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Reliance on international seafood markets leaves small-scale fishers and fishing

economies vulnerable to distant disturbances that can negatively affect market prices and

trigger social, economic, and environmental crises at local levels. This paper examines

the role of seafood trade routes and re-exports in masking such market linkages. We

employ a network approach to map the global trade routes of lobster (Homarus spp.)

from small-scale producers in North America to terminal markets and evaluate the extent

to which intermediary nations act to obscure producer-market relationships. In taking this

approach, we provide a method for systematically measuring “teleconnectivity” created

through seafood trade routes, and thus making explicit vulnerabilities to small-scale

fisheries from this teleconnectivity. Our empirical analysis shows that the perceived trade

diversification of lobster producers is masking increased dependencies on a reduced

number of end-markets, particularly in Asia. These results suggest, paradoxically, that

the apparent diversification of trade partnerships may actually amplify, rather than reduce,

the vulnerabilities of small-scale fishers associated with international trade by making risk

harder to identify and anticipate. We discuss our results in the context of local fisheries

and global seafood trade and describe key impediments to being able to monitor market

dependencies and exposure to potential vulnerabilities.

Keywords: seafood trade, teleconnectivity, globalization, lobster, China, vulnerability

INTRODUCTION

The world is witnessing unprecedented levels of global trade of natural resources as a result
of increasingly liberal trade policies (OECD, 2003; Melchior, 2006; Campling, 2016) and
advancements in technology and logistical capacity (Anderson et al., 2010). Tveterås et al. (2012)
report that an estimated 78% of worldwide seafood supply is now influenced by global trade
competition and 36% is directly traded across international borders at a value of US$148 billion.
This represents a 515% increase in the trade of fisheries products for human consumption by value
from 1976 to 2014 (FAO, 2016).

Increased seafood trade has been argued to produce a suite of benefits to nations, including
wealth production, employment opportunities, and food security (Thorpe, 2005; Toufique and
Belton, 2014; Asche et al., 2015). However, these gains are often unevenly distributed across regions
and sectors and tend to disadvantage developing nations in the global south (Béné et al., 2010a,b;
FAO, 2012; Prell et al., 2017). Trade also plays a paradoxical role by simultaneously making systems
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both more and less connected. In fisheries, for example,
decreased connectivity is exemplified by the way trade decouples
marine ecosystems and the often small-scale harvesters
that depend on them, from consumers through geographic,
socioeconomic, and cultural separation (Cheung and Chang,
2011; Fabinyi and Liu, 2016). Crona et al. (2015a) argue that
this decoupling weakens the feedback loop between harvesters
and consumers, making it difficult for consumers to track the
ecological impacts of their purchasing decisions and respond
accordingly. This dynamic is further compounded by widespread
seafoodmislabeling (Jacquet and Pauly, 2008) and gray and illegal
trade activities, which have been estimated at 11 to 26 million
tons per year (Agnew et al., 2009).

Increased connectivity on the other hand is simultaneously
witnessed through new interdependencies between previously
disassociated places and processes created by international
trade. These emergent linkages expose small-scale fishers in
geographically distinct regions to seemingly unrelated threats
and disturbances, making them susceptible to what Liu et al.
(2013) and Adger et al. (2009) have described as “teleconnected”
surprises and vulnerabilities. “Teleconnected” refers to the idea
that phenomena occurring far away are correlated through a
global process, such as trade. Examples of teleconnected surprises
caused by trade in small-scale fisheries are widespread. Severe
flooding in southern China in 1998, for instance, caused a
sudden drop in the price of bêche-de-mer (sea cucumber) in
the Philippines because Chinese consumers were preoccupied
with clean-up efforts and temporarily reduced consumption of
luxury food products (Akamine, 2005). Another case is the ban
imposed by the European Union on tilapia from Lake Victoria in
the late 1990s, which resulted in severe socioeconomic hardship
for lakeside communities and displaced trade from the European
Union to Israel (Abila, 2003; Geheb et al., 2008). Similarly,
elevated levels of heavy metals were detected in shipments of
spiny dogfish from the United States that were bound for the
European Union, where standards for heavy metals and PCBs
are more stringent. The discovery caused the market to come to
a sudden halt, adding additional strain on an already depressed
fishing sector (Stoll et al., 2015).

These experiences have catalyzed interest in alternative and
local seafood distribution systems (Bolton et al., 2016), but the
pace of trade has not waned. More than 200 nations currently
participate in international seafood trade (FAO, 2016) and the
average number of trade partners per country has risen by 65%
since 1994, increasing from 25.3 in 1994 to 41.7 in 2012 (Gephart
and Pace, 2015).

Diversification among trade partners theoretically offsets the
risk of exposure to distant threats and reduces vulnerabilities
by decreasing the dependency that any one producer-nation
and its small-scale producers has on a particular market
(importer). However, in today’s hyper-connected world, many
new trade partnerships are not necessarily correlated with
an increased number of markets, but rather an increase in
the number of intermediaries acting as waypoints between
producer-nations and terminal markets. Product is exported to
these intermediaries and then re-exported again. A number of
interwoven socioeconomic and political factors related to the

location and cost of processing, tariffs, and illegal and gray
trade practices drives this phenomenon (Jacquet and Pauly,
2008; Agnew et al., 2009; Collins and Sun, 2010; Prell et al.,
2017). This makes it increasingly difficult to discern the true
reliance that producers have on particular markets, and therefore
obscures looming vulnerabilities of local fisheries to distant
market dynamics.

Given the rising potential for teleconnected surprises created
by increasing trade, efforts to assess teleconnectivity and measure
the masking of market dependencies created by indirect seafood
trade routes is important. Elucidating these relationships will
not reduce exposure to trade related vulnerabilities per se
but can reduce the potential for surprise otherwise imminent
if unnoticed or misrepresented trade teleconnections are
not acknowledged. This logic is consistent with standard
risk management approaches employed in numerous sectors
including those associated with public health, engineering, and
project management. Such approaches provide estimates of
hazards and the probability and magnitude of threat, yet in the
fisheries sector trade related risks are poorly understood.

This paper provides a method for systematically assessing
the teleconnectivity created through seafood trade routes using
network analysis. We show how the methodology can be
employed by using the case of lobster (Homarus spp.) and
analyzing trade routes for it through time, as well as evaluating
the effect of re-exports on the appearance of market dependence
between producer-nations and terminal-markets. We focus on
lobster as a case example because it is a high-value commodity
that is traded worldwide and it is of particular sociocultural
and economic importance in North America, where it supports
thousands of small-scale fishers (Steneck et al., 2011; Stoll et al.,
2016). We also use this case because it speaks to, and illustrates,
the growing role of China in the global seafood economy. Our
analysis highlights the dynamic nature of seafood trade routes
and shows how market dependencies change with time. The
approach also quantifies the masking of market dependencies
created by indirect seafood trade routes. Evidence of such
masking suggests that teleconnected vulnerabilities are being
obscured, creating an environment where risk of surprise to
producer-nations is likely exacerbated.

MATERIALS AND METHODS

Trade Data
Data behind the seafood trade route analysis are derived from
the United Nations Comtrade database, an online portal of
international trade statistics (United Nations, 2017). We use
the 6-digit Harmonized System (HS) codes for fresh (030622)
and frozen (030612) lobster. These codes include American
(H. americanus) and European lobster (H. gammarus), but not
any of the species of rock and spiny lobster or Norway lobster
(Nephrops norvegicus). Data for prepared and preserved lobster
products are not included, since it is not possible to distinguish
between the different species of lobster in this data.

Producer-nations and their annual landings were identified
using the FAO Global Capture Production database (FAO, 2017).
Trade statistics were then extracted from the UN Comtrade
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database for all nations trading lobster from 2006 to 2015.
Any country trading lobster which was not identified by FAO
as a producer is treated as a re-exporter. Focusing on re-
exported product allows us to distinguish between nations
that are terminal markets and those that effectively serve
as intermediaries. In using this approach, we make several
assumptions that warrant explicit acknowledgment. First, our
analyses are based on the assumption that trade data provided
in the UN Comtrade database are accurate. We recognize
that this may not always be the case, yet UN figures are
the most widely accepted data currently available. This most
likely means that our results provide an under-estimate of
the issue, since any inaccuracies in the data would further
obscure dependencies between producer-nations and terminal
markets. Another assumption relates to the delineation of
trade routes. Throughout our analysis we are liberal in our
designation of direct trade, which we define as trade occurring
between producer-nations and non-producer nations. This
assumption overlooks instances in which producer-nations
themselves engage in re-export activities by importing and
then re-exporting product that they did not harvest1. This
assumption is necessary because the UN Comtrade database
does not provide information about country of origin, making
it impossible to trace the flow of product within a nation.
This assumption also likely underestimates the masking of trade
routes.

Network Analysis
Seafood trade often involves nations that act as “middlemen”
in the supply chain, importing and then subsequently re-
exporting product. This results in indirect linkages between
nations, creating dependencies that are sometimes difficult to
identify if focus remains primarily on direct trade (i.e., trade
between a producer and a non-producer). As a result, they are
rarely accounted for in assessments of fisheries resilience or
sustainability.

We begin to address this issue by mapping seafood trade
routes from producer-nations to terminal markets and evaluating
the extent to which re-exporting intermediaries obscure the
magnitude of true producer-market relationships, referred to
here as market dependency. This approach, which is based on
network analysis, thus measures the true dependence of producer
nations on terminal markets over time, and provides a method
for systematically assessing the extent of teleconnectivity created
through seafood trade routes.

To examine the role of seafood re-exports and evaluate their
masking effect we use a network approach. Specifically, we use
weighted eigenvector centrality in the R package igraph. This is
a common network metric that describes the relative importance
of individual nodes based on their position in a network and the
centrality of adjacent nodes (Bonacich, 1987). In other words,
eigenvector centrality allows us to characterize the “global”
prominence of a node (nation) in the network depicting the
global trade of lobster (as opposed to “local” prominence, which

1Trade between the United States and Canada provides an example of this

dynamic. Both countries land lobster, but also trade with each other.

measures such as degree centrality will do). The methodology
relies crucially on two steps.

First, we measure the eigenvector centrality of nations
engaged in lobster trade worldwide from 2006 to 2015 by
calculating their centrality using only direct trade relationships
(i.e., producer nation exports) for each year. We refer to this as
Direct Trade Network (DTN). While this provides an assessment
of the relative importance of producer nations and importers,
the focus on direct trade does not allow us to evaluate the role
of non-producing nations, which often import product for re-
export rather than domestic consumption (or a combination of
both).

To capture re-export—which is instrumental for uncovering
any potential masking effects of terminal markets by falsely
assuming trade diversification—we calculate the eigenvector
centrality of nations engaged in global lobster trade (yearly,
for the same time period), including both direct trade and re-
exported trade. We refer to this as All Trade Network (ATN).

We arrive at the masking effect of re-exporting seafood by
deducting eigenvector centrality values calculated in the first step
by those calculated in All Trade Network (ATN).

To assess changes in the importance of trading nations over
time, and thus evaluate if the evolution of trade patterns has
reduced or increased the masking effect, we then order these
centrality scores arrived at for each year (2006–2015) to get a rank
for each country in both DTN and ATN. We do this to evaluate
how the relative importance of nations changes over time, both
in terms of direct trade and re-exporting patterns. We calculate
this change by first standardizing the ranks (accounting for the
different numbers of trade partners in DTN and ATN) and then
subtracting the output of DTN from ATN using the equation:

RATNt1 − RDTNt2

where Rt1 equals the rank of country R in ATN at time (t)
and Rt2 is the rank of country R in DTN at the same time (t).
Standardization of ranks was done by letting all nations with
non-existent values for any DTN or ATN (a result of them
not being involved in trade during this time period) assume
the lowest rank + 1 for that time period. In simple terms, all
nations not trading in any particular year therefore tie for last
place.

Finally, to determine the functional role of each trading
nation—either as an intermediary or terminal market—we
calculate the difference between in- and out-degree centrality
in the ATN network. This allows us to differentiate between
the countries who import for domestic consumption (in-degree
would be high, while out-degree virtually null), and those
functioning as re-exporting hubs (the difference between in- and
out-degree would be minimal).

RESULTS

Wefind thatmarket dependencies between producer-nations and
terminal-markets for lobster are consistently masked, but the
degree of distortion of true market dependencies varies between
nations and across regions (Figure 1). Between 2006 and 2015 the
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underestimation of this market dependency (based on re-export)
ranges from 7 to 14% of total traded value per year. As we discuss
in the subsequent section, this finding is conservative.

Calculation of the change in rank order between DTN and
ATN allows us to assess changes in the importance of trading
nations over time, and thus evaluate if the evolution of trade
patterns has reduced or increased the regional masking effect
of interest. Figure 2 shows the cumulative change in rank of
nations over time between the two trade networks, presented
per geographic region. This change reflects the aggregate relative
masking of true market dependency when only accounting
for direct trade. While this masking is notable in the trade
network in all regions except North America, it is most
pronounced in Asia2. Asia is consistently the region with the
largest change in rank when contrasting only direct trade with
directly traded and re-exported volumes over time, indicating
a strong masking effect in this region, which results from the
existence of prominent trade hubs and also large terminal-
markets that are receiving re-exported product. Specifically, we
find that 11 nations in Asia change ranks between DTN and
ATN by at least 5 positions. By contrast, only 1 nation in
Europe changes by more than 5 positions in rank (Iceland
+25).

To calculate the magnitude of masking created by re-
exports (Figure 3) we assess the annual discrepancy between
eigenvector centrality for DTN and ATN per region. Accounting
for re-exports (ATN), we find that the cumulative eigenvector
centrality of European nations decreases annually from a high
of 0.45 in 2007 to <0.25 in 2015 (−44%), indicating their
declining importance in the global trade of lobster. This
downward trend is contrasted by the cumulative change in
eigenvector centrality of Asian nations. Between 2006 and 2015,
centrality increases by 278%, from 0.11 to 0.32, explained by
a rise in trade by several Asian nations. In particular, South
Korea (+170%), Vietnam (+3,397%), Hong Kong (+256%),
and China (+3,047%) all become more central nodes in
the lobster trade network during the 10-year study period.
The difference between DTN and ATN among European
nations is relatively small, and between 2012 and 2015 is
virtually non-existent. However, we find evidence that there is
consistent masking in Asia from 2006 to 2015 (−7% per year)
(Figure 3).

China provides an illustrative example of how seafood trade
routes with intermediary trading nations contribute to masking
true market dependencies and exposure to risk linked to these.
While China’s expanding appetite for lobster has been well-
documented, particularly in association with the Chinese New
Year and Guanggun Jie (Singles’ Day), estimates in both the
media and the scholarly literature consistently under-represent
the magnitude of the Chinese market by underplaying the role
that trade intermediaries play in routing product to China (e.g.,
Fabinyi, 2017). In 2015, producer-nations exported US$154.8
million worth of lobster directly to China, but an additional

2The consistent top rank of North America means that no change in rank is

observed over time and signals that the masking effect is null for this region.

US$29.1 million3 worth of product was routed to China through
re-export by other nations, indicating that China’s actual import
of lobster was 19% larger than conventional estimates based
on direct trade. This lobster is distributed to China by way
of seven primary intermediaries: Thailand (THA), Hong Kong
SAR (HNK), Indonesia (IDN), India (IND), Philippines (PHL),
Malaysia (MYS), and Sri Lanka (LKA). This stands in contrast to
Europe, where re-export appears to be <2%.

DISCUSSION

Teleconnectivity or the coupling of seemingly disparate
processes and places is thought to expose fishers to risks
that prior to intensive global trade were not of major
importance (Crona et al., 2015b). This article examines the
role that seafood trade intermediaries play in obscuring market
dependencies for lobster and provides a method for assessing
teleconnectivity via trade–arguably a first step in identifying
and understanding the surprises and potential vulnerabilities
associated with such telecoupling (c.f. Adger et al., 2009; Liu
et al., 2013).

We find that despite the participation of an increasing
number of nations in the global trade of lobster, many of these
countries function primarily as intermediaries, thereby masking
true terminal-market dependency. More research is needed to
understand the extent to which trade routes are masking market
dependencies in other fisheries, as lobster market dynamics
are not necessarily representative of other species. However,
consistent with other recent research on global seafood trade,
we find that Asia is becoming an increasingly important market
for fisheries products and has recently overtaken Europe as the
largest market outside North America (e.g., Villasante et al.,
2013). Our findings also show that the apparent diversification
that is occurring as a result of increased seafood trade obscures
the growing dependency that lobster-producing nations have on
key markets, of which one of the largest is China.

Further research is needed to more fully understand the risks
associated with the masking created by seafood trade routes.
However, one hypothesis is that this pattern could further
accentuate teleconnected vulnerabilities by setting producer-
nations up for surprise in the marketplace. In the case of lobster,
the seasonality of both landings and the market as well as quality
of lobsters being landed (soft-shell vs. hard-shell) accounts for
some of the change in ex-vessel lobster price, but there have also
been several points in the 25 years when prices dropped suddenly,
causing socioeconomic hardship in coastal communities where
they are harvested. In the United States, for example, the ex-
vessel price for lobster has had three punctuated drops observed
in 2001, 2008, and 2011. In each case, these episodes were
described as “crises” on account of the socioeconomic impacts
(and general anxiety) that they caused fishers. Indeed, the stress
associated with these price drops was so severe that it reportedly
led to several outbreaks of violence among industry members
(Acheson and Acheson, 2010). What ties these episodes together
is that unforeseen trade dynamics—as opposed to a change in

3Re-exported trade represented 35% of the total value in 2014.
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FIGURE 1 | Direct trade and re-export of Homarus spp. Global (2015) (Left) trade of Homarus spp. from producer-nations accounting for direct trade only. (Right) All

trade of Homarus spp. including re-export (red). Width of edges between nations indicates relative value (US$) of trade.

FIGURE 2 | Relative degree of masking of true market dependence by region. Values are based on total change in rank order (aggregated by region) when comparing

eigenvector centrality scores based on direct, and combined direct and re-exported lobster trade statistics. Note that North America is not visible in the graph as it

consistently ranks as the most important node in the network and rank does not change.

the status of the lobster fisheries alone—played a key role driving
the change in price. In 2001, traders were unable to physically
distribute as much product due to the downsizing of aircrafts in
the wake of the terrorist attacks on the World Trade Center in
New York City; in 2008, global economic instability led to less
demand for luxury products worldwide; and in 2012, processors
in Canada were unable to keep pace with supply. This coupling
between price and trade dynamics highlights the vulnerability

that producer-nations can be exposed to through trade and
underscores the need for understanding and anticipating these
vulnerabilities and their origins.

The risk associated with trade is particularly relevant for
producer-nations that rely heavily on export markets like China,
which have political structures that facilitate abrupt and broad-
scale policy changes. These changes can, and have, taken many
forms. For example, scholars have documented that the Chinese
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FIGURE 3 | Total eigenvector centrality of regions between 2006 and 2015. Solid lines denote values based on all trade and hashed lines represent trade without

re-exports results.

government placed an economic sanction on Norwegian salmon
after a Nobel prize was awarded to dissident Liu Xiaobo (Chen
and Garcia, 2016). In another instance, the Chinese government
banned geoducks and other shellfish from the Northwest Pacific
region due to concerns about paralytic shellfish poisoning and
inorganic arsenic (NOAA, 2014). The point here is not to make
China the culprit as it represents an increasingly valuable market
in the global seafood economy, but to highlight the vulnerability
created by market dependencies in general, particularly in
situations that can lead to abrupt market changes. Not being able
to clearly see these dependencies and anticipate change has the
potential to amplify such vulnerabilities. This finding, though
here specifically explored for lobster, is likely to be relevant for
other seafood commodities and sectors, given that re-exporting
seafood is a relatively common practice.

Monitoring market dependencies will require greater
attention to the movement of product around the world,
including that which is re-exported by non-producer nations.
Our current capacity to do this, however, is significantly limited
by two compounding factors. First, the Harmonized System
(HS), which was established in 1988 as a way to standardize the
global trade of commodities, is not conducive for traceability
because the 6-digit trade codes that are used largely lack species-
level resolution (Chan et al., 2015)4. The HS codes for Homarus
spp. represent somewhat of an exception in that they only include
two species (American and European lobster) that are relatively
constrained (geographically), but even this analysis is limited.
Much more commonly, though, HS codes aggregate species in
ways that make it impossible to make even rough estimates of
trade patterns. For example, all of the approximately 60 species
of rock lobster that are harvested worldwide are lumped into a
single set of HS codes. Being able to accurately delineate seafood

4Chan et al. (2015) report that only 9.9% of fisheries products with HS codes are

reported at the species level

trade routes for most species therefore will not be possible until
trade data is collected at the species-level along with information
about the origin of harvest.

Second, our ability to discern trade routes and understand
market dependencies is hampered by incomplete data and gray
and illegal seafood trade. We see signs of this in the lobster trade
data, which likely has the effect of underestimating the masking
of dependencies that we report in this paper. For example, in
2015 Vietnam did not report any re-export of lobster to China.
We do not know why this data is not in the UN Comtrade
Database, but given that US$67.2 million worth of lobster was
exported to Vietnam and Vietnam is a well-known gray trading
hub for seafood into China (Barclay et al., 2016), it is likely
that some portion of this product ended up in China. Such gray
trade would therefore mean that our results underrepresent the
real-world importance of the Chinese market. There are also
several other sources of potential error that add uncertainty to
our estimate. Hong Kong SAR, for example, imported US$81.2
million worth of lobster in 2015, making it among the largest
importers of lobster worldwide. Yet it only reported US$5.5
million worth of lobster trade to China. Though lobster is
certainly consumed in Hong Kong SAR, it is quite likely that
a portion of the remaining product also ends up in China by
way of gray or illegal trade since Hong Kong SAR has a well-
documented history of being a strategic waypoint for seafood
trade into China (Akamine, 2005; To and Shea, 2012; Eriksson
and Clarke, 2015).

We have focused on the role that seafood trade routes
play in obscuring teleconnectivity and therefore potentially
masking vulnerabilities for small-scale producers around the
world. We emphasize this point because it is unrepresented in
the literature on small-scale fisheries and seafood trade. However,
ultimately, complex trade routes that mask connectivity also
have implications for ongoing discussions about food safety,
labeling (including widespread mislabeling that occurs in many
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locations), certification (which requires traceability), taxes and
tariff collection, implementation and enforcement of CITES laws,
and marine resource sustainability in general (see e.g., Bailey
et al., 2016; Cawthorn and Mariani, 2017).
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