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NELHA MARINE BIOTA MONITORING PROGRAM
EXECUTIVE SUMMARY

The Natural Energy Laboratory of Hawaii Authority (NELHA) and the Hawaii Ocean Science
and Technology (HOST) Park are located at Keahole Point, North Kona, Hawaii. These State of
Hawaii facilities share infrastructure for the delivery of water from a variety of sources.
including wells and offshore pipelines; water is disposed of primarily via discharge into open
trenches in the shore side lava. In order to fulfill the requirements of permits to discharge.
NELHA/HOST established the Comprehensive Environmental Monitoring Program (CEMP; G.
K. & Associates, 1989). The objectives of the CEMP are to protect the environmental resources
of the Keahole Point area and to provide the information necessary to comply with the permit
requirements of county, state and federal agencies.

The CEMP is divided into two components: the water quality monitoring component and the
marine resources component. The water quality monitoring component is being performed by
staff of NELHA, and technical reports from that effort are prepared periodically. The marine
biota monitoring component has been performed under contract by technical consultants. David
A. Ziemann, Ph.D. is the current recipient of the contract award. Monitoring addresses three
marine biotic components: anchialine ponds, nearshore benthic communities and nearshore fish
communities. This report presents the results of monitoring surveys conducted in May 2009.

The ponds at NELHA exhibit both groups with high abundance of Halocaridina rubra (a unique
brackish water shrimp locally known as opae ula), and others where H. rubra is excluded by the
presence of exotic fishes. In the past, exotic fish had been present in all of the northern ponds and
about one-third of the southern ponds. Some modifications to several of the northern ponds were
made between November 2005 and July 2006. Ruppia has been removed from Ponds N2, N3 and
N4 and replanted in the deeper portions of N5. Also, poecillids were apparently successfully
removed, at least temporarily, from the northern ponds; their presence was noted in our January
2007 survey, but none were observed during the October 2008 survey, and they remain absent in
the present survey. As an apparent consequence of the removal of exotic fishes. Halocaridina
rubra were seen in all the northern ponds in abundance, along with Metabataeus lohena. These
observations suggest that selective removal of exotic fish can be accomplished, and that the
native anchialine pond crustaceans can return to ponds from which they were excluded; however.
these changes may be short-lived if constant maintenance is not undertaken.

None of the ponds exhibit any conditions which might be attributable to anthropogenic inputs of
material to the ponds. Water clarity remains high, and macroalgal growth is minimal even in
ponds containing exotic fish. There is no evidence of any long term changes attributable to
facility operations on the anchialine ponds at NELHA.

Total coral cover, Porites lobata cover, Pocillopora meandrina cover and coral species diversity
have been monitored over the period from May 1992 to May 2009. The data suggest that there
may have been systematic differences in monitoring protocols between contractors prior to May
1997 and after November 1997. Independent of these differences, the data suggest that total coral
cover and cover of individual species have gradually increased over the period May 1992 to May



2009. This increase is the result of the continued growth of existing corals, the settlement and
growth of new corals, or a combination of the two processes. No other significant changes in
benthic communities have been observed. There is no evidence that the operational activities at
NELHA have had any impact on the benthic communities in the region.

The fish community in the NELHA region has remained relatively constant over a period of
seventeen years and through several significant storm events. Analysis of variance of number of
species, number of individuals and biomass over the period from May 1992 to May 2009 showed
no significant change with time. There is no evidence that the NELHA operations have resulted
in any significant changes to the fish communities in the region.
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NELHA ANCHIALINE POND MONITORING PROGRAM
May 2009

INTRODUCTION

Anchialine ponds are brackish water bodies separated from the ocean but responding to the rise
and fall of the tides. In Hawaii, anchialine ponds are found predominantly on low lying coastal
lava where depressions in the lava extend below the water table. Anchialine ponds are inhabited
by a community of unique organisms adapted for life in these conditions. The predominant
species include several crustaceans, mollusks and other invertebrates. Because these unique
ecosystems are found at the distal edge of the groundwater lens. they are potentially sensitive
indicators of pollution to groundwater and the marine environment by terrestrial activities and
processes.

The anchialine ponds at NELHA were first surveyed by Maciolek and Brock (1974). They
observed pond systems which were relatively pristine, with typical communities of aquatic plants
and animals. Subsequent surveys by Ol Consultants, Inc. (Ziemann, 1985) and G.K. &
Associates (G.K. & Assoc., 1986) found essentially unchanged conditions, with generally the
same flora and fauna. Notably absent in all these surveys were exotic fish.

Since 1989, the anchialine ponds at NELHA have been surveyed as part of the CEMP. Between
1989 and the present, 31 surveys of the ponds have been completed. The results of the first 12
surveys (through June 1995) are summarized in Brock, 1995; for November 1995 through May
1997 in Oceanic Institute, 1997; for December 1997 through May 2002 in Brock 2002; for July
2005 — January 2007 in Oceanic Institute 2007; for December 2007 and August 2008 in Brock
2008; and for October 2008 in Ziemann 2008. Results of the pond monitoring survey conducted
in May 2009 are presented below.

METHODS

Anchialine ponds are located in two groups on the NELHA site (Figure 1): Prior to 2008. five
ponds were located near the shoreline to the north of NELHA (Figure 2 upper). Sometime in
2008 an additional pond was dug in the sandy back-beach area adjacent to Pond NI; this pond
has been labeled N6. Nine ponds are located to the south, inland of the NELHA access road
(Figure 2 lower). A survey of the general conditions and biota within the ponds was conducted
for this project on May 19, 2009. At each pond, water temperature was determined with a
mercury thermometer and salinity was determined with a hand-held refractometer calibrated
against distilled water. From one to four 0.1 m? quadrats were placed in each pond, in areas of
ditferent substrate, if possible. After five minutes, the number of organisms within each quadrat
was counted and recorded. The presence of organisms not within the quadrats was noted and
abundance estimated.



12" Pipe
North
12" Pipe
South

¥

18" Pipe. -

i

Figure 1. Locations of anchialine ponds and marine biota monitoring transects off NELHA.
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Figure 2. Locations of northern (upper) and southern (lower) anchialine pond groups at

NELHA. Figures not to the same scale.



RESULTS

The results of the survey of the anchialine ponds at NELHA performed on October 30, 2008 are
presented in Table 1. The distribution and abundance of organisms in the northern and southern
pond complexes were very different, but generally similar to the conditions observed in previous
surveys (Brock, 1995; Oceanic Institute, 1997; Brock, 2002; Oceanic Institute, 2007: Brock
2008; Ziemann 2008), with the exception of apparent changes to several ponds in the northern
complex. The northern ponds are shallow and located near the shoreline (Figure 2 upper). Ponds
N1 — N4 are formed in depressions in the low-lying lava; Pond NS5 is at least partially man-made,
consisting of a depression in the back-beach rubble formed by manual removal of rubble
material. Pond N3 is closest to the shoreline and separated from the ocean by the rubble back-
beach. Pond N6 was recently dug in the sandy back-beach area adjacent to Pond N1. Salinity
during the May 2009 survey was similar in the five northern ponds (8 - 10 ppt). Temperature was
lowest (23.5 deg C) in pond N1 and elevated (27 - 28 deg C) in Ponds N3, N4 and N6.

Data for surveys conducted between 1989 and the present are compiled in Appendix A. In
surveys prior to July 2006, ponds N2, N3 and N4 contained growths of the marine grass Ruppia
maratima, and while this plant is typically used as shelter by the anchialine shrimp Halocaridina
rubra, no shrimp were seen in the Ruppia growths. In July 2006, however, the Ruppia had been
manually removed from these ponds and replanted in pond N5. Large numbers of Halocaridina
rubra and Metabateaus lohena were seen in the now-barren Ponds N4a and N4b, where they had
not been seen in prior surveys. During the January 2007 survey, neither H. rubra nor M. lohena
were seen in any of the northern ponds, a return to conditions observed prior to July 2006.

No crustaceans were observed in the northern ponds in the survey conducted by Brock in
December 2007. Notably, all exotic fish were absent in the northern ponds as well. Many of the
northern ponds have been characterized by the presence of exotic fishes (Poecilia sp.). which
exclude the red shrimp, Halocaridina rubra. With the removal of exotic fishes from the ponds.
native crustaceans returned. Halocaridina rubra were observed in all five northern ponds in the
August 2008 survey (Brock 2008) and in greater numbers during the October 2008 survey
(Ziemann 2008). The numbers and distributions of H. rubra in the northern ponds in the present
survey were very similar to those observed in October 2008.

Historically, the small snail, Melania sp., was common in these ponds, primarily on the sediment
covered pond bottoms of Ponds N1, N3 and N4, and less so on the rocky sides. Since the survey
conducted by Brock in 2006, however, snails have been notably absent from all of the northern
ponds.

The southern ponds are located inland at some distance from the shoreline (Figure 2 lower).
Water temperature in the northern group of ponds (S1 — S5) was similar (19 - 20 deg C) to the
southern group (S6 — S9), where temperatures were uniformly 19.5 - 20 deg C. Salinity in the
southern ponds was lower than in the northern ponds and consistent at 8 - 9 ppt.

The first exotic fishes were recorded in the southern ponds in the May 2002 survey (Brock.
2002) in Pond S7. Subsequently, exotic fishes expanded to all the southern ponds (except S6.
which is dry at low tide) by January 2007. As a result, no anchialine pond crustaceans were



observed in surveys conducted in December 2007 and August 2008 (Brock 2008). During the
October 2008 survey (Ziemann 2008) and the present survey, however, exotic fishes were
observed in only three ponds (S1, S5 and S7). Halocaridina rubra were present in the ponds
which did not contain exotic fish. Another common pond crustacean, Metabateaus lohena. was
seen only in Pond S8, a deeper pond previously overgrown with beach heliotrope, but which had
been cleared of overgrowth between October 2008 and May 2009.

DISCUSSION

On the island of Hawaii, anchialine ponds are found along the west and south coasts. Studies of
the ecology of these unique communities have established that the populations are generally
hardy and apparently unaffected by nearby terrestrial activities, including the development of
residences, hotels and golf courses. The major impact to the anchialine pond communities has
been the inadvertent or purposeful introduction of exotic fishes into the ponds. From 1972 to
1985, exotic fish spread from 15% to 46% of the ponds along the Kona coast (Brock. 1985:
Bailey-Brock and Brock, 1993); recent estimates suggest that over 90% of the ponds are now
infested (Brock, unpublished data). With the introduction of exotic fishes comes the decline or
complete absence of the ubiquitous small red shrimp (Halocaridina rubra or opae ula). These
shrimp constantly graze on the microalgae which grow in the brightly-lit, high nutrient ponds.
With the removal of the shrimp, ponds often become overgrown with mats of filamentous algae.

The ponds at NELHA exhibit both groups of ponds with high abundance of H. rubra, and others
where H. rubra is excluded by the presence of exotic fishes. Attempts to eradicate the exotic
fish in the northern ponds have been only temporarily successful (Brock, 1995).

For several years, exotic fish were present in most of the northern ponds and one-third of the
southern ponds. During surveys conducted from December 2007 to the present, however, exotic
fishes were not observed in any of the northern ponds and only three of the southern ponds, the
decrease presumably the result of eradication efforts. Concurrently, the ponds without exotic fish
all contained populations of the common red shrimp Halocaridina rubra.

None of the anchialine ponds on the NELHA site exhibit any conditions which might be
attributable to anthropogenic inputs of material to the ponds. Water clarity remains high, and
macroalgal growth is minimal even in ponds containing exotic fish. There is no evidence of any
long term changes attributable to operational activities of NELHA on the anchialine ponds at
NELHA.
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BENTHIC MARINE BIOTA MONITORING PROGRAM
INTRODUCTION

Benthic communities are considered to be the potentially most useful and sensitive indicators of
the environmental impact of terrestrial activities because the components of these communities
are fixed in place and cannot move from an area undergoing impact; thus their exposure to
potentially harmful materials has components of both concentration and duration. Changes in
coral community abundance or diversity may result from changes in the quantity or quality of
groundwater discharged along the coastline. In the Hawaiian Islands, the structure of coral
communities is also a response to the periodic physical impacts of storm- or hurricane-generated
waves (Dollar, 1975, 1982; Dollar and Tribble, 1993).

Between 1991 and the present, 33 surveys of the benthic communities have been completed.
The results of surveys between 1991 and 1995 are summarized in Marine Research Consultants,
1995; for surveys between 1995 and 1997 in Oceanic Institute 1997; for surveys performed from
1997 to 2002 in Marine Research Consultants, 2002; for surveys from July 2005 to January 2007
in Oceanic Institute 2007; for October 2007 and July 2008 surveys in Marine Research
Consultants 2008; and for the October 2008 survey in Ziemann 2008. Results of the survey
conducted in May 2009 are reported here.

METHODS

A survey to examine the nearshore benthic marine biota was performed using SCUBA between
May 16 — 18, 2009. Surveys were performed at six locations along the NELHA coastline (Figure
3): Ho’ona Bay, the NPPE site, 127 Pipe - North, 12 Pipe - South, 18" Pipe, and Wawaloli. At
each location, a series of three transects was laid out. Transects were performed in the shallow
(~5m) boulder zone, the intermediate depth (~8-10 m) reef bench, and the deeper (15-20 m) reef
slope. These station locations and transect depths have been chosen as representative ot major
biotopes along the Kona coast (Dollar, 1975, 1982; Dollar and Tribble, 1993), and are the same
locations visited in previous surveys (Marine Research Consultants, 2008; Brock, 2008; Ziemann
2008). At each location, a 50 m transect line was laid out parallel to the depth contours. At ten
randomly selected points along the transect line, photographs of a 0.6 x 1.0 m quadrat frame
were taken using a digital camera with a wide angle lens in an underwater housing with a dome
port. Lighting was provided by underwater strobes. Digital quadrat photos were analyzed using
Coral Point Count with Excel extensions (CPCe v3.6; National Coral Reef Institute, Nova
Southeastern University, 2006). On the computer screen, each digital photo was overlaid with a
20 (vertical) x 10 (horizontal) grid of equally spaced points, and the biotic components and
substrate type under each point was recorded. Point count data were exported into Excel
spreadsheets for compilation and analysis. For each transect, the mean abundance (as percent
cover) of coral species and substrate type was tabulated, and the species diversity (Shannon-
Weaver Index) of the coral community (Shannon and Weaver, 1949; Pielou, 1969) calculated:
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Figure 3. Locations of marine biota monitoring survey transects.
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where p; = the proportion of the coral population of the i™ species.
RESULTS

Coral species abundance and coral diversity as well as non-coral benthic cover from the October
2008 survey off NELHA are presented in detail in Appendix B and summarized in Table 2.
Color prints of digital quadrat photos are presented in Appendix E. Two species, Porites lobata
and Pocillopora meandrina, comprised the majority of the coral observed, constituting over
25.9% and 8.1%, respectively. Other stony coral species (Montipora capitata [previously
verrucosal, M. patula, Pavona varians, Leptastrea purpurea, Fungia scutaria) made up
generally less than 2% of the benthic cover. Porites lobata and Pocillopora meandrina were
found throughout all stations and habitat types. Porites compressa was abundant only at the
deepest reef slope transects at stations 12” Pipe North, NPPE and Ho’ona Bay, the three most
northern stations.

The percent cover of all coral species in the three habitat types and the individual distribution of
the three dominant coral species, Porites lobata, P. compressa. and Pocillopora meandrina, are
presented in Table 2. There were significant differences in coral abundance both between habitat
types and also between sites. Total coral cover was significantly higher at the NPPE site (53.2%)
than at the Wawaloli site (31.9%); differences between other pairs of sites were not significant (p
= 0.11; two-way ANOVA; Holm-Sladek pairwise comparison test). Total coral cover in the deep
reef slope habitat was significantly higher (45.6%) than the middle reef slope habitat (33.3%: p =
0.027, two-way ANOVA; Holm-Sladek pairwise comparison test). Among the deep reef slope
stations, coral abundance was highest at Ho’ona Bay, NPPE and 12" Pipe North sites. At
Ho’ona Bay this was due to the high abundance of Porites compressa (nearly 16% cover). At the
NPPE site, the reef slope was dominated by P. lobata (36.7%) and Porites compressa (14.2%).
At the other four deep reef slope stations, P. lobata and Pocillopora meandrina accounted for the
high coral abundance (combined average cover of 25 - 56%).

Between areas, the highest mean and also maximum coral was found in the two most northern
areas, Ho’ona Bay and the NPPE site. The most southern area, Wawaloli had the lowest overall
coral coverage. The highest mean Porites lobata coverage was found in the 12" Pipe North
station, with somewhat lower coverage at the NPPE and Ho’ona Bay boulder, bench, and slope
stations. For Pocillopora meandrina, the 127 Pipe North and South stations had the highest
mean abundance of all the stations. None of the differences in coverage for these species were
statistically significant (p > 0.05).

The number of coral species observed in photoquadrats was significantly different between sites
and habitats. The mean number of species observed at the 18 Pipe site (6.3) was significantly
higher than that observed at the 12 “ Pipe South site (4.0). None of the other pair-wice
comparison were significantly different (p = 0.034; two-way ANOVA; Holm-Sladek pairwise
comparison test). The mean number of species observed at the deep habitats (5.8) was



significantly greater than at the shallow habitat (4.2; p = 0.031; two-way ANOVA; Holm-Sladek
pairwise comparison test).

Other Benthic Invertebrates

Results of the benthic invertebrate surveys are presented in Appendix C. The primary benthic
invertebrates, other than corals, were echinoderms (sea urchins). The most visible invertebrate
and most abundant echinoderm species was E. mathaei, found at all stations, with highest
abundance in the shallow boulder zone and in the intermediate reef bench areas. The other urchin
species occurred infrequently throughout the three different habitat zones. Diadema
paucispinum, Echinothrix diadema and Tripneustes gratilla were generally observed most
frequently in the deeper reef bench and reef slope areas.

Comparative Analysis - Benthic Marine Resources

Data for the NELHA benthic marine resources monitoring program has been collected since May
1989. However, the current arrangement of six stations with three transects at each station was
not established until May 1992. Since that time, 31 surveys have been conducted. The balanced
design and complete coverage afforded by the current survey arrangement provides a powerful
database for statistical analysis. Although the three surveys performed between May 1989 and
March 1992 provide additional temporal scale, their incomplete coverage provides little
statistical power. Therefore, the statistical analyses which follow incorporate data only from May
1992 to October 2008, inclusive.

The surveys for benthic marine resources provided data for a number of variables (total coral
cover, and cover for two dominant coral species per transect) for three sources of variance (date.
location [stations] and habitat [transects]). Three-way analysis of variance (ANOVA) tests were
performed on three sources of variance (date x location x habitat) for 31 surveys from May 1992
to May 2009 for total coral cover, Porites lobata abundance and Pocillopora meandrina
abundance using SigmaStat for Windows, a PC-based statistical analysis program. However, all
data sets failed the test of normality, in raw form or after transformations (log, exp, arc-sine).
Therefor, one-way ANOVA tests utilizing ranked data ( Kruskal-Wallis analysis of variance on
ranks) were conducted on each factor independently; pairwise comparison comparisons on
ranked data using the Tukey test were performed to identify significant differences between all
pairs. The level of significance for all tests was p = 0.05.

Results of the one-way K-S analysis of variance (ANOVA) on ranks for total coral cover, Porites
lobata abundance and Pocillopora meandrina abundance are summarized below and presented
in detail in Tables 3 — S, respectively. Mean total coral, P. lobata and Poc. meandrina cover
were all significantly different for date, location and habitat.

10
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Summary of three-way analysis of variance on ranked data (Kruskal-Wallis test) for quantitative
benthic community abundance for the period May 1992 — May 2009.

TEST Source of Probability Significance
Variance
Total coral cover Date <0.001 highly significant
Location <0.001 highly significant
Habitat <0.001 highly significant
Porites lobata abundance Date <0.001 highly significant
Location <0.001 highly significant
Habitat <0.001 highly significant
Pocillopora meandrina abundance Date <0.001 highly significant
Location <0.001 highly significant
Habitat <0.001 highly significant

The mean total coral cover for each date, location and habitat and the results of the pairwise
comparisons (Tukey tests) from the one-way ANOVA on ranks are presented in Table 3. Total
coral abundance showed a clear pattern over time. Mean total coral abundance did not change
significantly from May 1992 through May 1997, although there was a generally increasing trend,
with values ranging from 16.9 to 27.0%. Mean cover almost doubled, from 27% to 42.5%,
between surveys conducted in May 1997 and November 1997. Mean total coral cover remained
high (40.7% to 52.5%) through June 2002. In July and November 2005, after a nearly three-year
hiatus in monitoring, the mean total coral cover was 30.8 and 30.2%, respectively, significantly
higher than during the May 1992 to May 1997 period, but significantly lower than during the
November 1997 — June 2002 period. Mean coral cover was reported as 52.4% and 54.7% for
surveys in October 2007 and July 2008. Mean total coral cover was 39.5% in the survey
conducted in October 2008, and 39.5% in the present survey.

Mean total coral cover was significantly different between all sites except the 12” Pipe North,
12” Pipe South and 18 Pipe sites. Mean total coral cover was highest (51.7%) at the NPPE site,
decreasing through the Ho’ona Bay, 12” Pipe S and N, and 18” Pipe sites to a minimum of
21.1% at the Wawaloli site. Mean total coral cover was not significantly different between the
deep reef slope (41.4%) and reef bench stations (36.4%), and significantly lower (26.0%) at the
shallow boulder stations.

The mean P. lobata cover for each date, location and habitat and the results of the pairwise
comparisons (Tukey tests) from the one-way ANOVA on ranks are presented in Table 4. In
general, the patterns of P. lobata distribution were similar to the patterns for total coral cover.
Porites lobata cover was low and similar between May 1992 and May 1997, ranging from 10.0
to 14.6%. Porites lobata cover increased between surveys conducted in May 1997 and
November 1997 from 13.7% to 20.6%, values that were significantly different. Porites lobata
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cover remained high and not statistically different from November 1997 through the present
survey, ranging from 16.7 — 30.7%.

As for total coral cover, P. lobata cover was highest at the NPPE station (30.4%) and lowest at
Wawaloli (12.6%) and the 18” Pipe (11.5%) sites, and increased from lowest values (12.5%) in
the shallow boulder habitat to highest values (21.7%) in the deep reef slope habitat.

The mean Pocillopora meandrina cover for each date, location and habitat and the results of the
pairwise comparisons (Tukey tests) from the one-way ANOVA on ranks are presented in Table
5. In general, the patterns of Poc. meandrina distribution were similar to the patterns for total
coral cover. Poc. meandrina cover was low and similar between May 1992 and December 1996,
ranging from 3.7 to 6.3%. Mean Poc. meandrina cover increased between surveys conducted in
May 1997 and November 1997 from 8.0% to 13.0%, values that were significantly different.
Pocillopora meandrina cover increased between surveys conducted in December 1996 and
November 1997 from 6.3% to 13.0%, values that were significantly different. Pocillopora
meandrina cover remained high and not statistically different from November 1997 through the
present survey, ranging from 8.1 —20.3%.

Mean Poc. meandrina cover was similar (10.2 — 13.6%) at the NPPE, 18” Pipe, 12” Pipe South
and 12” Pipe North sites. The Wawaloli and Ho’ona Bay sites showed significantly lower cover
(3.7 — 5.5%). Mean Poc. meandrina cover was similar at the shallow boulder (10.2%) and
middle reef shelf (11.5%) sites, and significantly lower at the deep reef slope (7.7%).

DISCUSSION

The distributions of the predominant coral species appear to define particular biotopes which fit
the general descriptions (Dollar, 1975, 1982; Dollar and Tribble, 1993) of typical coral zonation:
the area of high energy where Porites lobata and Pocillopora meandrina dominated; the
intermediate bench zone where P. lobata was more abundant than Poc. meandrina; and the
deeper reef slope zone dominated by P. compressa. The distribution of these biotopes along the
NELHA coastline was not uniform, however, and the location of the survey transects is not
uniform within these zones. For example, only the deepest transects at Ho’ona Bay and the
NPPE station actually covered the deep P. compressa zone; all other deep transects were more
shallow and located within the reef bench zone where P. lobata dominated or the shallow
boulder zone where P. lobata and Poc. meandrina dominated.

Overall total coral cover and Porites lobata abundance showed the same general patterns of
distribution, increasing in abundance from south to north along the NELHA coastline, and
increasing in abundance from shallow to deep.

Pocillopora meandrina was dominant in the boulder zone along part of the coastline, but was
found in low abundance in the boulder zone at the northern-most and southern-most stations.
The low abundance of Poc. meandrina at these stations is likely due to the decreased wave
action experienced there, a result of the orientation and bathymetry, which appears to provide
some level of shelter from predominant storm waves.
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Table 3. Summary of one-way analysis of variance (ANOVA) of total coral abundance (percent
cover) for surveys conducted off NELHA from 1992 - 2009. For each ANOVA factor (date,
location and biotope), data which are not significantly different (Tukey test) are grouped by letter.

Mean group
Date
May-92 17.4 f
Oct-92 16.9
May-93 19.3 e f
Oct-93 21.0 e f
Mar-94 21.0 e f
May-94 19.4 e f
Sep-94 23.3 d e f
Jan-95 23.5 d e f
May-95 21.7 d e f
Nov-95 25.1 b c d e f
Jun-96 19.6 € f
Dec-96 21.6 € f
May-97 27.0 b c d € f
Nov-97 42.5 a b c d e
May-98 49.4 a b c
Nov-98 46.1 a b c d
May-99 40.7 a b c d € f
Dec-99 48.0 a b c
Jun-00 47.5 a b c
Feb-01 51.0 a
May-01 525 a
Dec-01 48.6 a b
Jun-02 48.2 a b C
Jul-05 30.8 a b c d e f
Nov-05 30.2 a b C d e f
Jul-06 35.8 a b Cc d e f
Jan-07 38.5 a b c d e f
Oct-07 52.4 a
Jul-08 54.7 a
Oct-08 39.5 a b d f
May-09 39.5 a b d e
Location
Wawaloli 21.1 e
18-inch Pipe 29.2 c d
12-inch South 32.4
12-inch North 31.6 c d
NPPE 51.7 a
Ho'ona Bay 41.6 b
Biotope
Shallow 26.0 b
Middle 36.4 a

Deep 41.4 a
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Table 4. Summary of three-way analysis of variance (ANOVA) of mean Porites lobatu
abundance (percent cover) for surveys conducted off NELHA from 1992 - 2009. For each
ANOVA factor (date, location and biotope), data which are not significantly different (Tukey
test) are grouped by letter.

Mean group

Date
May-92 10.3
Oct-92 10.0
May-93 10.9
Oct-93 11.4
Mar-94 12.2 d
May-94 10.4
Sep-94 13.1 d
Jan-95 14.6 b c d
May-95 12.2
Nov-95 13.3 c d
Jun-96 10.4
Dec-96 11.0
May-97 13.7 c d
Nov-97 20.6 a b c d
May-98 22.9 a b c d
Nov-98 20.9 a b c d
May-99 18.9 a b c d
Dec-99 21.5 a b c d
Jun-00 209 a b c d
Feb-01 22.5 a b c d
May-01 22.5 a b c d
Dec-01 22.5 a b c d
Jun-02 22.7 a b c d
Jul-05 16.7 a b c d
Nov-05 17.7 a b c d
Jul-06 19.8 a b c d
Jan-07 223 a b c d
Oct-07 30.7 a b
Jul-08 29.8 a
Oct-08 25.8 a b c d
May-09 259 a b c

Location
Wawaloli 12.6 b
18-inch Pipe 11.5 b
12-inch South 14.6 b
12-inch North 15.8 b
NPPE 304 a
Ho'ona Bay 21.7

Biotope
Shallow 12.5 b
Middle 19.0 a

Deep 21.7
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Table 5. Summary of three-way analysis of variance (ANOVA) of mean Pocillopora meandrina
abundance (percent cover) for surveys conducted off NELHA from 1992 - 2009. For each
ANOVA factor (date, location and biotope), data which are not significantly different (Tukey
test) are grouped by letter.

Mean group
Date
May-92 43 e
Oct-92 3.7 e
May-93 43 e
Oct-93 5.0 d e
Mar-94 4.0 e
May-94 4.5 d e
Sep-94 4.9 d €
Jan-95 4.5 d e
May-95 4.8 d 3
Nov-95 7.0 b c d e
Jun-96 5.3 d e
Dec-96 6.3 C d e
May-97 8.0 a b c d e
Nov-97 13.0 a b c d e
May-98 14.9 a b c d
Nov-98 13.6 a b C d e
May-99 12.3 a b c d e
Dec-99 17.5 a b c
Jun-00 17.8 a b c
Feb-01 20.0 a b
May-01 203 a
Dec-01 16.7 a b c
Jun-02 16.1 a b c
Jul-05 8.6 a b c d e
Nov-05 8.0 a b c d e
Jul-06 9.0 a b c d e
Jan-07 9.4 a b C d e
Oct-07 10.2 a b c d e
Jul-08 11.8 a b c d e
Oct-08 7.3 a b c d e
May-09 8.1 a b c d e
Location
Wawaloli 5.5 b
18-inch Pipe 13.6 a
12-inch South 13.0 a
12-inch North 10.2 a
NPPE 124 a
Ho'ona Bay 3.7 b
Biotope
Shallow 10.2 a
Middle 11.5

Deep 7.7 b



All three coral variables (total coral cover, Porites lobata abundance and Pocillopora meandrina
abundance) showed the same temporal pattern: levels that were statistically similar between May
1992 and May 1997, with some suggestion of small increases over that period; a sudden increase
on the order of 60 - 100% between the May 1997 and November 1997 surveys; relatively similar
levels between November 1997 and May 2002; decreases in the July 2005 — January 2007
surveys to levels slightly higher but not statistically significantly different from those observed in
May 1997; increases to the highest levels observed in surveys conducted in October 2007 and
July 2008 and decreases in October 2008 to levels similar to January 2007. Increases in coral
cover, whether for individual species or for total coral, on the order of 60 — 100% over a 6-month
period are likely not reflections of actual increase in coral abundance; rather, they may represent
basic changes in the manner or area in which surveys were conducted.

Benthic monitoring surveys have been conducted by different parties over the course of the
CEMP program: Marine Research Consultants (MRC, Dr. Steven Dollar) from August 1991 —
May 1995; Oceanic Institute (OI, Dr. David Ziemann), four surveys from November 1995 — May
1997; Marine Research Consultants (MRC, Dr. Steven Dollar), ten surveys from November 1997
— June 2002; Oceanic Institute (Ol, Dr. David Ziemann), four surveys between July 2005 and
January 2007; Marine Research Consultants (MRC, Dr. Steven Dollar), two surveys in October
2007 and July 2008; and Dr. David Ziemann, the surveys in October 2008 and May 2009. In
their report (Marine Research Consultants, 1998) of the results of the November 1997 survey, the
first conducted by MRC following the two-year period during which surveys were conducted by
OI, the MRC authors choose not to include the data from the OI surveys of November 1995 —
May 1997 in their analysis, speculating “it appears that locations of the monitoring sites were not
identical between the two investigators”, but the present analysis shows the results of the four Ol
surveys between November 1995 and May 1997 were not significantly different from those
conducted by MRC up to May 1995. Table 6 of the MRC report for the November 1997 survey
(Marine Research Consultants, 1998) clearly shows highly significant differences between the
coral abundances found in their prior surveys (through 1995) and their November 1997 survey.
While the significant difference between surveys conducted up to May 1995 and after November
1997 is recognized (Marine Research Consultants, 1998), it is attributed to “increased coral
cover at many of the survey sites directly off the NELHA facility.”

The overall mean total coral cover, mean Porites lobata cover, and mean Pocillopora meandrina
cover for six periods during which monitoring was conducted by different contractors are
presented below. Figures in bold type represent mean values that are significantly different from
the remaining means (see Tables 3 — 5 and accompanying text for details). Mean total coral
cover and cover for P. lobata and Poc. meandrina was not significantly different between
monitoring conducted by MRC in 1992 — 1995, by OI between 1995 — 1997, by OI in 2005 —
2007 and by Ziemann between 2008 - 2009. Mean values were significantly higher, however, for
the monitoring conducted by MRC between 1997 - 2002 and 2007 - 2008.
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Dates Monitor Mean Total Mean Porites Mean Pocillopora
Coral Cover lobata cover meandrina cover

May 1992 — | Marine Research 20.4 11.7 4.5

May 1995 Consultants

Nov 1995 — | Oceanic Institute 23.4 12.1 6.7

May 1997

Nov 1997 — | Marine Research 47.4 21.6 11.2

Jun 2002 Consultants

Jul 2005 - Oceanic Institute 33.3 19.1 8.8

Jan 2007

Oct 2007 — Marine Research 53.6 30.3 11.0

July 2008 Consultants

Oct 2008 —- David A. Ziemann 39.5 25.8 7.3

May 2009

Mean total coral cover, and cover for P. lobata and Poc. meandrina increased by 19.1, 14.1 and
2.8%, respectively, over the approximately 24-year period 1992-1995 and 2008. These rates of

increase are consistent with natural increases in coral cover on Hawaiian reefs. These data

suggest that there have been no significant changes in coral abundance that might be attributable
to operations at NELHA, or to natural disturbances such as storm surf.
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MARINE NEARSHORE FISH RESOURCES MONITORING PROGRAM

INTRODUCTION

The fish community at NELHA has long been recognized as being particularly abundant and
speciose (Brock, 1985; Brock, 1995). Nearshore fish communities might be expected to respond
in a quantifiable way to changes in the natural input of material via groundwater, either directly
or in response to changes at lower trophic levels. It is upon this expectation that the CEMP has
focused activities on the nearshore fish communities at NELHA. Between 1989 and the present,
32 surveys of the fish communities have been completed. The results of the first 12 surveys
through May 1995 are summarized in Brock, 1995; for November 1995 through May 1997
surveys in Oceanic Institute 1997; for surveys conducted between November 1997 and June
2002 in Brock, 2002; for July 2005 — January 2007 in Oceanic Institute 2007; for December
2007 and August 2008 in Brock 2008; for October 2008 in Ziemann 2008. Results from the
current survey performed in May 2009 are presented below. The data from the 31 complete
surveys (May 1992 — May 2009) are used in the subsequent analysis of long-term trends.

METHODS

Surveys to examine the nearshore fish populations were performed using SCUBA between May
16 — 18, 2009. Surveys were performed at six locations along the NELHA coastline (Figure 3):
Ho’ona Bay, the NPPE site, 12” Pipe - North, 12” Pipe - South, 18” Pipe, and Wawaloli. At each
location, a series of three transects were laid out, starting at permanently placed markers or
facility features (NELHA supply pipes). Transects were performed in the shallow (~5m) boulder
zone, the intermediate depth (~8-10 m) reef bench, and the deeper (15-20 m) reef slope. These
station locations and transect depths have been chosen as representative of major biotopes along
the Kona coast (Dollar, 1975, 1982; Dollar and Tribble, 1993), and are the same locations
occupied in previous surveys (Marine Research Consultants, 1995, 2002, 2008; Brock, 1995,
2002, 2008; Oceanic Institute, 1997, 2007; Ziemann 2008). At each location, a 25 m transect
was laid out parallel to the depth contours, and all the fish within a 4 m wide corridor, from the
bottom to the surface, were identified and counted. The size of each fish was also estimated for
calculation of biomass (Maynard, 1988).

The results of the survey were tabulated and basic statistics generated: the total number of
species observed, the total number of individuals observed, and the total biomass calculated from
species, number of individuals, size of individuals, and tables of weights for representative sizes
for each species. Species diversity for fish was calculated using Shannon’s Index (Ludwig and

Reynolds, 1988).

A n
H= -X nilnn
=l n n
where n; = the number of individuals in the ith species and n = the total number of individuals on
the transect.

19



RESULTS

The results of the fish surveys conducted off NELHA in May 2009 in terms of number of
species, individual abundance, biomass, and species diversity are summarized in Table 6 and
Figure 4 and presented in detail in Appendix D.1 —D.5.

Numerical Abundance and Habitat Distribution

The number of individuals per transect for the May 2009 fish survey off NELHA are
summarized in Table 6. Numerical abundance varied widely between locations and habitats (Fig.
4A). Highest number of individuals occurred at the 12” Pipe South and NPPE location, deep
transect (535 and 543, respectively). The number of individuals at the other five locations ranged
from 139 to 386. The mean number of fish observed was not significantly different between
locations (p = 0.295), or between biotope types (p = 0.356; two-way ANOVA on raw data,
Tukey test on interactions).

Number of Species

The number of species per transect for the May 2009 survey off NELHA is summarized in Table
6 and Figure 4B. The mean number of species observed per transect ranged from 21.7 at
Wawaloli to 29.7 at the 12” Pipe South site. The number of species observed at the 18” Pipe, 127
Pipe South and 12” Pipe North locations were significantly higher than the number observed at
the other three locations. (p = 0.002; two-way ANOVA on raw data, Tukey test on interactions, p
= (.05). The mean number of species per transect ranged from 21.8 in the shallow boulder
habitats to 27.3 in the deep reef slope habitat. The number of species observed in the shallow
habitat was significant different from the number of species observed in the middle and deep
habitats (p = 0.001; two-way ANOVA on raw data, Tukey test on interactions).

In all areas and habitat zones, most of the species were from two families, the pomacentrids
(damsel fish) and acanthurids (surgeon fish). The specific composition of these families varied
somewhat between the habitat zones. Seven species were widely distributed throughout all three
habitat zones: Chromis vanderbilti, Acanthurus nigrofuscus, Ctenochaetus strigosus, Zebrasoma
flavescens, Paracirrhites arcatus, Thalassoma duperrey and Chaetodon multicinctus. Many of
these species were usually found dispersed throughout the area, although Chromis vanderbilti
and Zebrasoma flavescens often congregated in schools. C. vanderbilti was ubiquitous at all
stations except the reef bench and slope habitats at Ho’ona Bay, where it was absent or rare.

Species Diversity
Shannon’s Index for species diversity for the May 2009 survey off NELHA is summarized in
Table 6. Mean species diversity ranged from 1.78 at the 18” Pipe station to 2.11 at the 12” Pipe

North station, but there were no significant differences between locations (p = 0.543). Mean
species diversity was not significantly different between habitats (p = 0.708).
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Figure 4. Plots of A: numerical abundance; B: number of species: and C: biomass (g/mz) per transect for
fish surveys conducted of NELHA in May 2009. Station locations are shown in Figure 3.



Biomass

The distribution of fish biomass per transect for the May 2009 survey off NELHA is summarized
in Table 6 and presented in Figure 4C. There were no significant differences between mean
biomass per transect for locations (p = 0.749) but differences were significant between habitats
(p = 0.040). Mean biomass was highest at the 18” Pipe site (127 g/m?); differences between other
locations were not significant. Mean biomass was significantly different between habitats, lowest
in the deep reef slope habitat (74.5 g/m?) and highest in the shallow boulder habitat (136.9 g/m?).

The acanthurid (surgeonfish) family made the largest contribution to biomass because of their
large size, schooling tendencies and wide distribution. Pomacentrids (damselfishes), despite
their high abundance, contributed only a fraction of the biomass because of their small size (<5
cm).

Comparative Analysis

Data for the NELHA fish monitoring program have been collected since May 1989. However,
the current arrangement of six stations with three transects at each station was not established
until May 1992. Since that time, 31 surveys, including the present survey, have been conducted.
The balanced design and complete coverage afforded by the current survey arrangement provides
a powerful database for statistical analysis. Although the three surveys performed between May
1989 and March 1992 provide additional temporal scale, their incomplete coverage provides
little statistical power. In addition, the free swimming nature of the fish populations means that
they can leave and return to areas of disturbance rapidly, compared to the sessile benthic
organisms which are relatively permanently located. Therefore, the statistical analyses which
follow incorporate data only from May 1992 to May 2009, inclusive.

The surveys for fish populations provided data for three variables (number of species, number of
individuals and biomass per transect) for three sources of variance (date, location [stations] and
habitat [transects]). Summary data for these parameters for 32 surveys from May 1992 to May
2009 are presented in Appendix D.3 — D.5, respectively. Three-way analyses of variance
(ANOVA) tests were performed on data for each of the three fish population variables using
SigmaStat for Windows, a PC-based statistical analysis program. Three-way ANOVA provides
an estimate of the significance of the differences between levels for each source of variance,
while post hoc pair-wise analyses provides details of which pairs of data are significantly
different. If the data failed either the test that the data were normally distributed (normality test)
or that the variances were equally distributed, the tests were performed using the rank-
transformed data rather that the untransformed data. The ANOVA test utilizing ranked data is
known as the Kruskal-Wallis analysis of variance on ranks (K-W test), while the multiple
pairwise comparison test on ranked data is known as the Student-Newman-Keuls Method (SNK
test). The level of significance for all tests was p = 0.05.

Results of the three-way ANOVA on rank-transformed data for number of individuals per
transect, number of species per transect and biomass per transect by date, location and habitat are
summarized below and presented in detail in Tables 7 — 9, respectively. Mean number of
individuals, species and biomass were all significantly different for date, location and habitat.

23



Summary of three-way analysis of variance on ranked data (Kruskal-Wallis test) for date of
survey, number of individuals, number of fish species and biomass per transect for survey
conducted between November 1992 and May 2009.

Parameter Source of Variance Probability Significance
Individuals Date <0.001 highly significant
Location <0.001 highly significant
Habitat <0.001 highly significant
Species Date <0.001 highly significant
Location <0.001 highly significant
Habitat 0.001 highly significant
Biomass Date <0.001 highly significant
Location <0.001 highly significant
Habitat <0.001 highly significant

A summary of the post-hoc S-N-K test for pair-wise comparisons on numbers of individuals per
transect for date, location and habitat is presented in Table 7. While the ANOVA indicated
significant differences between mean abundance by date, mean abundance showed no temporal
pattern of differences that would suggest impacts due to anthropogenic influences (Figure 5).
The fourteen surveys with highest abundance levels were significantly higher than the eleven
surveys with lowest abundances, but these high levels were separated in time by one to two
years, and periods with significantly lower abundances, and are likely due to seasonal variability
or the occasional presence of large schools of fish within the transect area. Surveys conducted
between May 1992 and October 2008 fell within a group of data that were not significantly
different, suggesting that no change in fish abundance has taken place over the 16-year
monitoring period.

Mean abundance (Figure 6) was significantly higher at the 18 Pipe site (457 individuals per
transect) than at the next highest site (12” Pipe South — 420 individuals per transect). Mean
abundance at the remaining four locations were not significantly different (283 — 324 individuals
per transect). Abundance was significantly higher at the deep reef slope habitat (388 individuals
per transect) than at the other two habitats (330 — 335 individuals per transect).

A summary of the post-hoc S-N-K test for pair-wise comparisons on numbers of species per
transect for date, location and habitat is presented in Table 8. While the ANOVA indicated
significant differences between mean number of species by date, mean species per transect
showed no pattern of differences that would suggest impacts due to anthropogenic influences
(Figure 7). Mean number of species per transect ranged from 24.2 to 33.2, and data for surveys
conducted between May 1992 and October 2008 fell within a group of data that were not
significantly different, suggesting that no change in the number of fish species in the NELHA
area has taken place over the 16-year monitoring period. Mean species per transect (Figure 8)
were similar and significantly higher at the 18” Pipe site (32.4 species per transect) and 12” Pipe
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South site (31.0 species per transect). The fewest species were seen at the Wawaloli site (23.1
species per transect). Significantly fewer species were seen in the reef bench habitat (27.5
species per transect) than in the deep reef slope habitat (29.0 species per transect) or the shallow
boulder habitat (28.5 species per transect).

A summary of the post-hoc S-N-K test for pair-wise comparisons on mean biomass per transect
for date, location and habitat is presented in Table 9. While the ANOVA indicated significant
differences between mean biomass by date, mean biomass showed no pattern of differences that
would suggest impacts due to anthropogenic influences (Figure 9). A single survey in November
1998 (Figure 10) had biomass levels higher than the remaining 26 surveys, but this high level is
likely due to the presence of large schools of fish within the transect area. Biomass for surveys
conducted between May 1992 and October 2008 fell within a group of data that were not
significantly different (ranging from 120 — 620 g/mz), suggesting that no change in fish biomass
has taken place over the 15-year monitoring period. Mean biomass (Figure 10) was significantly
highest at the 12” Pipe South site (303 g/m?). Biomass at the 18” Pipe and 12” Pipe North sites
were lower and not significantly different (232 — 237 g/m?). Biomass at NPPE, Wawaloli and
Ho’ona Bay were lowest (143 — 178 g.mz). Biomass was significantly higher at the shallow
boulder habitat (250 g/m?) than at the other two habitats (170 — 205 g/m?).
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Table 7. Summary of three-way analysis of variance (ANOVA) of number of individuals per
transect for surveys conducted off NELHA from 1992 - 2008. Data In-transformed to pass
normality test. All pair-wise comparisons tested by Holm-Sidak method. For each ANOVA factor
(date, location and biotope), data which are not significantly different are grouped by letter.

Date Mean group
May-92 3182 d f g h
Oct-92 341.2 b c d e f g h
May-93 295.3 f g h
Dec-93 3894 a b c d e f g h
May-94 351.6 b c d e f g h
Jun-94 359.1 a b c d e f g h
Oct-94 379.7 a b c d e f g h
Mar-95 278.9 g h
Jun-95 4772 a b
Nov-95 241.2 h
Jun-96 297.2 f g h
Dec-96 284.6 f g h
May-97 302.4 d € f g h
Dec-97 473.7 a b c
Jun-98 301.7 e f g h
Nov-98 510.6 a
May-99 320.6 d e f g h
Dec-99 3523 b d e f g h
Jun-00 313.6 d e f g
Nov-00 452.0 a b d €
May-01 359.5 a b d e f g h
Nov-01 286.3 f g h
May-02 364.3 a b c d e f g h
Jul-05 249.6 h
Nov-05 376.8 a b c d e f g h
Jul-06 465.1 b c d
Jan-07 345.2 b c d e f g h
Dec-07 436.3 a b c d e f
Aug-08 452.7 a b c d e
Oct-08 412.8 a b c d e f g
May-09 283.1 f g h
Location Mean
Wawaloli 306.5 c
18-inch Pipe 468.2 a
12-inch South 430.6 a b
12-inch North 305.5 c
NPPE Site 318.3
Ho'ona Bay 314.0
Biotope Mean
Shallow 3353 b
Middle 3329 b

Deep 403.3 a



Table 8. Summary of three-way analysis of variance (ANOVA) of number of species per transect for
surveys conducted off NELHA from 1992 - 2008. All pair-wise comparisons tested by Holm-Sidak
method. For each ANOVA factor (date, location and biotope), data which are not significantly different
are grouped by letter.

Date Mean group
May-92 29.8 a b c d
Oct-92 28.7 b c d f
May-93 27.1 c d f g
Dec-93 299 a b c d
May-94 28.8 b c d e f
Jun-94 29.8 a b c d
Oct-94 27.7 b c d f g
Mar-95 25.1 e f g
Jun-95 29.9 a b c d
Nov-95 27.1 c d e f g
Jun-96 27.4 b c d e f g
Dec-96 242 g
May-97 26.1 d e f g
Dec-97 28.4 b c d e f g
Jun-98 26.6 c d e f g
Nov-98 311 a b
May-99 31.7 a b
Dec-99 26.9 c d e f g
Jun-00 33.2 a
Nov-00 30.3 a b c d
May-01 31.0 a b c
Nov-01 29.1 a b c d e
May-02 31.1 a b c
Jul-05 24.6 f g
Nov-05 253 € f g
Jul-06 26.3 d e f g
Jan-07 25.9 d e f g
Dec-07 29.2 a b d e
Aug-08 293 a b d e
Oct-08 28.7 b d e f
May-09

Location Mean
Wawaloli 23.1 d
18-inch Pipe 32.4 a
12-inch South 31.0 a
12-inch North 29.9 b
NPPE Site 27.4
Ho'ona Bay 26.3

Biotope Mean
Shallow 28.5 a
Middle 27.5 b

Deep 29.0

o



Table 9. Summary of three-way analysis of variance (ANOVA) of biomass (g/mz) per transect for
surveys conducted off NELHA from 1992 - 2008. Data rank-transformed to pass normality test. All
pair-wise comparisons tested by Holm-Sidak method. For each ANOVA factor (date, location and
biotope), data which are not significantly different are grouped by letter.

Date Mean group
May-92 159.8 a b c d
Oct-92 177.7 a b c d
May-93 154.1 b c d e
Dec-93 289.8 a b c
May-94 173.8 a b c d e
Jun-94 157.0 b c d e
Oct-94 205.6 a b c d e
Mar-95 193.4 b c d e
Jun-95 185.7 a b c d e
Nov-95 148.3 d e
Jun-96 137.5 e
Dec-96 187.6 a b c d e
May-97 183.7 a b d €
Dec-97 408.1 a b
Jun-98 160.6 a b c d e
Nov-98 620.1 a
May-99 170.9 a b d e
Dec-99 261.2 a b d
Jun-00 314.6 a b
Nov-00 284.6 a b d
May-01 177.1 a b d e
Nov-01 144.1 d e
May-02 1533 c d e
Jul-05 119.2 e
Nov-05 173.9 a b Cc d e
Jul-06 178.6 a b c d e
Jan-07 2333 a b c d
Dec-07 213.5 a b c d e
Aug-08 162.9 a b c d e
Oct-08 130.5

Location Mean
Wawaloli 159.0 C
18-inch Pipe 237.0 b
12-inch South 302.8 a
12-inch North 231.7 b
NPPE Site 178.4
Ho'ona Bay 143.2

Biotope Mean
Shallow 250.1 a
Middle 170.1 c

Deep 205.8 b
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DISCUSSION

In all areas and habitat zones, most of the fish species observed during the monitoring surveys
off NELHA were from two families, the pomacentrids (damsel fish) and acanthurids (surgeon
fish). The composition of the species within these families varied slightly between the habitat
zones. In contrast, several species were found only within one of the three habitat types. The
distributions of these two groups of fish reflect, in the first group, their ability to utilize a wide
range of habitat types and resources, while in the second group, the fact that their habitat
requirements are much narrower. It is likely that environmental impacts would not be reflected
in changes in the first group, since they are able to utilize a wide range of habitat and could
easily move away from a source of disturbance. Species located only in the boulder zone,
however, would seem to be limited in their capacity to move to other habitats and might
therefore be more subject to influence from terrestrial activities.

Throughout the survey area, schools of fish, mainly opelu (Decapterus macarellus), Acanthurus
blochii, A. olivaceous, and Naso literatus roamed between the habitat zones, especially between
the reef bench and slope zones. These schools can have a dramatic impact on the abundance and
biomass calculations when they pass through the transect area (e.g., in December 1997 when a
spawning aggregation of surgeonfish [pualu, Acanthurus mata or xanthopterus] which passed
over the shallow transect at the 12” Pipe South station comprised 81% of the biomass for that
transect [Brock, 2002]). In addition, we observed that the fish communities in the opposite
direction from the transect direction (e.g., to the south, whereas our transect ran to the north)
were often significantly different, in terms of species abundance and diversity. These factors
illustrate the highly variable nature of the fish communities over very small time and space
scales, and imply that any conclusions of change in fish community abundance or distribution
needs to be examined carefully in the context of natural variability.

In general, the fish community appears to be most well developed (in terms of number of
species, abundance and biomass) in the area from Keahole Point south to the location of the 18”
Pipe. The fish community appears to be least well developed off Wawaloli.

The fish community in the NELHA region has remained relatively constant over a period of
sixteen years and through several significant storm events. Analysis of variance of number of
individuals, number of species and biomass per transect showed no significant changes with
time. There is no evidence that the NELHA operations have resulted in any significant changes
to the fish communities in the region.
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APPENDIX A

ANCHIALINE POND SURVEY RESULTS



oy

44

8

Ll

0t

8¢

9¢

€

ve

49

0¢

134

6l

1<

9¢

Sl

£y

¢lIe
8y

§9¢

Sl

L
I

34

14

£b

<

0t

L

(7

v
—_—

4!

Sl
[4%

24

4!
LL

[44

C
9¢

SL

D120 4
snusdpadodojapy

SHUDWIPUDAS WRIIDAGOAIDN
DUBLO] SRADIDGDIBPY

DAGNL DUIPLIDIOIDE]

DSOLIDD ShXOPOAY |

(ueaw) pruvjapy

pij1220d

SRUDWIPUDAS WURIYIDAGOLIDIN
DUIYO] SRADIDGDIIPN

(ueaur) vIGRL DUIPLIDIOIDL]
(ueaw) puvjapy

12904
AD] HUIIYIDAIQOSODIN

$11Gap uowavipg

puayo} SnavIpqoIaN
(ueaw) pIGILL DUIPLIDIOIDH
DSOIDD SNXOPOY |

(uedw) pruvjay

DIj12204
BEWQQ\ ,m.:m:&@@ﬁ?w\\‘\
Bx:\\:k QN\\R:BQQ\B\.\

DiupjN

o204

snsdva3odorapy

$11qap uowavp g
SRUDWIPUDAS WRIYODAGOLODIN
DAGRL DUIPLIDOOIDE

DSOLIDD SNXOPOIY |

(ueaw) vruv

€N

I-N

¥6-1°0

po-unf

vo-ReN €673

£6-AeN

Z6- 10O

CHmAEN

[l

16-P0  68-Key

sardadg

puod

's1unood jepenb ojdynu jo a3e1dAe ay) sAj0UP (UBIW) *(-) JUASGE 10 (X) JuasaId se PjoUp Al (V1719204 YSIj PAONPOIIUL AY}) S210dS dAIBU-UON
8007 PUB 8661 Uaamiaq pajdwes (¢-N - |-N) xojdwod usaypou ayj jo sjood aurjerysue ay) Jo eiep snsuad ay) jo Lrwwng [y xipuaddy



X X X X X X X X X X 12304
L Y S Y 14 ¢ S € snsdnadodojapy
[ 0 0 0 0 0 0 0 0 £ SHUDWIPUDAS UNTYIDAGOLIDRY
pUaYO| SNIDIPGDIAIY
0 0 0 0 0 0 0 0 0 0 DAGHL DUIPLIDIOIDY
DSOLIDI SHXOPOAY |

L1 6l 6l 81 81 1T 33 € €C 0¢ (uedw) prun)apy SN
X X X X X X X X X DI04
0 0 0 0 0 0 0 0 ¢ SHUDWIPUDAS WNIYIDAGOLODIN
0 0 0 0 0 0 0 0 0 (UBaW) DGR DUIPLIDIOIDE]

¥ X4 €€ X4 8¢ LT @ 144 £€C (ueaw) U1 PN
X X X X X X X X X X pij12304
0 0 0 0 0 0 0 0 0 | D] WNIYODAGOLIDIN
0 0 0 0 0 0 0 0 £ 4 S11qap uowav g
DUIYO] SNAVIDGDIAPN
0 0 0 0 0 0 0 0 0 0 (ueawl) DAGNL DUIPLIDIOIDE]
DSOLIDD SHXOPOAY |

44 144 23 LT 8¢ [44 8¢ 33 6¢ 144 (uesw) pruvjapy €N
X X X X X X X X X - D120 g
€ 4 ! 0 0 0 0 0 0 [44 DAqId DUIPLIDOOIDH

6L 59 6¢ LY Ly 9¢ 144 133 8C [§3 DiubjIN N
X X X X X X X X X X pij10304
14 S 6 8 9 6 L 14 snsdvadodojapy
0 0 0 0 4 S11qap UOWavIDg
0 0 0 0 0 0 0 0 I 0 SNUDUIIPUD.AS WUNIYIDAGOIIDPY
0 0 0 0 0 0 0 0 0 0 DAGNL DUIPLIDIOIDE]
£ 12 [4 € 9 [4 9 DSO1IDI SHXOPOIY [

€€ 94 oF 4y 8¢ 197 LY €< LS 9 (ueaw) prupjapy I-N

10-A6IN 00-AON  00-UNf 667990  66-ABIN  86-AON  86-UN[ L6930  S6-UN[  G6-IBN sapadg puod

"sJunod jespenb ajdnnw jo 93eI2AR Y} S2]0UIP (UBDW) *(-) ISR 10 (X) 1UISAId SB PAIOUIP IR ( BI]10204 YSL) PAONPOIIUL 23} $AL0AdS dAIBU-UON
8007 Pue 8661 Udsamiaq pafdwes (6-N - [-N) xojdwod wrayiiou sy3 Jo sjood SUHBIYIUR Iy} JO BIEP SNSUD Y} Jo Alewiung “("uod) |y xipuaddy



[ == e

Sl

<o v
(ag]

+00T
0
0

+00¢
0
0

o oo

<
(= e e i e 2 =

0 0
0¢ 0

[4 Alp +001

o oo oo o
SO oo O oM

(a0
<o
<

o oo

001
0
L4

[ Bl e = i =1
S - O OO O X

0l
14
+001

NS O NO O A

o OO

oo o

S OO OO O

S OO

+001

v o oo oo A
o

<o ©

n o O O —= X

T OO OO o~ S O o A

o O

n —_— o OO — X

L

NSO O

o OO v X

Sl

oo o X

[ag]

4

wvwo oo oo K

pIj12204
snsdpadodojapy

SNUDWIPUDAZ WRIYOIDAGOLID]Y
DULO] SHADIDGDIIIN

DAGHE DUIPLIDIOIDE]

DSOLIDD SNXOPOAY |

(uesw) pruv)apy

DIN1230y
SRUDWIPUDAS WRIYIDAGOIIDIY
pudlYo) SNILINGDIAN

(ueaw) pgHL PUIPIIDIOIDY
(ueaw) vuvjapy

DIj1220

AD] WIIYODAGOLODIY

SI1qap uowaivg

pUYO) SNADIDGDIPY
(Uedaw) p4gnd DUIPLIDIOIDE]
DSOIIDD SHXOPOAY |

(ueaw) viuvjapy

DIN12304
puayo| snavgIagy
DAGRA DUIPLIDIOIDE]

pIuvaN

pij10204
snsdpadodojapy

$11qap uowaving
SHUDWIPUDAS WRIYODIGOLIDIN
DAGNL DUIPLIDOOIDY

DSO14DI SNXOPOAY |

(ueaw) vy

N

[-N

60-ABN

80-¥0

80-3ny  L0-0dQ  LO-U®(

90-Inf

SO-AON

SO-[nf

20-AeN

10-AON

sa10adg

puod

"s3unoo Jeapenb ajdunw jo ageidae ay) sa10udp (ULIW) *(~) JUISGE 10 (X) JudsAld Se P2IOUIP I (V1710204 YSIj PIONPOLUL Y)) $310ads dAlRU-UON
‘8007 PUE 8661 Uaamiaq pajdwes (G-N - [-N) Xojdwod wayiou syl jo sjood aulRIyouE 3y} JO BIEP SASUID 2U) JO ARRWWNG *(1Ju0d) [y XIpudddy



D1j1350, |
PUDO] SRADIDYGDILY
< v

T~ CQ CD CQ CQ A(‘ :.:\:k \::\:.:ﬂq:\:\\ Olm
\Z\F.VLQH\
I 1 < I I SLO S0 SHUDUIPUDAS WNIYIDAGOAID]
PUMJO) SHODINYPINY

08 18 89 1L 18 L <9 PG DUIPLIDIOID L] 8-S
P10
6€ € 81 0l 6 €l 01 | Ll 1 epodiydury
1 I 4 | S0 [ S§LO S0 <0 S0 STUPLIPUDLT WRIIDIGOIIDIY
::DN\C\ k-33\3{~.:«u\<

€l r6 8 89 L ot 96 L8 S6 L6 PG PUIPLIDOOIDE LS
T 1 3 l 1 T 0 0 T 0 (3nym) podiydury
0 € € € ¢ € € [ 6 0 epodiydwy
U] SRODIDYD I

MN ? B W m N _ _ M m.. 3.:\:& ZN\Q:.\Z.:‘\:\N Olm
DIIIO ]
0 0 0 0 L € Lz 8y 59 t6 epodiydury
1 14 i 0 | 0 0 0 0 0 SHUDUUPUDLT WRIODAGOIIDEY

0 0 0 0 €11 L01 6 1€1 1zl (%74 PAGIL DUIPLADDOID L [SIN
U0
tl 9 | z 0 0 0 epodiydury
) PUMNOT SNAIDYPIAN

6¢ A1Q 1 IS Te| NTel L 6 9 44 6 UYL DUIPLIDOOIDE] S
PII220]
91 € pl u 6 z! 6 rl s epodiydwy
0 1 0 0 0 0 0 0 0 PUDIO] SHAIDYDIAY

¥6 98 LE ot fiq 96 +9 [%7% 1T 8¢ PAGRL PUIPLIDIOIDE €S
D100 ]
6 z 6 z 9 14 81 epodiydwy
PUSYO] SRODIDGDIAN

44 Ag Aq Sl $S 43 4 or 13 1L PAGRA DUIPIIDIOIDH S
D120
9z 81 1z Sl | 61 9 0 0 0 epodiyduy
0 0 C 1 0 0 [ [ 0 0 SRUDHIPUPAT WRIYODAGOIIDYY
PUMO] SHODIDYDIAN

78 s LY LE 4 6T 19 1€ 67 9¢ PAGIAd DUIPLIDIOIDE] [-S

P60 PoUNT  bo-ABIN €679 €6-ABIN T6PO (6-ABN CorBN  [6P0  68-Ae sa1padg puod

‘sjunod jespenb sdnnw jo afe1sae ay) sa10udp (ueswr) () JuAsqe 10 (X) Ju3sald SB PIJOUIP I ( N1J1220, YSI} PAINPONUI Y} ) $312ds 2AnBU-UON
‘00T PUB 8461 U2aMIdq pajdures (4-S - {-) xa21dwoa wiayinos ayj Jo sjood dulferyaue 3y) JO BIEP SNSUII Ay} Jo Arewwng ¢y xipudddy



A L [ 14 0l A Cl AX(] 6 | PUGIL DUIPLIDIOID] | 6S
0 0 0 0 l 0 0 0 I I SHUDULPUDLT WRIYIDAYGOAIDLY
PUIO] SHODIDGDIOTY

08 8t 8¢ 0€ L €9 LS S i9 [y PAGIA DULPLIDOOIDE 8-S
P20 ]
6 9 [ t1 81 0z 1€ 1z 67 $T epodiydwy
| | | 4 ¢ T I 0 ¢ 1 SRUPUUPUDAT WIODAGOLIDY
3:&&.{ /.:D:::\:\.V\a\

Ly 96 I+ cF 6S L8 6L 98 1<l LL PAGRA DULPLIDOOIDE L-S
0 0 0 0 (arym) podiydwry
0 € < 0 epodiydury
::\:\C\ >.=b~:\i\3\b\<

f1g gl 4 L 9 Al 7l g Ll A DGR DUIPLIDOOIDE] 9-S
PHIDAO ]
0 0 0 0 0 0 0 0 0 0 epodiydury
0 0 0 0 0 0 0 0 I [ SHUPIIPUDAT WIRLYODAGOLOIDEY

S¢ 0 0 0 0 0 0 0 0 0 PAYIE DUIPLIPOOIDE S-S
PHIDO ]
8 14 3 < € epodiydwy

£ fg ¢ Sl 0 NTq| 0 La 91 A PAGRA DUIPLIDIOIDY S
6 4 0l Ll Ic epodiydwy
0 0 0 0 [4 PUDYO SNADIDGDIY

pPalid pajd Ll 8 67 g Tl ¥ 8L Aq DAL DUPLIDIOIDE €S
0 4! 4 epodiydwy
PUDLO] SNADIDYDISJY

Aig g 9 fqa s Aiq 9 A 6€ AQq PAGIL DUIPLIDIOIDE] 7-S
D0
1t 6 91 vl zl vl €z e Lz €C epodiydury
0 0 0 0 0 0 0 0 0 0 SHUPWIPUDAS WRIYODAGOIID]Y

59 SE [33 $9 £9 18 6t €L LS 19 pAgRd PUIPLIDOOIDH 1-S

10-Ae 00-AON 00°UNf 667930  66-ABIN  86-AON  86-UN[ L6790  S6UN[  G6-IEN sa1aadg puod

'$3unod Jespenb apdn[nw jo 3desaae 2y} s3J0uUIPp (ULdW) (-) WWAsqe 10 (X) Juasaid se PAjouIp aie ( NIJ1I20,] YSI PIINPOLUIL Y} ) $3193dS IANBU-UON
‘8007 PUB 866 | Uaam12q pajdwes (6-S - [-S) xjdwod usayInos 3y) Jo sjood aulferyaue 343 JO BIEp SNSUD 2y} Jo Krewwng ‘(1u03) 7'y xipuaddy



C 0 0 0 [} € 0 0 0 0 PUSIO] SRADIDYDIAL

0¢ 0 0 0 08 0s 0 C € 0¢ AR DUIPLINOOID 1 6°S

- - X X

0 0 0 0 0 0 0 0 0 0 SHUDHUPUDAS WRIYIDLGOAID] |

N Sl 0 0 | 9 0€ ¢ 0 0 DUNOL SRIDIDYNIA Y

0s SL 0 0 0s 0$ Sl 0¢ 94 18 PAGRA DUIPLNIOID 8-S

X X X X X X X X PILA0 |

0 0 0 0 0 0 0 0 0 8 epodiydury

0 0 0 0 0 0 0 0 0 | SHUDWUPUDLS WRIYIDLGOLID] Y

0 0 0 0 0 0 0 € 0 0 PUDIO] SHADIDYDIALY

0 [¢] 0 0 0 0 0 0 0 09 PUGRA DUIPLIDI O LS

0 0 0 0 0 0 0 0 0 (duym) podiydury

0 0 0 0 0 0 0 C 0 epodiydwy

0 1 0 [} 0 0 | 0 0 PUNJO SNAMIDYDIOY Y

0 0c S Aap 0¢ [ 0 t <l 0 DAY DUIPLIDDOIDY | 9-S

X X X X X X X U]

0 0 0 0 0 0 0 0 0 0 epodiyduy

0 0 0 0 0 0 0 0 0 0 SHUDUPUPLS WRIOPAGOIOD] Y

0 0 0 € 0 0 0 0 0 0 AR PUIPLIDOOID L [N

- N i - X - X X PO

0 0 0 0 0 0 0 0 L 14 epodiydwy

0 0 0 0 0 € 0 0 0 0 DU SRIDIDGDIILY

Ll S 0 g 0 09 t 0 cl ¢ PAgnL PUIPLIDIOIDL] P~

- - X X

0 0 0 0 0 0 0 0 S 9 epodiydury

0 I 0 0 0 Z 8 9 0 0 PULYOJ SHAPIDGDIA Y

cl 00C 0 0 00! 001 S8l S8 99 [S7 PG DUIPLIDIOIDE S

- - X X

0 0 0 0 0 0 0 0 € ¥ epodiydwry

0 0 0 0 0 9 S 4 0 0 PUIYO) SRADIDGDIALY

Ll 001! 0 0 00< (¢4 0s1 S9 6 SE PAGRA DUIPLIDIOID L] =S

X X X X X X X X PO

0 0 0 0 0 0 0 0 It z epodiydwy

0 0 0 0 0 0 0 0 0 0 SHUPLUIPUDLS WRIYODAqOLIDLY

0 T 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 S¢ or PAGRA PUIPLIDIOIDE] 1-S
60-KBN 80-PO 80-FnV  £0-3Q  LO-UBL  90-IN[  SO-AON SO CO-KeIN  10-AON sa1dg puod

sunoo 1eipenb sdunw jo a3e1aAk 243 $aj0USP (ULIW) ‘() JUASGE 10 (X) JudsAId SB PIJOUIP 1L ( 1112007 YSI) PAONPOIILL Y1) $3193dS da11BU-UON
‘800 PUB 8661 Uaami1aq pajduwies (6-S - |-$) ¥ajdwod uiayinos ays jo sjood surfeiyoue sy} Jo elep SNSuad ay) jo Arewwng (uod) 7'y xipuaddy



APPENDIX B

MARINE BENTHIC COMMUNITY SURVEY RESULTS
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APPENDIX D

MARINE FISH COMMUNITY SURVEY SUMMARY
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APPENDIX E

DIGITAL QUADRAT PHOTOS
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Plate 1. Quadrat photo‘s for Hoona Bay Shallow transect.
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Plate 2. Quadrat photo.s for Hoona Bé‘y'Mi
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Plate 3. Quadrat photos for Hoona Bay Deep tr:
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Plate 6
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Plate 9. Quadrat photos for 12” Pipe North Deep transect.
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Plate 10. Quadrat photos'for 12” Pipe South Shallow transect.
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Plate 11. Quadrat photos’ forrhl 2” Pipe SthhAMiddle transect.
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Plate 13. Quadrat phofos for 18” Pipe‘ éhallc;w transect.
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Plate 14. Quadrat phot‘osv fér 18” Pipe Middle transect.
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Plate 15. Quadrat photos“fdrﬂl‘é”" Plpe Deep transect.
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Plate 17. Quadrat pho?os'for'\/vé'vva-loli Mﬁdle transect.




Plate 18. Quadrat phojtos‘for Wawaloli De_ep transect.
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