North P. lobata (25%) was dominant while at NPPE and Ho’ona Bay both P. lobata
(39.5% and 33.6%) and P. compressa (29% and 26%) were dominant.

Though measurable, none of the above mentioned differences were statistically
significant. The only significant difference in this study was diversity and it was
observed between habitats (p = .02, ANOVA). Shallow stations were higher in diversity
than deep station.

Other Benthic Invertebrates
At all stations except for 12" Pipe South there were clusters of gastropod molluscs
visible on some of the rocks. They were small, oval in shape and only noted while

analyzing photos in the lab so no specimens were collected in the field for species
identification. Sea urchins were observed in low numbers at all stations.
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Table 5. Summary of photoquadrats from benthic surveys conducted May 16-18, 2012

station
transect

% total coral

% P. lobata

% P. compressa
% Poc. Meandrina
Species

Diversity

station
transect

% total coral

% P. lobata

% P. compressa

% Poc. Meandrina
Species

Diversity

Survey Means

% Total coral

% P. lobata

% Poc. Meandrina
Species

Diversity

Wawaloli Beach
Mid

Shallow

33.6
30.45
0
0.25
5

1.1

12" Pipe North
Mid

Shallow

40.62
8.8

0
24.36
7
0.92

Wawaloli

24.7
20.35
1.5
4.66
0.88

28.25
22.4
0.2
4.1

5
0.77

45.27
23.2
0
19.77
6
0.86

18" pipe

16.79
8.2

0.99

Deep

12.3
8.2
3.7

0.15

4

0.77

Deep

72.22
24.8
4.7
8.45
6
0.81

12" Pipe S

21.05
21.36
7
1.04

Shallow

43.35
22.15
0
111
7
1.17

Shallow

36.4
21.8
0.1
9.1
6
1.3

12" Pipe N

NPPE

52.7 61.7
18.93 39.51
17.53 5.3

6.3 6.7

0.53 0.95
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18" Pipe
Mid

33.85
17
0.2
13

6
1.18

NPPE
Mid

71.37
52.95
4.3
5.35
8
0.89

Ho'ona Bay

52.8
33.67
7.9

5
0.61

Deep

13.7
11.24
0.3
0.5

0.62

Deep

77.26
43.8
28.6
1.65

0.65

P value

0.05
0.12
0.07
0.05
0.27

12" Pipe South

Shallow

41.5
10.3
1.4
24.6
6
1.16

Shallow

43.9
25.4
0
15.9
5
0.69

Shallow
Middle

39.89 47.8
19.81 31.32
14.22 13.8

0.92 0.82

Mid

49.92
26.75
0.7
32.8
8
1.13

Ho'ona Bay

Mid

58.15
45.7
1.2
7.8

6
0.59

Deep

45.02

2.9
5.3
0.75

Deep

38.2
26.1
2.1
6.7
7
0.85

Deep
56.45

29.9
26

0.56

p value

0.76
0.22
0.9
0.009
0.36



Comparative analysis

Extensive analyses have been done comparing data from previous surveys at these
same sites from 1992-2010 (Ziemann 2010). The goal of the current study is not to
duplicate that information but instead to discuss some of the main points of those
previous analyses in light of the current data from 2012.

In previous reports total coral abundance estimates showed “a clear pattern over time”
(Ziemann 2010). This pattern was one of general increase from 1992 - July 2008
ranging from 16.9% to 54.7%. In the years following, reported estimates declined to
39.5% in 2008, 39.5% in 2009 and rose to 43.2% in 2010. The present survey records
a total coral abundance very near the 2010 data (44%).

Though mean coral abundance did differ significantly between some sites over the 18
year period (Ziemann 2010), it did not differ significantly between sites in 2010 or in the
present study. There were no statistically significant differences between coral
abundance when 2010 and 2012 data were compared to each other (p = .83, two-way
ANOVA). The observed pattern of highest coral abundance at NPPE and a decrease
through Ho’ona, 12” Pipe N and S, 18” Pipe with a low at Wawaloli was also evident in
2012.

The mean P. lobata cover has been similar to total coral cover in its pattern of change
over time (1992-2010) ranging from 10.0 to 30.7%. The current survey shows a range
of 16.8 (18” Pipe) to 39.5% (NPPE). No significant difference was detected between
2010 and 2012 data (p = .49, two-way ANOVA).

Mean Pocillopora meandrina cover over time has exhibited the same general pattern of
increase seen in mean total coral cover and mean Poritis lobata cover (Ziemann 2010).
The results of the current study show a wide range of 1.5 to 21.36% with an average of
10.29% cover, though not significantly different between sites or habitats. Data for P.
meandrina cover in 2010 did not differ significantly from 2012 data (p = .44, two-way
ANOVA). The same is true for comparisons of species and diversity between the two
years (p = .32).

DISCUSSION

As noted by previous authors (Dollar 1975, Dollar and Tribble 1993, Ziemann 2010),
there is a recognizable zonation on many parts of Hawaii’'s coral reefs. Those zonation
patterns (Pocillpora meandrina and Poritis compressa co-dominant in the upper regions
and Poritis compressa dominant on the deeper reefs) are visible off the shore of NELHA
and were observed in this study as they have been in the past (Ziemann 2010, MRC
2008).
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The overall total coral cover and Poritis lobata cover have been observed to increase
from south to north and from shallow to deep (Ziemann 2010). In this study the south to
north increase is apparent but there was no detectable increase in total coral cover or
Poritis lobata cover from shallow to deep.

Pocillopora meandrina decreased in abundance from shallow to deep (not statistically
significantly) and was abundant at all shallow and middle stations except for Wawaloli
where it was rare throughout the entire station. Its role as a colonizer of disturbed
habitat and rough water (Dollar 1982) areas makes the shallower stations in this study
ideal for settlement.

The varied results found between different monitoring teams throughout the past 20
years may become less of an issue in the future if permanent transect starting points
are reinstalled along the pipes at specific depths. This wouldn’t make much of a
difference at Wawaloli, Ho’'ona Bay or NPPE but the other 3 sites would be more
standardized, minimizing a potentially confounding variable.

Taking into consideration the historical data from previous monitoring reports showing a
general increase in coral cover over time and the concurring data presented herein for
2012, there is no indication that the benthic community is being negatively impacted by
the presence or activities of NELHA.
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MARINE FISH BIOTA SURVEY

INTRODUCTION

The near shore fish populations off Keahole point where NELHA is located have long
been noted for their unusual abundance and diversity among the Hawaiian Islands
(Brock 1954, Brock, 1985; Brock, 1995). As such, they should be the focus of efforts in
conservation, management, research and monitoring. Concerns over the possible
decline in water quality due to activities at NELHA have prompted regular surveys of
fish populations to monitor any detectable changes that might indicate negative impacts
linked to the NELHA facilities.

METHODS

The fish community was monitored at the same 6 sites (18 transects total) as the
benthic community (Figure 1). Fish communities were assessed using a visual census
to estimate the abundance and biomass of fish present (Brock 1954). Data collected
include a listing of all species present, the numbers of individual species and the
estimated length of each for estimates of standing crop using linear regression
techniques. The census was conducted over the entire length of a 4 X 25 meter
transect line. All fish within the transect area to the water’s surface were counted by
SCUBA divers (with slate and pencil as well as underwater video).

In previous studies, permanent transects were marked with subsurface floats to pinpoint
transect lines (Brock 2008). In 2012 these markers were not present, So surveys were
conducted at 15, 30 and 50 feet respectively at each of the six stations. At one site (12"
Pipe South, 50 ft.) the diver doing the fish surveys was injured and had to be assisted to
the surface by his dive buddy while benthic photoquadrats continued to be taken by the
other divers. The remainder of the sites were surveyed over the following two days,
mistakenly overlooking the fact that no fish data was collected for 12” Pipe South at 50
feet. Thus, in the analysis for the present study, data from the two transects on either
side of 12” Pipe South (18” Pipe, 50 ft. and 12” Pipe North, 50 ft.) were averaged and
used in lieu of the missing data.

Visual length estimates were converted to weight using the formula M = a * L® where M

= mass in grams, L = standard length in mm and a and b are fitting parameters. Fitting
parameters were obtained from Fishbase (Froese and Pauley 2000).
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RESULTS

A summary of the major variables measured during this study (total number of
individuals, number of species, diversity and biomass) is found in Table 6 and the
complete data set is found in Appendix 3.

Total number of individual fish per transect was not significantly different between sites
(.82, ANOVA) with a range of 17-149 individuals. Nor was it significantly different
between habitats (.07, ANOVA). The highest number of individuals occurred at the 12”
Pipe North deep transect (149 individuals). Total number of fish was higher at the deep
stations (though not significantly).

Number of Species

Table 6 shows the number of species per transect recorded during the present study.
The mean number of species per transect ranged from 10.8 on the middle transects to
12.2 at the shallow sites. Overall there was no statistically significant difference
observed between the sites (p = 0.68, ANOVA). The highs occurred at 12” Pipe South,
middle transect (15 species) and 12” Pipe North, deep transect (16 species). The lows
occurred at 18” Pipe and Ho'ona Bay middle transects (9 species) and the NPPE
shallow transect (8 species). There was no significant difference in number of species
between habitats (p = 0.54, ANOVA).

The most abundantly represented families in this survey were the chaetodontids
(butterflyfish), pomacentrids (damsel fish) and acanthurids (surgeon fish). The most
abundant species were Chromis vanderbilti, Zebrasoma flavescens, Ctenochaetus
strigosus, Thalassoma duperrey and Acanthurus nigrofuscus. They were present in
almost all habitats and transects.

Species Diversity and Biomass

Species diversity ranged from 2.26 at Wawaloli to 6.54 12” Pipe North. None of the
differences between station or habitat were statistically significant (p = .09 and .56
respectively, ANOVA).

Biomass was highest 12” Pipe South and lowest at NPPE. The family Acanthuridae

contributed most to overall biomass. No significant differences in mean biomass were
detected between sites or habitats (p = 0.61 and 0.48 respectively, ANOVA).
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Table 6. Summary of quantitative fish transects conducted May 16-18, 2012.
A complete data set is presented in Appendix 3

station
transect

Total number
Number of species
Diversity

Biomass (g/m?)

station
transect

Total number
Number of species

Diversity
Biomass (g/m?)

Survey Means
Total number
Number of species
Diversity

Biomass (g/m?)

Wawaloli Beach

Shallow Mid Deep
148 17 118
13 12 13
3.13 1.55 2.11

69.03 30.25 100.7

12" Pipe North

Shallow Mid Deep
57 89 149
16 10 11
6.04 7.74 5.86
56.93 65.67 48.51
— (%]
o s s
g S a
© - -
= 3 S
94.3 74.3 77.16
12.7 11.3 12
2.26 5.15 4,72
66.67 45.25 79.4

18" Pipe
Shallow Mid

90 63
14 9
4.6 3.29
74.65 13.17
NPPE

Shallow Mid

54 43
8 10
2.71 5.84
22.47 19.15
= =
) o]
=3 ©
> & S
o~ o [e]
— =2 I
98 61 70
12.3 9.7 11.7
6.54 4.35 5.15
57.03 34.6 72.89

28

Deep

70
11
7.58
47.82

Deep

86

11

4.5
62.18

P value

0.82

0.68

0.09

0.61

12" Pipe South

Shallow Mid
71 51
10 15
4.79 2.66
82 76.82
Ho'ona Bay
Shallow Mid
88 65
12 9
4.03 5.97
39.84 17.8
2 CIJ
2 ) a
o © o
& = o
84.7 54.6 98.25
12.2 10.8 11.8
4.22 4.51 5.37
57.48 37.16 60.34

Deep

109.5
11
6.72
76.82

Deep

57
14
5.47
26.03

p value

0.07

0.54

0.56

0.48



Comparative Analysis

Extensive analyses have been done comparing data from previous surveys at
these same sites from 1992-2010 (Ziemann 2010). The goal of the current study
is not to duplicate that information but instead to discuss some of the main points
of those previous analyses in light of the current data from 2012.

Previous studies have determined that even though much year to year variation
has been observed, there have been no significant overall changes to fish
populations, during an 18-year study period, that can be attributed to
anthropogenic affect (Ziemann 2010). This year’'s data is an extreme example of
the wide variation mentioned above. Total number of fish per transect, number
of species, diversity and biomass were all significantly lower (p < .001, two way
ANOVA) than 2010 measurements. The possible significance of this observation
is discussed below.

DISCUSSION

Ziemann (2010) noted the presence of large schools of fish that roamed between
zones and had a dramatic impact on the abundance calculations. During the
present study none of these large schools crossed transect lines during data
collection.

He also concluded that these fish communities are “highly variable in nature over
very small time and space scales” and that “any conclusions of change in fish
community abundance or distribution need to be examined carefully in the
context of natural variability.” As an illustration of that point, there are significant
differences between 2010 and 2012 data as mentioned above. Although this
difference may be partially the result of natural variability it is much more likely to
be the result human variability in implementation of the survey method used.

In the present study a team of multiple divers worked each transect
simultaneously. The transect line was laid out by the 3 divers going from north to
south. Upon reaching the 25 meter mark two of the divers turned around and
moved along the transect line from south to north taking photoquadrats of the
benthic community. Slightly behind them another diver moved from north to
south collecting fish data along the same transect line. It is highly likely that
many fish were disturbed by this activity and stayed out of sight the majority of
the time. Anecdotal observations support this idea. We observed a great
abundance of fish on the reef while in transit between transects but noticeably
fewer on each measured transect line. A positive change in methodology for
future surveys may be for a single diver to feed the transect line out as he goes
thus reducing the amount of disturbance to fish communities. The diver will also
spend more time on each transect in order to increase the chances of seeing and
accurately recording many more of the fish present.
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The general observation in previous years was that the fish community seemed
least developed off Wawaloi beach but in 2012 that site had the highest total
number of fish and among the highest number of species. It also had the lowest
diversity index. This seems to be another example of high variability over short
periods of time and space.

In summary, when taking into account all data from this long term study of the
fish biota off NELHA, despite much variability from year to year and site to site
there is no evidence that activities at NELHA are negatively affecting the reef fish
community.
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APPENDICES

Appendix 1: Environmental and biological data reported from anchialine pond

surveys conducted between May 1989 and October 2008
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Appendix 1.1. Physical characteristics of northern and southern anchialine ponds
summarized from surveys conducted from May 1989 to October 2008 (Brock,
2008; and Ziemann & Conquest, 2008).
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Pond No. Dimensions (m) Basin Characteristics 2009 salinity (ppt)

N-1 155x6 Deep mud bottom; in pahoehoe/basalt cobble 10
N-2 1x1 Rubble basin; in pahoehoe 10
N-3 75x3 Cobble basin; in pahoehoe 9
N-4 2Xx2 Rubble & mud bottom; in pahoehoe 9
N-5 75x3 Two interconnected basins in cobble 10
S-1 1.4x1.2 Pahoehoe and rubble 5
S-2 1x1 Pahoehoe and rubble 7
S-3 1x1 Pahoehoe and rubble 8
S-4 0.075x 0.075 Pahoehoe and rubble 8
S-5 2x25 Pahoehoe and rubble 8
S-6 0.2x0.05 Pahoehoe and rubble 8
S-7 1x1.4 Pahoehoe and rubble 9
S-8 1x1 Pahoehoe and rubble 8
S-9 0.2 x 0.05 In small a'a crack 8
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Appendix 1.2. Census data reported for northern and southern anchialine ponds
from surveys conducted from May 1989 to August 2008 (Brock, 2008) with exotic
fish species (Poecilid/Poecilia) recorded as present (x) or absent (0).
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Census Data (no./0.1m?2

May Oct Mar May Oct May Dec May Jun Oct Mar Jun Dec Jun
Pond No. | Species 89 91 92 92 92 93 93 94 94 94 95 95 97 98
N-1 Melania 78 35 49 56 24 31 42 31 43 19 40 63 39 41
N-1 Melania 71 52 31 29 62 54 59 72 68 72 52 50 67 53
N-1 Poecilia X X X X X X X X X X X X X X
N-1 M. grandimanus 2 0 0 1 0 0
N-1 Palaemon 2
N-1 Metopograpsus 4 7
N-1 T. cariosa 6
N-1 H. rubra
N-2 Melania 36 42 72 85 41 22 27 31 28 19 31 28 33 44
N-2 H. rubra 22 15 3 0 72 0 0 0 4 0 42 0 0 0
N-2 Poecilia 0 0 0 X 0 X X X X X 0 X X X
N-3 Melania 62 12 67 29 24 19 31 42 51 72 40 53 49 57
N-3 Melania 21 9 23 41 15 26 17 24 33 41 23 19 31 22
N-3 Melania 0 0 0 6 0 8 5 6 9 9 14 18 34
N-3 H. rubra 1 0 0 0 15 0 0 2 0 0 0 0 0 0
N-3 H. rubra 15 28 0 0 38 0 0 0 0 0 0 0 0 0
N-3 Palaemon 0 0 0 1 1 2 1 2 1 1 2 3 0 0
N-3 M. lar 1 0 1 0 0 0
N-3 Poecilia 0 0 X X 0 X X X X X X X X X
N-4 Melania 39 0 0 14 10 9 14 12 26 25 26 25 27 33
N-4 Melania 115 4 9 3 85 42 61 53 49 19 19 23 17 21
N-4 H. rubra 3 0 0 0 12 0 0 0 0 0 0 0 0 0
N-4 H. rubra 21 23 0 0 31 0 0 0 0 0 0 0 0 0
N-4 M. grandimanus 5 0 0 0
N-4 Poecilia 0 0 X X 0 X X X X X X X X X
N-5 Melania 2 2 61 9 8 12 23 19 27 51 21 29 33 42
N-5 Melania 4 4 2 1 1 1 17 27 6 29 19 16 13 27
N-5 H. rubra 0 0 0 0 41 0 0 0 0 0 0 0 0 0
N-5 M. grandimanus 3 0 0 0
N-5 Metopograpsus 3 5
N-5 Poecilia 0 0 X X 0 X X X X X X X X X
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Census Data (no./0.1m?)

May Dec | Jun Nov May Nov May Dec Dec | Aug
Pond No. | Species Nov 98 99 99 00 00 01 01 02 02 07 08
N-1 Melania 38 27 36 42 34 39 37 29 21 0 4
N-1 Melania 52 49 68 37 55 27 23 47 17 0 0
N-1 Poecilia X X X X X X X X X 0 0
N-1 M. grandimanus 0 0 0 0 0 0 0 0 0 0 0
N-1 Palaemon 0 0 0 0 0 0 0 0 0
N-1 Metopograpsus 9 6 8 9 5 4 6 5 7 0 0
N-1 T. cariosa 5 6 3 2 4 3 2 9 5 0 0
N-1 H. rubra 0 0 0 0 0 0 0 0 100
N-2 Melania 56 47 47 39 51 79 66 72 37 0 3
N-2 H. rubra 0 0 0 0 0 0 0 0 0 0 10
N-2 Poecilia X X X X X X X X X 0 0
N-3 Melania 28 39 37 44 34 41 39 27 41 0 2
N-3 Melania 26 24 31 51 29 22 33 19 38 0 0
N-3 Melania 14 22 12 6 9 3 3 5 5 0 0
N-3 H. rubra 0 0 0 0 0 0 0 0 0 0 25
N-3 H. rubra 0 0 0 0 0 0 0 0 0 0 21
N-3 Palaemon 0 0 0 0 0 0 0 0 0 0 0
N-3 M. lar 0 0 0 0 0 0 0 0 0 0 0
N-3 Poecilia X X X X X X X X X 0 0
N-4 Melania 29 27 36 29 27 Dry 29 31 27 Dry 2
N-4 Melania 26 19 29 17 21 17 20 18 1
N-4 H. rubra 0 0 0 0 0 0 0 0 23
N-4 H. rubra 0 0 0 0 0 0 0 0 17
N-4 M. grandimanus 0 0 0 0 0 0 0 0 0
N-4 Poecilia X X X X X X X X 0
N-5 Melania 23 24 16 12 21 19 17 23 17 0 4
N-5 Melania 19 12 19 26 17 14 12 16 21 0 5
N-5 H. rubra 0 0 0 0 0 0 8 0 0 0 80
N-5 M. grandimanus 0 0 0 0 0 1 0 0 0 0 0
N-5 Metopograpsus 5 4 5 5 5 7 5 6 3 0 0
N-5 Poecilia X X X X X X X X X 0 0
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Census Data (no./0.1m?)

Pond May Oct Mar May Oct May Dec May Jun Oct
No. Species 89 91 92 92 92 93 93 94 94 94
S-1 H. rubra 56 29 31 61 29 49 37 47 52 84
S-1 M. grandimanus 0 0 1 1 0 0 1 2 0 0

S-1 Amphipoda 0 0 0 6 19 12 15 21 18 26
S-1 Poecilids

S-2 H. rubra 71 31 40 14 34 54 Dry Dry Dry

S-2 Amphipoda 185 32 6 2 9 2

S-2 Poecilids

S-3 H. rubra 38 21 43 64 56 Dry 49 37 86 94
S-3 M. lohena 1 0

S-3 | Amphipoda 54 14 9 12 9 12 14 3 16
S-3 Poecilids

S-4 H. rubra 9 42 6 9 7 Dry Dry 21 Dry 39
S-4 Amphipoda 0 0 0 2 12 6 12
S-4 Abudefduf sordidus

S-5 H. rubra 43 121 131 92 107 113 0 0 0 0

S-5 Amphipoda 94 65 48 27 34 7 0 0 0 0

S-5 M. grandimanus 1 0 1 4 1

S-5 Poecilids

S-6 H. rubra 3 3 1 1 7 5 4 7 4 23
S-6 Amphipoda 0 9 2 3 3 2 3 3 3 0

S-6 White Amphipoda 0 2 0 0 2 1 1 3 1 2

S-7 H. rubra 97 95 87 96 49 72 68 82 94 113
S-7 Amphipoda 11 17 12 10 13 9 10 18 23 39
S-7 M. grandimanus 0.5 0.5 0.5 0.75 1 0.5 1 2 1 1

S-7 Poecilids

S-8 H. rubra 65 72 81 71 68 81 80
S-8 M. grandimanus 0.5 0.75 1 1 2 1 1

S-8 Poecilids

S-9 H. rubra 3 Dry Dry Dry Dry 14

S-9 Poecilids
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Census Data (no./0.1m?2

Mar Jun Dec Jun Nov | May | Dec | Jun Nov | May | Dec | Dec | Aug
Pond No. Species 95 95 97 98 98 99 99 00 00 01 02 07 08
S-1 H. rubra 61 57 73 49 81 63 65 35 35 55 58 0 0
S-1 M. grandimanus 0 0 0 0 0 0 0 0 0 0 0 0 0
S-1 Amphipoda 23 27 24 23 14 12 14 16 9 11 9 0 0
S-1 Poecilids X X
S-2 H. rubra Dry Dry Dry Dry 6 Dry Dry 48 0 0
S-2 Amphipoda 9 12 14 0 1 0 0
S-2 Poecilids X X
Filled w/
S-3 H. rubra Dry 78 Dry 14 Dry 29 8 17 sand 0 0 0
S-3 M. lohena 2 0 0 0 0 0 0 0
S-3 Amphipoda 21 17 10 12 9 3 0 0
S-3 Poecilids X X
S-4 H. rubra Dry 16 Dry 0 Dry 0 15 31 Dry Dry 38 8 0
S-4 Amphipoda 3 2 3 4 8 1 0 0
S-4 Abudefduf sordidus 1
S-5 H. rubra 0 0 0 0 0 0 0 0 0 35 49 3 0
S-5 Amphipoda 0 0 0 0 0 0 0 0 0 0 4 0 0
S-5 M. grandimanus 2 1 0 0 0 0 0 0 0 0 0 0 0
S-5 Poecilids X
S-6 H. rubra Dry 17 Dry 12 Dry 6 Dry 4 Dry Dry 7 Dry 5
S-6 Amphipoda 0 2 3 0 0 0
S-6 White Amphipoda 0 0 0 0 0 0
S-7 H. rubra 77 121 86 79 87 59 43 41 56 47 0 0 0
S-7 Amphipoda 25 29 21 31 20 18 14 22 6 9 0 0 0
S-7 M. grandimanus 1 3 0 1 2 3 2 1 1 1 1 0 0
S-7 Poecilids X X X
S-8 H. rubra 52 61 55 57 63 72 30 38 48 80 81 0 0
S-8 M. grandimanus 1 1 0 0 0 1 0 0 0 0 0 0 0
S-8 Poecilids X X
S-9 H. rubra Dry 9 Dry 12 Dry 10 4 1 7 Dry 27 0 0
S-9 Poecilids X X
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Appendix 1.3. The anchialine ponds census data for the survey conducted
October 2008. In addition to quantitative counts, qualitative abundances were
noted as follows: + few animals; scattered plants, ++ animals common; plants
abundant in patches, +++ animals too numerous to count; plants covering
substrate, and — none observed (Ziemann & Conquest, 2008).
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Pond Ruppia Melania  Assemenia Theodoxus Graspsus Halocaridina  Metabateaus  Poecilia other species,
no. maratima Sp. Sp. cariosa tenuicrustatus rubra lohena sp. comment
N-1 + ++ - - Ruppia absent
N-2 + - - Ruppia absent
N-3 + + +++ - - Ruppia present
N-4 +++ - - Ruppia absent
N-5 + + ++ - - Ruppia present
S-1 - 2 +

S-2 100 - -

S-3 200 1 -

S-4 5 - -

S-5 - - +

S-6 20 1 -

S-7 - - ++

S-8 75 15 -

S-9 - - -

44



Appendix 2

Marine Benthic Community Survey Results
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Appedix 2. Percent coverage for photo-quadrats taken along benthic transects, the locations of which are given in Figure 12. Data are result

of 200 point analyses of digital photos of 0.6 x 1.0 m.

Wawaloli Shallow

CATEGORIES # Points % SW Index
Coral

Lepastrea purpurea 2 0.1 0.02
Montipora capitata 52 2.6 0.2
Montipora flabellata 0 0 0
Montipora patula 4 0.2 0.03
Pavona varians 0 0 0
Pocillopora eydouxi 0 0 0
Pocillopora meandrina 5 0.25 0.04
Porites compressa 0 0 0
Porites lobata 609 30.45 0.11
Total coral 672 33.6 0.4
Coralline Algae 0 0 0
Dead coral

Dead coral with algae 0 0 0
old dead coral 167 8.35 0.01
recently dead coral 2 0.1 0.05
Other live

Sponge 0 0 0
Mollusc 117 5.85 0.11
Urchin 15 0.75 0.25
Turf algae 0 0 0
Substrate

Boulder 8.29 4.45 0.17
Coral Rubble 127 6.35 0.26
Limestone 0 0 0
Rock 0 0 0
Sand 71 3.55 0.18

Wawaloli Middle
#Points % SW Index

0 0 0
30 15 0.16
0 0

2 0.1 0.02
0 0 0
0 0 0
82 4.1 0.28

3 0.15 0.03
448 22.4 0.18
565 28.25 0.67

0 0 0

0 0 0
75 3.75 0.03
2 0.1 0.09

0 0 0

0 0 0

6 0.3 0

1 0.05 0
720 36 0.34
605 30.25 0.36
0 0 0

0 0 0
26 13 0.08
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Wawaloli Bay Deep

# Points

w O O O o ul o

74
164
246

226

S

314
1163

33

%

12.3

113

0.2

15.7
58.15

1.65

SW Index

0.29

0.33
0.2

0.08



Appedix 2. Percent coverage for photo-quadrats taken along benthic transects, the locations of which are given in Figure 12. Data are results
of 200 point analyses of digital photos of 0.6 x 1.0 m.

CATEGORIES

Coral

Lepastrea purpurea
Montipora capitata
Montipora flabellata
Montipora patula
Pavona varians
Pocillopora eydouxi
Pocillopora meandrina
Porites compressa
Porites lobata

Total coral

Coralline Algae

Dead coral

Dead coral with algae
old dead coral
recently dead coral

Other live
Sponge
Mollusc
Urchin
Turf algae

Substrate
Boulder
Coral Rubble
Limestone
Rock

Sand

18" Pipe Shallow

# Points
25
14
0
124

38
222

443
867

57

234

13

582
76

137

%

1.25
0.7

0

6.2
0.05
1.9
11.1
0
22.15
43.35

2.85

11.7
0.15

0.65
0.05

29.1

3.8

6.85
0.45

SW Index

0.1
0.07
0
0.28
0.01
0.14
0.35
0
0.34
1.29

0.01
0.06

0.07

0.23
0.22

0.3
0.05

18" Pipe Middle
#Points % SW Index
0 0 0
30 1.5 0.14
0 0 0
36 1.8 0.16
0 0 0
8 0.4 0.05
260 13 0.37
3 0.15 0.02
340 17 0.35
677 33.85 1.09
14 0.7 0
53 2.65 0.22
538 26.9 0.09
3 0.15 0.03
3 0.15 0
12 0.6 0.25
5 0.25 0.36
0 0 0
266 13.3 0.37
299 14.95 0.36
0 0 0
55 2.75 0.2
74 3.7 0.24
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18" Pipe Deep
# Points % SW Index
0 0 0
17 0.85 0.17
0 0 0
1 0.05 0.02
0 0 0
0 0 0
10 0.5 0.12
5 0.25 0.07
241 12.05 66
14 0.7 0
0 0 0
31 1.55 0
0 0 0
0 0 0
19 0.95 0
0 0 0
1 1.05 0.26
138 6.9 0.2
1453 72.65 0.11
0 0 0
0 0 0
56 2.8 0.11



Appedix 2. Percent coverage for photo-quadrats taken along benthic transects, the locations of which are given in Figure 12. Data are results

of 200 point analyses of digital photos of 0.6 x 1.0 m.

12" Pipe South Shallow

CATEGORIES # Points % SW Index
Coral

Lepastrea purpurea 0 0 0
Montipora capitata 0 0 0
Montipora flabellata 37 1.85 0.14
Montipora patula 40 2 0.15
Pavona varians 29 1.45 0.12
Pocillopora eydouxi 0 0 0
Pocillopora meandrina 491 24.55 0.31
Porites compressa 28 1.4 0.11
Porites lobata 205 10.25 0.35
Total Coral 830 41.5 1.18
Coralline Algae 406 20.3 0
Dead coral

Dead coral with algae 0 0 0
old dead coral 67 3.35 0.01
recently dead coral 1 0.05 0.06
Other live

Sponge 0 0 0
Mollusc 0 0 0
Urchin 0 0 0
Turf algae 0 0 0
Substrate

Boulder 633 31.65 0.08
Coral Rubble 55 2.75 0.2
Limestone 0 0 0
Rock 0 0 0
Sand 0 0 0

12" Pipe South Middle
#Points % SW Index

8 0.67 0.07

0 0 0

1 0.08 0.01
51 3.08 0.21
0 0 0
24 2.67 0.18
328 32.83 0.73
14 0.88 0.12
535 57.17 0.64

961 97.38 1.96
130 11.83 0
0 0 0
254 24.3 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

310 30.96 0.69
286 27.13 0.72

0 0 0
43 4.25 0.36
13 133 0.17
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12" Pipe South Deep

# Points

46
23

133

41
520
764

172

45

%

0
0.05
23
1.15

6.65
2.05

26
38.2

8.6

2.25

SW Index

0
0.01
0.17
0.11

0.3
0.16
0.31
1.06

o
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0.01
0.01
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Appedix 2. Percent coverage for photo-quadrats taken along benthic transects, the locations of which are given in Figure 12. Data are results
of 200 point analyses of digital photos of 0.6 x 1.0 m.

12" Pipe North Shallow 12" Pipe North Middle 12" Pipe North Deep
CATEGORIES # Points % SW Index #Points % SW Index # Points % SW Index
Coral
Lepastrea purpurea 0 0 0 0 0 0 0 0 0
Montipora capitata 2 0.1 0.01 7 0.39 0.04 150 7.51 0.24
Montipora flabellata 40 2 0.15 9 0.5 0.05 0 0 0
Montipora patula 71 3.55 0.21 20 1.11 0.09 12 0.6 0.04
Pavona varians 6 0.3 0.04 0 0 0 0 0 0
Pocillopora eydouxi 31 1.55 0.12 6 0.33 0.04 28 1.4 0.08
Pocillopora meandrina 487 24.36 0.31 356 19.78 0.36 169 8.46 0.25
Porites compressa 0 0 0 0 0 0 94 4.7 0.18
Porites lobata 175 8.75 0.33 417 23.17 0.34 990 49.55 0.56
Total coral 812 40.61 1.17 815 45.28 0.92 1443 72.22 1.35
Coralline Algae 92 4.6 0 30 1.67 0 3 0.15 0
Dead coral
Dead coral with algae 1 0.05 0.02 0 0 0 0 0 0
old dead coral 233 11.66 0.07 314 17.44 0.12 273 13.66 0.03
recently dead coral 16 0.8 0.18 47 2.61 0.27 8 0.4 0.1
Other live
Sponge 0 0 0 0 0 0 0 0
Mollusc 2 0.1 0.27 149 8.28 0 0 0 0
Urchin 0 0 0 0 0 0 0 0
Turf algae 0 0 0 0 0 0 0 0 0
Substrate
Boulder 564 28.21 0.26 240 13.33 0.33 3 0.15 0.05
Coral Rubble 10 0.5 0.06 119 6.61 0.47 174 8.71 0.27
Limestone 0 0 0 0 0 0 0 0 0
Rock 204 10.21 0.34 86 4.78 0.32 74 3.7 0.36
Sand 7 0.35 0.04 0 0 0 13 0.65 0.15
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Appedix 2. Percent coverage for photo-quadrats taken along benthic transects, the locations of which are given in Figure 12. Data are results

of 200 point analyses of digital photos of 0.6 x 1.0 m.

NPPE Shallow
CATEGORIES # Points % SW Index
Coral
Lepastrea purpurea 28 1.4 0.13
Montipora capitata 55 2.75 0.2
Montipora flabellata 0 0 0
Montipora patula 26 1.3 0.12
Pavona varians 0 0 0
Pocillopora eydouxi 0 0 0
Pocillopora meandrina 182 9.1 0.35
Porites compressa 1 0.05 0.01
Porites lobata 436 21.8 0.31
Total coral 728 36.4 1.12
Coralline Algae 92 4.6 0
Dead coral
Dead coral with algae 0 0 0
old dead coral 201 10.05 0.13
recently dead coral 34 1.7 0.28
Other live
Sponge 0 0 0
Mollusc 122 6.1 0.01
Urchin 1 0.05 0.04
Turf algae 0 0 0
Substrate
Boulder 742 37.1 0.09
Coral Rubble 42 2.1 0.15
Limestone 0 0 0
Rock 24 1.2 0.1
Sand 14 0.7 0.07

NPPE Middle
#Points % SW Index
0 0 0
53 2.65 0.12
0 0 0
51 2.55 0.12
10 0.5 0.03
5 0.25 0.02
107 5.36 0.19
85 4.25 0.17
1058 52.95 0.74
1369 68.51 1.39
20 1 0
0 0 0
326 16.32 0.01
4 0.2 0.05
0 0 0
56 2.8 0.03
2 0.1 0.12
0 0 0
105 5.26 0.29
58 2.9 0.37
0 0 0
0 0 0
1 0.05 0.03
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NPPE Bay Deep
# Points % SW Index
0 0 0
19 0.95 0.05
0 0 0
1 0.05 0
0 0 0
0 0 0
33 1.65 0.08
571 28.59 0.37
131 6.56 0.53
755 37.8 1.03
3 0.15 0
2 0.1 0.03
394 19.73 0.01
2 0.1 0.03
0 0 0
0 0 0
3 0.15 0.35
1 0.05 0.21
1 0.05 0.1
28 0.4 0.3
0 0 0
0 0 0
6 0.3 0.3



Appedix 2. Percent coverage for photo-quadrats taken along benthic transects, the locations of which are given in Figure 12. Data are results

of 200 point analyses of digital photos of 0.6 x 1.0 m.

Ho'ona Bay Shallow

Ho'ona Bay Middle

Ho'ona Bay Deep

CATEGORIES # Points % SW Index
Coral

Lepastrea purpurea 0 0 0
Montipora capitata 13 0.65 0.06
Montipora flabellata 0 0 0
Montipora patula 31 1.55 0.12
Pavona varians 0 0 0
Pocillopora eydouxi 8 0.4 0.04
Pocillopora meandrina 318 15.9 0.37
Porites compressa 0 0 0
Porites lobata 508 254 0.32
Total coral 878 43.9 0.91
Coralline Algae 145 7.25 0
Dead coral

Dead coral with algae 0 0 0
old dead coral 273 13.65 0.12
recently dead coral 39 1.95 0.26
Other live

Sponge 0 0 0
Mollusc 62 3.1 0.11
Urchin 8 0.4 0.25
Turf algae 0 0 0
Substrate

Boulder 503 25.15 0.14
Coral Rubble 88 4.4 0.28
Limestone 0 0 0
Rock 0 0 0
Sand 4 0.2 0.03

# Points % SW Index
0 0 0
28 14 0.09
0 0 0
13 0.65 0.05
0 0 0
28 1.4 0.09
156 7.81 0.27
24 1.2 0.08
913 45.1 0.2
1162 57.56 0.78
3 0.15 0

0 0 0
323 16.17 0.06
23 1.15 0.18
0 0 0
35 1.75 0.32
3 0.15 0.15

0 0 0
83 4.15 0.32
314 15.72 0.22
0 0 0

0 0 0
29 1.45 0.18
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#Points % SW Index
1 0.05 0.01

5 0.25 0.02

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0
525 26.25 0.36
598 29.9 0.59
1129 56.45 0.98
13 0.65 0
0 0 0
169 8.45 0.07
13 0.65 0.19
0 0 0

0 0 0

0 0 0

6 0.3 0

7 0.35 0.05
651 32.55 0.03
0 0 0

0 0 0
11 0.55 0.07



Appendix 3

Marine Fish Community Survey Results
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Appendix 4. Abundance of fish observed along 25 m transects May 16-18, 2012. Species are listed in taxanomic order.

Family

Holocentridae

Serranidae

Cirrhitidae

Mullidae

Chaetodontidae

Pomacanthidae
Pomacentridae

Wawaloli

2

i) 5

© =l
Species 5 =
Myripristis berndti
Myripristis amaena
Sargocentron xantherythrum
Cephalopholis argus 0

Paracirrhites arcatus 0
Paracirrhites fosteri

Parupeneus multifasciatus

Parupeneus insularis

Chaetodon lunula

Chaetodon ephipppium

Chaetodon kleinii

Chaetodon multicintus 0
Chaetodon ornatissimus

Chaetodon quadrimaculatus 3
Forcipiger longirostris 0
hemitaurichthys polylelpis 0
Centropyge potteri

Abudefduf abdominalis

Chromis vanderbilti 105
Chromis hanui 0

Chromis agilis

Chromis ovalis
Plectroglyphidodon imparipennis
Plectroglyphidodon johnstonianus
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Ho'onaBay Total
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2
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4
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5

2 21
3
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4 34
1
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Labridae

Zanclidae

Acanthuridae

Balistidae

Ostraciidae

Tetradontidae

Scaridae

Coris gaimard

Coris flavovittata
Gomphosus varius
Halichoeres ornatissimus
Labroides phthirophagus
Thalassoma duperrey
Zanclus cornutus
Acanthuris achilles
Acanthurus nigrofuscus
Acanthurus nigroris
Acanthurus olivaceus
Acanthurus triostegus
Ctenochaetus hawaiiensis
Ctenochaetus strigosus
Naso lituratus
Zebrasoma flavescens
Melichthys niger
Sufflamen bursa
Melichthys vidua
Xanthichthys auromarginatus
Ostracion meleagris
Canthigaster coronata
Plectroglyphidodon sindonis
Chlorurus perspicillatus
Chlorurus spilurus

Scarus dubius
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Appendix 4

Digital Photo Quadrats taken May 16-18, 2012
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Photoquadrats taken along the 15 ft. transect at 12” Pipe South






Photoquadrats taken along the 50 ft. transect at 12” Pipe South






