
network topology and the positioning of the actors on the distribution of 
economic profits. Instead of the global network of fishery products, the 
local market is analyzed, through the construction of an inferential 
network model, quantifying the flow of product and economic profits 
that each actor contributes to the system and how they are distributed 
within it. The objective is to study the relationship between the position 
of the actors in the network and their economic profit, as well as the 
influence of the global topology of the network on the distribution of the 
profit. In this way, this work contributes to the analysis of the role of the 
network topology on the economic performance of the supply chain of 
seafood products and the profit distribution among the actors, from 
small-scale fisheries to fish-shops and exporters. 

This study also has implications from a practical point of view. 
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Unlike artisanal fishermen, traders have information and easier access to 
markets and often create exploitative social relationships with fishermen 
(Crona et al., 2010; Coronado et al., 2020). In this way, the transparency 
of the economic returns in the supply chain can be a mechanism to favor 
the sustainability of artisanal fisheries and the equilibrium of the dis-
tribution of the economic returns, as the agents who have such market 
information can make better decisions for production and trade (Purcell 
et al., 2017). Knowing the structural factors in the supply chain influ-
encing the distribution of benefits will help the weakest agents to take 
actions that enhance the positive factors and mitigate the negative ones 
in order to achieve a better balance in the profit distribution. 

1.1. Actors’ role and distribution of economic returns 

1.1.1. Fishermen 
By means of a descriptive analysis of the value chain of 15 species of 

sea cucumbers in Fiji and Kiribati, Purcell et al. (2017) conclude that the 
difficulties of access to market information by artisanal fishermen in-
fluence the bargaining power that these actors may have and therefore 
the economic returns of the products they sell. The low yields for the 
artisanal fishermen activity cause them to remain in poverty and rein-
force their little capacity to influence on product prices, at the same time 
that they depend on intermediaries, commonly a single actor, to reduce 
the time and effort to access national or international markets (Purcell 
et al., 2017; Kimani et al., 2020). 

In this regard, Crona et al. (2010) also mention that commonly 
artisanal fishermen come to have agreements with intermediaries or 
traders, such as credits or monetary loans that are paid with daily fishing 
and are based on trust between the actors, but on many occasions in-
termediaries or traders use these agreements to “tie up” fishermen and 
force them to sell their products only to them. Coronado et al. (2020) 
mentioned this relationship between actors as a type of captive coor-
dination, where producers depend on one or more traders and in-
termediaries to access markets and be able to sell their product. 

The power to determine prices, maintain control of the market, 
choice and access to products and, mainly, the economic performance of 
each actor depends on the structural positioning of the actors within a 
social network (Kimani et al., 2020). The economic networks theory 
states that monopolistic situations, such as the one derived from captive 
coordination, decrease the economic performance of sellers (artisanal 
fishermen) in favor of buyers (traders) (Easley and Kleinberg, 2010). 
However, scientific empirical studies assessing the distribution of the 
economic returns in seafood trade are still scarce (Purcell et al., 2017), 
as many global fisheries suffer from a lack of transparency in terms of 
stakeholder participation, prices, revenues, benefit streams, and 
products. 

This study aims to fill this gap and analyze primary and secondary 
information on the distribution and value of the fish product (shark) and 
its derivatives (fillet and fin) in Mexico from its first extraction to the last 
steps of the supply chain, in order to empirically test the topological 
factors in the supply chain influencing the distribution of economic 
returns from fishery products. For the reasons presented above, we 
expect that the potential number of buyers an agent have will be a key 
topological factor that determines the market power of the agent and 
therefore positively influences the share of economic returns received. 

1.1.2. Exporters 
In the recent decades, the exploitation of sharks has rapidly 

increased to meet the growing demand for shark fins (Ferretti et al., 
2020), since in some parts of Asia they are considered luxury foods, 
being fin soup the most common shark food consumable in Hong Kong. 
On the other hand, Hong Kong is an important center for the shark fin 
trade, managing up to 50% of the global shark fin trade (Shea and To, 
2017). For all shark species, meat is essentially a by-product of fin 
production, as the unit price of fins is, on average, about 10.8 times the 
price of shark meat (Ferretti et al., 2020). The international trade of 

these products is around USD 400 million annually, although the effort 
to track them has been hampered by the high processing of these goods 
in the markets (Van Houtan et al., 2020). 

These high-value products are collected by artisanal and industrial 
fishermen and, although they have high value in international markets, 
they received low returns, as is the case of sea cucumber (Purcell et al., 
2017). In the case of shark fins, trade is restricted by national or inter-
national regulations. For example, the General Law on Sustainable 
Fishing and Aquaculture (LGPAS) and the National Fisheries Charter 
(CNP) in Mexico, which are mandatory. On the other hand, the Inter-
national Union for Conservation of Nature (IUCN) and the Convention 
on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES), despite acting at the international level, are not mandatory for 
countries that are part of these regulations (Dorantes-González, 2017). 

The production and marketing restrictions due to existing regula-
tions, as well as the lack of transparency in their commercialization, may 
limit the free access of firms to the fin market, favoring oligopoly and 
oligopsony capacity of exporters. In this case, the higher market power 
of these actors influences on the distribution of the economic returns 
(Sexton and Zhang, 2001), mainly harming artisanal fishermen without 
market power. Therefore, from this analysis we would expect that those 
actors that occupy the role of exporters monopolize the greater share of 
the economic returns in commercialization. 

1.2. Social network tools to analyze seafood supply and value chains 

Supply chains have been conceptualized as networks of actors 
(producers, distributors and consumers) who are connected through the 
transfer of products and are represented as a set of nodes (actors) and 
edges (transactions between actors). Through the application of quan-
titative measures, the key actors in the system can be identified, as well 
as its structure and operation (Hernández-Guerra and Pedroza-Gu-
tiérrez, 2016). These networks of actors, better known as social net-
works, serve as primary channels for the flow of information and 
resources that facilitate human action (Barnes et al., 2016). 

The analysis of these networks has proven to be helpful in the design 
of management strategies and facilitated the circulation of products 
through the identification of key actors (Zepeda-Domínguez et al., 2015) 
also called “bridger”, which connect disparate groups or nodes within 
the network and allow the flow of information within of it (Hartley, 
2010). 

The degree to which the products is disseminated through social 
networks is greatly affected by the topology (structure and size) of the 
network (Barnes et al., 2016), which influences how resources circulate 
and how actors are connected in the network. For example, the position 
of an actor can allow or restrict access to a resource or a relationship 
with other actors to obtain products (Barnes et al., 2016; Packer et al., 
2020). 

Social Network Analysis (SNA) applied to the study of marine 
products has become popular in recent years; most of these studies have 
focused mainly on identifying and describing the topology of the 
network and the composition of the actors, in order to answer questions 
about the operation of the network. This is the case of Ramírez-Sánchez 
and Pinkerton (2009), who used the SNA approach to analyze the effect 
of resource scarcity on the structure of the information sharing network 
in fishing communities in Baja California Sur, Mexico. Barnes et al. 
(2016) used SNA to understand the structure of the tuna fishery and how 
the exchange of information between fishermen affects shark bycatch. 
Drury and Crona (2017) used the value chain approach to understand 
how the local market structures of artisanal fisheries in Zanzibar, 
Tanzania, can contribute to improving the livelihood conditions and 
food security of the actors. González-Mon et al. (2019) conducted a case 
study in Baja California Sur, Mexico, in which they mapped fish buyers 
and characterized the actors based on their commercial relationship 
patterns to study how the ability to adapt can be enhanced or affected by 
the ability to interact with other actors. Cruz et al traced the value chain 
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of fishery products to identify all the actors involved in the commer-
cialization process, from the fishery to the final consumer, to understand 
the commercial processes of the value chain of fishery products and thus 
support the traceability of marine products. Vidal-Hernández et al. 
(2019) used the SNA approach to analyze the structure of the com-
mercial network of sea cucumber in Yucatan, identifying the key actors 
of the system, the connection between them and simulating hypothetical 
scenarios to know the modifications and repercussions that the entire 
system could have if the key actors disappeared. 

Although all the studies mentioned above are representative of the 
application of SNA approach to seafood markets, they focus on the 
qualitative and topological description of commercial networks, as well 
as their relationship with production and ecological conditions. How-
ever, there are few studies that focus on measuring the influence of the 
topology of the chains of fishery products on the distribution of the 
economic returns to each actor within the network. In this context, 
Gephart and Pace (2015) analyzed the origins and destinations of ma-
rine products in the global market, considering the volume and eco-
nomic value of the flow of products exchanged between countries, 
detailing the distribution of the economic profits within the commercial 
network. However, they do not delve into the analysis of the actors and 
their role or contribution to the system. 

So, in this paper we provide one of the first applications of the 
weighted network analysis approach to the study of the marine products 
market, using the shark market as a case study and taking into account 
the characteristics of the actors involved in the system, network cen-
trality indices and economic variables such as the flow of product and 
monetary value within the system. 

2. Materials and methods 

This study presents two approaches. We combine the qualitative 
analysis of information obtained through the application of interviews 
with fishermen, permit holders and traders of shark products with the 
analysis of quantitative data from social networks that define the 
structure and function of the commercial network. First, we mapped out 
the product exchange relations between the actors and, combining this 
information with the Social Network Approach, we characterize the 
main metrics of the network, identifying different types of actors, their 
role in the system and the flow of economic profits and product 
exchanged in the network. 

2.1. The case study: the shark market 

We selected the shark market (i.e., the total buyers and sellers of 
shark products and derivatives from the extraction to the final sold to 
retailers and exportation) in the northwest Mexico as case study since it 
is an important commercial activity ranked tenth among the most 
important fishing resources in Mexico in the last decade, with an annual 
catch of near 30,000 tons (SAGARPA, 2017), while globally Mexico 
ranks sixth among the largest shark product generating countries (Dent 
and Clarke, 2015; Dorantes-González, 2017). 

Fishery products markets, according to García-Núñez (2008), are 
difficult to track. This is the case of the shark market, where derivative 
products such as fins and cartilage are mainly handled, in addition to oil, 
meat, skin and jaws, which are usually sent in mixed shipments and 
classified according to market requirements. This situation, and the 
presence of gaps and inconsistencies in the information from fishing 
landings (Dorantes-González, 2017) have compromised the correct 
evaluation of shark fisheries, mainly in developing countries such as 
Mexico (Saldaña-Ruíz et al., 2017). In Mexico, the artisanal shark fishery 
is considered a traditional activity with high socio-economic value that 
support many families. 

As mentioned earlier, a supply chain or value chain is a sequence of 
activities in which a product is transformed, including extraction, pro-
cessing, marketing, sale and delivery to the final consumer. In these 

sequences, different actors who specialize in a certain point of the pro-
cess are involved, allowing to improve the quality of the product, 
generate jobs and add value for the benefit of the users and the market 
(Jiménez-Sánchez, 2002; Rosales et al., 2017). In this regard, the 
network of firms existing down and up-stream to any other firm can be 
defined as a supply network, which is a system where emergent patterns 
can arise (Choi et al., 2001). 

Nowadays in Mexico the supply chain or supply network that make 
up the shark market are not known, as well as the actors involved, the 
relationships between them and the flow of profits that moves along the 
network. This study was approached from two perspectives, measuring 
the Total Profits of the network and the Profits/Kg which can give us a 
reference of the performance of the market at a total and product level. 

2.2. Information sources 

To learn about the structure of the supply shark network and the flow 
of economic profits in it, interviews were conducted during March 2019 
with artisanal shark fishermen and permit holders in Baja California Sur, 
Mexico (during business hours 8am - 4pm). Other external traders were 
identified and interviewed during September 2019 including managers 
of warehouses selling shark and derived products in the Mercado de La 
Nueva Viga in Mexico City, the largest seafood market of Latin America, 
the Mercado del Mar in Zapopan, Jalisco, Mexico and in the local fish 
shops of the city of Tijuana, Baja California, Mexico (during business 
hours 3am - 1pm). 

This interview (Supplementary Material) was structured to obtain 
information related to 1) suppliers and inputs, 2) resource extraction, 3) 
transformation of the resource and 4) purchase and sale. In addition to 
these sections, during each interview open questions were introduced to 
clarify and expand the responses of the interviewees. 

For this work, 29 actors of the shark market in Mexico were 
personally interviewed in March and September 2019, including fish-
ermen (6), wholesale and retail traders (20), fish shop managers (2) and 
fin collectors (1). From these 29 interviewees, additional information 
from other 65 actors related to the shark trade in Mexico was obtained, 
as well as weekly data on the flow of product (quantity) and economic 
benefits (profits) among the actors that make up the shark market and 
derivative products. All these data from the 94 actors related to the 
shark market were considered for network analysis and stepwise 
regression. 

The artisanal fishermen deliver the sharks caught to a trader, who is 
in charge of sending the product to El Mercado de La Nueva Viga in 
Mexico City, El Mercado del Mar in Zapopan, Jalisco and to local fish 
shops in Tijuana, Baja California, so we continue to apply interviews in 
these mentioned sites. 

The authorization of each interviewed and the general administra-
tion of each market was requested for the application of the interviews, 
informing the scope and the future use of the information provided, each 
actor interviewed received a code name in the database to identify him 
and protect his identity. 

2.3. Data analysis 

With the data obtained from the interviews, a matrix of weekly 
commercial relationships between the actors was made including vari-
ables indicating the economic performance, the actors’ features and the 
network metrics (Table 1). For the calculation of profits, we estimate the 
income as the monetary quantity ($ USD) resulting from the weekly sale 
of the resource (Price*Quantity), and the total costs as the sum of all 
weekly marketing/production running costs (provisioning and mainte-
nance of the boat, fuel, bait, purchase of the product, salary of em-
ployees, transportation and storage of the product, rent of warehouse) ($ 
USD). 

The network metrics were calculated with the igraph package 
(Csardi and Nepusz, 2006) in the statistical program R version 3.6.1 (R 
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Core Team, 2019) using information regarding the actors (actor, quan-
tity, origin, and destiny). Then, the network represents the supply chain 
of shark products. The centrality indices were calculated by taking the 
amount of product sold between actors as the weight of the interaction 
and the direction in which the product moves within the network, that 
is, the indices were analyzed as part of a directed and weighted network. 

Among the network topological indices, there is the eigen-centrality, 
which measures the influence that a node has when connected with 
nodes that, in turn, are connected to many nodes. The centrality of an 
actor in a network can indicate a leadership capacity, popularity, or a 
good reputation within the network and the greater its centrality value, 
the greater the possibility of obtaining power and influence within the 
network (Zhang and Luo, 2017). 

The degree centrality measures the total number of direct connec-
tions a node has with other nodes in the network (Zhang and Luo, 2017). 
In this case we use two degree centralities, one for incoming connections 
(in-degree) and one for outgoing connections (out-degree). A node with 
a high in-degree indicates that this node is in a good position to receive 
product and those nodes that present a high out-degree could be 
considered as important sources of shark products (Gómez, 2019). 

High values of betweenness centrality indicates that the node is in 
the path through which other nodes must pass to share products along 
the network (Zhang and Luo, 2017). In this way we can identify those 
nodes that have an important role in the network by connecting nodes or 
groups of nodes that are separated and functioning as a bridge for the 
transfer of shark products between actors (Junker and Schreiber, 2008; 
Wilson and MacDonald, 2018). La Ola et al. (2020) mentioned that ac-
tors that are functioning as bridges by presenting high betweenness 
values in a network system are considered key actors of the system. 

Another important centrality metric that were taken into account for 
this work is the in- and out-closeness. The values of this metric vary from 
0 to 1, indicating that nodes with values close to 0 are further away from 
the rest of the nodes in the network and nodes that have values close to 1 
are only one step away from any other node in the network (Goldstein 
and Vitevitch, 2017). 

The last of the topological metrics analyzed in this case study is 

constraint, in which the highest values indicate the nodes that are 
restricted or isolated in the network, presenting the least possibilities of 
connecting with other nodes or groups of nodes (Everett and Bogartti, 
2020). 

Once the economic variables resulting from the interviews and the 
estimated network variables were calculated, the determining factors of 
the net profits and net unitary profits (profits/Kg) variables were esti-
mated. The aim of estimating profit in unitary terms is to find factors 
influencing profits independently of the firms’ size (measured as the 
volume of transaction). A stepwise regression model following the Or-
dinary Least Squares (OLS) procedure were used to ensure a correct data 
fit (Jenkins-Smith et al., 2017). The stepwise regression was analyzed 
using the package “MASS” (Venables and Ripley, 2002) and “lmtest” 
package (Zeileis and Hothorn, 2002) in the statistical program R version 
3.6.1 (R Core Team, 2019). It is important to note that the variables 
“Type of actor” and “Presentation” were analyzed as categorical vari-
ables since different levels of organization were identified within these 
variables (Table 1). In addition, the values of the stepwise regression 
analysis for these two independent variables are displayed in compari-
son with a base reference value belonging to one of the categories that 
integrate the independent variables “Type of actor” and “Presentation”. 
We propose a standard multiple regression model (Wooldridge, 2013). 
The econometric model is as follows:  

Yi = β0+βQ⋅Quantityi +βP⋅Presentationi+βT⋅Type of Actori + βN’Ni + εi,     

Where Yi is the “Net Profits” or “Net Unitary Profits” of observation 
(firm) i, β0, βQ, βP and βT are the intercept and coefficient parameters for 
the quantity and categorical variables, Ni is a 7x1 vector of the network 
metrics in Table 2 corresponding to observation i, βN is the corre-
sponding coefficient of these variables, and εi is the residual error. The 
standard minimum level of significance (0.1) for the coefficient of the 
independent variables was taken in the stepwise regression analysis. In 
addition to this, 19 nodes that correspond to groups of traders or local 
markets were eliminated from which complete data regarding costs and 
profits could not be obtained, therefore only 75 of the 94 nodes obtained 
during the interviews were considered for the stepwise regression 
analysis. 

3. Results 

3.1. Interviews 

The six fishermen interviewed indicated that shark capture is their 
main source of economic income and in many cases, the only option of 
work in the area where they live. 

The price range varies between $0.3 USD/Kg and $1.32 USD/Kg 
having as main target species of their fishing the thresher sharks (Alopias 
sp.), silky shark (Carcharhinus sp.), hammerhead sharks (Sphyrna sp.) 
and a variety of small and juvenile sharks, less than 150 cm in total 
length, that are grouped as “dogfish” he artisanal fishermen deliver the 
sharks and “dogfish” caught to a trader, who is in charge of sending the 
product to El Mercado de La Nueva Viga in Mexico City, El Mercado del 
Mar in Zapopan, Jalisco and to local fish shops in Tijuana, Baja Cali-
fornia, so we continue to apply interviews in these mentioned sites. 

The Mercado de La Nueva Viga has 256 warehouses dedicated 
exclusively to the trade of marine resources of which, according to the 
general administration, less than 10% of the warehouses are dedicated 
to the shark trade. In this market we identified and interviewed 11 main 
traders of shark and derived products, which mostly market shark and 
“dogfish” in whole, dry/salted, fresh fillet and fin presentations, with 
prices ranging from $1.78 USD/kg in the whole presentation to $20.40 
USD/kg in the fin presentation. In this market, shark products are traded 
between the traders and the different warehouses. Then, we located a 
single trader who is dedicated to collecting and buying shark fins from 
the warehouses and sells them to exporters who are in charge of bring 

Table 1 
Variables used to perform economic analysis. The network metrics are calcu-
lated with the igraph package.  

Variable Description 

Economic performance 
Net Profits ($ USD) Monetary amount ($ USD) resulting from subtracting 

product and operation costs and total costs from income, 
can be handled as the net profit from weekly marketing. 

Net Unitary Profits ($ 
USD) 

Monetary amount ($ USD) or net profit obtained by market 
players for marketing each kilogram of product per week. 

Actors’ features 
Quantity (Kg) Quantity of the resource marketed weekly during the peak 

season 
Presentation Modality in which the shark resource is sold (Meat, Fillet or 

Fin) 
Type of actor There are six types: Artisanal Fishermen, Trader, Fishing 

Company, Permit Holder, Fish Shop and Exporter 
Network metrics 
Eigen-centrality It measures the influence of a node on the network and the 

ability to connect with other nodes. 
Out-degree Number of nodes to which each actor sends shark products. 
In-degree Number of nodes from which each actor receives shark 

products. 
Betweenness Indicates the ability of a node to act as a bridge between 

pairs of nodes and communicate products. 
In-closeness It measures the accessibility of a node to the other nodes in 

the network considering the input of shark products. 
Out-closeness It measures the accessibility of one node to the other nodes 

in the network considering the output of shark products. 
Constraint It aims to identify individuals who are isolated in the 

network and who have low chances of connecting with 
other nodes  
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this product to the international market, mainly the Asian market. The 
information of the exporters was obtained only through the fin collector 
and the price range was obtained from official data from FAO (2021). 

Moreover, nine traders of sharks and fish products were identified 
and interviewed in the Mercado del Mar. The main sales presentations in 
this market are whole and fillet with oscillating prices between $2.04 
USA/kg - $4.08 USD/kg in the whole presentation and $4.84 USD/kg - 
$7.14 USD/kg in the fillet presentation. As in the Mercado de La Nueva 
Viga, the commercialization of shark products among the traders and 
stores of the Mercado del Mar is a common activity. 

In the city of Tijuana, Baja California, Mexico, eight fish shops 
dedicated to the shark trade were identified, but only two fish shops 
managers agreed to be interviewed. The actors mentioned that the main 
shark presentations that are marketed are whole and fillet with prices 
ranging from $1.78 USD/kg - $2.04 USD/kg and $4.84 USD/kg - $5.86 
USD/kg respectively. They also indicated that their sale is retail and 
wholesale which includes other fish shops in the town. 

3.2. Network analysis 

3.2.1. Descriptive statistics 
The commercial shark network in this study consists of 94 nodes 

(actors) and 137 edges (connections) present between the nodes (Fig. 1). 
This network is a sample of the global shark distribution network in 
Mexico. Table 2 presents the most relevant players in the shark market 
network according to the metrics contemplated. It is important to clarify 
that 19 nodes were not included in Tables 2–3 and in the multiple 
regression analysis because they were not a single actor, but a com-
mercial complex including a large number of actors. 

As shown in Table 2, of these 94 actors, nodes #3, #78 and #16, 
which are a trader of the Mercado del Mar in Zapopan, Jalisco, a group 
of artisanal shark fishermen in the town of San Carlos, Baja California 
Sur and a trader of the Mercado de La Nueva Viga, respectively, obtained 
the highest values of total profit ($ USD). This is expected since these 
three nodes also showed the main volumes of product marketed with 50 
tons (t), 35 t and 14 t respectively. However, node #44, other trader of 
the Mercado de la Nueva Viga, commercializes higher volumes than 
trader #16. The reason for the higher profitability of node #16 lies in the 
type of presentation (fillet) of this trader, which creates an added value 
to the product. 

Node #3 is particularly relevant. This node is among the main nodes 
in five of the 10 estimated variables (Table 2). Selling shark and “dog-
fish” every week, node #3 has the highest degree centrality, with 9 
connections in the in-degree estimation and 8 connections in the out- 
degree estimation, and it buys its product mainly from artisanal pro-
ducers and sells it to local markets and other traders (Fig. 1). 

Actors #35, #36 and #37 are dedicated to the export of Shark Fin to 
the Asian market and presented the highest values of Net Unitary Profits 
($ USD). The three exporters present the same amount of Net Unitary 
Profits since they obtain their product from the same node #13 and, in 
the absence of more information, we assume the quantity is equally 
shared among exporters. Node #13 is a fin collector of the Mercado de 
La Nueva Viga in Mexico City and the only actor in our commercial 
network that has contact with actors that are dedicated to the export of 
Mexican products to the Asian market, mainly to Hong Kong. 

Fig. 1 shows two detached parts of the network, the first corresponds 
to the trade of node #88, which is an artisanal fisherman who removes 
the shark fin and sells it separately to node #20, which is a permit holder 
who sends this product to node #21, in the American international 
market, then, the node #88 sells the shark meat to the node #24 who 
transforms it into fillet and distributes it locally to node #25. The other 
detached part of the main network includes node #49, which is a permit 
holder that sells shark meat to nodes #50 and #51, who transform this 
product into fillet and sell it to the local market. 

Nodes #85, #87 and #89 correspond to artisanal fishermen from the 
town of Santa Rosalía in Baja California Sur and show the highest 
constraint estimate (Table 2), indicating that these three nodes are the 
most isolated throughout our network system, in the same way they 
show the lowest values of the degree, closeness, betweenness and eigen- 
centrality. These three nodes mentioned to us during the interviews that 
they deliver their product to a single actor of the network (#86), as well 
there is a buy/sale agreement through a personal treatment between the 
actors involved, in addition to being #86 the only shark buyer in that 
study area and the only option of access to the local market. 

The nodes #12, #13 and #14 which are traders dedicated to the 
commercialization of sharks in the presentations meat, fin and fillet, 
respectively, present the highest values of eigen-centrality, showing the 
influence that they can have within the network by being connected 
with nodes highly connected to other actors such as #11 which corre-
sponds to the Mercado de La Nueva Viga, where most shark transactions 
are made. 

3.2.2. Interpretation of the network metrics 
Zhang and Luo (2017) presented a table of interpretation of 

Table 2 
Estimates of the main economic variables and network indices analyzed. The 
nodes that correspond to groups of traders or local markets in Fig. 1 have not 
been included.  

Variable # Node Estimate Type of actor Presentation 

Total Profits ($ USD) 3 $39,406.17 Trader Meat 
78 $23,214.29 Artisanal fishing Meat 
16 $12,295.92 Trader Fillet  

Profits/Kg ($ USD) 35 $38.41 Exporter Fin 
36 $38.41 Exporter Fin 
37 $38.41 Exporter Fin  

Quantity (Kg) 3 50,000 Trader Meat 
78 35,000 Artisanal fishing Meat 
44 26,000 Trader Meat  

Eigen-Centrality 12 0.514 Trader Meat 
14 0.411 Trader Fillet 
13 0.147 Trader Fin  

In-Degree 3 9 Trader Meat 
6 6 Fish shop Fillet 
2 6 Trader Meat  

Out-Degree 3 8 Trader Meat 
42 6 Trader Meat 
4 6 Trader Meat  

Betweenness 13 185 Trader Fin 
3 134 Trader Meat 
2 78 Trader Meat  

In-Closseness 5 0.000114 Artisanal fishing Meat 
7 0.000114 Artisanal fishing Meat 
23 0.000114 Artisanal fishing Meat  

Out-Closseness 13 0.000118 Trader Fin 
33 0.000114 Exporter Fin 
34 0.000114 Exporter Fin  

Constraint 85 1 Artisanal fishing Meat 
87 1 Artisanal fishing Meat 
89 1 Artisanal fishing Meat  
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combined network values that we reproduce adapted to the results of the 
case study (Table 3). In particular, those nodes that have a high degree, 
but a low betweenness show redundancy in their connections, as is the 
case with nodes #4, #17 and #19 with degree values of 9, 8 and 8 
respectively and low betweenness estimations of 7, 18 and 19 respec-
tively. Following Jenssen and Greve (2002), redundancy within this 
network occurs when actors constantly trade with each other, which we 
can roughly see in the fourth level (from left to right) in Fig. 1. The low 
betweenness tells us that these three nodes do not play an important role 
as bridges within the commercial network. 

On the other hand, the nodes with high betweenness, but few con-
nections with other nodes (low degree) are crucial and supporting actors 
for the flow of the network, as would be the case of node #13 by pre-
senting a betweenness value of 185 and a degree of 6. As mentioned 
above, this node is the only one that connects with actors that are 
engaged in the export of shark fin to the Asian market, so, in addition to 
being a crucial node for the transfer of shark products within the 
network, it is an important actor for the transfer of shark products 
outside the network and to other commercial systems. 

Those nodes with high betweenness and low closeness are hoarding 
the network connections when connecting with nodes that are discon-
nected from the others, in that case we observe in Fig. 1 and Table 2 that 
traders #2 and #3 do this role in the way they connect with a large 
number of actors in the network, of which many are producers or arti-
sanal fishermen. 

Zhang and Luo (2017) mention that when nodes have a high close-
ness, but low degree it is because these nodes are connected to nodes 
that are important or very active actors in the network. This is the case of 
exporters #35, #36 and #37 that are only connected with #13 who 
intermediate in two steps with the main market in Mexico. Similarly, 
when they have a high closeness and low betweenness it is due to the 
fact that in the network there are many ways of sharing products and 
these nodes are close to a high number of actors, however, many other 
nodes are also nearby. This is the case of artisanal fishermen #5, #7, 
#23 (second level from left to right in Fig. 1), which have only one 
connection each and almost null value of the betweenness index. 

3.3. Multiple regression analysis 

In this paper, the economic performance of each actor was measured 
from two perspectives, the Net Profits ($ USD) and the Net Unitary 
Profits ($ USD) which show us complementary indicators of the per-
formance of the shark market, both globally and profitability per unit of 
product. For the independent categorical variables “Type of actor” and 
“Presentation”, the categories “Trader " and “Fin”, respectively, were 

used as base reference to indicate those categories that present signifi-
cant positive or negative effects on the dependent variables. 

The results of the regression model estimation (Table 4) indicate that 
the independent variable that has the greatest positive effect on net 
profits is the “Exporter” category. Specifically, assuming all other vari-
ables identical, the net profits of exporter actors are on average $1.054 
greater than the net profits obtained by actors belonging to the category 
“Trader”. However, the net profits of the actors with “Meat” presenta-
tion are on average $0.792 less than the actors with “Fin” presentation 
(Table 4). 

As expected, the variable Quantity (Kg) show a positive influence on 
Net Profits, with an increase of 0.852 units for each unit increase (Kg) on 
the scale of the variable Quantity. In the same way the category “Arti-
sanal Fishermen” has a prime of $ 0.245 with respect to those of the 
category “Trader”, and for each new out connection (out-degree) that an 
actor has, the Net Profits are increased by $ 0.068. 

In the case of the regression model of the Net Unitary Profits, the 
categories that have a positive prime on this variable are again 
“Exporter” and “Artisanal Fishermen”, while “Fish Shops” engaged in 
“Meat” presentation has the lowest economic net unitary profit, with 
unit decreases of 0.270 and 0.821 respectively, compared to the refer-
ence categories. Actors with high out-closeness, as it is the case of 
traders in the last steps of the supply chain, have also a prime in the Net 
Unitary Profits. 

4. Discussion 

4.1. Artisanal fishermen 

Bizarro et al. (2009) reported that in Baja California Sur the main 
shark species caught by the artisanal fishing fleet belong to the genera 
Alopias, Carcharhinus, Isurus, Mustelus, Nasolamia, Rhizoprionodon, 
Sphyrna and Squatina with price ranges ranging from $0.25 USD/Kg to 
$1.02 USD/Kg and identifying that the markets associated with sharks 
and their derived products are generally local markets in cities of Baja 
California and Baja California Sur (Ensenada, La Paz, Loreto, Los Cabos), 
although they also mention Mexico City and the United States of 
America. As well as in this study, the interviewees mentioned that the 
price ranges of shark and “dogfish” that are paid to fishermen for their 
products vary between $0.30 USD/Kg and $1.32 USD/Kg and in the 
same way they mentioned that among the main destinations are Mexico 
City, specifically the Mercado de La Nueva Viga, in addition to the 
Mercado del Mar in Zapopan, Jalisco, which stand out for registering the 
largest numbers of wholesalers in Mexico (Islas-Moreno, 2007), 
although they also have retail establishments. 

Fig. 1. Diagram of the commercial network of the 
shark market and its derived products in Mexico. 
Each node corresponds to a player in the shark mar-
ket and each arrow indicates the direction of the flow 
of product traded between the actors. The size of the 
nodes corresponds to the total amount of shark 
product traded between the actors. The colors indi-
cate the type of actor identified and the shapes of the 
nodes indicate the presentation of the product that 
each actor trade within the network. All the nodes 
correspond to individual actors, except for some cases 
that correspond to commercial complexes that 
include several actors, these are the traders: #58, 
#52, #57, #46, #60, #41, #56, #38, #11, #59, #40, 
#32, #20, #68, #39, #29, #31, #25, #21.   
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Regarding the topological metrics, many of the nodes that are in the 
category “Artisanal Fishermen” show the lowest estimates of the degree, 
closeness, betweenness, and eigen-centrality metrics, at the same time 
that they show the highest values of the constraint index. These results 
point to an isolated situation of these nodes in the commercial network, 
as well as trade restriction to a single buyer. These results agree with the 
conclusions of Crona et al. (2010) and Coronado et al. (2020), which 
point to the existence of exclusive agreements of artisanal fishermen 
with intermediaries or merchants, in a form of captive coordination of 
the former to bring their product to the market. The actors interviewed 
during this work indicated that shark fishery is usually the only job 
opportunity for them in their communities, so they could see the need to 
establish this type of agreement with traders in order to carry out their 
economic activity. These relationships of captive hoarding or coordi-
nation could also be examples of a monopsony model present in arti-
sanal shark fishery in Mexico, where there is a single buyer or consumer 
of the products offered by some nodes belonging to the category of 
artisanal fishermen. 

However, according to the regression results, the category of arti-
sanal fishermen has a positive prime in both Net Profits and Net Unitary 
Profits with respect to the rest of categories excepting exporters. The 
reason of this outcome could be due to the fact that some of the actors (e. 
g., #78) in the artisanal fishermen category manage high volumes of 
shark product and has no competitors within the same category, so its 
position and ability to obtain profits improves. However, this is not the 
case of many other artisanal fishermen (e.g., #85, #87 and #89 to 
mention just a few), which are located in the same fishery area but any 
one sells small amount of product to a unique trader. The economic 
performance of their activity for these artisanal fishermen is low. 

In Mexico, artisanal shark fishery is considered an important source 
of food, jobs and economic profits (Dorantes-González, 2017) and the 
commercialization of this resource occurs mainly at the national level 
(Castellanos-Betancourt et al., 2013). Then, from the findings above, it 
would be expected that policies favoring the coordination of producers, 
mainly through fishermen’s cooperatives societies, would have a great 
impact on the Net Profits and Net Unitary Profits. 

4.2. Traders 

The Mercado de La Nueva Viga stands out as the largest seafood 
marketer in Latin America and the second largest in the world, only 
passed by the Tsukiji market in Tokyo, Japan, since the products mar-
keted in it represent 65% of the national fish production with trade 
amounting to approximately one million tons per year Ta
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Table 4 
Relationship of economic variables and network metrics with Net Profits and Net 
Unitary Profits.   

Net Profits Net Unitary Profits 

Variable Estimates (SE) Estimates (SE) 

Quantity (Kg) 0.852 (0.072) *** – 
Meat Presentation − 0.792 (0.291) ** − 0.821 (0.293) ** 
Exporter Type 1.054 (0.316) ** 1.016 (0.318) ** 
Artisanal Fishermen Type 0.245 (0.097) * 0.234 (0.098) * 
Fish Shop Type – − 0.270 (0.128) * 
Out-Degree 0.068 (0.029) * – 
Out-Closeness – 2.29E+03 (1.29E+3).  

P < 0.1 R2 ¼ 0.7782 R2 ¼ 0.7909 

The values shown are the coefficients (standard error) of two multiple regression 
analyses by the stepwise variable selection method. The multiple determination 
coefficients (R2) of each regression model are shown with a significance level of 
P < 0.1. “***" indicate significance at level 0.001, "**" indicate significance at 
level 0.01, "*" indicate significance at level 0.05, and "." indicate significance of 
0.1. 
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(Ballesteros-Hernández et al., 2019). The Mercado del Mar is the second 
largest market of marine products in Mexico, in which 500 tons (t) to 
1000 t of marine products per day are marketed (Pedroza-Gutiérrez, 
2017). 

At the national level, wholesale markets are the key players in the 
distribution of food, since they function as regional collectors and dis-
tributors, organizing producers, intermediaries, and other wholesalers 
to get the products to the final consumer (Pedroza-Gutiérrez, 2017). This 
demand for marine products generates incentives to increase catches, as 
well as to promote changes in the market structure and in the behavior 
of the fishing sector (Coronado et al., 2020). 

The results confirm that traders are key players in the supply chain of 
shark products. Of the 94 nodes belonging to the commercial shark 
network, three nodes of the trader category stand out for showing the 
highest betweenness values (Table 3), so according to La Ola et al. 
(2020) and Hartley (2010), they are functioning as bridge nodes, 
responsible for the transmission of products between nodes or groups of 
nodes that are separated. 

4.3. Exporters 

The category of exporter (fin trade) turned out to have the highest 
positive coefficient in the Net Profits and the Net Unitary Profits with 
respect to the rest of categories. The high performance of exporters could 
be due to two factors: 1.- The high price that Mexican shark fins have in 
the international market, specifically in the Asian market (Castella-
nos-Betancourt et al., 2013), reaching prices ranging from $ 51.02 
USD/Kg (Dorantes-González, 2017; FAO, 2021), and 2.- The position 
that the exporters have in the network (Fig. 1), connected to a unique fin 
collector close to the main trader and artisanal fishermen. In addition, 
this fin collector mentioned during the interviews that he is in charge of 
gathering, cleaning and drying the fins for sale, so the exporters only buy 
the product and transport them to the Asian market, so there are no 
processing costs, affording only export costs, the values of which we 
could not calculate. The high differences of the economic returns among 
this category and the previous traders point to the existence of the 
oligopsony capacity of exporters, although this has not been confirmed 
in this study due to sample restrictions. 

Two topological characteristics of the supply network influence on 
the economic performance of the actors. They are the ability of the nodes 
to access other actors in the network and sell their product (out-degree) 
and to be located in the last steps of the value chain (out-closeness). We 
find that the nodes with the highest values of these two metrics (Table 2) 
are also among the most important actors for the betweenness and eigen- 
centrality metrics, which would mean that they are connected to nodes 
highly connected with others and therefore, they have a high capacity to 
connect with the largest number of nodes in the network and can 
function as bridges for the transmission of products (Junker and 
Schreiber, 2008; Zhang and Luo, 2017; Wilson and MacDonald, 2018). 
This result agrees with the theory of structural holes (Burt, 1995; 2004), 
which highlight that the brokerage mechanism of this kind of nodes 
allows them more entrepreneurial opportunities and therefore obtain 
higher economic performance. The key role in the transmission of 
product can also be accompanied by high leadership capacity, influence 
and good reputation in the network (Zhang and Luo, 2017), an intan-
gible value that may influence on the economic returns. 

4.4. Limitations 

This study is not absent of limitations. Specifically, our findings are 
based on the analysis of the flow and price of the product, disregarding 
other intangible factors influencing economic returns, such as personal 
relationships and information. Moreover, prices are not disaggregated 
by type of presentation, which is also a source of bias in the estimation. 

One of the arguments to explain the low centrality values of many 
artisanal fishermen is the existence of captive coordination between this 

group and intermediaries. This captive coordination acts as a market 
failure, limiting the coordination capacity of producers. Although some 
of the interviewed fishermen point to the existence of this kind of 
relationship, a further analysis of this situation is out of the scope of this 
paper. 

The study deals with a restricted sample, both spatially and tempo-
rally of the shark supply network in Mexico, so they cannot be directly 
extrapolated to other markets and may have seasonal patterns. More-
over, although information triangulation was done for some nodes, most 
of the information was provided by the interviewees and therefore is 
subject to possible imprecisions and mistakes. 

5. Conclusions 

This study provides one of the first views of the shark market from a 
weighted network analysis approach, taking into account economic 
variables, characteristics of the actors involved, indices of centrality of 
network analysis and the flow of products and monetary value within 
the system. We highlight the importance of analyzing the structure of 
social networks, as a tool to identify the dynamics of commercial net-
works, as well as the identification of key actors in the commercial 
system. 

In the case study, we identified 94 nodes that integrate the shark 
market grouped into 6 categories, with some traders presenting the 
highest Net Profits and the exporters group presenting the highest Net 
Unitary Profits. Key actors in the shark trade network in Mexico were 
identified, for having characteristics that make them important to the 
system. The exporters trading fin were found to obtain a higher Net 
Unitary Profit, due mainly to the high price in the international market 
of this product. The findings reveal that most of artisanal fishermen 
obtain low economic performance due to the isolation position in the 
supply network and low market power derived from the exclusive 
agreement with intermediaries. Then, this empirical study validates the 
standard economic networks theory that argues that the monopolistic 
situation between producers and intermediaries favor the economics 
returns of the latter. Nevertheless, the results also reveal that this situ-
ation can revert if artisanal fishermen can trade large volumes of 
product, due among other reasons to the lower total production costs 
that this sector faces with respect to traders and the inexistence of 
competitors. 

On the other hand, the number of buyers also determine the eco-
nomic performance of the system. The results indicate that having a 
large variety of buyers increases the economic returns of the actors in the 
supply chain. Moreover, the position of the actors is also a relevant 
factor. In this regard, those actors located in the last steps of the supply 
chain obtain better returns than those located in the first or middle steps. 

Some managerial implications can be extracted from these findings. 
The results reveal that actors having agreement with only one buyer 
leads them to have low share of the net profits in the value chain. Then, 
agents involved in the commercialization of shark should make efforts to 
diversify their potential buyers in order to increase profits. Moreover, 
the findings justify policies directed to favor the grouping and coordi-
nation of artisanal fishermen, since they can thereby compensate their 
disadvantaged position in the first steps of the chain by avoiding the 
negative effect in the profit distribution of having only one buyer and 
competition among themselves. 
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México: lista sistemática y estado de conservación. [Sharks and rays traded in the La 
Nueva Viga market, Mexico City: systematic list and state of conservation. Ciencia 
Pesquera 27 (1), 27–38. 

Barnes, M.L., Lynham, J., Kalberg, K., Leung, P., 2016. Social networks and 
environmental outcomes. Proc. Natl. Acad. Sci. USA 113 (23), 6466–6471. 

Bizarro, J.J., Smith, W.D., Hueter, R.E., Villavicencio-Garayzar, C.J., 2009. Activities and 
cath cmposition of artisanal elasmobranch fishing sites on the eastern coast of Baja 
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de aletas, tronchos y cabezas de tiburones en el Pacífico Mexicano [Catalog of shark 
fins, trunks and heads in the Mexican Pacific]. SAGARPA, p. 61. 

Clark, C.W., 2010. Mathematical Bioeconomics: the Mathematics of Conservation. John 
Wiley & Sons. 
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café Callinectes bellicosus en Sonora, México [Topological mapping of the actors 
involved in the management of the brown crab Callinectes bellicosus fishery in 
Sonora, Mexico]. Ciencia Pesquera 23, 81–90. 

Zhang, J., Luo, Y., 2017. Degree centrality, Betweenness centrality, and Closeness 
centrality in social network. Advances in Intelligent Systems Research 132, 300–303. 
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