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Identifying Central Carriers and
Detecting Key Communities Within
the Global Fish Transshipment
Networks

Gohar A. Petrossian*, Bryce Barthuly and Monique C. Sosnowski

John Jay College of Criminal Justice, The City University of New York, New York, NY, United States

To effectively monitor fisheries resources and combat illegal, unreported, and
unregulated fishing, human labor exploitation onboard fishing vessels amongst other
crimes, such as the trafficking of weapons, humans, and narcotics, it is important that
more attention is paid to the likely facilitators of these activities, one of these being
at-sea transshipment of fish. Even though transshipment is a common practice that
has taken place for decades, little is known about the overall networks, operational
practices, and global spatial patterns of the central actors involved in such activities.
This research aims to fill that knowledge gap by understanding the networks of activities
of the actors who play a central role in these global transshipment activities. Using data
from Global Fishing Watch on global transshipment events that took place between
2015 and 2020, this research (a) identifies the central carriers involved in transshipment
events, (b) visualizes their networks of activities and interactions with fishing vessels,
(c) examines the spatial distribution of their activities; and (d) determines whether these
vessels use open-registry flags when engaging in transshipments, and if so, which. In
exploring the role that central actors play within networks of transshipments, targeted
mechanisms can be designed to better monitor such activities.

Keywords: modularity analysis, fisheries resource management, network analysis, IUU fishing, global
transshipment networks, central carrier vessels

INTRODUCTION

Transshipments involve the exchange of resources, such as fuel, crew, gear, and fish at sea or at
port, between vessels. Such exchanges can take place between fishing vessels and carriers (otherwise
known as reefers, or refrigerated cargo vessels), converted fishing vessels, “mini-reefers” (fishing
vessels that switch operations between transporting and catching the fish), factory vessels (also
known as fish processing vessels), small transport vessels (used for the transport of seafood and
fish), or containers (WATF, 2021). Transshipment activities often take place in the high seas beyond
the jurisdiction of any country, or in areas with unclear jurisdiction (Boerder et al., 2018). If a
transshipment occurs at sea, this can increase the fishing vessels efficiency by removing their need
to offload their catches at ports and by reducing the overall operating costs. By transshipping its
catches, fishing vessels can also potentially obscure the origin of catches that may or may not have
been caught legally (Boerder et al., 2018). This is especially problematic, since transshipments often

Frontiers in Marine Science | www.frontiersin.org 1

March 2022 | Volume 9 | Article 798893


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2022.798893
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2022.798893
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.798893&domain=pdf&date_stamp=2022-03-31
https://www.frontiersin.org/articles/10.3389/fmars.2022.798893/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Petrossian et al.

Global Fish Transshipment Networks

involve vulnerable and valuable species, such as sharks, tuna,
salmon, billfish, crab, and mackerel (Gianni and Simpson, 2005),
and monitoring these transshipment activities is of significant
importance (McKinney et al., 2020).

The ability to monitor fisheries resources and combat illegal,
unreported, and unregulated (IUU) fishing, amongst other
crimes such as the trafficking of weapons, humans, and narcotics,
as well as human labor exploitation (White et al., 2000; Bruwer,
2020), requires that more attention be paid to one of the
facilitators of these activities - transshipment (Ewell et al,
2017; Brush, 2021). While evidence on transshipment as a key
facilitator of trafficking in weapons, humans, and narcotics is still
limited, its links to IUU fishing are better established.

Illegal, unreported, and unregulated fishing is one of the
most significant crimes of our century, and has led to serious
social, economic, and environmental impacts (World Ocean
Review, 2013; Petrossian, 2019). Global fisheries lose an upward
of $36 billion annually to IUU fishing (Pauly and Zeller, 2016),
or about 1,800 pounds of wild caught fish every second (Pew
Charitable Trusts, 2013; GIATC, 2015; Pew Charitable Trusts,
2018). IUU fishing spans all parts of the world and affects
almost every coastal country. Considering that over 90% of all
commercial fishing activity occurs in the exclusive economic
zones of coastal countries, the direct impacts of IUU fishing on
these countries is incontestable. The impacts of IUU fishing are
especially prevalent in developing countries. For example, many
of the developing countries obtain over 50% of their protein
input from seafood (Food and Agriculture Organization [FAO],
2018), and the significant reduction in their protein resources
due to IUU fishing has increased the pressure for basic survival
(Crowell and Turvold, 2020). As a result of this, fishermen in
many poverty-stricken communities have either been recruited
by illegal fishing vessels and risked being subjected to human
rights abuses (Environmental Justice Foundation [EJF], 2010),
or were recruited by drug traffickers (The Tico Times, 2014),
thus putting not only themselves but also their families at
significant risks. An Associated Press investigation in 2014, for
example, revealed enslavement, imprisonment, and bonded labor
of Burmese and Cambodian fishermen onboard Thai fishing
vessels (McDowell et al., 2015). In addition to labor trafficking,
IUU fishing has also been linked to other serious crimes, such
as piracy (Weldemichael, 2019); drug trafficking (Belhabib et al,,
2020); organized crime and corruption (UNODC, 2011, 2019;
Phelps et al., 2015); and money laundering (Witbooi et al., 2020).

Illegal, unreported, and unregulated fishing has also had
significant impacts on the marine environment, such as in the
case of blast fishing, bottom trawling, and cyanide fishing, which
collectively have damaged coral reefs and kelp forests, bottom
dwelling non-target species and juvenile fish (Chevallier, 2017).
Additionally, IUU fishing vessels use illegal gear and methods,
as a result of which non-target marine species, many of which
are either endangered or critically endangered, are accidentally
caught in the nets or lines and die. These species include sea
turtles, sharks, seals, whales, as well as albatrosses (Petrossian,
2019), among others.

In an effort to detect and prevent IUU fishing and other
crimes that can be potentially facilitated by transshipment

vessels, some regional fisheries management organizations
(RFMOs) have adopted measures to monitor and regulate
this activity. For example, such RFMOs as Inter-American
Tropical Tuna Commission (IATTC); International Commission
for the Conservation of Atlantic Tunas (ICCAT), the Indian
Ocean Tuna Commission (IOTC), Western and Central
Pacific Fisheries Commission (WCPFC), the General Fisheries
Commission for the Mediterranean (GFCM), and the Southeast
Atlantic Fisheries Organization (SEAFO), have introduced
restrictions and increased requirements on transshipment
activities. Another example is the establishment of different
inspection and monitoring measures for improved oversight
over fish catches that take place within the Convention Area
of the Convention for the Conservation of Antarctic Marine
Living Resources (CCAMLR) (CCAMLR, 2017). Despite these
regulations, RFMOs often face enforcement challenges due to
the lack of independent observer coverage, available control
and monitoring mechanisms, and the extent of the areas to be
monitored (Miller et al., 2018).

Even though transshipment is a common practice that has
taken place for decades, little is known about the overall
networks of operational practices, global spatial patterns, and
main players involved in such activities. This research aims to fill
some of that knowledge gap by understanding the networks of
activities of the central actors — defined as actors who are most
influential and key players in the network - involved in global
transshipment activities. In exploring the role that central actors
play within networks of transshipments, targeted interventions
can be designed to better monitor and control such activities. The
next sections will help situate the research questions, methods,
and main findings, by providing an overview of what is known
regarding transshipment activities to date.

LITERATURE REVIEW

Existing research has explored a range of attributes associated
with global transshipment activities. Most relevant to the current
study is the work on (1) the geographic scope of transshipment
activities; (2) flag pairings of involved vessels; and (3) the
identification of the actors involved in transshipping.

Geographic Scope

Starting with the broader topic - geographic scope -,
Boerder et al. (2018) analyzed Global Fishing Watch data
on transshipment events that took place between 2012 through
2017. They found that although transshipping occurred in all
oceans and exclusive economic zones (EEZs), distinct global
hot spots emerged. Such hotspots included areas within the
Indian Ocean and the equatorial Pacific, as well as within
EEZs bordering Western African countries. Within these EEZs,
transshipments were also notably found to occur closer to
fishing grounds.

Using the same data source and time frame as Boerder
et al. (2018), Miller et al. (2018) analyzed Global Fishing Watch
data from 2012 through 2017 on transshipment encounters and
loitering events in an effort to identify patterns related to the
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spatial distribution and the flag pairings of these activities. Much
like Boerder et al. (2018), Miller et al.’s (2018) findings revealed
that transshipment encounters and loitering events occurred both
within the high seas and the EEZs of coastal countries.

Flag Pairings

As for flag pairings, the Miller et al. (2018) study found that
fishing vessels from China, Taiwan, South Korea, and Japan (the
next common fishing vessel flag states engaged in these activities,
apart from the United States) were associated with transshipment
vessels flagged to Panama, Liberia, and Vanuatu, all of which are
known open-registry states. These analyses excluded Russia-to-
Russia events due to their accounting for a significant majority of
the events within the Russian EEZ.

Actors Involved in Transshipping

Three studies looked more closely at the actors involved in
global transshipping activities. These include studies carried
out by MRAG (2019, 2020) and Global Fishing Watch (2021).
Global Fishing Watch (2021) performed an analysis focusing on
the supply chain of transshipping. Specifically, they examined
the activities of transshipment and bunker vessels and their
relationship to distant water fishing fleets. The researchers found
that the carrier vessels were involved in the process of transferring
fish from vessels to ports, while bunker vessels served as enablers.
Bunker vessels serviced fishing vessels at sea in an effort to
reduce the fishing vessels’ need to return to port. The overall
aim of this study was to make recommendations on transparency
improvement surrounding global transshipping events.

MRAG (2019, 2020) made similar efforts to identify actors
involved in transshipment activities by focusing on the WCPFC
and the ICCAT Convention Areas. Both MRAG reports aimed
to analyze the “business ecosystem” of transshipping. In doing
so, they identified key actors, companies, and economic drivers.
Their in-depth report illustrated the complexities of global
transshipping activities and aimed to make recommendations
on the improved regulation and monitoring of these activities
around the world.

Other Transshipping Research

Other, less directly relevant, research on the various aspects of
transshipping includes studies by Greenpeace (2020), which
identified the risks associated with global transshipment
activities; Stop Illegal Fishing (2020), which examined
transshipment events within the Western Indian Ocean
(WIO) focusing on the transshipment activities involving tuna
and tuna-like species (e.g., marlin, sailfish, swordfish); Seto
et al. (2020), who examined transshipments within WCPFC’s
Convention Area, focusing on the transparency of the activities
occurring in the region and whether such activities were
“traceable, verifiable, and legal”; the Pew Charitable Trusts
(2019), which examined the dynamics of transshipment activities
specifically within the WCPFC Convention Area and found
that there was likely significant underreporting of actual
transshipment events occurring in the area; both studies by
Gianni and Simpson (2005) and Park and Stamato (2020), who
have linked transshipping activity to IUU fishing vessels; and

UN FAO’s study on the effectiveness of regulations currently in
place at the national and regional levels to address transshipment
activities (Mosteiro Cabanelas et al., 2020).

MATERIALS AND METHODS

Social network analysis (SNA) will be applied to analyze the
network dynamics of potential transshipment activities. SNA
is an analytic method based on the idea that social life,
in its many forms and conceptualizations, is created and
influenced by relationships (Rapoport and Horvath, 1961; de
Sola Pool and Kochen, 1978). This analytic method has been
applied across a wide range of disciplines, from economics to
geography, psychology, sociology, and criminology. Given that
transshipments are “social” in nature, in that fishing vessels and
reefers are interacting with one another, SNA is applied herein to
understand these interactions.

Social network analysis is based on graph theory, which states
that actors (in this case, individual reefers and fishing vessels) can
be represented by points (or “nodes”), and the social relations
between them, represented by lines (or “edges”) (Harary and
Norman, 1953). In applying graph theory, it is not only the
existence of these social interactions that is considered, but also
the attributes of these interactions, such as their direction and
strength. To study at-sea transshipments using SNA, information
on transshipment events and the actors involved has been
aggregated. This includes information on the occurrence of and
locations of at-sea transshipments, as well as information on the
flags used to carry out these activities.

Data Sources

A total of three primary data sources and multiple supplementary
sources were used to extract information about the carrier and
fishing vessels engaged in global transshipment events. These
sources include: (a) Global Fishing Watch’s (GWF) Carrier Vessel
Portal; (b) IHS Markit; and (c) Marine Traffic. Each of these
sources is briefly described below.

Global Fishing Watch’s Carrier Vessel Portal

Global Fishing Watch and the Pew Charitable Trusts have
collaboratively put together the transshipment event data
publicly available through the Portal. The data on transshipment
events were collected through the use of satellite technology,
machine learning, and vessel authorization databases (Global
Fishing Watch, n.d.). Using the Portal, this research extracted
information on the events that occurred between 7 June 2015
and 6 June 2020, a full 5-year period. The data used in the
current research were extracted in March 2021, therefore, the
analyses are based on these data (which is dynamic and can
change regularly). The database, using the filtered dates, included
a total of 25,216 events, and involved a total of 691 carriers
and 2,736 fishing vessels. For this study, this research used the
“likely” transshipments database from the Portal, which is defined
by GFW as interactions that occurred between two vessels that
traveled at less than 2 knots speed, spent over 3 hours, and
remained within 500 m of each other (Global Fishing Watch,
n.d.).

Frontiers in Marine Science | www.frontiersin.org

March 2022 | Volume 9 | Article 798893


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Petrossian et al.

Global Fish Transshipment Networks

Once the initial extracted data were examined, we made the
decision to remove all the transshipment events that occurred
within the Russian EEZ and specifically involved transshipment
events between carriers and fishing vessels flagged to Russia.
It is known that Russia-to-Russia transshipments take place
within a self-contained system and have no or limited interaction
with the global transshipment operations (Greenpeace, 2020).
Additionally, considering almost 50% of the total transshipment
events involved such interactions, including them would have
prevented us from observing more nuanced relationships
between the global transshipment actors in the network graphs.
It would have also had limited policymaking utility. Once these
events have been removed, this resulted in the exclusion of a total
of 12,894 transshipment events from the total events database,
leaving us with 12,322 events for the network analyses, which
included a total of 600 carriers and 2,376 fishing vessels.

IHS-Markit

The THS-Markit Maritime Portal Desktop contains a wealth of
information about global fishing, merchant, and military ships.
Through its Sea-web Ships Portal, subscribers can obtain detailed
vessel ownership, status, flag, activity, and a plethora of other
information. Both Marine Traffic and THS-Markit data sources
were used as complementary sources in this study for cases where
vessel information (such as, for example, flag) was otherwise
missing from the Global Fishing Watch database.

Marine Traffic

This is a community-driven project the goal of which is to
provide vessel tracking information. In addition to the real-time
information about vessel activities that can be obtained from
their publicly available portal, Marine Traffic provides relevant
information about the vessels, such as their name, call sign, flag,
owner, insurer, and so on.

Other Supplementary Sources

In addition to these primary sources, this research used other
supplementary sources to obtain and verify data collected on
the carrier vessels from the other sources, such as their call
sign, IMO number (when this was not available through the
IHS-Markit portal), and vessel flag. These sources included
WCPFC’s Record of Fishing Vessels; alltrack.org; fleetmon.com;
myshiptracking.com;  marinevesseltraffic.com;  myship.com;
shipinfo.net; vesseltracker.com; and vesselfinder.com. These
supplementary sources were especially useful in cases where
information on the vessels were missing from the three
primary sources.

Analytical Strategy

Methods of Identifying the Central Actors

In this research, we used three different analytical methods to
identify the central carriers involved in the global transshipment
events. First, for all the transshipment events between the carriers
and the fishing vessels, we calculated the number of total and
unique/non-repeat interaction frequencies for carrier vessels.
The total events were calculated by summing the frequencies
of the events that each carrier engaged in, no matter if these

events were carried out with the same or different fishing vessels.
The unique/non-repeat frequencies, in turn, only considered
events that took place with unique vessels (i.e., the repeat
visits were removed). For example, a carrier can have 10 total
encounters, but only five (5) unique ones, because some of
these encounters can involve repeat fishing vessels (Figure 1
illustrates this distinction). The ratio between the total and
unique frequencies was then calculated to isolate central carriers,
with the assumption that those identified will not only hold the
highest number of total connections, but these will also have the
highest number of unique connections.

Second, both the degree and eigenvector centrality scores were
generated for each carrier to identify those with highest scores
on both centrality metrics. Degree centrality is a measure of the
number of connections that a node has'. Eigenvector centrality
is a measure that takes into consideration not only the number
of connections that a node or an actor has, but also the degree
of influence that the node’s immediate connections have in the
entire network. Central carriers, therefore, were identified as
those with high degree and eigenvector centrality scores; they
were highly connected and influential in their networks.

Third, using the Pareto Principle, an 80/20 distribution
analysis was conducted separately on two data sets: those
that included the carriers and the total number of encounters
with fishing vessels, and those that included the carriers
that included the total number of unique encounters with
fishing vessels. The Lorenz Curves and the associated Gini
Coeflicients were examined to make the decision about the
central carriers (Figure 2). Using all three extraction methods, as
well as identifying the consistencies between them, this research
identified a total of 130 central carriers. These carriers comprised
approximately 22% of the total carriers but accounted for a total
of 8,840 (72%) transshipment events.

Modularity (Community Detection) Analyses
Modularity analysis is a method used by researchers to speculate
both the distribution and the strength of the division of a
network into modules or communities. Essentially, modularity
analysis allows researchers to identify communities based on the
strength/density of the connections between the nodes (in this
case, carrier and fishing vessels) within them. This analysis also
allows the researcher to estimate the proportion of the overall
network that the given community comprises, thus evaluating
their relative importance in relation to other communities within
the same global network. Discovering community structures is
a critical step toward understanding complex network systems
(Lancichinetti and Fortunato, 2009). Such structures are typically
organized in compartments in which nodes have high density of
connections to other nodes within the same compartment and
less ties to those outside of the group.

Various methods of community structure detection have
been proposed and evaluated by researchers in detecting
compartments of large-scale network datasets (Lancichinetti and
Fortunato, 2009). Currently, there are over 100 different types

The in- and out-degree centrality have not been assessed in this network due to
these relationships being indirect.
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FIGURE 1 | An illustration of total (n = 10) vs. unique/non-repeat (n = 5) transshipment events.
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FIGURE 2 | Lorenz curves for carrier vessels. (A) Total transshipment events (Gini = 0.70). (B) Unique transshipment events (Gini = 0.67).

of algorithms used to identify communities. The Gephi software,  best performing algorithms/methods in terms of both identifying
used in this research, aids in identifying modular communitiesby  the modularities and its efficiency when dealing with large
applying Blondel’s algorithm and the Louvain method, one of the  databases (Blondel et al., 2008). Importantly, Blondel’s algorithm
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has continuously demonstrated the production of high-quality
and reliable community detection that is not computationally
complex (Lancichinetti and Fortunato, 2009).

Spatial Analyses

To calculate the densities of the transshipment events involving
central carriers, this study uses “Point Density Spatial Analyst
Tool” in ArcGIS for Desktop. This tool evaluates the magnitude-
per-unit area from the point features representing the locations
(XY coordinates) where the given events are taking place. In this
research, the unit areas represented approximately 1/2 degree
by 1/2 degree grid cells, and we calculated the densities based
on the presence or absence of the points within each spatial
environment/grid cell.

Research Questions
Using social network analysis and spatial data analysis, this
research explores the following four primary research questions:

1. What is the network structure of the central carriers involved
in the transshipping events around the world?

2. What is the geographic scope and spatial distribution of the
events involving these central carriers?

3. Under which country’s flags have the central carriers been
operating, and with which countries’ flagged fishing vessels?

4. What are the distinct communities emerging within the
networks and what is the importance of the weight of these
communities when the global network involving the central
carriers is considered?

RESULTS

The Network Structure of Global

Transshipment Events

The network graph drawn in Figure 3 shows the global
transshipment events between 7 June 2015 and 6 June 2020°
(excluding Russia-to-Russia) between carriers and fishing vessels.
The graph includes a total of 12,322 events between 600 carriers,
of which 130 are central, and 2,376 fishing vessels. The network
graph shows distinct clusters of global transshipment activity as
well as the strength of connections between actors. Specifically,
three distinct clusters of transshipment activity are observed,
which fall within the upper right and lower left parts of the
network graph. These clusters are the result of actors primarily
engaging in transshipment activities with other nodes or actors
(i.e., carriers and fishing vessels) within that compartment, or
section of the graph. Outside of such compartments, these
actors engage in fewer activities and have less connections to
other nodes in the entire network. Several actors, including
central carriers, were identified in these clusters as shown in
the lower right section of the network graph. These actors have
distinctly strong connections as represented by the boldness of
the lines between them.

2 At the time of this research study, transshipment data were only available through
June 7th, 2020, thus the cutoff point.

@ central Carriers
Fishing Vessels

FIGURE 3 | Network graph of global transshipment events.

The Network Structure of the
Transshipment Events Involving Central

Carriers

The network graph shown in Figure 4 displays the global
transshipment events between 7 June 2015 and 6 June 2020
(excluding Russia-to-Russia) between the 130 carriers and fishing
vessels only. The graph includes a total of 8,840 events between
these 130 central carriers and 1,831 fishing vessels with which they
interacted. Based on the network graph, a total of three distinct
clusters as well as strengths of connections can be identified
between the actors. Specifically, three clusters fall within the
lower right and lower left parts of the network graph. Several
actors demonstrate distinctly strong connections as shown by the
boldness of the lines between them.

The Spatial Distribution of the
Transshipment Events Involving Central

Carriers

As indicated earlier, only 130 central carriers (22% of all the
carriers) within this global network accounted for a total of 8,840
(72%) of all the events within the network. The spatial analyses
performed in this section specifically examine the global scale of
the concentrations of the activities involving these 130 carriers.
The map in Figure 5 shows the density of the concentrations
of their activities represented by standard deviations from the
mean (i.e, mean number of points within each grid cell).
The higher standard deviations from the mean indicate higher
concentration/density of the activity within it.

The activities of the 130 central carriers are concentrated
primarily in the Eastern Central Pacific (FAO area 77) and
the northern section of the Southeast Pacific (FAO are 87)
regions. A notable proportion of these activities takes place
within the exclusive economic zones (EEZs) of the Pacific Islands,
especially within the EEZs of such States and territories as
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® Central Carriers
Fishing Vessels

FIGURE 4 | Network graph of global transshipment events involving 130 central carriers only.

Papua New Guinea, Nauru, Solomon Islands, Kiribati, Howland
Island and Baker Island, Johnston Atoll, Marshall Islands,
Phoenix Group, Tokelau, Cook Islands, and Jarvis Island.
One of the highest concentrations of transshipment activities
involving central carriers occurs within and immediately outside
of an area pocketed between Phoenix Group, Tokelau, Cook
Islands, and Jarvis Island; in a pocketed area between Line
Group and French Polynesia; and within the outskirts of
Pitcairn. In South America, Peru and Argentina, and to some
extent Ecuador see transshipment events within their EEZs,
while in Africa, such activities are most prominent in the
EEZ of South Africa and to some extent Madagascar and
Mozambique. In the West African coastline (i.e., the East
Central Atlantic, FAO area 34), the activities of central carriers
are primarily within the immediate outskirts of the EEZs
of the countries. Transshipments involving central carriers
are also prevalent in both the Western and Eastern Oceans
(FAO areas 51 and 57, respectively), as well as the Northern
Pacific (FAO are 61) and Western Central Pacific (FAO
area 71) regions.

Flag-Based Networks
In order to better understand the prevalence of the types of
flags the 130 central carrier and associated fishing vessels use in

the global transshipment events, this research built two sets of
graphs: a flag-based network graph showing the presence and the
strength of the connections between flags, and a network graph
that shows the volume of interaction between the top 20 most
common flag pairings. Based on Figure 6A, vessels carrying the
flag of Panama emerged as those with the strongest connections.
The vessels carrying the flag of Panama have many connections
with vessels flagged to other countries. Those vessels have an
especially strong connection with those flagged to China and
Thailand, as indicated by the density or thickness of the edges
or the lines connecting them. The dark teal “community” in
Figure 6A accounted for the 60.6% of the events, while the
medium teal (second dominant community) involved 24.2%
of these events.

Figure 6B quantifies the relationship between the pairs of flags
that these vessels carried. The Panama <> China relationship
comprised a total of 2,082 transshipment events, or roughly
24% of all the transshipment events involving central carriers
(represented by the size of the circle in the graph). Moreover, a
total of 13% (1,109 encounters) of the events involved Taiwan <>
Taiwan flag pairs, 9% (812) - Panama <> Taiwan; and 4% (318) -
Panama <> South Korea flag pairs. The remaining notable pairs
include United States <> United States; Panama <> Japan; Russia
<> South Korea; Panama < Vanuatu; and Singapore <> Taiwan.
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FIGURE 5 | Transhipment events, 2015-2020.
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Additionally, based on Figure 7, which shows the geographic
distribution of the activities of these four primary pairs of
flags of vessels involving central carriers and fishing vessels,
it is evident that these activities take place in distinct areas.
For example, the transshipment events involving Panama <
China flags take place primarily in the Southeast Pacific (FAO
area 87); whereas the Taiwan <> Taiwan transshipment events
take place primarily in the Western Indian Ocean (FAO area
51). The geographic distribution of the transshipment events
involving Panama <> Taiwan, and Panama < South Korea is less
spatially concentrated.

Identifying Individual Communities by
Modularity Class

A modularity analysis was performed to better understand the
distribution and strength of different clusters of transshipment
events. The modularity analysis conducted in this graph
identified a total of twelve distinct communities that emerged
with varying weights of importance to the overall global network
involved in transshipment events between central carriers and
fishing vessels. Three of those communities were identified as
being principal in the network structure, collectively accounting
for almost 49% of all activities within the network involving
these actors. Of those concentrations of transshipment activity,
Community “A” accounted for 22.73% of the relationships in
the entire network, thus comprising the highest percentage
of transshipment events. The number of associations that

occurred within community “A” is followed by Community “B”
(14.73%) and Community “C” (11.37%). The remaining nine
communities combined accounted for about 51% of the activities
of the entire network.

The following section provides a breakdown of each of the
three top communities identified through modularity analyses.
We present additional qualitative information that includes the
vessel's MMSI, IMO, name, associated flag and owner of the
central actors located within each of the principal communities.
We have also assessed the geographic spread of the activities of
the carrier and fishing vessels for these communities.

Community “A”

Community “A” accounted for 22.73% of the connections
(transshipment events) in the entire network (Figure 8). Actors
within this community engaged in a total of 2,073 transshipment
events involving 446 actors in the network, of which 23 were
central carriers. Additional basic information on the central
carriers located within this community is provided in Table 1.
The central carriers in Community “A” are primarily flagged to
Panama (N =9), followed by Liberia (N = 8). As for ownership,
three (3) of the vessels are flagged to Yamane Sangyo KK, while
another two (2) are flagged to Taiseimaru Kaiun KK and Wang
Tat Corp. Pte. Ltd., each. Figure 8 also shows the geographic
spread of the activities of the carrier and fishing vessels. As
shown, these activities cross multiple oceans and are clustered in
the Western and Eastern Central Pacific regions (FAO Areas 71
and 77, respectively); Western and Eastern Indian Ocean (FAO
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FIGURE 6 | Flag pairings involving central carriers. (A) Flag-based network of transshipment events involving central carriers. (B) Top 20 flag pairings involving

Areas 51 and 57, respectively), as well as the Eastern Central
and Southeast Atlantic (FAO Areas 34 and 47, respectively). It
is worth mentioning that the transshipment events between the
carriers and fishing vessels within this community take place
within relatively close proximity to the exclusive economic zones
of the countries on the Western African coast.

Community “B”

Community “B” accounted for 14.73% of all connections and
1,210 transshipment events involving 289 actors in the network,
of which 12 were central carriers (Figure 9). When compared to
other principal communities, this group contained the second
highest proportion of transshipment events. Table 2 provides
additional information on the central carriers located within this
group. The central carriers in this community are flagged only to
two states: Panama (N = 4) and Taiwan (N = 8). These vessels
have rather diverse ownership, as only two are owned by the

same company, being Tunago Shipping. Figure 9 also shows that
the activities of the vessels within Community “B” are relatively
confined in space when compared to those in Community “A;
however, they also cross several FAO areas, namely the Southern,
Western, and Eastern Central Pacific (FAO Areas 81, 71, and
77, respectively), as well as the Western Indian Ocean (FAO
Area 51). These activities are especially pronounced in the latter,
demonstrating distinct clustering.

Community “C”

Community “C” accounted for 11.37% of all the activities in the
larger network (Figure 10). In total, this community accounted
for 545 transshipment events involving 223 actors in the network;
five (5) of which were central carriers. When compared to the
other principal communities, this group contained the third
highest percentage of transshipment events. Table 3 provides
additional information about the five central carriers identified
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FIGURE 7 | Geographic distribution of the activities of the vessels carrying the top four flag pairs.
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FIGURE 8 | Network graph and geographic distributions of potential transshipment encounters between actors within Community “A” (June, 2015-June, 2020). The
red color in the network graph to the left indicates the nodes and their links between the central carriers and fishing vessels identified as part of Community “A”. The
map to the right displays the spatial distribution of their activities.

within this community. The central carriers in this community as registered). Figure 10 also presents the spatial distribution
are again flagged to just two states: Panama (N = 3) and of the activities involving the vessels within this community.
China (N = 2). No repeat ownership is observed. Interestingly, ~Overall, the spread is relatively unremarkable and is confined
however, the two Chinese flagged vessels share very similar to the Western Central, Eastern Central and Southeast Pacific
names: Ping Tai Rong Lengl and Pingtairongleng2 (formatted regions (FAO areas 71, 77, and 87, respectively), with a visible
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TABLE 1 | Central carriers involved in Community “A”.

MMSI IMO Name Vessel type Flag Owner

370599000 9666481 IBUKI Cargo/fish carrier* Panama Yamane Sangyo KK/Star Navigation S.A.*

576285000 9003158 HOUTA MARU/FENG LU* Reefer/fish carrier* Vanuatu/Panama* Tillage Sea Pte. Ltd.*

576732000 9194892 SHOTA MARU/LAKE AURORA* Reefer/fish carrier* Vanuatu/South Korea* Ji Sung Shipping Co., Ltd.*

431201000 8710728 TAISEI MARU NO. 15 Cargof/fish carrier* Japan Taiseimaru Kaiun KK

577106000 9133317 HARIMA 2 Reefer Vanuatu -

(577106000) HANARO Reefer/fish carrier* Panama Dongwon Industries Co., Ltd./Sealand
Trading Service Corporation*

431678000 9086758 TAISEI MARU NO. 24 Cargo/fish carrier* Japan Taiseimaru Kaiun KK

563418000 9666508 CHITOSE Cargo Singapore Wang Tat Corp. Pte. Ltd.

636017161 9071583 MEITA MARU Reefer/fish carrier* Liberia/Panama* PANAMA TRL S.A.

636017108 9666493 CHIKUMA Cargo/fish carrier* Liberia/Panama* Hakko Marine & Corp./Oceanwide
Shipping S.A.*

636017162 9620384 GENTA MARU Cargo/fish carrier* Liberia/Panama* PANAMA TRL S.A.*

352894000 9278612 TUNA QUEEN Cargo/fish carrier* Panama Yamane Sangyo KK/Star Navigation S.A.*

636017275 9140097 VICTORIA I Reefer Liberia -

352241000 9314612 TUNA PRINCESS Cargo/fish carrier* Panama Shinko Kaiun KK/Star Navigation S.A.*

636017396 9459591 TAIHO MARU Reefer/fish carrier* Liberia/Panama* Princess Line S.A.*

636017301 9105293 FUTAGAMI Reefer/fish carrier Liberia/Panama* HONGKONG LHF PELAGIC CO., LTD.

636017468 9128764 TENHO MARU Reefer/fish carrier* Liberia/Panama* Princess Line S.A.*

353185000 9145920 KURIKOMA Cargo/fish carrier* Panama Toei Reefer Line Ltd./PANAMA TRL S.A.*

636017359 9194892 SHOTA MARU/LAKE AURORA* Reefer/fish carrier* Liberia/South Korea* Ji Sung Shipping Co., Ltd.*

371727000 9133305 RYOMA Cargo/fish carrier* Panama Chuo Kisen KK/Jong Shyn Shipbuilding
Co., Ltd.*

374762000 9453418 LADY TUNA Cargo/fish carrier* Panama United Japan Corp./Wang Tat
Corporation Ltd.*

355739000 9819923 HARIMA Cargo/fish carrier* Panama Wang Tat Corp. Pte. Ltd.

354424000 98515681 YACHIYO Cargo/fish carrier* Panama Yamane Sangyo KK/Star Navigation S.A.*

374363000 9797656 HSIANG HAO Other/fish carrier* Panama Ocean Grow International

Shipmanagement Consultant
Corp./Ryoma Marine Transport Corp.

*Information added from the WCPFC Record of Fishing Vessels.

to the right displays the spatial distribution of their activities.
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FIGURE 9 | Network graphs and geographic distributions of transshipment encounters between actors within Community “B” (June, 2015-June, 2020). The blue
color in the network graph to the left indicates the nodes and their link between the central carriers and fishing vessels identified as part of Community “B”. The map
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TABLE 2 | Central carriers comprising Community “B”.

MMSI IMO Name Vessel type Flag Owner

416702000 7920869 SHENG HONG Cargo/fish carrier* Taiwan/Chinese Taipei* Sheng Hong Fishery Co., Ltd.

374048000 9220653 SHIN HO CHUN NO. 101 Cargo — Hazard B/fish carrier* Panama Tunago Shipping

416064900 8676300 DONG HORNG NO. 899 Fish carrier Taiwan/Chinese Taipei* Lin C-Y

416730000 7234210 LIAN JYI HSING Cargo/fish carrier* Taiwan/Chinese Taipei* Lian Jyi Hsing Marine Products Co.,
Ltd.

416602000 7323401 SHUN TIAN FA NO. 168 Cargo/fish carrier* Taiwan/Chinese Taipei* Hon Shun Fishery Co., Ltd.*

374014000 9420760 PUDU Tanker Panama Naviera Ultranav Ltda.

416308000 7930175 CHEN YU NO. 7 Fishing/fish carrier* Taiwan/Chinese Taipei* Pai Zoong Fishery/Chen Fu Oceanic
Enterprise Co., Ltd.*

416001900 7900663 YUAN TAI NO. 806 Cargo/fish carrier* Taiwan/Chinese Taipei* Goang Harng Fishery Co., Ltd.*

416110700 7121956 HO YUAN Fish carrier Taiwan HER SHUEN FISHERY CO., LTD.

374140000 9262182 SHIN HO CHUN NO. 102 Cargo/fish carrier* Panama Tunago Shipping

416521000 7302031 YONG MAN SHUN Cargo/fish carrier* Taiwan/Chinese Taipei* Exhibition Aquatic Products Co., Ltd.*

372768000 8604967 FULL KUO SHIN Cargo/fish carrier* Panama Full Kuo Corp.

*Information added from the WCPFC Record of Fishing Vessels.

FIGURE 10 | Network graphs and geographic distributions of transshipment encounters between actors within Community “C” (June, 2015-June, 2020). The
orange color in the network graph to the left indicates the nodes and their links between the central carriers and fishing vessels identified as part of Community “C”.

The map to the right displays the spatial distribution of their activities.
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concentration of these activities clustering primarily within the
Southeast Pacific region.

DISCUSSION

Summary of Findings

From 7 June 2015 to 6 June 2020, there were a total of 12,322
transshipment events between 600 carriers and 2,376 fishing
vessels (excluding Russia-to-Russia events). Using a combination
of extrapolation measures, this research was able to identify 130
carriers that were identified as “central.” These central carriers
accounted for 72% (n = 8,840) of the transshipment events,
which were concentrated primarily in the Eastern Central Pacific
(FAO area 77) and the northern section of the Southeast Pacific
(FAO area 87). Vessels carrying the Panamanian flag emerged
as having the strongest connections to vessels flagged to other

countries; notably strong connections were found with the flags
of China and Taiwan. As for flag pairings, this Panama <
China relationship stood out. Further, network analyses utilizing
modularity diagnostics aided in the identification of three notable
communities operating within the larger global network of
transshipping. These three (out of a total of 12) were determined
to be principal in the overall global transshipment structure.
Distinct patterns were also observed when the networks were
analyzed at the sub-network or community-levels. Community
“A” comprised 22.73% of the connections in the entire network
of transshipments involving central carriers and fishing vessels.
The vessels within Community “A” were flagged primarily
to Panama and Liberia. The transshipment events associated
with this community were distributed globally, but clustering
was observed near the West African EEZs and the Pacific
States. Community “B” comprised 14.73% of all activities in the
network involving central carriers. Unlike the central carriers
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TABLE 3 | Central carriers comprising community “C”.

MMSI IMO Name Vessel type Flag Owner

356065000 9109263  BAO WIN Cargof/fish carrier”  Panama  Bao Fortune Shipmanagement Co., Ltd.

374446000 9241932 HARU Cargof/fish carrier  Panama  Kando Maritime Co., Ltd./World Fish Enterprise Co., Ltd.*

374723000 9161613  YUN RUN 3 Cargof/fish carrier  Panama  Fengrun Shipping Co., Ltd.

412421073 9834894  PING TAIRONG LENG1  Fish Carrier China HER WEN FISHERY CO., LTD./Ping Tai Rong Ocean Fishery Group Co., Ltd.*
412421074 9839363  PINGTAIRONGLENG2 Fish Carrier China Ping Tai Rong Ocean Fishery Group Co., Ltd.*

*Information added from the WCPFC Record of Fishing Vessels.

in Community “A;” the central actors within this community
did not include reefers. Rather, the carriers within Community
“B” included cargo vessels, fishing vessels, tankers, and fish
carriers, all of which are either flagged to Taiwan or Panama.
Their activities occurred immediately outside of the EEZs (and
almost none within) of Pacific Island states and those in South-
Eastern Africa. Community “C” comprised 11.37% of all actors
in the larger network, with vessels flagged to China and Panama.
Their activities took place immediately outside of the EEZs of
Pacific Island states, and had a distinct clustering around French
Polynesia and Pitcairn.

Policy Recommendations

In order to reduce IUU fishing and other crimes that can
be facilitated by transshipment activities in the open seas, it
is vital that more concerted efforts be made to monitor and
regulate these activities. Properly monitoring and regulating
transshipments that take place both within countries’ exclusive
economic zones and the high seas is a difficult task, and targeted
interventions, policy instruments and regulatory guidance should
be based on empirical knowledge and data-driven assumptions.
This research makes evidence-based recommendations based on
the empirical findings that emerged from the analyses conducted
herein. These recommendations are broken down into those that
are specific to central carriers and others that are more general
and preventative in nature. While these recommendations are
directed primarily at REMOs due to their scope and regulatory
involvement in global transshipping, they can also be useful to
countries who have to monitor transshipment events within their
exclusive economic zones.

Recommendations Specific to Identified Central
Carriers

One of the main contributions of this research was to identify
the key players involved in the global transshipment events.
Approaching the issue using the Pareto Principle and various
complementary analytical techniques, this research confirmed
that only 130 carriers can be considered central, as they engaged
in 72% of all the fish transshipments that took place during
the 5 years examined. Subsequently, global RFMOs and other
relevant maritime bodies should focus on these key carriers to
maximize the utility of their efforts by first determining how
many of the 130 central carriers operate within their convention
areas. Additionally, regular inspections of the vessels they interact
with should be undertaken as they arrive at or depart from ports,
as outlined by the Port State Measures Agreement. The fishing

vessels which these central carriers regularly engage with should
also be identified so that onboard observers can be allocated
to monitor the activities of both these targeted carriers and
fishing vessels. Lastly, periodic audits should be carried out of the
transshipment events these central carriers engage in to ensure
that they are in compliance with REMO regulations. Importantly,
before RFMOs approve transshipment activities within their
Convention Areas, they should base these decisions on the
systematic and rigorous analysis of the data of these activities
and the identification and flagging of potential key actors whose
activities they should monitor more closely.

Recommendations Specific to Identified
Communities

Interventions (such as inspection policies) that target the central
carriers within the three communities will allow for the greatest
impact in regard to implementing regulatory mechanisms.
Because of this, REMOs should work toward maintaining an
acute awareness of the activities undertaken by the central
carriers within their waters. Further, ongoing efforts should aim
to continuously monitor the actors within the three communities
and the interactions between them, as well as their central
carriers, to ensure maximally effective, up-to-date, data-driven
responses. Targeted interventions involving the central actors
within these most active three communities will allow for
the regulatory mechanisms to be leveraged to where they can
have most impact. Additionally, RFMOs where the actors from
within these communities engage in transshipment activities
should remain informed about their activities and movements, as
knowledge of the members within these communities will equip
the REMOs with the tools to better monitor their activities. This
systematic and continuous identification of key communities
and the patterns of interaction between them, as well as the
monitoring of the key actors linking these communities will
result in most efficient responses. Being informed about the
network structures between these central actors will allow for
data-driven policy and decision-making that is based on up-to-
date information.

Recommendations Specific to Open-Registry Flags
and Transshipment

The analysis of flags involved in transshipping events highlighted
a significant prevalence of known open-registry flags. Key players
included Panama, Vanuatu, and Liberia on behalf of both the
carriers and fishing vessels. It is recommended that RFMOs
design monitoring and control mechanisms to either prevent
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vessels carrying open-registry flags from transshipping, or that
strict monitoring, control, and surveillance of such activities is
undertaken to ensure that these flags are not used for the purposes
of circumventing REMO regulations. Some recommendations are
proposed below.

e Preventing Transshipping Involving Open-Registry Flags.
Vessels carrying the flags of known non-party States or those
of known open-registry countries should be prohibited from
transshipping at sea.

e Conducting Port Inspections. Port inspections should be carried
out as detailed in the Port State Measures Agreement in order
to deter offloading of illegally caught fish.

e Independent Monitoring. Independent monitoring of
transshipment activities involving vessels that carry open-
registry flags can include real-time electronic authorization
and reporting or remote electronic monitoring (such as live
streaming CCTV). Alternatively, it could be require that these
vessels provide independent footage verifying the extent and
nature of their activities at sea along with AIS tracking data to
show their trips and encounters.

Limitations

Three overarching issues with using data derived from AIS have
been outlined by Taconet et al. (2019). These include AIS (1) use,
(2) reception, and (3) algorithm performance. In regard to AIS
use, data can only be accessed from vessels that have an AIS device
installed and are broadcasting (Taconet et al., 2019). While the
International Maritime Organization (IMO) requires AIS use by
vessels over 500 gross tons, for any vessel over 300 gross tons
that is on an international voyage and for all passenger vessels,
vessels have the ability to turn off their AIS. Turning off AIS signal
on vessels has been previously linked to activities such as illegal
fishing or hiding a fishing location from competing ships (Cutlip,
2016). The lack of this data may, therefore, impact analysts’
abilities to thoroughly understand the role transshipment could
play with illicit activities. AIS reception varies around the world.
In areas of high maritime traffic, it is possible for AIS signals
to interfere with one another, reducing the reliability of satellite
reception. This, along with the fact that AIS transceivers may
not always be present along all coastlines, may cause gaps in
AIS tracking information. Lastly, AIS algorithms are important to
consider, as their performance impacts the proper identification
of vessels and other vessel information (i.e., type).

CONCLUSION

This research is the first to examine the global transshipment
activities of central carriers involved in these activities. The
analyses allowed for the identification of carriers that were
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