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results of its scientific studies widely available.
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EXECUTIVE SUMMARY

On January 4, 2010, the National Marine Fisheries Service (NMFS) received a petition from
WildEarth Guardians requesting that the bumphead parrotfish (Bolbometopon muricatum) be
listed as endangered or threatened under the U.S. Endangered Species Act (ESA). NMFS
reviewed the petition, decided that the petition presented adequate scientific or commercial
information indicating that an ESA listing may be warranted, and committed to conducting an
ESA status review. NMFS formed a Biological Review Team (BRT; Team) made up of federal
scientists to compile the best available scientific and commercial information and assess the
status of the species. This document reports the results of this compilation and assessment.

The BRT qualitatively assessed the severity, geographic scope, and level of certainty of potential
individual threats to bumphead parrotfish. Because the severity and scope of individual threats
may change over time, each threat was evaluated based on its historical impact, its current
impact, and its future potential for impact. Additionally, synergistic cumulative impacts were
considered. The factors that are believed to have had the greatest potential to contribute to the
decline of bumphead parrotfish are overharvesting, loss of juvenile habitat, and recruitment
variability. The BRT acknowledged that significant levels of uncertainty are present for all
aspects of bumphead parrotfish biology, e.g., reproductive biology, abundance, trends in
abundance, and threats.

The Team decided to explicitly treat variation in team member opinions by using a plausibility
point system for the extinction risk questions. The Team’s objectives in taking this approach
were to make the process of arriving at conclusions as transparent as possible, and to assure that
the Team was basing decisions on a common understanding of the evidence.

Given the possible threats to the species and all other information assimilated by the Team, the
BRT assessed the extinction risk of the bumphead parrotfish species. In the manner of a standard
sensitivity analysis, the BRT chose to examine the extinction risk question over multiple frames
of reference. For the spatial component, the question was framed with respect to the entire
geographic range of the species or the best scientific understanding of SPOIR (significant portion
of its range). For the temporal component, the question was framed using 2 values of foreseeable
future values. The first value (40 years) was chosen based on the best estimate of the bumphead
parrotfish maximum life span. The second value (100 years) was chosen because this is a
standard temporal benchmark interval over which to ascertain long-term effects. The Team
assessed bumphead parrotfish species extinction risk relative to the Critical Risk Threshold using
a tercile approach of certainty with Level 1 reflecting the first tercile of certainty (0-33%
certainty), Level 2 reflecting the second tercile of certainty (33-66% certainty), and Level 3
reflecting the third tercile of certainty (66-100% certainty). The BRT made the following
conclusions with respect to extinction risk:



e For the entire geographic range over a 40-year foreseeable future, the Team is of the
opinion that bumphead parrotfish is at Level 1 certainty to fall below the Critical Risk
Threshold, assigning an aggregate majority of 56% of plausibility points to this category,
with 40% in the Level 2 certainty category, and 4% in the Level 3 certainty category.

e For the entire geographic range over a 100-year foreseeable future, the Team is of the
opinion that bumphead parrotfish is at Level 1 certainty to fall below the Critical Risk
Threshold, assigning an aggregate majority of 48% of plausibility points to this category,
with 46% in the Level 2 certainty category, and 6% in the Level 3 certainty category.

e For SPOIR over a 40-year foreseeable future, the Team is of the opinion that bumphead
parrotfish is at Level 1 certainty to fall below the Critical Risk Threshold, assigning an
aggregate majority of 52% of plausibility points to this category, with 42% in the Level 2
certainty category, and 6% in the Level 3 certainty category.

e For SPOIR over a 100-year foreseeable future, the Team is of the opinion that bumphead
parrotfish is at Level 2 certainty to fall below the Critical Risk Threshold, assigning an
aggregate majority of 48% of plausibility points to this category, with 46% in the Level 1
certainty category, and 6% in the Level 3 certainty category.

The Team finds that, using all available evidence pertaining to the risk of bumphead
parrotfish extinction, there is a low plausibility (4-6%) of bumphead parrotfish being at the
highest certainty tercile of falling below the “Critical Risk Threshold” in the next 40-100 years
over its entire range or over SPOIR. The Team is of the opinion that, while there are
geographic areas of concern with low abundance or local extirpation, the species as a whole is
unlikely to be driven extinct over the time and space scales examined due to its widespread
distribution across the Indo-Pacific, persistent abundance in some geographic areas, high
fecundity, flexible ecological requirements, and dispersive capability via adult movement or
egg and larval transport.
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1. INTRODUCTION

The bumphead parrotfish (Bolbometopon muricatum) is the largest-sized member of the
parrotfish family Scaridae. It is widely distributed throughout the Indo-West Pacific Ocean,
Indian Ocean, and Red Sea where it is among the largest-sized reef fishes, and is generally
uncommon. It is thought to play a key role in structuring and maintaining the coral reef
ecosystems where it is abundant (Bellwood et al., 2003). The bumphead parrotfish is a
facultative corallivore and has been characterized as a nonselective grazer on benthic reef
organisms. As a result, the bumphead parrotfish is thought to be important for maintaining coral
reef diversity in the manner of a keystone predator, and it is also thought to be important for sand
generation and bioerosion (Hoey and Bellwood, 2008). The bumphead parrotfish is highly
sought by fishers in many locations because it is large and is considered a delicacy. Some areas
also value this species for ceremonial rites. Unfortunately, it is also quite easy to harvest based
on its conspicuousness, coastal habitat, and nighttime sleeping habits on the reef. As a
consequence, some areas have experienced serious depletion from overharvesting.

1.1 Purpose and Scope of the Present Document

On January 4, 2010, the NMFS received a petition requesting the bumphead parrotfish
(Bolbometopon muricatum) be listed as endangered or threatened under the U.S. Endangered
Species Act (ESA), in light of overfishing, large size, vulnerability, slow maturation, low
reproductive rate, coral bleaching, ocean acidification, and increasing human population size. In
addition, the petitioners requested that NMFS designate a critical habitat for bumphead
parrotfish.

NMFS found that the petition presented substantial scientific or commercial information
indicating that an ESA listing may be warranted (75 FR 16713; April 2, 2010). By accepting this
petition, NMFS initiated a status review of the bumphead parrotfish to determine if a listing
under the ESA was warranted. NMFS formed a team of federal scientists—the Biological
Review Team (BRT; Team)'—to compile the best available scientific and commercial
information and assess the status of the species. The BRT considered a broad and extensive range
of scientific and commercial information, including published and unpublished literature, direct
communications with researchers working with bumphead parrotfish, public comments as well
as technical and scientific information submitted by experts in the field. All information not
previously peer-reviewed was formally reviewed by the BRT and was included if it was found to
comply with the Team’s standard of best-available science (Sullivan et al., 2006). This document
reports the results of this compilation and assessment. The basic timeline of the bumphead
parrotfish ESA listing petition response process and BRT activities is seen in Figure 1.

! The Biological Review Team included the following members: (1) from the Pacific Islands Fisheries Science
Center, Dr. Donald Kobayashi (Team Leader; Connectivity/assessment), Mr. Ryan Nichols (Tropical fish life
history), Mr. Brian Zgliczynski (Coral reef fish field survey methodology; since his work on the BRT, Zgliczynski
has joined the Center for Marine Biodiversity and Conservation, Scripps Institution of Oceanography, La Jolla, CA);
(2) from the Southwest Fisheries Science Center, Dr. Churchill Grimes (Fish conservation biology and reef fish
ecology); (3) from the United States Geological Survey, Hawaii Cooperative Fishery Research Unit, Dr. Alan
Friedlander (Coral reef fish ecology).
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Figure 1.--Timeline of the bumphead parrotfish ESA listing petition response process and BRT activities. Some events still to occur at the
time of this writing (July 29, 2011) are estimates only.



This document is a compilation of the best available scientific and commercial data and a
description of past, present, and likely future threats to the bumphead parrotfish. It does not
represent a decision by NMFS on whether this species should be proposed for listing as
threatened or endangered under the ESA. That decision will be made by NMFS after reviewing
this document, other relevant biological and threat information not included herein, efforts being
made to protect the species, and all relevant laws, regulations, and policies. The result of the
decision will be posted on the NMFS website (http://www.nmfs.noaa.gov/pr/species/) and
announced in the Federal Register.

The BRT adopted a decision rule for use in assessing risk to the bumphead parrotfish species. To
allow individual team members to express uncertainty, the BRT adopted a likelihood point or
plausibility point method. The likelihood point method is often referred to as the “FEMAT”
method because it is a variation of a method used by scientific teams evaluating options under
the Northwest Forest Plan (Forest Ecosystem Management Assessment Team, 1993). Each BRT
member was asked to distribute 10 likelihood or plausibility points among the options for a given
vote, reflecting their opinion of how likely that option correctly reflected the species status. If a
BRT member was certain of a particular option, or felt it was the only plausible scenario, he
could assign all 10 points to that option. A BRT member with less certainty about which option
best reflected reality or best reflected the status of the species could split the points among 2 or
more categories. This method has been used in all status review updates for anadromous Pacific
salmonids since 1999, as well as in reviews of Southern Resident killer whales (Krahn et al.,
2004; Krahn et al., 2002), West Coast rockfishes (Stout et al., 2001b), Pacific herring (Stout et
al., 2001a), Pacific groundfish (Gustafson et al., 2000), North American green sturgeon (Adams
et al., 2002; 2005), black abalone (Butler et al., 2009), and the Hawaii insular population of false
killer whales (Oleson et al., 2010).

1.2 Summary of the Bumphead Parrotfish Listing Petition

The petition asserts that overfishing is a significant threat to the bumphead parrotfish and that
this species is declining across its range and is nearly eliminated from many areas. The petition
also asserts that degradation of coral habitat through coral bleaching and ocean acidification is a
threat to this species, as coral is its primary food source. The petition further asserts that
biological traits (e.g., slow maturation and low reproductive rates), shrinking remnant
populations and range reductions, the effects of increasing human populations in the species
range, and inadequate regulatory protection are subjecting the bumphead parrotfish to extinction
in the foreseeable future. The petition briefly summarizes the description, taxonomy, natural
history, distribution, and status for the petitioned species. The bumphead parrotfish is the largest
of the parrotfish species and has a wide range. It can be found throughout the Indo-Pacific from
the Red Sea and East Africa as far eastward as the Line Islands and Samoa; in the western Pacific
it ranges north to Taiwan and the Yaeyama Islands (Japan), south to the Palau, Caroline,
Marshall, and Mariana Islands in Micronesia and to the Great Barrier Reef and New Caledonia.
Within the Exclusive Economic Zone of the United States it occurs in Guam, American Samoa,
the Commonwealth of the Northern Mariana Islands, and the Pacific Remote Island Areas. It is
not found in Hawaii or Johnston Atoll. The petition states that this species is classified as
vulnerable by the World Conservation Union (IUCN). The IUCN defines vulnerable as a species



considered to be facing a high risk of extinction in the wild. The NMFS believes that bumphead
parrotfish populations have been declining throughout their range and placed this species on the
Species of Concern list in 2004.

1.3 Summary of Public Comments

Eight sets of public comments were received during the 30-day public comment period following
the 90-day NMFS finding, and 2 more sets of public comments were received later. All
comments were read and considered by the Team. Six sets of comments were primarily
informational and of a general nature, covering materials that were already available to the
Team. Four sets of comments were very detailed, 2 including arguments in support of listing the
species at American Samoa and Guam, with the assertion that these occurrences represent
distinct population segments. The other 2 comments were methodical refutations of the listing
petition, for Guam and for the entire range, respectively. The Team response to the public
comments is presented later in this report.

1.4 Center for Independent Experts Review of Document

Earlier versions of this report were reviewed by individuals at NMFS-PIFSC, NMFS-PIRO,
NMFS-GC, and NMFS-HQ. Additionally, PIFSC solicited an external independent peer review
by the Center for Independent Experts (CIE) of an earlier version of this document in September
2010. These reviews will be posted on the PIFSC website when the report is released to the
public (www.pifsc.noaa.gov). The following are the salient points gleaned from comments
provided by the 3 CIE reviewers, followed by the Team responses:

» Areviewer felt that the dietary preference for the species was mischaracterized.
The Team has reviewed all available evidence and still concludes that,
contrary to the review comment, the species is not an obligate corallivore,
and respectfully disagrees with this reviewer regarding the importance of
living coral for this species to persist.

* Areviewer felt that the extinction risk issue was not handled well.
The Team is familiar with other means of addressing extinction risk and
after careful deliberation decided to use the “Critical Risk Threshold”
approach in this data-poor situation. The Team does not agree with this
reviewer’s notion that mortality of 1/3 of a population would cause
localized extinction. The Team also does not agree with this reviewer’s
characterization of bumphead parrotfish as ““low productivity’” in terms of
its reproductive capability.

» Areviewer felt that there were inadequate citations and that references were not
adequately documented.
The literature coverage was scrutinized by the Team and improved in
subsequent versions of the report. It must be reiterated, however, that
much of the most valuable scientific information assimilated by the Team
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was in the form of seminars and other types of presentations to the Team
made by experts, and that these are the bulk of the many ““personal
communications’ found throughout the report. These unpublished
references were discussed by the Team and were deemed worthy of use in
this status report.

A reviewer suggested making the bootstrap exercise a comparative approach.
This was an excellent suggestion and has been incorporated into the
analysis. The identical bootstrap approach was simplified to hindcast a
pristine, virgin condition by constraining the abundance estimates towards
the upper bounds of the distribution.

There was a typographical error in the text of the reviewed draft leading a reviewer to
believe the estimated global population was 3 orders of magnitude lower than is the
actual case.
The methodology has been checked and the inconsistency is that the text
initially read: “Operationally, the area in km? is multiplied by the density
estimate in number of bumphead parrotfish per m? then the resulting
quantity was multiplied by 1000 to accommodate the change in units. This
results in an estimate of bumphead parrotfish for the particular stratum”
when it should have read, and now reads: “Operationally, the area in km?
is multiplied by the density estimate in number of bumphead parrotfish per
1000 m?; then the resulting quantity is multiplied by 1000 to accommodate
the change in units. This results in an estimate of the number of bumphead
parrotfish for the particular stratum.” As described elsewhere in the
report, the survey data were standardized to number per 1000 m?, and this
was indeed the input unit for the global population calculation. In short,
this was a simple typographical error in the sentence which has since been
corrected.

A reviewer suggested using geographically matched data, where possible, in the
global population estimate.
That was recognized as an excellent idea and the approach is presented as
another scenario in the current version of the report.

A reviewer clarified the sex-change terminology and pointed out some interesting
literature to the Team.
This was corrected in subsequent versions of the report, and the new
literature is now cited and further discussed.

A reviewer had some comments on connectivity and SPOIR.
The initial connectivity analysis has been replaced with a more exhaustive
simulation and analysis of results.

A reviewer raised a number of points related to distinct population segments.



There is no scientific evidence of distinct population segments in this
species based on expert opinion, fish behavior, coloration, or morphology.
The Team does recognize, however, that some regions such as the Red Sea
may be relatively isolated geographically and/or oceanographically.

1.5 Key Questions in ESA Evaluations

The purposes of the ESA are to provide a means to conserve ecosystems on which endangered
species and threatened species depend, to provide a program for the conservation of endangered
species and threatened species, and to take appropriate steps to recover a species. The U.S. Fish
and Wildlife Service (USFWS) and NOAA’s NMFS share responsibility for administering the
ESA; NMFS is responsible for determining whether marine, estuarine or anadromous species are
threatened or endangered under the ESA. To be considered for listing under the ESA, a group of
organisms must constitute a “species” using a definition under the ESA which is different from
the conventional evolutionary/taxonomic/genetic definition of a species. The ESA provides the
following relevant definitions:

Species — The ESA defines the term “species” to include any subspecies of fish or wildlife or
plants, and any distinct population segment of any species of vertebrate fish or wildlife which
interbreeds when mature.

Endangered species — The ESA defines the term “endangered species” as any species which is in
danger of extinction throughout all or a significant portion of its range.

Threatened species — The ESA defines the term “threatened species” as any species which is
likely to become an endangered species within the foreseeable future throughout all or a
significant portion of its range.

The Team evaluated the status of bumphead parrotfish in the context of a single species since it is
widely distributed, relatively mobile, and has pelagic propagules (eggs and larvae). Furthermore,
there is no indication of genetic differentiation as manifested in morphology, coloration or
behavior over the geographic range of the species. The biological characteristics listed above are
elaborated on in subsequent sections of this report.

Determination of whether a species should be listed as threatened or endangered is based upon
the best available scientific and commercial information. The status is determined based on the
definitions of threatened and endangered as analyzed in an extinction risk analysis. Factors
specified in Section 4 (a)(1) of the ESA are examined to determine if they may have or may be
contributing to decline of a species, including: 1) the present or threatened destruction,
modification or curtailment of its habitat or range; 2) overutilization for commercial,
recreational, scientific or educational purposes; 3) disease or predation; 4) inadequacy of existing
regulatory mechanisms; or 5) other natural or manmade factors affecting the continued existence
of the species.

NMFS considers a variety of information in evaluating the level of risk to a species. Important
considerations include: 1) absolute numbers of organisms and their spatial and temporal
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distribution; 2) current abundance in relation to historical abundance and carrying capacity of the
habitat; 3) any spatial and temporal trends in abundance; 4) natural and human-influenced factors
that cause variability in survival and abundance; 5) possible threats to genetic integrity (e.g.,
artificial rearing); and 6) recent events (e.g., a drought or a change in management) that have
predictable short-term consequences for abundance of the species. Additional risk factors, such
as disease prevalence or changes in life history traits, may also be considered in evaluating risk
to species.

1.5.1 The “SPOIR” Question

The ESA definitions above use the important phrase “significant portion of its range”, or SPOIR.
“Significant” as used in this context is defined in the Webster’s dictionary as “of a noticeably or
measurably large amount”. While this may imply that SPOIR could be fixed at a particular
percentage, fraction or ratio of a total amount of range, recent technical guidance (Vucetich et al.,
2005; Waples et al., 2007) suggests undertaking a case-by-case examination of the ecological
setting rather than choosing any particular cutoff value of percentage of range (e.g., 33%).
Considering that a unit of range is not necessarily ecologically equal to any other unit of range, it
IS important to examine critical geographic components in tailoring SPOIR for a particular
species. An attempt to delineate bumphead parrotfish ecological SPOIR is presented in a
subsequent section of this report.

1.5.2 The “Extinction Risk Question

The information considered in evaluating status can generally be grouped into two categories: 1)
demographic information reflecting the past and present conditions (e.g., data on population
abundance or density, population trends and growth rates, the number and distribution of
populations, exchange rates of individuals among populations, and the ecological, life-history, or
genetic diversity among populations); and 2) information on previous factors for decline as well
as species threats (e.g., habitat loss and degradation, overutilization, disease, and climate
change). The demographic risk data and threats reviewed by the BRT are summarized in this
document.

Evaluating extinction risk of a species includes considering the available information concerning
the abundance, growth rate/productivity, spatial structure/connectivity, and diversity of a species
and assessing whether these demographic criteria indicate that it is at high risk of extinction, at
moderate risk or neither. A species at very low levels of abundance and with few populations will
be less tolerant to environmental variation, catastrophic events, genetic processes, demographic
stochasticity, ecological interactions, and other processes (Gilpin and Soule, 1986). A rate of
productivity that is unstable or declining over a long period of time may reflect a variety of
causes but indicate poor resiliency to future environmental variability or change (Foley, 1997,
Lande, 1993; Middleton and Nisbet, 1997). For species at low levels of abundance, in particular,
declining or highly variable productivity confers a high level of extinction risk. A species that is
not widely distributed across a variety of well-connected habitats will have a diminished capacity
for recolonizing locally extirpated populations and is at increased risk of extinction as a result of
environmental perturbations and catastrophic events (Cooper and Mangel, 1999; Schlosser and
Angermeier, 1995). A species that has lost locally adapted genetic and life-history diversity may
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lack the characteristics necessary to endure short- and long-term environmental changes (Hilborn
et al., 2003; Wood et al., 2008).

The demographic risk criteria described above are evaluated based on the present species status
in the context of historical information, if available. However, there may be threats, or other
relevant biological factors, that might alter the determination of the species’ overall level of
extinction risk. These threats or other risk factors are not yet reflected in the available
demographic data because of the time lags involved, but are nonetheless critical considerations in
evaluating a species’ extinction risk (Wainwright and Kope, 1999). Forecasting the effects of
threats and other risk factors into the foreseeable future is rarely straightforward and usually
necessitates qualitative evaluations and the application of informed professional judgment. This
evaluation highlights those factors that may exacerbate or ameliorate demographic risks so that
all relevant information may be integrated into the determination of overall extinction risk for the
species. Examples of such threats or other relevant factors may include: climatic regime shifts or
other phenomena that portend changing temperature and marine productivity conditions, e.g., El
Nifo, La Nifia, and the Pacific Decadal Oscillation that are anticipated to result in reduced food
quantity or quality or recent or anticipated increases in the range and/or abundance of predator
populations.

According to the ESA, the determination of whether a species is threatened or endangered should
be made on the basis of the best scientific and commercial information available regarding its
current status, after taking into consideration conservation measures that are proposed or are in
place. In this review, we do not evaluate likely or possible effects of conservation measures.
Therefore, we do not make recommendations as to whether the species should be listed as
threatened or endangered. Rather, we have drawn scientific conclusions about the risk of
extinction faced under the assumption that present conditions and/or trends will continue
(recognizing, of course, that natural demographic and environmental variability is an inherent
feature of "present conditions and/or trends"). Conservation measures will be taken into account
by the NMFS Regional Office in drafting a management report and making listing
recommendations.

Working definitions of key words and phrases are needed to be absolutely clear what the BRT
recommends. Most such definitions are standard or assumed, but several key terms will be
discussed here.

Extinction — "Extinction™ as used in this context is defined as biological extinction meaning no
living individuals of the species in existence.

Likely — “Likely” is defined in the Webster’s dictionary as “having a better chance of existing or
occurring than not”. The Team considers this terminology to generally reflect situations in which
an event has a greater than 50% chance of occurring.

Foreseeable future — It is appropriate to interpret “foreseeable future” in the statutory context as
the timeframe over which identified threats are likely to impact the biological status of the
species and can be reasonably predicted. The appropriate period of time corresponding to the
foreseeable future depends on the particular kinds of threats, the life-history characteristics, and



the specific habitat requirements for the species under consideration. The bumphead parrotfish
BRT selected 40 years as a working definition which is the approximate maximum age of
individuals of this species (keeping in mind that age at which most females spawn is
approximately 10 years, so that this reference point spans approximately 4 generations). As a
means of evaluating the sensitivity of this definition, an independent vote was taken examining
the effect of extending the definition of foreseeable future to 100 years (approximately 10
generations elapsed).

2. BUMPHEAD PARROTIFSH LIFE HISTORY AND ECOLOGY

2.1 Taxonomy, Phylogeny, and Genetics

Bolbometopon muricatum (Valenciennes 1840) is a member of a conspicuous group of shallow-
water fishes (parrotfishes in the family Scaridae) that are closely associated with coral reefs
(Bellwood, 1994; Randall et al., 1997). Parrotfishes are distributed circumtropically and
originated during the Miocene-Oligocene (14-35 million years ago) in the tropical Tethys Sea
(Bellwood and Schultz, 1991). Differentiation occurred prior to and after the closure of the
Tethys Sea and was promoted by an increasing number of habitat associations and feeding
modes. Early parrotfishes were browsers inhabiting seagrass beds and shifted to feeding as
scrapers and excavators inhabiting rocky and coral reef habitats (Bellwood, 1994; Streelman et
al., 2002).

Parrotfishes are considered a monophyletic group but are sometimes classified as a subfamily
(Scarinae) of the wrasse family (Labridae); however, the Team follows the notion that the
parrotfishes are a distinct family called the Scaridae. Currently, 90 species in 10 genera are
recognized in the parrotfish family Scaridae (Bellwood, 1994; Parenti and Randall, 2000).
Parrotfishes are distinguished from other labroid fishes based on their unique dentition (dental
plates derived from fusion of teeth), loss of predorsal bones, lack of a true stomach, and extended
length of intestine (Randall, 2005).

The bumphead parrotfish is the largest member of the parrotfishes, growing to a maximum total
length of 130 cm and weighing up to 46 kg (Donaldson and Dulvy, 2004; Randall, 2005). Adults
are primarily olive to blue green or grey in color with the anterior region near the head being
yellow to pink in coloration (Randall, 2005). A prominent bulbous bump on the forehead, from
whence the generic name is derived, is also a common feature observed in adults. Juveniles are
greenish brown in color with 2-3 vertical rows of white spots along the flank (Bellwood and
Choat, 1989; Randall, 2005). Bumphead parrotfishes are distinguished from other parrotfish
species by possessing 2 to 4 median predorsal scales; 3 rows of cheek-scales 1(4-6), 2(3-6), 3(1-
2); 16-17 pectoral-fin rays; 16-18 gill rakers; and 12 precaudal vertebrae.

The taxonomic classification of the bumphead parrotfish is as follows:

Class: Actinopterygii
Order: Perciformes
Family: Scaridae
Subfamily: Scarinae



Genus: Bolbometopon
Species: muricatum
Junior synonyms: Scarus muricatus (Valenciennes, 1840), Bolbometopon muricatus
(Valenciennes, 1840), Callyodon muricatus (Valenciennes, 1840), Pseudoscarus
muricatus (Bleeker 1859)
Common Names: Buffalo Parrotfish, Bumphead Parrotfish, Double-headed Parrotfish,
Giant Humphead Parrotfish, Green Humphead Parrotfish, and Humphead Parrotfish.

In addition to the above-mentioned common names, there are numerous variations of market and
regional names. The names are primarily based on the geographic location and the associated
indigenous vernacular. The most common name, based notably on its most distinctive feature, is
“bumphead/humphead parrotfish” and it is used throughout the United States, Australia,
Christmas Island (Australia), Guam and American Samoa (Choat and Randall, 1986; Dulvy and
Polunin, 2004). Several anthropological and ethnographic studies of sea tenure? have increased
the vernacular associated with this species. These regional names include: Lendeke, Kitkita,
Topa, Topa kakara, Perroquet bossu vert, Togoba, Uloto’i, Gala Uloto’i, Laea Uloto’i, Loro
cototo verde, Berdebed, Kalia, Kemedukl, Kemeik, Tanguisson, as well as the English vernacular
“green humphead parrotfish”. Several of these names are a reflection of the different size ranges
of the fish used within a society (Adams and Dalzell, 1994; ASFIS, 2010; Aswani and Hamilton,
2004; Hamilton, 2004; Hamilton, et al., 2007; Helfman and Randall, 1973; Johannes, 1981).

Currently there is no genetic information on bumphead parrotfish (Robert Toonen, Hawaii
Institute of Marine Biology, pers. comm.). Regional variation in morphology, meristics,
coloration, or behavior has not been observed.

The Team finds that, with respect to scientific evidence pertaining to the risk of bumphead
parrotfish extinction, under the broad category of “bumphead parrotfish taxonomy,
phylogeny, and genetics”, the bumphead parrotfish is a single, well-described species.

2.2 Habitat and Range
2.2.1 Description of Habitat

Adult bumphead parrotfish are found primarily on shallow (1-15 m) barrier and fringing reefs
during the day, and they rest in caves and shallow sandy lagoon habitats at night (Donaldson and
Dulvy, 2004). Choat (unpubl. data) found that bumphead parrotfish were more abundant on the
reef crest compared with the channels on the outer Great Barrier Reef (Figure 2). Comparisons
between Papua New Guinea, Helene Atoll, Palau and the Great Barrier Reef showed much
higher densities on the Great Barrier Reef compared with these other locations. Either fishing
pressure or preferred habitat differences may account for the observed patterns.

Z Sea tenure is defined as “a situation in which particular groups of people have riparian entitlement to nearshore
areas, and in which their entitlements to use and access resources are excludable, transferable, and enforceable,
either conditionally or permanently.” Aswani, S. 2002. Assessing the effects of changing demographic and
consumption patterns on sea tenure regimes in the Roviana Lagoon, Solomon Islands. Ambio 31:272-284.
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The extensive reef structure on the Great Barrier Reef with adjacent lagoons appears to provide
optimal habitat for bumphead parrotfish (Choat, unpubl. data). By comparison, Lihou and Herald
are two isolated islands in the Coral Sea approximately 1000 km from the Great Barrier Reef
with little fishing pressure. Densities of bumphead parrotfish are over an order of magnitude
higher on the Great Barrier Reef compared with these two locations (Figure 3). Thus, the
differences in abundance among locations appear to be related to habitat and biogeographic
preference for the outer Great Barrier Reef. This highlights the habitat importance of exposed
outer reef front with high structural complexity, along a continuous reef system with an adjacent
lagoon.

The likely limiting factors for bumphead parrotfish are sheltered lagoons for recruitment, high
energy forereef foraging habitat for adults, and nighttime shelter (caves) for sleeping (Choat,
pers. comm.). These and others factors are discussed further in a subsequent section pertaining to
carrying capacity.

Juvenile bumphead parrotfish in the Solomon Islands were restricted to the shallow inner lagoon
while larger individuals occurred predominately in passes (Aswani and Hamilton, 2004;
Hamilton, 2004). Choat (unpubl. data) found densities of juveniles (< 50 mm FL) an order of
magnitude higher in the inner lagoon around Cocos-Keeling in the Indian Ocean than in the
central lagoon; lower numbers of juveniles occurred on the forereef (Figure 4). The inner lagoon
consisted of a sheltered, shallow habitat dominated by Turbinaria and Acropora coral species
mixed with Dictyota and Sargassum macroalgae (Figure 5).

Size distributions of bumphead parrotfish at Cocos-Keeling show a dominance of small
individuals in the inner lagoon with the mode at 18 mm FL. The mid-lagoon shows a bimodal
distribution with a mode of 24 mm FL and another mode at 72 mm FL. The forereef size
distribution consists of larger juveniles with a mode at 66 mm FL (Figure 6).
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Figure 2.--Abundance data — 500 x 20 m visual surveys. West Pacific—Great Barrier Reef (1995),
Papua New Guinea (2000), Helene Atoll, Palau (2000). Densities are higher on Great Barrier Reef
with the reef crest habitat preferred (Choat, unpubl. data). GBR and PNG abbreviate Great
Barrier Reef and Papua New Guinea, respectively. Bars: mean abundance; Intervals: mean = 1 SE.
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Figure 3.--Abundance of bumphead parrotfish in the western Pacific from 500 x 20 m swims.
(Choat, unpubl. data). GBR abbreviates Great Barrier Reef. VVarious survey dates. Bars: mean
abundance; Intervals: mean + 1 SE.
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Figure 4.--Density of bumphead recruits (< 50 mm FL) at Cocos-Keeling, Indian Ocean (Choat,
unpubl. data). Bars: mean abundance; Intervals: mean + 1 SE.
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Figure 5.--Aerial view of Cocos-Keeling showing location of juvenile survey sites (Choat, unpubl.
data).
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Figure 6.--Size frequency distribution of bumphead parrotfish among inner lagoon (purple), mid-
lagoon (blue), and forereef (yellow) habitats at Cocos-Keeling (Choat, unpubl. data).

2.2.2 Range and Quantification of Habitat

Bumphead parrotfish are recorded from many areas across the Indo-Pacific: the Red Sea; East
Africa; Asia; Australia; the Line Islands;, Tonga and other island nations in the western and
South Pacific. Their range also extends through some U.S. territories, including American
Samoa, Guam, Northern Mariana Islands, and Pacific Remote Island Areas.in the Central Pacific
(Mundy et al., 2011). Geographic range resolved along geopolitical boundaries or island groups
was gleaned from published and unpublished references with specific mention of the geographic
range of bumphead parrotfish. This was supplemented by verbal interviews of experts in Pacific,
Indian Ocean, and Red Sea fish biogeography (refer to specific listing in Acknowledgements). A
range map showing these geographic strata was constructed (Figure 7). In all, 62 strata were
identified which were primarily country specific. It should be noted that certain geographic strata
are in or near the overall range polygon but are not known to have bumphead parrotfish (e.g.,
Hawaii, Johnston Atoll, Cook Islands, Tokelau, Nauru, British Indian Ocean Territory, etc.). This
pattern appears to be a natural characteristic of the species range, suggesting that the current
range is equivalent to the historical range (Jack Randall, pers. comm.). No documentation was
found to suggest that the bumphead parrotfish range (as opposed to abundance) was larger than
that observed in contemporary times. ReefCheck data (1997-2009, n = 4990 transects) supported
the absence of bumphead parrotfish in the Cook Islands but recorded bumphead parrotfish in
parts of French Polynesia, Reunion, Israel (Eilat), and Iran (Persian Gulf), range areas which
were not initially apparent from the literature search and expert interviews. These occurrences
involved repeated instances per location and the data forms clearly distinguish the tabulation of
this species from other similar large labroid fish (e.g., humphead wrasse). Therefore, these data
for French Polynesia, Reunion, Israel, and Iran are assumed to be valid for the time being. Of
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these 4 sites, the Iran occurrences are probably the most suspect and these occurrences need
further investigation (Shokri, pers. comm.). Since a separate Red Sea Exclusive Economic Zone
(EEZ) polygon for Israel was not available from the Flanders Marine Institute
(http://www.vliz.be/vmdcdata/marbound/index.php), the Eilat survey data were assumed to
originate from the Sinai portion of the Gulf of Agaba and combined with survey data from
Egypt, which shares jurisdiction of the Gulf of Agaba with Saudi Arabia, Jordan, and Israel (this
accounts for the occasional reference to either 62 or 63 geographic strata).

Of the 3 types of habitat areas important to bumphead parrotfish, the high-energy forereef area
used by adults could be estimated from existing information and is presented in this report.
Details of this habitat tabulation are presented in the Appendix (Appendix: Global Estimation of
Population). Lagoonal area is difficult but not impossible to quantify from existing sources
(although see the mangrove index used in the SPOIR section later in this report), and nighttime
sleeping shelters also pose a challenge to quantify. For adult habitat, nominal coral reef area was
estimated directly from a 4-km global grid. An aggregate correction was applied to scale the area
to actual coral reef based on survey studies. An additional scaling adjusted the coral reef area to
the amount of preferred forereef area, also based on survey studies. This forereef value was
further adjusted to account for the estimated pattern of habitat utilization by bumphead parrotfish
(Table 1). The areal breakdown of likely bumphead parrotfish habitat is presented graphically in
Figure 8. These habitat values are used in a subsequent section pertaining to the estimation of
bumphead parrotfish global population size.
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Figure 7.--Overall range of bumphead parrotfish (delineated in red) using published and
unpublished records, including expert interviews and survey data.
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Table 1.--Estimated bumphead parrotfish habitat (km?) in each of the 62 geographic strata of
range. ‘Nominal’ refers to coral reef area estimated directly from a 4-km global coral grid from
Reefs At Risk Project. ‘Corrected’ refers to an average correction (56.85%) based on survey data.
‘Forereef’ refers to a forereef adjustment (15.97%). ‘Scaled forereef” refers to a reduction (50%b)
based on conservative estimate of bumphead parrotfish occupancy patterns. Details in Appendix.

Geographic strata Nominal Corrected Forereef Scaled forereef
Indonesia 110366.27 47625.22 7603.65 3801.82
Australia 77892.57 33612.18 5366.38 2683.19

Papua New Guinea 36372.92 15695.63 2505.90 1252.95

Philippines 32919.29 14205.32 2267.96 1133.98
Fiji 20925.51 9029.77 1441.66 720.83
French Polynesia 16086.34 6941.57 1108.26 554.13
New Caledonia 15002.12 6473.71 1033.57 516.78
Solomon Islands 13944.28 6017.23 960.69 480.34
Maldives 13882.36 5990.51 956.42 478.21
Marshall Islands 12306.13 5310.34 847.83 423.91
Saudi Arabia 11413.73 4925.25 786.35 393.17
Eritrea 11354.08 4899.51 782.24 391.12
Andaman and Nicobar 10297.36 4443.51 709.43 354.72
Micronesia 9106.34 3929.57 627.38 313.69
Egypt 7583.40 3272.39 522.46 261.23
Tanzania 7503.74 3238.01 516.97 258.48
Madagascar 7223.02 3116.87 497.63 248.81
Malaysia 6679.68 2882.41 460.19 230.10
Mozambique 5980.05 2580.51 411.99 206.00
Myanmar 4735.21 2043.34 326.23 163.12
Vanuatu 4621.91 1994.44 318.42 159.21
Sudan 4481.68 1933.93 308.76 154.38
India 4185.66 1806.20 288.37 144.18
Spratly Islands 4115.64 1775.98 283.55 141.77
Gilbert Group 4102.63 1770.36 282.65 141.32
Yemen 3786.88 1634.11 260.90 130.45
Tonga 3750.41 1618.38 258.38 129.19
Japan 3525.79 1521.45 242.91 121.45
Seychelles 3489.46 1505.77 240.41 120.20
Thailand 3295.44 1422.05 227.04 113.52
China 2662.12 1148.76 183.41 91.70
Somalia 2267.35 978.41 156.21 78.10
Palau 2212.93 954.92 152.46 76.23
Tuvalu 2033.48 877.49 140.10 70.05
Kenya 2023.49 873.17 139.41 69.70
Mauritius 1750.48 755.37 120.60 60.30
Viet Nam 1599.73 690.32 110.21 55.11
Samoa 1552.54 669.95 106.96 53.48
Sri Lanka 1537.90 663.63 105.95 52.98
Iran 1394.01 601.54 96.04 48.02
Paracel Islands 1373.95 592.89 94.66 47.33
Line Group 1238.52 534.44 85.33 42.66
Wallis and Futuna 1178.37 508.49 81.18 40.59
Djibouti 1172.80 506.08 80.80 40.40
Mayotte 1039.38 448.51 71.61 35.80
Phoenix Group 895.70 386.51 61.71 30.85
Taiwan 823.28 355.26 56.72 28.36
East Timor 745.77 321.81 51.38 25.69
American Samoa 645.86 278.70 44.50 22.25
Comoro Islands 499.55 215.57 34.42 17.21
Howland and Baker Islands 442.40 190.90 30.48 15.24
Christmas Island 403.73 174.22 27.81 13.91
Glorioso Islands 314.85 135.86 21.69 10.85
Niue 303.09 130.79 20.88 10.44
Northern Mariana Islands and Guam 279.84 120.76 19.28 9.64
Palmyra Atoll 264.51 114.14 18.22 9.11
Cocos Keeling 217.08 93.67 14.96 7.48
Reunion 145.04 62.59 9.99 5.00
Wake Island 31.45 13.57 2.17 1.08
lle Tromeline 21.36 9.22 1.47 0.74
Jarvis Island 18.91 8.16 1.30 0.65
Cambodia 10.92 4.71 0.75 0.38
Total km? 502030.25 216635.94 34587.21 17293.61
Thousand km? 502.03 216.64 34.59 17.29
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Figure 8.--Areal breakdown by percentage of bumphead parrotfish adult habitat across 62 geographic strata of range. The list was
gleaned from the literature and from other sources such as expert interviews and diver surveys.
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The Team finds that, with respect to scientific evidence pertaining to the risk of bumphead
parrotfish extinction, under the broad category of “bumphead parrotfish habitat and range”,
the bumphead parrotfish appears to have specific habitat requirements for different stages of
its life-history ranging from shallow lagoonal areas for the young, to high-energy forereef
areas for the adults, that there is a critical need for nighttime sleeping shelters; that the
species is broadly distributed across the Pacific Ocean, Indian Ocean, and Red Sea, with
relatively large amounts of adult habitat in Indonesia, Australia, Papua New Guinea, and the
Philippines; and that the current range is equivalent to the historical range.

2.3 Abundance and Density

The bumphead parrotfish is thought to have been abundant throughout its range historically
(Dulvy and Polunin, 2004). Numerous reports suggest that fisheries exploitation has reduced
local densities to a small fraction of their historical values in populated or fished areas (Bellwood
et al., 2003; Dulvy and Polunin, 2004; Hamilton, 2004; Hoey and Bellwood, 2008).

Current and accurate estimates of abundance throughout the entire geographic range of
bumphead parrotfish are unavailable in the published literature. However, efforts have been
made to document the abundance of reef fishes, including the bumphead parrotfish, at specific
locations within the geographic range of the species (Dulvy and Polunin, 2004; Jennings and
Polunin, 1995; 1996). These studies use fisheries independent survey methods (Underwater
Visual Census) such as strip transect, stationary point count, timed swims, or towed-diver
surveys to estimate abundances of fishes over a predefined area. Additionally, these studies span
a gradient of human population densities and associated levels of fisheries exploitation.
Abundance of large-bodied species, including the bumphead parrotfish, is lower at sites where
human population density and fisheries exploitation are higher than at sites that are remote,
uninhabited or protected from fishing (e.g., no-take marine reserves). A number of studies have
constructed indices of abundance using different survey methodologies or qualitative
approaches; these are primarily for adult bumphead parrotfish and will be summarized in the
following paragraphs.

Dulvy and Polunin (2004) collated all currently available information related to local-scale
density estimates of bumphead parrotfish for 39 locations within the range of the bumphead
parrotfish. This information was used to make a qualitative assessment of the presence/absence,
abundance, and exploitation status of the bumphead parrotfish (see Table 2 and Table 3 from
Dulvy and Polunin, 2004). In addition to the qualitative assessment, Dulvy and Polunin obtained
quantitative abundance data for 6 locations within the range of the species. Locations included
the following: Great Barrier Reef; Solomon Islands; Fiji (Lau Islands); Fiji (Mamanuca Islands);
Tanzania; and select sites in the Philippine Islands.
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Based on Dulvy and Polunin’s paper, the Great Barrier Reef had the highest observed densities
of bumphead parrotfish with an estimate of 3.05 fish per km?, citing Choat data. (The Team has
concerns about a possible typographical error in that report; the correct units probably were fish
per 1000 m?, as shown in Figure 3 extracted from a Choat presentation). Both units are used in
the literature; conversion from numbers per km? to numbers per 1000 m? involves dividing the
former by 1000.

Bumphead parrotfish were also observed in the Solomon Islands. However, density estimates
were about half (1.40 fish per km?) those reported for the Great Barrier Reef. In Fiji, bumphead
parrotfish were infrequently observed, with densities ranging between 0.03 and 0.02 fish per km?
at both Fiji island groups. No bumphead parrotfish were observed in Tanzania or the Philippine
Islands. Heavy subsistence, artisanal, and commercial fisheries were reported at all locations
where bumphead parrotfish densities were less that 1 fish per km?.

Densities of bumphead parrotfish in the Indian Ocean show a biogeographic distributional
gradient with the highest densities adjacent to the western Australian coast and densities
decreasing to the west (Choat, unpubl. data, Figure 9). Densities at Rowley Shoals off western
Australia are similar to the high densities observed on the outer Great Barrier Reef and highlight
the importance of exposed outer reef habitats with adjacent lagoons. Densities of bumphead
parrotfish in the western Indian Ocean (East Africa, Seychelles) are generally lower than those
observed in Australia and the western Pacific (Choat, pers. comm.), although some areas of the
Seychelles such as Farquhar Atoll (Friedlander, pers. obs.) and Cousin Island (Jennings, 1998)
support large numbers of bumphead parrotfish. Also, large numbers of bumphead parrotfish are
found in some areas of Borneo and Malaysia (e.g., Sipadan; Randall, pers. comm.).

Bolbometopon muricatum; Abundance estimates for reef front
habitats: East Indian Ocean
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Figure 9.--Abundance estimates of bumphead parrotfish across the East Indian Ocean (Choat,
unpubl. data). Bars: mean abundance; Intervals: mean + 1 SE.
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In the U. S. Pacific Islands, the abundance of bumphead parrotfish has been assessed as part of
the NOAA/Pacific Islands Fisheries Science Center’s Reef Assessment and Monitoring Program.
Since 2000, under the leadership of the Center’s Coral Reef Ecosystem Division (CRED),
researchers have conducted quantitative assessments of reef fishes on a biennial or annual basis.
Regions visited that are within the range of the bumphead parrotfish include: Guam and the
Mariana Archipelago, the islands of American Samoa, and the Pacific Remote Island Areas.
Towboard® data showed that bumphead parrotfish are rare in the U.S. Pacific islands and only
reported in notable numbers with towed-diver surveys (Richards et al., 2011). Bumphead
parrotfish were most abundant at Wake Atoll with lesser numbers at Palmyra Atoll and Pagan
Island in the Commonwealth of the Northern Mariana Islands (Figure 10, Table 2). The highest
densities of bumphead parrotfish were observed at Wake Atoll with an estimate of ~300 fish
observed per km? The second highest densities were observed at Palmyra Atoll with 5.22 fish
per km?. Density at the Pagan site in the Mariana Archipelago was 1.62 fish per km?. In
American Samoa, bumphead parrotfish were observed at Tau (1.08 fish per km?) and at Tutuila
(0.41 fish per km?). Bumphead parrotfish were also observed at Jarvis Island (1.26 fish per km?).

Figure 10.--Standardized abundance of bumphead parrotfish observed on towed-diver surveys at
the U. S. Pacific Islands. Standardized abundance (number of fish per km?) was obtained by
dividing the number of fish observed by the area of the towed-diver transect (PIFSC/CRED data).

Surveys conducted by the Secretariat of the Pacific Community (SPC) in their Pacific Regional
Oceanic and Coastal Fisheries (PROCFish) project in 2001-2008 revealed relatively high
numbers of bumphead parrotfish in Palau with slightly more than 1.5 individuals per station
(Table 3). Numbers in New Caledonia were approximately half of those observed in Palau. Sites

® A field survey method whereby scuba diver(s) are towed behind a small boat for a distance of ~2 km, using a
board-like planing device for depth control, while recording or relaying visual sighting information.
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in Papua New Guinea and the Federated States of Micronesia also recorded modest numbers of
individuals. Low numbers in Tonga, Fiji, and the Solomon Islands may reflect fishing pressure
(e.g., Dulvey and Polunin, 2004; Hamilton, 2004), while their absence from a number of
locations are likely the result of these locations being outside of the range for the species (i.e.,
French Polynesia, Cook Islands, and Marshall Islands) or the lack of suitable lagoonal habitats
for recruitment (i.e., Niue, Nauru).

Table 2.--Abundance of bumphead parrotfish in the U. S. Pacific Islands 2000-2009. Results are

based from towed-diver surveys and abundance values are in number of individuals per km?.
PRIAs abbreviates Pacific Remote Island Areas. CNMI abbreviates Commonwealth of the
Northern Mariana Islands (PIFSC/CRED data).

Effort Abundance
(number of | (number per Standard
Region Islands transects) km?) deviation Standard error
PRIAs Jarvis 43 1.26 8.25 1.26
CNMI Pagan 69 1.62 13.45 1.62
PRIAs Palmyra 64 5.22 33.24 4.15
Samoa Tau 50 1.08 7.63 1.08
Samoa Tutuila 122 0.41 4.50 0.41
PRIAs Wake 51 296.64 687.24 96.23

Based on the Secretariat of the Pacific Community data, the maximum number of individuals per
school was 120 individuals in Palau and 100 individuals in New Caledonia (Table 4). Overall,
the average number of indivuals observed per school was 8.17 (SD = 17.9).

The Team was unable to find any published quantitative information on the abundance of
bumphead parrotfish in the Red Sea. Qualitatively, the species is observed to be relatively
abundant in some parts of Sudan, Egypt, Eritrea, and Yemen (Bogorodsky, pers. comm.). The
ReefCheck database, mentioned earlier with regard to bumphead parrotfish range, also contains
information on bumphead parrotfish density in the Red Sea, which is briefly summarized here.
The ReefCheck project (http://www.reefcheck.org/) of trained volunteer divers has amassed a
large standardized survey database across the Pacific Ocean, Indian Ocean, Red Sea, and Persian
Gulf (1997-2009, n = 4990 transects). Abundance of bumphead parrotfish and number of
transects from the ReefCheck surveys are shown in Table 5.

The merged database (using a common standardization to number per 1000 m?) of SPC
PROCFish and ReefCheck observations resulted in 49 geographic strata having a standardized
bumphead parrotfish density estimate. These results are shown in Table 6 and Figure 11. The
total number of transects from the merged database is shown in Figure 18.

Two other analyses pertaining to bumphead parrotfish abundance are presented later in this
report in the section on extinction risk assessment. First, a synthesis of abundance data—
converting the survey data into a simple index of abundance—is presented in in GIS format.
Second, an estimate of the contemporary global population size of bumphead parrotfish is
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presented. These analyses were thought to be more relevant to the extinction risk question, hence
their placement in that section of the report.

Table 3.--Bumphead parrotfish abundance data from the Secretariat of the Pacific Community
PROCFish diver surveys. N refers to the number of diver survey stations (250 m? each) in each
island area, and ‘bhp’ and ‘bhp_station’ refer to the number of bumphead parrotfish observed and
the average abundance (number of fish per 250 m?), respectively. It should be noted that some of
the surveyed areas (e.g., Cook Islands, Nauru) are outside of the known range of bumphead
parrotfish.

| Country | N |bhp bhp_station
Palau 188 294 1.56
New Caledonia 248 188 0.76
Papua New Guinea 168 109 0.65
FSM 164 g7 0.53
Vanuatu 192) 5 0.27
Fiji 288 58 0.20
Solomon Islands 191 14 0.07
Tonga 486 6 0.01
Wallis And Futuna 186 1 0.01
Cook Islands 132 0 0.00
French Polynesia 288 0 0.00
Kiribati 194 0 0.00
Marshall Islands 149 0 0.