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I moved to Hawaii in 1998, and began my studies of opihi in 1999 at the University of Hawaii.
Over the past nine years, I have visited almost every coastline that harbors opihi in the Main
Hawaiian Islands. In so doing, I have had the opportunity to speak with numerous opihi
harvesters and citizens of Hawaii regarding opihi, cultural harvesting practices, and general ideas
on what can be done to increase the numbers of opihi. I have conducted studies on the
interaction of opihi with other species, the spawning patterns, larval development, adult growth,
genetic population structure, population size, and commercial fishery statistics of opihi. I
continue to work on opihi as a Postdoctoral Research Fellow at the University of Hawaii.

There is no doubt that opihi populations have declined in Hawaii over the past 108 years, and
continue to decline presently. HB1712, among other things, proposes to address the decline of
opihi populations by putting limitations on the harvest of opihi in Hawaii waters. The proposed
limitations on opihi harvest are driven by science, management concerns, existing cultural
practices, and common sense. Here I review HB1712 section by section

Partll Section 3 is factually correct, and emphasizes that the goal is to rehabilitate both opihi -
populations and the fishery. The most important point is that breeding adults must be protected “
to ensure that opihi populations will replenish themselves. This is a key issue in the science and
practice of fisheries management.

Section 4a is focused on protecting breeding adult opihi by establishing “no take” areas. This is
a valid method for managing the opihi fishery as evidenced by numerous peer reviewed
manuscripts and the numerous “no take” areas already established by the State DLNR’s Division
of Aquatic Resources. Of particular note, the Hawaii Division of Aquatic Resources’ aquarium
fish protected areas on the Kona coast of Hawaii have experienced large increases in targeted
fish populations (see attached peer reviewed publication). In the no take areas, opihi are allowed
to breed throughout their entire lives. Adult opihi tend to stay in the same area, returning to their
home scare periodically throughout the day, and are extremely unlikely to leave the no take area,
where they might be harvested. Opihi have free swimming larvae (earliest life stage) which can
disperse from the no take areas into areas where harvest is legal. There probably need to be
more no take areas for opihi, but the proposed locations (man-made shorelines, offshore islets,
and State Managed Areas) are a good start and can be used to evaluate the effectiveness of this
strategy. If proven effective, an adequate number of “no take” areas can be established to
revitalize opihi populations across the State. I cannot stress enough that this management
strategy is PERFECT for opihi because the adults stay in one place, the larvae disperse widely,



and opihi typically grow to legal size within 7 months. It is a proven strategy that has been and
is currently being successfully implemented by Hawaii DLNR’s DAR.

Section 4b is focused on protecting the breeding adult opihi koele (Cellana talcosa) by banning
their harvest below the low tide line, and is based on traditional Hawaiian practices. Opihi koele
exists both above and below the water line. By making the subtidal environment a “no take”
zone, a portion of the opihi koele population is allowed to grow old and breed. Some of the
larvae of these subtidal “breeders” will settle above the water line, providing a stable source of
opihi koele to shorelines. It is likely that this single measure will allow opihi koele to recover
and remain a sustainable fishery species. Potentially, the best part of this provision is that it is
highly likely to be self-enforced, freeing up DOCARE resources. OHA specifically requested
that Native Hawaiians NOT be exempt from this provision. It is currently self enforced at the
community level on Molokai and Maui. It’s easy to follow. Given the consistently low level of
funding for the enforcement of fishery rules, especially with the current recession, it is more
important than ever to establish rules that don’t require constant enforcement because those that
do will surely fail to have an impact on our fishery resources. Let us embrace Hawaiian heritage
and measure success by the number of opihi on the rocks, rather than the number of citations
issued.

Section 4c is related to Section 2b because in order to harvest subtidal opihi koele, one would
need a mask and snorkel and a tool to pick the opihi. I have no scientific opinion on this section.

Section 4d restricts the harvesting of all opihi to 5 months per year across the entire state. It is
likely that this will reduce the harvest pressure on opihi because there will be 62.5% fewer days
upon which opihi can be harvested.

Section 4e establishes a bag limit for opihi. This could limit the amount of opihi harvested,
given adequate resources for enforcement and community compliance. These volumes, 1qt and
1 cup, come from a management-focused analysis conducted by DLNR’s Division of Aquatic
Resources.

Section 5 states that opihi harvesting will be temporarily banned on Oahu for 5 years. This
section adequately reflects that opihi populations have been decimated on Oahu, relative to the
other Hawaiian Islands, thus Oahu requires more drastic actions to rehabilitate its opihi
populations. It is very telling that fish markets have not expressed much opposition to the
stoppage of opihi harvest on Oahu, indicating that opihi sold in Honolulu markets is not
harvested on Oahu. Oahu has the highest ratio of people to suitable opihi habitat, and it is likely
that what has happened is that harvesting pressure is so intense that most opihi don’t get a chance
to reproduce on Oahu. Offshore islets with dense populations of opihi, such as Manana off the
coast of Waimanalo where opihi harvesting is illegal, indicate that if harvesting is stopped, opihi
populations can recover. Opihi grow very quickly, reaching reproductive age in as few as six or
seven months. Opihi also have swimming larvae that disperse well within islands. Stopping the
harvest of opihi on Oahu should allow some level of recovery and replenishment. The reopening
of the opihi fishery on Oahu should be accompanied by aggressive harvest restrictions,
implementing more “no take” areas than proposed in Section 1la.



Thank you for the opportunity to offer comment on this bill.

Sincerely,

Christopher E. Bird
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Marine protected areas can enhance fish stocks within their boundaries, but the circumstances in which
they might also supplement stocks or enhance fisheries outside their boundaries are less clear. Using
visual survey and fishery data, we assess the impacts of increasing fishing effort, and of the establishment
in Hawaii of a network of areas closed to aquarium fishing, on the prime-target species, yellow tang
(Zebrasoma flavescens), and draw conclusions about MPA impacts on long-term fishery sustainability.
Between 1999, when 27.8% of the coastline was closed to collecting, and 2007, the number of active fish-
ers and total catch of yellow tang doubled. Prior to MPA establishment, yellow tang densities were similar
at sites open to fishing and those slated for closure. By 2007, closed areas had five times the density of
prime targeted sized fish (5-10 cm), and 48% higher density of adults than open areas. Densities of adults
in ‘boundary’ areas (open areas <1 km from nearest MPA boundary) were significantly higher than in
open areas far from MPA boundaries, which was indicative of spillover at that scale. Given the long
life-span of yellow tang (>40 years) relative to the duration of protection and the increasing intensity
of fishing, the likelihood is that protected areas will become increasingly important sources for the adult

fishes which will sustain stocks and the fishery over the longer term.

© 2009 Elsevier Ltd, All rights reserved.

1. Introduction

In response to concerns about the status of coral reef ecosys-
terns, there has been growing interest in the use of marine pro-
tected areas (MPAs) as tools to restore or conserve fish stocks
and, sometimes also, associated fisheries. There is now abundant
evidence that effectively managed MPAs can generally be expected
to have positive effects on fish assemblages within their bound-
aries, particularly in terms of increased biomass and greater num-
ber of large individuals of target species (Russ and Alcala, 2003;
McClanahan and Graham, 2005; Friedlander et al., 2007), but the
extent to which MPAs might also benefit fish stocks or fisheries
outside their boundaries is less clear (Palumbi, 2004).

MPAs could benefit areas beyond their boundaries by two
mechanisms: (1) ‘spillover’, i.e. net export of post-settlement
fishes; and (2) ‘replenishment effects’, i.e. increase reproductive
output from protected areas that ultimately increased population
size or landings in connected unprotected areas. A number of stud-
ies have demonstrated some degree of spillover of coral reef fishes
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across MPA boundaries (McClanahan and Mangi, 2000; Russ et al.,
2003; Abesamis and Russ, 2005; Abesamis et al., 2006; Tupper,
2007), but quantifying spillover is generally complicated by vary-
ing fishing intensity outside MPA boundaries (Abesamis et al.,
2006), and by practical difficulties associated with identifying the
occasional large-scale home-range relocations which may be par-
ticularly important in adult spillover (Kramer and Chapman,
1999). Similarly, because populations with more and larger fishes
will tend to produce more eggs per unit area, the build-up of fish
stocks within effectively managed MPAs might be expected to lead
to some replenishment effects (Paddack and Estes, 2000; Evans
et al., 2008). Quantifying replenishment in real situations is com-
plicated by the high degree of natural spatio-temporal variability
in recruitment strength which is typical of coral reef fishes (Sale
et al., 1984; Walsh, 1987), and by practical difficulties in determin-
ing the source of settlers arriving on a reef. Therefore, although
some spillover and enhanced replenishment could be expected
from an effective MPA system, the absolute extent to which they
are likely to supplement stocks outside protected areas remains
difficult to predict in any particular situation.

For MPAs to produce a net fishery benefit, spillover or replen-
ishment effects need to be of sufficient magnitude to ultimately
compensate fishers for the costs associated with lost access to
closed areas. A particular case of that would be if the establishment
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Fig. 1. Survey locations. {(a) Long-term monitoring stations (mid-depth reef zones which are yellow tang settlement and juvenile habitat), surveyed 4-6 times per year since
1999. (b) Adult yellow tang survey sites (shallow pavement zones) surveyed five times each in 2006. Lightly shaded areas are Fish Replenishment Areas (FRAs), established
December 31st 1999, Black areas are long-term protected areas, closed to aquarium collecting since at least 1991. Key to labels: ‘B’ = boundary site, open to fishing and mid-
point <1 km from closed area boundary ‘F’ = FRA'; 'L’ = long-term protected area; ‘O’ = open to fishing and mid-point >2 km from closed area boundary. ‘West Hawaii', as used
in this study, refers to the coastline from Upolu Point to South Point, which area constitutes the *West Hawaii Regional Fisheries Management Area’,

of an MPA system, by acting as a bulwark against extreme overex-
ploitation, helped to ensure the long-term sustainability of the
fishery (Hart, 2006).

In this study we consider the impacts of fishing, and protection
within a network of MPAs on the west coast of the Big Island of Ha-
waii (hereafter ‘West Hawaii', Fig. 1) on populations of the yellow
tang, Zebrasoma flavescens and the sustainability of the yellow tang
fishery. West Hawaii is the most important region for the aquarium
fishery in the Hawaiian Islands, and yellow tang is the most heavily
exploited species (Walsh et al.,, 2003; Friedlander et al., 2005), con-
stituting around 80% by number and 70% by value of aquarium land-
ings from West Hawaii in recent years (HDAR unpublished data).
The yellow tang fishery largely targets young juvenile fish in the size
range of 5-10 cm (T.C. Stevenson, pers., comm.), but there is some
indication that larger-sized juveniles are beginning to be taken to
some extent. Smaller and younger fish, i.e. very recent settlers, have
low survivorship in holding tanks, and older and larger fish are less
desired by the trade. Adults (>13 cmas females, >15 cm as males), as
well as being larger than the preferred size for aquarium collecting,

are hardly taken by other fishers because yellow tang is not a desired
food fish. Therefore, as yellow tang reach sexual maturity at 4-
6 years old and can live for at least 41 years(J.T. Claisse, unpublished
data), individuals which reach adulthood have the potential to be
reproductively active for decades.

The life cycle of yellow tang and nature of the fishery make it
particularly suitable for a study of replenishment and spillover ef-
fects. First, it is relatively easy to distinguish, and therefore quan-
tify, recruit, juvenile and adult stages. Second, since yellow tang
recruit into mid-depth high coral habitat, but relocate into shallow
pavement zones on reaching adult sizes (Walsh, 1984), adult and
sub-adult populations are spatially distinct. Third, as is typical
for surgeonfish (Choat and Axe, 1996), yellow tang grow rapidly
as juveniles but growth slows once they become reproductive
adults, and hence there is a limited size range of adult yellow tang.
For those reasons, the size of yellow tang populations in adult hab-
itats is likely a meaningful measure of total breeding stock size. Fi-
nally, because yellow tang are primarily targeted as juveniles, at
which stage they are very site-attached (Walsh, 1984), the greatest
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scope for spillover to occur is at life stages which are relatively unf-
ished, and so spillover effects are not prone to being confounded by
fishing outside of MPAs.

On December 31st 1999 the State of Hawaii established nine
Fish Replenishment Areas (FRAs) that prohibited aquarium collect-
ing along 27.8% of the West Hawaii coastline (Fig. 1). The creation
of the FRAs brought the total coastline closed to aquarium collect-
ing to 35.2%, as existing MPAs comprising 7.4% of the coastline
were already closed to aquarium fishing. In a study of the FRA net-
work conducted three years after its establishment, Tissot et al
(2004) reported 78% higher yellow tang density in FRAs than in
open areas. Their monitoring stations were located in mid-depth
high-complexity reef areas which are the most intensively col-
lected reef zones, but which have few adults. Thus, the reported
rise in yellow tang density within FRAs was largely of juvenile fish.
Crucial fishery questions remain concerning whether the protected
area network has already, or will eventually, act to sustain or en-
hance the yellow tang breeding stock that ultimately supports
the fishery.

Here, we extend the earlier study on the impacts of the FRA net-
work, to include yellow tang catch and recruitment data, together
with what is now nine years of monitoring data on abundance and
size distribution in and out of protected areas. Those data, together
with survey data on densities of yellow tang in adult habitats at
sites: (i) within MPAs; (ii) outside MPAs, but close to protected area
boundaries; and (iii) in open areas distant from any MPA boundary,
are used to assess spillover and the role of the MPA network in
ensuring the long-term sustainability of the yellow tang fishery.

2. Materials and methods
2.1. Fish monitoring in recruit and juvenile habitats

Between 1999 and 2007, fish populations were surveyed four to
six times per year for a total of 47 survey rounds. For each survey
round, fish surveys were conducted on four fixed transects at each
of 23 monitoring sites distributed along the West Hawaii coastline
(Fig. 1). Therefore, we have nine years of data from those sites: one
year from prior to the establishment of the FRA network, and eight
years post-closure. Nine of the 23 monitoring sites were estab-
lished in areas which were to become FRAs, nine in areas that re-
mained open to fishing after creation of the FRA network, and
five in long-term protected areas, all of which had been closed to
aquarium fishing since at least 1991.

Details of the survey sites and methodology are given elsewhere
(Tissot et al., 2004), but, in brief, monitoring stations were located
on medium-depth reefs (site means of 8.0-13.6 m) with moderate
to high coral cover, particularly of the finger coral, Porites com-
pressa. Such reefs are typical of much of the West Hawaii coast
at that depth. Fish surveyors recorded the number and species of
all fishes on transects. Between 1999 and 2002 yellow tang were
classified as ‘recruits’, ‘young juveniles’ or ‘others’, ‘Recruits’ are re-
cently settled yellow tang (~3-5 cm), which are pale and verti-
cally-elongated compared to older fish. ‘Young-juveniles' are
slightly larger (~5-6 cm), but notably smaller than other juvenile
yellow tang in the habitat and therefore readily identifiable as hav-
ing settled during the most recent recruitment season. Starting in
2003, surveyors continued to identify ‘recruits’, but otherwise clas-
sified fishes by total length in 5 cm bins (0-5cm, 5-10 cm, 10-
15 cm, 15-20 cm).

2.2. Fish surveys in adult habitats

To supplement data from the long-term monitoring program,
we surveyed adult yellow tang populations in their prime daytime

habitat, i.e. the deep edge of the shallow pavement zone around 3-
6 m deep. Along the West Hawaii coast, shallow pavement areas
generally have a distinct deep boundary where the main reef slope
begins and where coral cover increases rapidly, and therefore the
target habitat zone for our surveys was mostly well defined. Recog-
nizing that adult yellow tang have highly clumped distributions,
we developed a survey approach which allowed divers to count
yellow tang over long transects running approximately parallel
to shore through the prime adult habitat. Survey divers utilized
leg-mounted propulsive units and a tank mounted battery pack
named ‘Jetboots’ (http://www.jetboots.com), which enabled them
to cover large areas while having both hands free. Survey divers re-
mained as much as possible over the prime adult habitat while
counting all yellow tang within a visually-estimated 5-m wide belt.
Surveys were run at relatively constant speed for 18 min each
which allowed two surveys per battery charge. Each transect cov-
ered approximately one kilometer beginning from a fixed starting
point, but actual distance covered per survey was determined by
recording the end point on a GPS unit in a support boat, and using
a GIS to calculate the distance along the 5 m depth contour be-
tween start and end points.

To reduce environmentally-driven variability among counts, we
established adult yellow tang (AYT) survey sites as much as possi-
ble in areas which had 1km or more of largely continuous high
quality habitat: i.e. areas of 3-6 m deep pavement with little sed-
iment or sand. Most sites were established on narrow shelves adja-
cent to low shoreline cliffs, which is a common shoreline structure
along the West Hawaii coastline. We established four AYT sites
within FRAs, four within long-term protected areas (LTP); and
eight in open, i.e. fished, areas (Fig. 1b). As adults have daily move-
ments between diel and night time areas of up to at least 800 m
(J.T. Claisse, unpublished data; Walsh, 1984), we assumed that
there could be spillover across protected area boundaries over at
least that scale. We therefore established four open sites as ‘bound-
ary' sites, centered <1 km from the nearest protected area bound-
ary, and four as ‘open’ sites with mid-points >2 km from the
nearest boundary (Fig. 1b). The 16 AYT survey sites were each sur-
veyed five times between March 6th 2006 and December 6th 2006.

Preliminary trials of the AYT survey methodology indicated that
although adult yellow tang were present across nearly all shallow
reef areas, they were much more abundant in hard bottom areas
with substantial vertical relief, particularly underwater gullies
and valleys. To account for the potential impact of structural differ-
ences among sites, a survey diver used a dive computer to record
their depth to nearest 30 cm at 2 s intervals on one survey dive
at each site. As they maintained a constant height of around 1 m
above the bottom, their depth corresponded with reef profile.

2.3. Fisheries data

Since 1976, all aquarium fishers in Hawaii have been required
to be licensed and to submit monthly catch reports listing the spe-
cies and number of all fishes caught and sold in that period (N.B.
‘caught’ includes fishes which are captured but are not sold for
any reason). Most catch reports are filed by individual collectors,
but teams of up to seven collectors can report their monthly catch
on a single report. For this study we summarized data from West
Hawaii reporting zones to generate total reported catch per fiscal
year from 1976 to 2007. Hawaii fiscal years run from July through
June (i.e. fiscal year 2007 data covers 07/2006-06/2007). Because
yellow tang recruitment is highly concentrated in summer months
(Walsh, 1987), and because young juveniles are targeted, the start
of each fiscal year approximately coincides with the arrival of a
new cohort of catchable fish.

Collectors vary widely in terms of their effort and catch. Several
collectors report little or no catch, many are occasional or part time
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collectors, and a smaller number devote large amounts of time to
aquarium collecting. Catch reports include information on total ef-
fort, but it is not partitioned among species or among the collectors
included in the report. Therefore, we did not believe it was possible
to generate meaningful measure of fishing effort for yellow tang.
Instead, we calculated the number of collectors actively fishing
for yellow tang per year by counting the number of fishers report-
ing catch of more than 1000 yellow tang in that year, either indi-
vidually or as part of a larger group reporting catch on a single
form. 1000 yellow tang was chosen somewhat arbitrarily as the
cut-off point, but does not represent a high bar to being considered
an ‘active collector’ as it is not uncommon for some collectors to
report catch of that level in a single month. Prior to 1999, only
the first mentioned collector on any report was entered into the
catch database, and therefore we could only derive a consistent
measure of ‘active fishers’ for 1999 onwards. Reports or instances
of illegal fishing, either poaching within closed areas or collection
by unlicensed fishers, are rare (WJ. Walsh, pers., comm.). Fishers
targeting yellow tang are highly conspicuous because target habi-
tats are close to shore and because fishers must work from boats to
land large numbers of fish. We therefore believe that illegal fishing
for yellow tang is negligible in West Hawaii.

2.4. Data handling and analysis

We evaluated changes in mean yellow tang density between
1999 and 2007 at FRA sites, at sites open to fishing throughout,
and at LTP sites, by first generating an annual mean density per site
excluding young-of-year (defined below), and then conducting
paired t-tests on annual mean densities per survey site (before
FRA creation = 1999; after = 2007). Differences between FRAs and
other management categories by year are assessed using 95% con-
fidence intervals of difference in means derived from t-tests.
Young-of-year were excluded because of non-trivial variability in
recruitment strength at the site level, and because high early mor-
tality of yellow tang recruits meant that estimates of settlement at
any site were highly dependent on whether surveys happened to
coincide with recruitment peaks. Between 1999 and 2002, fish
considered to be young-of-year were those identified as ‘recruits’
or ‘young-juveniles,’ and from 2003 onwards they were all fish
identified as ‘recruits’ or which were <5 cm. Because of the change
in methodology, data from 2003 onwards slightly underestimate
young-of-year relative to earlier years as fish up to ~6 cm can still
have young-juvenile characteristics.

Using data from 2003 onwards, we examined yellow tang den-
sity in two size-classes, 5-10 cm and 10-15 cm. The 5-10 cm size
class comprised of approximately two-month to two-year old fish
(J.T. Claisse, unpublished data), which are the prime targets of the
fishery. The density of 10-15 cm size class yellow tang in the hab-
itats where we conducted long-term monitoring, mostly comprise
large juveniles/sub-adults plus a much smaller number of mature
fish which either remained in mid-depth habitats, or were making
temporary migrations from their normal shallow daytime ranges
(J.T. Claisse, unpublished data). We calculated annual density ratios
of FRA:open for each size class, and determined 95% confidence
intervals for those ratios by first doing t-tests of differences of
means between FRA and open sites, and then standardizing confi-
dence limits by dividing by mean densities at open sites. We as-
sessed temporal trends in density within size classes, and in
FRA:open ratios, by means of linear regressions.

The shallowest LTP site was located very close to the shoreline
and had over three times the density of 10 cm and larger yellow
tang than other LTP sites. Because densities of 10-15 cm yellow
tang at that site are not likely representative of sub-adult fish,
we excluded that site when determining size class densities at
LTP sites. Excluding that site did not affect statistical analyses,

since we did not conduct tests involving size class data from LTP
sites.

Mean adult yellow tang densities per site were calculated based
on five surveys per site. Differences in densities among sites in dif-
ferent management categories (FRA, LTP, Boundary, Open; four
sites per group) were tested using ANCOVA, with management
group as main effect, and structural complexity (defined below)
as covariate. Fisher's tests were used to identify significant pair-
wise differences among management groups (a = 0.05). The struc-
tural complexity metric for each site was calculated using the depth
data recorded at that site. First we calculated the maximum change
of depth within each 30 s interval (~30 m distance), and then aver-
aged those values for the entire survey. Conformity with require-
ments of homogeneity of variance was tested using Levene's test
(p>0.1), and of homogeneity of slopes (management * structural
complexity, p = 0.73) prior to application of ANCOVA. All analyses
were performed using JMP-IN 5.1 (SAS, 2003).

3. Results
3.1. Fisheries data

Reported yellow tang catch increased 30-fold between 1976
and 2007. Reported catches were ~10,000 year~! between 1976
and 1985, but over the next decade increased to nearly
200,000 year~'. Annual catch stabilized at around that level until
2003, before again increasing rapidly and peaking at 382,921 in
2006. In 2007, reported catch declined to 291,013; although sub-
stantially less than fiscal year 2006, that was still the third highest
on record (Fig. 2). The number of active collectors increased from
16 in 1999, to 37 in 2007 (Fig. 2).

3.2. Yellow tang density at monitoring sites (juvenile and recruit
habitat)

Prior to establishment of the FRAs, yellow tang densities were
similar at ~10-15 per 100 m? at FRA and open sites, whereas den-
sities at LTP sites were ~20-25 per 100 m? (Table 1, Fig. 3). By
2003, and in all subsequent years, mean yellow tang densities in
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Fig. 2. Number of active fishers and annual reported catch of yellow tang from
West Hawaii reporting zones, derived from monthly catch reports. In total 35.2% of
the West Hawaii coastline was closed to fishing once the Fish Replenishment Area
network (FRA) was established. Fiscal years cover July to June. Active fishers are
collectors who reported catch of >1000 yellow tang in a year, either as individually
or as members of a team reporting on common reports, Data on active fishers was
only available from 1999.
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Table 1

Yellow tang densities by management strata. Data are from long-term monitoring of mid-depth high coral cover habitats, so largely comprise sub-adults and juveniles, which are
the targets of the aquarium fishery. 95% confidence intervals of difference in means between FRA-CTRL and FRA-open that do not overlap zero (i.e. significantly different at « of

0.05) are indicated by an asterisk.
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Fig. 3. Mean yellow tang density trends (+1 SE) at West Hawaii monitoring sites.
Data exclude young-of-year. LTP sites (n=5) were closed to aquarium collecting
since at least 1991. FRA sites (n = 9) are Fish Replenishment Areas, i.e. were open to
fishers prior to establishment of the FRA network. Open sites (n=9) were open to
fishers throughout the study. Monitoring stations were located in yellow tang
juvenile habitat, thus densities reflect sub-adult fish. Only upper SE bars shown for
LTP sites.

FRA sites had risen to values similar to those at LTP sites and were
higher than at sites which remained open to fishing throughout
(Table 1, Fig. 3). Between 1999 and 2007, mean density increased
by 72% at FRA sites, remained approximately stable at LTP sites,
and declined by 45% at sites which were open to fishing (Table 1).

Recruitment strength, measured by the number of recent set-
tlers observed during surveys, varied considerably among years:
peak densities of recent settlers ranging from ~2 per 100 m? in
low-recruitment years (1999, 2000, 2006, Fig. 4a) to around 10-
17 per 100m? in good recruitment years (2002, 2003, 2005,
Fig. 4a). Little recruitment occurred in the first three of the nine
years we have data from, but recruitment was moderate to high
in five of the six most recent years (Fig. 4a).

The highest densities of prime-target size (5-10cm) yellow
tang at FRA and LTP sites were recorded in 2004, following two
years with good recruitment (Fig. 4). However, over the 2003-
2007 period as a whole, densities at FRA and LTP were stable (lin-
ear regression, r2 <0.15, p>0.5 in both cases). In contrast, their

density declined in open areas throughout the entire period we
have size data from (2003-2007: linear regression, r*=0.91,
p=0.01, Fig. 4b). Just between 2006 and 2007, i.e. following the

204 (a) Young-of-year

Density (# 100 m™?)

_— FRA
1 Open
g t
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Fig. 4. Yellow tang density trends at West Hawaii monitoring sites. (a) Young-of-
year. Identification was based on the distinct morphology and color of recently
settled fish from 1999 to 2002, but from 2003 on, young-of-year were all recent
recruits or those <5 cm. Recruitment data were pooled for all 23 as an index of
coast-wide recruitment strength. Shaded areas in figure (a) show the May-August
prime yellow tang settlement period (Walsh 1987). Size data, which is only
available from 2003 is shown for (b) 5-10 cm, i.e. prime-target size yellow tang;
and (c) 10-15 c¢m, which are largely older-juveniles. Columns in {(b) and (¢) show
mean densities (+1 SE) by management strata: LTP, FRA, and open (as for Fig. 3).
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one poor recruitment year in that period, densities dropped nearly
in half, from 4.6 (£0.3 SE) to 2.4 (20.2) per 100 m?. The net effect
was that the FRA:open ratio of density of 5-10 cm yellow tang sig-
nificantly increased over that period (linear regression, r* =0.84,
p=0.03), from 1.9:1 in 2003 (95% CI: 1.0, 2.8) to 4.9:1 in 2007
(CI: 3.0, 6.9).

Between 2003 and 2007, the density of large juvenile yellow
tang (10-15cm) was stable in LTP areas (linear regression,
?=0.01, p=0.86), rose marginally in FRAs (linear regression,
12=0.90, p=0.01), and tended to decline at sites open to fishing,
although that decline was not significant (linear regression,
2 =0.60, p=0.12, Fig. 4c). FRA:open ratios significantly increased
between 2003 and 2007 (linear regression, r* = 0.80, p = 0.04), from
1.7:1 (CI: 0.8, 2.6) in 2003, to 3.3:1 (CI: 1.6, 5.0) in 2007.
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Fig. 5. Mean yellow tang densities (+1 SE) in adult habitats against distance of
survey site mid-point from nearest protected area boundary (n = 5 surveys per site),
FRA, LTP, boundary, and open management groups are described in Table 2. The
trend line was generated using a LOESS smoothing function.

Table 2

Yellow tang densities and site characteristics and at adult survey sites in 2006. Site
locations are shown in Fig. 1b. n =5 surveys per site, Aquarium fishing was closed at
LTP sites by 1991, and at FRA sites on December 31st 1999, Boundary sites were open
to fishing and had mid-points <1 km from the nearest closed area boundary. 'Open’
sites had survey mid-points >2 km from nearest closed area boundary. Structural
complexity is the mean vertical range in meters derived from diver depth gauges over
30 s intervals (~30 m).

Table 3
ANCOVA of yellow tang densities from surveys in adult habitats, with management
group as main effect, and structural complexity as covariate. Management groups are
as for Table 2. Differences among management groups were tested using a Fisher's
test. Groups with the same letter were not significantly different at alpha = 0.05,

3.3. Adult yellow tang densities

Yellow tang densities in adult habitats varied from 12.2 £ 1.2
(%  SE) to 34.2 + 2.6 per 100 m? (Fig. 5). Density was similar at se-
ven of eight MPA sites (the four FRA sites and three of four LTP
sites), ranging between 22.7 + 1.2 and 28.3 + 1.3 per 100 m?. The
protected site with notably lower adult densities (L;: 18.6%1.5
per 100 m?) had the second lowest structural complexity value of
the 16 sites surveyed (Table 2). Adult yellow tang densities at three
of four boundary sites varied between 17.9 £ 1.1 and 26.9 £ 3.8 per
100 m2. The other boundary site (B4) had the highest density of any
survey site, 34.2 + 2.6 per 100 m?. Open sites tended to have lowest
adult densities. Densities at three of four open sites ranged from
12.2 +1.2 to 18.0 £ 1.5 per 100 m?. Adult density was higher at site
03 (23.9 + 2.4 per 100 m?), which also had the highest structural
complexity of the 16 adult survey sites (Table 2).

After controlling for the effect of reef structural complexity,
adult densities differed among management groups (Table 3, AN-
COVA Fj; 3; = 3.6, p < 0.05). Mean adult yellow tang densities were
48% higher at FRA sites and 41% higher at ‘boundary’ sites than at
open sites (Fisher’s test p < 0.05, Table 3). Mean adult density at
LTP sites was 26% higher than at open sites, but there were no sig-
nificant pair-wise differences between LTP and other management
groups (Table 3). Reef structural complexity did not differ among
management groups (ANOVA Fj; 3)= 1.0, p=045).

4. Discussion and conclusions

Yellow tang are the prime targets of the aquarium fishery in
West Hawaii, with reported annual catch of 300-400 thousand
since 2005. Assuming a third of the catch is not reported (Dierking,
2007), the total annual take from West Hawaii areas open to collec-
tors is approximately three thousand fish per km of coastline. Gi-
ven that scale of harvest, it is perhaps not surprising that in
common with other marine protected area studies (Polunin and
Roberts, 1993; Russ and Alcala, 2003; McClanahan and Graham,
2005; Friedlander et al,, 2007) we found clear evidence of with-
in-MPA effects, including that density of prime targeted size yellow
tang (5-10 cm) within FRAs was five times that of fished areas.
Since there was no difference in yellow tang densities between
FRA and open sites prior to the creation of the FRAs, recent differ-
ences represent real effects of protection, rather than being indic-
ative of underlying habitat or other environmental differences
among sites. While the difference in density of small yellow tang
between FRA and open sites was striking, of more significance to
the role the FRAs may have in enhancing or sustaining West Ha-
waii yellow tang stocks and ultimately also the fishery, was the ef-
fect of protection on adult yellow tang densities, which were 48%
higher in FRAs than in non-boundary open sites in 2006.

The significantly higher density of adult yellow tang in bound-
ary sites than in open areas distant from MPAs is indicative of spill-
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over. Furthermore, as all boundary sites included reef areas which
were more than a kilometer from the nearest protected area
boundary, the fact that mean adult yellow tang density in bound-
ary sites was nearly as high as within protected areas suggests that
considerable spillover can occur at that spatial scale. As is common
for benthic-associated reef fishes (Kramer and Chapman, 1999),
juvenile and adult yellow tang tend to have small daytime ranges.
In contrast, adult yellow tang make daily migrations between day-
time and nighttime ranges which can be at least 800 m apart (J.T.
Claisse, unpublished). It does not seem implausible that spillover
could operate over comparable spatial scales. In the absence of tag-
ging or other movement studies we cannot distinguish among pos-
sible spillover mechanisms including occasional relocation as
adults or ontogenic habitat shifts. However, the highest adult den-
sity we found was at B,, a boundary site adjacent to a large FRA.
That FRA has abundant high quality juvenile habitat, i.e. mid-depth
high-complexity coral habitats (DeMartini and Anderson, 2007},
but largely lacks the unsedimented pavement habitat preferred
by adults, inshore areas there being predominantly sandy. High
adult density at site B, is therefore consistent with their being
scope for considerable ontogenic spillover.

There are a number of reasons for expecting that difference in
adult densities between FRAs and open areas will increase in fu-
ture, First, the duration of fishery closure in FRAs covered by our
study is short relative to the life-span of yellow tang, which can
live over 40 years (J.T. Claisse, unpublished). Specifically, as the
prime-target size range for yellow tang corresponds with fish
around two years or younger, (J.T. Claisse, unpublished), and our
adult surveys were conducted in the seventh year of FRA closure,
most adult fish >~9 years old at that time would likely have moved
out of targeted size classes prior to FRA establishment. Second,
catches and the impacts of fishing have increased in recent years.
Average reported catch between 2004 and 2007 was 74% above
the average of the previous 10 years. Recent high catches were
made possible by relatively good recruitment in years 2002
through 2005, but also reflect a doubling of the number of active
fishers between 1999 and 2007, and, perhaps also, increased appli-
cation of more intensive fishing methods (Walsh, pers. obs.). The
net result has been that even during a period of mostly good
recruitment, the density of prime-target sized yellow tang (5-
10 cm) declined in open areas between 2003 and 2007, and the
FRA:open density ratio of that size class increased from 1.9:1 to
4.9:1. Over the same period, the FRA:open density ratio of large
juvenile yellow tang increased from 1.7:1 to 3.3:1, indicating that
a significantly smaller portion of juveniles in open areas were
reaching large juvenile stages than previously. It seems likely that
the supply of new adults from open areas will also be lower than in
the past. Thus, assuming fishing pressure remains high, as older
adults are lost and not replaced from open areas at the same rate
as previously, continuing high levels of supply from protected
areas will likely mean that those areas become even more impor-
tant source areas for West Hawaii breeding stocks in coming years.

Information on dispersal of coral reef fish is limited (Mora and
Sale, 2002), but there are a number of reasons to believe that most
yellow tang settling onto West Hawaii reefs originated there, First,
although fish larvae are capable of dispersing over very long dis-
tances, the scale of the West Hawaii coastline (~150 km from
north to south) is large relative to several recent estimates of
demographically meaningfully reef fish dispersal distances (Kinlan
and Gaines, 2003; Shanks et al., 2003; Cowen et al,, 2006). Second,
the Hawaiian archipelago is isolated from other reef areas by
>1000 km, and recent surveys across the Hawaiian Islands have
demonstrated that there are no other yellow tang populations
which are even remotely comparable in size to the West Hawaii
population (HDAR unpublished). The absence of large populations
elsewhere in the Hawaiian Islands is corroborated by the fact that

>94% of all yellow tang collected come from West Hawaii (HDAR
unpublished). Third, prevailing west-northwestward surface cur-
rents and the formation of eddies west of the Big Island of Hawaii
(Calil etal., 2008) both suggest limited contribution to West Hawaii
recruitment from elsewhere in the archipelago. Therefore,
although West Hawaii yellow tang adult stocks may be supple-
menting populations elsewhere in the state, it seems likely that fu-
ture levels of yellow tang recruitment onto West Hawaii reefs will
ultimately depend on the status of breeding stocks within West
Hawaii itself, Thus, any positive impacts of the protected area net-
work on West Hawaii adult stocks and stock spawning potential
would likely directly benefit the local yellow tang fishery.

It is important to recognize that there is a gap between identi-
fying an MPA/fishing effect on adult densities, and being able to
quantify the impact of that on future levels of yellow tang settle-
ment or on recruitment into catchable size-classes. In addition, be-
cause we do not have pre-closure data on adult densities, we
cannot conclusively distinguish between the benefits of increased
survivorship within MPAs, and the detrimental consequences of
concentrating fishing effort in the remaining open areas after the
FRAs were established. There are therefore limits to what we can
conclude about the net effect of West Hawaii MPAs on current or
future fishery yields. However, increasing fishery participation
and significantly increasing fishing impacts in recent years demon-
strate the potential for fishery overexploitation to significantly re-
duce breeding stocks in the absence of regulation. By
supplementing adult stocks within MPAs and in boundary areas,
West Hawaii MPAs appear, at the very least, to be an effective means
of preventing that kind of extreme overexploitation from occurring.

There are some relatively simple management actions which
could improve long-term fishery sustainability, including limited-
entry, and restricting the take of breeding-size yellow tang by
aquarium collectors and other fishers. However, there are several
reasons why the fishery would be difficult to effectively manage
by approaches such as bag limits or total allowable catch limits.
First, available catch in any year is highly dependent on recent
recruitment strength, which for yellow tang is highly variable from
year to year (Walsh, 1987). As a result, optimum catch limits will
vary substantially and unpredictably from one year to another.
Second, aquarium catch and landings are highly dispersed, which
makes it difficult or unfeasible to enforce catch quotas or bag limits
and to verify catches. In contrast, because large scale yellow tang
collection requires fishers to be conspicuous, area based manage-
ment is relatively straightforward to enforce.

The West Hawaii FRA system has been shown to have a number
of benefits above and beyond any impacts on yellow tang. Those
include greater numbers of other targeted species (Tissot et al.,
2004), reduced conflict between collectors, commercial ocean rec-
reation operations, and community members (Walsh et al., 2004),
and greater numbers of attractive and conspicuous fishes in reef
areas which are readily accessible to commercial and recreational
divers and snorkelers. Our study provides strong evidence that in
addition to the benefits mentioned above, the West Hawaii pro-
tected area network, by sustaining adult stocks over large areas
of the coastline, acts as a bulwark against overexploitation, and
thereby helps to ensure long-term sustainability of yellow tang
stocks in West Hawaii and of the fishery which depends heavily
on this species.
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reefs, and you can see why a healthy reef is important.



Gina Williams

From: mailinglist@capitol. hawaii.gov

Sent: Wednesday, April 01, 2009 5:32 PM

To: WAM Testimony

Cc: hulaboy244@aol.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211
Testifier position: support
Testifier will be present: No
Submitted by: Charles Yaeger
Organization: Individual
Address: Kihei, Hawaii
Phone: 808 891 2501

E-mail: hulaboy244@aol.com
Submitted on: 4/1/2009

Comments:
I support HB 1712 as I believe it is important to have bag limits on Uhu and goatfish to

assure that future generations will have these valuable fish on their reefs.



April 1, 2009

LATE

Sean Stodelle, A spear fisherman/Diver from the island of Maui who is actively involved
with Ocean sustainability issues to ensure future generations have access to our resources
and food stocks.

Testimony in support of HB 1712

“I am surprised to see how many times this bill has been bounced in and out of the
hearings, but am glad it is back and in full support of it. As an active diver on the island
Maui, I have seen the dwindling numbers of fish and feel this is a direct cause of no bag
limits on the most targeted species. I would love to see bag limits established as so many
other states already do as it helps to regulate the individuals, as well as make it easier on
our already over burdened DOCARE enforcement officers.

As a registered voter in the State of Hawaii, [ will be following this closely, as I have
been already, to see which of my elected officials are not putting the needs of our oceans,
and its peoples first. The ocean has provided to the people of hawaii for centuries and
there is no reason why we should suddenly let it all fall apart and stop. This is a small
step in the right direction, but all journeys begin with one small step and at least we are
headed in the right direction as opposed to backwards.

Please accept this written testimony as my full support for the Bill (HB 1217) as it
currently reads. As with my other testimonies submitted in the previous readings, should
the bill be changed or attached to something else, I will adjust my position accordingly if
needed. In otherwords, I am aware of how the bill reads and in full support and will
continue to follow it through its course of action.

Sean Stodelle

PO Box 37
Kahului, HI 96733
sean@stodelle.com



LATE

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 7:49 AM

To: WAM Testimony

Cc: jmsalpha@earthlink.net

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211

Testifier position: support
Testifier will be present: No
Submitted by: Mike Spriggs
Organization: Individual

Address: 320 Paani Place #6B Paia HI
Phone: 808 214 9677

E-mail: jmsalpha@earthlink.net
Submitted on: 4/2/2009

Comments:
My wife and I are in support of HB1712 because of its importance to the preservation of

Hawaii's reefs, fish and shoreline. In particular the parrotfish is a major contributor to
the sand of Hawaii's threatened beaches.



kim2 - Arline

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 7:36 AM

To: WAM Testimony

Cc: maurmick@aol.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211
Testifier position: support
Testifier will be present: No
Submitted by: Maureen Ross
Organization: Individual
Address:

Phone:

E-mail: maurmick@aol.com
Submitted on: 4/2/2009

Comments:

Please, we desperately need to have limits on the fish taken and how they are taken from the
ocean. We live in Kihei, HI. For the past several years, we have been able to catch very
few fish via rob and reel. These waters are now becoming like the Newport Beach, CA waters--

fishless.

I can remember in the 1970's we could catch fish off and near shore in Souther California,
but no more.

Maui waters are reaching that point. How very sad to have so much ocean and no fish to eat.

Maureen Ross



LATE

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 7:33 AM

To: WAM Testimony

Cc: salempublic@gmail.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211

Testifier position: support
Testifier will be present: No
Submitted by: Richard

Organization: Individual

Address: 326 Paani Pl Paia, HI 96779
Phone:

E-mail: salempublic@gmail.com
Submitted on: 4/2/2009

Comments:

I respectfully request HB1712 be approved and adopted. It is critical to Maui's
environmental health, economy, and culture to have a sustainable reef ecosystem. Without
limits the uhu and goatfish are being reduced to unsustainable levels. The uhu and goatfish
are intregal parts of this ecosystem and must have bag limits to sustain their populations
and allow them to help perserve the reefs and even build our sand beach resources! HB1712
addresses this issue responsibly and helps protect Maui's shoreline, reef and beaches.
Please approve and adopt the bill.



LATE

kim2 - Arline

From: mailinglist@capitol. hawaii.gov

Sent: Thursday, April 02, 2009 7:28 AM

To: WAM Testimony

Cc: sugarcove@maui.rr.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211

Testifier position: support

Testifier will be present: No

Submitted by: Sugar Cove Homeowners Association
Organization:

Address:

Phone:

E-mail: sugarcove@maui.rr.com

Submitted on: 4/2/2009

Comments:
Please vote in favor of this bill.



LATE

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 7:12 AM

To: WAM Testimony

Cc: barbg1@mac.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM
Attachments: 09.doc

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211

Testifier position: support
Testifier will be present: No
Submitted by: Barbara Guild
Organization: Individual
Address: 320 Paani Place 1A HI
Phone: 808-877-3109

E-mail: barbgl@mac.com
Submitted on: 4/2/2009

Comments:

I strongly favor this bill, for the Parrot Fish are definitely diminished in numbers, and
regardless of how tasty they are, to keep the species in earth’s oceans, we must not continue
to OVERFISH them. Please VOTE IN FAVOR of this bill. The SAND PRODUCTION by PARROT FISH is
critical to Hawaii’s beaches..



From: mailinglist@capitol. hawaii.gov

Sent: Thursday, April 02, 2009 6:46 AM

To: WAM Testimony

Cc: dana.cagen@sportsinsurance.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

‘Conference room: 211

Testifier position: support

Testifier will be present: No
Submitted by: Dana Cagen

Organization: Individual

Address: 80 Lae Street Paia, HI

Phone: 808-269-0871

E-mail: dana.cagen@sportsinsurance.com
Submitted on: 4/2/2009

Comments:



LATE

kim2 - Arline

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 6:44 AM

To: WAM Testimony

Cc: sue@paiainn.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211
Testifier position: support
Testifier will be present: No
Submitted by: Susan Cagen
Organization: Individual
Address: 93 Hana Hwy Paia, HI
Phone: 808-579-6000

E-mail: suef@paiainn.com
Submitted on: 4/2/2009

Comments:



kim2 - Arline

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 6:43 AM

To: WAM Testimony

Cc: cagen@hawaii.rr.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211

Testifier position: support
Testifier will be present: No
Submitted by: Susan Cagen
Organization: Individual
Address: 80 Lae Street Paia, HI
Phone: 808-579-6460

E-mail: cagen@hawaii.rr.com
Submitted on: 4/2/2009

Comments:




kim2 - Arline LAE

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 6:42 AM

To: WAM Testimony

Cc: susan_cagen@glic.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/2009 9:30:00 AM HB1712

Conference room: 211

Testifier position: support
Testifier will be present: No
Submitted by: Susan Cagen
Organization: Individual
Address: 80 Lae Street Paia, HI
Phone: 808-269-0878

E-mail: susan_cagen@glic.com
Submitted on: 4/2/2009

Comments:



LATE

kim2 - Arline

From: mailinglist@capitol.hawaii.gov

Sent: Thursday, April 02, 2009 3:48 AM

To: WAM Testimony

Cc: annf@hawaii.rr.com

Subject: Testimony for HB1712 on 4/2/2009 9:30:00 AM

Testimony for WAM 4/2/20609 9:30:00 AM HB1712

Conference room: 211
Testifier position: support
Testifier will be present: No
Submitted by: Ann Fielding
Organization: Individual
Address:

Phone:

E-mail: annf@hawaii.rr.com
Submitted on: 4/2/2009

Comments:



