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SOCIAL-ECOLOGICAL IMPLICATIONS OF USING MARINE PROTECTED AREAS
TO MANAGE AN ORNAMENTAL FISHERY IN HAWAII
Abstract
By Todd Christian Stevenson, Ph.D.

Washington State University
May 2013

Chair: Brian N. Tissot

Marine protected areas (MPAS) have been implemented across the globe to protect
biodiversity and important habitats, enhance fisheries, and manage marine resource users.
Several hundred thousand wild caught reef fish are captured and sold each year for the global
aquarium trade in the state of Hawaii, U.S.A. The state’s largest aquarium fishery is located on
the west coast of the island of Hawaii (hereafter West Hawaii), where a network of MPAs were
implemented in 1998 to enhance reef fish harvested for the trade and reduce conflict between
aquarium fishers and other marine resource users.

My research focused on the following three questions: 1) How did aquarium fisher
adaptations to the MPA network influence catch productivity and selectivity?; 2) How did the
MPA network spatially displace aquarium fishing and what were the socioeconomic
consequences from this displacement on the fishing community?; and 3) Are MPA networks
effective for managing marine resource conflict?

My findings indicate fishers adopted new and effective fishing technologies and methods,
and shifted from harvesting a diverse trophic composition to one focused mainly on

noncorallivore fishes. Additionally, the MPA network displaced fishing effort on West Hawaii



farther from where fishing boats launch, but fisher socioeconomic well-being was unaffected
despite the increase in fishing cost and travel time; exogenous trade factors likely buoyed these
socioeconomic factors. Last, fishers and SCUBA dive operators perceived the MPA network
moderately reduced conflict between them, but differences in value orientations toward the
aquarium fish trade held by these groups are pervasive and likely contribute to recurring conflict
in Hawaii. My findings illustrate that fishers adapt to MPAs, MPAs can spatially displace
fishing effort and influence the socioeconomic well-being of fishers, and MPAs may not resolve
human conflict when other social differences between groups exist. These findings underscore
the importance of investigating human dimensions associated with using MPAs for fisheries and

conflict management.



TABLE OF CONTENTS

ACKNOWLED GEMENT S ii
AB S T R A C T 1\
CHAPTERS
L INTRODU CTION 1
2. FISHER BEHAVIOUR INFLUENCES CATCH PRODUCTIVITY AND
SELECTIVITY IN WEST HAWAII'S AQUARIUM FISHERY . .. 4
F N 011 = Vo! 4
It OTUCH ON 5
MOtNOOS 8
ROSURS 11
DISCUSSION 18
CONCIUSION 25
RO IO CES 28
Tables and FIQUIeS 35
3. SOCIOECONOMIC CONSEQUENCES OF FISHING DISPLACEMENT FROM
MARINE PROTECTED AREAS IN HAWA 44
A OO 44
It OdUCHION 45
Mt OOS 49
ROSUIS 56
DISCUSSION 58
CONCIUSION 66
References 69

Vi



Tables and FigQUIeS 80
4. EVALUATING MARINE PROTECTED AREAS FOR MANAGING MARINE
RESOURCE CONFLICT IN HAWAI 86
N 011 Vot 86
It OdUCION 87
MtNOS 92
ROSUIS 99
DISCUSSION 100
CONCIUSION 108
RO NS 111
Tables and FIQUIeS 120
5. CONCLUSION 128

vii



CHAPTER ONE
INTRODUCTION

Marine protected areas (MPAs) are demarcated spatial areas designated to protect
biodiversity, important habitats, enhance fisheries and manage resource users. Often biological
attributes inform the process for designing and implementing MPAs without giving equal
consideration to social attributes, such as how fishing and other coastal communities who depend
on marine resources for their livelihoods will be affected by MPAs. The omission of social
factors when establishing and monitoring MPAs has led to the biological failure of some well-
intentioned conservation efforts. My dissertation focuses on examining how MPAs influence
social-ecological dimensions in the State of Hawaii, U.S.A. The MPAs in Hawaii, which are
locally termed Fish Replenishment Areas, were implemented to protect against perceived
overharvesting of reef fish by residents on the west coast of the island of Hawaii and reduce
conflict between opposing marine resource users, namely aquarium fishers and SCUBA
operators.

My research objectives addressed the following three questions: 1) How did aquarium
fisher adaptations to the MPA network influence their catch productivity and selectivity?; 2)
How did the MPA network spatially displace aquarium fishing and what were the socioeconomic
consequences from this displacement on the fishing community?; 3) Are MPA networks
effective for managing marine resource conflict? Each question represents a separate chapter in
my dissertation.

In chapter two, | examine how fishers adopted new fishing methods, approaches and
technologies to increase their catch efficiency. | also investigate other attributes, such as fisher

job satisfaction, to help explain why fishers continue to fish despite reported declines of target



species in areas remaining open to fishing post-MPA network implementation. | also evaluate
the catch composition of aquarium fishers, explore how it has changed over time and discuss the
reasons and implications for why these changes occurred. In chapter three, | investigate whether
the MPA network on Hawaii spatially displaced aquarium fishing effort and examine the
socioeconomic consequences of fishing displacement on the aquarium fishers. | also explore the
association between the locations of the MPAs and where fishers launch their boats, and how
these dynamics may affect catch abundance and catch-per-unit-effort. In chapter four, I
investigate how the MPA network influenced conflict dimensions between aquarium fishers and
SCUBA dive operators on Hawaii and Maui. This required me to investigate perceived
encounters, threats to the reefs and fishes, and value orientations toward the aquarium fish trade
held by these stakeholder groups. The findings from my research underscore the importance of
including human dimensions research when evaluating MPAs, particularly in cases where fishing
communities are heavily dependent on the resource identified for protection.

Because the second, third and fourth chapters of my dissertation were published in
scholarly journals, 1 used the alternative dissertation format approved by the Graduate School at
Washington State University. This format requires me to describe where my work was
published, formatting differences due to journal requirements, and co-author contributions to my
published work. The second chapter was published in the ICES Journal of Marine Science; the
third chapter was published in Biological Conservation; and the fourth chapter was published in
Marine Policy. The writing (e.g., using first person pronouns) and formatting (e.g., reference
formatting) styles differed by journal and are reflected in each chapter. As my academic advisor,
Brian Tissot was included as a co-author on all three manuscripts because of his assistance with

designing and executing the research. Jan Dierking was included as a co-author in chapter two



for providing his fishing intensity and frequency survey data from 2002, assistance with applying
the electivity index to my species data, and editing assistance. William Walsh was included as a

co-author in chapter three for his significant data contributions and editing.
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Abstract

In 1999, marine protected areas (MPAs) were implemented along the west coast of the Big
Island of Hawaii, closing ~35% of the coastline to aquarium fishing. Catch per unit effort and
total catch of the most commonly targeted fish, yellow tang (Zebrasoma flavescens), has
increased since the implementation of the MPAs, yet its abundance has declined by 45% in areas
open to aquarium fishing between 1999 and 2007. How effort allocation, harvesting efficiencies,

and job satisfaction influence catch productivity and selectivity in West Hawaii’s aquarium



fishery are investigated, and how these dynamics explain the discrepancy between catch rates
and relative abundance for yellow tang is discussed. Cross-sectional fisher questionnaires, semi-
structured fisher interviews, and in situ and ex situ catch analyses were performed. The results
indicate that fishers dive deeper when reef fish recruitment is perceived as weak, increase harvest
efficiency with larger fishing teams, and intensively harvest “coral-friendly” reef fish to supply
the global aquarium fish trade. Experienced fishers were less likely to exit the fishery, and job
satisfaction was high despite declining fish stocks. These findings may help explain harvesting
efficiencies and fleet investment, underscore the importance for evaluating fisher behaviours,

and have potential management implications for other aquarium fisheries.

Key Words: coral reef fisheries, effort allocation, fisher job satisfaction, harvesting efficiencies,

Hawaii, ornamental fish trade, yellow tang (Zebrasoma flavescens).

Introduction

It has been suggested that the collapse of a fishery can be attributed to misunderstanding
fishing fleet dynamics rather than the resource (Hilborn, 1985), and that understanding fisher
behaviour is a key component for effective fisheries management (Wilen et al., 2002). Fleet
dynamics describe attributes that influence catch variability, including fleet investment and
disinvestment, effort allocation, harvesting efficiencies, and discarding practices (Hilborn, 1985).
The literature on fleet dynamics primarily focuses on large commercial fisheries (Branch et al.,
2006), with a limited number of publications focusing on smaller, artisanal fisheries, and
evidence suggests that factors other than economic profit may have greater influence on smaller
fishing fleets than on larger commercial ones (Béné and Tewfik, 2001; Salas and Gaertner,

2004). One common thread between large- and small-scale fleet dynamics is that changes in the



above-mentioned elements can contribute to variation in catch efficiency and hence influence
catch productivity (Salas and Gaertner, 2004; Branch et al., 2006).

Understanding why people enter and exit a fishery is a key factor for elucidating fleet
investment and disinvestment strategies, and social scientists are increasingly recognizing the
importance of fisher job satisfaction as an underlying mechanism that influences these dynamics.
Commercial fishing often fulfils the psychocultural needs of people who seek adventure and
thrill, which sometimes supersede the needs of income generation (Pollnac and Poggie, 1988), as
demonstrated by fishers subsidizing their fishing efforts with other income to maintain their
lifestyle (Gatewood and McCay, 1990). Some economists argue that a target species will become
economically extinct prior to becoming biologically extinct because of the low profitability of
harvesting low-density populations (Dulvy et al., 2003); however, other studies have concluded
that commercial fishing has considerable non-monetary benefits and suggest that not all fishers
will quit fishing when economic models predict they should (Gatewood and McCay, 1990;
Pollnac and Poggie, 2008). Understanding how job satisfaction and other job-related attributes
influence fisher choice for entering or exiting a fishery has important implications for effective
management, especially when fisher job satisfaction is strong in fisheries with declining stocks.

The global trade in ornamental fish is a major industry involving approximately 30 million
fish annually with a retail value estimated between US$90 million and US$300 million (Wood,
2001a). Nearly all specimens harvested for the marine ornamental trade are from wild stocks in
coral environments (Wood, 2001b). The State of Hawaii’s aquarium fishery developed rapidly
and expanded in the early 1970s, grossing $3.2 million in sales, with industry profits at $1.2
million in 2002, making it Hawaii’s most lucrative nearshore fishery (Walsh et al., 2004). The

majority of the State’s aquarium fish catch value is now generated from the west coast of the Big



Island of Hawaii (hereinafter West Hawaii; Walsh et al., 2004), where approximately 37
aquarium fishers were considered active in 2007 (i.e. reporting an annual catch of more than
1000 yellow tang, Zebrasoma flavescens, the most commonly targeted species in the region)
(Williams et al., 2009). In 1999, to improve management of the fishery, some 35% of West
Hawaii’s coastline was closed to aquarium fishing via a network of marine protected areas
(MPAs; Tissot et al., 2009).

Walsh et al. (2004) and Williams et al. (2009) showed that catch per unit effort (cpue) and
total catch for yellow tang, respectively, has increased since the establishment of the MPASs in
West Hawaii, suggesting that they may have enhanced the aquarium fishery. In addition,
Williams et al. (2009) detected evidence of spillover of adult yellow tang near the boundaries of
several MPAs. Although these effects of MPAs may influence catch productivity positively
outside the protected areas, the aquarium fishery targets juvenile yellow tang (Williams et al.,
2009), which display high site fidelity and limited mobility (Claisse, 2009). Therefore, although
MPAs may enhance recruitment by increasing the adult spawning stock, fishers targeting
juvenile yellow tang are unlikely to benefit significantly from spillover dynamics, i.e. juvenile
fish moving across MPA boundaries into fishable waters. Additionally, despite the presence of
the MPAs, the abundance of yellow tang has declined by 45% in areas open to aquarium fishing
between 1999 and 2007 (Williams et al., 2009), which is likely the result of increased fishing
pressure from clustering fishers in permissible fishing areas after the MPAs were established.
Fishery managers frequently assume fish abundance is proportional to cpue, which is often
misleading (Maunder et al., 2006). Detecting an increase in cpue while stock abundance declines

iS @ common pattern observed in commercial fisheries known as hyperstability, and it can



manifest when the data used to calculate cpue are standardized by removing attributes associated
with fleet efficiency (Hilborn and Walters, 1992; Maunder et al., 2006).

Several studies have provided a brief description of the methods used for capturing and
processing reef fish and the catch composition of Hawaii’s aquarium fishery (Randall, 1987,
Miyasaka, 1994, 1997; Ogawa and Brown, 2001; Cesar et al., 2002), but these efforts have not
examined the fleet factors that may contribute to catch variability within the fishery. Here, we
attempt to explain catch trends for yellow tang in West Hawaii by describing the aquarium
fishery and investigating how effort allocation, harvesting efficiencies, and job satisfaction
influence catch productivity and selectivity. To our knowledge, this is the first study to

investigate fishing fleet dynamics for a marine aquarium fishery anywhere in the world.

Methods
Interviews

In 2002, semi-structured in-person interviews were conducted with ten active aquarium
fishers from West Hawaii to determine fisher age and fishing effort. The interview questions
were determined a priori, and each participant was asked the same questions. In 2007, we
obtained answers to the same questions using mailed surveys and in-person interviews to assess
changes in these attributes over time. Additionally, in 2007 and 2008, we performed pre- and
post-survey fisher interviews with 12 fishers who had a wide range of experience. The pre-
survey interviews served to ascertain information about the social environment and perceptions
surrounding the aquarium fishery, as well as to establish a rapport with the fishers for the

planned surveys and in situ observations (see below). The post-survey interviews served to



validate overall responses received from the surveys. Any detected incongruities in the responses

were noted.

Surveys

The results from the pre-survey interviews were used to develop a cross-sectional survey to
evaluate changes within the aquarium fishery subsequent to the establishment of the MPAs. We
used income satisfaction, willingness to encourage new fishers to enter the fishery, and
willingness to exit the fishery if training for another job with a similar income were used as
surrogates for job satisfaction. Three aquarium fishers and the State fishery biologist responsible
for West Hawaii pre-tested the survey before it was disseminated, to evaluate clarity and
appropriateness.

Each fisher received a cover letter explaining the research objectives and a statement of
confidentially, a survey, a self-addressed stamped envelope for returning the survey, and
instructions on how to obtain a modest incentive for participating in the study. The State
Division of Aquatic Resources (hereinafter DAR) sent the survey packets to all permit-holding
aquarium fishers in West Hawaii (n = 67) on our behalf, and 23 surveys were returned. In
addition to using the DAR’s assistance, we also used fisher informants to help disseminate the
survey to their peers who were less likely to respond to a survey sent from the state government.
The returned surveys were coded and the responses were saved in a database. Kruskal-Wallis
and Mann—Whitney U tests were used to analyse the survey and catch data, and results were
considered significant at p < 0.05. Fisher perceptions were assessed both for fishers as an
aggregate group and for fishers grouped by level of experience (0-5 years, 6-10 years, 11-15

years, 16-20 years, and 21+ years in the fishery).



Observations and catch analysis

Fisher observations and catch analyses were conducted between June and July 2007 and in
November 2008, to document the methods used by aquarium fishers for capturing reef fish and
to document and measure the target species and size of the fish caught, respectively. The number
of fish caught per species (used here to calculate relative catch abundance), size (standard length
in cm), depth and habitat of capture, capture mortality, and number of discarded fish per species
were documented. Discarded fish were defined as those that were captured, brought to the
surface, and released alive from the boat. Depth was measured using our scuba depth gauge at
sites where nets were placed and fish collected. When possible, photographs at collection sites
were used to classify preferred fisher habitats using methods developed by Ortiz and Tissot
(2008). Overall fishing effort per fisher in 2002 and 2007 was calculated by multiplying the
mean fishing intensity (i.e. the number of dives per fishing trip) by the mean fishing frequency
(i.e. the number of trips per week) in those years. Finally, cpue was determined by counting the
number of individuals of each species caught per dive duration.

Ivlev’s electivity index (E;; Ivlev, 1961) was used to determine the fisher’s preference for fish

caught:

Ei=(ri—pi)/ (ri + pi),

where r; is the numerical importance (%N) of fish species i in the catch composition, and p; is the
%N of the same species in the reef environment.
E; ranges between —1 and +1. Positive values indicate preference (a taxon overrepresented in

the catch composition in relation to its availability in the environment), and negative values

10



avoidance (a taxon underrepresented in the catch composition in relation to its availability;
Lechowicz, 1982). The abundance data for reef fish were obtained from the West Hawaii
Aquarium Project (WHAP) database, using methods described in Tissot et al. (2004). Although
these data represent the best available estimates of reef-fish density, we acknowledge that
abundance data from the WHAP may not correspond with actual reef-fish densities because
cryptic or nocturnal species are generally undercounted during scuba surveys, monitoring data
may not represent the same range and distribution of habitats where fish are harvested, and fish
behaviour changes in the presence of divers (Williams et al., 2006).

When fishers sell their catch to an exporter, they are given an invoice stating the number of
fish caught, the number of fish purchased by the exporter, the price per fish, and the names of the
fishers who caught the fish. To assess the influence of team size on the number of yellow tang
caught per dive, we analysed 247 sale invoices from one fisher who dived solo (102 invoices)
and with one (127 invoices) or two (18 invoices) additional divers on different occasions. We
assessed differences in the number of yellow tang caught by dive teams of different size using a
Mann-Whitney U test, with probability values corrected for multiple comparisons (i.e. one vs.
two divers, one vs. three divers, and two vs. three divers). Variables that may have confounded
the results from these analyses (e.g. depth, location, season, team dynamics) were not available,
and therefore could not be included. In all cases, however, the fish sold were caught using the

same method.

Results
In 2007, 23 fishers completed the survey and 12 were interviewed. We only performed

statistical analyses on the survey data, and we used the interviews to validate our findings and
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inquire about technology and gear use changes in the fishery pre- and post-MPA establishment.
The mean age, number of years participating in the fishery, and number of fishing days per week
for those who completed the 2007 survey was 47 years, 16 years, and 3 days per week,
respectively, and 74% of fishers originally acquired their permits on the island of Hawaii

(Supplementary material Figure S1).

Harvesting methods and efficiencies

In 2007, equipment and methods used for locating and capturing reef fish were observed and
documented. In general, reef fish were corralled and pushed into monofilament barriernets set by
the fishers; however, the specific process varied among fishers. Methods for locating fish varied
from using dive masks or viewing scopes while on the boat to using underwater scooters
(handheld motorized submersible devices that enable scuba divers to increase their mobility and
speed with minimal exertion). Dive masks or viewing scopes were most commonly used for
identifying yellow tang, both allowing a fisher to search the reef for fish while remaining on the
boat. When yellow tang were located, fishers anchored their boat and commenced fishing using
scuba. A less-common technique involved using underwater scooters to scout large areas of reef
for yellow tang. Fishers would initially scout the reef using the scooter, identifying the locations
of reef fish. They then corralled smaller clusters of fish into larger groups before capture. Both
methods are highly effective for locating aggregating yellow tang.

During our investigation, we documented three primary approaches for capturing reef fish in
West Hawaii. The two most common methods used two distinct monofilament barriernet
designs: (i) crossnet and (ii) multiple-net designs (Figure 1). Barriernets have a float line at the

top edge of the net and a lead line at the bottom to keep the net floating upright. The crossnet
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method involves using a single net that commonly measures approximately 9 m long by 2 m
high, with a 1 cm mesh size. The method requires positioning the net in a VV-shape, with the back
lower end of the net forming a pocket, and the lead line placed flush with the substratum (Figure
l1a). If available, fishers will set their nets near natural barriers (e.g. adjacent to sand patches,
large boulders, or corals) to control fish movement. Using the crossnet design enables fishers to
set and adjust their net in different locations on the reef multiple times per dive, based on where
the fish are located. The fishers often use two 1.3-cm diameter fibreglass sticks that are
sometimes referred to as “tickle sticks”, or probes that vary in length. Fishers use these devices
to cluster small groups of reef fish into larger ones before corralling them into their nets. The
number of times a fisher will set their crossnet and push fish into it can range from about 5 to 10
times per dive. Most fishers will set their net as few times as possible because it is strenuous and
increases a diver’s demand for air, diminishing bottom time. Once the fish are in the net, fishers
will extract them using their hands or a handnet and place them into an underwater live-well
basket for the remainder of the dive. Whether a fisher uses their hand or a handnet to remove the
fish from the barriernet is a matter of preference, but some claim that using their hands damages
a fish and reduces its value. People who prefer the crossnet method usually dive solo or with one
or occasionally two other fisher(s) and largely target surgeonfish such as yellow tang. Lastly,
fishers decompressed their catch by slowly raising their live-well basket to the surface of the
boat after they were on the vessel, and residual trauma was relieved by purging air from the
fish’s swim bladder using a hypodermic needle.

The multiple-net method involves the use of much longer fence-, hook-, and crossnets, which
are all barriernets, but differentiated based on their function (Figure 1b). Fishers who used this

method sometimes operated individually, but more often in small teams of 2—4. The fishers
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divide an area of reef by placing a fencenet commonly measuring approximately 30 m long and 2
m high along the reef substratum. Next, they place the apex of a crossnet on one end of the
fencenet, then adjoin a hooknet and “hook” it around the opposite end of the crossnet (Figure
1b). These crossnets are approximately 24 m long and 4 m high, and the hooknet approximately
30 m long and 2 m high. The fisher(s) will corral the fish and push them into the crossnet, then
collect them as described above. Next, they will switch the hooknet and adjoin it to the opposite
end of the crossnet and repeat the steps into the newly placed crossnet. Once both sides of the
fencenet are fished, the fisher(s) will repeat the process by reversing the direction of the cross-,
fence-, and hooknets. Depending on the number of people fishing this net design, it takes
approximately 4-5 tanks of compressed air (or nitrox — oxygen-enriched air usually ranging
between 32 and 36% oxygen, the higher percentage of oxygen increasing dive recovery time and
bottom time, but reducing the operable depth through possible oxygen toxicity) to complete a set.
Like crossnet fishers, people who use the multiple-net design primarily target surgeonfish.
Another method observed for capturing reef fish involved the use of handnets to target
individual high-value fish that often take refuge in finger-coral habitat, e.g. juvenile
Ctenochaetus hawaiiensis, Centropyge potteri, and Centropyge loriculus. Handnet size ranged
from approximately 21to 30 cm in diameter, 21 cm being the most common. Fishers insert their
tickle sticks into finger coral and coax hiding fish into the open, where they use a handnet to
capture them. Handnets are also used to capture smaller fish like cleaner wrasses (Labroides
phthirophagus) and docile deep-water reef fish that inhabit depths >60 m, e.g. Chaetodon tinkeri
and Apolemichthys arcuatus. From our post-survey interviews, we estimated that <5 fishers
within the fleet harvest deep-water reef fish with regularity. Lastly, handnets were also used to

retrieve fish from cross- and multiple-net designs before placing them in the underwater baskets.
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Post-survey interviews also revealed that gear and technology changed before and after the
MPAs were implemented in 1999. The use of underwater scooters and nitrox were introduced to
the fishery during the late 1990s. Approximately 5-8 people use scooters and nearly the entire
fleet uses nitrox when targeting deep-water fish, with the exception of a few fishers who use
compressed air. At least five fishers adopted global positioning system (GPS) devices between
2002 and 2005 and regularly used this technology in 2007. Finally, at least three fishers used
artificial materials that mimic sand patches and are placed on top of the coral reefs to control fish
movement and prevent them from taking refuge. We were unable to determine when this method
of capture was first introduced.

Respondents in 2007 indicated that 18.2% fished solo, 45.5% fished with one additional diver,
22.7% fished with two additional divers, and 13.6% fished with more than 3 additional divers (n
= 22). Sale invoices revealed a significant difference in the total number of yellow tang caught
per team size (H = 105.59; p < 0.001; n = 247), with the mean numbers of fish caught equalling
111, 345, and 714 per one-, two-, and three-person team, respectively (1 vs. 2 divers: U =
6981.5; p < 0.0001; 1 vs. 3 divers: U =5394.5; p < 0.0001; 2 vs. 3 divers: U =8683.0; p <0.001;
Figure 2a). More importantly, the mean number of yellow tang caught per person per trip per
team size was 111, 173, and 237 fish, increasing significantly with dive team size (1 vs. 2 divers:
U = 8857.5, p < 0.005; 1 vs. 3 divers: U = 5656.0, p < 0.005; 2 vs. 3 divers: U = 8996.5, p >

0.05; Figure 2Db).

Effort allocation
Most fishers collected fish at depths between 12.5 and 18 m, but preferred fishing depth

differed significantly between periods with different levels of juvenile fish recruitment.

15



Specifically, preferred fishing depth was deeper when juvenile reef fish recruitment was
perceived as weak as opposed to strong (U = 422.0; p < 0.05; n = 45; adjusted for ties; Table 1).
Fishers also adjusted their fishing choices in response to weak juvenile fish recruitment (Table
2). Of the 21 fishers who indicated they were affected by weak juvenile fish recruitment, those
with 11-15 years experience were most affected and most commonly stated they collected larger,
older fish as a response. “Other” responses in Table 2 included: collected more variety (n = 1),
collected in shallows (n = 1), caught less fish/made less money (n = 3), fewer trips that were
farther distance (n = 1), too new to be affected (n = 1).

The depth at the collection sites included in our in situ catch analyses ranged from 13.7 to
27.4 m. Preferred habitat for collecting fish was located in deep coral-rich habitat with finger
(Porites compressa), lobe (P. lobata), and mixed coral, as well as in uncolonized rubble, which
is found at depths between 8 and 30 m (Ortiz and Tissot, 2008). Over a total of 45 fishing hours,
the five divers observed in 2007 and two divers observed in 2008 collected 4611 fish, a cpue of
~100 fish per dive-hour. The most commonly targeted family of fish was the Acanthuridae,
constituting 89% of the total catch. Yellow tang alone made up 69% (n = 3200) of the total catch.
Acanthurids remained the most commonly targeted family of fish even with yellow tang
excluded from the analysis, constituting 65% of the remaining catch. Some 75% of these
acanthurids were Ctenochaetus strigosus, with Naso lituratus and Acanthurus nigrofuscus each
yielding an additional 16%. The remaining catch consisted of Pomacentridae (12%),
Chaetodontidae (8%), Labridae (7%), and other families (7%). Only three principally
corallivorous fish were collected: speckled butterflyfish (Chaetodon multicinctus; n = 32), ornate
butterflyfish (C. ornatissimus; n = 1), and fourspot butterflyfish (C. quadrimaculatus; n = 1).

Fishers frequently released unwanted species underwater at the collection sites; such fish
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included ornate butterflyfish, saddle wrasses (Thalassoma duperrey), agile chromis (Chromis
agilis), brown surgeonfish (Acanthurus nigrofuscus), and larger chevron tangs (Ctenochaetus
hawaiiensis), longnose butterflyfish (Forcipiger sp.), yellow tang, and goldring surgeonfish.
When the relative importance of the fish caught was compared with their abundance on the reef,
psychedelic wrasse (Anampses chrysocephalus), goldrim surgeonfish (Acanthurus nigricans),
Hawaiian domino damselfish (Dascyllus albisella), and yellow tang had the highest values of
electivity (Table 3).

The mean standard length for the yellow tang caught was 6.1 cm (Table 3, Figure 3).
Additionally, yellow tang caught during November 2008 were significantly smaller (mean = 5.92
cm; n = 2382) than those caught during June/July 2007 (mean = 7.78 cm; n = 251; H = 296.1; p
< 0.001; n = 2633). Yellow tang harvested during November 2008 were bimodally distributed
with the two modes at 5.0 cm and 8.5 cm. Mortality and discarded fish for observations made
during November 2008 over 33 h of fishing effort was <1% (n = 230) of the total catch. The total
number of discarded fish was 216, primarily Chromis agilis (53%), Zebrasoma flavescens
(16%), and Acanthurus nigrofuscus (15%). All discarded fish were either commercially
unimportant (e.g. Chromis agilis), blemished (e.g. natural discolouration and deformation, or
laden with parasites), or injured (e.g. fin damage). Mortality was observed in Dascyllus albisella
(n=7), Zebrasoma flavescens (n = 4), Centropyge loriculus (n = 1), Ostracion meleagris (n = 1),
and Halichoeres ornatissimus (n = 1) on the boat after the fish were decompressed.

Fishers with 0-5 and 21+ years of fishing experience were the two most common groups
reporting they collected fish deeper in response to weak juvenile fish recruitment. Mean fishing
effort per fisher remained constant between 2002 and 2007 at approximately 11 dives per week.

In 2002 and 2007, the estimated mean time per dive was 45 and 52 min, respectively.
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Job satisfaction

Fishers were extremely satisfied (n = 3), satisfied (n = 12), or held neutral opinions (n = 6)
regarding their level of income earned from the fishery; none were dissatisfied or strongly
dissatisfied. Of the fishers surveyed, 71% indicated they would not exit the aquarium fishery if
training for another job that was equally profitable were provided. The difference between those
fishers who would versus would not exit the fishery with job training was significant (H = 12.27;
p < 0.001; n = 21). Fishers with 0-5 years of fishing experience were most willing to exit the
fishery with training for another job that was equally profitable, whereas fishers with 21+ years
of experience were least willing (Figure 4). The difference between respondents who would
encourage versus not encourage younger fishers to enter the fishery was significant (H = 15.75; p
< 0.001; n = 23), and regulations, conflict, competition, and initial start-up costs were reasons
given for not encouraging newcomers. Fishers with 16-20 and 21+ years experience had a
stronger proportional response for encouraging younger fishers to enter the fishery (Figure 4).
Finally, the most consistent responses for what fishers liked most about their occupation included
autonomy and exposure to nature, whereas bureaucracy, conflict, and poor industry reputation

were the most consistent responses for what they liked least (Table 4).

Discussion

To our knowledge this is the first in-depth study investigating the fleet dynamics for any
marine aquarium fishery. Our findings demonstrate that the decisions fishers make regarding the
number of divers, operating depth, technology used, and fishing methods deployed may

influence catch productivity in West Hawaii’s aquarium fishery. Additionally, fishers selectively
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target coral-friendly species such as yellow tang for the marine ornamental fish trade. Finally,
fisher job satisfaction remained high despite declining yellow tang abundance, and fishers with
more experience are less likely to exit the fishery. To that end, we now discuss the implications
of our findings regarding catch productivity and selectivity for yellow tang in West Hawaii, and

then explore the broader implications of our study for global aquarium fisheries.

Harvesting methods and efficiencies

The adoption of new technologies and equipment for catching fish can improve a fleet’s catch
efficiency (Branch et al., 2006; Marchal et al., 2007; Salas and Gaertner, 2004). The use of GPS
by aquarium fishers in West Hawaii likely started during the past decade when the technology
became more readily available and affordable, and GPS is used by some members in the fleet to
chart areas and to mark desirable locations to fish the reef systematically. Robins et al. (1998)
found that fishers increased their catch efficiency by 2 or 3% each year that they used GPS
technology for the first three years, and increased fishing efficiency by 12% over five years,
despite effort reductions of 39% in a prawn fishery in northern Australia. The increasing use of
GPS among fishers in the West Hawaii fishery, revealed by our post-survey interviews, may
therefore also result in increasing fishing efficiency. Similarly, studies have shown that using
nitrox increases bottom time and extends scuba operating days by shortening diver recovery time
(Mastro and Dinsmore, 1989). The increasing use of nitrox in West Hawaii increases the overall
bottom time of fishers and likely contributes to increased catch.

Fishers are often exceptionally knowledgeable about the behavioural characteristics of their
target species (Johannes et al., 2001; Moreno et al., 2007). In West Hawaii, juvenile yellow tang

show strong habitat preferences for finger coral (Ortiz and Tissot, 2008), making them
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susceptible to capture in high densities even when overall abundance is low (Hilborn and
Walters, 1992). Using a dive mask, underwater viewing scope, or scooter to locate yellow tang
decreases search time and hence increases a fisher's catch efficiency. Some aquarium fishers
have learned to capitalize on juvenile yellow tang that avoid swimming over sand patches by
laying materials that mimic sand over the reef to prevent the fish from taking refuge in the coral.
This improves a fisher’s ability to move fish underwater and into their nets. The extent to which
fishers have learned to use these behavioural characteristics of yellow tang is therefore likely to
have a strong potential to affect catch efficiency.

The sale-invoice analysis revealed that fishing team size has a significant effect on catch rates
in West Hawaii’s aquarium fishery, because larger teams augment processes associated with
searching, setting net (net management), and moving and corralling fish. Additionally, this is the
first time that differences in the net designs applied in aquarium fish collections (cross- vs.
multiple-net designs) have been documented for the West Hawaii fishery. It is uncertain if the
multinet design is more efficient at catching fish because more fishers are generally needed to
deploy it, or if having multiple nets decreases its efficiency. Future studies examining the
differences in catching power between these methods may well be fruitful, because catching
power may vary significantly.

The cumulative effects of adopting new technology and equipment, acquiring knowledge
about target species behaviour as experience is gained, and variation in fishing team size have
likely influenced catch efficiency and hence catch rates. These dynamics will likely change over

time and influence overall catch productivity as fisher turnover rates fluctuate.

Effort allocation
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Understanding fishing-effort allocation is important for effective fisheries management
(Hilborn, 1985). In dive fisheries, effort is usually associated with physical limitations, such as
ability and willingness to take risks (Béné and Tewfik, 2001). Nitrogen accumulation in fishers is
a risk associated with fisheries requiring scuba, and these risks limit fishing effort. Therefore, it
was not surprising that fishing effort, measured as the number of dives per week, remained stable
between 2002 and 2007. Because of these limitations, it also appears unlikely that changes in
fishing effort will influence future catch rates significantly in West Hawaii’s aquarium fishery,
unless new methods or technologies allow fishers to overcome the physical limitation associated
with conventional scuba diving.

An interesting adaptation of fishers to the strength of recruitment of juvenile reef fish was the
change of preferred dive depth, with a shift to deeper when juvenile fish recruitment was
perceived as weak, particularly among fishers with 0-5 and 21+ years of experience. Recruiting
and juvenile yellow tang commonly inhabit deep, coral-rich reefs, sandy rubble, mid-depth reefs,
and boulder habitats. They then migrate to shallow turf-rich boulder habitat as they mature (Ortiz
and Tissot, 2008; Claisse et al., 2009). Deeper water can act as a refuge for juvenile fish and
other species commonly targeted in coral reef fisheries (Tyler et al., 2009). Shifting reef fish
harvesting deeper when recruitment is weak may allow fishers to maintain high catch
productivity by increasing their operating area and allowing them to target recruits (as opposed
to shallower juveniles) and other species not typically caught. At the same time, this behaviour is
likely to affect depth-refuge benefits negatively (Morato et al., 2006). Additionally, fishers
mentioned in interviews that newly recruited fish are more sensitive to chemicals used to control
parasites and diseases in exporter holding facilities, making them more susceptible to mortality.

In turn, post-collection mortality from handling, holding, and shipping in the aquarium fish trade
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presumably increases fishing pressure, because fishers will harvest more fish to offset losses
(Wood, 2001b). As mentioned above, fishers who use scuba are physically limited by the
number of dives they can complete safely, so greater post-collection mortality may not
encourage fishers to dive more frequently, although it may encourage them to work harder to
replace the lost catch the next time they dive, which may influence catch productivity.

A comparison of our results on catch composition with previous state-wide reports in Hawaii
shows that catches from the aquarium fishery have become much more specialized on
surgeonfish, particularly yellow tang, in the past ten years. Previously, aquarium fishers targeted
a more diverse catch, including corallivorous reef fish (Miyasaka, 1994). For example, in the
1970s, surgeonfish and butterflyfish comprised ~40% and ~30%, respectively, of the total catch
in Hawaii (W. Walsh, pers. comm.). This stands in stark contrast to the overwhelming
importance of yellow tang and other surgeonfish in the catch recorded in this study, with
butterflyfish contributing a mere 8% to the catch. This change in relative importance cannot be
explained by changes in abundance in the wild, but rather reflects active choice by fishers, as
indicated by high positive electivity (i.e. higher relative importance in the catches than the
relative abundance on reefs would suggest) for species such as goldrim surgeonfish and yellow
tang, and avoidance of species such as Chaetodon multicinctus. The electivity data also show
that fishing pressure diverges between species. The underlying reason for the shift from
butterflyfish to surgeonfish may lie in market dynamics. In particular, one interviewed aquarium
fish exporter in Hawaii and one US-based wholesaler stated that home aquarium keepers have
shifted away from buying corallivorous reef fish (e.g. ornate butterflyfish) because they are
problematic when placed in live coral tanks, which have grown increasingly popular since the

mid-1990s (Rhyne et al., 2009). Additionally, fishers told us that soft-bodied fish, e.g.
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butterflyfish and angelfish, are more prone to mortality, making the hardier surgeonfish more
desirable for aquarium fishers and home aquarium-keepers. The hypothesis that catch
composition is strongly influenced by active choice of fishers is further supported by the
observation that fishers in our study frequently released certain species underwater immediately
after capture, primarily multiband butterflyfish (Chaetodon multicinctus) and ornate
butterflyfish. The choice for increasingly selecting coral-friendly surgeonfish may explain the
amplified number of yellow tang caught in West Hawaii’s aquarium fishery over the past decade.

In contrast, not all patterns in catch characteristics observed in this study were determined by
fisher choice alone. In particular, a straightforward explanation for the differences in yellow tang
size in catches in early summer 2007 and autumn 2008 lies in the recruitment patterns for this
species. Fishers preferably target juvenile yellow tang that have grown for at least three months
after recruiting to the reef, because this allows the fish to reach market size and increases
survivorship in exporting holding facilities. Recruitment of yellow tang is strongly seasonal, with
the main peak in late spring and summer (Bushnell et al., 2010). This means that fish would
reach harvestable size for the first time in autumn, which explains the small mean harvested size
in November. By the following spring, these fish would have grown, consistent with the higher
mean harvested size of yellow tang then.

Generally, the bulk of catch for most regional aquarium fisheries focuses on a few key species
(Wood, 2001a). These species-specific fisheries have greater potential to impact ecosystem
functioning than fisheries with a more diverse exploitation strategy (Zhou et al., 2010), a concern
for marine ornamental fisheries (Rhyne et al., 2009). The increasing trend towards selecting
herbivorous reef fish to accommodate coral-friendly home aquarium tanks is potentially

problematic on a global scale given the international nature of the industry, but particularly in
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Hawaii where low abundance of herbivorous reef fish coupled with increased anthropogenic
nutrient inputs can facilitate ecological phase shifts (Smith et al., 2001; Tissot and Hallacher,
2003). Considering that yellow tang in Hawaii are among the most abundant herbivores on the
reefs, and that catches of juveniles for the aquarium fish trade result in declines in adult
abundance (Claisse et al., 2009), the fishery for yellow tang could ultimately be reflected in
declining levels of herbivory. In addition, several larger herbivorous species in Hawaii are
overexploited by food fisheries (Williams et al., 2008), meaning that the synergistic effects of
different fisheries may jointly affect herbivory level.

In this context, sustainability of the aquarium fishery is an important consideration. The
significant decline in abundance of yellow tang over the past 12 years in areas open to fishing
despite closing ~35% of the coastline to fish harvesting, and the +75% greater abundance of
yellow tang inside the MPAs vs. outside underscores the fact that the fishery is having a strong
effect on its resource (Williams et al., 2009). Unfortunately, despite the increase in fish
abundance inside the MPAs, the MPAs may in part be responsible for the decline in the resource,
because they concentrate fishers into fewer areas, while increasing (or at least maintaining) pre-
MPA fishing pressure by allowing the numbers of fishers to increase over time. At the same
time, the resilience of fish populations to continuous fishing appears to be relatively good,
considering that reef fish have been harvested for the aquarium trade in West Hawaii for
decades. This suggests that the aquarium fishery has the potential to be sustainable if catch levels
could be controlled better; however, further biological and socio-economic research in this
direction is necessary.

Despite their high value, our finding that few fishers target deep-water species such as

Chaetodon tinkeri and Apolemichthys arcuatus with any regularity is likely explained by the
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necessity to dive to >60 m to capture these species. Diving at such depths necessitates more
logistical planning, can only be performed for short intervals, and incurs greater physical risks
that often outweigh the potential benefits. However, if new equipment, e.g. a closed-circuit
breathing apparatus or blended gas mixtures, replaces conventional scuba, the accessibility to
harvest deep-water species will increase. Population assessments for deep-water fish have not

been performed, so it is uncertain if existing fishing pressure is impacting these species.

Job satisfaction

Although fisher income satisfaction was high, nearly all fishers indicated that non-monetary
benefits generated from the fishery are what they liked most about their occupation (Table 4).
This may explain the retention of older fishers despite the arduous labour associated with the
fishery. However, the fact that fishers with 0-5 years of experience were more likely to exit the
fishery if training for another job with equal income potential was available suggests that
economic stimuli may be more important for newer operators. It is intriguing that despite a 45%
decline in yellow tang abundance in areas open to fishing (Williams et al., 2009), most fishers
are still satisfied with their occupation. This may support the hypothesis that non-monetary
benefits and psychocultural needs influence job satisfaction (Anderson, 1980; Pollnac and
Poggie, 1988, 2006; Smith, 1981). At the same time, considering that the total catch of yellow
tang has not decreased despite their decline implies that the fishery remains profitable. In the
end, both monetary and non-monetary benefits from the fishery could be operating

synergistically to produce high levels of job satisfaction.

Conclusion
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To our knowledge, this is the first study to have investigated fishing fleet dynamics for a
marine aquarium fishery. Our results indicate that changes in fleet dynamics can significantly
influence catch productivity (i.e. the number of fish caught) and selectivity (i.e. the targeted
species). We have shown that aquarium fishers in West Hawaii use and adopted new technology
and methods for capturing reef fish, and that dive team size significantly influences catch
productivity for yellow tang. Additionally, job satisfaction is high and non-monetary incentives
are important to aquarium fishers, which may encourage some fishers to maintain participation in
the fishery despite declining fish stocks. Finally, the increased selection of coral-friendly fish by
fishers is likely associated with consumer demand that has consequently put greater pressure on
surgeonfish and contributed to the increased catch of yellow tang. Although reef fish abundance
is significantly greater in the MPAs, it is unlikely that juvenile spillover dynamics have
contributed significantly to the increased number of yellow tang caught since their
implementation. We also acknowledge that Hawaii experienced exceptionally high juvenile
yellow tang recruitment in 2009, which was potentially associated with the MPAs and may have
influenced catch rates via replenishment (Christie et al., 2010). We argue that changes in fleet
dynamics influenced by fisher behaviour and consumer demands for surgeonfish better explains
the discrepancy between increasing catch rates and decreasing relative abundance of yellow tang
in areas open to fishing in West Hawaii.

Although our study is regionally focused, the aquarium fish trade is a global industry. Our
findings regarding effort allocation and harvesting efficiencies enhance our understanding of
factors influencing the harvest of reef fish and therefore have the potential to contribute to the

development of appropriate management strategies. In particular, in addition to developing
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management plans based on reef-fish abundance or fish import/export data for the aquarium

trade, our results show that it will be essential to understand how and where fishers operate.

Supplementary material
Supplementary material on fisher response demographics for the 2007 survey effort is available

at ICESJIMS online, as Figure S1.
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Tables and Figures

Table 1: Fisher dive and operating depth preference during perceived strong
and weak recruitment years for reef fish in 2007.

Optimal Recruitment Suboptimal Recruitment
Depth (m) (%) (%)
O0and 12 18.2 13.0
12.5and 18 72.7 435
18.5and 24 9.1 39.1
> 245 0 4.3
N 22 23
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Table 2: Fisher responses as a percentage (%) for adjusting
to perceived weak juvenile fish recruitment in 2007

Collected fish at deeper depths

Collected larger, older fish

Depended more on a preexisting, non-fishing job
Increased fish collecting intensity

Took a new job

Sold my boat, property, equipment, or gear
Relied on government assistance

Relied more on other fisheries

Other

N

26.5%
20.6%
17.6%
8.8%
5.9%
2.9%
2.9%
2.9%
11.8%
21
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Table 3. Target species size and Ivlev’s electivity index values (Ei) from 2007 and 2008

in situ catch analyses.

Mean Standard ~ Standard Range

Species Length (cm)  Deviation (cm) n Ei

Zebrasoma flavescens 6.1 1.61 3.0-128 2633 0.52
Ctenochaetus strigosus 7.8 1.10 40-115 583 -0.38
Naso lituratus 13.0 3.00 75-200 73 0.18
Forcipiger flavissimus 9.7 1.40 75-125 46 0.36
Dascyllus albisella 9.6 1.20 72-115 35 0.52
Acanthurus achilles 8.2 2.0 3.0-120 34 0.40
Chaetodon multicinctus 7.0 0.90 56-8.9 20 -0.83
Halichoeres ornatissimus 9.9 1.40 6.8-11.5 20 -0.59
Myripristis berndti 13.2 0.80 12.0-140 17 -0.25
Acanthurus olivaceus 12.2 3.60 85-215 16 0.07
Ctenochaetus hawaiiensis 6.4 6.40 3.5-130 14 0.07
Anampses chrysocephalus 9.1 1.30 7.3-12.0 13 0.90
Acanthurus nigrofuscus 7.1 1.10 51-97 12 -0.94
Acanthurus nigricans 8.4 1.20 7.0-10.5 11 0.53
Sufflamen bursa 114 2.00 7.0-13.7 10 -0.48
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Table 4. Fishers’ stated preference for what they liked most and least
about West Hawaii’s aquarium fishery in 2007.

Most (%) Least (%)

Exposure to nature 25.8 Bureaucracy and conflict 20.7
Autonomy 25.8 Poor industry reputation 17.2
SCUBA diving 12.9 Bad weather 13.8
The challenge 9.7 Poor water conditions 13.8
N 23 N 23
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Figure 1. Aerial view of cross net (a) and multiple net (b) designs. The dashed hook net

represents the re-set on the opposite cross net end.
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Figure 2. The mean number of yellow tang caught per trip (a) and per person per trip (b) were
significantly influenced by the number of divers per fishing team.
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Figure 4. Proportional response of fishers who reported willingness to 1) exit the aquarium
fishery in West Hawaii if training for another job with equal income earning potential was
provided and 2) encourage new fishers into the fishery by years of fishing experience.
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Figure S1: Response demographics for fishers surveyed in 2007 showing: (a) fisher age classes (n =
22); (b) years of fishing experience (n = 22); (c) number of fishing days per week (n = 23); and (d)

location of fishing permit acquisition (n = 23).
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Abstract

Marine protected areas (MPAS) have been implemented across the globe to protect marine
biodiversity, critical habitats, and to enhance commercially harvested fish stocks. Although
ecological effects of MPAs are well documented, their impacts on fishing communities and the
spatial distribution of fishing effort remains elusive and poorly understood. In 1999, a MPA
network was implemented to protect against perceived declines of reef fish harvested for the
aquarium trade on the island of Hawaii. We investigated how the MPA network altered the

spatial distribution of fishing effort and impacted perceived fisher socioeconomic well-being
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and fishing operations, as well as if the economic and catch benefits offset costs in the newly
established non-MPA fishing areas. Data were collected using social surveys, experimental
fishing, and catch reports. The results suggest the MPA network significantly displaced fishing
effort from the central to the northern and southern coastal regions of the island farther from
ports of entry. Estimated catch revenues and experimental catch per unit effort were statistically
greater as distance from port of entry increased. Perceived fisher socioeconomic well-being was
unaffected, but perceived fishing cost and travel time increased significantly post-MPA network
implementation. Although the MPA network displaced fishing effort, fisher socioeconomic
well-being was not compromised likely because they expanded their operating range and
favorable market factors helped offset potential economic losses. Our findings are relevant
because they help clarify how MPA networks alter spatial fishing behavior and impact the well-

being of small-scale fishers.

Keywords: Marine protected areas (MPAS); Fishing displacement; Socioeconomic impacts;

Marine ornamental fisheries; Spatial fisheries management; Hawaii

1. Introduction

Marine protected areas (MPAS) have been implemented across the globe to protect marine
biodiversity and critical habitats and enhance commercially harvested fish stocks (Roberts et al.,
2005). The theory for using MPAs to enhance fisheries is that they provide refuge for adult
spawning fish that replenish adjacent waters via larval dispersal or adult density dependent
movement (Russ et al., 2004). Although the ecological benefits of MPAs are well documented,

albeit their efficacy for protecting biodiversity remains controversial (Mora and Sale, 2011), their
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impacts on fishing communities and social dimensions remain elusive and poorly understood
(Masica et al., 2010). Often the process for developing, implementing and managing MPAs is
driven by scientists who focus on biological metrics and often put the interests of fishes over the
well-being of fishing communities (Christie et al., 2003, Capitini et al, 2004; West et al., 2006;

Mascia et al., 2010).

One anticipated outcome of MPAs on fisheries is the displacement of fishing effort post-
implementation (Mascia and Claus, 2009; Rassweiler et al, 2012). Several studies have shown
that MPAs can affect fishing behavior by reallocating fishing effort to less desirable areas and/or
encourage fishers to aggregate near MPA boundaries (Kellner et al., 2007; Stelzenmiiller et al.,
2008; Forcada et al., 2009). Randomly placed MPAs that are introduced when a fishery is
poorly understood can also reduce expected profits (Rassweiler et al, 2012). These responses
can consequently influence individual fishers, fisher households, and fishing communities by
modifying catch rates, and thus revenue, and encourage conflict as a result of crowding (Charles
and Wilson, 2009; Mascia and Claus, 2009, Valcic, 2009). Despite the concern about how
MPAs may displace fishing effort and impact the well-being of fishing communities, there have
been few empirical studies that actually quantify displacement and the resultant effects (Agardy

etal., 2011).

It is estimated that small-scale fisheries employ significantly more people and are more efficient
at catching roughly the same amount of fish for human consumption compared to large-scale
operations, so the social benefits and environmental impacts from small-scale fisheries are

significant (Pauly, 2006). The impacts MPAs have on small-scale fishing communities are of
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particular concern because these fisheries generally operate within a narrow spatial range in
nearshore marine environments and fisher mobility is usually more restricted compared to larger-
scale fishers due to smaller vessel size (Garcia et al., 2008). Therefore, small-scale fishers can
lose a significant percentage of their fishing grounds when MPAs are implemented (Mascia,
2004); however, if mobility is not a concern, the economic cost of foregone fishing opportunities
within MPAs may not be incurred by small-scale fishers since they may offset the loss of access
by continuing their activities in non-MPA areas (Mascia, 2004). The number of studies
attempting to understand the impacts of management on small-scale fisheries are scant, and as a
result understanding how best to manage these fisheries remains rudimentary and data deficient

(Salas and Gaertner, 2004; Abernethy et al., 2006; Johnson et al., 2012).

Reef fish harvested for the aquarium fish trade is an example of a small-scale fishery where
approximately 30 million wild fish are harvested from tropical coral reef ecosystems annually
from 45 countries (Tissot et al., 2010). Many fish harvested for the aquarium trade originate
from countries where employment opportunities are scarce and therefore the industry provides an
important source of income and employment, particularly in the tropical Pacific (Reksodihardjo-
Lilley and Lilley, 2007; Teitelbaum et al., 2010). Most aquarium fisheries are considered small-
scale because fishers operate individually or in small groups using snorkel, SCUBA, or hookah
equipment on modest boats and conduct day or short overnight fishing trips (Wilhelmsson et al.,
2002; Ryan and Clarke, 2005; Stevenson et al., 2011). This study examines the effects an MPA

network had on a small-scale live-caught aquarium fishery in Hawaii.
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An MPA network was implemented in 1999 on the west coast of the island of Hawaii
(hereinafter West Hawaii) to alleviate conflict between aquarium fishers and other marine
resource users as well as encourage sustainable marine resource management (Capitini et al.,
2004). The network comprised nine fish replenishment areas (FRAs), where take of any reef fish
for the aquarium trade was illegal, and when combined with existing MPAs, these FRAs closed
35.2% of the total coastline to aquarium fishing (Tissot et al., 2009). Despite these closures the
region’s aquarium trade continues to export the largest quantity of reef fish from the state and the
price for yellow tang (Zebrasoma flavescens), the primary species harvested, increased by an
average of 33% since the MPA network was implemented (Tissot et al., 2009). Despite the
dramatic increases in yellow tang abundance inside the MPAs, their numbers significantly
declined by ~45% between 1999 and 2007 in areas that remained open to fishing (Williams et al.

2009).

The West Hawaii aquarium fishery is one of the State’s most lucrative nearshore fisheries
(Division of Aquatic Resources, 2010). Aquarium fishers in this region often perform day or
short overnight trips, operate individually or in small groups of two or three people, and use
SCUBA and barrier nets to capture fish (Stevenson et al. 2011). Most of them are between the
ages of 40 and 60 years, have remained active in the fishery for more than 20 years, and fish
approximately 3-4 days per week (Stevenson et al. 2011). Although the aquarium fisher
population in West Hawaii remains relatively small, it has grown over the years. In 1999 there
were 36 people holding aquarium fishing permits, while in 2007 there were ~67 people holding
permits [the inconsistent number of people reported holding aquarium fishing permits stated in

chapter two was a resulted of the DAR fishing permit database]. The number of issued permits

48



can be misleading for determining the number of “active” aquarium fishers because many people
hold unused permits. However, the number of permit holders harvesting > 1000 yellow tang per
year either individually or as part of a larger group reporting catch as a single group is much
smaller (Williams et al. 2009). For example, in 1999 there were ~19 fishers who reported
catching > 1000 yellow tang per year, while in 2007 there were ~39 fishers who qualified under
this criterion. Using the Williams et al. (2009) cutoff criterion, the Division of Aquatic
Resources (DAR), the state agency responsible for managing the aquarium fishery in Hawaii,
estimated there were between 14-17fishers who remained active in the fishery between 1999

(pre-MPAs) and 2007 (post-MPAs), while ~5 fishers left the fishery during this same period.

We investigated whether the MPA network in West Hawaii spatially displaced fishing effort and
impacted perceived fisher socioeconomic well-being and fishing operations. Additionally, we
investigated whether economic and catch benefits potentially offset costs in the newly
established non-MPA fishing areas. The importance of these questions are underscored by
recent studies examining similar relationships (Masica et al., 2010; Graham et al., 2011; Christie,
2011; Rassweiler et al, 2012). We believe our results contribute to understanding how MPAs
affect small-scale fishing communities and the growing body of literature for managing the
global marine aquarium fishery. Additionally, this study is one of few to concurrently examine
fishery dynamics in conjunction with socioeconomic indicators to measure how MPAs impact

small-scale fisheries.

2. Methods

2.1.Data Collection
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Data were collected via social surveys, State fishing reports, and experimental fishing to evaluate
how the MPA network influenced fisher socioeconomic well-being and fishing operations,

fishing displacement, and estimated spatial-catch revenue relationships, respectively.

2.1.1. Social Surveys

In 2007, post-test surveys were mailed to aquarium fishing permit holders to examine how the
MPA network influenced their socioeconomic well-being and fishing operations; however, we
were only interested in capturing feedback from the ~39 active fishers reported in Williams et al.
(2009), with particular interest on fishers who remained active pre- and post-MPA network
implementation. Each permit holder received a questionnaire, letter of purpose, and a self-
addressed stamped envelope for returning their completed responses. These surveys packets

were mailed by the DAR on behalf of the authors to protect fisher confidentiality.

In addition to mailing the survey packets, non-probabilistic sampling was also employed, which
may constrain data inferences but are appropriate for exploratory purposes (Cinner et al., 2012).
Because the actual population of active fishers was unknown, but estimated at ~39 people,
survey packets were also disseminated using a snowball approach (i.e., chain referral). This
approach is ideal for researching sensitive issues involving groups of people who are dispersed
and difficult to identify and was performed because there was concern fishers would not respond
favorably to mailed questionnaires from the DAR given the historical tension associated with
this fishery (Biernacki and Woldorf 1981; Capitini et al., 2004; Maurin and Peck, 2008; Tissot et
al., 2009). The completed exploratory surveys complement the catch report analyses detailed

below and we do not generalize the findings from these surveys beyond the sampled population.
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Fishing activity level was assessed by asking permit holders how often they fished and any
respondent indicating they fished at least once per month were classified as “active.” The
justification for this criterion is based on the assumption that fishers catch > 100 yellow tang per
month. This assumption is supported by the following: 1) the average fisher completes 3-4 dives
per trip and can average ~100 fish per dive-hour (Stevenson et al., 2011); 2) yellow tang
comprise approximately ~80% by number and ~70% by value of aquarium landings from West
Hawaii (Williams et al. 2009); and 3) it is not uncommon for fishers to report catching > 1000
yellow tang per month (Williams et al. 2009). This assumption implies fishers harvest > 1200
yellow tang per year, which is similar to the value used by Williams et al. (2009) for defining an
“active” fisher. All twenty-three surveys returned were from permit holders who met our
“active” fisher criterion. This resulted in a response rate of approximately 59% when using the

estimated number active fishers (n=39) identified by Williams et al. (2009).

Five point Likert scale questions were used to evaluate perceived changes in fisher
socioeconomic well-being and fishing operations pre- and post-MPA implementation, where
responses ranged from much worse to much better. The socioeconomic well-being attributes
investigated included fisher health, economic status, occupation, bank savings, and family. These
attributes were chosen because MPAs may impact fisher income (Valcic, 2009), which in turn
may influence their overall health and well-being (Bloom and Canning, 2000; Pollnac and
Crawford, 2000; McBride, 2001; Pomeroy et al., 2007; Graham et al., 2011). These attributes
are proxies for socioeconomic well-being that could be influenced by other factors potentially

unrelated to the MPA network. The fishing operation attributes investigated included fishing
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time, cost, success, and distance traveled to fishing sites. These attributes were selected because
they can be influenced by MPAs post implementation (Smith and Wilen, 2003; Pomeroy et al.,

2007; Charles and Wilson, 2009).

Fishers were also asked to state their fishing and boat launching location preferences along West
Hawaii’s coastline. We used the term “port” to describe any site where people launch their
boats. Understanding these dynamics are important because fishers often operate in close
proximity to where they launch (Prince and Hilborn, 1998; Oostenbrugge et al., 2001; Forcada et
al., 2009) and MPAs may spatially alter fishing access and often impinge on travel time and

operating costs (Mascia and Claus, 2009).

Fishers were also asked what alternative income generating activities they would pursue if they
were not aquarium fishing to examine if the economic incentives associated with the fishery are
greater than the preferred alternatives. This was assessed using open ended questions and
responses were categorized as 1) a trade (e.g., construction, etc.), 2) another fishery, 3) service
and retail (e.g., healthcare), or 4) unsure. Income potential plays a role in job retention and it
would presumably be counterproductive to exit a fishery if it resulted in downward economic

mobility (Carless and Arnup, 2011; Daw et al., 2012).

Lastly, fishers were asked to dichotomously indicate whether they perceived more fish available
for harvest at or near the MPA boundaries. Several studies have documented fisher profiles
concentrating effort around MPA boundaries to capitalize on adult fish spillover (McClanahan

and Kaunda-Arara, 1996; Murawski et al., 2005; Kellner et al. 2007); however, these profiles
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likely correspond to how specific species respond to closures, which may not apply to a fishery

that primarily targets juvenile reef fish like the aquarium fishery.

2.1.2. Fishing Reports

Aquarium fishers are required by State of Hawaii to submit monthly catch reports. When fishers
submit their catch reports they indicate the catch reporting zone where they have invested their
time fishing (Fig. 1). These reports were used to examine if the MPA network displaced fishing
effort before versus after it was implemented. We analyzed the annual total number of fishers
reporting per catch zone between 1990 and 2008. Additionally, the change in the mean number
of reports by catch zone pre- and post-MPA network implementation was also investigated,
where 418 monthly reports were from 1990-1999 (pre-MPA network) and 426 monthly reports
were from 2000-2008 (post-MPA network). Fishers who harvest from multiple zones per month
were instructed to complete a separate report for each zone. Like most self-reported fishery
logbooks, it is speculated there are some discrepancies with the catch reports (Walsh et al.,
2004); however, the social surveys examining preferred launching and fishing sites per zone was

used to complement the effort allocation catch zone analyses.

2.1.3. Experimental Fishing and Economic Indicators

In 2008, cooperative experimental fishing with aquarium fishers was performed at ten sites along
West Hawaii’s coast over a ten day period in November. The objective was to determine if
estimated catch revenues changed as a function of distance from ports of entry as well as MPA
boundary versus non-MPA boundary sites. These sites included five MPA boundary sites and

five non-MPA boundary sites spread between West Hawaii’s north and south ends. All sites
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were selected based on the presence of contiguous deep coral-rich habitat with finger (Porites
compressa), lobe (Porites lobata), and mixed coral, as well as in uncolonized rubble at depths
between 8 and 30 m. These habitat and depth criteria are preferred by juvenile yellow tang

(Walsh, 1984; Ortiz and Tissot, 2008), which is the primary focus of the fishery.

Fishing time was recorded at the beginning of each SCUBA dive and ended upon breaching the
water surface. The fish were caught by aquarium fishers using crossnet methods described in
Stevenson et al. (2011). We identified and counted the captured fish to the species level on the
boat for each dive. Three dives, or fishing efforts, were performed at each of ten sites (n = 30).
Experimental catch per unit effort (CPUE) was calculated using the fishing time and number of
fish caught per dive. The same two fishers were used at each site to control for variation in
catchability. Geographic coordinates were recorded using a GPS system at each moored fishing
site and all dives were conducted within a 180 m radius from the boat. ArcGIS was used to
measure the average distance between a given port of entry and fishing sites. Estimated catch
revenues were calculated on a per dive basis by multiplying the average annual sale price per
species in 2008 by the number of species caught in 2008. The average sale price per species was
obtained from Hawaii’s Division of Aquatic Resources. Fuel expenditures were calculated by
multiplying the average fuel consumption rate for the boat used by the daily average retail fuel
price for Hawaii County in 2008, and then multiplying that figure by the round trip distance from
a port of entry to a fishing site divided by the number of dives per site. The average daily retail

fuel price for Hawaii County was obtained from the Oil Price Information Service.

2.2. Data Analysis
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Data were analyzed using MiniTab version 15 and results were considered significant at p <

0.05. All statistical assumptions were met for each respective test.

2.2.1. Socioeconomic Well-Being and Fishing Impacts

The survey data collected for evaluating how the MPAs impacted fisher socioeconomic well-
being and fishing operations were analyzed using a non-parametric one-sample Sign test to
determine if the median response by fishers was significantly different from the unchanged
response option. This test is appropriate for ordinal data (Siegel, 1988). Because we were
interested in understanding how the MPA network influenced these attributes, only responses
from fishers who indicated they remained active in West Hawaii’s aquarium fishery pre- and

post-MPA network were analyzed (n=15).

2.2.2. Fishing Effort Displacement

A two-way ANOVA and two-sample t-tests were used for analyzing the catch report data to
determine the interactions and changes in fishing effort allocation before and after the MPA
network catch zones, respectively. The level of significance was adjusted for the two sample t-
tests to correct for the number of tests performed. The data were transformed using square root

transformation to obtain data normality and homoscedasticity.

All survey responses received were analyzed to assess preferred fishing (n=22) and boat
launching locations (n=21). Responses were coded using the State’s nearshore catch zones that
we refer to as “north”, “northwest”, “west”, “southwest”, and “southeast” (Fig. 1). The north

and northwest zones were grouped because launch sites do not exist in the north but people fish
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that region. The proportional difference between preferred launching and fishing zones was then
calculated. A negative value indicated a preference for launching in a particular zone, while a
positive value indicated a preference for fishing a particular zone. Lastly, completed responses
from all surveys indicating alternative income generating activities if aquarium fishing was not
pursued (n=20) and perceptions about potential fishing opportunities near the MPAs (n=19) were

summarized as percentages.

2.2.3. Spatial-Catch Value Relationship and Spatial Analysis

The relationships between estimated catch revenue and experimental CPUE as a function of
distance to port of entry were analyzed using linear regression. Experimental CPUE from MPA
boundary and non-boundary sites were aggregated and compared using a two-sample t-test. The
percentage of coastline designated within an MPA per catch zone and total coastline length were
calculated using ArcGIS. The summed MPA portions were divided by respective zone lengths

and the overall coastline length to give the proportion of protected area in each zone (Fig. 1).

3. Results

3.1.Socioeconomic Well-Being and Fishing Impacts

Fishing cost and distance travelled were perceived to have significantly worsened while
economic status was perceived to have significantly improved post-MPA network establishment
(Table 1). All other attributes remained statistically unchanged. Most respondents preferred
launching their boats within the west catch zone but preferred fishing in the other three zones,
particularly in the two southern regions (Fig. 2). Additionally, the fishers who responded (84%,

n=16) did not believe there were more fish available for harvest at or near the MPA boundaries.
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Therefore, although 56% of the west catch zone was designated within the MPA network (Fig. 1)
and fishers held negative perceptions regarding harvesting opportunities near the MPAs, they
continued launching from this zone knowing travel to fishing grounds was likely farther. Lastly,
fishers who responded stated they would pursue work in the trades (30%, n=7), another fishery
(26%, n=6), or in the service and retail industry (22%, n=5) if they were not aquarium fishing,
while others remained uncertain about what they would pursue as alternative income generating

activities (22%, n=5).

3.2.Fishing Effort Displacement

A two-way ANOVA showed a significant statistical interaction in fishing effort between catch
zones before and after the MPA network was implemented (n =94, F =9.50, df =4, 85, p <
0.001). Fishing allocation before versus after MPA network significantly increased in the
southwest (n =19, T =-3.13, df = 16, p = 0.007) and northwest (n =19, T =4.44,df = 15, p <
0.001) catch zones, and significantly decreased in the west catch zone (n =19, T = 3.10, df = 15,
p =0.007) (Fig. 3). Therefore, establishing the MPA network redistributed fishing effort from
the western catch zone, where the majority of MPAs were implemented to other catch zones in

the north and south. These abrupt changes were clearly evident when examined longitudinally

(Fig. 4).

3.3.Spatial-Catch Value Relationship
Estimated revenues (r* = 36%, F = 15.9, df = 29, p < 0.001) (Fig. 5) and experimental CPUE (r*
= 26%, F=9.93, df = 29, p < 0.004) significantly increased as distance from fishing sites

increased from the port of entry. Experimental CPUE and estimated catch revenue were highest
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at the two most southern sites located within the south catch zone. Estimated revenue equaled
fuel expenditures at approximately 60 km from a given port of entry (Fig. 5). Aggregated
experimental CPUE was significantly higher (T = -2.57, df = 26, p = 0.016) at non-MPA

boundary (~124 fish/hr) versus MPA boundary sites (~84 fish/hr).

4. Discussion

Scientists have recently been concerned with how management actions, such as the
implementation of MPAs, influence fishing effort allocation and fisher well-being (Forcada et
al., 2009; Kellner et al., 2007; Mascia et al., 2010; Graham et al. 2011; Rassweiler et al., 2012).
The establishment of West Hawaii’s MPA network was associated with the displacement of
fishing effort away from the central fishing zone where the majority of MPAs were established —
the same zone containing the largest and most heavily used ports of entry. It does not appear the
redistribution of fishing effort negatively impact fishers’ perceptions regarding their economic
status, bank savings, family, health, or occupation, but fishers believed the MPA network was
responsible for increasing fishing cost and distance traveled to fishing sites. The latter point is
likely attributed to the fact that fishers prefer launching their boats in the western catch zone but
also prefer fishing in other zones, which necessitates increased travel and thus increased cost.
This could be explained from the results of our experimental fishing that showed estimated catch
revenues and experimental CPUE increased with distance from ports of entry, which may serve
as an incentive for traveling farther. However, it does not always make economic sense to travel
farther from a given port of entry, as we found estimated revenues and fuel expenditures were
equal at approximately 60 km round trip distance from ports of entry; after that point fuel

expenditures exceeded estimated revenues.
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We empirically showed that the MPA network in West Hawaii displaced fishing effort farther
from the western catch zone, which is not surprising given 56% of the coastline within that zone
was designated as an MPA (Fig. 1). Many buyers of reef fish caught for the aquarium trade in
West Hawaii are located onshore within the western catch reporting zone near the main city of
Kailua-Kona and the adjacent international airport. Launching from the western catch reporting
zone allows fishers to keep their catch alive while traveling from fishing locations by flushing
their live-wells with seawater. Launching from ports farther from Kailua-Kona would
necessitate longer travel by land, making seawater replenishment difficult and thus increasing the
likelihood of higher fish stress and mortality. This may partially explain why many fishers
preferred launching their boats from the western catch reporting zone and why they perceived the
MPA network increased travel time and fishing costs. This was validated by a longstanding
fisher who claimed the MPA network forced him to travel farther, which increased gas
consumption and wear and maintenance on his boat. Increasing travel time could unintentionally
encourage careless fishing practices to recover the cost of longer trips and reduce the length of
time at sea (McManus, 1997). For example, inadequately decompressing fish, overloading
onboard live-wells with fish, poor anchor placements on reefs, and intentional reef
destruction/manipulation are practices that may ensue as travel distance increases in live caught
fisheries — we speculate these practices could lead to poorer quality of fish, higher rates of fish

mortality, and reef damage.

Fishers will often adjust their harvesting strategies to increase their yield when faced with

inclement weather, access limitations, and fish price fluctuations in open access fisheries (Wilen,
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2004; Kellner et al., 2007; Monroy et al., 2010). In West Hawaii, fishers were displaced by the
MPA network but adjusted to this spatial change by expanding their operating range, which
allowed them to maintain reasonably high fishery yields (Williams et al., 2009). The idea that
CPUE increases farther from port of entry is supported by optimum utilization theory and the
“friction of distance” concept, which predicts resources will be exploited more aggressively
closest to ports and fishery yields will increase farther from port where harvesting pressure is

lower (Gordon, 1953; Caddy and Carocci, 1999).

A concern with displacing fishing post-MPA implementation is the reestablishment and
concentration of fishers in new areas, which can encourage resource depletion as well as
competition and conflict between fishers (Himes, 2003; Valcic, 2009). Although there is
evidence of adult yellow tang spillover and larval dispersal from within West Hawaii’s MPA
network (Williams et al., 2009; Christie et al., 2010), the gradual decline in their abundance in
waters remaining open to fishing implies fishing mortality is likely greater than the rates of
replenishment from the network. One West Hawaii aquarium fisher explained how the MPAs
did not influence their collection time or success, but fishers were catching fewer fish because
they were aggregated into smaller areas and consequently those areas were experiencing intense
harvesting pressure. This may have negative implications on the fishing community, fishery
resource and ecosystem by inadvertently crowding fishers and encouraging overfishing in areas

that remain open (Valcic, 2009).

Although we anticipated the MPA network would impose some negative perceived impacts on

fisher socioeconomic well-being, we were unable to detect any support for this assumption. This
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may be explained by influences from exogenous economic factors and spatial fishing adaptations
post-MPA implementation. For example, fishers indicated their economic status significantly
improved since the MPA network was implemented. One longstanding fisher stated the rising
price in fish elevated his economic status over the years, which he claimed was a result of “price
wars” perpetuated by local fish buyers who export the fish off-island. These price wars were
potentially influenced by the increased demand for keeping live coral aquarium tanks over the
last couple of decades that have resulted in a concurrent increase in the demand for non-
corallivorous fishes (Rhyne et al., 2009; Stevenson et al., 2011). The price for yellow tang, a
herbivorous fish, increased on average approximately 33% since the MPA network was
implemented (Tissot et al. 2009). An increase in fish price will raise the point of optimum
fishing effort and consequently acts as an incentive for fishers to expand their operating range
into largely unfished, higher-cost areas that could result in higher fish yields (Gordon, 1953;
Hilborn and Kennedy, 1992; Prince and Hilborn, 1998). Also, the number of dives per fishing
trip in the newly established fishing areas remained relatively constant between 2002 and 2007
and therefore increased fishing intensity unlikely explains the results from the measured
socioeconomic well-being indicator (Stevenson et al., 2011). Therefore, the MPA network had a
negative impact on distance traveled and cost, but these attributes were perhaps offset by
exogenous factors (e.g., price increase for fish), such that the net change for economic status was
perhaps constant to marginally positive and thus may have stabilized the other socioeconomic

well-being attributes.

Our spatial catch value analysis indicated experimental CPUE and estimated revenues were

highest in the southern catch zone, which is one of the zones fishers indicated they were more
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inclined to fish. An observed increase in the number of fish caught post-MPA implementation
could emerge as a result of reallocation of fishing effort (Mascia et al., 2010), as fishers naturally
spend more time in the most profitable fishing locations. When access restrictions are placed on
these preferred locations, fishers will shift to the next most profitable area (Prince and Hilborn,
1998; Smith and Wilen, 2003). More remote areas with low human population densities, similar
to the north and south shorelines of West Hawaii are associated with higher fish biomass on
other Hawaiian islands (Williams et al. 2008). Therefore, in addition to changes in fishing
tactics that occurred post-MPA network (Stevenson et al., 2011), we conjecture fishers were able
to maintain, or potentially increase their fishing yield because the waters where they reallocated
effort to were either underexploited or more biologically productive than the pre-MPA fishing
sites. It is possible that the redistribution of fishing effort synergistically acted with favorable
market forces to influence fisher socioeconomic well-being post-MPA network. This may have
helped maintain the largely unchanged perception held by fishers regarding their socioeconomic
well-being post-MPA network. The economic factors influencing this fishery are ambiguous due

to the global nature of the trade and further investigations to clarify these dimensions are needed.

The ideal free distribution (IFD) concept has been used to predict fishing fleet distribution and
assumes fishers have perfect spatial knowledge about the resources, there is no cost to choosing
fishing locations, and movement into new neighboring grounds is profitable only when fish
abundance on the best ground has dropped to an equal or lower level (Gillis, 2003). Violations
in these assumptions could result from changes in fuel costs, difficult terrain, inclement weather,
and other factors (Hilborn and Kennedy 1992; Prince and Hilborn 1998; Swain and Wade, 2003).

We surmise fishers likely did not operate in the underexploited or more biologically productive
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areas prior to the MPA network as predicted by IFD fleet movement theory because it incurred a
social (e.g., the imposition of being away from home, greater risk of boat damage and safety
from unpredictable ocean conditions, etc.) and/or economic cost (e.g., farther travel increases
fuel consumption and wear on boat) (Hilborn and Kennedy, 1992). This would imply the MPA
network forced the fishers to change their preferred behavior and therefore could be considered

an unmeasured social impact. Further investigation to understand these dynamics are warranted.

One goal of West Hawaii’s MPA network was to alleviate user conflict between the aquarium
fishers and other groups, primarily dive charter operators and the tourism industry. Therefore,
the placement of the MPAs was based on both conflict “hotspots™ and expert testimony (Capitini
et al, 2004). This approach resulted in establishing many of the MPAs within West Hawaii’s
west catch zone, where high human population densities, tourist infrastructure, and major ports
exist. Correspondingly, the other zones were more sparsely populated, less developed,
frequented less by dive charter boats and had fewer ports, so conflict was less likely to occur
between fishers and other reef user groups in those areas. Therefore, in addition to the
abovementioned factors influencing spatial fishing allocation, the lack of conflict in certain
zones could have motivated fishers to operate in those zones, which was one objective for

establishing the MPA network.

The majority of fishers who responded to our social surveys did not believe fish were more
abundant near the boundaries of the MPAs, and we detected significantly lower experimental
CPUE near the MPA boundaries when compared to the non-MPA boundaries sites. Fishery

managers and scientists often assume fishers will concentrate their effort on or near MPA
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boundaries, and there is some empirical evidence to support this assumption (McClanahan and
Kaunda-Arara, 1996; Murawski et al., 2005; Kellner et al. 2007). In West Hawaii, 7 of the 8
ports are located inside or adjacent to MPAs and the major ports (i.e., Honokoau and Keauhou
harbors) are located within the western catch zone - the same zone fishers prefer launching their
boats. As mentioned earlier, fishery resources will likely be exploited more aggressively closest
to ports and fishery yields will increase farther from port where harvesting pressure is lower.
Therefore, it is possible the MPA boundaries were frequently fished given their close proximity

to port, making the number of fish available for harvest significantly lower.

Although spillover from the MPAs was shown in adult yellow tang (Williams et al. 2009),
juvenile yellow tang, the age class harvested by aquarium fishers in West Hawaii, exhibit high
site fidelity and low mobility in habitat dominated primarily by finger coral (Ortiz and Tissot,
2008; Claisse et al., 2009; Stevenson et al., 2011). This suggests spillover near MPA boundaries
for targeted fish is likely low, particularly for MPAs where appropriate juvenile habitat does not
contiguously extend into fishable waters. Christie et al. (2010) showed that parent populations of
adult yellow tang located inside the MPAs replenished areas open to aquarium fishing with
larvae across West Hawaii’s coast. Therefore, fishery benefits from the MPAs are likely more
diffuse due to larval seeding. For these reasons it is unlikely fishers would gain significant

benefits by concentrating their effort on or near the MPA boundaries for this particular fishery.

Pollnac et al. (2001) and Béné (2003) argue against the belief held by many researchers and
policymakers that fishing is an industry reserved for people from impoverished communities.

Their assertion appears true in the case in West Hawaii’s aquarium fishery. The results from our
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ten day experimental fishing likely yielded significant estimated revenues despite unremarkable
yellow tang recruitment that year. Based on Hawaii state wage statistics, it is unlikely the
income generating alternatives listed by fishers would provide comparable revenue earned from
the aquarium fishery (Hawaii Department of Labor and Industrial Relations, Research and
Statistics Office, May 2011. <http://hawaii.gov/labor/rs>). Aside from the natural variability that
influences harvest potential, aquarium fishers in West Hawaii may sometimes operate at an
economic loss due to variable costs associated with fishing sites farther from port, particularly in
the southern waters where ports are remote and limited. Fishing these sites may sound irrational,
but when the lucrative nature of West Hawaii’s aquarium fishery is compared to the alternative
income generating options considered by fishers, it becomes clear the opportunity costs for
leaving the fishery to pursue the alternative may be too high. Even if fishers occasionally
operate at an economic loss, we posit that it still makes long term economic sense for them to
maintain their involvement in the fishery as long as the demand for yellow tang remains high
and/or the majority of the global yellow tang supply continues to originate from West Hawaii.
Additionally, because non-monetary benefits derived from the aquarium fishery are valued by
fishers in this region (Stevenson et al., 2011), they will likely be more inclined to take financial
risks associated with catch variability to maintain these benefits (Gatewood and McCay, 1990).
There are several limitations with this study that are worth noting. First, it is difficult to preclude
whether the stable or slightly improved socio-economic well-being indicators reported by fishers
were influenced by other factors. For example, all perceived socio-economic indicators may
have increased significantly and fishing operation indicators could have remained unchanged
without the MPA network. Using a more robust observational design, similar to the before-after-

control-impact design used for collecting the biological data in West Hawaii would have
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improved our study; however, this would have required collecting social data prior to
implementing the MPA network on West Hawaii and on a comparable control sites without an
MPA network. Second, we only surveyed active commercial aquarium fishers. Therefore, we
did not examine potential impacts the MPA network imposed on fishers who may not have met
our “active” fisher criterion or on people who harvest reef fish for recreational aquarium
purposes. Third, although there were only five estimated fishers who left the fishery after the
MPA network was implemented, they were not sampled and they comprised ~25% of the active
fisher population prior to the MPA network implementation. We can only speculate why these
people left the fishery, but if it was directly related to the MPA network (e.g., they did not have a
large enough boat to accommodate farther travel), it would imply substantial impact on West
Hawaii’s aquarium fishing community. Lastly, shifts in fishing locations could have resulted
from crowding by more people entering the fishery, but it is unlikely given the multiple lines of

evidence indicating MPA network involvement.

5. Conclusions

The long term benefits of implementing MPAs are often diffuse and shared by society, while the
short term costs are concentrated and often absorbed by fishing communities (Pomeroy et al.,
2007). However, the MPA network in West Hawaii displaced fishing effort post implementation
without detectable socioeconomic well-being consequences. This is likely because favorable
market dynamics worked in conjunction with fishers who were able to shift their effort to lesser
exploited or more productive areas to offset potential losses incurred by the MPA network.
Although these spatial shifts have put additional pressure on yellow tang and other species in

areas remaining open to fishing, additional management strategies such as limited entry, size and
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species restrictions are under consideration as of this writing. To manage widespread economic
hardship on fishing communities and serial resource depletion when MPAs are implemented, it

has been recommended that fishing effort be reduced proportionally to the areas considered for

closure prior to implementation (Hilborn et al., 2004). This may not always be politically or

socially feasible, but it may be appropriate and necessary in some cases.

The findings from our study clearly illustrate spatial impacts MPAs may impose on fishing
communities. While there are many anecdotal examples of fishing displacement from MPAs in
the literature, there are few empirical studies that document these dimensions. More studies that
examine these patterns in conjunction with social impacts from spatial fishing displacement are
needed, particularly for communities heavily dependent on commercial or subsistence fishing.
Additionally, we believe there is a relevant need to further understand how MPAs influence
fisher behavior and fishing practices, and how fisher responses to these management approaches
could have direct impacts on target species and their respective habitats. MPAS remain an
important tool for fishery management and conservation; however, better planning and
forethought on how they affect fishers should be undertaken to avoid inadvertent deleterious
consequences that could arise as a result (e.g., crowding fishers into areas post-MPA
implementation), particularly for small-scale commercial fisheries operating around islands

where intense harvesting occurs.
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Tables and Figures

Table 1: Changes in perceived fishing and socioeconomic indicators in response to MPA
network establishment. Bold figures indicates significance at p < 0.05.

Fishing Indicators
Fishing Time
Distance Traveled
Fishing Success
Fishing Cost

Socioeconomic

Indicators
Economic Status
Family
Health
Occupation
Bank Savings

Number of Responses

Below Equal to Above

Median Median Median p Median
5 9 1 0.22 3
13 2 0 <0.001 1
5 9 1 0.22 3
13 2 0 <0.001 2
1 6 8 0.04 4
0 10 5 0.06 3
2 10 3 1.00 3
1 9 5 0.22 3
3 6 6 0.51 3
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Fig. 4. Longitudinal changes in the number of fishers reporting by catch zone per year in West
Hawaii. The dashed line marks the year when the MPA network was implemented and colors
correspond to particular catch zones.

84




1200 1400

p <0.001 /O/ :%'"

a 1000 - l'z = 36% // L 1200 a
2 ¢
=) L 1000 =
o 800 - o
2 o
() - 800 o
= 600 - ©
& - 600 =
T

g 400 - c
) - 400 g
> >
Q 1@ "
¥ 200 L 200 -
o

0 T T T T T T T 0

0 20 40 60 80 100 120 140 160
Round Trip Distance (km)

Fig. 5. Estimated catch revenue per dive (solid line, @) increased significantly farther from ports
of entry. The sites yielding the highest and lowest revenues were located in the west and
southwest catch zones, respectively. Estimated catch revenues and fuel expenditures (dashed
line, o) intersected at ~ 60 km round trip from ports of entry. The linear regression values
indicate a positive correlation between catch revenues and distance from ports of entry to fishing
sites.
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Abstract

Conflict surrounding commercial fisheries is a common phenomenon when diverse stakeholders
are involved. Harvesting reef fish for the global ornamental fish trade has provoked conflict
since the late 1970s in the State of Hawaii. Two decades later the state of Hawaii established a
network of marine protected areas (MPAS) on the west coast of the island of Hawaii ("West
Hawaii") to protect and enhance the fish resources and alleviate conflict between stakeholders,
principally between commercial dive tour operators and aquarium fishers. The perceptions held
by these stakeholders on West Hawaii and Maui were evaluated to understand how MPAs
influenced conflict dimensions, as the former location had a well-established MPA network
designed to alleviate conflict, while the latter did not. This was accomplished by analyzing the

following questions: 1) perceptions about the effectiveness of MPAs to alleviate conflict and
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enhance reef fish; 2) perceived group encounters and threats to coral reefs; 3) willingness to
encourage fishing; and 4) value orientations toward the aquarium fish trade. The results indicate
the MPAs in West Hawaii were moderately effective for alleviating conflict, encounters between
stakeholders occurred on both islands, dive operators strongly opposed commercial fishing and
perceived aquarium fishing as a serious threat to the coral reef ecosystem, and polarized value
orientations toward the aquarium fish trade confirms pervasive social values conflict. The
conflict between these groups was also asymmetrical. MPAs are inadequate for resolving long
term conflict between groups who hold highly dissimilar value orientations toward the use of
marine resources. Future marine spatial planning and MPA setting processes should include
stakeholder value and conflict assessments to avoid and manage tensions between competing

user groups.

Key words: Marine resource conflict, aquarium fisheries, dive tour industry, ornamental fish

trade, marine protected areas, Hawaii

1. Introduction

The commercial capture of marine resources has been fraught with conflict since the early part of
the 20™ century when the participation in commercial fisheries proliferated [1]. Fisheries
conflict typologies have focused on describing: who controls fisheries; how fisheries are
controlled; relations between fishery users; relations between fishers and other users of the
aquatic environment; and relations between fishers and non-fishery issues [2, 3]. Although these

typologies are useful for identifying incompatibilities between groups, they do not explain why
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the incompatibilities occur, which is paramount for understanding when conflict for common

pool resources develops at a deeper, more cognitive level [4].

Another approach for examining conflict requires an investigation of social values and
interpersonal conflict dimensions. Social values conflict may occur when individuals or groups
of people do not share similar norms and values about an activity [5, 6], and it can occur even
when there is no physical contact between conflicting individuals or groups [7]. Values serve as
the foundation for attitudes and beliefs, where the pattern, direction and intensity of basic beliefs
form value orientations toward things such as fish and coral reefs [8, 9]. Vaske et al. [5]
empirically described a classic case of social values conflict between wildlife viewers and
hunters in Colorado, United States. Despite spatial separation via topography and management
regulations, the wildlife viewers simply oppose hunting the animals they enjoyed viewing. This

value difference engendered a social values conflict between hunters and wildlife viewers.

Interpersonal conflict may occur when the presence or behavior of an individual or group
interferes with the goal of another individual or group [10]. For example, interpersonal conflict
may arise when a novice fisher encroaches and disturbs the space of a more experienced one. In
this example, interpersonal conflict may occur when two fishers vie for the same resource; one
fisher seeks solitude while another seeks company with other fishers; when a more experienced
fisher believes the less experienced one may diminish the chance of catching fish. To examine
social values and interpersonal conflict more systematically, Vaske et al. [6] suggested
researchers evaluate whether opposing groups observe each other while undertaking their

respective activity and if they perceive each other as a problem [Fig. 1]. These conflict
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dimensions have never been quantitatively described between commercial fishers and other

stakeholders in Hawaii’s nearshore marine environment.

The direction in which conflict occurs is also important. Symmetrical conflict, or two-way
conflict, occurs when both groups observe and perceive each other as a problem, while
asymmetrical conflict, or one-way conflict, may occur when one group observes the other and
perceives them as a problem [11]. Asymmetrical conflict is widely documented between
recreational groups, such as between canoeist and motorboaters, hikers and trailbikers, oar-
powered and motor-powered whitewater rafters, cross-country skiers and snowmobilers,

backpackers and horsepackers, water skiers and anglers, and hunters and wildlife viewers [11].

Many coastal regions in the tropics have experienced a shift away from fishing and trade
economies toward tourism-dependent ones. This often pits burgeoning tourism against fisheries
in the competition for ocean space and resources [3, 12, 13, 14, 15]. Conflicts between tourism
and fishing industries were documented in Jamaica [16], the Philippines [13, 14, 15], Tanzania
[17], the Caribbean [12, 18], the Galapagos Islands [19], Australia [20], and the United States
[21, 22]. Marine protected areas (MPAS) are an effective tool for protecting biodiversity and
important habitats, and enhancing fisheries [23]. More recently, however, MPAs have also been
employed as a spatial tactic for separating incompatible user groups [18, 22, 24, 25, 26]. Using
MPAs in this context can leave some stakeholders feeling marginalized when they are excluded
from areas they commonly use while others maintain access and use benefits [13, 22, 27]. This
perceived marginalization can hinder conflict resolution and sometimes inflame tensions,

particularly when conflicting party values are unclear or ignored [13, 22, 27]. For example,

89



Oracion et al. [13] describe a situation in which conflict developed between the dive tourism
industry and fishers over the perceived economic advantages the former party enjoyed from the
implementation of MPAs in the Philippines. Broad and Sanchirico [28] found that groups reliant
on tourism are more likely to support spatial management, such as MPAs, because they are
seldom excluded from these areas. Although using MPAs may work to alleviate conflict,
especially interpersonal conflict, between opposing marine stakeholders, its efficacy has rarely

been empirically examined in a marine system.

Harvesting reef fishes for the global aquarium trade involves 45 countries and removes
approximately 30 million fish per year from tropical coral reef ecosystems [25, 29]. Conflict
between aquarium trade fishers and the tourism sector was reported in Australia [30], Fiji [30],
Maldives [25] and Hawaii [22], with overharvesting reef fish populations as the most common
complaint [30]. Bruckner [31] suggested using spatial zoning and closures for managing
multiple stakeholder conflicts when associated with marine aquarium fisheries, which was done

in Hawaii.

The aquarium fish trade in Hawaii started on Oahu in the 1950s and rapidly expanded to other
islands in the 1970s, with the largest share of the annual catch originating from the west coast of
the island of Hawaii (hereinafter “West Hawaii”’) [32]. Conflict between aquarium fishers and
other stakeholders in Hawaii as a result of perceived overharvesting of reef fishes was first
documented in 1978 [33]. The conflict nearly erupted into violence in the late 1990s before the
public pressured the state to intervene [34]. In July 1998, the State of Hawaii passed House Bill

3457, which upon approval became known as Act 306, and called for management to ensure
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resource sustainability, enhance nearshore fish resources, and minimize conflicts [34]. Act 306
resulted in the designation of the entire 235 km of West Hawaii’s coastline as a Fishery
Management Area, and later allowed for the creation of nine MPAs (regionally termed Fish
Replenishment Areas). These MPAs prohibited the harvest of reef fish for the aquarium trade
along ~35% of the coastline, which included ~7.4% of coastline previously protected. In 1997,
Tissot and Hallacher [35] observed significant depletions in West Hawaii reef fish in areas where
aquarium fishing occurred, suggesting that MPAs might assist in recovery of fish populations.
Act 306 also authorized the creation of the West Hawaii Fisheries Council, a volunteer
community advisory group established to receive community input on co-managing nearshore
fisheries with state fishery managers [22, 36]. These accomplishments were the result of a
collaborative effort between the State’s Division of Aquatic Resources (DAR), the dive tourism

sector, nonprofit organizations, aquarium fishers, academics, residents, and other stakeholders.

More recently, hard-line animal rights activists from Maui attempted to ban, or severely restrict
the aquarium fishery using multiple state legislative bills that were subsequently rejected [37,
38]. However, unlike on West Hawaii, where there are approximately 40 active aquarium fishers
[39], state records report < 5 active aquarium fishers on Maui [40] and the coastal MPA spatial
coverage around Maui is < 2% [41]. Animal rights activists vehemently oppose the trade despite
the small size of the fishery and the lack of any direct evidence suggesting it is a serious threat to

the island’s marine ecosystem [42].

Here, the effect of MPAs on the dimensions of conflicts between aquarium fishers (hereinafter

“fishers”) and dive operators on West Hawaii and Maui are examined by investigating the
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following questions: 1) Do fisher and dive operator perceptions on West Hawaii differ regarding
the effectiveness for MPAs to alleviate conflict and enhance reef fish populations?; 2) Do fisher
and dive operator perceptions differ on West Hawaii and Maui regarding encounters with the
opposing group and threats to coral reefs?; 3) Are fishers and dive operators on Maui and West
Hawaii equally willing to encourage recreational, subsistence, and/or commercial fishing?; and
4) Do dive operators and fishers on West Hawaii and Maui hold similar value orientations
toward the aquarium fish trade? These stakeholders were selected as research subjects not only
because there is a history of conflict between fishers and dive operators on West Hawaii [22, 34,
43], but also because they both exploit reef fish for commercial purposes: fishers generate
revenue from harvesting the resource, while dive operators generate revenue from clients who
come to observe the resource. Focusing on these stakeholders does not negate the importance of
others in Hawaii’s coastal marine ecosystem. To our knowledge, this is the first attempt to
empirically evaluate whether MPAs are an effective tool for improving values conflict between
two commercial entities, such as commercial fishers and dive operators. This research
contributes significantly to the understanding of conflict dimensions related to MPAs, coastal

resource management, and the global aquarium fish trade.

2. Methods

2.1.Data Collection

Data were collected through two distinct survey instruments disseminated to fishers and dive
operators on West Hawaii and Maui. The lack of a sampling frame required the employment of
several purposive sampling methods. This approach may constrain data inferences but is

appropriate for exploratory purposes [44]. The findings from these exploratory endeavors are
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not generalized beyond the sampled population. Dive operators were classified as boat captains
and crew who worked at a commercial outfitter providing recreational SCUBA and snorkel

experiences to clients.

The objective of the first survey instrument was to evaluate stakeholder perceptions regarding
the effectiveness of the MPAs on West Hawaii for alleviating conflict and enhancing reef fish
abundance. The DAR mailed the first survey to fishers on West Hawaii during the summer of
2007. The objective was to obtain responses from the ~39 active fishers previously reported
[39]. Each permit holder received a questionnaire, letter of purpose, and a self-addressed
stamped return envelope. Snowball sampling (or chain referral sampling) was also used to
augment the mailed questionnaires because the actual active fisher population was only an
estimate and there was concern fishers might not respond favorably to receiving inquiries from
the DAR, given the history of conflict surrounding this fishery [22, 34, 43]. Snowball sampling
uses existing subjects to recruit new ones from among their peers; it is ideal for researching

sensitive issues involving groups of people who are dispersed and difficult to identify [45].

To evaluate the MPA goals, five point Likert scale questions were used, in which possible
responses ranged from 1 (extremely ineffective), 2 (ineffective), 3 (neutral), 4 (effective), and 5
(extremely effective). Respondents were also asked how often they fished, so as to gauge
activity, and the study classified respondents as “active” if they fished at least once per month.
The justification for this criterion is based on the assumption that fishers catch > 100 yellow tang
per month. This assumption is supported by the following: 1) the average fisher completes 3-4

dives per trip and can average ~100 fish per dive-hour [46]; 2) yellow tang comprise
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approximately ~80% by number and ~70% by value of aquarium landings from West Hawaii
[39]; and 3) it is not uncommon for fishers to report catching > 1000 yellow tang per month [39].
This assumption implies that fishers harvest > 1200 yellow tang per year, which is similar to the
value used previously [39] for defining an “active” fisher. All 23 surveys returned were from
permit holders who met the “active” fisher criterion. This resulted in a response rate of
approximately 59% when using the estimated number designating the active fishers population

size (n=39).

The first survey instrument was sent to dive operators on West Hawaii during the summer of
2008. A database of existing dive operators was initially created using industry experts, internet
searches, and local phone books. This database contained company and personnel names,
websites, email addresses, physical locations, and phone numbers, and it was used as a reference
to ensure industry representation and to avoid duplicating survey dissemination. Thirty dive
operators, or outfitters, were identified on West Hawaii using this approach. Next, dive
operators were intercepted and sampled purposively at major boat launch sites in West Hawaii
(i.e., Puako, Honokohau, Kailua Pier, and Keauhou). All intercepted recipients received a
questionnaire, letter of purpose, and a self addressed stamped return envelope. In addition,
questionnaires were delivered to the remaining dive operators in the database who were not
intercepted at boat launch sites. Approximately 103 questionnaires were disseminated of which

36 were returned, resulting in a 34% response rate.

A second questionnaire was disseminated on Maui and West Hawaii during the summer of 2009

and winter of 2010, respectively. This allowed an examination of: 1) perceptions held by fishers
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and dive operators regarding threats to the reef; 2) perceived encounter rates between surveyed
groups held by dive operators and fishers; 3) value orientations toward the aquarium fish trade
among by fishers and dive operators; 4) dive operator and fisher willingness to encourage
recreational, subsistence, and commercial fishing; and 5) dive operator awareness about the
aquarium fishery. This questionnaire was disseminated in a manner similar to the first one, with
slight modifications made to improve its accessibility for respondents on West Hawaii. For
example, the survey was made available online using SurveyMonkey™ for fishers and dive
operators on West Hawaii. The online and paper versions were identical, and online access
instructions were included in the letter. A postcard was also sent to fishers on West Hawaii, one
month after the questionnaire was mailed to them, encouraging participation; it also included
online access instructions. Maui dive operators were intercepted and sampled purposely at major
boat harbors (i.e., Lahaina, Maalaea, Kihei, and Mala), and surveys were disseminated using the

same approach employed on West Hawaii.

The DAR on West Hawaii removed inactive fishing permits from their database around the time
the second questionnaire was mailed. Consequently, fewer questionnaires were mailed (n = 47)
to fishers on West Hawaii. Twenty eight completed questionnaires were received, resulting in a
53% response rate. One hundred eleven questionnaires were disseminated to dive operators on
West Hawaii and 38 were returned, resulting in a 34% response rate. On Maui, 105
questionnaires were disseminated to dive operators and 46 were returned, resulting in a 44%
response rate. Ten questionnaires were mailed to people who held aquarium fishing permits on

Maui; however, it was estimated that there were < 5 people on Maui who actively fished with
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any regularity. Four questionnaires were returned from Maui fishers, resulting in an 80%

response rate from active fishers, assuming there were five active fishers.

To investigate perceived reef threats, respondents were asked on a five point Likert scale about
the factors they felt threatened the quality of coral reefs and their associated fish populations.
Threats were reported as “no threat,” “minor threat,” “moderate threat,” “threat” and “serious
threat.” The threat factors included: poor management, invasive species, throw-net fishing,
hook and line fishing, aquarium fishing, bottom fishing, surround net fishing, troll fishing,
spearfishing, recreational overuse, global warming/climate change, land-based
development/pollution, natural oceanic processes, and other. The “poor management” attribute
was purposely undefined and thus left open to interpretation. Respondents who indicated “other”
as a threat were instructed to specify this factor. Next, respondents were asked how often they
perceived encountering each other while undertaking their respective activity using “never,”
“occasional,” and “frequent” response variables. “Encounter” referred to any and all
engagement experienced by these groups. Dive operator awareness about aquarium fishing was
also evaluated using a five point Likert-scale question, in which responses ranged from 1

(unaware) to 5 (very aware).

Finally, willingness to encourage fishing and value orientations toward the aquarium fish trade
were investigated. Respondents were asked if they would encourage commercial fishing,

recreational fishing, subsistence fishing, all three fishing categories, or none of the three fishing
categories. Separately, three measurable items were used to formulate a latent values construct

(i.e., a theoretical concept), which in this case was the value orientation toward the aquarium fish
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trade. Respondents were asked about their level of agreement with three value statements (or
items) on a 1 (strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree) point
Likert scale. The three value statements included: V1) harvesting reef fish for commercial trade
is wrong; V>) reef fish belong on the reef, not in tanks; and V3) the trade in reef fishes is
inhumane. Other value statements were also evaluated: V) Reef fish are acceptable as pets; Vs)
Reef fish are a renewable resource for human use; and V) Home aquarium keeping is a

wonderful educational hobby.

2.2.Data Analysis

Likert scale responses were analyzed using Mann-Whitney U tests in Minitab version 15 and
Wilcoxon matched-pairs signed-rank tests in StatalC version 12. The former test was used to
compare differences between two independent samples, while the latter test was used to compare
differences between two related samples. The results were considered significant at p < 0.05.
These tests are appropriate for the level of measurement and small sample sizes that exhibit non-
normal distributions [47, 48, 49]. Statistical interisland within-group equivalencies for all
perceived threats and willingness to encourage commercial, recreational, or subsistence fishing
were detected. Therefore, these responses were combined by group (i.e., fishers versus dive
operators) and analyzed further. The medians and means were calculated for all threat factor
responses for both groups; the top three factors with the highest median and mean values were
selected and categorized in terms of percentages for further analysis. The fishing category
responses were calculated as percentages and analyzed using chi-square analysis. Maui fisher

responses were identical in terms of their perceived level of encounters with dive operators (i.e.,
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they never encountered them while fishing). Therefore, their median response value was used

and compared to West Hawaii fisher response values using 1-sample sign test.

Construct reliability for the value orientation statements was tested using Cronbach’s alpha in
Minitab version 15 software. This test is a measure of internal consistency to ensure that
statements are estimating the same general construct. An alpha coefficient > 0.65 and item
adjusted total correlations of > 0.40 imply that the variables are reliably measuring their
respective orientation [50, 51]. Construct reliability analysis validated combining corresponding
variables for further analysis. Item adjusted total correlations are coefficients for the score on an
individual item and the sum of the scores on the remaining items, and generally should be > 0.40
[51]. The “alpha if deleted” variables assess whether removing an item from the analysis

improves the internal consistency [51].

Exploratory factor analysis (EFA) employing the principle factor and orthogonal varimax
rotation was used to extract and confirm that the value orientation statements were measuring a
single factor. Construct validity for the value orientations toward the aquarium fishery was
determined using confirmatory factor analysis (CFA). Multivariate normality is an assumption
of CFA and was tested using the Doornik-Hansen [52] and Mardia's [53] tests for multivariate
kurtosis and skewness; however, Satorra-Bentler robust estimator was used to correct for these
assumptions because they were violated [54]. Factor loadings were considered acceptable at >
0.55 [55]. The comparative fit index (CFI) with a value > 0.95 as a post-estimation measure for
assessing overall CFA model fit was used, as it is robust and stable when dealing with smaller

sample sizes (50 < n < 250) [56, 57]. StatalC version 12 software was used for performing the
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factor analysis functions. After construct validity and reliability were confirmed, the value
orientations toward the aquarium fish trade held by both groups were compared using Mann-

Whitney U tests.

3. Results

The perceived ability for the MPAs to enhance reef fish abundance differed between fishers and
dive operators on West Hawaii (U = 1237.0, p < 0.0001, Table 1). There was no difference
between these groups regarding their perceptions for the MPAs to alleviate conflict (U= 620.0, p
= 0.449, Table 1). Dive operators perceived the MPAs were more effective for enhancing fish
abundance than for alleviating conflict (z = -4.379, p < 0.0001, Table 1), while fishers perceived
the MPAs were more effective for alleviating conflict than for enhancing fish abundance (z =

3.436, p = 0.0006, Table 1).

The three perceived threat factors with the highest means and medians as reported by fishers
were land-based development and pollution, invasive species and poor management, whereas
aquarium fishing, land-based development and pollution, and poor management were the highest
for dive operators (Table 2). Although both groups perceived poor management as a concern,
dive operators more often perceived it as a greater threat (Table 3). Dive operators on West
Hawaii (n = 38) were more aware about aquarium fishing than their counterparts on Maui (n =

45) (U = 1629.5, p = 0.0175).

Dive operators on both islands indicated they both occasionally encountered fishers (U = 1909.5;

p = 0.6990). In contrast, of the 23 West Hawaii fishers, 15 were above and 8 were equal to the
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median Maui fisher response value, which reflects reports of having no encounters with dive
operators (p = 0.0001). Fishers were more inclined to encourage all three fishing categories,
while dive operators were more willing to encourage subsistence and recreational fishing but not
commercial fishing (Table 4). Neither group indicated they would solely encourage commercial
fishing. The alpha values exceeded the minimum reliability criteria (> 0.65) and therefore the
value statements (e.g., V1, V2, and V3) were reliably measuring the latent aquarium fish trade
value orientation construct (Table 5). The other value statements (V4, V5, and V6) did not meet

the reliability criteria and were therefore omitted from further analyses.

The EFA extracted one factor that explained 69% of variation (eigenvalue = 2.32; loadings: V1 =
0.78, V, = 0.95, V3 = 0.91), further confirming that the value statements measured the same
construct. The CFA model revealed factor loadings > 0.55 for all three statements with a CFI
model fit value of 1.0, implying that the measured value statements were valid for describing the
latent aquarium fish trade value orientation construct (Fig. 2). The value orientation held by
Maui dive operators and fishers (U = 325.0, p = 0.0001) and West Hawaii dive operators and

fishers (U = 14070.0, p < 0.0001) were both significantly different (Table 6).

4. Discussion

Previous research on West Hawaii’s MPA network has focused on examining its efficacy for
enhancing reef fish abundance [58, 39]. This study is the first to empirically examine the other
goal for establishing West Hawaii’s MPA network: conflict alleviation. Although multiple
stakeholders frequently interact on West Hawaii’s coast, this research focused on the interactions

and conflict between commercial dive operators and aquarium fishers because of the historical
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tensions between these groups [22, 34, 43]. Our findings indicate that fishers and dive operators
on West Hawalii were uncertain regarding the ability for the MPA network to alleviate conflict.
The interisland within-group differences observed among fishers and dive operators was
negligible. Dive operators on both islands held similar perceptions regarding the frequency they
encountered fishers, believed aquarium fishing was a serious threat to the reef, would encourage
recreational and subsistence fishing far more than commercial fishing, and shared similar value
orientations toward the aquarium fish trade. In contrast, fishers on both islands believed land-
based pollution and development were serious threats to the reef, strongly encouraged all three
fishing categories, and shared similar value orientations toward the aquarium fish trade;
however, fishers on Maui perceived encountering dive operators less frequently than their West
Hawaii counterparts. These within-group similarities and between-group differences likely
explain the underlying and recurring conflict surrounding the aquarium fishery that is pervasive
in Hawaii. The results are discussed below in the context of social values and interpersonal
conflict, and the policy implications for managing conflict in nearshore marine environments are

also described.

The difference between dive operators’ perceptions regarding MPA effectiveness in enhancing
reef fish populations and those of fishers was significant, with the former perceiving MPAs as
markedly more effective. Williams et al. [39] showed significant increases in reef fish
abundance inside West Hawaii MPAs and declines were noted in areas that remained open to the
aquarium fishery. Anecdotal evidence suggests most commercial dive operators use state-
employed moorings located inside many of West Hawaii’s MPAs. Conversely, harvesting reef

fish for the aquarium fishery is prohibited in all the MPAs and therefore fishers operate in the
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remaining coastal areas; the same areas where declines in reef fish were detected. Therefore, it
was not surprising that dive operators perceived the MPAs as more successful for enhancing reef

fish populations than do fishers in West Hawaii.

Although dive operators perceived that the MPA network enhanced reef fish populations in West
Hawaii, this study revealed more uncertainty from dive operators and fishers regarding the
ability of the MPA network to alleviate conflict. This was unexpected given that the MPA
network partitioned the coastline and forced fishers to move farther north and south to areas less
frequented by commercial dive operators [59]. Thus, it appears that spatially separating
opposing user groups may reduce interpersonal conflict, but its efficacy for managing conflict

remains questionable when social values differences between groups prevail [5].

Dive operators’ perceptions regarding encounters with fishers were similar on both islands
despite the prevalence of more fishers on West Hawaii relative to Maui. West Hawaii fishers
occasionally encountered dive operators while fishing; Maui fishers indicated they never
encountered them. These findings were unexpected because there are significantly more dive
operators on both islands than fishers and therefore it was expected fishers would have reported
higher encounters with divers. It is possible that Maui dive operators have a heightened
awareness to the presence of fishers due to the anti-aquarium trade campaign and therefore may
identify them more regularly. Alternatively, fisher misidentification may occur more frequently
on Maui because aquarium fishing boats are not marked with “AQ” stickers and flags as required

in West Hawaii.
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It is difficult to definitively conclude whether the MPA network on West Hawaii reduced
encounters between these stakeholders, as it appears they still occur, which implies that sustained
or recurring conflict between these groups is possible. The locations of encounters were not
evaluated, but given that many fishers in West Hawaii use harbors that are often within or
adjacent to MPAs [59], which is where many dive operators take their clients, it is likely these
groups frequently encounter each other in transit to or from dive/fishing sites or at the harbors.
These types of encounters will unlikely change and are difficult to avoid, but even if they could

be avoided conflict could still persist.

The coral reefs surrounding the state of Hawaii have sustained significant deleterious impacts
from fishing (including aquarium fishing), invasive species, climate change, coral diseases,
recreational overuse, coastal development and runoff, and coastal pollution [36, 42, 60].
Therefore, neither group mistakenly identified threats to the coral reefs and fish for West Hawaii
and Maui, but surprisingly dive operators on both islands perceived aquarium fishing as one of
the three principal threats. This is certainly not the case on Maui where threats to the coral reef

ecosystem from anthropogenic eutrophication are more significant concerns [61].

Environmental activism may explain why dive operators on Maui perceived aquarium fishing as
a primary threat. Hard-line animal rights activists on Maui, who vehemently oppose the
aquarium fish trade, implemented an aggressive anti-aquarium fishing campaign in an attempt to
garner support for their legislative agenda aimed at banning the fishery state-wide. Although it is
plausible that this campaign influenced Maui dive operator awareness about this fishery, the

level of awareness held by their counterparts on West Hawaii was significantly higher, so it is
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unlikely the anti-aquarium fishing campaign solely influenced respondents’ perceptions. It
appears that the hard line opposition to the aquarium trade, originating in Maui, actually
galvanized West Hawaii residents. This may have occurred because residents on West Hawaii,
particularly those involved in the West Hawaii Fishery Council, worked tirelessly to develop a
co-operative approach to managing their nearshore marine resources. These efforts included
dive operators and fishers. The attempts, by people from Maui, to dismantle this co-management
system may have engendered resentment from people on West Hawaii. Investigating how
community cohesiveness strengthens co-management regimes in a U.S. context is warranted,

particularly in West Hawaii.

Dive operators and fishers on both islands identified poor management as a threat to Hawaii’s
reefs. As part of Act 306, West Hawaii residents cultivated a co-management environment for
its nearshore marine resources [34]. Conversely, a similar approach for managing the nearshore
marine resources on Maui remains absent [42]. Co-management approaches for managing
marine resources are an effective strategy for long-term success [62, 63]. Therefore, it was
surprising that both groups on West Hawaii indicated poor management as a threat. This could
be explained by two factors. First, Jentoft et al. [64] argued that fisheries co-management
requires communal values that are rare in industrialized and increasingly globalized fisheries.
Perhaps social value and worldview contradictions held by these user groups influenced their
perception about the effectiveness of the co-management approach. Second, Tissot [33]
identified fisheries law enforcement as a limitation for managing nearshore marine resources in
Hawaii. It is therefore possible that respondents conflated inadequate fisheries law enforcement

with poor management, an understandable confusion because these responsibilities are
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performed by two distinct divisions who operate within the same department in Hawaii’s state

government.

It was expected that fishers would encourage all fishing categories, but having dive operators
show such strong reluctance to encourage commercial fishing was unanticipated. Dive operators
were more willing to encourage recreational and subsistence fishing than commercial, yet
evidence suggests that global fish stocks are threatened by recreational and commercial fishing
[65, 66]. This implies some level of bias against commercial fishing by dive operators.
Commercial fishers are often viewed by opponents as predatory profit maximizers who act in
self-interest [2]. Similar assertions about aquarium fishers were expressed by dive operators and
may have contributed to their unwillingness to encourage commercial fishing. Unexpectedly,
fishers were also slightly more inclined than dive operators to not encourage all three fishing
categories. Although it is unclear why this was the case, it seems sensible for fishers to believe
that encouraging other people to fish would result in greater competition and diminish economic

incentives, particularly in an open access fishery [67].

There are myriad regional similarities and differences between West Hawaii and Maui that could
influence the results of this research. One difference between these islands was the existence, on
West Hawaii, of an MPA network that aimed to minimize conflict between aquarium fishers and
dive operators. In the absence of any well-documented baseline prior to implementing the MPA
network, it is difficult to conclusively argue whether it was effective for achieving its conflict
mitigation goal. The MPA network spatially separated dive operators and fishers in West

Hawaii [59], which may have diminished interpersonal conflict between these groups; however,
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the polarized value orientations toward the aquarium fish trade held by these groups on both
islands implies some fundamental level of incompatibility. Spatially separating these groups will
likely not resolve the recurring conflict that has occurred in West Hawaii since the late 1970s

[43].

The perceptions of conflict between dive operators and aquarium fishers on Maui and West
Hawaii also appears asymmetrical. Fishers on Maui reported never encountering dive operators
and did not perceive them as a threat to the coral reef ecosystem. Although fishers on West
Hawaii occasionally encountered dive operators, they also did not perceive them as a threat to
the coral reef ecosystem. These responses by fishers on both islands suggest that they did not
experience interpersonal or social values conflict with dive operators (Table 1). Conversely,
dive operators on both islands claimed to occasionally encounter fishers and perceived them as a
serious threat to Hawaii’s coral reef ecosystem. It is possible that dive operators experienced
both interpersonal and social values conflict with fishers on Maui and West Hawaii; however,
dive operators have strong opposition to the aquarium fish trade as expressed in their value
orientation toward it, implying that social values conflict with fishers is likely the principal

driving force behind their opposition to the trade.

It is unclear where the strong value orientation against the aquarium trade held by dive operators
originates. It is possible that some underlying values observed in traditional Hawaiian culture,
that prohibited the harvest of marine resources for personal gain, influences state residents today
[33]. For example, malama kai, or serving and caring for the sea, is a value that traditional

Hawaiian society upheld, and that is still widely invoked and embraced by state residents today.
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Another reasonable explanation is the self-selecting nature of each group which attracts people
who hold a shared worldview toward the environment. Needham [9] found that many people
participating in Hawaii’s dive tour industry held a similar “biocentric” worldview toward the
environment. This worldview is likely at odds with the more utilitarian one held by many
commercial fishers, such as aquarium fishers in Hawaii. The cultural cognition hypothesis
argues that worldviews held by specific groups reflect and reinforce their commitments to
particular visions of the ideal society, which persist even when education, income, personality
type, and ideology are controlled [68]. Different worldviews likely explain the contrasting value

orientations toward the aquarium trade held by fishers and dive operators in Hawaii.

There are a number of social factors in the state of Hawaii that may contribute to the aquarium
fish trade conflict. The state experienced rapid human population growth and major coastal
development that grew the tourism industry between the 1950s and 1970s [69, 70]. Presumably
these changes led to a growing level of affluence, education, and urbanization that could have
resulted in communities demanding stronger environmental protection [71, 72]. This hypothesis
is supported by the expanding number of MPAs implemented in Hawaii since the 1970s and the
strong mutualistic worldview toward wildlife and the environment held by the state’s residents
[71, 73]. These changes occurred while the state became increasingly dependent on the tourism
industry, and specialized economies can cause entrenched conflict over resource allocation,

particularly when the goal of one group conflicts with that of another [74].

These findings are relevant from a policy perspective because of the bourgeoning interest in

deploying co-management strategies that use MPAs for managing common pool marine
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resources conflict. Adams et al. [4] believes policy debates around managing common pool
resources, such as many marine fisheries, are often flawed because people involved frequently
assume that others share their perspective regarding the particular problem discussed.
Implementing co-management strategies that use MPAs remains a viable and effective approach
when differing worldviews and values held by stakeholders are identified and understood [75].
Understanding and acknowledging these differences may help prevent more influential
stakeholders from monopolizing the dialogue or process associated with co-management efforts.
Co-management institutions that are ineffective at managing conflict may result in perceptions of
inequality or injustice among the stakeholders that can then derail even the most well-intentioned
effort [3, 76]. Having equitably-delineated rights, community management systems with clear
leadership, and fair law enforcement will help strengthen co-management regimes [3, 63].
Therefore, marine resource managers should perform some baseline conflict assessment, prior to
implementing MPAsS, to examine the impacts from these interventions, presumably using a

before-after-control-impact observational design whenever possible.

5. Conclusions

Although there were many interisland within-group similarities between fishers and dive
operators on Maui and West Hawaii, it does not appear that the observed differences detected
among these groups resulted from the MPA network in West Hawaii. The significant difference
in value orientations toward the aquarium fish trade held by these groups appears as the primary
factor contributing to the recurring conflict between them. Thus, spatially separating aquarium
fishers and dive operators via MPAs is unlikely to be an effective long-term strategy for

managing social values conflict in Hawaii. The MPAs may intermittently quell tensions between
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stakeholders, as they did after Act 306 was implemented on West Hawaii, but as both industries,
particularly the dive tour industry, cycle through employees, tensions may periodically return as

they have in recent past when high profile fishing violations were publicized.

More research is needed to understand whether social values conflict is prevalent in other
fisheries, or if it is unique to the tropical aquarium fish trade. Opposition toward the aquarium
fish trade in Hawaii might reflect a western value that may not exist in other societies,
particularly in places like the Philippines and Indonesia where most reef fish for the aquarium
trade originate and where values toward marine wildlife may differ from western values.
Additionally, although education and outreach campaigns were identified as best practice for
resolving social values conflict [6], longitudinal research in this arena is needed to determine the
effectiveness of these approaches. Last, additional research is needed to understand how
differing values and worldviews between stakeholders influence conflict dimensions surrounding

marine spatial management and co-management efforts.

It is essential to recognize that conflict should not always be perceived as something negative.
Conflict may result in reconciliation that reflects society’s resilience for coping with change [3];
however, achieving this result requires institutional capacity for preemptively dealing with
conflict before, during and after tension arises. Performing stakeholder conflict evaluations
before marine spatial management strategies are enacted is a valid first step for potentially

predicting and resolving future marine resource conflict.
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Table 2: Means and medians for perceived threats to coral reefs and fishes held by fishers
and dive operators

Fishers Dive Operators
Threat Mean Median n Mean Median n
Poor management 3.30 3.00 27 4.33 5.00 82
Invasive species 4.07 4.50 28 3.89 4.00 82
Thrownet fishing 2.39 2.00 26 3.03 3.00 80
Hook and line fishing 2.37 2.00 27 2.84 3.00 82
Aquarium fishing 2.29 2.00 28 4.43 5.00 83
Bottom fishing 2.62 2.50 26 3.11 3.00 81
Surround net fishing 2.78 2.00 27 3.48 3.00 79
Troll fishing 2.44 2.00 27 2.68 3.00 77
Spearfishing 3.00 3.00 27 2.74 2.00 80
Recreational overuse 3.22 3.00 27 3.00 3.00 82
Global warming/climate change 3.04 3.00 27 3.18 3.00 79
Land-based development/pollution 4.25 4.00 28 4.35 5.00 82
Natural oceanic processes 2.82 3.00 27 2.32 2.00 79
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Table 3: Top three perceived threats to Hawaii’s coral reefs and fishes held by dive operators

and fishers

Threat Factor

Divers (%)

Fishers (%) U p-value

Poor management
No Threat
Minor Threat
Moderate Threat
Threat
Serious Threat
Aquarium fishing
No Threat
Minor Threat
Moderate Threat
Threat
Serious Threat
Land-based development/pollution
No Threat
Minor Threat
Moderate Threat
Threat
Serious Threat
Invasive species
No Threat
Minor Threat
Moderate Threat
Threat
Serious Threat

n=282
2.4
1.2
12.2
29.3
54.9
n=2383
0
3.6
10.8
24.1
61.5
n=381
0
1.2
18.3
24.4
56.1
n=282
0
13.4
17.1
36.6
32.9

n=27 5093.0 <0.001
3.7
185
40.7
185
18.5
n=28 5588.0 <0.001
14.3
64.3
10.7
0
10.7
n=28 14675 0.56
0
3.6
14.3
35.7
46.4
n=28 4406.0 0.32
0
14.3
14.3
21.4
50.0
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Table 4: Fisher and dive operator willingness to encourage three fishing categories

Fishers
(n=27) Divers (n=69) 12 p
Commercial 0.0% 0.0% 36.20 <0.001
Recreation 7.4% 34.8%
Subsistence 7.4% 43.5%
All of the above 63.0%0 7.3%
None of the above 22.2% 14.5%
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Table 5: Cronbach’s alpha results for value orientations toward the aquarium fish trade

Item Adj Alpha

Total (w)if  Cronbach's
Value orientation statements X Correlation deleted alpha
Harvesting reef fish for commercial trade is
wrong (V1) 3.22 0.75 0.94 0.91
Reef fish belong on the reef, not in tanks (V2)  3.39 0.90 0.82
The trade in reef fishes is inhumane (Vs) 3.24 0.84 0.86
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Perceived Problem
No Yes

Social Values

No No Conflict Conflict

Interpersonal and
Social Values
Conflict

Observed

Yes No Conflict

Interpersonal
Conflict

Figure 1: Theoretical matrix for evaluating social values and interpersonal conflict (adapted from
Vaske et al. [6]).
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Aquarium Fish
Trade Value
Orientation

0.59 : 0.80

Figure 2: Confirmatory factor analysis indicates single factor model validates value orientations
toward the aquarium fish trade in Hawaii (CFI = 1, e = error). The larger circle at the top
represents the latent construct, while the smaller circles at the bottom are the error values for the
measured value (V) variable. The error values differ from the latent factor because their effect is
associated with only one measured variable. The straight line pointing from a latent construct to
the measured value (V) variables indicates the correlation between the latent variable and the

measured value (V) variables [56].
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CHAPTER FIVE

CONCLUSION

With past research endeavors largely examining the effects MPAs have on biological
attributes, the need to include more human dimension aspects into MPA research remains clear,
especially in the state of Hawaii where many residents rely on nearshore marine ecosystems for
their livelihood. This need strongly influenced my doctoral dissertation and led me to pursue the
following research questions: 1) How did aquarium fisher adaptations to the MPA network
influence their catch productivity and selectivity?; 2) How did the MPA network spatially
displace aquarium fishing and what were the socioeconomic consequences from this
displacement on the fishing community?; 3) Are MPA networks effective for managing marine
resource conflict?

| investigated the first question in chapter two by exploring how aquarium fishers on
West Hawaii changed their behavior in ways that have improved their catch productivity and
efficiency post-MPA implementation. My findings show fishers: shifted their harvesting
preference away from a mixed catch composition to one dominated by surgeonfishes since the
1970s; adopted new fishing methods, gear and technology, such as the use of GPS and nitrox
gas, which can significantly increase catch efficiency and productivity; and experienced high job
satisfaction and found job autonomy, exposure to nature and the “challenge” as the most
enjoyable aspects of their occupation, suggesting non-monetary benefits are important and may
serve as an incentive to continue fishing despite declining densities of yellow tang in areas
remaining open post-MPA network establishment. My findings largely agree with past research
in other marine fisheries and illustrate how fishers adapt to fishery management policies to

maintain their involvement and catch efficiency in a fishery.
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| explored the second question in the third chapter that focused on how MPAs displace
fishing effort and its socioeconomic consequences on a fishing community. The scholarly
literature often assumes MPAs displace fishing effort without providing empirical evidence.
Additionally, the socioeconomic costs for implementing MPAs and displacing fishing are often
assumed to be absorbed by fishing communities, yet investigations into how displacement from
MPAs influences fishers” socioeconomic well-being remain scant. My findings show the MPAs
displaced fishers from West Hawaii’s central coast to the northern and southern regions. Fishers
perceived this displacement negatively affected distance travelled to fishing sites and fishing
operating costs. These factors were likely impacted because many MPAs were placed adjacent
to boat ramps, forcing fishers to travel farther if wanting to fishing in the direction of the MPA.
Additionally, many fishers preferred launching their boats in the same area where the majority of
MPAs were established (i.e., the west catch reporting zone). This was the same region where
half the boat ramps were located, the largest and most populated town centers were located, and
where many fishers sell their catch post-harvest. These factors most likely influenced the
perceived increases in distance travelled to fishing sites and fishing costs expressed by fishers
post-MPA network establishment. Surprisingly, most fishers perceived their overall
socioeconomic well-being was unaffected by the MPAs; in fact, many believed their economic
status improved. This may be explained by the fact that many fishers now operate in the
northern and southern regions along West Hawaii coast, where catch per unit effort for yellow
tang was noticeably higher. My findings are one of the first to examine fisher movement pre-
post MPA network establishment and how this movement influences the well-being of a fishing
community. Further studies are needed in other MPA locations to understand broader

implication of fishing displacement form spatial management approaches.
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My fourth chapter investigated my last question that focused on examining the
effectiveness of the MPA network on West Hawaii to alleviate conflict between aquarium fishers
and dive operators. My results show dive operators and fishers on West Hawaii perceived the
MPA network had minimal influence on conflict dimensions. This was surprising given the
results in chapter three that clearly showed the fishers were displaced from areas where dive
operators frequent. When | investigated interpersonal and social values conflict between these
stakeholders on West Hawaii and Maui, dive operators on both islands believed aquarium fishing
was one of the more serious threats to the nearshore marine ecosystem and perceived to
occasionally encounter aquarium fishers while working. In contrast, while fishers did not
believe recreational overuse was a major threat impacting the marine ecosystem, the fishers on
West Hawaii occasionally encountered dive operators while working but their counterparts on
Maui perceived to never encounter them. According to theory on interpersonal-social values
conflict, my findings imply asymmetrical conflict between dive operators and fishers were
present on both islands, with the former likely experiencing greater conflict with that latter
group. | also found contrasting value orientation toward the aquarium fish trade held by these
groups on both islands. These value differences may explain the recurring conflict in the region
surrounding Hawaii’s aquarium fishery, and suggest spatial management, such as the use of
MPAs, will unlikely resolve conflict when value differences about how the marine resource
should be used differs between parties. My findings are important because there are few MPA
networks explicitly implemented to resolve resource conflict, such as in case of West Hawaii.
As competition for marine space and resources increases with human population growth in

coastal areas, understanding approaches for dealing with conflict will be needed.
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My research underscored the importance for investigating fisher behavior and how
choices made by fishers can dramatically influence their harvest efficiency. My research also
underscores the importance for understanding how spatial management can displace fishing
effort and fisher well-being. Understanding things such as where fishers operate, where they sell
their catch, or where they launch their boats are critical attributes that could influence a MPA
network’s efficacy to manage a particular species or ecosystem. Last, as trade economies
continues to shift to more tourism dependent ones, conflict between people belonging to these
groups will continue to develop. Understanding social dimensions related to conflict is essential
for resolution, particularly conflict driven by disparate values held by opposing parties.

From my perspective, the inclusion of human dimensions in coastal resource
management research in the United States is lagging behind other parts of the world, such as
Melanesia and Southeast Asia. This means there is ample opportunity to increase involvement
and funding in these areas, particularly in the state of Hawaii, but also in places along the U.S.
west and east coast. Fisheries management is people management, and if humans want to
manage the world’s fishery resources in a socially, economically and biologically sustainable
manner, scientists and coastal resource managers need to integrate more human dimensions

research into their scientific and management objectives.
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