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a b s t r a c t

It has been suggested that the fisheries management process with multiple, informed stakeholders and

socio-economic, political, and scientific complexity can be considered a governance network. This

exploratory study applied communication network analysis (CNA) measures and methods to assess two

cases of US federal fishery management in the Northwest Atlantic—Atlantic herring and sea scallop.

Through questionnaires and interviews, CNA maps were constructed and quantitative measures of

network structure and function (density, weighted average path length) and centrality measures for

individual network members (degree, betweenness) were derived using InFlow software. The results

show that fishery governance networks are horizontally and vertically integrated across levels of

government and public–private–nonprofit sectors. The findings validated existing understanding of

fisheries management as a contested, competitive management context among stakeholders, and

provided new insights about the effectiveness of information sharing across the network and the critical

role of bridgers connecting disparate subgroups. Fisheries management can be conceptualized and

analyzed as governance networks, and the paper discusses additional research questions, refinements

needed for application of the research methods, and ramifications for managers (e.g., can resource

managers manage networks).

& 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Fisheries management is scientifically, socio-economically,
and politically complex, i.e., a so-called ‘‘wicked’’ problem in
policy studies [1,2]. Wicked problems present challenges for
governance, and two US national ocean commissions concluded
that the current marine resource and ocean management system
in the US is fragmented and unable to meet those challenges [3,4].
To improve coordination among these fragmented components of
governance, Ekstrom et al. [5] suggested that we first need a
better understanding of existing governance and presented an
organizational mapping protocol to assess jurisdictional and
functional overlaps in agencies, laws and regulations, i.e., the
institutional dimensions of the ocean governance network. Gibbs
[6] suggested that fisheries management could be thought of as a
governance network too, given the large number of participating
and informed stakeholders in the fisheries management process.
The broader public policy and administration fields have also
considered networks and the management of governance
networks in tackling wicked problems [7].
ll rights reserved.
The study reported here is a first step toward testing this
conceptual and analytical approach by conducting communica-
tion network analysis (hereafter called CNA) on fisheries manage-
ment examples from the Gulf of Maine in late 2006/early 2007.
Communication network maps were constructed, measured, and
compared for Atlantic herring and Gulf of Maine scallop fishery
management plan (FMP) development in the Northwest Atlantic.
After a brief overview of the network governance and network
analysis literature and short descriptions of the two fisheries
cases, the CNA research methods are presented, followed by the
network structure and function results for each fishery manage-
ment case. The paper concludes with a discussion about what
assessing fisheries management as a governance network tells us,
what method refinements are needed for application of this
research approach, and what considerations fisheries governance
networks raise for resource managers.
2. Governing by networks

Research on governance as a network explores the position
individuals (or organizations) maintain in a network of relation-
ships and how that position contributes to their influence,
attitudes, behaviors, and the development of trust and informa-
tion [8,9]. Interaction and communication frequency are common
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measures of social capital in a network and contributes to
building trust, establishing credibility, conducting resource
exchange, creating motivations and other dimensions of strong
social capital [10]. For example, Hartley et al. [11] found that US
coastal community networks with close, frequent links among
credible, trustworthy actors, which in turn influenced the
acceptance and use of information from those actors. Schneider
et al. [12] found that networks in communities with US federally
funded National Estuary Programs bridged more levels of
government, contained more experts, built stronger links among
stakeholders, and established greater credibility in the fairness of
local decision-making procedures.

Governance networks are self-organizing, non-hierarchical, yet
contain leaders and managers within the network [13,14].
Agranoff [13] defined networks as including: some degree of
permanence; regular meetings; formal communication proce-
dure; and identified leaders and members. Further, networks
include; defined decision-making procedures; division of labor
and process for assigning tasks; and clear partners. Some
governance networks are sanctioned with binding charters; some
less formal (e.g., memorandum of understanding, bylaws) than
others (e.g., legislation or executive branch order) [13].

Network structures enable or inhibit various groups and
individual functions. Coleman [15] showed that many links in a
network (i.e., high density) contributes to the sense of belonging
and group identity. Bodin et al. [16] concluded that density is an
indication of the strength of trust and the potential of social
control among a group. Networks with bridgers (i.e., an individual
linking otherwise less connected clusters) to diverse resources
function in more adaptive and creative manner than networks
with high density and many tight links [17]. A bridger has access
to a wide range of information that is specific to the individual
clusters of actors (e.g., stakeholder interest groups). This in turn
permits a bridger to synthesize a large pool of knowledge, and
learn about the organizational dynamics and interests of those
subgroups, and thus provides advantages in identifying whom to
connect to and how [18].

An individual’s position in a network and the communication
links that they sustain can be an indicator of their management of
information flow and their access to decision-makers. Friedkin’s
[19] research in organizational behavior identified a horizon of
observability, i.e., a network threshold where information be-
comes inaccessible. Information or resources within two links of a
network member is readily available and considered in decisions.
In the range of 2–3 links away from the network member, she
may be generally aware of the information and its availability;
however the information is less clear and network member is less
conscious of its availability. Information becomes beyond a
network member’s horizon of observability at 3–4 links away
and greater.

Not all network links are equal [20]. Some network connec-
tions may be more relevant to securing and transmitting financial
resources, while others more central to directly making the policy
or management decision. Networks are dynamic systems, adjust-
ing over time. Networks with great diversity and capacity to
bridge to disparate groups can advance innovation and adaptation
[16,17], but inhibit group cohesion and effective social control
that come from tighter and more dense networks [21,15].

In summary, governance networks are self-organizing and
non-hierarchical, and they have structures and functions that
enable and inhibit group and individual action. While many of the
basic network principles have emerged from organizational
behavior research in the private sector, the study of governance
networks in a public policy setting has emerged in the past 5–10
years. However, the organizational network principles related to
group cohesion, trust, and control, innovation and adaptation, and
information flow and knowledge management are relevant in
governance networks and fisheries management.
3. Fisheries management examples

While the three cases in this research have the same
institutional context (i.e., US federal fisheries management
undertaken by the New England Fisheries Management Council
(NEFMC)), they also provide sufficient contextual variability to
generally assess the application of governance network frame-
works. Below are brief overviews of two fisheries and their
management—Atlantic herring and sea scallops.

3.1. Atlantic herring: Federal Amendment 1 and State Amendment 2

Atlantic herring are a small, oily schooling pelagic fish
distributed along the North American Atlantic Coast from Cape
Hatteras, North Carolina in the US to the Canadian Maritime
provinces. Herring are the foundation forage fish of the food web
for marine mammals, seabirds, sharks, and over twenty fish
species throughout the Mid-Atlantic and Northeast. Atlantic
herring feed on zooplankton. Thus, Atlantic herring serve a critical
food web position between lower and upper trophic levels [22].

While herring in the Northwest Atlantic are not currently
‘‘overfished’’ and ‘‘overfishing’’ (i.e., US regulatory standards),
concerns for localized depletion and negative impacts on the
lobster fishery and economic sectors resulted in significant
management attention. US Federal FMP Amendment 1 estab-
lished a limited access program and included the following
measures: an open access incidental catch permit; a change in the
management area boundaries; establishment of a purse seine/
fixed gear-only area; and the establishment of a maximum
sustainable yield (MSY) proxy. Amendment 1 established: an
approach to determining the distribution of area-specific Total
Allowable Catches (TACs); a multi-year specifications process;
and a research quota set-aside for herring-related research. Still
further, it created: a set-aside for fixed gear fisheries; a change in
the midwater trawl gear definition; and additional measures that
could be implemented later through a quicker framework
adjustment process [23].

State Amendment 2 governs the Atlantic herring in state waters
(within three miles of shore) and revised management area
boundaries, biological reference points, and the specification
process. Amendment 2 created research set-asides, specified
processing operations, and established measures to address fixed
gear fisheries. Amendment 2 sought to complement the Federal
Amendment 1, but differed in regards to its effort control program
and spawning restrictions. Specifically, the effort control program
was based on a ‘‘days out’’ provision, which allowed the fishery to be
harvested throughout the season by closing one or more days each
week. The Amendment 2 is then used by the states in the herring
fishery to guide the implementation of state regulations [24].

In summary, Atlantic herring is a valuable fish to the
ecosystem and fishery to the economy. There are many stake-
holders participating in a large, complicated, duel Federal—state
FMP process. Amendment 1 was completed by the NEFMC in May
2006 (and published by the National Marine Fisheries Service in
March 2007), while Amendment 2 was issued in August 2006.

3.2. Gulf of Maine scallop: Amendment 11

A marine bivalve mollusk, scallops are harvested primarily
through the use of scallop dredges and trawls. Area closures in
New England and the Mid-Atlantic and above-average recruitment
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resulted in increased scallop biomass throughout the early 2000s.
The scallop is managed as a single unit throughout its range but five
stock components are recognized: eastern Georges Bank, the Great
South Channel, the Gulf of Maine, the New York Bight and the
waters adjacent to Delaware, Maryland and Virginia. Over the past
several years, the sea scallop resource has maintained a highly
profitable commercial sea scallop fishery [25].

The NEFMC’s scallop FMP was implemented in 1982. In 1994
Amendment 4 established an open access ‘‘general category’’
permit for vessels that did not qualify for limited access that was
applied to the directed scallop fleet. Eligible vessels could apply
for a general category permit and land up to 400 pounds of
scallops a day. At the time, this possession limit was deemed
suitable and sufficient to accommodate scallop bycatch on long
trips and sporadic small scale scallop fishing near shore by non-
qualifying vessels [25].

Since 1999, there has been considerable growth in general
category fishing effort and landings, among a diverse fleet. Some
general category vessels fish for scallops seasonally, while another
component of the fleet lands scallops above incidental levels
while fishing for other species. Still others are full-time day boat
vessels that target scallops year round. This additional effort has
been a contributing factor to why the FMP has been exceeding the
fishing mortality targets [25].

Amendment 11 added measures to control capacity and
mortality in the general category scallop fishery, including a limited
access program with an individual fishing quota for qualified vessels.
Amendment 11 contained a specific quota allocation for the general
category scallop fishery. Amendment 11 was finalized in April 2008,
over eight months after the communication network analysis data
collection was initiated [26].

In summary, general category sea scallop fishery is a diverse
fishery, although smaller in number of impacted stakeholders
than the Atlantic herring fishery. The FMP Amendment was
narrow, applying to general category scallop fishers, although it
was just getting initiated at the time when the research began.
4. Methods

Social network analysis gathers and analyzes data from
individuals or organizations regarding the links or connections
among the individuals or organizations (i.e., nodes, also called
actors). Social networks can assess a wide range of resources,
authority, information, and levels of interdependence among
actors and have utility in illustrating the structure of formal and
informal networks and resource flow [27]. The links and the
relationships are of primary analytical interest rather than the
actors. Frequency of interaction is a common measure in the field
of social network analysis, because of the role of frequent
connections in generating and sustaining social capital [28,10].

CNA is a social network analysis sub-field that focuses on the
characteristics of specific communication pathways and the
patterns of information flow and connections that communication
produces [29]. CNA concentrates on the flow of data, information,
knowledge, images, symbols, and other forms of communication
among network actors. That is, CNA is analyzing information flow,
knowledge management and the related outcomes (e.g., knowl-
edge integration, mutual understanding), whereas social network
analysis is considering social capital, trust, and other broader
social constructs.

Surveys and interview protocols are used to gather data for
CNA. Software (in this study, InFlow, www.orgnet.com) is readily
available to graphically represent and analyze maps of the
quantitative data on the relationships and interactions within
and between individuals and stakeholder groups in a network.
Communication is defined as any formal or informal commu-
nicative act or contact (i.e., email, face-to-face, phone, ad hoc
meeting, etc.). Network maps reflect a particular moment in time
and are sensitive to the communication patterns emerging from
particular activities underway at the time.

A 1–5 scaled frequency of communication is a common CNA
measure [27,29]. Daily communication is a highly frequent level of
interaction and typically reflects contact among close friends or
colleagues. Weekly communication is often the operational level,
illustrating a group regularly working together on a project, while
monthly communication reflects a broader network of individuals
who can connect as necessary. Thus, a weekly frequency is a
measure of interest when considering the extent of coordination and
regular information sharing among groups on a particular issue or
activity. All communication events are significant and each
contributes to the frequency, although all communication events
may not be equal for other characteristics of the network link.

A questionnaire was administered (web-based, hard copies
mailed or handed to participants, and phone interviewed) among
a list of participants identified in the public records, and
confirmed as participants by key informants (i.e., lead govern-
ment staff). Standard data collection procedures and quality
control standards were used in the design and administration of
the questionnaire [30]. A project advisory group of marine and
fishery scientists and managers, and fishermen, and two key
informants involved in the Atlantic herring FMP process pre-
tested the questionnaire. The questionnaire contained informa-
tion on the study objectives, use of the results, and design of the
study and questionnaire. It included participant consent certifica-
tion and a definition of communication. The questionnaire
contained a list of individuals from the public record and for
each individual, asked ‘‘How often do you typically communicate
with the following individuals? (You could communicate about
anything, NOT only [Atlantic herring or sea scallop] FMP).’’ The
question was on a 1–5 scale, (1: yearly, 2: quarterly, 3: monthly,
4: weekly, and 5: daily). A 0: never option was available and
demographic measures were included (age, profession, years on
job, level of education, and discipline). The questionnaire required
up to 30 min to complete in hard copy, and slightly faster on-line,
in person or by the phone (20 min), although duration varied
depending upon how many individuals the respondent knew and
communicated with.

In January and March 2007, the researchers observed FMP
public meetings and planning sessions, and throughout 2006 and
2007, we gathered case documentation from the public record
and individual participants. Data were imported into the InFlow
software for the generation of network maps and the centrality
measures of the network structure and function. An algorithm
from mathematical graph theory is applied by most network
analysis software; the algorithm spatially orients nodes in a map
based upon the relationship nodes have with each other. In the
last decade, the expanding computer power and graphics
capabilities has enabled an explosion of network analysis soft-
ware options.

Network size, density, and weighted average path lengths
were analyzed, along with measures of an individual’s network
centrality (e.g., degrees, betweenness). Density is an overall
network measure and is the ratio of actual links present to all
links possible—if everyone was linked with everyone, density
would be 100%. Weighted average path length reflects the
shortest path between two points in the network, averaged across
all participants—it is a measure of how easily everyone in the
network can connect with everyone else. At the individual level,
degree is the total number of links an individual has with other
nodes and is a measure of activity level of the individual.
Betweenness is a measure of connectedness, based upon a

www.orgnet.com
www.orgnet.com
www.orgnet.com
www.orgnet.com


ARTICLE IN PRESS

T.W. Hartley / Marine Policy 34 (2010) 1060–1067 1063
position of shortest path between other nodes in a network.
Someone with high betweenness values is efficiently linking
different individuals (e.g., an individual positioned between two
clusters of nodes that are not otherwise connected, would have a
high betweenness value) [27,31–33].

Preliminary findings and CNA maps were presented to and
discussed with NEFMC staff and PDT members three times in the
spring, summer and fall of 2008, aiding interpretation (e.g.,
further qualitative characteristics of communication links and
network function) and enabling further targeted data gathering
among key network participants who had not yet responded.
Reporting questionnaire response rates are misleading, since the
entire public record is the universe being sampled and all
individuals are not equal in their network location and function.
While response rates were 27% and 13% of the entire public
records for Atlantic herring (192 individuals identified from the
public record) and sea scallop (76), when consulting with key
informants, the respondents in both cases exceeded 50% of those
considered core participants by the key informants. Sampling and
case boundaries are discussed further below.
5. Network analysis findings

Fig. 1 presents the weekly and monthly CNA maps for Atlantic
herring and sea scallops fishery management through the NEFMC
in the fall 2007. Below is a discussion of the Atlantic herring
network map and centrality measures, followed by sea scallop,
and then a short comparison.
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Fig. 1. Fall 2007 weekly and monthly CNA maps in Atl
5.1. Atlantic herring

The weekly Atlantic herring CNA map contained one large
group of 146 individuals, consisting of members of state agencies
from Maine to North Carolina, US and Canadian federal fisheries
agencies, several industry sectors (e.g., directed herring fishery,
lobster fishery, hook and line sector), and four non-governmental
organizations. There were three additional smaller, isolated
groups with three and four members that become part of a single
group at a monthly communication frequency rate. The network’s
density was 1%, reflecting low level of interactions between all
146 members (i.e., all members are not sharing information with
everyone else).

At the same time, the weighted average path length of the
entire network was 2.5 (i.e., on average any two individuals in the
network are fewer than three links away from each other). Thus
more specialized functions and roles among individuals in the
network are enabling information flow across the large network.
The node located in the center-left of the Atlantic herring map
(dark circle added in Fig. 1) possessed four times more links
(degrees) to others than the next ranked member of the network.
This individual’s network position and function illustrated the
highest overall activity level in the network. Further, he had the
highest betweenness score (0.20), more than three times higher
than the next ranked network member (0.06). High betweenness
reflects a bridge between otherwise less connected clusters
or nodes.

When the focus changes to monthly communication fre-
quency, the Atlantic herring map expands slightly in size (156
participants) but more substantially in number of links (density
Scallop

antic herring and sea scallop fishery management.
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increases to 2%)—i.e., overall information flow between all
members is slightly greater. At the same time, however, those
ten additional individuals are connected peripherally and the
weighted average path length increases to 3.5; the network does
not share information as easily as it did at the weekly frequency
rate. The same individual referenced above remains the highest
rank in betweenness, but by less than at the weekly level. His
betweenness value (0.45) is slightly larger than the next most
effective bridging individual (0.30) followed by others with
measures of 0.23 and 0.17.

The individual with the highest centrality measures (degree
and betweenness) was the chair of the Plan Development Team
(PDT), charged with drafting the Atlantic herring FMP Amend-
ment 11. He was a scientist with a state marine resource agency.
Other individuals with high degree and betweenness values—and
who approached the PDT chair in bridging capacity at a monthly
frequency—included the NEFMC staff assigned to the PDT, and a
NEFMC member from a State very active in the herring and
lobster industries.

5.2. Sea scallops

The weekly sea scallop CNA map contained a larger cluster of
thirty-six individuals, plus sixty-five additional isolates and
smaller clusters that become part of a single network at a
monthly communication frequency rate. The thirty-six contained
NOAA (39%), NEFMC or Mid-Atlantic Fishery Management Council
staff or members (28%), industry members on NEFMC Advisory
Panel (17%), state agency staff (11%), and a university-based
scientist. The scallop network’s density was 4%, demonstrating
higher overall group activity than the larger herring network. Its
weighted average path length was 1.5; on average any two
individuals are less than two links apart.

Several individuals recorded higher levels of activity (degrees)
than other network members, including two NOAA staff mem-
bers, an industry member on the advisory panel, and an NGO
representative on the NEFMC. The individual in the upper right of
the scallop weekly communication network map (dark circle
added)—a NOAA staff—showed a betweenness value (0.15) five
times greater than the next highest individual (0.03), thus he is
bridging between otherwise disparate groups more than others in
the network.

When the focus is adjusted to a monthly communication
frequency, the network structure and function changes. The
network almost triples in size to 101 members. Density decreases
to 2% and weighted average path length increases to 2.5; the
network spreads out. The differences between the higher ranked
bridger and others in the weekly communication network
diminished at the monthly frequency level. The high number of
active members’ remains, but a different individual now shows the
highest betweenness value (0.3) compared to the highest at the
weekly frequency, whose betweenness measure is 0.2 at a monthly
frequency. The NOAA staff member is surpassed at the monthly
frequency in his bridging capacity by an industry representative
who serves on the NEFMC’s advisory panel. See the dark circle
added to the monthly sea scallop network map in Fig. 1.
6. Discussion: Atlantic herring and sea scallop FMP as
networks

The objectives of this study included testing the application of
network analysis in fisheries management. The use of network
concepts in other areas of public policy research has been
criticized for being more conceptual and failing to use network
analysis methods and measures [34,35]. Below the discussion first
considers what a CNA tells us about Atlantic herring and sea
scallop fishery management, then it shifts to an initial review of
the strengths and limitations of the research method and
measures.

While both cases exist within the same institutional context
(i.e., FMP development in the NEFMC), the two cases were at
different points in the FMP process, engaged multiple but
different stakeholders, and had different individuals participating,
although some overlap existed among NEFMC and NOAA staff
members. Atlantic herring had completed the FMP amendment
four months before data collection started, whereas sea scallop
had only just initiated the process and an FMP amendment would
not result in a year after data collection. Thus, variability in the
network structure and function was expected and observed in
the findings.
6.1. Network structure: group cohesion and information flow

The density measure for Atlantic herring’s 146-member
weekly network (1%) was smaller than the 36-member sea
scallop weekly network (4%). High density may reflect a sense
of belonging, group identity, and the potential for group cohesion
and conformity [15,16]. While there are insufficient numbers of
network maps on public policy and resource management cases
to know what ‘‘high’’ or ‘‘low’’ might mean in this context, US
fisheries management is considered highly contested and political
[36,37]. Thus, densities of 1% and 4% are likely reflecting ‘‘low’’
densities among fairly diverse stakeholder groups. The network
structure confirms the literature on the contested nature of
fisheries management, in general, and a review of trade industry
press coverage at the time confirms the contested nature of
Atlantic herring and scallops in particular [38,39]. As one general
category scalloper said reflecting on forming a coalition, ‘‘We’re a
small group trying to get more people to join. If we don’t, we’re
just going to get walked right over’’ [39; 1A].

Nonetheless, both Atlantic herring and sea scallops exhibited
individuals in bridging roles and low weighted average path lengths
(2.5 for herring and 1.5 for scallops at a weekly frequency). Both of
these networks fall within Friedkin’s [19] horizon of observability
(less than three links) and thus information flow and availability of
knowledge is likely to be effective across the diverse herring and
scallop management networks. The weighted average path length
values suggest that all stakeholders are aware of each other and of
knowledge being considered in the FMP.

While there are significant differences between universities
and public sector decision-making where Friedkin conducted his
research (e.g., public decisions typically require and government
officials proactively seek public comment), a horizon of observa-
bility value likely exists in public decisions too, although the
threshold value may be greater than Friedkin’s three links.
Replicating Friedkin’s study in a fishery management or other
coastal or marine resource management case would clarify the
horizon of observability in this public policy and management
context.

6.2. Network function: roles of individuals

Both the Atlantic herring and sea scallop weekly networks
contained individuals with substantially higher betweenness
values than other members—three times higher for herring and
five times greater for scallop network. Higher betweenness values
indicate bridgers, who are connecting otherwise disparate groups
or nodes in the network. At a coordinating, weekly communica-
tion frequency, both networks depended upon bridgers to enable
information flow throughout the network. These bridgers appear
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to be effective given the low weighted average path lengths.
Research published elsewhere shows the vulnerability of the
weekly coordinating network in Atlantic herring to the loss of the
bridger [40]; however both of the individuals in herring and
scallop saw their bridging capacity become more equalized with
others at a monthly frequency rate. This suggests the potential to
adapt to the loss of a bridger.

Networks with bridgers are thought to be more adaptive and
creative [17,18]. Future research with more fisheries management
network maps could consider whether there are correlations
between the presence of bridgers and the degree of innovation in
the resulting FMP. It would also be necessary to account for the
variety of the information and knowledge structures among
the participating groups to assess the extent and potential of
knowledge integration and innovation available to bridgers.
Johnson and van Densen [41] found greater opportunity for
innovative fisheries management approaches as a result of
cooperative research that bridged industry and science partners,
and Wilson [42] drew similar conclusions regarding fisheries
co-management.

Key players based upon their institutional roles also played key
roles in their networks, although specific institutional roles did
not pre-determine their network roles. For example on one hand,
PDT chairs, NEFMC staff and members, NOAA, industry members
on Advisory Panels all showed more links (degrees) and bridging
capacity (betweenness) than other members of the networks.
However, members from a state agency, NOAA, and industry all
served leading bridging roles.
7. Discussion: analyzing management as a governance
network

There are distinct qualitative and quantitative analysis benefits
obtained from application of network analysis in fisheries
management. Preliminary CNA maps were valuable tools during
key informant interviews to identify targeted survey solicitation
reminders and for case study documentation. Further, sufficient
variability in network structure and function seems to exist with
variability in contextual factors (e.g., timing in the fisheries
management process, size and diversity of fishery, interested
stakeholder groups, etc.); however, far more cases need to be
analyzed with CNA methods to build further hypothesis about
relationships between network structure and function and
contextual factors or create theoretical frameworks.

The CNA maps and quantitative measures for the Atlantic
herring and sea scallop fishery management cases identified the
most active coordinating participants and critical bridgers
between disparate groups, which were facilitating, monitoring
and controlling information flow. Both networks demonstrated
effective information sharing across their networks’ varied
subgroups, although both networks were insufficiently dense to
build any sense of cohesion or group identity—thus, they will
likely continue to reflect competing interests and contested
management processes.

The Atlantic herring and sea scallop networks were very
diverse with multiple stakeholders that crossed state–federal
government levels and public–private–nonprofit sectors. This has
important ramifications for fishery management, as well as
emerging integrated, multi-stakeholder, regional governance
initiatives (e.g., coastal and marine spatial planning, ecosystem-
based approaches to management, and integrative adaptive
management). Fisheries, coastal, and ocean governance networks
are not only horizontal, (i.e., the coordination of the 4100 US
coastal and marine federal agencies and organizations that were
the focus of two federal ocean policy analyses [3,4]), but also
vertical, crossing local–state–federal government boundaries, as
well as across public–private–nonprofit sectors. In the US,
governance networks reflect Federalism in practice and illustrate
the vast array of players, levels, and rules at play in governance of
coastal and marine resources.

While considering the nesting of governance systems across
scales in an ecosystem-based management approach to connect
fragmented coastal and ocean government, Sissenwine [43]
suggested that a vertical and horizontal connectivity was
needed—vertical connectivity promotes two-way links between
lower and higher level policies and goals, while horizontal
connectivity links adjacent ecosystem-based management pro-
jects to account for impacts on neighbors. Sissenwine used the
term connectivity to conceptualize a different form of integrated
and nested governance than currently existing ones. However,
connectivity is also a CNA concept, referring to the suite of
quantitative measures of network structure and individual
function in the network (in this study, density, weighted average
path length, degree, and betweenness). Thus, further CNA case
studies in fisheries and other areas of coastal and marine resource
planning and management will further our understanding of what
sufficient vertical and horizontal connectivity looks like.

Further, understanding the network structure and function can
provide practical advice on communication, outreach, and
strategic activities. For example, knowing who are the most
centrally located and connected individuals permits prioritization
of limited outreach and communication services for maximum
information diffusion. Maiolo and Johnson [44] used CNA to
identify the well-connected leaders and members of the king
mackerel fishery for targeted outreach. Corporations [45] and
increasingly NGOs [46,47] are integrating strategic positioning
into their operations, seeking to position their message deliber-
ately in the existing network to generate and maintain visibility,
mobilize constituents, and advance change. Measuring the actual
network structure and function would enhance the effectiveness
of strategic positioning.
7.1. Challenges: defining boundaries and expanding network
link measures

While CNA of fisheries management both validated findings in
the literature and produced new findings about the FMP process,
there remain challenges to the research that will require further
refinement of the methods for application in fisheries, coastal, and
ocean management. Two in particular will be discussed here—

boundaries and additional communication network link mea-
sures.

First, social network analysis calls for very high response rates,
in the 85+% range ([27,48]) to accurately capture the network
fabric and take full advantage of the quantitative measures. These
response rates are impractical in most public policy survey
research. Further, the boundaries of the fisheries, coastal, and
ocean governance networks are fuzzy, crossing sectors, levels of
governments, and other stakeholder groups—the public policy
context is not a single private sector corporation with clear
organizational units and boundaries. It is unclear where to define
the boundary of a more narrower FMP network and thus know
when a sufficient sample has been obtained. In practice, we found
that after obtaining �25% response rate from those identified as
core participants by key informants on each case, a sufficiently
accurate communication network map emerged that was useful
in follow-up interviews with key informants. These informants
identified the additional key members to target for follow-up
solicitation. When these new respondents were added, the
resulting network grew in density (i.e., more internal links) from
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the preliminary CNA maps, but it did not expand substantially in
the number of network members (i.e., few new members were
added). Nonetheless, advances in less intrusive measurement
instruments (e.g., with consent, electronic communication re-
cords such as email and phone records provide data; Virginia Sea
Grant is integrating CNA into quarterly staff progress reporting)
and more strategic applications of CNA (e.g., building preliminary
network maps from multiple data sources, and then targeting
further survey data collection and analysis on particular clusters
of interest), may provide further opportunities. In addition,
embedding CNA into case study methods would facilitate the
examination of these important link values.

Second, not all network links are equal [20]. While frequency is
an effective measure to track information flow, there are
additional dimensions of information that are important in
fisheries management. For example, salience (i.e., usefulness and
relevance), credibility, and legitimacy (trustworthiness of the
process that developed the information) can be critical to ensure
scientific information influences fisheries management [49].
Influence is a complex factor and proven difficult to study.
However recent advancements in the definition and operationa-
lization of influence raise additional measures to consider related
communication links and network structure and function [see
40,50]. Discussing similar characteristics to the influence frame-
work, Weber and Khademian [7] identified the transfer, receipt,
and integration of information and knowledge as central to
network function.
7.2. Can resource managers ‘‘Manage’’ networks?

If fisheries management is a governance network, then can
fisheries managers actually direct the network to achieve its
public and societal goals? There is no consensus in the literature
on this point. From a theoretical perspective, Kickert et al. [51]
argued that the self-organizing, non-hierarchical nature of net-
works mean that managers are supporting players unable to lead
the network; networks are not controllable by one party and the
best that public managers can do is serve as facilitators and
arbitrators of dispute. Nelson [52] concurred and extended the
caution to strategic positioning. She argued that purposively
building or breaking relationships could be counter-productive
and potentially destructive, because the perception of coercing
participation and manipulating the network would lead to a
backlash that destroys the motivation, accountability, trust,
and mutual benefits that the managers sought to create in the
first place.

However, other scholars see managers as the conductor of an
orchestra, possessing sufficient authorities and resources to
position themselves in a central and guiding role in a network
[13,53,54]. For example, they call for the use of innovative and
emerging communication and information management tools to
promote network function and serve roles facilitating information
flow and managing knowledge. Further, negotiation and align-
ment of partners (e.g., self-selecting strategic partners) help
resolve differences, solve problems, and impact network structure
and function, while the development of decision-support frame-
works can identify roles, niches, and operational guidelines that
further effect network structure and function.

As a practical matter, networks exist and the awareness of
networks enables the consideration of strategic positioning by
managers, agencies, and any stakeholder within the network.
Further, managers and other stakeholder groups will likely
consider how they can alter the incentives and motivations of
participants to promote engagement of a network toward
achieving their goals. Far more research is needed to understand
the governance network structure and function in fisheries and
other coastal and marine resource management contexts; thus,
currently there is not much practical guidance for fisheries
managers on how to fulfill their objectives through their network
position and roles [see 53,54].
8. Conclusion

Can fishery management be conceptualized and analyzed as
networks? Yes. This study was an exploratory first step. It raised
more questions than it answered—as all research does—but it
provided additional lenses to conceptualize and analyze fisheries
management. Networks are considered non-hierarchical and self-
organizing, although their structure and function are somewhat
mediated by prescriptive decision-making procedures, such as
FMP development frameworks. This research found variability in
FMP communication network structure and function in different
fisheries cases within the same institutional setting. The CNA
findings validated some existing literature (e.g., illustrating the
network structure and function that underlies a contested FMP
process among diverse stakeholders), thus enhancing CAN’s
validity as a useful analytical tool in fisheries. CNA produced
new findings (e.g., quantitative measures of network functio-
n—i.e., weighted average path length—illustrated that FMP
networks were effective at sharing information broadly across
its diverse membership. It also raised new questions (e.g., role of
bridgers and whether their presence may contribute to innovation
in fisheries management). Nonetheless, managing a network to
advance science-to-management, maximize influence, or more
broadly to achieve public and societal value is not easy, but
understanding how the network is structured and functions is an
important first step.
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