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Dr. John Wiedenmann

Ecosystem based management (EBM) is a wholistic approach to natural resource
management whereby interactions with an ecosystem, including humans are considered in
management rather than considering single issues, species or ecosystem services in
isolation. Historically, natural resources were managed under a single management
paradigm. However, when ecosystems are managed by their individual components
important complexities and nuances in socio-ecological dynamics are lost. Given the recent
shift to an ecosystem based approach, much research is needed on the integration of social
and ecological components of ecosystems. My research contributes to this literature by (1)
investigating the definition and implementation of ecosystem based fisheries management
(EBFM) in the northeast and mid-Atlantic united states, (2) exploring biocultural
homogenization of coral reef fish assemblages off the coast of Florida and (3) conducting
a systematic review of interactions between fisheries and marine mammals at a global

scale.
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Introduction

While conservation of natural resources and biodiversity may both aim for
sustainability, the short-term goals of each can be at odds (de Groot et al. 2010). For
example, the reduction of catch quotas for an economically important fish species to
preserve a fraction for an endangered species that also feeds on the same fish species can
be seen by the fishery as a temporary economic loss. For effective natural resource
management and conservation, there must occur an evaluation and quantification of the
tradeoffs between stakeholders (Daily et al. 2009). This dissertation explores how to
integrate marine conservation ecology and natural resource management by (1) assessing
the implementation of ecosystem-based fisheries management, (2) analyzing how natural
resource user behavior may affect community composition, (3) and conducting a global
systematic review of marine mammal and fishery interactions.

Natural resources form the foundation of all economies; they are the raw materials
for production. Globally, the demand for and the extraction of natural resources continue
to grow, as does the population. However, natural resources are valued by cultures and
nations for more than their economic value. Natural resources are often closely linked to
culture and possess an intrinsic value. Therefore, managing these resources is of critical
importance both economically and socially. Although continued sustainability of natural
resources would ultimately be mutually beneficial for all stakeholders, more immediately
and over the short-term there are often major economic, social, and ecological tradeoffs
between conservation and natural resource management. Before new management can be

implemented and existing policies changed, these tradeoffs should be examined from



multiple angles to ensure acknowledgement of duplicities of investments from

stakeholders.

Chapter 1: Ecosystem Based Fisheries Management
This chapter was formatted for publication in Fisheries and will be submitted there.
(Safig AD, Free CM, Caracappa JC, Valenti JL, and Jensen OP)

Within the context of marine natural resources, fish stocks and endangered
species have historically been managed as single species. The single-species framework
considers the biological requirements of a target species and may include some abiotic
interactions on a local scale. However, single-species management ignores the complex
reality of socio-economic influences on markets and ultimately on ecosystems. More
importantly, single-species management ignores the fact that species are parts of complex
ecosystems, and interdependent on other species.

Ecosystem-based fisheries management (EBFM) is a holistic approach to
management that takes into account the environmental and biological interactions of
multi-species in an ecosystem as well as the human dimensions within the ecosystem.
Broadly, the primary components of EBFM are involvement of stakeholders in the
management process, consideration of all-important ecological interactions through the
best available science, and the consideration of abiotic interactions on the system.

Through the Magnuson-Stevens Conservation Fisheries Act, Marine Mammal
Protection Act, and Endangered Species Act, require an ecosystem-based approach to
managing fish stocks. However, there is no formal protocol for states to implement to

transition from single-species management approach to EBFM. States must adhere to



federal mandates, however, due to the biological and geographical heterogeneity between
systems among states, the demands on natural resources and their management differs
significantly. EBFM is complex, because ecosystems are complex, so there are often
extensive data requirements, and some experts debate the feasibility of its implementation
(Link 2015).

The first chapter investigates implementation of EBFM in the Mid-Atlantic and
North East U.S. to (1) understand the working definition of EBFM at the state level and
(2) identify barriers to implementing EBFM. Data was gathered via phone interviews
with state fishery personnel regarding the implementation of and importance of specific
components of EBFM. Our eight-part component of EBFM is defined in Table 1.
Overall, our study found that there exists a common core working definition of EBFM at
the state level, and that stakeholder involvement created barriers to the overall

implementation of EBFM. This paper is currently in preparation for the journal Fisheries.

Chapter 2: Bio-cultural homogenization
This chapter was formatted for publication in Springer and was accepted there. (Safiq
AD, Brown JA, and Lockwood J.L.)

Biological homogenization is the increase of genetic, taxonomic, or functional
similarity of communities (McKinney 2006). This process is occurring across terrestrial,
aquatic, and marine systems as a result of globalization, global climate change, and
extinction events (McKinney and Lockwood 1999). Negative effects of biological
homogenization include but are not limited to reduction or alteration of ecosystem

function, and reduced genetic diversity (Hobbs et al. 2006). Although the ecological



effects of biological homogenization have been well studied, the societal and social
affects have not been studied to the same extent.

Bio-cultural homogenization adds a human dimension to biological
homogenization by considering the potential to influences of natural resource users and
their changing socio-economics associated with particular ecosystems (Safiq et al. in
press). My second chapter investigates the occurrence of bio-cultural homogenization on
coral reefs off the coast of Florida. These coral reefs provide one of the largest
ecotourism attractions in the U.S. (Failler et al. 2015). Peoples’ choices can have direct
and indirect effects on ecosystem health and sustainability. In order to design and
implement effective conservation, science and policy must begin to integrate the
dynamics between the choices of resource users and the biological interactions between
and among systems. The aim of this chapter is two-fold: (1) to investigate whether
biological homogenization is happening on tropical reefs and (2) to understand how
social values could affect the degree of biological homogenization through the actions of
resource users. | found evidence of homogenization of some coral reef communities, but
not all. | also postulate theoretical interactions between societal values, diver- practices,
diver experience, and severity of homogenization. Overall, | demonstrate that tropical
reefs off the coast of Florida are socio-ecological systems that are vulnerable to
biological homogenization. This work has been submitted as a book chapter and it is

currently under review by the editors of Springer.



Chapter 3: Systematic Review
This chapter is formatted for submission to Trends in Ecology and will be submitted there
by the co-authors (A.D. Safiq, J. Wiedenmann, and J. Lockwood).

In my third chapter, | write a systematic review of global fishery and marine
mammal interactions. In recent years, methods for systematic reviews in ecology have
been extensively published (Koricheva et al. 2013). Commercial fisheries exist the world
over, as do marine mammals. The occurrence of competition between fishermen and
marine mammals is well documented internationally (Hardwood and Croxall 1988). By
conducting a systematic review of these interactions, | have provided a global overview
of the frequency and types of these interactions, and which species of fish and marine
mammals are involved. To my knowledge, there is not yet a global review of marine
mammal and fishery interactions. This information will be useful to natural resource

managers, conservation scientists, and marine ecologists.
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Perceptions of ecosystem-based fisheries management among state natural resource

agency scientists in the Northeastern United States

Abstract

Ecosystem-based fisheries management (EBFM) is an application of ecosystem-
based management in which abiotic, biotic, and socio-economic interactions are
considered when managing fisheries. The primary objectives of this study were: (1) to
understand how state fishery scientists define EBFM; (2) to rank the importance of
inclusion and implementation of our eight-part component definition of EBFM; and (3) to
identify potential barriers in implementing EBFM at the state level. The uniformity
across inclusion responses indicated that there was a shared definition of EBFM among
state fishery scientists. The most frequently implemented component was engaging
stakeholders and accounting for uncertainty in ecosystems was least frequently
implemented. Overall, the most frequently cited barrier in the New England region was
stakeholder engagement while in the Mid-Atlantic region regulatory barriers was most
frequently mentioned. These findings can help identify where potential human and fiscal

resources should be allocated for successful implementation of EBFM at the state level.

Keywords: ecosystem-based fisheries management, fishery management plan, human

dimensions of fisheries, natural resource management



Introduction

Ecosystem-based fisheries management (EBFM) is a holistic approach to fisheries
management that recognizes the physical, biological, economic, and social complexities
of managing living marine resources and considers the broader interactions between and
among species that interact with target management species (Link 2010). Historically,
policymakers and managers have relied on a single-species approach to natural resource
management, but recent acknowledgements of the importance of complex interactions
among species (such as trophic cascades, indirect competition, etc.) has led to a shift
from the single-species approach towards an ecosystem-wide approach in the science
supporting management (Pikitch et al. 2004; Hilborn 2011).

In recent years, emphasis has been placed on implementing ecosystem-based
approaches to management within the context of marine systems, notably following the
implementation of the U.S. Magnuson-Stevens Fishery Conservation and Management
Act (MSA; NOAA 2006; Essington et al. 2016). The MSA mandates the preservation of
sustainable stocks by using the best available science, fair resource access among
stakeholders, and an expectation to capitalize on the economic potential of stocks without
degrading their ability to provide benefits in the future (i.e., optimum yield). In essence,
the MSA calls upon science to inform sustainable management, efficient economic
strategies, and stakeholder engagement, which are all components of EBFM (Service
2018). Although EBFM is not explicitly mentioned in the MSA, U.S. federal government
agencies still point to the MSA as a legislative mandate for implementing EBFM (DOC
2016). In addition to the governmental call for the implementation of EBFM, it has been

noted by the scientific community to be one of the preferred frameworks for analyzing
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trade-offs between and among social, economic, and ecological systems (Walters and
Martell 2004).

Biedron and Knuth (2016) found that at the federal level most stakeholders agreed
on definitions, practices, and possible outcomes for EBFM. The study also found that the
Mid-Atlantic Fishery Management Council and New England Fishery Management
Council believed that state level fisheries management should gradually transition from
single-species management to ecosystem-based management. Because their study
focused exclusively on federally managed fisheries, it remains unknown if similar
perceptual trends exist within state fishery management systems.

Despite the acknowledgement among scientists and policymakers at the federal
level of the need to move toward EBFM, it remains unclear how state natural resource
agencies should go about transitioning from single-species management to EBFM
(Arkema et al. 2006). In a study by Patrick and Link 2015, the authors identify six myths
that are noted to inhibit the implementation of EBFM. These myths are: linguistic
uncertainty surrounding the definition of EBFM; lack of governance structure and
mandates to implement EBFM; limitations surrounding quality and quantity of data;
EBFM results in too restrictive management suggestions; and the lack of resources to
fully implement EBFM in an already complicated socioeconomic predicament. It remains
uncertain which if any of these prohibit the implementation of EBFM at the state level.
State agencies are not unified under a single legislative mandate and are more
heterogeneous in their approach to management. They often have broader management
missions and a wider set of responsibilities compared to federal agencies. To advance and

improve the implementation of EBFM, we need to have a baseline understanding of how
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state fishery scientists perceive and implement EBFM across regions. State fishery
scientists are defined as those individuals who work directly with the biology and
interactions of stock species although all scientists contacted in this study may not
identify as strictly biologists. The goals of this study were to: (1) assess the level of
agreement between state fishery scientists on the definition of EBFM; (2) identify how
components of EBFM are incorporated in management plans; and (3) identify any
barriers to the implementation of EBFM at the state level. We focused on the eleven
states represented in the Mid-Atlantic and New England Fishery Management Councils.
State fisheries agency scientists were the targets of our survey efforts, as they are both
knowledgeable about local fisheries management practices and were deemed likely to

discuss perceptions on management and policy candidly.

Methods
Respondent demographics

We interviewed 40 state fishery scientists working for state natural resources
agencies in the coastal states of the Mid-Atlantic and New England fisheries management
regions (Figure 1) about their agencies’ interpretation and implementation of EBFM. We
identified state fishery scientists to interview through a combination of agency websites
and referrals from colleagues and interviewed scientists (i.e., “snowball sampling”;
Ellard-Gray et al. 2015). The response rate of our study is 35.4% (40 of 112 scientists
contacted). Respondents were first contacted through e-mail. If respondents replied to the
e-mail, they were then contacted via phone. If respondents did not respond to the initial e-
mail, a follow-up e-mail was sent. Respondents worked in a variety of systems (e.g.,

marine vs. freshwater, finfish vs. shellfish) and had medians of 15 and 19 years of



12

experience at their agencies and in fisheries management, respectively (Figure 1).

Interview design

We conducted standardized interviews with respondents over the phone using a
survey (Appendix A) designed to collect five categories of information: (1) respondent
demographics (e.g., primary habitat work area such as freshwater or marine, years of

experience with their agency and fisheries, and familiarity with EBFM); (2) definitions of

EBFM; (3) implementation and effectiveness of EBFM; and (4) barriers to the
implementation of EBFM. After asking respondents for basic demographic information,
we asked for their open-ended definition of EBFM, prior to prompting them with our
definition. Next, we asked respondents whether each of the eight components of EBFM
listed in Table 1 are included in their agencies’ interpretation of EBFM and whether their
agencies are implementing each of these components. These components represent a
simplification of the thirteen components of EBFM identified by Biedron and Knuth
(2016). Responses to component inclusion and implementation were measured on a
Likert scale of 1-5 and “do not know” where 1 represents “strongly disagree”, 3
represents “neutral”, and 5 represents “strongly agree”. Finally, we asked respondents to
provide an open-ended commentary on the effectiveness of and barriers to each
component. While our survey was not identical in design or scope to that of Biedron and

Knuth (2016), it was used as a guide to investigate perceptions at the state level.

Data analysis
Kruskal-Wallace (K-W) tests were performed, with pairwise comparisons, to

determine whether components differed in inclusion or implementation. Non-parametric
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tests were necessary due to the non-normal distribution of scores. K-W tests were also
used to compare scores between regions (Mid- Atlantic vs. New England) and systems
(freshwater vs. marine). Finally, we identified twelve unique barrier categories in a post-
hoc analysis of respondents’ open-ended discussion of barriers to EBFM implementation
and examined the frequency with which these barriers were mentioned by respondents for

each component.

Results
Implementation and inclusion of EBFM components

Variation existed in the scoring of the eight components with respect to their
implementation and inclusion. Some components were scored highly for inclusion but
scored lower for implementation. An example of such is the component accounting for
uncertainty. Other components were ranked highly for implementation and low for
inclusion. Such an example was considering socio-economics. Components that were
ranked highly on both inclusion and implementation were stakeholder engagement and
habitat protection. Habitat protection was received the highest inclusion scores. The
degree to which the eight EBFM components were implemented was lower compared to
inclusion for all eight components (Paired T-Tests, all p<0.05; Figure 2). Stakeholder
engagement ranked the highest for implementation while accounting for uncertainty,
though a critical component of EBFM, showed the lowest implementation score
The components geographically specific (K-W: 2= 4.8, df = 1, p =0.028) and complex
interactions (K-W: y?=4.3, df = 1, p = 0.037) differed significantly by region for
implementation with New England ranking higher for implementation of these two

components (Figure 3). When inclusion and implementation scores were compared
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within systems (e.g., freshwater and marine), we only saw differences between regions
for complex interactions (K-W: %= 8.11, df = 1, p = 0.017). However, when asked how
well participants thought EBFM was being implemented overall, those working in marine
systems ranked their agencies more highly than those working in freshwater systems (K-
W: y*=7.96, df =1, p=0.019).
[B]Barriers to implementing EBFM

We identified twelve commonly cited barriers to EBFM in respondents open-
ended discussion of the effectiveness and challenges of implementing EBFM (Supp.
Table 1). Stakeholders and regulatory barriers were cited most frequently (36% and 31%
mean response rate across components, respectively) across a variety of EBFM
components (Figure 4). One respondent said “fisheries are political. Fisheries
[management] is not about managing fish, it is about managing people”. Following
stakeholders and regulatory in frequency were data and funding (20% and 19% mean
response rate, respectively). Comparatively, politics (8%), staff (7%), and resources (3%)
represented less significant barriers to the implementation of the EBFM components
(Figure 4). Data was a frequently cited barrier to accounting for uncertainty and funding
is a frequently cited barrier to habitat protection (Figure 4). One respondent mentioned
that “data quality, amount of data, funding to get data, and expertise” were barriers and
another echoed those concerns when he/she said, “[it is] hard to plan for any unexpected
events that might happen and in that regard, it is almost impossible to get funding for

something like that”.
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Discussion

Defining EBFM

Previous studies have suggested that one of several challenges in implementing
EBFM has been a lack of consensus on its definition (Patrick and Link 2015). Since the
means of all component scores lie above 4, corresponding to ‘agree’, there appears to be
agreement on the inclusion of our eight components of EBFM, suggesting that a shared
core definition of EBFM exists among state fishery scientists in the Northeast. However,
a recent study published by Trochta et al. found that, globally, there does not appear to be
consensus on the definition of EBFM between different fisheries (Trochta et al. 2018).
Our results do not contradict the findings of Trochta et al., instead our results offer
greater insight into how perceptions of EBFM may change given different geographical
scales. Since disagreement in the definition of EBFM disappear on the smaller regional
scale of our study, our findings suggest that geographical scale may influence the degree
of agreement on the definition of EBFM. Biedron and Knuth (2016) also found that there
exists a common definition of EBFM among Mid-Atlantic Fishery Management Council
and New England Fishery Management Council members and stakeholders which also
focused on the inclusion of trophic interactions between species, stakeholder engagement,
and the inclusion of habitat as a focal point for maintaining sustainable ecosystems

(Biedron and Knuth 2016).

Implementing EBFM
All components of EBFM were reported to be under implemented given their

importance to the definition of EBFM. This may be due to respondents being self-critical
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in their assessment of whether their agency was doing enough to implement EBFM. It
could also be that there is genuinely more that could be done by state agencies to

implement these components of EBFM.

While state fishery scientists agree that accounting for uncertainty is an important
component of EBFM, the respondents note that implementing this component is
particularly challenging. Several respondents mentioned that acquiring funding for the
measures needed in order to implement accounting for uncertainty was a barrier.
Although stakeholder engagement was reported to be the most highly implemented
component of EBFM, stakeholders were also one of the most frequently reported barriers
to implementation of EBFM components. Several respondents mentioned that failure to
reach compromise between competing objectives inhibited or prolonged implementation
of management objectives. This suggests that future work should aim to investigate the
relationship between stakeholders and regulatory agencies to identify specific
operational, political, and economic dynamics that could be improved upon. One
potential solution to this problem would be to have a moderator at sessions who is
specifically trained at moving discussion along an ‘argument’ based framework as
opposed to a consensus based framework. Stakeholders who believe in public
participation process to create consensus enter the process with inflated expectations,
only to be disenchanted by contrary behavior of those with opposing views (Peterson et
al. 2002). The resolution to this problem lies in the ability to hold opposing ideas in
sustained debate based in an ecological framework without the expectation of consensus
by majority. Consensus by majority often only reinforces the current socio-political

imbalance of power which only further inhibits the implementation of multiple
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stakeholders (Peterson et al. 2004).

It is unsurprising that stakeholder engagement and habitat protection ranked
highly in both categories since these components are often incorporated into the mission
statements of state agencies. For example, North Carolina’s Division of Marine Fisheries
vision statement says, “North Carolina Division of Marine Fisheries ensures healthy,
sustainable marine and estuarine fisheries and habitats through management decisions
based on sound data and objective analysis” (NC Environmental Quality 2018). New
York state DEC Division of Marine Resources is another example of an agency explicitly

mentioning stakeholder engagement and habitat protection as management objectives.

Their mission statement is as follows: “to manage and maintain the state's living
marine, estuarine and anadromous resources, and to protect and enhance the habitat upon
which these resources depend... to achieve optimum benefit by providing for the
broadest range of uses including commercial and recreational harvest, human
consumption, natural forage and observation and appreciation (Conservation 2018).
Although accounting for uncertainty was ranked highly for inclusion, it is also one of the
most difficult to implement (Figure 3). For example, Wiedenmann and Jensen (2018)
found that although stock assessment models account for uncertainty, they still resulted
in biased projections of stock status, resulting in inaccurate catch limits and ultimately,
overfishing of target species. Making progress on the implementation of EBFM will
likely require developing new methods for accounting for uncertainty and making them
more accessible (e.g., training scientists to implement these methods, etc.).

Survey participants in freshwater systems indicated that they perceived that

EBFM was being implemented more than those working in marine systems. While this
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difference was not present when asked about individual components of EBFM, the
perception that EBFM was more implemented in freshwater systems may reflect the
comparatively longer history of stock enhancement and habitat management in
freshwater systems (Welcomme et al. 2010). For example, fish stocking, the transfer or
introduction of fish into a new environment, began in the U.S. in the mid-1800s and was
central to the strategy of the U.S. Fish Commission, established in 1871 (Pister 2001).
Though controversial (Cowx 1994), stocking has remained an important component of
U.S. freshwater fisheries management, where it is implemented largely by state agencies
(Anders Halverson 2008) and is used to subsidize recreational fisheries and rehabilitate
endangered or threatened fish populations. By contrast, marine stock enhancement has
been rare and more controversial (Grimes 1998; Hilborn 1998): red drum is the only fully
marine species with a stock enhancement program in the U.S. (implemented by state
agencies in Texas, Florida, and South Carolina). Similarly, habitat restoration is a central
component of freshwater fisheries management (Cooke et al. 2014) and has been more

easily implemented in freshwater systems than in marine systems due to the higher

accessibility, reduced spatial size, and lower dispersal and connectivity of freshwater

systems (Arlinghaus et al. 2016; Geist and Hawkins 2016).

Limitations of the study

A standard for what is considered an acceptable survey response rate has yet to be
clearly defined (Rogelberg and Stanton 2007). The reported response rate (35.4%) for
this study was comparable to other published studies in the field of fisheries science; for

example, a study by Biedron and Knuth 2016 had a reported response rate between 57%
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and 14% among components and a study by Brinson and Wallmo 2017 had a reported
response rate between 24% and 38% among states. However, response representativeness
is arguably more important for evaluating the quality of collected survey data as it
directly addresses the potential for nonresponse bias (Cook et al. 2000; Rogelberg and
Stanton 2007). The state fishery scientists interviewed in this study were fairly evenly
distributed among survey regions (i.e. Mid Atlantic and New England) and systems of
interest (i.e. freshwater and marine), and represented the gamut from early career to
seasoned professionals. Additionally, at least two state fishery agency scientists from
each of the 11 states comprising the Mid-Atlantic and New England regions was
interviewed, demonstrating an apparent lack of hon-response bias in the data set. Given
the relatively small number of respondents from each state, comparisons of EBFM
perceptions between individual states were not performed in order to keep the identities
of the survey respondents anonymous. This precluded analyses of the influence of state
specific frameworks and management requirements on perceptions of EBFM among state

fishery scientists.

This study specifically targeted the perceptions of EBFM implementation and
barriers among state fishery agency scientists in the northeastern U.S. A quantitative
assessment of how well the scientists’ perceptions corresponded with the true status of
EBFM in their state agencies was not performed, yet would be useful given the potential
for disconnect between perception and reality (Dunning et al. 2003). State fishery
scientists interact with managers, council members, and stakeholders, and therefore offer
a unique perspective on the implementation of and barriers to EBFM within their

respective state agencies. However, state fishery scientists only represent one constituent
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within the agency and likely hold different perspectives about EBFM than state social
scientists, economists, and managers (Clay and McGoodwin 1995; Trochta et al. 2018).
Perceptions of EBFM also differ across larger geographic scales (Pitcher et al. 2009) and
thus may differ regionally within the U.S. Future studies of EBFM perceptions in the
U.S. should consider additional regional perspectives (e.g. Pacific, South Atlantic) and
the perceptions of state social scientists, economists, and managers, council members,
and stakeholders in order to attain a comprehensive assessment of the perceptions of
EBFM at the state level (Jacobson and McDuff 1998; Kaplan and McCay 2004).
Overall, our study provides evidence that the perceived definition and
implementation of EBFM of state fisheries scientists is similar across New England and
Mid-Atlantic states. Participants also indicated that components of EBFM were not being
implemented to the same degree as their perceived importance. Our study also highlights
the specific barriers that state fisheries scientists face in implemented components of
EBFM. In all, we provide a useful framework for future studies to assess perceptions of

EBFM and barrier towards implementation in other geographic regions.
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Figure 4. — Barriers to the eight EBFM components. Gray shading illustrates the percent

of respondents who reported a specific barrier to a specific component.
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Table 1. EBFM components (adapted from Biedron and Knuth 2016).

Component Definition
1 Habitat protection Protecting/enhancing habitat
2 Geographically specific Incorporating geographically specific management needs
3 Adaptation to change Adapting to changing biological and social conditions
4 Stakeholder engagement Engaging stakeholders
5 Considering complex Considering the interactions between the physical,
interactions biological, and human factors that affect the health of
fisheries

6 Considering socioeconomics Considering the social, economic, and cultural impacts
on industries and communities that depend on fisheries

7 Accounting for uncertainty ~ Accounting for uncertainty in ecosystems

8 Including flexibility Including flexibility in management strategies

Supp. Table 2. Keywords of EBFM component barriers.
Barrier Definition

1 Stakeholders ~ Stakeholder buy-in

2 Regulatory Conflicts arising from vagueness, conflicting objectives,
and/or scope of previously existing rules and laws

3 Data Data limitations

4 Funding Funding limitations

5 Knowledge Staff experience/knowledge

6 Participation =~ Engagement of stakeholders and/or staff

7 Biology Challenging species biology and/or community ecology
(e.g., food webs are often poorly characterized)

8 Politics Conflicts arising from lack of consensus, engagement,
and/or mismatched objectives

9 Staff Staff size and/or time

10 Resources Availability of tools and/or technology

11 Single-species Inertia to overcome single-species management policy

management

12 Infrastructure  Difficulty navigating and/or operating within pre-
existing programs and/or departments

13 EBFM Challenges intrinsic to the idea of EBFM (e.g. accounting for

complexities arising from interactions
among/between components)
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Appendix A

Ecosystem-based Fisheries Management note-taking template

Today’s date:
Who is interviewing? Who is taking notes?

What state does this person work for?

Preface

Thank you so much for agreeing to take this survey. There are two of us here; me (name),

and (name), who will be taking notes.

We sent you the consent form, and we hope you had time to review it. To summarize: all
responses will be anonymous, and you can stop the interview at any time. Do you have
any questions about the consent document? And | just need to ask for verbal consent: do

you agree to take the survey? Check here if yes:

The survey has about 15 questions, and will take approximately 20-30 minutes to
complete. There are some open-ended questions, and others that are answered on a scale

of 1to4,or1tob.

Do you have any questions before we begin?
Possible questions/answers:
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Who else have you interviewed? State fishery scientists from your state and other states,
but the specific names are kept anonymous.

How will you keep my answers anonymous? We are taking notes on your responses but
the information is not associated with your name.

I don’t know anything about EBFM. This project is about your thoughts on EBFM, and
all of your responses will be extremely helpful.

Note: avoid using acronyms unless they do so first.

uestions

How long have you been working for your agency? (# of years)

How long have you been working in fisheries management in general? (# of years)



3. Which of the following systems do you work in?

System

Answer

Marine

Freshwater

Finfish

Shellfish

Aquaculture

Diadromous

32



4. Inaddition to your role as a fisheries biologist, which of the following roles do you

identify as?

Option Answer

Recreational fisherman

Commercial fisherman

Management Council

member




5.

34

On ascale of 1-4, how familiar are you with the term “ecosystem-based fisheries

management (EBFM)”? [Read number + word options.]

Option JAnswer

1 - Not familiar at all

2 - Slightly familiar

3 - Moderately familiar

4 - Very familiar

Part 2 (Definition and implementation of EBFM):
How would you define Ecosystem-Based Fisheries Management? (Open-ended)
If they ask whether we re looking for the personal or the institutional definition of EBFM,

ask them for both)

To what extent do you agree or disagree that your organization is implementing this

definition of Ecosystem-Based Fisheries Management? You can answer on a scale of 1



35

to 5, with 1 being strongly disagree, and 5 being strongly agree. (We sent you the scale in

your email — do you want to pull the email up so you can look at it?)

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

Part 3 (EBFM components)

For the next section, we’re going to ask you about eight management practices. For each
management practice, we have two questions:

To what extent do you agree or disagree that this practice is part of ecosystem-based
fisheries management,

To what extent do you agree or disagree that this practice is being implemented by your
agency?

You’re going to answer each question on a 1 to 5 scale, with 1 being strongly disagree,

and 5 being strong agree. We sent you the scale in your email.
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a. Protecting and/or enhancing habitat.
[ To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

To what extent do you agree or disagree that this practice is being implemented

by your agency?

Option Answer

1 - Strongly disagree




37

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?

If the answer to Q9 is 1 or 2:

Does your organization plan to start implementing it in the future?

Option Answer

Yes

No

If yes, when is that planned? What barriers, if any, do you anticipate to face in

implementing it?
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If no, why not?

b. Incorporating geographically specific management needs.

\ To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree
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To what extent do you agree or disagree that this practice is being implemented by your

agency?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree




If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?

If the answer to Q9 is 1 or 2:

Does your organization plan to start implementing it in the future?

Option Answer

Yes

No

40
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If yes, when is that planned? What barriers, if any, do you anticipate to face in

implementing it?

If no, why not?

c. Adapting to changing biological and social conditions.

\ To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option IAnswer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

To what extent do you agree or disagree that this practice is being implemented

by your agency?



Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?

If the answer to Q9 is 1 or 2:

Does your organization plan to start implementing it in the future?

Option JAnswer

42
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If yes, when is that planned? What barriers, if any, do you anticipate to face in

implementing it?

If no, why not?

d. Engaging stakeholders.

To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option

IAnswer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree
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To what extent do you agree or disagree that this practice is being implemented

by your agency?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?

If the answer to Q9 is 1 or 2:



Does your organization plan to start implementing it in the future?

Option Answer

Yes

No
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If yes, when is that planned? What barriers, if any, do you anticipate to face in

implementing it?

If no, why not?

Considering the interactions between the physical, biological, and human factors
that affect the health of fisheries.
To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree
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To what extent do you agree or disagree that this practice is being implemented

by your agency?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?

If the answer to Q9 is 1 or 2:

Does your organization plan to start implementing it in the future?
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Option Answer

Yes

No

If yes, when is that planned? What barriers, if any, do you anticipate to face in

implementing it?

If no, why not?

Considering the social, economic, and cultural impacts on industries and
communities that depend on fisheries.
To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree
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To what extent do you agree or disagree that this practice is being implemented

by your agency?

Option Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?
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If the answer to Q9 is 1 or 2:

Does your organization plan to start implementing it in the future?

Option IAnswer

'Yes

No

I have no idea, but I think we would have to in order to evolve as an agency
If yes, when is that planned? What barriers, if any, do you anticipate to face in
implementing it?

Data and communication 14f. If no, why not?

g. Accounting for uncertainty in ecosystems.
To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option IAnswer

1 - Strongly disagree

2 - Disagree

3 - Neutral




4 - Agree

5 - Strongly agree
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To what extent do you agree or disagree that this practice is being implemented

by your agency?

Option

Answer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:

What barriers, if any, have you faced in implementing it?

In your opinion, how effective has it been as part of fishery management?
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If the answer to Q9 is 1 or 2:
Does your organization plan to start implementing it in the future?
I sure hope so - we definitely acknowledge eat uncertainty, but not enough to do anything

about it

Option Answer

Yes

No

If yes, when is that planned? What barriers, if any, do you anticipate to face in
implementing it?

If no, why not?

h. Including flexibility in management strategies.
To what extent do you agree or disagree that this practice is part of ecosystem-

based fisheries management?

Option IAnswer

1 - Strongly disagree
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2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

To what extent do you agree or disagree that this practice is being implemented

by your agency?

Option JAnswer

1 - Strongly disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly agree

If the answer to Q9 is 3, 4, or 5:
What barriers, if any, have you faced in implementing it?
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In your opinion, how effective has it been as part of fishery management?

If the answer to Q9 is 1 or 2:

Does your organization plan to start implementing it in the future?

Option Answer

Yes

No

If yes, when is that planned? What barriers, if any, do you anticipate to face in

implementing it?

If no, why not?
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Chapter 2: Homogenization of fish assemblages off the coast of Florida
Introduction

Marine fish assemblages have been substantially altered through the effects of
over- fishing, habitat loss, and climate change (Levin et al. 2006; Airoldi et al. 2008;
Nyitrai et al. 2012; Riegl et al.2009). Such impacts have been measured almost
exclusively in the context of loss of key species or fish biomass. Rarely has anyone
measured these impacts through the lens of compositional change, which is a perspective
that acknowledges that species losses and additions combine to increase or decrease
spatial similarity in fish assemblages through time (Olden et al. 2004). The few studies
that have adopted this perspective have highlighted the homogenizing influence of habitat
simplification and phase shifts, especially among coral reefs (Thrush et al. 2006, Airoldi
et al. 2008, Alvarez-Filip et al. 2015), or of heavy influxes of exotic species after the
establishment of inter-ocean canals (Edelist et al. 2013). The data necessary to track
longer term changes in composition are hard to come by, but especially so within marine
ecosystems which are by default harder to track due to limited logistical access. Here we
take advantage of a citizen-science initiative to document near-shore fish assemblages to
explore the extent to which we see homogenization within the Atlantic coastal waters of
Florida (USA). Florida has nearly 12,000 miles of coastline, which includes the string of
small islands that lie at the southern extreme of the state called the Keys (Figure 1). The
near- shore marine waters of the Florida Atlantic coast and Keys exhibit a diverse array
of seabed types including significant expanses of coral and artificial reefs. These reefs,
and other habitat types, are home to hundreds of fish species some of which are important

sources of commercial seafood or sold in the marine aquarium trade (Johns et al. 2014;
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Brucker 2005). These fish assemblages also support a massive SCUBA and snorkel dive
industry, which generates on average US$3 billion annually in the Keys alone (World
Wildlife Fund Global, Accessed 12 June 2017). These reefs and similar habitats thus
represent significant sources of ecosystem services (Lane et al. 2015). Caribbean reefs, of
which the Florida group are northern most members, have suffered several major
disturbance events over the last decades including bleaching, the loss of top predators,
and the emergence of diseases that have reduced reef structural complexity (Manzello et
al. 2007; Green and Bruckner 2000). The fish that use these reefs have shown mixed
responses to such changes, with some assemblages showing signs of recovery within a
decade or less, with others showing strong lags whereby fish assemblages have yet to
recover to their pre-disturbance composition and biomass (Alevizon and Porter 2014).
There is recent evidence showing Caribbean-wide shifts in fish assemblages toward
habitat generalists and away from specialists (Alvarez-Fillip et al. 2015), and overall loss
in fish abundance (Paddack et al. 2009). The reefs along the Florida Keys were included
in these assessments, however no one has explored whether the spatial similarity of these
reefs have increased through time or if these reefs have become more similar to other
non-reef habitats along Florida’s Atlantic coast.

We posit that changes in fish assemblage spatial structure will influence the
attractiveness of Florida marine habitats for dive tourism. One of the main motivations
for diving any area is to experience the variety of fish species that use that site, with the

more species variety the better (Bhat, 2002). Homogenization of fish assemblages
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across sites may provide a strong feedback into the dive tourism industry by reducing the
attractiveness of Florida’s diving locations. From a recreational diver’s perspective,
homogenization may lead one to conclude that once fish at one location have been seen,
there is no reason to travel to other sites that have essentially the same diversity. To our
knowledge, the degree to which homogenization (or differentiation) influences the
attractiveness of reefs and other habitats for dive tourism have not been explored.
Therefore, we see our results as providing a starting point for this conversation by
documenting the degree of homogenization realized among Florida’s fish assemblages,
which parts of Florida contribute most to any observed homogenization, and which

species are ‘winning’ or ‘losing’.

Methods
Survey Sites

We queried the Reef Environmental Education Foundation (REEF) online
database to obtain presence-absence data from across survey sites along the Atlantic coast
of Florida (World Wide Web electronic publication; www.reef.org, date of download: 12
May 2017; Figure 1). REEF uses a hierarchical coding system whereby survey sites are
assigned a unique identification number, and these are grouped into larger spatial units.
Our data comes from the REEF Florida East Coast and Keys (Zone 3) of the Tropical
Western Atlantic region. This Zone covers survey sites from Saint Mary’s River at the
northern Atlantic coast boundary between Florida and Georgia, down to the Dry
Tortugas, which is the western-most island group in the Keys (Figure 1). Within this zone

there are 13 sub-zones within which surveys are conducted at various sites. Survey sites
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include natural coral reefs, artificial reefs, and other seafloor structures that attract
relatively large numbers of marine fish (e.g., natural rubble, marine ridges).

In all REEF surveys, fish species presence is recorded by trained volunteer
SCUBA divers using the Roving Diver Technique (RDT).This survey protocol requires
divers to record all fish species readily identifiable while freely swimming around a
survey site (Schmitt et al. 1996). RDT has proven easy to use by trained volunteers
(Schmitt et al. 2002), and the resulting data can be reliably used to derive differences in
fish community composition between sites (Hassell et al. 2013). Because the REEF
program began its volunteer survey program within the Florida Keys, some survey
records in this zone date back to the early 1990s and continue to the present day. There
are large differences in the total number of sites surveyed across sub- zones (from 14 to
502), with bigger sub-zones have more survey sites. Between 1994 and 2015 REEF
volunteers conducted 37,695 surveys at 1903 survey sites in this zone, summing to
34,305 dive hours with the average dive lasting 45-minutes.

Our goal here is to document longer-term trends in fish assemblages, thus we
choose a subset of REEF survey sites that had data from two years that were at least 10
years apart. Only 44% of the total survey sites were ever resampled (853), and only 41%
of these resampling events occurred over a >10-year time frame. In addition, because the
number of species detected is highly dependent on survey effort (in this case measured as
dive time), we needed to standardize effort across years within survey sites to ensure

relatively
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unbiased temporal assessments of compositional change. Thus, the years we chose to
include in our analyses had to have dive times (effort) that were no more than 20%
different in length. Of the survey sites that fit our inclusion criteria, the time between re-
sampling events ranged from the minimum of 10 years up to 20 years (mean = 15 years,
standard deviation = 3.4 years). Initial surveys were conducted between the years of 1997
to 2004 and the later resampling surveys occurred from 2011 to 2017.

With these criteria in mind we selected 353 survey sites for inclusion in our
analyses, which represents 20% of all sites surveyed in this REEF zone. We included
between 1 and 139 survey sites per sub-zone, representing between 4 — 30% of all sites
surveyed within each sub-zone. The sub-zones that had very few survey sites in our
analysis were from the small and remote keys of Marquesas and Dry Tortugas. We had at
least one survey site that qualified in terms of our criteria from all sub-zones. The survey
sites located in the northern section of this zone are dominated by artificial reefs (e.g.,
sunken boats or concrete pilings), natural rubble fields, concrete culverts, and some
scattered natural reefs and marine ridges. As one moves south into the Keys, the survey
sites shift to include mostly individual or aggregated coral reefs and colonized pavement
(Florida Fish and Wildlife Conservation Commission-Fish and Wildlife Research

Institute accessed June 2017; Walker and Gilliam 2013).

Species Composition
We created two lists of species present for each of the 353 survey sites we
analyzed. The first was composed only of species recorded as present in recent surveys

(‘current’ time frame), and the second was only the species present in surveys at least 10
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years prior (‘historical’ time frame). We combined the species lists for each site within
each REEF sub-zone to create a scaled-up accounting of species composition for each of
the 13 sub- zones (Figure 1). So for example, all of the 55 survey sites we included
within the Key Largo sub-zone we combined into one historical and one current species
list.

We decided to use this larger spatial grain size to analyze our compositional data
for two reasons. First, the number of fish species recorded across all of the 353 sites we
included totaled 452. Tracking compositional changes in this number of species through
time and across all survey sites is computationally challenging and difficult to visualize.
We could, however, easily track and visualize temporal compositional changes in this
many species across the 13 sub-zones. Second, the scarcity of survey sites that were ever
resampled meant that we could include only one year of survey information from each
site within each of the time periods (historical and current). The chances that one 45-
minute dive missed recording rare or elusive species is relatively high (Rota et al. 2009).
By combining survey sites within sub-zones, we can alleviate this issue to some extent.
The more survey sites included, the more likely at least one diver recorded the rarer or
more elusive species using a sub-zone in a given yearn thus allowing us to include them
in our analyses. Note, however, that we could not fully compensate for detection issues
with this dataset. We next built two species-location matrices whereby the REEF sub-
zones were columns (13 columns) and all species recorded as present within any of these
sub-zones within any survey were given a unique row (452 rows). One matrix
represented survey information from the historical time period, and the other from the

current time period.
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We entered each matrix into a hierarchical clustering algorithm to generate
dendrograms that visually depict the similarities in species composition across sub-zones
(R-package hclust). This clustering algorithm proceeds by placing each sub zone in a
multidimensional space with the coordinates corresponding to its vector of fish species
presence-absence. Using methods from Murtagh and Legendre (2014), the Bray-Curtis
dissimilarity score between all sub zones is calculated, which ranges from 0 (exact same
composition) to 1 (completely different composition). The two sub zones with the most
similar species compositions are then placed into a single cluster. The Lance-Wallace
dissimilarity update then calculates the centroid of the newly formed cluster along with
the variance around this centroid (Murtagh and Legendre 2014). The process repeats by
then measuring the compositional similarity between all sub-zones as well as the newly
formed cluster centroid. Once again, the two most similar clusters are combined and then
the process repeats until all sub-zones have been assigned a cluster. At the end of this
process, the clusters are shown as a dendrogram where clusters joined by short branches
have very similar species composition, and longer branch lengths represent increasingly
divergent species composition. As a coarse measure of degree of homogenization we
calculated the overall branch lengths of each of these two dendrograms (historical and
current). If sub-zones have become more similar overall in species composition
(homogenized) we expected to see that the current dendrogram has a lower summed
branch length than the historical dendrogram; and we would take the opposite pattern

(longer summed branch lengths) as evidence of differentiation. We can also more closely
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track how the cluster affiliation of each sub-zone may have changed between time frames
by comparing the higher-order branching patterns between these two dendrograms. We
would take as evidence of homogenization a shift toward branch nodes that indicated
higher similarity (shift in branch location to the right between time frame). In contrast,
substantive differentiation would be characterized by an increase dissimilarity score at
higher-order branching nodes (shift in branch location to the left). This more detailed
comparison of the two dendrograms allows us to pinpoint sub-zones that are
homogenizing and those that are not changing, or are differentiating.

There are several studies that suggest that species composition of a region can
change substantially through time while species richness remains largely unchanged
(Dornelas et al. 2014). There is also a presumption within many homogenization
discussions that sites tend to become more similar in composition due mostly to the
increasing presence of ubiquitous exotic species rather than the loss of endemic native
species (Olden and Rooney 2006). To explore if these patterns were present in fish
assemblages within Floridian coastal waters we calculated historical and current species
richness within each sub-zone. We calculated species richness as the simple sum of all
species recorded as present within each sub-zone, repeating this calculation for each time
frame. We also labeled each species as either native or exotic using USGS Non-
Indigenous Aquatic Species database (nas.er.usgs.gov). We also categorized each species
as using coral reefs or multiple habitat types using the methods and lists of Luiz et al.
(2013) and Alvarez-Filip et al. (2015). This categorization allowed us track whether
species lost from sub-zones between time frames were more often those that utilized

coral reefs for part of their life cycle.



63

Changes in richness within a sub-zone over time can occur in two ways. Species
can either be absent from the historical list and present in the current, or vice versa. The
spatial pattern by which these temporal shifts in species presence occur dictates the
extent to which compositional similarities are altered (Olden and Poff 2004; Olden and
Rooney 2006). Thus, for example, across sub-zone compositional similarity can increase
(homogenize) through the addition of the same species across all sub-zones across time
frames. Or, similarity can increase when species found only in on or a few sub-zones
disappear between time frames. Differentiation can occur if formerly common species
are lost in only a few scattered sub-zones, or if species enter the presence-absence record
at only one or a few sub-zones. In order to track such changes, we recorded the number
of sub-zones in which each of the 452 species were lost or gained between time frames.
We then calculated the percentage change in sub-zone occupancy between time frames
by dividing the change in number of sub-zones by the number occupied in the historical
time frame. We plotted all species according to their percentage change in sub- zone
occupancy, as well as the number of sub-zones they occupied in the historical time frame.
This graphic allows one to visualize how species contribute to homogenization and/or

differentiation.

Results
Overall, sub-zones along Florida’s Atlantic Coast and Keys experienced a net
gain of 67% in species richness. Three sub-zones experienced modest net gains in species

richness across time periods, however Florida Bay experienced a massive increase
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(Figure 1). Most other sites experienced a slight loss in species richness, or very little
change through time (Figure 1). Fifty-six species were observed within at least one sub-
zone in the historical time period but were not observed in the current period. Over half
(29) of these ‘disappearing’ species were originally seen only within one sub-zone,
suggesting that perhaps their loss from the current time species list is due to lack of
detection and not true loss. However, 11 species were found within three or more sub-
zones in the historical time frame but not at any in the current; which is not as likely due
to lack of detection. Seventy-two species were absent in the historical time period but
were recorded as present in the current period. Over two-thirds (55) of these ‘appearing’
species were found only within one sub-zone in the current time period, suggesting that
they were simply not detected in the historical period. However, nine species appear for
the first time within three or more sub-zones in the current time period. The exotic
species Pacific lionfish (Pterois volitans) and brassy chub (Kyphosus vaigiensis) appear
for the first time in the current time period and occupy five or more sub-zones indicating
substantial range expansion into the Florida east coast marine habitats. These two species
account for the largest percentage increases in number of sub-zones occupied within
Figure 2. Of the 324 species that were present within at least one sub-zone across both
time frames, 90 showed no change in the number of sub-zones they occupied, with
another 96 showing <20% shifts (positive or negative) (Figure 2). Most of the 82 species
that expanded the number of sub-zones they occupied through time moved into one more
sub- zone, however six increased by three or more sub-zones. No species that were

originally found within four or more sub-zones expanded to occupy any more sub-zones.



65

In terms of species composition, total branch length for the historical dendrogram was 4.3
whereas total length for the current dendrogram was 4.5, indicating slight overall
differentiation in fish assemblage composition across sub-zones through time (Figure 3).
The Florida Bay sub-zone was consistently different in fish assemblage
composition as compared to all other sub-zones. The shift of the Saint Mary’s Reef to
Cape Canaveral sub-zone to become a member of the Looe Key, Biscayne National Park,
Long Key and Marquesas Key super-group indicates that it currently has a species
composition substantially more similar to the super-group than it did historically. In
contrast, Jupiter Inlet to Key Biscayne shifts from grouping with the other super-group to
becoming its own unique branch indicating that it has become much more distinct in
species composition between time frames (Figure 3). More subtle changes in
compositional similarity occur within a super-group consisting of Marathon, Islamorada,
Key West, Dry Tortugas, Key Largo, and Cape Canaveral to Jupiter Inlet (Figure 3).
Within this super-group there is a shift toward the sites becoming more similar to each
other in their species composition across time frames as evinced by a reduction in number

of clusters (Figure 3).

Discussion

We show that the fish assemblages along the Atlantic coast of Florida and the
Keys have substantially shifted in their assemblage composition through time without
experiencing changes in species richness. Although there has been consistent focus on the
loss of species and biomass within marine ecosystems, the possibility of changes in

spatial diversity have largely gone unexplored (c.f., Alvarez-Filip et al. 2015, Edelist et
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al. 2006). We show that changes in the Florida Atlantic coast fish assemblage is
characterized by larger-scale differentiation while at a smaller scale some regions have
homogenized. In particular, Jupiter Inlet to Key Biscayne substantially differentiated
from the other sub-zones through time, while a super-group of mostly coral-dominated
sites homogenized. Contrast this pattern to what we observed amongst another super-
group of coral dominated sub-zones that experienced approximately similar changes in
richness through time, but did not homogenize. These sub-zones are some of the more
geographically isolated of the set (e.g., Marquesas Key) or are under active protection as
National Marine Sanctuaries or National Parks (e.g., Looe Key and Biscayne National
Park).

These shifts in assemblage similarity are driven mostly by species losses and not
by gains. Change in species presence within sub-zones was largely negative, including
within the super-group that showed evidence of homogenization. Although some species
are expanding into new sub-zones, this spread seems to be smaller in spatial extent than
the range contractions that many other species are undergoing. The two species that
spread the most across time frames were exotic species, however we recorded very few
exotic species in our dataset. Our results suggest the need to more closely examine the
fish assemblages associated with the coral reefs around the Keys, Biscayne Bay, and
scattered along the most southern Florida coastline. Narrowing the habitat focus of
analysis, and thus also the suite of fish species considered, will make it far easier to
examine the role of changes in coral cover, predator diversity, and ocean temperatures in

producing homogenization across habitats.
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No matter the mechanism, given the economic importance of the fish assemblages
in Florida related to dive tourism, our results imply a changing relationship between
people and the marine fish they pay to see. We envision the feedback between fish
assemblage composition the cultural connections people maintain with these
assemblages as a two-way interaction (Figure 4A,B). Existing research links diver
activity to their efforts to conserve the species and habitats they enjoy (Dearden et al.
2007; Arin and Kramer 2002) and this provides a framework for understanding when
spatial compositional changes will elicit conservation actions from divers and when it
will not. For example, novice divers may fail to recognize assemblage change since they
are unfamiliar with how unique any given site was previously from all others in terms of
fish assemblage. They thus likely will not experience an emotional response to
experiencing a homogenized (or differentiated) fish assemblage and will not go on to
engage in behaviors that lead to remediation of the site (Anderson and Loomis 2012).
Such divers may also fail to recognize their own behaviors are contributing to fish
assemblage change or species losses, and they may have low social inclination towards
habitat conservation. These feedbacks for novice divers thus either fails to stem changes
that lead to assemblage change, or even encourages further change (Figure 4A).

In contrast, divers that regularly visit the same sites over many years have an expectation
of what a healthy baseline fish assemblage looks like (Anderson and Loomis 2012).
When that baseline begins to change, these more experienced divers undergo an
emotional response that may result in changes of their behavior. We posit that
experienced divers that value a particular dive site because it is unique in its fish

assemblage, and notice that this uniqueness is lost, may value that site less and stop
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visiting with obvious economic consequences. These experiences may also motivate
these more experienced divers to change their own or others behaviors in ways that
reduce or even reverse homogenization. For example, divers who are responding to
perceived assemblage change may be more likely to participate in diver ‘best practices’,
and also facilitate a social community that has similar adherence levels (Figure 4B).

If changes in fish assemblages excites enough of an emotional and economic response
from citizens and industry, political actions could arise. Those who rely on eco- tourism
are some of the most politically active demographics, which is reflected in the often
mandatory requirement of state natural resource managing bodies to have individuals on
the boards of these stakeholders (South Atlantic Fishery Management Council Accessed
14 June 2017). If conservation and natural resource managers aim to find compromises
that satisfy both conservationists and stakeholders, we must to take into account the
cultural and economic influences that are associated with natural systems. Future research
on the cultural and social effects on biological homogenization should aim to gather
information from individuals who engage with fish assemblages in both a casual and
dedicated manner, and connect their perceptions to what species they observe to their

willingness to support conservation and management actions.
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Figure 1. Map of Florida showing the REEF sub-zones considered in this study. Bar
graphs correspond to sub-zone with historical species richness in light grey and current
species richness in dark grey. Overall changes in species richness from historical to
current time frames are reported as percentages. Positive percentages indicate net gain in

species richness while negative percentages indicate net loss in species richness.
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number of sub-zones occupied between the historical and current time periods. Negative

percentage change indicates species’ range contraction, and positive change indicates

species’ range expansion. The y-axis indicates the number of species that fall within each

percentage change bin. Also shown on the yy-axis is the average number of sub- zones

species within each percentile grouping occupied in the historical time period (red dots =

average, bars = standard deviation). Many changes in percentage of sub-zones occupied

are likely due to failure to detect species in surveys. However, large percentage decreases

from species that occupied many sub-zones historically are likely true species declines,

and large percentage gains from species that occupied few sub-zones historically likely

represent true range expansions.
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Social Impact

Increased active participation in reef conservation

Increased social/communal expectation of ‘best practices’
Fostering shared sense of responsibility of fish assemblage
Increased generational knowledge of baseline assemblage

Diver Activity
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Increased knowledge of fish assemblage

—_—

Social Impact

Decrease in use and/or value of ‘best practices
Decreased interest in persistence of fish assemblage
Lessening (generational) knowledge of biological baseline
Lessening of cultural ownership/identity

Diver Activity

Fewer annual/seasonal dives

Less perceived value in hobby

Less incentive to participate in ‘best dive practices’
Decreased knowledge of fishes




76

Figure 4. Conceptual diagrams illustrating the interplay of SCUBA and snorkel diver
cultural and social behavior, and its feedback with biological homogenization. We
envision that divers’ experience levels will play a strong role in how they respond to
homogenization, depicted as a bar above the diagram with increases from right (light) to
left (dark). Diver activity levels (experienced or novice) tends to engender particular
behaviors relative to adherence to ‘best practices’, interest in fish species ecology,
knowledge of biological baselines, and claiming cultural identity in the fish themselves or
dive site. Given this connection, we posit that experienced divers will respond with
increased conservation vigilance when realizing that fish assemblages they frequently
encounter are homogenizing. The increase in conservation action will then tend to
decrease homogenization levels (panel A). In contrast, novice divers may not notice that
assemblages have homogenized, and thus will do nothing to prevent further

homogenization, or even act in ways that further increase homogenization (Panel B).
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Chapter 3: The evidence base surrounding marine mammal-fisheries trophic
interactions

Abstract

Rebounding marine mammal populations are conservation successes however,
these recovering populations may clash with commercial and artisanal fisheries through
ecological interactions that can have economic impacts for the fisheries involved. Here
we investigate how marine mammals and fisheries interact through depredation, direct
competition, indirect competition and facilitation. We conducted a systematic review of
187 published peer-reviewed articles on marine mammal and fishery interactions. Studies
tended to be short in duration, with the majority of studies one year or less in duration.
Spatially, there was a regional bias in study location, with 76% of studies coming from
three global regions (out of thirteen), the northeast Pacific, northwest Atlantic /
Caribbean, and Mediterranean. The most common interaction type reported in the
literature was direct competition (58% of all interactions), followed by depredation
(27%), indirect competition (13%), and facilitation (2%). Studies on depredation were
primarily field-based, while those on indirect competition and facilitation were largely
model-based. Odontocetes were the most frequently interacting group, followed by
pinnipeds and mysticetes. Although there are many endangered marine mammals that
interact with fisheries, we found that the most common interactions reported in the
literature occurred with those listed as ‘least concern’. Geographic biases in the study of
fishery-marine mammal interactions have created serious gaps un the knowledge-base

that supports management.

Key words: whale, dolphin, pinniped, fishery, trophic interaction, systematic review
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Introduction

The recovery of marine mammal populations over the last several decades is
considered a substantial conservation success (Clapham et al. 1999; Magera et al. 2013).
Cetaceans and pinniped species in particular have rebounded toward historically high
abundances after having been driven to near extinction from over-exploitation in the
previous century (Magera et al. 2013). As many of these species are top or meso-
predators in oceanic ecosystems, and often serve as ecosystem engineers (Roman et al.
2014), their recovery increases predation rates of their prey and alters the trophic
structure of oceanic food-webs (Surma and Pitcher 2015). When the resurgence of marine
mammals results in reductions in the populations of prey that have commercial value,
there exists a conflict between conservation and fisheries (Hirsch et al. 2011). The
possibility of such a conflict has been used as justification for marine mammal culling, or
re-opening or relaxing limits on marine mammal harvests (Smith et al. 2015). Such
reactions are highly controversial as it is not always clear that the newly abundant
mammals are responsible for declines in fishery catch instead of changes in climate,
habitat, or other food web alterations (Lennox et al. 2018). In addition, there is some
evidence that, even when marine mammals are feeding on commercially valuable fish,
they are not consuming enough individuals to substantively impact the biomass available
to fisherman (Gerber et al. 2009; Morissette et al. 2012). The growing concern over the
influence of resurging populations of marine mammals on fisheries, and the policy
reactions that ensue, has led to a substantial increase in published research efforts over

the last decades. Here we conduct a systematic review of this literature summarizing how
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and where evidence has accumulated over the past 30 years, and conversely, where
evidence gaps lie.

Marine mammals interact with fisheries in complex ways throughout their
lifetimes, but only a few of these interactions can potentially reduce fishery yields
(Schradin et al. 2017; Figure 1). The most obvious form of interaction is when marine
mammals consume fish that have been caught on longline or within nets before they can
be hauled onto the ship, termed depredation (Read 2008). In some cases, this results in
complete loss of fish or damage to fish and fishing gear, resulting in a loss of revenue to
the fishery (Hucke-Gaete et al. 2004). Marine mammals can also prey on species that are
the target of a fishery, creating a direct competitive interaction between the mammals and
the fisherman. This type of interaction is herein termed direct competition. For example,
killer whales often consume the same salmon species that are the target of a lucrative
fishery in the Pacific Northwest (Chasco et al. 2017). Similarly, grey seal predation has
been linked to the delayed recovery of collapsed Atlantic cod populations in the
Northwest Atlantic (e.g., Mohn and Bowen 1996). Marine mammals can have indirect
trophic interactions with a fishery if the targeted fish population competes with mammals
for a shared food resource (herein termed indirect competition). In this case, the fishery
may lose potential yield if targeted fish populations decline following marine mammal-
induced a reduction in their prey base. For example, baleen whales often consume low
trophic level species (“forage fish”), which are often important prey for many
commercially important finfish species (Morissette et al. 2010). Marine mammals can
also provide benefits to fisheries in various ways (herein termed facilitation).

Consumption of higher trophic level fishes by marine mammals could lead to increases in
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exploited populations of lower trophic level species (e.g., Veit et al. 2017). Another
means of facilitation recently identified is the role of marine mammals in recycling
limiting nutrients in the surface ocean, most notably iron in the Southern Ocean, which
could lead to increased primary production and cascading bottom up increases in
exploited fish populations (Nicol et al. 2010)

Our primary goal is to document which of these interactions is most commonly
studied within the published literature on marine mammal—fishery interactions. We also
seek to characterize which marine mammals and fish species are the subjects of these
research publications, and where geographically the evidence for the interaction(s) were
gathered. This information can indicate which interactions, involving what species, most
often to occur, and where. But it could also reflect an unequal allocation of research
effort toward interactions in certain regions that are either easier to document or are
considered of more concern by fisheries managers or marine conservation biologists;
possibilities we evaluate here.

A key element of the potential conflict between marine mammals and fisheries is
the conservation status of the mammals themselves (Marshall et al. 2015). There is clear
evidence that marine mammal populations that have received harvest protection have
increased over the last 40 years (Magera et al. 2013), yet several species are still
considered at risk of extinction (Davidson et al. 2012). It is not clear from existing
reviews how often species that are considered of conservation concern have populations
that interact with fisheries. Thus, we categorized publications with respect to the
International Union for the Conservation of Nature (IUCN) red list categorization of the

marine mammal species.
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There is some evidence that marine mammal—fisheries interactions are more
common when particular gear types are used in the fishery, or in larger commercial
fishery operations. For example, depredation events are often more reported in longline
fisheries (Sigler et al. 2008). Similarly, in the sablefish fishery, sperm whale depredation
is thought to be common due to the large spatial scale that the fishery occupies (Peterson
et al 2017). We evaluate if the current evidence base suggests that interactions type is
often associated with particular gear or the scale of the fishery. We also evaluate whether
there are gear types that are more often associated with particular species of marine
mammals overall, and in particular, with species that are of conservation concern.

Finally, we recorded two aspects of how data was assembled and used to evaluate
marine mammal—fisheries interactions; study length and analytical approach. Long-term
ecological studies provide needed evidence for how ecological interactions change
through time and how individuals may alter their feeding rates or trophic interactions as
they move between life or reproductive stages (Lindenmayer et al 2012; Sijm et al. 1992).
Capturing such context is particularly important in marine mammal-fisheries interactions
as the focal species are often exceptionally long-lived (e.g., whales), or have complex life
histories (e.g., salmon). Thus, we recorded the length of time over which information
used in each analysis was collected. The difficulty in tracking these types of interactions,
especially over long time scales, often necessitates the use of models, particularly
ecosystem models (Smith et al. 2011). Such models allow researchers to quantitatively
evaluate the long-term outcomes of trophic interactions, and how management and policy
options can alter these outcomes (Mendoza et al. 2006). The use of models in this context

is thus a critical form of evaluative evidence (Nelson et al. 2009), and we therefore
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recorded whether a publication was model-based, or whether is based on an analysis of

field-based observations.

Methods

A single person (ADS) searched primary literature published between 1980 and
December 2018 using Web of Science and Google Scholar. We developed search terms
intended to capture a wide range of publications on marine mammal interactions with
fisheries. We did not constrain studies by location. The terms we entered in the search
engines were: TOPIC = ("Marine mammal™ OR pinniped* OR whal* OR cetacea* OR
"sea lion" OR sea-lion OR dolph* OR otter* OR dugon* OR seal* OR "fur seal" OR
"grey seal") AND (fisheries* OR fishery) AND (depredat*) NOT "otter trawl" NOT
"whale shark" NOT "whale worm"; TOPIC = (("Marine mammal™ OR pinniped* OR
whal* OR cetacea* OR "sea lion" OR sea-lion OR dolph* OR otter* OR dugon* OR
seal* OR "fur seal” OR "grey seal") AND (fisheries* OR fishery) AND (compet* OR
interact* OR oppos* OR conflict*)); and (((("Marine mammal*" OR pinniped* OR
whal* OR cetacea* OR "sea lion" OR sea-lion OR dolph* OR otter* OR dugon* OR
seal* OR "fur seal” OR "grey seal") AND (fisheries* OR fishery) AND (compet* OR
interact* OR oppos™ OR conflict* OR consum* OR trophic)))).
We acknowledge that these search terms will not capture every published article on
marine mammal interactions with fisheries. However, by using these search terms, we
found 1,147 unique articles. We included only search terms and articles in English.
Limiting search results to articles published in English may introduce language bias. By

limiting our results to English we may introduce regional bias as well.
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Screening and Study Inclusion Criteria

During screening, we checked for consistency with inclusion criteria following
steps recommended by Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) (Moher et al. 2009). Owing to the large number of candidate
studies, we performed screening in three steps. In the initial step, we checked for
consistency with criteria by reading all titles. In the second step, we read all remaining
abstracts. In the third screening step, we downloaded and read the full text of all
remaining candidate articles (N = 235), and based on this reading, decided on their
disposition (include or exclude). After the final screening step, we were left with 187
articles that we included in our systematic review (Figure 2).
Prior to article screening, we developed a set of inclusion criteria (Table 1). Each article
had to meet all criteria to be included in our final database. Articles had to be original
research involving marine mammal—fishery interactions. These interactions could be
directly observed in nature or hypothesized to occur based on empirical data. For articles
to be included, authors had to discuss either a hypothesized or directly observed marine

mammal-fishery interaction.

Data Extraction

From each included article, we used a data form to extract author, interaction
type, taxon, conservation status of mammals, study duration, gear type and size of fishery
(Table 1). We piloted data extraction using 10% of the articles to ensure standardized

application of definitions across articles. One researcher was responsible for the data
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extraction (ADS). One article could fall under multiple categories. For example, each
paper could provide information on multiple species or interactions. We extracted over
739 lines of data from the included 187 articles.

We defined interaction types as depredation, direct competition, indirect
competition and facilitations following Figure 1 and descriptions above. Long-term
studies were defined as four or more years of consecutive field monitoring. Short-term
studies were defined as three or fewer years of consecutive field monitoring. For studies
that utilized models we assigned the model run years as the duration of the study.
Fisheries were categorized as either commercial or artisanal, where the former is defined
as large operations while the latter as small-scale local operations. Gear types were
assigned by both the kind of gear that was used as well as the trophic interaction
associated with the gear. We identified fish and marine mammals down to the species
level using Jefferson et al (2011). IUCN status was used to label species as ‘least
concern’, ‘vulnerable’, ‘endangered’, ‘critically endangered’ or ‘data deficient’ according
to IUCN (2019).

We defined 13 ocean regions following Lewison et al. (2014), who used empirical
data from peer-reviewed articles, agency and technical reports and symposia proceeding
published between 1990 and 2008 to identify the global distribution and magnitude of
marine mammal bycatch from fisheries. We use this by-catch interaction map as a guide
to where marine mammals may also be directly or indirectly influencing fisheries catch

(Figure 3).
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Results

Of the 187 papers identified in our search, 60% were classified as field-based
studies, with the remaining 40% classified as model-based studies. The most well
studied regions were the northeast Pacific, Mediterranean, and northwest Atlantic /
Caribbean, comprising 76.5% of the studies found in our search (Figure 4). All of the
remaining regions had fewer than 15 studies, with fewer than 5 studies in four regions.
The southwest Pacific did not have any studies.

In their review on bycatch studies, Lewison et al. (2014) identified six regions
with a high occurrence of marine mammal bycatch: the northeast Pacific, Mediterranean,
southwest Pacific, eastern tropical Pacific, southwest Atlantic, and Western Indian
Ocean. We found that there was also a high occurrence of studies on marine mammal
and fishery interactions in the northeast Pacific and Mediterranean (Figure 3). The top
sites for by-catch as reported by Lewison et al. (2014) were the northeast Pacific,
Mediterranean, southwest Pacific, eastern tropical Pacific, southwest Atlantic, and
Western Indian Ocean. Although we found high publication rates related to marine
mammal-fisheries interactions in two of these regions (the northeast Pacific and
Mediterranean), the other regions were less well covered in our review, with one region
of high bycatch having no studies on marine mammal — fishery trophic interactions
(southwest Pacific). Furthermore, some of the more well studied regions in our review
were not well covered in terms of bycatch data (northwest and northeast Atlantic, and

Southern Ocean; Figure 4). Thus, although there was some coherence in study locations
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for marine mammal bycatch and trophic-fishery interactions, there were many regions
well studied for bycatch but not for trophic-fishery interactions, or vice-versa.
Enough information to determine study duration was available in 79 of the 187 studies.
Of those 79, the majority of studies occurred over one year or less (51%), while long-
term studies (>10 years) comprised 23% of studies (Figure 5). As the duration of study
increased, the likelihood of it being a modeling study increased. Field studies accounted
for 83% of studies < 1 year, and 46% of studies between 2 to 5 years in length. For
studies longer than 5 years, however, only 19% of the studies were field-based (Figure 5).
From the 187 studies, we tabulated a total of 738 trophic interactions between
marine mammals and fisheries. The majority of studies in our review focused on single
marine mammal (65%), whereas there was a roughly even split across studies focusing on
one or multiple fish species (49 % and 51%, respectively). Thus, a single study with
multiple mammals, fish species, or both, could result in many trophic-fishery
interactions. Direct competition was the most common interaction (N=427), followed by
depredation (N= 199; Figure 6). Indirect competition (N = 95) and facilitative
interactions (N = 17) were less frequently addressed in published literature we assembled.
Field-based studies accounted for 53% of the total number of interactions, but there was a
bias in the interaction type, and whether it came from a modeling or field based study.
Depredation accounted for 27% of all interactions, and was primarily covered in field-
based studies (95% of depredation interactions). Indirect competition and facilitation
accounted for 13% and 2% of all interactions respectively, and were primarily found in
model-based studies (5% and 17% of the interaction for each, respectively, were from

modeling studies). Direct competition accounted for 46% of all interactions, and was
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more evenly distributed by study type, with 45% of the direct competition interactions
coming from field-based studies (Figure 6).

Odontocetes were the most frequently interacting group of marine mammals
across studies (N=363 interactions or 49% of all interactions; Figure 7). Killer whales,
sperm whales, and bottlenose dolphins were the most common species involved in these
interactions composing 44% of all odontocete interactions (Figure 7). Pinnipeds were a
close second in interaction frequency to odontocetes (35% of all interactions), although
the number of interactions were spread out over a greater number of species, with only
two species within the top 10 (harbor seals and gray seals were the 8th and 9th most
frequently interacting species, respectively; Figure 7). Mysticetes were the least
frequently interacting group (14% of all interactions), although humpback, minke and fin
whales were the 4th, 5th and 6th most frequently studied mysticete species (N=40; Figure
7).

Direct competition was the most common interaction across groups, with
odontocetes being the most frequently interacting group in direct competition (N=195),
followed by pinnipeds (N=161) and mysticetes (N=68) ;Figure 8). The fisheries
associated with direct trophic interactions targeted anchovy and Antarctic tooth fish, with
cod, herring krill, and sardines also represented in the literature base. Depredation was
the second most common interaction for odontocetes (N=133) and pinnipeds (N=66), but
there were no documented cases of depredation for mysticetes. Of the depredation
interactions involving nets, only pinnipeds were involved, and the associated fisheries
most often involved were those targeting Patagonian tooth fish and sablefish. For

indirect competition, pinnipeds were most frequently documented (N=35), closely
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followed by odontocetes and mysticetes (N=28, and 24, respectively; Figure 8). All
groups were involved in facilitative interactions, with mysticetes (N=8) and odontocetes
(N=7) more frequently documented in facilitation than pinnipeds (N=2).

Of the studies where specific information on the fishery type was available
(N=187), the majority (95%) involved commercial fisheries as opposed to artisanal
fisheries. However, only 25% of all studies specified which gear type was observed in
their study. With regard to the fishing gears, depredation was most commonly observed
in longline fisheries (30% of all depredation studies), with killer whales and sperm
whales the most common species involved in longline depredation. Pinnipeds and
bottlenose dolphins were most commonly associated with net depredation. Purse seine
gear was often associated with direct competition. Facilitation did not show bias toward
gear type. Facilitation was found across net and hook gears.

In regards to IUCN status, the category ‘least concern’ composed the majority of
species (57%) for marine mammals with ‘data deficient’ species as the second most
common status type (18%). We found that the least common IUCN status was ‘critically
endangered’ (N=1; Figure 9). Globally, we found that 43% of all endangered marine
mammals interact with fisheries (Figure 9). We also found that 39% of all vulnerable
marine mammals participate in fishery interactions and 30% of near threatened species
participate in fishery interactions. The endangered and vulnerable species listed in Table
3 were found to interact with fisheries through direct competition, primarily through
depredation. Endangered and vulnerable species interacted with several different gear

types including but not limited to gill nets and longline. The critically endangered
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species, the vaquita, interacted through depredation as well in the mackerel fishery that

used longlines.

Discussion

The global recovery of marine mammals is a conservation success. Studies found
that marine mammal populations were recovering and as they recovered they had
increased interactions with fisheries which often lead to their mortality (Read and Wade
2000). As marine mammals recover, their interactions with humans over shared natural
resources will increase.

[ found that direct competition was the most common conflict involving marine
mammals and fisheries, and that odontocetes and pinnipeds compose the majority of
direct competition and depredation interactions. Magera et al. 2013 found that 23% of all
toothed whale populations are recovering, which suggests that the resurgence of
odontocetes may be leading to increasing occurrences of fisheries depredation. Studies
that focused on depredation often did not report the quantity of fish removed from the
catch. In order to better understand the biological and economic impact of depredation,
fishermen and managers should be sure to quantify the amount of catch lost per
depredation event. By quantifying the amount of catch lost per depredation event,
managers will gain more insight into setting appropriate catch limits and will be able to
better inform fisheries models that account for whale depredation. Mysticeti whales were
less frequently documented as involved in conflicts with fisheries, which is likely due to
at least two factors. First, baleen whales were hunted to near extinction during the

commercial whaling eras (Mackintosh 1965), leaving many populations at low current
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abundances and much harder to observe. Second, Mysticeti whales are filter feeders that
will not interact directly via depredation with longline or net fisheries; whereas toothed
whales and pinnipeds have feeding strategies and prey preferences that highly overlap
longline fishing targets.

The baleen whales were the least frequently studied group of marine mammals.
This may be due to their historically low abundances after commercial whaling drove
stocks of baleen whales to near extinction. In addition to their low abundances, due to
their large size, baleen whales travel great distances in the open ocean which makes it
difficult to directly observe them (Lascelles et al. 2014).

I found that facilitation was the least published marine mammal-fishery
interaction. This may be because indirect interactions are harder to directly observe in the
wild. Although it is difficult to observe and by extension quantify indirect interactions
such as facilitation, it is still important to account for these interactions when considering
policy and management (Whipple et al. 2000). By under reporting occurrences of
facilitation and other indirect marine mammal-fishery interactions, | potentially bias the
influence of indirect interactions in fisheries (Baskett 2007).

Marine mammals and fisheries are part of a greater ecosystem that includes
multiple marine mammal species and multiple fisheries. Therefore, one might expect that
research on marine mammal-fisheries interactions will commonly include information on
indirect and direct interactions between all species components of the ecosystem.
However, the published evidence | summarize here was skewed towards considering a
single marine mammal species. In contrast, | found that most articles did include

multiple fish species in their analysis. Articles should include multiple marine mammals



91

because more than one species of marine mammals contribute to food web dynamics in
the ecosystem. It is also possible that by only looking at a single marine mammal species
in these models may bias our understanding of how that species contributes to ecosystem
dynamics. By only including a single marine mammal species, | lose the complexity of
how the food web functions.

Marine mammals are widely distributed across the oceans, but most evidence
related to their interactions with fisheries stem from only a few oceanic regions. Lewison
et al. (2014) found that fishing effort and marine mammal bycatch was largely
concentrated along continental coastlines with relatively few open ocean fisheries. In this
literature review, | use the marine mammal bycatch from Lewison et al. (2014) as a proxy
for expectations regarding where marine mammal interactions are likely to occur. Marine
mammal bycatch is a good proxy for predicting where marine mammal and fishery
interactions might occur because it provides direct evidence of fishery-marine mammal
interactions in space and time. Additionally, the distribution of marine mammals and the
subsequent interactions with fisheries is likely influenced by both oceanographic and
physiological forces (Block et al. 2011). For example, the distribution of fishing effort
and by extension the distribution of marine mammals interacting with those fisheries is
known to be non-random with greater fishing effort concentrated in productive Eastern
Boundary Currents and shallow coastal zones (Middleton 2000). Our results indicate that
where fishing effort and marine mammal bycatch is highest, there is also more published
evidence of marine mammal—fishery interactions. For example, there were high
occurrences of marine mammal-fishery interactions in the northwest Atlantic / Caribbean

and Mediterranean. These regions host some of the most productive fisheries. This
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implies that research effort is following trends of fishing effort. Regional biases may also
be due to the uneven distribution of research interest and effort. For example, the
Northeast Pacific was a highly studied region. This may be due to the high interest in
researching endangered salmon and killer whales.

However, there were regions from Lewison et al. (2014) that had high fishery
activity coinciding with high diversity of marine mammal bycatch, but for which I did
not find a similarly large number of published evidence of interactions. For example, the
southwest Pacific, eastern Tropical Pacific, southwest Atlantic, and western Indian Ocean
were regions in Lewison et al. (2014) that had high occurrences of marine mammal
bycatch and fishery activity, but for which | found few published articles. This result
suggests that these regions are under-studied when, in fact, marine mammal and fishery
interactions in these places are common. Finally, | found some regions that have several
published articles on mammal-fishery interactions but for which Lewison et al. (2014)
indicate that such either mammals are rare there or the fisheries in that region are less
active. This discrepancy suggests that, in these regions, either there is a very strong and
consistent interaction that is of high concern and thus under active investigation; or, that
research effort is high in these locations for reasons other than the common occurrence of
interactions.

Most studies occurred over one year or less, which suggests that the existing
evidence base likely misses a tremendous amount of information on long-term dynamics
between marine mammals and fisheries. The foraging dynamics of marine mammals
likely changes across years based on changes in prey distributions and abundance, but

also based on ontogenetic changes in mammal foraging. Thus, there is a need for long-
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term studies in order to capture the temporal variability of the mammal-fishery
interactions. Additionally, long term studies are needed in order to improve the data that
may be used in modelling these interactions. Long-term studies in our review tended to
be model-based, and constructing models of these interactions is a powerful way to
explore and predict the outcome of marine mammal-fishery interactions given the limited
availability of long-term observational studies (Bax 1998).

Long-term studies were able to gain insight into more complex ecological
phenomena (Machado et al. 2018; Gavrilchuk et al. 2014; Scheinin et al. 2014; Bearzi et
al. 2006). For example, one long-term study was able to show evidence of a trophic
cascade following consumption of certain prey items by rorqual whales (Gavrilchuk et al.
2014). The long-term nature of the study provided researchers with enough data to be
able to observe trends that would not have been obvious through short-term studies. We
define long-term studies as more than five years, which appears to be the length of time
necessary to observe long-term trends in data sets. For example, in a study by Reid et al.
2005, the authors looked at predator consumption of icefish data for over five years and
found that while consumption of icefish by marine mammal predators was high in some
years of low krill abundance but not all, the pattern of icefish consumption was explained
better by putting it in the context of marine mammal recovery. The authors highlight that
the study of exploited species should be explored in the context of changing ecosystems.
In order to observe these changes and the effects they have on the rest of the relationships
in the ecosystem, a long-term study approach should be used like the one in Reid et al.

2005. More long-term studies may provide us with direct insight into dynamics that are
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harder to quantify through short term studies such as indirect interactions like trophic
cascade.

I found that well-studied oceanic regions, like the Mediterranean and northeast
Pacific, tended to be the subject of published articles that utilized both modelling and
field-based observations. However, regions such as the eastern Indian Ocean, and
southeast Pacific Ocean have very few published articles on marine mammal-fishery
interactions and, what information does exist, is from field-based observations only.
Regions where there are only field-based observations may be missing indirect trophic
interaction complexities that can be shown through models.

The diverse set of challenges in studying the trophic ecology of marine systems
are well acknowledged, particularly for organisms such as marine mammals that can
travel great distances making direct observations difficult (e.g., Hays et al. 2016).
Because marine mammals travel great distances it makes them inherently more difficult
to account for in modelling studies. It is therefore not surprising that field-based studies
on trophic conflict between marine mammals and fisheries focus on interactions that are
directly observable (i.e., depredation), and | found that the vast majority of depredation
studies were field-based. In contrast, studies on more complex trophic interactions that
span multiple species or trophic levels are more difficult using field-based observations
alone. In such cases, models are an essential tool for understanding the complex trophic
interactions. Our finding that studies on indirect competition and facilitation were largely
model based, therefore makes sense.

| found that marine mammals with the IUCN status of ‘least concern’ interact

most frequently with fisheries. This finding makes sense given that a more abundant
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species is more likely to have a large impact on fishery through depredation or
competition. Nevertheless, there are several marine mammals that are considered
‘vulnerable’ or ‘endangered’ that interact with fisheries. In this instance managers are
faced with a fisheries-conservation conflict, forcing them to consider tradeoffs between
maximizing economic yield while also not jeopardizing the recovery of marine mammals.
For example, in European fisheries the recovery of marine mammals is a conservation
success; however, as recovery progresses, the intensity of conflicts over shared resources
intensifies and prey species may become endangered (Rauschmayer et al. 2007).
Similarly, in the Atlantic salmon and brown trout fisheries the smolt of these endangered
species is eaten as a prey item by recovering marine mammals (Koed et al. 2006). In this
case conservation and fisheries management must be flexible enough to adapt to the
changing circumstances of predator-prey dynamics.

Most fisheries were commercial as opposed to artisanal, which may indicate that
more research is needed on artisanal fishery and marine mammal interactions. Although
artisanal fisheries are small scale operations, they still have a local impact on marine
mammal-fishery interactions (Moore et al. 2010). High seas and industrial fisheries have
been the focus of more data collection than coastal or small-scaled fisheries (Lewison et
al 2013) largely due to investments in research by industrial fisheries and the national and
regional management organizations that oversee these fisheries (Lewison and Crowder
2007). There is also the issue of spatial scale of artisanal fisheries. Artisanal fisheries will
not come into as frequent contact with marine mammals as commercial fisheries. For
example, the artisanal fisheries in Nepal struggle with conservation and management of

the Ganges River dolphin. Although this fishery is small, it still contributes to the
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anthropogenic activities that threaten the endangered dolphin. As a way to combat these
conservation challenges, artisanal fisheries in Nepal have tried to switch gear types used
in the fishery to avoid interacting with the Ganges River dolphin (Paudel et al. 2016). In
addition to switching gear types, artisanal fisheries will try to avoid the same location
where endangered marine mammals feed (Dudgeon 2003).

I have gone through the literature of marine mammal and fishery interactions and
found that marine mammals primarily interact through direct competition with fisheries. |
also found that odontocetes primarily interact through direct competition in the form of
depredation. This makes sense when comparing recovery efforts across marine mammal
species as odontocetes are slowly rebounding in population sizes. Although there are
many endangered marine mammals that interact with fisheries, | found that the most
common interactions occurred with marine mammals listed as ‘least concern’. Given the
recovery of these predator species and the clear need for healthy fisheries we must learn
more about where these interactions occur in the high seas as opposed to limiting our
observations to coastal interactions. We must also invest in monitoring these interactions
over several years to be sure to capture the complexity of the food-web dynamics in the
ecosystem. By quantifying these observations we gain more insight into fishery-
conservation tradeoffs which allows us to inform future sustainable fisheries management

and conservation of marine mammals.
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Facilitation Depredation

Direct Competition

Figure 1. Conceptual figure showing direct competition, indirect competition, facilitation,
and depredation. Direct competition occurs when fisheries and marine mammals share a
prey species. Indirect competition can occur when a marine mammal feeds one trophic
level below the fishery. Facilitation occurs when either the marine mammal or fishery
releases prey from competition. Depredation occurs when marine mammals remove catch

from lines or nets before they are hauled onto the ship.
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Figure 2. Conceptual figure of the search framework considered in this systematic
review. Steps two and three had the same criteria for inclusion and exclusion. After three

steps of screening, we were left with 114 articles for this review.
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Figure 3. Map from Lewison et al. 2013 illustrating where studies occurred by ocean. 1,
northeast Pacific; 2, southeast Pacific; 3, eastern Tropical Pacific; 4, northwest
Atlantic/Caribbean; 5, northeast Atlantic; 6, southwest Atlantic; 7, eastern Atlantic; 8,
Mediterranean; 9, Western Indian Ocean; 10, eastern Indian Ocean; 11, northwest
Pacific; 12, southwest Pacific; and 13, southern Ocean/Antarctica. Grey represents areas
where < 5 studies occurred, light green represents areas where more than 5-9 studies
occurred, medium green represents areas where 10-19 studies occurred and dark green
represents areas where > 20 studies occurred. The stars represent areas of high marine

mammal by-catch from Lewison et al (2013).
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Figure 7. The occurrence of species across studies, ordered by frequency of occurrence.
Species mentioned less than three times are not shown. Colors correspond to IUCN status
where black is ‘data deficient’, red is ‘critically endangered’, orange is ‘endangered’,

yellow is ‘vulnerable’, green is ‘near threatened’ and blue is ‘least concern’.
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each IUCN status. The number of studies can be more than the total number of studies

because studies will mention more than one marine mammal.
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Figure 9. A) The top ten species and the kind of trophic interaction each species is
involved in. Blue represents depredation, orange represents direct competition, grey
represents facilitation, and yellow represents indirect competition. Bar chart B shows the

order and the kind of trophic interaction each order is involved.
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Table 1. Inclusion and exclusion criteria for articles considered in this review

Criteria

Description

Marine Mammal Species

All marine mammal species are
viable for inclusion.

Fishery Acrtisanal or commercial fisheries
were accepted.

Avrticle Type Modeling papers and field papers
were accepted. Reviews and meta-
analyses were not included.

Date None

Language English
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Table 2. | extracted 23 unique pieces of information from each article. | provide

descriptions of the data here for the systematic review.

Category

Description

A#

Individual paper ID number

Mammal species

Marine mammal species responsible
for interaction

Fish species Focal fish species considered in the
interaction; can include mammals if
they are hunted

Fishery Fishery type such as long-line, trawl,
seine, etc.

Site Specific geographic location of the
system in that study

Region Country of the system in the study

Sea Sea or ocean of the system that the
study is discussing

Governmentbody Governmental body of country of the
site where the system resides

MPA Marine protected area status

Gear Gear type(s) used in the fishery such

Length of Study

as circle hooks, non-lethal deterrents,
nets, etc.

How many years the study was
conducted

Study Type Modeling paper or field paper (model
=M, field=F)
Management top Top down management style used to

Management bottom

manage fishery (yes=1, no=0)
Bottom up management style used to
manage fishery (yes=1, no=0)

Missing data type

If article mentioned missing data, this
is the specific data mentioned (eg.
foraging data, fishery data)

Suggested Gear Change If the article mentioned gear changes
to fishery this is the suggested gear
change

Scale Commercial fishery, recreational

fishery (if commercial = C, if
artisanal = A)

Multi Mam Species

Does the paper consider multiple
species? (if yes =1, if no=0)
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Multi Fish Species Does the paper consider multiple
species? (if yes =1, if no=0)
Interaction Type Specific fishery interaction such as

'direct competition’, 'indirect
competition', 'bycatch’, 'facilitation'

etc.

Paper Title Title of the article

Study years Specific years of study (eg 2002-
2010)

lConclusion

At its most basic interpretation, conservation is the act of using a resource
sustainably such that none of the resource goes to waste as well as the protection of
species for their continued healthy existence. Conservation is not only philosophically a
good practice, but has immense economic value associated with it in regards to natural
resource management. In fact, this has been realized by governments all over the world
and has translated into national and international natural resource policies and
management. By viewing these policies and management goals through the lens of
ecosystem based management, we discover a paradigm that is able to account for the
tradeoffs that inherently exist among interest groups involved in conservation and natural
resource use. |

By studying ecosystem based management, we are able to quantify, measure, and
account for tradeoffs among and between conservation initiatives. This is seen at the state
level through ecosystem based fisheries management (EBFM) in the north east and mid-
Atlantic United States. When a common core definition of EBFM exists among
stakeholders, it becomes possible to manage state natural resources at regional scales.
Although there are logistical, political, and economic restrictions in place that inhibit the

implementation of certain components of EBFM, it is through studying these barriers that
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we are able to identify where resources should be spent in the quest for sustainable
fisheries management.

In regards to fisheries management, resources should be spent on engaging
stakeholders early on in the decision-making process. Although engaging stakeholders is
already a well implemented component of EBFM in the north east and mid-Atlantic
regions, respondents of the survey also noted that engaging stakeholders was one of the
hardest components to implement. To ease in the transition of involving stakeholders it
may be beneficial to analyze the pedagogical methods used in interacting with
stakeholders. Some of the barriers may be emerging from a poorly implemented way of
engaging stakeholders. By examining the pedagogy of engagement, managers and
scientists may find a better way forward in involving stakeholders in the EBFM process.

Through the work of this dissertation | find that ecosystem based management is a
framework well suited for a wide range of socio-ecological systems. | find that tropical
coral reef fish assemblages off the coast of Florida are sensitive socio-ecological
feedbacks. By examining these feedbacks through an ecosystem based approach, we are
able to account for the biological, social, and economic factors that contribute to the
persistence of healthy ecosystems.

The compositional change in tropical fish communities influences the socio-
economic aspects of the ecosystem through a series of socio-ecological feedbacks. These
feedbacks can be analyzed through an ecosystem based management approach. Because
EBM accounts for ecotourism, it becomes possible to link socio-economic dynamics to
the ecological functioning of the ecosystem. For example, recreational divers directly

interact with the environment and tropical reef fish communities which contributes to
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understanding the ecological baseline of a community. When the community begins to
change, these changes are picked up by the recreational divers. If a baseline
understanding of a health community composition is in place among the recreational
diving community, changes to the community may elicit behavioral response among
divers. This behavioral response may translate into conservation action to protect the
healthy ecological baseline of the fish community.

Because the recreational diving industry is part of a sensitive socio-ecological
system with coral reefs, one can manipulate aspects of the social and economic
components of the system to affect conservation outcomes. By educating divers on the
historical species compositional baseline of the reefs, one prepares a generation of divers
to be sensitive to any compositional changes on the reefs. Should any compositional
changes occur, well-educated divers will notice and may be inspired to take conservation
action to preserve the natural species composition of the reef. By instilling a value system
that reef communities are sensitive to change and are worth protecting, one can indirectly
protect the local economy associated with that particular reef. For example, if a
community of divers are interested in preserving the uniqueness of the reef, it ensures
that the reef will continue to be a popular and unique diving experience for future
generations of divers. Future generations of divers may plan extensive trips to see a
unique reef community.

Finally, when we apply ecosystem based management to a global phenomenon
such as marine mammal and fishery interactions, we are able to analyze large socio-
ecological phenomena. By analyzing these dynamics using an ecosystem based

framework, we are able to take large complex interactions and distill them into their
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components without losing the complexity that exists. By studying marine mammal and
fishery interactions through an ecosystem based approach, we discover dynamics that
permeate systems. This allows us to be able to more sustainably manage our natural
resources at a global scale.

Through the work of this dissertation, | found that fisheries and marine mammals
most often engage in direct competition for shared resources; however, there were a few
instances of positive interaction via facilitation that also occurred. By identifying these
dynamics, it becomes possible to understand the complex socio-ecological dynamics that
permeate the system. It is through understanding these socio-ecological dynamics that
informative policy and management can be created. For example, research should be
invested in studying marine mammal and fishery dynamics that are facilitative like that of
the mysticete whales fertilizing the upper layers of the ocean which facilitates more fish
and by extension fishery productivity. Conservation management should aim to preserve
marine mammal and fishery interactions that induce a positive feedback such as those
involving facilitation. By protecting facilitation interactions and the species involved,
managers are both protecting the ecological components of the ecosystem as well as the

economic components.



