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Figure 38. White list species showing fairly consistent lower densities in areas
open to aquarium collecting. The graph columns represent the %
difference in density between open and FRA areas. Bars below the x
axis indicate densities are lower in the open areas relative to the
FRAs. ‘E’ denotes an Endemic species
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Figure 39. White list species exhibiting inconsistent differences in density
between areas open to aquarium collecting and FRAs. The graph
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areas. Bars below the x axis indicate densities are lower in the open
areas relative to the FRAs. Note different Y axis scale for M. niger and
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Figure 40. White list species exhibiting higher population densities in areas open
to collecting relative to FRAs. The graph columns represent the %
difference in density between open and FRA areas. Bars above the x
axis indicate densities are higher in the open areas relative to the FRAs
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Figure 40 con’t. White list species exhibiting higher population densities in areas
open to collecting relative to FRAs. The graph columns represent the %
difference in density between open and FRA areas. Bars above the x axis indicate
densities are higher in the open areas relative to the FRAs.

Aquarium Species Population and Catch Analysis

The second approach to assessing white list inclusion estimated actual populations of the
species on the list and related those numbers to the aquarium catch of that species. Most
aquarium collecting in West Hawai'i occurs primarily in mid-depth ranges. While abundance
and conditions can and will alter collecting depths, Stevenson et al. (2011) reported that the
majority of aquarium fishers collect between 41°’- 59’. A population estimate was thus made
based on a depth range of 30’-60’ which broadly corresponds to the depths encompassed by
DAR West Hawai'i transect data (Table 4). An added advantage of this data set is that survey
sites span a considerable portion of the West Hawai'i coastline and include both open and
closed areas.

Mean densities for the species on the white list for which adequate data existed were calculated
for the period 2010-2012 at open survey sites. Three species (Lutjanus kasmira, Chaetodon
Kleinii and Centropyge fisheri) are also included in this analysis even though it is clear that their
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populations are substantially underestimated. A GIS was used to determine the total area of
hard bottom reef in the 30’ -60’ depth range that was open to aquarium collecting. Total
populations in the 30’ -60’ depth range were the product of open area density X open area

(10.55 km?). This population was then related to the average catch of the species for the period

FY 2010-2012 (Table 9).

Table 9. Population estimates and % of population taken by aquarium collectors of

‘White List’ species. “E” indicates an endemic species, “Catch” is the average aquarium
catch over FY 2010 - 2012 and 30’-60’ Population” is an estimate of total numbers of fish
(excluding YOY) in collected open areas of hard bottom habitat in 30’- 60’ depths. “Catch
as % of Population” is the % of the species’ population in collected open areas taken
annually by aquarium collectors

- 30"-60’ Catch as %
Scientific Name Common Name Catch : of
Population .
Population
Acanthurus achilles Achilles Tang 9,801 13,666 77.38%
Zebrasoma flavescens Yellow Tang 295,047 | 848,622 34.77%
Ctenochaetus hawaiiensis Chevron Tang 2,602 20,055 12.97%
Acanthurus nigricans Goldrim Surgeonfish 381 4,887 7.80%
Macropharyngodon geoffroy | Shortnose Wrasse 252 4,398 5.73%
Coris gaimard Yellowtail Coris 614 14,660 4.19%
Naso lituratus Orangespine Unicornfish 4,272 113,994 3.75%
Forcipiger flavissimus Forcepsfish 1,413 40,109 3.52%
Chaetodon quadrimaculatus Fourspot Butterflyfish 662 21,745 3.05%
Chaetodon miliaris Milletseed Butterflyfish 313 10,995 2.84%
Acanthurus olivaceus Orangeband Surgeonfish 786 33,776 2.33%
Ostracion meleagris Spotted Boxfish 152 7,086 2.15%
Ctenochaetus strigosus Goldring Surgeonfish (Kole) 38,431 | 2,570,143 1.50%
Chaetodon kleinii Blacklip Butterflyfish 53 3,909 1.36%
Pseudoijuloides cerasinus Smalltail Wrasse 244 21,012 1.16%
Lutjanus kasmira Bluestripe Snapper 52 6,597 0.78%
Gomphosus varius Bird Wrasse 338 56,196 0.60%
Centropyge potteri Potter's Angelfish 1,022 218,489 0.47%
Hemitaurichthys polylepis Pyramid Butterflyfish 181 41,536 0.44%
Halichoeres ornatissimus Ornate Wrasse 926 211,100 0.44%
Chaetodon multicinctus Multiband Butterflyfish 1,293 339,871 0.38%
Centropyge fisheri Fisher's Angelfish 74 22,478 0.33%
Sufflamen bursa Lei Triggerfish 209 63,330 0.33%
Xanthichthys auromarginatus | Gilded Triggerfish 29 9,500 0.31%
Melichthys niger Black Durgon 79 26,632 0.30%
Dascyllus albisella Hawaiian Dascyllus 149 55,463 0.27%
Paracirrhites forsteri Blackside Hawkfish 45 16,888 0.26%
Thalassoma duperrey Saddle Wrasse 656 314,539 0.21%
Acanthurus thompsoni Thompson’s Surgeonfish 133 71,774 0.19%
Cirrhitops fasciatus Redbarred Hawkfish 9 7,574 0.12%
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Pseudocheilinus octotaenia Eightline Wrasse 126 183,657 0.07%
Acanthurus nigrofuscus Brown Surgeonfish 809 1,381,650 0.06%
Canthigaster jactator Hawaiian Whitespotted Toby | E 97 211,100 0.05%
Pseudocheilinus tetrataenia Fourline Wrasse 81 301,873 0.03%
Cephalopholis argus Peacock Grouper 1 27,609 0.00%
Anampses chrysocephalus Psychedelic Wrasse E 387 N/A N/A
Chaetodon tinkeri Tinker’s Butterflyfish 217 N/A N/A
Cirrhilabrus jordani Flame Wrasse E 96 N/A N/A
Pseudanthias hawaiiensis Hawaiian Longfin Anthias E 75 N/A N/A
Acanthurus dussumieri Eyestripe Surgeonfish 61 N/A N/A

N/A — Species occurs in habitats not adequately surveyed by transects

Based on this analysis aquarium collecting is having the largest impacts on Achilles Tang and

Yellow Tang. Several collectors have indicated that fair numbers of Achilles Tang still occur
along the most southerly stretch of reefs on the Island of Hawai'i. Achilles Tang has had low

levels of recruitment over the past decade (Fig 33) and substantial numbers of larger fish (i.e.
‘breeders’) are taken for human consumption. Given these factors, population declines and a

substantial aquarium impact are not surprising. There is currently a proposed bag limit for
aquarium collectors of 10 fish/person/day undergoing Hawaii Administrative rulemaking.

Yellow Tang has generally recruited reliably (Figure 30) and aquarium take has been

decreasing in recent years from a previous period of continual and likely unsustainable

increases (Fig 41). The price per fish paid by dealers to collectors has increased almost 1.8X

since 2000 but has declined over the last three years, likely an effect of the U.S. economic

recession.

450,000

$5.00

- $4.50

400,000

350,000

QYellow Tang

300,000

- $4.00

- $3.50

/A

250,000

200,000 -

Number Caught

150,000 H

100,000 -

50,000 -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

- $3.00

- $2.50

Price per Fish

%
N
o
S

- $1.50

L $1.00

- $0.50

- $0.00

Figure 41. West Hawai'i Yellow Tang catch since FRA establishment and price per fish
(adjusted for inflation)

65




For most of the species on the white list collecting impact, in terms of the % of the population
being removed annually, is relatively low with 12 species having single digit % catch and 20
species having % catch values <1%. It should also be noted that the % catch does not include
targeted fishes which occur in waters shallower than 30’ and deeper than 60’. As such, the
above estimates overestimate the actual % take of the population for many, if not most, species.

Endemic Species on the WHFC White List

An endemic species is a one whose presence is restricted to a defined geographic area. Of the
662 species of reef and shore fishes in the Hawaiian Islands it is currently estimated that 25% of
them are endemic (Randall 2007). Many species endemic to the Hawaiian Islands also occur at
Johnston Atoll. A number of Hawaiian endemics are important food fishes and are harvested
both commercially and non-commercially. These include such fish as manini, aholehole, ‘alai’ihi
‘aweoweo, hapu’u, kole, kimi, mamo, nabeta, nohu, uhu and ‘upapalu and spiny lobsters and
all opihi.

Several researchers have commented on the relative abundance of endemic fishes. Gosline
and Brock (1960) noted “that many of the endemic fish of the Hawaiian Islands are the most
abundant of their genera” and similarly Hourigan & Reese (1987) state that “many endemic
species are the most abundant Hawaiian fishes in their families”. Randall (2007) commented
that “native species have evolved in isolated outposts such as Hawaii for long periods of time
and therefore have had ample opportunity to become fully adapted to their environment”.

Of the 40 species on the WHFC white List, 10 (25%) are considered endemic to Hawai'’i — the
same as the average level of overall reef fish endemism. All but one (Anampses
chrysocephalus) also occurs at Johnston Atoll. The endemic white list species are listed in the
table 10. Notes to relative abundance are referenced below. Listed in the third column are
population estimates on West Hawai'i reefs in hard bottom habitat in 30’-60’ depths. These
estimates are derived from WHAP survey densities (2010-2012) and area estimates from NOAA
habitat maps. The forth column lists the % of a species population in 30’-60’ Open areas which
is taken annually by aquarium collectors (based on FY 2010- 2012 records).

Table 10. Endemic species on ‘white list’

: 30’-60’ Catch as % of
SEeoes Ngiee Population Populati(/)on

Canthigaster jactator Most common Toby’ 211,100 0.05%
Thalassoma duperrey Most common inshore wrasse' 314,539 0.21%
Dascyllus albisella 55,463 0.27%
Chaetodon multicinctus 339,871 0.38%
Centropyge potteri Most common angelfish’ 310,666 0.47%
Chaetodon miliaris Most common B-Fly'-2 10,995 2.84%
Macropharyngodon geoffroy 4,398 5.73%
Anampses chrysocephalus N/A N/A
Cirrhilabrus jordani Common in right habitat3 N/A N/A
Pseudanthias hawaiiensis Abundant at 40-199m# N/A N/A
N/A - Species occurs in habitats deeper than transects

" Randall, JE. 2007, 2 Brock, VE and TC Chamberlain. 1968, ¢ Hoover, JP. 2008, Chave, EH and BC Mundy. 1994
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Figures 38-40 presented the difference in a species’ abundance in West Hawai'i Fish
Replenishment Areas (FRAs, n=9) relative to Open Areas (n=9). Bars represent the %
difference in abundance for each year from 1999 to 2012 Bars above the horizontal x axis
indicate the species was more abundant in the Open Areas (aquarium collected) than the FRAs.
Similarly, bars below the x axis indicate greater abundance in the FRAs than the Open Areas.

Of the 8 endemic species for which we have survey data, only the Multiband Butterflyfish
(Chaetodon multicinctus) is consistently less abundant in the Open Areas than the FRAs
indicating very low aquarium related impact on the other species at present. For the Multiband
Butterflyfish the FRA/Open difference has been decreasing in recent years and in 2012 there
were slightly more of this species in the Open Areas than in the FRAs. The % of the population
of Multiband Butterflyfish taken annually by aquarium collectors in recent years is 0.38% (Table
10).

Six of 10 endemic species on the white list are regarded as being common in suitable habitat.
The population estimates presented represent only a portion of available habitat where these
species occur. Thus total populations are invariably higher than indicated for just the 30’-60’
depth range.

For the 7 species for which we have data all of them have <6% of their open area population
collected annually. Five of the 7 species have <1% of their population collected. Populations in
MPAs and FRAs are essentially not collected and as indicated above total populations are
higher than estimated in just the 30’-60’ depth range. This means the percentage of the total
population taken by aquarium collectors is substantially lower than indicated in the table above.

Given past and present collecting preferences and effort, the inclusion of these endemic species
on the white list appears to pose little or no threat to populations on West Hawai'i reefs.
Attention should continue to be paid however to the Shortnose Wrasse (M. geoffroy) which has
the lowest estimated population in the survey depth range and the highest relative level of
collection. Similarly, caution should be exercised regarding the Psychedelic Wrasse (A.
chrysocephalus), Flame Wrasse (Cirrhilabrus jordani) and Hawaiian Longfin Anthias
(Pseudanthias hawaiiensis) for which current abundance data is inadequate.

Aquarium reef fish catch vs. non-aquarium catch

Controversy over aquarium collecting has become ever most pervasive in recent years due
primarily to a small cadre of anti-aquarium collecting activists on the island of Maui. In their
view, management of the aquarium fishery is not an option; it should not even be regarded as a
‘fishery’ and only a total outright ban is acceptable. Unfortunately their concern regarding
impacts of aquarium collecting has not focused solely on the reefs of Maui. Considerable time,
effort and expense have been expended by this group at thwarting community-based
management efforts in West Hawai'i such as the establishment of the ‘white list, size and bag
limits for key targeted aquarium species and a West Hawai'i specific aquarium permit. The
latter is a preliminary step in the development of a limited entry aquarium fishery along this
section of the Hawai'i Island.

In order to gain a more balanced perspective on the generalized impact on reef fishes by
aquarium collecting vis a vis other types of reef fishing activities, reef fish landings by aquarium
collectors were compared with that of other commercial fishers and non-commercial
‘recreational’ fishers. Both aquarium collectors and other commercial fishers are required by
law and Administrative Rule to submit catch reports and thus island specific reef fish catch data
is available for each group. As noted previously (Fig 28) recent analysis suggests that
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aquarium catch reports appear to fairly accurately reflect actual catch. Unfortunately similar
assurance isn’t available for other commercial catch reports.

Recreational fishers in Hawai'i are not required to submit catch reports but such catch data has
been collected since 2003 by the Hawaii Marine Recreational Marine Fishing Survey (HMRFS)
and subsequently since 2007 by NOAA’s Marine Recreational Information Program (MRIP).
Species-specific recreational catch data on a statewide basis is available online:
http://www.st.nmfs.noaa.gov/st1/recreational/queries/custom_time_series.html. All MRIP catch
data from 2008 thru 2010 was decreased by a factor of 81.96% (i.e., 1/1.22) because of a count
error made by NOAA in the population household numbers for Maui County (Hongguang 2012).

Over the past four years the number of reef fishes caught statewide by the recreational and
commercial sectors has been quite comparable averaging 1,511,025/yr. for recreational fishers
and 1,554,010/yr. for commercial (i.e. non-aquarium) fishers (Fig. 42).
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Figure 42. Comparison of the number of reef fishes caught by recreational and
commercial fishers in the Main Hawaiian Islands

The combined catch however is 1.7X the total statewide take (1,810,402/yr.) of aquarium fishes.
The average yearly biomass (pounds) of reef fish caught by commercial fishers was similar for
both commercial fishers (1,199,520 Ibs.) and recreational fishers (1,160,337 Ibs.) (Fig. 43). A
biomass comparison was not made with the aquarium catch.
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Figure 43. Comparison of the biomass of reef fishes caught by recreational and
commercial fishers in the Main Hawaiian Islands

To compare total reef fish catches for the various fishing sectors on a more localized area basis
it was necessary to apportion the recreational catch among island areas. An adjustment factor
was calculated based on the percentage of statewide commercial reef fish landings reported
from each area (generally island or county as well as West Hawai’i). A separate adjustment
factor was derived for both number of reef fishes caught and biomass. Biomass was estimated
for aquarium fish catch by specifying a targeted size or typical maximum size of collected
species based on information provided by active collectors (n= 7) and Stevenson et.al. (2011).
Size data was then converted to weight utilizing length to weight conversion factors (DAR
database).

In West Hawai'i the aquarium fishery takes 1.8X the number of reef fishes taken by recreational
and other commercial fishers combined (Figure 44). 81% of the aquarium caught fishes are a
single species — the Yellow Tang. In terms of all other reef fish species, the recreational and
commercial fisheries combine to take 3X the number of reef fishes caught by aquarium
collectors (Figure 45).
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Figure 44. Comparison of the number of reef fishes caught by recreational, commercial
and aquarium fishers in West Hawai'i
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Figure 45. Comparison of the number of reef fishes, excluding Yellow Tang, caught by
recreational, commercial and aquarium fishers in West Hawai'i

In terms of reef fish biomass caught by the different fisheries in West Hawai'i, considerably more
biomass is taken by the combined recreational and commercial fisheries either including Yellow
Tang (2.8X) or excluding it (8.6X) (Figures 46 & 47). Additionally, unlike the aquarium fishery
which targets mostly immature fish, the other fisheries selectively target the larger breeding
portion of the population which has profound implications for the sustainable usage of the
resource.
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Figure 46. Comparison of the biomass of reef fishes caught by recreational, commercial
and aquarium fishers in West Hawai'i
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Figure 47. Comparison of the biomass of reef fishes, excluding Yellow Tang, caught by
recreational, commercial and aquarium fishers in West Hawai'i.

On Maui where, as noted, there has been considerable concern over putative aquarium
collecting impacts the numbers of reef fishes caught by recreational and commercial fishers is
22X that taken by aquarium collectors (Figure 48). In terms the biomass the differential is 145X
(Figure 49). The total take of non-aquarium reef fish currently is substantially greater on Maui
than it is in West Hawai'i (Table 11)
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Table 11. Comparison of the number and pounds of reef fishes caught by recreational
and commercial fishers on Maui and in West Hawai'i

Recreational Catch

Commercial Catch

Maui West Hawai'i Maui West Hawai'i
Number Caught | 218,474 146,176 71,730 48,498
Pounds Caught 342,769 153,193 122,268 55,468

Lay gill net management

As mandated by Act 306, SLH 1998, a laynet (i.e. gill net) management plan was
developed over four years by the WHFC and DAR. The recommended plan became
incorporated in Hawaii Administrative Rule §13-60.3 in 2005. The rule provides for
continued small-scale subsistence-level netting while effectively controlling large-scale
commercial netting. Eight areas have been designated where the use of gill nets is
prohibited. Along with existing no gill-netting areas, approximately 25% of the coastline
now prohibits the use of such nets (Figure 50).
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Figure 50. Locations of laynet prohibited areas in West Hawai'i and shallow water
resource fish survey sites

Additional provisions of the rule were designed to encourage responsible net use and
enhance enforcement. These include requirements such as net registration and
numbered identification (floats and tags), maximum soak time of four hours and
maximum net length of 125’. One area (Kaloko-Honokohau FRA) was designated a
Hawaiian cultural netting area where only locally constructed handmade nets of natural
fibers may be used. The West Hawai'i laynet rules served as a model for the rest of the
state and have generally been adopted elsewhere except for Maui which completely
banned their use in 2007.

Transects conducted in shallow water habitats, the areas most likely to be impacted by
lay gill netters (Figure 51) indicate there is little difference in the biomass of three of four
targeted food fish groups between areas open to netting ((OPEN’ & ‘FRA’) and those
prohibiting netting either beginning in 2005 (‘LAY) or those in Fisheries Management
Areas (FMA) or Marine Life Conservation Districts (MLCD) which have had longer (>10
years) prohibitions on laynetting (‘LAY+’).

At present parrotfish biomass is significantly greater in MPAs/MLCDs which prohibit lay
gill netting (‘LAY+’) and OPEN areas as compared to FRAs and areas just prohibiting lay
gill nets (LAY) (ANOVA p<0.004). In terms of parrotfish biomass there presently are no
differences between ‘LAY+’ and ‘OPEN’ areas. Given the fact that parrotfishes are not
caught by lay nets at night and that they also appear to be rarely caught by lay nets even

73



during the day (Puleloa, 2012), differences in parrotfish biomass abundance between
management areas is not likely due to whether or not lay gill netting is prohibited.
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Figure 51. Biomass of ‘Resource’ (i.e. food) fish on shallow water transects in
various management areas. ‘LAY’ are survey sites (N=20) which were
closed to gill netting in 2005. ‘LAY+’ (N=44) are FMA and MLCD sites
which have prohibited netting for >10 years. ‘Open’ denotes surveys
(n=82) in areas where lay gill netting is permitted. Only fish>15cm TL
are censused in these surveys

The reasons for the lack of differences between open and laynet protected areas may
relate to one or more of several factors: (i) the newly protected areas haven't had
sufficient time to become fully effective; (ii) the protected areas are not effectively
enforced,; (iii) the sites of many of the shallow water resource transects may be areas
where netting is impractical (i.e. rocky shorelines, sharp reef drop-offs, etc.) and (iv) the
overall level of laynet fishing is relatively low. This last factor is supported by the low
number of lay gill nets registered in West Hawai'i (79 as of Feb. 2013) as compared to
other islands (e.g. 796 on O'ahu in 2009).

Invertebrates

Crown-of-Thorns Starfish

While Acanthaster planci is native to Hawai'i and not an introduced species it
nevertheless is of substantial concern to the general public due to its reputation as a
‘coral killer’ and the publicity generated by massive outbreaks on other Pacific islands.
The last reported large-scale occurrence in Hawai'i of the Crown-of-Thorns Starfish
(COTS) was in August 1969 when approximately 20,000 starfish were observed off the
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south shore of Moloka'i. Since that time there have only been scattered reports of COTS
aggregations and all have been of considerably lesser magnitude.

Data from surveys reflect the low absolute abundance of COTS on West Hawai'i reefs
but does indicate a recent rebound in numbers following a substantial decline beginning
in 2006 (Figure 52).
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Figure 52. Overall Crown-of-Thorns abundance on West Hawai'i transects and 10
minute free swim surveys

COTS Aggregation

On September 13, 2012 aggregations of Acanthaster planci were discovered at West
Hawai'i survey site 7, near Ka'upulehu on the Kona Coast. This site is located at 10-18
m depth range.

One week later, on September 20™, as part of a scheduled monitoring survey, COTS
were counted on the four permanent 25m x 4m transects at site 7 and during a 10
minute ‘free swim’ survey around the perimeter of the site. To further assess the extent
of the outbreak, four divers spaced approximately 10m apart swam at depths from 6m to
20m north from the site and conducted a 5 minute swim counting all COTS within a 5m
visual belt survey. Due to the unusually high COTS abundance on the transects and the
5 minute swim, the team returned again to the site on September 26, 2012 to further
assess the outbreak. Surveys methods described above are part of a developing rapid
response protocol established by Eyes of the Reef Network in collaboration with DAR
monitoring techniques.
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COTS counts were repeated along the permanent transects and free swim survey to
compare to the previous week. COTS coral feeding scars (areas devoid of live tissue)
were measured within a 4 meter belt along the 25m transect, along with coral colony
size and species. The team then repeated the 5 minute swim north counting all COTS.
These surveys indicated that the COTS aggregation had migrated farther north so
another 5 minute swim count was conducted.

Over the one week period, Acanthaster planci density decreased from 30 to 8 COTS per
200m? along the permanent transects at site 7. Similarly, the 10 minute free swim
survey around the perimeter of the site showed a decrease in abundance from 71 to 31
COTS. On September 20", 5 minute timed surveys north of the site showed COT
density at 58 per 200 m?. Surveys one week later showed 45 COTS per 200m?. An
additional 5 minute survey continuing north revealed 45 COTS per 200m?, with an
extended survey determining additional aggregations of COTS were present further
north and at shallower depths (<6m). Of two known COTS predators, Cassis cornuta
and Charonia tritonis (aka Horned Helmet & Triton’s Trumpet) only a single C. tritonis
was observed throughout the surveys.
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Figure 53. Acanthaster planci (COTS) density and abundances recorded on
surveys conducted near Ka'tipilehu, WHAP Site 7 in September 2012.
Zero COTS were observed on November 9, 2011

The most affected coral genus was Montipora, with approximately 131 colonies affected
(average 82% of colony area dead), compared to 90% of area on 7 Pavona colonies,
85% of area on 30 Pocillopora colonies and 44% of area on 81 Porites colonies. (These
are rough estimates as the scars were only measured along one axis).
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Figure 54. Number of coral colonies observed at site 7 with COTS feeding ‘scars’
and approximate area of subsequent colony mortality

During regular monitoring of West Hawai'i sites, few COTS are usually recorded along
the four permanent transects and the free swim survey maximum is typically maxed out
at a single individual (Figure 52). However, on October 4, 2011, a total of 33 and 8
COTS were observed at site 7 during the free swim and fixed transects. Surveys
conducted prior to and following the September 2012 outbreak, on July 31 and
November 11, 2012) showed no COTS present at the site.

The predominant coral species at this site is Porites lobata while the most affected
genera were Montipora and Pocillopora. This finding is consistent with preferential
feeding behavior on other Indo-Pacific reefs (Kayal et al. 2012). COTS aggregated in
clusters with animals even piled upon one another rather than spread out (Figure 55A).
There were well over 200 animals counted within an area where no more than a single
individual is typically observed (WHAP data).

As mentioned above, COTS most frequently preferred Montiporid and Pocilloporid
colonies, consuming over 80% of most colonies. Benthic surveys in 2011 along the
permanent transects showed percent coral cover at this site for Montipora sp. and
Pocillopora sp. to be 1% and 0.3% cover respectively. However, a substantial number
of Poritids were also preyed upon, which comprise approximate 26% of the 27.1% total
coral cover at the site.

Tissue loss resulting from biological interactions such as COTS predation also has the

ability to further influence benthic community structure and coral health by making
substrate available for algal colonization. Old COTS feeding scars were quickly
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overgrown by algae along the permanent transects (Figure 55B). Tissue loss of corals is
known to result from algal-coral interactions (Haas et al. 2010). Coral-algal interactions
were surveyed along West Hawai'i in 2010 and 2011 as part of a coral health monitoring
program conducted by Courtney S. Couch (Cornell University Ph.D candidate) in
collaboration with DAR. Algal overgrowth and the resulting coral tissue mortality were
widespread both in the shallow habitats (3-6m) and deeper habitats (WHAP sites).
These surveys revealed that algal overgrowth was significantly higher in shallow
habitats, with no clear seasonal trend across all the sites. Between 1-15% of all the
coral colonies were overgrown by algae to some degree. Surveys revealed active algal
overgrowth of live corals paired with tissue loss, primarily by Corallophila huysmansii
(Figure 55C) (Couch et al. in prep).

C. huysmansii has the ability to settle on, overgrow, and kill live coral tissue through the
hypothesized use of cytotoxic allelochemicals (Jompa & McCook2003). With upwards of
15% of all colonies affected by algal overgrowth and approximately 44% of the affected
Poritid colonies directly impacted by COTS predation at the outbreak site, biological
interactions such as algal overgrowth and COTS predation may have a large, but
underestimated, influence on not only coral health but also to benthic community
structure and percent live coral cover along West Hawai'i.

(€)

Figure 55. A) Crown-of-Thorns Starfish (COTS) aggregation monitored at
Ka'upulehu (Site 7) in September 2012. Note: Arrow indicates COTS
feeding scar on Porites lobata with algal colonization, B) Recent COTS
feeding scar on P. lobata colony, C) Previously documented tissue loss
of P. lobata colony at same site with colonization of turf algae and the
filamentous Corallophila huysmansii, photographed on March 27, 2011
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Over several weeks of monitoring, the Crown-of-Thorns Starfish aggregation appeared
to be migrating slowly in a northerly direction and into shallower depths, presumably
where more Pocillopora and Montipora colonies might be found, behavior which is
consistent with other studies (Kayal et al. 2012). This COTS outbreak is clearly
disturbing the coral community’s diversity in an area that has already experienced strong
storm damage and decreasing coral cover (net loss of 13% from 2003 - 2011).
Moreover, only a single predator of COTS, Charonia tritonis (Triton’s Trumpet), was
observed at the site.

Monitoring of COTS populations will continue and immediate protection of their
predators, C. tritonis and Cassis cornuta (Triton’s Trumpet and Horned Helmet) is
proposed for West Hawai'i and is highly recommended throughout the State of Hawai'i.

Urchins

Three of four of the most common surveyed urchin species have increased in West
Hawai'i since monitoring began in 1999. This increase has been very substantial for the
Collector Urchin, Tripneustes gratilla which has increased by 6.1X between 1999/2000 —
2010/2012 (Figure 56). The estimated population of Collector Urchin on West Hawai'i
reefs in the 30’ -60’ depth range is 9,678,711. Based on data presented in previous
monitoring reports this increase does not appear to be related to a substantial increase
in food supply (i.e. benthic algae) along the coast. Likewise there is no indication that
potential food competitors such as herbivorous fishes (e.g. acanthurids and scarids)
have markedly decreased. In actuality herbivores in general have increased in West
Hawai'i (Figure 18) along with the urchins.
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Even though urchin densities are increasing for three species, present abundance may
still be lower than in previous years for some species at locations such as Kealakekua
Bay which was surveyed for urchins in 1968 (Ebert, 1971).

East Hawai'i

To date, abundance of fishes among sites is significantly different, being more abundant
at both Waiopae sites than at Richardson’s Ocean Center (Figure 57A). Species
richness among sites is also significantly different among sites, being higher on MLCD
transects compared to ROC (Figure 57 B). There are no among-site differences in
species diversity (p= 0.435) (Figure 57 C). The MLCD and ROC sites have the highest
similarity in their fish communities, and the OPEN and ROC communities have the
lowest similarity (Table 12).
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Figure 57. Fish community parameters at Waiopae (MLCD & OPEN) and
Richardson’s Ocean Center (all survey years pooled) Data are means
and standard errors. (A) abundance; (B) Species richness; (C) S-W
Diversity.
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Table 12. Percent Similarity from pairwise site comparisons.

Location Percent Similarity
MLCD vs. OPEN 69.3%
MLCD vs. ROC 72.7%
OPEN vs. ROC 53.1%

Over the twelve years of surveying of fishes at Waiopae and Richardson’s, there
appears to have been a slight increase in fishes observed between 1999 and 2006,
followed by a three-year decline, with an upturn on fishes seen so far in 2010 (Figure
58). There is generally good concordance in the year-to-year abundance of fishes
among survey sites (Figure 58). Since the delineation of the Waiopae MLCD on June
16, 2003, no net increase in fish abundance has been observed.
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Figure 58. Annual mean abundance (+SE) of fishes at Waiopae and Richardson’s
Ocean Center.
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Of the 136 species recorded on transects at the three locations, most individuals are
from one of six families: Labridae, Scaridae, Acanthuridae, Pomacentridae,
Tetraodontidae, and Chaetodontidae (Table 13, Figure 59). Labrids and pomacentrids
were particularly abundant at all three sampling areas, but scarids were only abundant
on Waiopae Open transects. All of the transect lines in this area are deeper than other
sites and two traverse a level area with abundant turf algae which appears to attract
large numbers of scarids. Species densities at the three East Hawai'i sites are listed in
Appendix I.

Table 13. Individuals per 100 m2 by family at East Hawai'i sites (n = 224 transects
at Waiopae Sites; n =172 at Richardson's Ocean Center).

Family OPEN | MLCD | ROC

Acanthuridae 13.10 6.12 9.88
Apogonidae 0.02 0.00 0.00
Aulostomidae 0.05 0.02 0.01
Balistidae 0.04 0.05 0.13
Belonidae 0.00 0.10 0.09
Blenniidae 1.30 1.06 0.35
Caracanthidae 0.00 0.01 0.04
Chaetodontidae 2.33 2.99 1.26
Cirrhitidae 0.1 0.40 1.41
Diodontidae 0.00 0.00 0.00
Fistulariidae 0.33 0.09 0.06
Gobiidae 0.03 0.01 0.00
Holocentridae 0.03 0.04 0.01
Kyphosidae 0.00 0.59 0.00
Labridae 48.54 52.46 39.52
Lutjanidae 0.04 0.40 0.00
Monacanthidae 0.02 0.01 0.01
Mugilidae 0.00 0.01 0.1
Mullidae 0.62 0.14 0.05
Muraenidae 0.09 0.14 0.14
Myliobatidae 0.00 0.00 0.00
Ophichthidae 0.00 0.00 0.00
Ostraciidae 0.05 0.19 0.05
Pomacanthidae 0.00 0.00 0.00
Pomacentridae 16.91 33.54 33.31
Scaridae 29.29 412 1.31
Scorpaenidae 0.00 0.07 0.23
Serranidae 0.15 0.41 0.01
Synodontidae 0.03 0.03 0.03
Tetraodontidae 412 411 2.72
Zanclidae 0.06 0.10 0.03
Pooled Individuals/100 m?2 = 117.3 107.2 90.7
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Appendix A. Occurrences of eight coral diseases documented across 30
monitoring sites in West Hawai‘i (GA = growth anomaly, TRE = trematodiasis, TLS
= tissue loss syndrome, MFTL = multifocal tissue loss, HYP = hypermycosis).

ID Site chi;‘es P_cr)gtgs P_cl)_rLitSes ﬁ’\;)lgi_tris Pz\ﬂ:a Monc_t‘igora 8212!2-2221 Poc_ill:f)gora
reaction
SITE1 Lapakahi X X
SITE2 Kamilo Gulch X X
SITE3 Waiaka‘ilio Bay X X
SITE4 Puakd X X X X
SITES Mauna Lani X X X
SITE6 Keawaiki X X
SITE7 Ka'Gpadlehu X X
SITE8 Makalawena X X X X
SITE97 Unualoha Pt. X X X
SITE9 Wawaloli Beach X X X
SITE10 Wawaloli FMA X X X X
SITE11 Kaloko-Honokdhau X X X
SITE13 Papawai X X X
SITE98 Old Kona Airport X X X
SITE14 S. Oneo Bay X X X X
SITE15 Keauhou X X X
SITE15x Keauhou X X X X X
SITE15y Keauhou Y X X X X
SITE15z Keauhou Z X X X
SITE16 Kualanui Pt. X X X X X
SITE17 Red Hill X X
SITE18 Keopuka X X
SITE19 Kealakekua X X X X
SITE20 Ke'ei X X X X
HO Honaunau drop off X X X
SITE21 Ho‘okena (Kalahiki) X X X X
SITE22 Ho‘okena (Auau) X X X X
SITE23 Omaka‘a Bay X X X X
SITE99 Okoe Bay X X
SITE24 Manuka X X X
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Appendix B. West Hawai’i Benthic Cover 2011 Surveys
Broad Benthic Categories

Survey Site Coral Turf-Bare grol::ﬁ:: Macr:ga(igae Macroalgae Sand Slﬁ\slzlrlte Other
Lapakahi 11.8% 57.9% 0.5% 0.1% 0.1% 28.3% 0.0% 1.1%
Kamilo 29.0% 62.2% 5.8% 0.4% 0.1% 0.8% 0.0% 1.7%
Waiaka'ilio 38.8% 53.0% 4.8% 0.7% 0.8% 0.8% 0.0% 1.1%
Puako 34.2% 52.9% 9.6% 0.6% 0.4% 0.5% 0.0% 2.4%
'Anaeho'omalu 28.4% 57.1% 6.9% 0.9% 0.5% 2.4% 0.0% 3.8%
Keawaiki 18.7% 72.3% 5.1% 1.0% 0.1% 0.9% 0.1% 1.0%
Ka'lpdlehu 27.1% 62.3% 5.2% 0.6% 0.3% 2.8% 0.0% 1.7%
Makalawena 47.6% 49.3% 0.8% 0.0% 0.1% 1.3% 0.2% 0.9%
Unualoha 36.5% 59.4% 4.4% 0.2% 0.2% 0.7% 10.0% 1.7%
Wawaloli Beach 44.5% 52.0% 0.1% 0.0% 0.1% 1.3% 1.0% 1.0%
Wawaloli 42.3% 52.3% 0.2% 0.1% 0.1% 0.1% 3.6% 1.3%
Honokohau 48.3% 32.0% 1.9% 0.1% 0.0% 2.6% 13.0% 2.1%
Papawai 41.1% 46.9% 2.2% 0.5% 0.2% 0.9% 7.0% 1.2%
Old Kona Airport 51.2% 31.6% 1.2% 0.0% 0.0% 7.3% 7.6% 1.1%
S. Oneo 46.6% 43.9% 6.4% 0..2% 0.0% 1.1% 0.1% 1.8%
N. Keauhou 28.0% 64.5% 3.3% 1.5% 0.2% 0.1% 0.1% 2.5%
Kualanui 62.4% 34.5% 1.3% 0.0% 0.1% 0.5% 0.0% 1.2%
Red Hill 35.3% 53.4% 3.2% 1.9% 0.9% 3.3% 0.1% 1.9%
Keopuka 14.4% 79.9% 3.2% 0.4% 0.2% 0.8% 0.0% 1.1%
Kealakekua 23.1% 64.8% 3.5% 0.1% 5.9% 0.0% 0.0% 2.6%
Ke'ei 26.7% 60.8% 3.1% 0.3% 6.3% 0.3% 0.0% 1.5%
Kalahiki 38.9% 45.4% 9.4% 2.2% 0.2% 1.9% 0.0% 1.2%
Au Au Crater 30.0% 56.0% 6.7% 3.5% 1.4% 0.2% 0.0% 2.2%
Omaka'a 32.9% 53.1% 5.7% 0.3% 0.8% 6.3% 0.0% 0.9%
Manuka 33.4% 52.7% 7.3% 2.7% 0.6% 1.7% 0.1% 1.5%
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Appendix C. West Hawai’i Coral Cover By Species 2011 Surveys

Montipora

Montipora

Pavona

Pocillopora

Porites

Porites

Porites

SUET DIL capitata patula varians meandrina compressa evermanni lobata Sl
Lapakahi 0.30% 0.00% 0.00% 0.30% 3.10% 0.60% 7.60% 0.10%
Kamilo 0.40% 0.30% 0.40% 0.10% 11.70% 0.00% 16.10% 0.00%
Waiaka'ilio 0.70% 0.20% 0.30% 0.30% 12.80% 0.00% 24.50% 0.00%
Puako 0.20% 0.20% 0.20% 0.50% 12.00% 0.10% 21.20% 0.00%
Anaeho'omalu 1.10% 0.30% 0.40% 0.50% 9.20% 0.20% 16.60% 0.00%
Keawaiki 0.70% 1.40% 2.20% 0.30% 9.00% 0.00% 4.20% 0.90%
Ka’'Gpalehu 0.60% 0.30% 0.00% 0.30% 2.20% 0.00% 23.80% 0.00%
Makalawena 1.50% 2.90% 1.60% 1.30% 8.70% 0.40% 24.40% 6.80%
Unualoha 0.50% 0.00% 0.00% 2.90% 3.40% 0.60% 28.50% 0.60%
Wawaloli Beach 0.8% 0.0% 0.0% 0.9% 6.1% 0.9% 35.7% 0.0%
Wawaloli 0.6% 0.0% 0.1% 3.7% 5.6% 0.2% 31.8% 0.4%
Honokdhau 0.20% 0.00% 0.00% 0.10% 16.50% 0.90% 30.70% 0.00%
Papawai 0.50% 0.10% 0.00% 1.20% 3.50% 1.30% 34.20% 0.30%
Old Kona Apt 0.00% 0.00% 0.00% 0.70% 14.50% 0.80% 35.20% 0.00%
S. Oneo 0.10% 0.60% 0.60% 0.30% 17.40% 1.50% 26.10% 0.00%
N. Keauhou 0.10% 0.00% 0.00% 0.00% 16.80% 0.30% 10.80% 0.00%
Kualanui 0.70% 0.20% 0.10% 0.40% 3.30% 13.90% 43.90% 0.00%
Red Hill 1.90% 0.30% 0.20% 0.80% 10.20% 0.50% 21.30% 0.00%
Keopuka 0.20% 0.20% 0.10% 2.20% 2.10% 0.30% 9.30% 0.00%
Kealakekua 0.10% 0.10% 0.40% 0.20% 7.00% 0.00% 15.40% 0.10%
Ke'ei 0.10% 0.00% 0.10% 0.10% 15.80% 2.90% 6.30% 1.50%
Kalahiki 0.20% 0.10% 0.00% 0.10% 16.40% 1.00% 21.30% 0.00%
Au Au Crater 2.40% 0.20% 0.10% 1.30% 5.60% 0.30% 20.00% 0.20%
Omaka'a 1.20% 0.10% 0.10% 1.10% 11.60% 2.10% 16.90% 0.00%
Manuka 0.20% 0.00% 0.10% 0.50% 8.90% 0.30% 23.30% 0.10%
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Survey Site

‘Anaeho’omalu
Ho’okena
Honokohau
Kalahiki
Kamilo
Ka’Gpulehu
Keawaiki
Kealakekua
Ke'ei
Keopuka
Kualanui
Lapakahi
Makalawena
Manuka
N. Keauhou
Omaka'a
Papawai
Puako
Red Hill
S. Oneo
Waiaka'ilio
Wawaloli
Wawaloli Beach
Keauhou X
Keauhou Y
Keauhou Z
Okoe Bay
Old Kona Airport
Unualoha

Coral

31.5%
28.4%
48.5%
39.6%
38.2%
31.2%
16.7%
28.6%
28.7%
15.6%
59.8%
11.4%
47.6%
33.2%
31.1%
271%
38.3%
47.8%
33.2%
61.9%
42.5%
37.5%
42.3%
57.6%
40.3%
42.5%
34.0%
53.2%
36.8%

Appendix D. West Hawai’i Benthic Cover 2007 Surveys

Turf-Bare

56.9%
57.7%
31.6%
48.3%
51.0%
59.9%
74.9%
65.0%
58.4%
75.8%
33.4%
56.7%
47 5%
52.9%
61.4%
61.8%
39.9%
42.0%
59.4%
31.7%
47.7%
55.3%
52.8%
37.6%
55.0%
45.9%
55.3%
25.2%
57.3%

Broad Benthic Categories

Crustose
Coralline
7.1%
4.8%
3.3%
5.2%
71%
5.8%
5.7%
4.1%
3.6%
4.1%
3.7%
1.6%
1.9%
9.7%
5.0%
2.5%
3.1%
6.7%
2.2%
3.7%
5.5%
3.1%
0.3%
3.3%
3.0%
6.6%
6.0%
2.4%
1.1%

Encrusting
Macroalgae
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0.1%
2.3%
0.5%
2.2%
0.3%
0.2%
0.4%
0.7%
0.4%
1.3%
0.1%
0.9%
0.1%
1.2%
0.4%
0.2%
0.6%
0.6%
1.8%
0.9%
0.5%
0.1%
0.0%
0.3%
0.1%
0.4%
0.0%
0.3%
0.1%

Macroalgae

0.3%
6.3%
0.3%
1.5%
0.2%
0.0%
0.2%
0.1%
6.9%
0.1%
1.3%
0.2%
0.0%
0.1%
0.4%
0.2%
4.0%
0.2%
0.1%
0.1%
0.1%
0.0%
0.0%
0.1%
0.2%
0.1%
0.1%
0.1%
1.1%

Sand

2.4%
0.1%
2.4%
2.0%
0.7%
1.8%
0.3%
0.1%
0.3%
1.8%
0.3%
28.6%
1.8%
1.5%
0.5%
7.7%
1.9%
0.3%
2.7%
1.2%
1.2%
0.4%
3.1%
0.6%
1.0%
1.2%
3.3%
10.8%
1.4%

Sessile
Invert
0.1%
0.1%
12.9%
0.0%
0.0%
0.0%
0.1%
0.0%
0.0%
0.1%
0.1%
0.1%
0.2%
0.0%
0.1%
0.0%
11.0%
0.0%
0.0%
0.1%
0.1%
3.1%
0.3%
0.5%
0.0%
2.6%
0.0%
8.0%
0.3%

Other

1.6%
0.3%
0.1%
1.2%
2.3%
1.3%
1.7%
1.4%
1.7%
1.2%
1.1%
1.4%
0.6%
1.5%
1.1%
0.5%
1.2%
2.4%
0.6%
0.0%
2.2%
0.5%
1.3%
0.3%
0.4%
0.7%
1.3%
0.0%
1.8%



Appendix E. West Hawai’i Coral Cover By Species 2007 Surveys

Survey Site Montipora  Montipora  Pavona Pocillopora Porites Porites Porites Other
capitata patula varians meandrina compressa evermanni lobata

Anaeho’omalu 1.1% 0.8% 0.6% 0.3% 14% 0.0% 14.2% 0.4%
Ho'okena 3.5% 0.2% 0.0% 2.3% 3.4% 0.4% 19.4% 0.0%
Honokohau 0.2% 0.0% 0.0% 0.3% 16.0% 0.5% 31.4% 0.4%
Kalahiki 0.1% 0.0% 0.0% 0.3% 13.6% 1.0% 25.5% 0.1%
Kamilo 0.6% 0.1% 0.1% 0.0% 17.1% 0.0% 20.5% 0.2%
Ka'lpulehu 0.2% 0.1% 0.1% 0.2% 2.8% 0.0% 27.6% 0.2%
Keawaiki 0.7% 1.6% 1.9% 0.0% 7.4% 0.0% 4.9% 0.1%
Kealakekua 0.1% 0.0% 1.1% 0.2% 11.9% 0.2% 14.9% 0.4%
Ke'ei 0.2% 0.0% 0.1% 0.1% 20.2% 1.5% 6.7% 0.0%
Keopuka 0.2% 0.3% 0.0% 4.8% 1.6% 0.6% 8.2% 0.1%
Kualanui 0.1% 0.4% 0.1% 0.7% 3.2% 18.7% 36.8% 0.0%
Lapakanhi 0.1% 0.0% 0.0% 0.0% 1.7% 0.2% 9.4% 0.1%
Makalawena 2.0% 2.6% 1.7% 1.5% 6.2% 0.1% 27.8% 5.7%
Manuka 0.3% 0.0% 0.0% 0.3% 9.9% 1.0% 22.2% 0.1%
N. Keauhou 0.0% 0.0% 0.3% 0.0% 21.2% 0.1% 9.7% 0.0%
Keauhou X 0.1% 0.0% 0.1% 0.0% 18.8% 2.9% 35.7% 0.0%
Keauhou Y 0.1% 0.1% 0.0% 0.0% 26.1% 0.0% 13.2% 0.0%
Keauhou Z 0.0% 0.0% 0.0% 0.1% 24.0% 0.5% 19.1% 0.0%
Okoe Bay 0.3% 0.0% 0.0% 0.3% 4.5% 2.6% 26.3% 0.0%
Old Kona Airport 0.2% 0.0% 0.0% 0.5% 14.1% 0.6% 38.0% 0.0%
Omaka'a 0.9% 0.1% 0.1% 1.2% 7.7% 2.3% 14.9% 0.1%
Papawai 0.2% 0.1% 0.1% 0.4% 3.5% 1.8% 32.4% 0.3%
Puako 1.3% 0.7% 0.2% 0.5% 17.2% 0.3% 27.2% 1.0%
Red Hill 1.0% 0.2% 0.1% 1.4% 10.2% 1.7% 19.4% 0.0%
S. Oneo 0.2% 0.5% 0.6% 0.3% 30.5% 1.7% 28.2% 0.0%
Unualoha 1.0% 0.1% 0.0% 3.3% 4.5% 0.3% 26.5% 0.2%
Waiaka’ilio 0.5% 0.4% 0.5% 0.3% 14.7% 0.0% 26.4% 0.1%
Wawaloli 0.5% 0.0% 0.1% 3.9% 4.0% 0.3% 28.0% 0.9%
Wawaloli Beach 1.1% 0.0% 0.0% 0.9% 4.0% 1.4% 34.8% 0.0%
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Appendix F. West Hawai'i Benthic Cover 2003 Surveys

Broad Benthic Categories

Survey Site Coral Turf-Bare grot:zfﬁrs': Machga(igae Macroalgae Sand Sl:e“slzlrlte Other
‘Anaeho’omalu 41.2% 38.8% 8.6% 0.6% 0.0% 3.3% 0.0% 7.5%
Ho’okena 28.5% 55.3% 6.1% 4.3% 0.2% 1.0% 0.3% 4.3%
Honokohau 48.3% 18.5% 6.8% 0.5% 0.1% 1.7% 11.6% 12.4%
Kalahiki 37.1% 45.6% 5.4% 2.8% 0.3% 3.1% 0.0% 5.7%
Kamilo 49.5% 29.1% 7.4% 3.9% 1.2% 1.1% 0.0% 7.9%
Ka’Gpalehu 40.9% 40.7% 8.5% 0.3% 0.0% 1.6% 0.0% 7.9%
Keawaiki 29.9% 51.7% 9.4% 0.0% 0.6% 0.2% 0.0% 8.1%
Kealakekua 27.7% 51.1% 8.0% 2.5% 0.0% 0.0% 0.0% 10.7%
Ke'ei 31.3% 40.0% 14.3% 0.9% 0.0% 0.2% 0.0% 13.4%
Keopuka 16.5% 62.5% 8.2% 1.8% 0.0% 1.3% 0.0% 9.6%
Kualanui 53.3% 36.0% 4.6% 0.7% 0.0% 0.4% 0.2% 4.7%
Lapakahi 19.5% 53.8% 1.4% 0.9% 0.0% 23.0% 0.0% 1.3%
Makalawena 45.2% 44 8% 4.0% 0.3% 0.0% 2.3% 0.1% 3.3%
Manuka 30.8% 50.4% 9.0% 2.7% 0.1% 2.1% 0.0% 4.8%
N. Keauhou 32.9% 41.5% 15.1% 0.4% 0.0% 0.2% 1.3% 8.5%
Omaka'a 30.2% 52.2% 4.2% 0.7% 0.0% 8.4% 0.0% 4.3%
Papawai 32.8% 30.1% 6.2% 0.5% 0.0% 3.0% 19.8% 7.6%
Puako 49.9% 32.2% 7.5% 0.9% 0.0% 0.9% 0.0% 8.6%
Red Hill 31.5% 40.9% 6.6% 3.9% 0.2% 5.3% 0.8% 10.7%
S. Oneo 57.0% 23.3% 10.5% 0.3% 0.1% 2.1% 0.2% 6.6%
Waiaka'ilio 54.4% 29.1% 5.3% 0.9% 0.8% 1.3% 0.1% 8.1%
Wawaloli 37.9% 45.8% 2.3% 0.2% 0.3% 2.0% 2.5% 9.0%
Wawaloli Beach 33.8% 51.9% 2.4% 0.2% 0.0% 7.1% 0.3% 4.3%
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Appendix G. West Hawai'i Coral Cover By Species 2003 Surveys

Survey Site Montipora  Montipora  Pavona Pocillopora Porites Porites Porites Other
capitata patula varians meandrina compressa evermanni lobata

'‘Anaeho'omalu 0.8% 2.2% 1.0% 1.1% 15.2% 0.2% 19.6% 1.2%
Ho'okena 1.6% 0.7% 0.0% 2.0% 2.0% 0.3% 19.3% 2.4%
Honokohau 0.0% 0.0% 0.0% 0.2% 14.4% 1.8% 31.8% 0.0%
Kalahiki 0.0% 0.0% 0.0% 0.2% 13.4% 0.0% 22.9% 0.6%
Kamilo 0.8% 0.2% 0.1% 0.2% 23.3% 0.1% 24.3% 0.4%
Ka'lpulehu 0.2% 0.1% 0.0% 0.3% 6.7% 1.1% 31.9% 0.4%
Keawaiki 0.5% 3.8% 1.4% 0.9% 12.7% 0.0% 8.9% 1.6%
Kealakekua 0.1% 0.3% 1.9% 0.2% 10.6% 0.0% 13.7% 0.8%
Ke’ei 0.1% 0.0% 0.1% 0.0% 19.6% 1.8% 9.4% 0.1%
Keopuka 0.0% 0.1% 0.1% 4.2% 1.0% 0.0% 9.6% 1.6%
Kualanui 0.5% 0.5% 0.1% 0.1% 3.0% 13.7% 34.3% 1.2%
Lapakanhi 0.2% 0.0% 0.0% 0.6% 3.1% 0.0% 15.4% 0.1%
Makalawena 1.0% 4.0% 1.0% 1.0% 6.4% 0.5% 26.5% 4.7%
Manuka 0.2% 0.0% 0.0% 0.4% 7.6% 0.4% 21.5% 0.7%
N. Keauhou 0.0% 0.0% 0.6% 0.0% 16.2% 0.0% 15.0% 1.0%
Omaka’a 0.5% 0.4% 0.1% 0.2% 6.8% 2.3% 18.4% 1.4%
Papawai 0.2% 0.1% 0.0% 0.8% 1.8% 0.8% 28.1% 1.0%
Puako 0.4% 1.7% 0.3% 0.7% 16.9% 0.2% 28.5% 1.3%
Red Hill 0.6% 0.1% 0.1% 0.6% 10.0% 2.0% 16.9% 1.1%
S. Oneo 0.2% 0.6% 0.4% 0.2% 27.2% 1.9% 25.4% 1.0%
Waiaka'ilio 0.6% 2.3% 0.1% 0.7% 19.4% 0.0% 30.5% 0.8%
Wawaloli 0.1% 0.1% 0.0% 5.5% 3.5% 0.0% 27.3% 1.3%
Wawaloli Beach 0.4% 0.1% 0.0% 1.5% 3.2% 1.7% 26.1% 0.7%
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Appendix H. 2003, 2007 and 2011 Octocoral Percent Cover Comparison

Site (North to South) Year 2003/2007 | 2003/2011 | 2007/2011
2003 2007 2011 P= P= P=
Lapakahi (01) 0.0% 0.0% 0.0% N/A N/A N/A
Kamilo (2) 0.0% 0.0% 0.0% N/A N/A N/A
Waiakailio Bay (03) 0.0% 0.0% 0.0% N/A N/A N/A
Puako (4) 0.0% 0.0% 0.0% N/A N/A N/A
Anaehoomalu (05) 0.0% 0.0% 0.0% N/A N/A N/A
Keawaiki (06) 0.0% 0.0% 0.0% N/A N/A N/A
Kaupulehu (07) 0.0% 0.0% 0.0% N/A N/A N/A
Makalawena (8) 0.0% 0.0% 0.0% N/A N/A N/A
Wawaloli Beach (09) 0.4% 0.3% 1.0% 0.908 0.276 0.212
Wawaloli (10) 2.3% 3.1% 3.6% 0.232 0.324 0.696
Honokohau (11) 10.6% 12.7% 13.0% 0.592 0.838 0.971
Papawai (13) 18.2% 10.9% 6.9% 0.018 0.029 0.137
S. Oneo Bay (14) 0.2% 0.1% 0.0% 0.058 0.092 0.391
N. Keauhou (15) 1.2% 0.1% 0.0% 0.13 0.124 0.391
Kualanui Pt. (16) 0.1% 0.1% 0.0% 0.231 0.058 0.391
Red Hill (17) 0.5% 0.0% 0.0% 0.262 0.300 0.391
Keopuka (18) 0.0% 0.0% 0.0% N/A N/A N/A
Kealakekua Bay (19) 0.0% 0.0% 0.0% N/A N/A N/A
Ke'ei (20) 0.0% 0.0% 0.0% N/A N/A N/A
Hookena (Kalahiki) (21) 0.2% 0.0% 0.0% 0.141 N/A N/A
Hookena (Auau) (22) 0.0% 0.0% 0.0% N/A N/A N/A
Milolii (Omakaa) (23) 0.0% 0.0% 0.0% N/A N/A N/A
Milolii (Manuka) (24) 0.0% 0.0% 0.0% N/A N/A N/A

94




APPENDIX I. Individuals per 100 m? by species at East Hawai'i sites (n = 224
transects at Waiopae; n = 172 at Richardson's Ocean Center).

Taxa OPEN | MLCD ROC
Abudefduf abdominalis 0.09 0.74 3.20
Abudefduf sordidus 0.00 0.22 0.03
Abudefduf vaigiensis 0.00 0.04 0.05
Acanthurus achilles 0.00 0.04 0.01
Acanthurus blochii 0.02 0.00 0.00
Acanthurus leucopareius 0.03 0.25 0.25
Acanthurus nigrofuscus 10.35 2.92 6.18
Acanthurus nigroris 0.00 0.04 0.02
Acanthurus triostegus 1.83 2.48 3.36
Anampses cuvier 0.03 0.00 0.01
Arothron hispidus 0.03 0.02 0.01
Arothron meleagris 0.08 0.24 0.07
Asterropteryx semipunctatus 0.03 0.00 0.00
Aulostomus chinensis 0.05 0.02 0.01
Belonidae 0.00 0.01 0.01
Blenniella gibbifrons 0.02 0.01 0.03
Bodianus bilunulatus 0.03 0.00 0.00
Calotomus carolinus 0.01 0.00 0.00
Cantherhines dumerilii 0.01 0.01 0.01
Canthigaster amboinensis 0.36 1.18 1.06
Canthigaster jactator 3.65 2.67 1.58
Caracanthus typicus 0.00 0.01 0.04
Cephalopholis argus 0.15 0.41 0.01
Chaetodon auriga 0.10 0.05 0.04
Chaetodon lunula 1.50 215 0.70
Chaetodon lunulatus 0.00 0.00 0.04
Chaetodon miliaris 0.03 0.00 0.00
Chaetodon ornatissimus 0.12 0.22 0.03
Chaetodon quadrimaculatus 0.49 0.48 0.44
Chaetodon unimaculatus 0.08 0.00 0.00
Chlorurus perspicillatus 0.38 0.04 0.00
Chlorurus spilurus 16.30 1.93 0.63
Chromis agilis 0.09 0.01 0.14
Chromis ovalis 0.78 0.02 0.00
Chromis hanui 0.00 0.00 0.02
Chromis vanderbilti 10.01 9.33 2.82
Cirrhitops fasciatus 0.01 0.04 0.64
Cirrhitus pinnulatus 0.01 0.13 0.14
Cirripectes vanderhilti 0.89 0.54 0.18
Coris flavovittata 0.00 0.01 0.01
Coris gaimard 0.33 0.47 0.41
Coris venusta 0.02 0.08 0.32
Ctenochaetus strigosus 0.41 0.31 0.00
Dascyllus albisella 0.19 0.03 0.01
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Echidna nebulosa 0.02 0.00 0.00
Exallias brevis 0.01 0.04 0.02
Fistularia commersonii 0.33 0.09 0.06
Forcipiger flavissimus 0.01 0.06 0.00
Forcipiger longirostris 0.00 0.02 0.00
Gomphosus varius 4.88 5.74 1.23
Gymnomuraena zebra 0.01 0.02 0.03
Gymnothorax eurostus 0.00 0.04 0.01
Gymnothorax flavimarginatus 0.02 0.03 0.02
Gymnothorax meleagris 0.01 0.04 0.05
Gymnothorax sp. 0.02 0.01 0.02
Gymnothorax undulatus 0.01 0.00 0.00
Halichoeres ornatissimus 0.04 1.04 0.58
Kyphosus bigibbus 0.00 0.28 0.00
Kyphosus sp. 0.00 0.26 0.00
Kyphosus vaigiensis 0.00 0.04 0.00
Labroides phthirophagus 1.50 0.97 0.05
Lutjanus fulvus 0.02 0.00 0.00
Lutjanus kasmira 0.02 0.40 0.00
Macropharyngodon geoffroy 0.00 0.05 0.06
Melichthys vidua 0.00 0.01 0.00
Mulloidichthys flavolineatus 0.04 0.01 0.03
Mulloidichthys vanicolensis 0.04 0.00 0.00
Naso lituratus 0.07 0.05 0.04
Naso unicornis 0.03 0.00 0.01
Neomyxus leuciscus 0.00 0.01 0.11
Neoniphon sammara 0.01 0.00 0.00
Novaculichthys taeniourus 0.01 0.01 0.02
Ostracion meleagris 0.05 0.19 0.05
Oxycheilinus unifasciatus 0.07 0.02 0.02
Paracirrhites arcatus 0.08 0.19 0.58
Paracirrhites forsteri 0.00 0.04 0.05
Parupeneus insularis 0.15 0.07 0.00
Parupeneus cyclostomus 0.05 0.01 0.01
Parupeneus multifasciatus 0.34 0.02 0.02
Parupeneus porphyreus 0.00 0.03 0.00
Pervagor aspricaudus 0.01 0.00 0.00
Plagiotremus ewaensis 0.04 0.05 0.05
Plagiotremus goslinei 0.34 0.41 0.07
Platybelone argalus 0.00 0.09 0.08
Plectroglyphidodon imparipennis 1.58 2.98 8.22
Plectroglyphidodon johnstonianus 0.96 1.07 1.42
Plectroglyphidodon sindonis 0.00 0.00 0.02
Pristiapogon kallopterus 0.01 0.00 0.00
Pseudocheilinus evanidus 0.03 0.02 0.02
Pseudocheilinus octotaenia 0.14 0.06 0.00
Pseudocheilinus tetrataenia 0.13 0.14 0.01
Rhinecanthus rectangulus 0.04 0.04 0.13
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Sargocentron diadema 0.01 0.00 0.00
Sargocentron punctatissimum 0.02 0.00 0.01
Sargocentron xantherythrum 0.00 0.03 0.00
Scarus dubius 0.29 0.02 0.01
Scarus psittacus 11.69 1.85 0.47
Scarus rubroviolaceus 0.62 0.28 0.20
Sculticaria tigrinus 0.00 0.01 0.00
Sebastapistes coniorta 0.00 0.06 0.22
Stegastes fasciolatus 3.21 19.10 17.38
Stethojulis balteata 5.04 7.98 14.18
Synodus binotatus 0.00 0.01 0.03
Synodus sp. 0.02 0.02 0.00
Synodus ulae 0.00 0.01 0.00
Synodus variegatus 0.01 0.00 0.00
Taenianotus triacanthus 0.00 0.01 0.00
Thalassoma ballieui 0.02 0.04 0.05
Thalassoma duperrey 36.21 35.76 22.38
Thalassoma purpureum 0.00 0.01 0.01
Thalassoma quinquevittatum 0.02 0.00 0.00
Thalassoma trilobatum 0.04 0.06 0.15
Unidentified 1 0.05 0.08 0.05
Zanclus cornutus 0.06 0.10 0.03
Zebrasoma flavescens 0.35 0.03 0.01

Pooled Individuals/100 m2 = 117.3 107.2 90.7
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