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I. INTRODUCTION AND PURPOSE  

 

Facilities at the Natural Energy Laboratory of Hawaii Authority (NELHA), and the Hawaii Ocean 

Science and Technology (HOST) Park employ cold, nutrient rich waters from below the thermocline, as 

well as surface water above the thermocline, for various aquaculture activities at Keahole Point, on the 

west coast of the Island of Hawaii. A concern regarding discharge of these waters at the shoreline and 

into the groundwater aquifer is the potential for environmental alteration of community structure in the 

adjacent marine environment and anchialine pools.  

 

In the interest of addressing this concern and assuring maintenance of environmental quality, it has 

been deemed necessary to carry out a comprehensive marine environmental monitoring program 

(CEMP) off Keahole Point. One component of the monitoring deals with the benthic (bottom-dwelling) 

biological communities. The intent of the benthic component of the monitoring program is to 

quantitatively describe existing community structure, and to identify changes from natural and 

man-induced factors. This report described results of the twenty-first increment of benthic monitoring 

conducted by Marine Research Consultants, Inc. (MRCI) during October 2007.   

 

This phase of monitoring was conducted approximately fifteen years after Hurricane Iniki struck the 

Hawaiian Islands in September 1992, and fourteen years after an unusually strong northwest swell 

impacted the west Hawaii coastline in January 1993. Waves generated by these two storms generated 

surf with heights estimated at 10-15 feet in the vicinity of Keahole Point. Thus, in addition to 

evaluating the effects of NELHA discharge, a key interest in the monitoring survey is to assess the 

impact of, and recovery from, severe wave stress on coral community structure in the vicinity of 

NELHA. The monitoring surveys can provide an indication of the cumulative impact of storm effects, 

as well as short-term recovery of coral communities. 

 

 

II. MONITORING RATIONALE 

 

Benthic marine community structure can be defined as the abundance, diversity, and distribution of 

stony and soft corals, motile benthos such as echinoderms, and macroalgae. In the context of 

time-series surveys, benthic assemblages are often the most useful biological assemblages for direct 

evaluation of environmental impacts to the marine environment. Because benthos are generally 

long-lived, immobile, and unable to avoid extreme environmental conditions or input of potential 

pollutants, these organisms must either tolerate the surrounding conditions within the limits of 

adaptability or die.   
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As members of the benthos, stony corals are of particular importance in nearshore Hawaiian 

environments. Corals compose a large portion of the reef biomass and their skeletal structures are 

vital in providing a complex of habitat space, shelter, and food for other species. Because corals serve 

in such a keystone function, coral community structure is often considered the most "relevant" 

parameter for evaluating impacts to the marine environment associated with activities on land. For 

this reason, and because alterations in coral communities are easy to identify, observable change in 

coral populations is a practical and direct method for obtaining the information that is required to 

meet existing environmental regulations.  

 

The overall intent of the benthic monitoring program is to identify changes to biotic assemblages as a 

result of input to the nearshore ocean of dissolved materials in waters used for aquaculture. These 

changes may potentially take the form of alteration in settlement and growth, as well as mortality, of 

the living components of the community. Such effects are likely to be difficult to decipher when 

superimposed over the combined effects of natural phenomena (e.g., dislodgement, predations, 

sediment flow) that routinely cause alteration in the arrangement of the living, as well as nonliving 

components of the reef. Studies of windward reef areas have shown that while overall coral cover may 

remain fairly constant, there can be a high degree of spatial change as resources are continually 

covered and uncovered in a "temporally varying mosaic." As the study area at Keahole is known to be 

a high energy environment, natural factors of environmental change are likely to be substantial, and 

could mask changes related to the NELHA facilities. 

 

Thus, it is essential that the sampling methodologies employed for benthic monitoring extend beyond 

repetitive surveys employing randomly placed quadrats on line transects. Instead, a series of semi-

permanent quadrats have been established, where intensive, rather than extensive, repetitive 

quantitative analyses are being routinely performed.   

 

 

III. METHODS 

 

All phases of the benthic monitoring program employ diver/scientists using SCUBA equipment 

operating from a small boat. All field surveys were conducted on October 13, 2007. Three 

quantitative survey sites that were established in the preliminary NELHA surveys by R. Brock were 

utilized as monitoring sites in the initial monitoring survey in August 1991. In response to anticipated 

additional construction and operational activities at NELHA in the near future, three additional 

monitoring stations were selected and have been evaluated during all subsequent surveys. The 

locations of the six monitoring sites are shown in Figure 1. 
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For ease of identification, each survey site is labeled with a name as well as a number. Moving from 

south to north, Site 1 is immediately to the south of Wawaloli Beach; Site 2 is located at the 18" Pipe 

to the south of Keahole Point; Site 3 is on the southern side of the 12" pipe off Keahole Point; Site 4 is 

off the northern side of the 12" pipe; Site 5 is off the NPPE site; and Site 6 is in Ho'ona Bay. Locations 

of the survey sites were fixed by triangulation with conspicuous landmarks, and are easily relocated 

during replicate surveys.   

 

At each of the monitoring sites, three semi-permanent transect stations have been established. Each 

station is placed in one of the three major physiographic/biotic structural zones described for the 

Kona Coast (Dollar 1975, 1982, Dollar and Tribble 1993). These zones are characterized as the 

“nearshore boulder zone” (depth ≈ 0-15 ft.), the “reef-building platform zone” (depth ≈15-30 ft.), 

and the “reef slope zone” (depth ≈ 30-60 ft.). During the initial survey, permanent transects at each 

site were established by placing markers into solid substratum of the ocean floor (either basalt or 

limestone). Marker placement was carried out by Ocean Innovators, utilizing methods and equipment 

developed for the purpose of permanently attaching artificial reef structures to the sea floor. The 

attachment procedure involved drilling a hole for anchoring an expandable eye-bolt. Small marker 

buoys on wire rope that float above the bottom were attached to the eye-bolts for ease in locating 

transect stations on subsequent surveys. During the years since placement of the markers, buoys have 

been periodically lost and replaced with large cable ties. As a result, locations of the transects have 

been relatively constant over the course of the monitoring program. 

 

The permanent markers defined the ends of 50 meter (~160 ft.) long transects, oriented parallel to 

depth contours. At ten random locations along the transect line, composition of the benthos is 

evaluated within rectangular quadrats one m x 0.66 m (3 ft. x 2 ft.) in dimension. Each quadrat is 

photographed with a digital Canon Eos camera with a super wide angle lens (15 mm, 94o field of 

view)  in an underwater housing. The camera is mounted on a tripod frame to ensure exact 

repeatability of quadrat area. The photographic technique provides excellent resolution of the detail of 

the benthic structure, to the degree that individual calices of certain corals are distinguishable. Color 

photographs of all quadrats are attached as an appendix to this report, and are on file at NELHA. 

 

In addition to the quadrat photographs, visual estimates of species abundance of attached and motile 

benthos is recorded on writing slates. Bared substratum (bare rock, sand, dead coral and coral 

rubble) are also evaluated in terms of 2-dimensional area coverage.  

 

In the laboratory, evaluation of benthic cover of biota and substrata is performed. Area coverage of 

each component in the quadrat photos is determined using an overlay grid divided into 200 equally 

sized segments. The number of segments of each coral species and non-coral substratum type within 
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each grid are summed to calculate area coverage. Thus, for each transect, there are the equivalent of 

2,000 data points. Verification of species identification is performed using the information collected in 

the field. In addition, field data provides input on small organisms that are not visible in photographs. 

This method provides for accurate estimates of cover of organisms that cover a large percentage of 

the reef surface through photographic coverage, as well as occurrence of very small and/or rare 

organisms. Few, is any other methods provide for such accurate characterization of both extremes of 

benthic community structure. 

 

The Shannon-Weaver index of diversity is also calculated for percent coral cover on each transect 

using estimates from area cover. The formula for calculating diversity (H') is: 
                  
 
 
                  s   

H' = - Σ pi lnpi,  
                i=1 

 where pi is the proportion of the ith species in the population, and s is the number of species. 

 

 

IV. RESULTS 

 

A. Physical Structure 

 

The shoreline and intertidal area of the subject property consist predominantly of basaltic boulder 

outcrops interspersed between narrow, steeply sloping beaches. The beaches are composed of 

rounded cobbles and coarse calcium carbonate sands which extend into the intertidal area. The area 

directly off of Keahole Point consists of a basaltic extension of the island mass that meets the ocean in 

steep vertical cliff faces that extend approximately 5-7 m (15-20 feet) below the ocean surface. 

 

The structure of the offshore environment in the vicinity of Keahole Point generally conforms to the 

pattern that has been documented as characterizing much of the west coast of the Island of Hawaii 

(Dollar 1982, Dollar and Tribble 1993). The zonation scheme consists of three predominant regions, 

each with a characteristic coral assemblage that is adapted to the prevalent physical regime (i.e. wave 

stress) of the region.  

 

Beginning at the shoreline and moving seaward, the shallowest zone at the land-sea interface is 

comprised of a flat basaltic terrace that is the underwater continuation of the island landmass. In 

areas offshore of basaltic shorelines the intertidal zone is often covered with large boulders that have 

entered the ocean after breaking off from the shoreline. The seaward edge of the nearshore reef 

terrace terminates in a vertical cliff face approximately 3-5 m (10-15 feet) in height.  The face of the 
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cliff is irregular in that it is scalloped and cut with caves and arches. In areas fronting shoreline 

beaches, boulder cover is not as prominent, and the intertidal area consists primarily of flat basaltic 

shelf. The nearshore zone receives most of the force of breaking waves and surge, and as a result is 

inhabited predominantly by organisms capable of withstanding these stresses on a regular basis. The 

predominant coral species occupying the nearshore area is Pocillopora meandrina, which is 

recognized as a "pioneering" species that is the first coral to settle on newly cleared substratum, or to 

occupy areas that are too harsh for other species. The shallow transects conducted at each of the six 

survey sites traverse the "nearshore boulder" zone. 

 

Seaward of the nearshore boulder zone, bottom structure is composed predominantly of a gently 

sloping reef bench. In some areas, the bench is characterized by high relief in the form of undercut 

ledges and basaltic blocks and pinnacles. Fine-grained calcareous sand also occurs in pockets on the 

reef bench. Water depth in this mid-reef zone ranges from about 7-15 m (20 to 40 feet). As wave 

stress in this region is substantially less than in the shallower areas, and suitable hard substrata 

abounds, the area provides an ideal locale for colonization by attached benthos, particularly reef 

corals. The intermediate depth transects at each survey site are located on the "reef bench" zone. 

 

The seaward edge of the reef platform (at a depth of about 15 m (45-50 feet) is marked by a sharp 

increase in slope to an angle of approximately 20-30 degrees. In the deep slope zone, substratum 

type changes from the solid continuation of the island mass to an aggregate of generally 

unconsolidated sand and rubble.  Moving down the reef slope, coral settlement and growth ceases at 

a depth of approximately 35 m (100 feet); beyond this depth the bottom consists mostly of sand, with 

occasionally basaltic outcrops. The deep transects at each survey site are located on the upper 

portions of the "reef slope" zone. 

 

While each of the survey sites has similarities to the typical scenario described above, each station 

also has distinctive characteristics, resulting in four relatively unique habitats. At Ho'ona Bay (Site 6) 

the "typical" zonation scheme is best developed in that all three zones are clearly apparent. The entire 

zonation scheme is compressed into a relatively narrow band (about 100-150 m wide) between the 

shoreline and the sand slope that extends to abyssal depths. At the 18" and 12" pipe sites (2, 3, and 

4) and the NPPE site (5), the entire region from the shoreline to the reef slope is representative of the 

typical nearshore boulder zone, and biotic assemblages that occur in areas that are consistently 

subjected to intense wave scour. At the Wawaloli Beach site (1), the typical zonal structure appears to 

have been well established. However, even before the impacts of Hurricane Iniki, there was 

substantial evidence of recent destruction of a major portion of living corals as a result of storm wave 

damage.  
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B. Biotic Community Structure 

 

1. Reef Coral Communities 

 

The overwhelming majority of benthic biota on the monitoring transects consisted of stony, 

reef-building (Scleractinian) corals. Benthic frondose macroalgae (e.g., not coralline algae) was 

extremely rare on all survey transects, as has been the case during all surveys since the inception of 

the monitoring program. Motile invertebrates were primarily limited to occasionally occurring 

echinoderms (sea urchins and sea cucumbers). 

 

Inspection of the reef following Hurricane Iniki and the severe 1993 winter storm revealed what the 

investigators classified as "intermediate" impacts. Many colonies, especially Pocillopora meandrina 

sustained some branch breakage. Areas of Porites compressa were noticeably affected by wave 

energy in terms of breakage and redistribution of finger coral fragment beds on the reef slope. It must 

be noted, however, that most of the P. compressa beds in the deeper areas of the monitoring sites 

were already documented in previous surveys to consist largely of rubble fragments that were likely  

the result of previous extreme storm impacts. In addition, breakage of corals appeared to be patchy 

with respect to spatial distribution. Patches of extensively damaged colonies occurred between areas 

that sustained no damage. This phenomenon has been observed repeatedly, not only in Hawaii, 

elsewhere in the Atlantic and Pacific where coral reefs are subject to intense storms of hurricane or 

cyclone intensity. It is theorized that such localized damage is a result of what has been termed 

"bowling.@ Fragments of coral skeletons or boulders dislodged by wave action causes damage to 

surrounding corals by impacts when the loosened material is hurled by wave forces. As a result, the 

concussive force of  wave impact per se may not be the only physical factor responsible for damaging 

corals. 

 

Observations of the survey region also suggested that the impacts from the storms were more intense 

on the southward facing reefs. Such an observation is consistent with the direction of wave 

propagation from Hurricane Iniki, which passed to the south of the Island. Site 6 (Ho'ona Bay), which 

lies to the north of Keahole Point appeared to be almost totally protected from destructive wave forces 

as a result of orientation to incoming swells. In summary, while the Hurricane and severe winter storm 

did produce observable effects to the reef environment, the effects do not appear to be "catastrophic" 

as the entire survey area appears to have been recently (or continually) subject to wave forces of 

similar magnitude from large winter surf that occurs periodically. Between the seven most recent 

surveys, no substantial wave events occurred. Thus, differences in coral community structure may 

indicate if short term recovery of corals has occurred.  
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Inspection of the reef in 1995 at all of the survey sites (except Site 1) revealed very noticeable 

continued recolonization of basalt surfaces at the intermediate and deep transects. Most of the 

recolonization was in the form of numerous small colonies of Porites lobata growing as knobby 

projections and flat encrustations. This recolonization appeared to be an initial recovery phase from 

the storm events that occurred in 1992-1993. Further inspection of the reef during the most recent 

surveys progressing from 1997 to 2002 to 2007 revealed substantial increases in coral cover, 

presumably as a result of uninterrupted recovery from the severe storm events. 

 

Table 1 shows the quantitative summary of coral community structure collected during the October 

2007 survey, while Appendix A shows the composition of individual quadrats that comprises transect 

results. Tables 2a and 2b show comparative data from the twenty-two surveys conducted from 1991 

to 2007. Over the course of the surveys to date, seven to fourteen species of corals have been 

encountered on all transects during a single survey, while the number of coral species on a single 

transect has ranged from two to eight. In the most recent survey in October 2007, eight species were 

encountered on transects, with the number on a single transect ranging from two to six.  

 

Over the sixteen-year course of the monitoring program, coral community structure in terms of species 

occurrence (e.g., number of species) has not shifted substantially. There is, however, an overall 

upward trend in coral cover. Mean total coral cover on all transects during each of the surveys has 

gradually increased from lows of 16-17% in 1991-92 to 48% in June 2002 and 52% in the most 

recent survey in October 2007. These results suggest that there has not been a decrease in overall 

coral cover during the course of the monitoring program to date. Rather, there has been a substantial 

overall increase of about 3-fold (300%) in coral cover over the entire monitoring period. The largest 

single between-survey increase (21%) occurred between May 1995 (22%) and November 2007 (43%). 

During the ten years between November 1997 and October 2007, total coral cover increased about 

9%.   

 

Figures 2-4 are histograms that show coral community structure (percent coral cover, species diversity, 

and number of species) from December 1991 to October 2007 at each transect site. Several 

dominant points are evident in examining Figures 2-4. As discussed above, with several exceptions, 

coral cover is highest on each transect during surveys since 1998. On many transects, a sequential 

increase in cover over time is also evident (Figure 2). There is, however, no similar pattern of peaks 

for number of coral species number (Figure 3) or species diversity (Figure 4).  

There also appears to be no completely consistent difference in relative coral coverage between zones 

at each site. At sites 1 and 2, overall cover is highest on the shallow or mid-depth transect and lowest 

on the deep transect. The single exception is the large increase in cover at the deep transect of Site 1 

in   October 2007. On the remaining four transects, cover is consistently highest on the deep transect.  
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With respect to difference in coral coverage on each transect, the greatest difference that occurred 

was 51% at Site 6 (Ho=ona Bay).  During most previous surveys, Site 6 has consistently shown the 

greatest difference in cover between the shallow, mid-depth and deep transects. However, during the 

October 2007 survey, the greatest within site difference occurred at Sites 5 (47.5%) and 4 (45.5%), 

while Site 6 exhibited a difference between the shallow and deep station of only 26.3%. 

  

As stated above, in addition to determining the effects of the NELHA discharge, a consideration of the 

monitoring program is to assess the impacts of severe storms on coral community structure. It can be 

seen in Figure 2 that for total coral cover, many of the transect sites showed substantial decreases in 

cover following both Hurricane Iniki in 1992 and the 1993 winter storm. Between May and October 

1992, when Hurricane Iniki occurred, coral cover decreased on 12 of the 18 transects. Between 

October 1992 and May 1993, when the winter storm occurred, coral cover decreased on 5 of the 18 

transects. Between May 1993 and October 2007, when no major storm events occurred, coral cover 

increased on all 18 transects. These comparisons suggest that the communities are recovering (or 

have recovered and are now in an equilibrium condition) from damage that occurred as a result of 

the major storms that took place during the course of the monitoring program. 

 

Figure 4 shows plots of diversity on each transect during each survey. Diversity is an index of the 

equitability of distribution of cover of each coral species within the total coral coverage. Thus, diversity 

can be low when there is either a low number of species of equal distribution, or a high number of 

species but with an extremely uneven distribution of cover (most species occur as very small 

percentages of cover). It can be seen in Figures 2 and 4 that while many of the shallow transect had 

lower cover than the deeper counterparts, there is not a corresponding increase in diversity on the 

deeper transects. Rather, the patterns of diversity were mirror images of the estimates of coral cover. 

When total coral cover is high, it tends to be the result of dominance by one species, resulting in 

relatively low diversity.  

 

The dominant species on all transects was Porites lobata, which accounted for between 42% and 72% 

of total coral cover in the previous surveys. During the present survey, P. lobata comprised 58% of 

coral cover, while in the previous survey this species accounted for 47% of coral cover. The second 

most abundant species, Pocillopora meandrina accounted for between 12% - 36% of coral cover in 

previous surveys.  During the October 2007 survey, cover of P. meandrina comprised about 19% of 

coral cover.  Porites compressa, accounted for between 8% and 14% of coral cover in previous 

surveys, while in June 2002 and October 2007 cover of P. compressa accounted for approximately 

14% and 15% of coral cover, respectively.  P. compressa, commonly known as “finger coral” consists 

of a delicate branching growth form that is highly susceptible to breakage from wave forces.   Hence, 

while percentage cover of other species of coral that are more resistant to wave forces were within the 
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middle of the ranges of the entire span of monitoring, cover of P. compressa was at the peak of 

percentage cover during the most recent surveys. The increasing cover of P. compressa is likely a 

response to the long interlude since an episode of destructive wave impacts.  

 

The remaining "rare" species encountered on transects totaled between about 0.4% and 15% of coral 

cover between  August 1991 and June 2002. In the most recent study, rare species accounted for 

about 8% of coral cover.    

 

Figures 5-10 shows percent cover of the five most dominant coral species (Porites lobata, P. 

compressa, Pocillopora meandrina, Montipora capitata and M. patula) at each transect station during 

each of the monitoring surveys. At most of the sites, community structure is similar: P. lobata and P. 

compressa increase in percent cover as water depth increases, while P. meandrina decreases in 

percent cover with depth. 

 

Site 1 has been impacted by events associated with installation of a new seawater pipeline. At the 

deep transect station, live coral cover was about 28% of bottom cover during the May 2001 survey. 

During the December 2001 survey, cover dropped to 8.5% of bottom cover, while cover was about 

15% in June 2002. In the most recent survey in 2007, total coral cover on the deep transect was 67%. 

None of the other stations showed similar precipitous drops in coral cover between two successive 

surveys, followed by a substantial increase in cover. Inspection of the bottom in 2001-1002 revealed 

that coral cover was affected by some activity such as anchor drag or cable scour.  

 

As mentioned above, owing to the fragile growth form with respect to wave energy, Porites compressa 

is rare in the shallow zones, but is often the most abundant coral on the deep reef slope in west 

Hawaii (Dollar 1982). On many of the NELHA survey transects conducted in the early years of 

monitoring, however, P. compressa was essentially absent. Bottom cover at Sites 1-4 consisted of only 

very small percentages of living  P. compressa (<6%), even on the deep slope transects. All of these 

sites are located either directly off of Keahole Point, or to the south of the point, in the regions that are 

directly impacted by large waves impinging from both northerly and southerly swells. Examination of 

the bottom revealed that coral cover has been steadily increasing on the deep slope zones since 

1993, but the primary species that are recruiting to the slopes are Porites lobata and Pocillopora 

meandrina, rather than Porites compressa. At Sites  6, which is the most sheltered site from the major 

force of storm waves,  P. compressa cover is relatively high at the deep transect site (36% of bottom 

cover), and is the only Site where cover of this species has been consistently high (>17%) throughout  

the surveys to date (see Table 2, Figure 10).  
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Conversely, Pocillopora meandrina is adapted to areas of high wave stress, and is most abundant in 

the nearshore boulder zones. At Sites 1-5, the entire reef area from the shoreline to the slope is 

subjected to substantial wave stress. As a result, the entire reef shelf exhibits characteristics of the 

nearshore boulder zone with P. meandrina one of the dominant corals. At Sites 1-5, Pocillopora 

meandrina is also the greatest contributor to increased coral cover over the last several years, as is 

readily evident in Figures 5-9.   

 

One-way analysis of variance (ANOVA) statistics were performed for total coral cover (Table 3), 

Porites lobata cover (Table 4), and Pocillopora meandrina cover (Table 5) at each transect site. The 

null hypothesis for these analyses is that over the time span of the monitoring surveys, within a site 

each sample area (i.e., transect) contains a population with equal mean coral cover. It can be seen in 

Table 3 that the null hypothesis is rejected (P<0.05) at all 18 transects. 

 

For the most abundant species, Porites lobata, ANOVAs also show significant differences (P≤0.05) on 

17 of the 18 transects (Table 4). ANOVAs performed on transect cover of Pocillopora meandrina also 

revealed significant differences (P≤0.05) on 16 transects (Table 5). These results indicate that over the 

course of the monitoring program, coral cover has changed significantly on most of the transects. 

 

In order to evaluate if significant differences in mean coral cover could be attributed to specific 

variations between surveys, post hoc Tukey multiple comparison probability tests were performed on 

the ANOVA statistics. Results of the Tukey multiple comparisons provide a matrix of pairwise 

probabilities for all samplings. Table 6 shows results of the combined matrices for all sampling sites. 

The Tukey comparison assigns an association to each transect on each survey date depending on the 

mean coral cover.  Mean coral cover on survey dates with the same association are not significantly 

different at the 0.05 level.  

 

It can be seen in Table 6 that coral cover falls into two major groupings over time.  With two 

exceptions (Transects 3-30 and 6-25) mean cover from the inception of monitoring from the mid to 

late 1990’s was significantly different than from that time to the present. These early phases of 

monitoring are depicted as Association A in Figure 6.  For the most recent survey, coral cover on 15 

of the 18 transects ranked in the most distant Association from Association A, indicating the greatest 

change in cover over time. As total coral cover on all but one transect was higher in 2007 compared 

to 1991, it can be interpreted that there has been significant increase in coral cover from the initial 

survey to the present.  

 

When the last two surveys (June 2002-October 2007) are compared, only three transects showed 

significant differences in mean coral cover (1-20,  1-35 and 3-20). At all three of these transect 
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stations there was substantial increases in cover between the successive surveys (24.4%, 53.8% and 

32.4%, respectively). Hence the only significant differences in coral over the last five years have been 

significant increases in coral cover.  The overall lack of significant differences over the last five years 

between surveys suggests that the community may be near an equilibrium climax state where coral 

cover is no either changing at a rapid rate, and has attained the maximum equilibrium coverage 

under the prevailing physical conditions. 

 

2. Other Benthic Macroinvertebrates 

 

The other dominant group of macroinvertebrates on survey transects are the sea urchins (Class 

Echinoidea) (see Table 7). The most common urchins are Echinometra matheai, Heterocentrotus 

mammillatus, and Tripneustes gratilla.  E. matheai are small urchins that are generally found within 

interstitial spaces bored into basaltic and limestone substrata. In the October 2007 survey, E. matheai 

occurred on all 18 transects in numbers from 4 to 29 individuals. This species was generally least 

abundant on the reef slope transects where solid substrata was not common.  

 

Three species of sea cucumbers (Holothurians) were observed sporadically on the reef, but did not 

occur on transects. Individuals of these species (Holothuria atra,  H. nobilis, and Actinopyga obesa) 

were distributed sporadically across the mid-reef and deep reef zones.  The most common large 

starfish (Asteroidea) observed on the reef surface in past surveys has been the crown-of-thorns starfish 

(Acanthaster planci). However, no A. planci were observed during the last four surveys at any of the 

transect sites. 

 

The design of the reef survey was such that no cryptic organisms or species living within interstitial 

spaces of the reef surface were enumerated. Since this is the habitat of the majority of mollusks and 

Crustacea, detailed species counts were not included in the transecting scheme. No dominant 

communities of these classes of biota were observed during the reef surveys at any of the study 

stations.    

 

 

 

V. SUMMARY 

 

In summary, based on the results of the time-course surveys, composition of coral communities off of 

the NELHA facility are largely controlled by the degree of physical energy that impacts the area from 

storm waves. Results of the twenty-two sequential surveys dating from 1991-2007 reveal no 

statistically significant decreases in coral cover that could be attributable to activities at NELHA. 
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Rather, results of the survey set indicates substantially more coral cover at present than in past years 

as a result of regrowth during a period when no storm waves have impacted the area.  Recover of 

reef corals at Site 1 from damage caused by scouring of the reef surface from anchors and cables 

associated with installation of a pipeline has been raised the level of coral in this area to an 

equivalent level as other survey sites.  

 

Examination of water chemistry monitoring data collected as part of the CEMP also indicates that 

there does not appear to be changes in marine environmental conditions from discharge that could 

affect mortality of benthos.   

 

Comparisons of the mean coral cover over the course of monitoring indicate two discrete groupings; 

surveys prior to 1999 generally had significantly lower coral cover than the surveys in the last five 

years (2002-2007). These results indicate that coral cover has increased substantially over the last five 

years. Comparisons of cover over the last year (June 2002-October 2007) indicate statistically 

significant changes on only three of the eighteen transects, all of which are increases in cover.  This 

result may indicate that the community has recovered from storm damage, and may be in a phase 

that can be considered an "equilibrium climax state." Observations of the coral communities indicate 

that substantial recolonization by newly settled corals has progressed on areas that were probably 

bared as a result of intense wave action in 1992. Based on these results, it appears that the activities 

of the NELHA facilities do not appear to be exerting any negative effects to the benthic communities in 

the vicinity of Keahole Point. 
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Figure 1. Map showing locations of six biological monitoring transects off of  NELHA. 



SITE 1 - WAWALOLI SITE 4 - 12" PIPE NORTH
CORAL SPECIES CORAL SPECIES

Porites lobata 24.9 38.9 30.7 Porites lobata 12.0 20.9 46.6
Porites compressa 0.2 5.1 36.1 Porites compressa 4.7
Pocillopora meandrina 11.0 12.6 0.4 Pocillopora meandrina 12.8 15.1 16.2
Montipora capitata 4.8 2.1 0.2 Montipora capitata 1.7 4.0
Montipora patula 0.1 0.4 Montipora patula 1.7 8.0 0.5
Pavona varians 0.2 Pavona varians
TOTAL CORAL COVER 41.2 59.1 67.4 TOTAL CORAL COVER 26.5 50.8 72.0
NUMBER OF SPECIES 6 5 4 NUMBER OF SPECIES 3 6 5
CORAL COVER DIVERSITY 0.97 0.97 0.74 CORAL COVER DIVERSITY 0.89 1.37 0.99

NON-CORAL SUBSTRATA NON-CORAL SUBSTRATA
  Basalt 52.2 28.0 0.0   Basalt 70.0 30.5 18.8
  Limestone 6.6 12.9 32.6   Limestone 3.5 18.7 9.2
  Sand 0.0 0.0 0.0   Sand 0.0 0.0 0.0
  Rubble 0.0 0.0 0.0   Rubble 0.0 0.0 0.0

SITE 2 - 18" PIPE SITE 5 - NPPE
CORAL SPECIES CORAL SPECIES

Porites lobata 24.7 12.1 15.7 Porites lobata 26.3 47.5 65.9
Porites compressa 20.3 0.2 Porites compressa 12.7 10.1 16.0
Pocillopora meandrina 18.8 14.9 Pocillopora meandrina 11.1 5.6
Pocillopora eydouxi 2.0 Pocillopora eydouxi 5.5
Montipora capitata 1.0 0.6 1.8 Montipora capitata 1.9 0.6
Montipora patula 1.8 0.6 Montipora patula 2.1 1.2 0.5
Pavona varians 0.2 Pavona varians
TOTAL CORAL COVER 47.8 32.3 34.6 TOTAL CORAL COVER 41.1 77.3 88.6
NUMBER OF SPECIES 4 5 5 NUMBER OF SPECIES 3 6 5
CORAL COVER DIVERSITY 0.91 0.86 1.07 CORAL COVER DIVERSITY 0.80 1.19 0.77

NON-CORAL SUBSTRATA NON-CORAL SUBSTRATA
  Basalt 38.4 38.9 14.3   Basalt 34.1 15.7 0.0
  Limestone 13.8 23.8 51.1   Limestone 24.8 7.0 11.4
  Sand 0.0 1.0 0.0   Sand 0.0 0.0 0.0
  Rubble 0.0 4.0 0.0   Rubble 0.0 0.0 0.0

SITE 3 - 12" PIPE SOUTH SITE 6 - HO`ONA BAY
CORAL SPECIES CORAL SPECIES

Porites lobata 31.7 18.7 41.4 Porites lobata 26.6 32.6 36.0
Porites compressa 10.7 Porites compressa 1.2 23.5
Pocillopora meandrina 25.1 12.2 14.3 Pocillopora meandrina 8.3 4.3 0.2
Montipora capitata 2.2 0.6 4.8 Montipora capitata 0.3 1.0
Montipora patula 2.1 1.1 3.6 Montipora patula 0.7 0.5
TOTAL CORAL COVER 61.1 32.6 74.8 TOTAL CORAL COVER 34.9 39.1 61.2
NUMBER OF SPECIES 4 4 5 NUMBER OF SPECIES 2 5 5
CORAL COVER DIVERSITY 0.94 0.87 1.24 CORAL COVER DIVERSITY 0.55 0.61 0.80

NON-CORAL SUBSTRATA NON-CORAL SUBSTRATA
  Basalt 19.5 58.9 13.8   Basalt 62.7 17.3 1.0
  Limestone 18.9 8.5 11.4   Limestone 2.4 43.6 9.0
  Sand 0.0 0.0 0.0   Sand 0.0 0.0 2.0
  Rubble 0.5 0.0 0.0   Rubble 0.0 0.0 26.8

TABLE 1.

15' 20' 35'

20' 25' 45'

20' 30' 45'

20' 25' 50'

20' 30' 50'

10' 25' 60'

Percent coral and non-coral substratum cover, total number of species and coral diversity on transects surveyed in the 
vicinity of NELHA on October 13, 2007.  For survey sites, see Figure 1.



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
12/91 5/92 10/92 5/93 10/93 3/94 5/94 9/94 1/95 5/95 11/97 5/98 11/98 5/99 12/99 6/00 2/01 5/01 12/01 6/02 10/07

% CORAL 12.5 5.5 5.1 4.7 7.6 2.5 5.0 6.9 5.8 5.7 24.3 30.2 19.4 16.9 21.2 24.1 34.1 32.4 23.5 42.3 41.2

% P. l. 10.8 4.4 2.9 1.9 5.7 1.3 2.8 3.0 3.8 2.9 11.3 17.8 7.6 8.1 10.9 12.3 17.8 15.5 7.5 27.3 24.9

15' % P. c. 0.1 0.6 0.1 0.8 0.2

% P. m. 1.7 1.0 2.2 2.5 1.7 0.4 0.7 1.8 1.6 1.9 12.5 9.9 11.0 5.3 9.4 9.5 14.1 14.3 14.3 11.6 11.0

Sp. # 2 4 2 3 4 4 8 6 5 4 4 4 4 6 3 5 4 5 5 7 6

Sp. div. 0.39 0.57 0.68 0.87 0.67 1.19 1.41 1.32 0.89 1.10 0.79 0.93 0.85 1.27 0.84 1.01 0.92 0.94 0.93 0.93 0.97

% CORAL 1.7 23.6 10.8 12.1 17.7 8.7 14.9 23.3 15.6 15.9 32.0 37.9 35.5 23.9 45.9 26.3 31.4 44.8 33.7 34.7 59.1

% P. l. 1.4 22.2 9.8 11.4 16.5 4.1 13.3 21.7 13.8 14.2 20.6 21.7 16.5 11.4 25.8 13.2 14.4 14.4 14.3 16.3 38.9

20' % P. c. 0.2 0.1 0.1 0.6 0.3 1.1 0.3 0.3 0.3 5.1

% P. m. 0.1 1.1 0.5 0.2 0.5 3.9 0.6 0.2 0.3 1.1 7.0 11.8 13.7 9.1 13.1 8.5 12.0 22.1 16.6 14.1 12.6

Sp. # 4 6 3 3 5 5 3 5 4 3 4 6 7 5 5 5 4 6 5 6 5

Sp. div. 0.57 0.27 0.37 0.23 0.33 0.99 0.41 0.32 0.47 0.41 0.98 1.03 1.16 1.13 1.11 1.20 1.08 1.18 0.97 1.12 0.97

% CORAL 23.9 2.9 2.5 2.2 5.3 8.5 8.4 8.9 9.9 14.2 13.9 15.1 32.0 22.7 23.2 29.4 29.5 28.3 8.5 14.6 67.4

% P. l. 14.7 2.5 2.2 1.5 2.9 3.6 6.3 7.1 7.5 8.2 7.7 7.0 19.7 10.4 10.4 13.5 13.8 15.2 4.9 5.8 30.7

35' % P. c. 9.2 0.3 0.3 1.0 0.5 0.6 1.7 0.9 1.5 0.3 0.6 1.2 0.6 2.6 36.1

% P. m. 0.1 0.1 0.1 0.1 1.0 3.3 1.6 1.3 1.2 4.8 5.3 4.5 10.8 8.9 10.8 11.5 13.0 9.9 1.8 4.4 0.4

Sp. # 3 3 3 5 4 7 4 3 3 5 4 5 5 4 4 5 4 5 5 4 4

Sp. div. 0.68 0.42 0.44 1.05 1.15 1.32 0.74 0.62 0.72 0.94 0.91 1.25 0.85 1.11 0.96 1.15 0.95 1.07 1.15 1.29 0.74

% CORAL 12.5 15.6 19.2 15.8 18.6 10.0 15.5 15.1 15.2 24.5 35.2 54.5 49.8 36.8 46.4 45.9 49.5 46.3 54.7 41.7 47.8

% P. l. 5.8 2.8 5.2 6.4 4.9 4.1 6.1 3.8 6.7 7.0 14.5 21.8 17.7 17.9 11.9 15.1 20.1 16.3 22.9 14.2 24.7

20' % P. c. 0.8 0.3

% P. m. 6.2 10.0 11.2 5.7 11.8 3.9 8.4 6.2 6.8 9.3 15.7 20.8 26.2 13.8 27.4 27.4 24.7 29.3 25.2 22.6 20.3

Sp. # 4 7 5 6 3 5 5 5 5 6 4 5 5 5 6 6 7 4 7 4 4

Sp. div. 0.84 1.01 1.00 1.24 0.87 1.21 0.95 1.34 1.06 1.44 1.03 1.26 1.05 1.11 1.13 0.96 1.04 0.73 1.11 0.97 0.91

% CORAL 14.3 13.0 9.1 13.1 11.8 16.0 17.3 13.2 23.0 20.4 39.6 53.5 44.9 44.9 49.5 43.2 53.1 59.0 40.1 52.9 32.3

% P. l. 5.2 4.4 3.9 2.6 3.4 4.8 3.7 3.3 12.8 8.6 12.2 15.5 20.0 19.2 8.2 8.4 12.7 16.7 8.2 21.2 12.1

25' % P. c. 0.3 0.5 0.4 0.7 0.2

% P. m. 8.5 8.0 3.2 8.9 6.0 5.9 10.7 6.9 6.4 9.0 23.5 25.8 18.9 20.9 38.8 30.7 32.0 32.6 24.2 23.5 18.8

Sp. # 6 6 4 5 6 8 5 6 4 5 6 5 5 5 4 7 7 5 6 5 5

Sp. div. 0.84 0.85 1.15 0.89 1.17 1.56 1.06 1.27 1.04 1.13 1.03 1.22 1.10 1.03 0.67 0.89 1.11 1.11 1.15 1.12 0.86

% CORAL 12.4 7.4 5.5 16.2 10.7 12.9 12.9 8.4 12.5 4.3 18.9 22.0 22.6 12.6 27.0 36.9 40.8 36.4 41.4 31.6 34.6

% P. l. 9.2 6.0 4.0 13.3 8.0 11.9 9.3 7.7 11.8 2.4 8.0 7.7 10.6 3.5 2.5 4.6 5.3 9.6 15.7 16.4 15.7

45' % P. c. 2.5 1.3 1.3 1.3 2.4 0.6 2.7 0.4 0.2 0.7 3.7 1.1 0.1 0.1 0.2 0.4 1.6 0.2

% P. m. 0.1 0.5 0.1 0.2 0.2 0.3 0.4 0.9 9.9 10.4 10.1 8.7 22.6 31.4 31.2 26.6 22.1 10.9 14.9

Sp. # 6 4 4 3 4 5 3 3 4 4 3 4 7 5 7 4 6 3 6 5 5

Sp. div. 0.58 0.54 0.72 0.59 0.67 0.36 0.75 0.34 0.27 1.13 0.86 1.06 1.02 0.75 0.65 0.50 0.80 0.61 0.99 1.12 1.07

% CORAL 8.9 8.7 8.5 6.5 6.5 9.4 12.0 10.7 5.9 31.8 15.0 21.6 13.2 21.5 29.6 39.0 51.3 28.7 28.7 61.1

% P. l. 1.4 1.4 2.0 2.4 1.9 2.5 4.1 2.2 1.3 17.3 3.5 7.8 7.5 7.8 9.0 19.9 23.1 10.8 9.2 31.7

20' % P. c. 0.3 0.1

% P. m. 6.9 7.1 6.6 4.1 3.4 5.1 7.5 7.7 4.6 12.2 7.7 4.7 13.5 19.6 18.1 18.8 15.7 15.4 25.1

Sp. # 5 4 2 2 4 4 3 4 2 4 6 6 3 3 3 5 6 4 5 4

Sp. div. 0.70 0.56 0.54 0.66 1.04 1.10 0.77 0.81 0.53 0.92 1.27 0.93 0.88 0.70 0.75 0.82 1.28 0.93 1.13 0.94

% CORAL 20.2 13.7 21.2 16.8 20.5 18.8 19.2 23.4 17.6 42.7 42.2 50.9 36.9 57.5 57.5 56.9 60.9 56.7 52.0 32.6

% P. l. 8.5 7.3 14.3 9.9 12.6 7.8 6.9 12.9 5.1 12.9 15.0 32.9 18.8 30.0 20.4 15.3 23.3 14.1 20.1 18.7

30' % P. c. 1.4 0.4 0.2

% P. m. 7.2 3.6 4.6 2.8 5.1 5.2 8.5 6.1 7.5 26.2 20.7 13.1 17.0 26.5 37.7 27.1 28.4 24.2 12.2

Sp. # 6 6 6 5 4 5 4 5 5 6 5 4 4 6 5 5 8 5 6 4

Sp. div. 1.28 1.28 0.95 1.21 1.01 1.36 1.14 1.17 1.27 0.95 1.12 0.77 1.05 1.14 1.18 0.86 1.23 1.28 1.19 0.87

% CORAL 15.0 17.9 22.2 31.0 22.9 14.3 30.8 28.9 26.1 50.4 75.6 68.2 36.3 65.0 65.3 71.7 76.6 72.2 68.0 74.8

% P. l. 11.5 14.1 16.8 19.1 17.9 10.1 18.9 18.3 16.7 15.5 28.9 23.1 15.9 26.0 20.8 30.6 28.6 45.0 28.0 41.4

45' % P. c. 0.5 0.2 0.9 0.7 0.4 1.0 1.4 0.4 0.5 1.0 1.1 1.4 0.6 0.7 1.8 5.8 5.3 2.1 10.7

% P. m. 0.9 1.2 2.3 2.8 1.3 0.8 2.8 4.4 4.6 27.3 35.3 35.7 5.0 30.3 34.5 27.0 32.1 14.7 24.9 14.3

Sp. # 6 6 6 9 7 7 6 4 6 6 7 6 7 7 8 7 6 6 7 5

Sp. div. 0.86 0.78 0.84 1.22 0.83 1.00 1.20 1.04 1.08 1.17 1.16 1.12 1.41 1.16 1.20 1.32 1.30 1.14 1.32 1.24
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TABLE 2a. Coral community data for each survey of the NELHA benthic monitoring program at Sites 1-3. % Coral represents percentage 
of bottom covered by all species of coral. % Pl, Pc and Pm are percentage cover of bottom by each of the three most common corals 
(Porites lobata, Porites compressa and Pocillopora meandrina). S p.# represents total number of coral species encountered on transects; 
Sp. div. represents Shannon-Weaver Species diversity. For locations of transect sites, see Figure 1. 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

12/91 5/92 10/92 5/93 10/93 3/94 5/94 9/94 1/95 5/95 11/97 5/98 11/98 5/99 12/99 6/00 2/01 5/01 12/01 6/02 10/07

% CORAL 8.3 4.5 7.6 14.8 10.0 10.2 9.6 7.5 15.1 35.9 32.0 36.2 27.2 37.1 34.1 40.5 43.4 41.9 32.0 26.5

% P. l. 3.2 2.2 2.5 5.0 3.0 3.3 3.4 4.6 3.5 9.7 11.9 10.0 6.6 10.9 8.0 14.9 11.8 16.1 9.2 12.0

20' % P. c. 0.2 0.2 0.1

% P. m. 4.3 2.3 3.1 6.3 3.5 3.9 5.1 1.5 8.1 22.1 18.7 22.9 20.2 24.1 22.8 22.9 26.4 21.1 18.4 12.8

Sp. # 7 3 6 6 6 5 4 5 7 3 5 4 4 4 4 5 4 5 7 3

Sp. div. 1.02 0.78 1.30 1.33 1.58 1.40 1.03 1.13 1.35 0.90 0.85 0.88 0.64 0.81 0.90 0.93 0.94 1.05 1.07 0.89

% CORAL 13.8 12.5 14.1 17.6 20.8 23.7 22.7 19.1 16.2 29.8 45.9 41.5 53.0 33.7 33.2 50.9 40.5 51.0 49.2 50.8

% P. l. 9.2 9.9 7.1 7.0 9.2 9.0 10.4 9.3 10.1 14.8 23.9 22.5 15.7 16.3 20.6 21.7 16.1 19.1 23.6 20.9

25' % P. c. 0.4 0.1 0.1 2.2 1.2 1.2 0.8 2.2 0.3

% P. m. 3.4 1.3 4.0 3.0 3.5 7.7 5.5 6.8 4.3 12.1 16.1 14.4 31.1 12.5 11.1 21.5 18.9 21.6 16.2 15.1

Sp. # 6 6 6 7 7 6 5 4 6 4 4 4 7 7 5 7 6 8 7 6

Sp. div. 0.95 0.79 1.26 1.48 1.47 1.39 1.18 1.10 1.01 0.99 1.04 0.95 1.09 1.19 0.85 1.20 1.17 1.35 1.28 1.37

% CORAL 17.4 13.2 17.7 27.1 21.8 19.4 22.5 30.4 29.9 40.6 63.6 47.3 58.1 59.8 63.7 66.6 60.1 60.4 64.8 72.0

% P. l. 14.1 10.5 13.9 15.3 16.4 14.0 14.4 24.8 23.9 23.5 32.0 26.6 36.0 32.2 36.2 35.4 29.0 27.7 38.1 46.6

50' % P. c. 1.2 0.3 0.8 0.6 0.4 0.2 0.5 0.8 0.5 2.3 1.4 1.7 0.9 1.8 2.3 2.8 3.2 1.9 5.6 4.7

% P. m. 0.1 0.5 0.5 3.6 0.8 1.0 2.0 0.8 1.8 7.1 14.6 8.0 13.7 15.4 13.7 17.8 21.0 14.4 10.8 16.2

Sp. # 6 4 6 5 5 6 5 5 5 6 6 5 5 7 5 6 6 6 6 5

Sp. div. 0.70 0.67 0.77 1.13 0.75 0.87 1.07 0.67 0.74 1.22 1.22 1.23 1.03 1.23 1.17 1.19 1.22 1.35 1.24 0.99

% CORAL 18.6 21.7 20.6 25.6 22.9 26.4 33.7 24.5 19.6 62.0 46.7 42.5 47.8 66.8 53.7 37.7 48.1 52.9 45.3 41.1

% P. l. 6.9 6.1 5.9 9.4 7.4 8.7 11.0 8.2 6.6 33.8 20.5 15.4 19.1 31.9 25.3 12.6 21.1 28.4 19.7 26.3

20' % P. c. 0.6 0.6 0.8 12.7

% P. m. 8.8 10.2 11.8 10.7 11.8 15.0 13.6 9.6 8.6 21.2 20.0 16.3 21.8 24.6 22.1 22.9 24.3 19.8 22.1

Sp. # 6 7 6 5 7 5 6 6 5 6 7 6 5 6 4 5 5 4 7 3

Sp. div. 1.21 1.43 1.13 1.25 1.25 0.99 1.40 1.45 1.28 1.06 1.19 1.37 1.12 1.17 1.05 0.87 0.92 0.98 0.97 0.80

% CORAL 29.5 33.9 36.6 51.3 44.1 45.3 47.2 51.7 42.1 61.6 75.3 64.8 75.3 85.4 71.3 77.2 71.7 70.2 59.2 77.3

% P. l. 10.4 16.6 14.1 18.7 19.3 22.1 23.0 28.1 26.5 24.9 31.9 27.1 35.6 46.9 39.6 33.4 38.0 41.5 28.7 47.5

30' % P. c. 0.3 0.3 1.6 0.8 2.8 1.6 1.7 0.2 2.8 1.2 1.3 1.6 1.9 4.5 2.8 2.4 6.4 10.1

% P. m. 17.6 15.8 18.8 26.2 22.0 17.0 19.1 19.7 13.2 19.1 33.1 30.4 27.7 30.6 22.8 35.2 22.6 17.2 22.4 11.1

Sp. # 6 7 6 7 5 5 6 6 6 7 7 6 7 6 5 6 7 6 6 6

Sp. div. 0.88 0.90 1.05 1.13 0.95 1.13 1.09 0.98 0.89 1.50 1.17 1.11 1.23 1.04 1.08 1.10 1.20 1.13 1.11 1.19

% CORAL 28.0 38.3 45.5 40.5 47.7 40.5 60.3 58.4 55.1 83.8 83.9 77.2 79.8 74.7 89.8 77.7 89.6 76.6 90.3 88.6

% P. l. 23.2 30.1 34.2 32.4 41.1 31.6 47.7 41.7 37.8 57.1 55.4 47.7 49.7 48.8 56.3 45.5 62.0 41.9 61.1 65.9

50' % P. c. 1.9 1.4 3.5 1.4 1.7 3.8 2.1 5.4 7.6 11.1 6.3 14.3 20.5 11.7 14.5 17.2 17.0 10.3 21.4 16.0

% P. m. 1.5 3.0 3.8 4.4 2.1 1.0 5.7 5.5 3.8 8.3 10.6 8.9 5.3 6.3 9.0 8.2 6.3 15.2 5.1 5.6

Sp. # 6 7 6 6 5 5 6 6 7 7 7 4 7 7 6 5 5 7 5 5

Sp. div. 0.68 0.83 0.91 0.74 0.56 0.78 0.78 0.96 1.04 1.05 1.15 1.06 1.01 1.11 1.17 1.15 0.93 1.29 0.89 0.77

% CORAL 15.1 15.1 24.8 12.0 7.5 9.0 6.8 10.9 10.8 11.0 17.6 24.0 27.7 15.3 32.2 35.2 46.9 41.9 43.6 35.2 34.9

% P. l. 12.3 10.0 18.3 7.5 4.8 7.2 4.7 6.2 9.1 6.3 12.0 16.5 13.5 7.0 15.2 19.0 24.2 15.9 22.7 4.4 26.6

10' % P. c. 0.2 0.3 0.2 0.2

% P. m. 2.4 4.4 3.9 3.9 1.5 1.1 0.9 2.1 1.7 2.4 4.3 6.8 10.1 8.3 12.7 14.9 17.6 21.2 19.1 30.8 8.3

Sp. # 3 4 5 6 3 5 6 3 2 3 5 4 4 2 4 3 5 6 4 2 2

Sp. div. 0.55 0.79 0.85 0.87 0.90 0.73 1.02 0.98 0.44 0.98 0.86 0.74 1.03 0.69 1.02 0.82 1.03 1.08 0.85 0.38 0.55

% CORAL 42.1 30.8 27.8 30.7 26.0 38.1 18.6 25.7 28.7 23.4 68.0 82.6 64.9 48.0 48.4 44.0 49.5 30.6 42.1 38.9 39.1

% P. l. 37.4 25.4 22.1 22.8 21.3 35.2 13.1 23.0 24.9 20.3 46.4 51.0 28.7 28.1 24.2 29.3 29.9 16.1 30.3 26.3 32.6

25' % P. c. 4.1 3.5 5.0 6.8 2.3 2.1 4.1 1.1 3.5 3.0 18.9 29.4 28.7 12.6 17.8 10.1 16.1 2.9 0.9 1.2

% P. m. 0.6 1.7 0.6 1.0 2.3 0.3 1.2 0.1 0.1 0.6 1.1 6.7 3.2 5.2 3.6 2.9 12.0 7.2 11.6 4.3

Sp. # 3 4 3 3 4 6 5 4 4 3 7 5 5 5 6 6 4 4 6 4 5

Sp. div. 0.39 0.58 0.57 0.66 0.61 0.35 0.81 0.44 0.43 0.41 0.80 0.79 1.02 1.10 1.06 0.92 0.89 0.95 0.88 0.73 0.61

% CORAL 34.7 39.1 35.1 45.9 40.8 55.0 41.5 49.0 46.3 43.4 77.1 88.9 82.0 83.4 69.5 72.0 65.0 82.9 76.8 86.5 61.2

% P. l. 12.5 20.0 12.7 18.8 18.7 18.9 19.2 20.8 23.3 17.4 27.9 30.4 28.3 28.8 27.0 24.6 38.2 32.9 33.0 39.3 36.0

60' % P. c. 20.0 18.0 21.7 25.3 19.9 35.2 19.1 25.3 21.8 23.3 44.7 54.3 49.4 52.6 38.7 43.8 22.4 43.8 38.4 39.7 23.5

% P. m. 0.5 0.3 0.1 0.3 1.1 0.1 0.7 0.4 0.3 0.5 0.3 0.2 0.5 1.1 1.6 0.4 0.2

Sp. # 7 5 5 6 4 5 7 5 6 6 4 6 6 6 6 4 6 5 6 6 5

Sp. div. 0.93 0.83 0.76 0.86 0.90 0.74 1.02 0.92 0.82 0.95 0.88 0.85 0.88 0.78 0.91 0.85 0.95 0.97 0.98 1.04 0.80

SURVEY NUMBER/DATE
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TABLE 2b. Coral community data for each survey of the NELHA benthic monitoring program at Sites 4-6. % Coral represents percentage of 
bottom covered by all species of coral. % Pl, Pc and Pm are percentage cover of bottom by each of the three most common corals (Porites lobata, 
Porites compressa and Pocillopora meandrina). S p.# represents total number of coral species encountered on transects; Sp. div. represents 
Shannon-Weaver Species diversity. For locations of transect sites, see Figure 1. 



SITE DEPTH SOURCE OF VARIATION
SS df MS F P-value

15' Between Groups 33339.03 20 1666.95 15.819 0.000
Within Groups 19916.50 189 105.38

1 - WAWAOLI
20' Between Groups 40264.14 20 2013.21 11.929 0.000

Within Groups 28352.85 168 168.77

35' Between Groups 40483.42 20 2024.17 17.264 0.000
Within Groups 19698.17 168 117.25

SS df MS F P-value

20' Between Groups 48549.09 20 2427.45 17.948 0.000
Within Groups 22721.42 168 135.25

2 - 18" PIPE
25' Between Groups 55438.80 20 2771.94 15.206 0.000

Within Groups 30625.48 168 182.29

45' Between Groups 26566.76 20 1328.34 6.427 0.000
Within Groups 34724.56 168 206.69

SS df MS F P-value

20' Between Groups 40514.88 19 2132.36 12.945 0.000
Within Groups 26355.56 160 164.72

3 - 12" PIPE S.
30' Between Groups 54239.58 19 2854.71 14.834 0.000

Within Groups 30790.17 160 192.44

45' Between Groups 102724.58 19 5406.56 36.558 0.000
Within Groups 23662.36 160 147.89

SS df MS F P-value

20' Between Groups 31989.64 19 1683.67 13.567 0.000
Within Groups 19855.56 160 124.10

4 - 12" PIPE N.
25' Between Groups 38549.20 19 2028.91 8.028 0.000

Within Groups 40434.78 160 252.72

50' Between Groups 73890.86 19 3888.99 18.319 0.000
Within Groups 33967.72 160 212.30

SS df MS F P-value

20' Between Groups 41926.69 19 2206.67 10.723 0.000
Within Groups 32927.00 160 205.79

5 - NPPE
30' Between Groups 46199.35 19 2431.54 9.223 0.000

Within Groups 42180.17 160 263.63

50' Between Groups 73884.89 19 3888.68 21.219 0.000
Within Groups 29321.67 160 183.26

SS df MS F P-value

10' Between Groups 31954.49 20 1597.72 10.332 0.000
Within Groups 25980.28 168 154.64

6 - HO'ONA BAY
25' Between Groups 50628.70 20 2531.44 5.301 0.000

Within Groups 80220.50 168 477.50

60' Between Groups 69657.91 20 3482.90 10.247 0.000
Within Groups 57103.06 168 339.90

TABLE 3. ANOVA summary table for total cover  at sites off of NELHA, West Hawaii.   Sites 1, 2 and 
6 were surveyed on twenty-one dates (N=210); sites 3, 4 and 5 were surveyed on twenty dates 
(N=200).  For site locations, see Figure 1. 



SITE DEPTH SOURCE OF VARIATION
SS df MS F P-value

15' Between Groups 11252.58 20 562.63 7.006 0.000
Within Groups 15178.03 189 80.31

1 - WAWAOLI
20' Between Groups 12995.79 20 649.79 4.181 0.000

Within Groups 26108.66 168 155.41

35' Between Groups 8566.30 20 428.32 5.706 0.000
Within Groups 12610.82 168 75.06

SS df MS F P-value

20' Between Groups 10403.80 20 520.19 5.780 0.000
Within Groups 15119.83 168 90.00

2 - 18" PIPE
25' Between Groups 6911.45 20 345.57 5.355 0.000

Within Groups 10841.33 168 64.53

45' Between Groups 3595.53 20 179.78 1.351 0.154
Within Groups 22355.28 168 133.07

SS df MS F P-value

20' Between Groups 12156.47 19 639.81 6.251 0.000
Within Groups 16376.28 160 102.35

3 - 12" PIPE S.
30' Between Groups 10371.69 19 545.88 3.651 0.000

Within Groups 23920.22 160 149.50

45' Between Groups 18049.64 19 949.98 10.817 0.000
Within Groups 14051.17 160 87.82

SS df MS F P-value

20' Between Groups 3432.59 19 180.66 3.349 0.000
Within Groups 8631.39 160 53.95

4 - 12" PIPE N.
25' Between Groups 5693.42 19 299.65 1.665 0.047

Within Groups 28787.56 160 179.92

50' Between Groups 19321.37 19 1016.91 7.097 0.000
Within Groups 22926.83 160 143.29

SS df MS F P-value

20' Between Groups 16500.64 19 868.45 8.938 0.000
Within Groups 15545.44 160 97.16

5 - NPPE
30' Between Groups 20101.30 19 1057.96 7.877 0.000

Within Groups 21490.00 160 134.31

50' Between Groups 25081.29 19 1320.07 9.242 0.000
Within Groups 22853.94 160 142.84

SS df MS F P-value

10' Between Groups 8969.52 20 448.48 5.000 0.000
Within Groups 15068.22 168 89.69

6 - HO'ONA BAY
25' Between Groups 15011.38 20 750.57 1.741 0.031

Within Groups 72428.83 168 431.12

60' Between Groups 10648.70 20 532.43 2.283 0.002
Within Groups 39179.94 168 233.21

TABLE 4. ANOVA summary table for Porites lobata  cover  at sites off of NELHA.  Sites 1, 2 and 6 were 
surveyed on  twenty-one dates (N=210); sites 3, 4 and 5 were surveyed on twenty dates (N=200).   For 
site locations, see Figure 1. 



SITE DEPTH SOURCE OF VARIATION
SS df MS F P-value

15' Between Groups 5608.94 20 280.447 9.274 0.000
Within Groups 5715.61 189 30.241

1 - WAWAOLI
20' Between Groups 8674.42 20 433.72 11.969 0.000

Within Groups 6087.78 168 36.23677

35' Between Groups 4389.02 20 219.45 6.166 0.000
Within Groups 5979.38 168 35.59

SS df MS F P-value

20' Between Groups 14608.19 20 730.41 8.980 0.000
Within Groups 13665.33 168 81.34

2 - 18" PIPE
25' Between Groups 21596.91 20 1079.85 11.365 0.000

Within Groups 15963.01 168 95.02

45' Between Groups 22568.29 20 1128.41 15.132 0.000
Within Groups 12528.00 168 74.57

SS df MS F P-value

20' Between Groups 7370.64 19 387.93 9.166 0.000
Within Groups 6771.61 160 42.32

3 - 12" PIPE S.
30' Between Groups 20686.13 19 1088.74 15.117 0.000

Within Groups 11523.22 160 72.02

45' Between Groups 30308.81 19 1595.20 21.967 0.000
Within Groups 11618.75 160 72.62

SS df MS F P-value

20' Between Groups 13283.77 19 699.15 9.553 0.000
Within Groups 11709.67 160 73.19

4 - 12" PIPE N.
25' Between Groups 12262.63 19 645.40 8.690 0.000

Within Groups 11882.56 160 74.27

50' Between Groups 16584.75 19 872.88 23.491 0.000
Within Groups 5945.33 160 37.16

SS df MS F P-value

20' Between Groups 13831.75 19 727.99 1.350 0.160
Within Groups 86274.67 160 539.22

5 - NPPE
30' Between Groups 10454.77 19 550.25 3.512 0.000

Within Groups 25066.22 160 156.66

50' Between Groups 24575.72 19 1293.46 22.619 0.000
Within Groups 9149.44 160 57.18

SS df MS F P-value

10' Between Groups 12799.49 20 639.97 13.434 0.000
Within Groups 8003.00 168 47.64

6 - HO'ONA BAY
25' Between Groups 2274.20 20 113.71 5.233 0.000

Within Groups 3650.89 168 21.73

60' Between Groups 23.75 20 1.19 0.978 0.492
Within Groups 204.06 168 1.21

TABLE 5. ANOVA summary table for Pocillopora meandrina  cover at sites off NELHA . Sites 1, 2 and 6 
were surveyed on twenty-one dates (N=210); sites 3, 4 and 5 were surveyed on twenty dates 
(N=200).  For site locations, see Figure 1. 



TRANSECT 1-15 TRANSECT 1-20 TRANSECT 1-35 TRANSECT 2-20 TRANSECT 2-25 TRANSECT 2-45
Date Association Date Association Date Association Date Association Date Association Date Association

Mar-94 A Dec-91 A May-93 A Mar-94 A Oct-92 A May-95 A
May-93 AB Mar-94 AB Oct-92 A Dec-91 A Oct-93 AB Oct-92 A
May-94 AB Oct-92 ABC May-92 A Sep-94 A May-92 AB May-92 A
Oct-92 AB May-93 ABCD Oct-93 AB Jan-95 A May-93 AB Sep-94 AB
May-92 AB May-94 ABCDE May-94 ABC May-94 A Sep-94 AB Oct-93 AB
May-95 AB Jan-95 ABCDEF Mar-94 ABC May-92 A Dec-91 AB Dec-91 ABC
Jan-95 AB May-95 ABCDEF Dec-01 ABC May-93 A Mar-94 AB Jan-95 ABC
Sep-94 ABC Oct-93 ABCDEF Sep-94 ABC Oct-93 AB May-94 AB May-99 ABC
Oct-93 ABCD Sep-94 ABCDEFG Jan-95 ABC Oct-92 AB May-95 ABC May-94 ABC
Dec-91 ABCD May-92 ABCDEFG Nov-97 ABCD May-95 ABC Jan-95 ABCD Mar-94 ABC
May-99 ABCDE May-99 ABCDEFG May-95 ABCD Nov-97 BCD Oct-07 BCDE May-93 ABCD
Nov-98 ABCDEF Jun-00 BCDEFG Jun-02 ABCDE May-99 BCDE Nov-97 CDEF Nov-97 ABCDE
Dec-99 BCDEF Feb-01 BCDEFG May-98 ABCDE Jun-02 CDE Dec-01 CDEF May-98 ABCDE
Dec-01 CDEF Nov-97 CDEFG May-99 BCDE Jun-00 DE Jun-00 DEF Nov-98 ABCDE
Jun-00 DEF Dec-01 DEFG Dec-99 CDE May-01 DE Nov-98 DEF Dec-99 ABCDE
Nov-97 DEFG Jun-02 DEFG Dec-91 CDE Dec-99 DE May-99 DEF Jun-02 BCDE
May-98 EFGH Nov-98 EFG May-01 DE Oct-07 DE Dec-99 EF Oct-07 CDE
May-01 EFGH May-98 FGH Jun-00 DE Feb-01 DE Jun-02 EF May-01 DE
Feb-01 FGH May-01 GH Feb-01 DE Nov-98 DE Feb-01 EF Jun-00 DE
Oct-07 GH Dec-99 GH Nov-98 EF May-98 E May-98 EF Feb-01 E
Jun-02 H Oct-07 H Oct-07 G Dec-01 E May-01 F Dec-01 E

TRANSECT 3-20 TRANSECT 3-30 TRANSECT 3-45 TRANSECT 4-20 TRANSECT 4-25 TRANSECT 4-50
Date Association Date Association Date Association Date Association Date Association Date Association

May-95 A Oct-92 A May-94 A Oct-92 A Oct-92 A Oct-92 A
Mar-94 A Oct-93 AB May-92 A Jan-95 A May-92 A May-92 A
Oct-93 A May-95 AB Oct-92 AB May-93 A May-93 A May-93 AB
May-93 AB May-94 AB May-93 AB May-92 AB May-95 AB May-94 AB
Oct-92 AB Sep-94 ABC Mar-94 AB Sep-94 ABC Oct-93 AB Mar-94 AB
May-92 AB May-92 ABCD May-95 AB Mar-94 ABC Jan-95 AB Sep-94 AB
May-94 ABC Mar-94 ABCD Jan-95 AB May-94 ABC Mar-94 ABC Oct-93 ABC
Jan-95 ABC May-93 ABCD Sep-94 ABC Oct-93 ABCD Sep-94 ABC May-95 ABC
Sep-94 ABCD Jan-95 ABCD Oct-93 ABC May-95 ABCD May-94 ABCD Jan-95 ABC
May-99 ABCD Oct-07 ABCDE May-99 BC Oct-07 BCDE Nov-97 ABCDE Nov-97 BCD
May-98 ABCD May-99 BCDEF Nov-97 CD May-99 CDE Jun-00 ABCDE Nov-98 CDE
Dec-99 ABCDE May-98 CDEFG Dec-99 DE Jun-02 DE Dec-99 ABCDE May-99 DEF
Nov-98 ABCDE Nov-97 DEFG Jun-00 DE May-98 DE May-01 BCDE Dec-99 DEF
Jun-02 BCDE Nov-98 EFG Jun-02 DE Jun-00 E Nov-98 BCDE May-01 DEF
Dec-01 BCDE Jun-02 EFG Nov-98 DE Nov-97 E May-98 CDE Dec-01 DEF
Jun-00 CDE Dec-01 FG Feb-01 E Nov-98 E Jun-02 DE May-98 DEF
Nov-97 DEF Feb-01 FG Dec-01 E Dec-99 E Oct-07 E Jun-00 EF
Feb-01 EF Jun-00 FG Oct-07 E Feb-01 E Feb-01 E Jun-02 EF
May-01 FG Dec-99 FG May-98 E Dec-01 E Dec-01 E Feb-01 EF
Oct-07 G May-01 G May-01 E May-01 E May-99 E Oct-07 F

TRANSECT 5-20 TRANSECT 5-30 TRANSECT 5-50 TRANSECT 6-10 TRANSECT 6-25 TRANSECT 6-60
Date Association Date Association Date Association Date Association Date Association Date Association

May-92 A May-92 A May-92 A May-94 A May-94 A Dec-91 A
May-95 A Oct-92 AB Oct-92 AB Oct-93 A May-95 A Oct-92 A
May-93 A May-93 ABC May-94 AB Mar-94 AB Sep-94 A May-92 AB
Oct-92 AB May-95 ABCD Oct-93 AB Jan-95 AB Oct-93 A Oct-93 ABC
Mar-94 ABC Mar-94 ABCDE May-93 AB Sep-94 AB Oct-92 A May-94 ABC
Jan-95 ABCD May-94 ABCDEF Mar-94 AB May-95 AB Jan-95 AB May-95 ABCD
Oct-93 ABCD Sep-94 ABCDEFG May-95 BC May-93 AB May-01 AB May-93 ABCD
May-94 ABCD Oct-93 ABCDEFGH Jan-95 BCD Dec-91 ABC May-93 AB Jan-95 ABCD
Sep-94 ABCDE Jan-95 ABCDEFGH Sep-94 BCDE May-92 ABC May-92 AB Sep-94 ABCDE
Feb-01 ABCDE Jun-02 BCDEFGHI Dec-99 CDEF May-99 ABC Mar-94 ABC Mar-94 ABCDEF
Oct-07 ABCDEF Nov-97 CDEFGHI Dec-01 CDEF Nov-97 ABC Jun-02 ABC Oct-07 ABCDEFG
Nov-98 ABCDEF Nov-98 DEFGHI Nov-98 CDEF May-98 ABCD Oct-07 ABC Feb-01 BCDEFG
Jun-02 BCDEFG Dec-01 EFGHI Feb-01 CDEF Oct-92 ABCD Dec-01 ABC Dec-99 CDEFG
May-98 CDEFG Jun-00 FGHI May-99 DEF Nov-98 BCDE Dec-91 ABC Jun-00 DEFG
May-99 DEFG May-01 GHI Nov-97 EF Dec-99 CDE Jun-00 ABC Dec-01 EFG
May-01 DEFG May-99 HI May-98 EF Oct-07 CDE May-99 ABCD Nov-97 EFG
Dec-01 EFG May-98 HI Oct-07 F Jun-02 CDE Dec-99 ABCD Nov-98 FG
Jun-00 EFG Feb-01 HI May-01 F Jun-00 CDE Feb-01 ABCD May-01 FG
Nov-97 FG Oct-07 HI Jun-00 F May-01 DE Nov-98 BCD May-99 FG
Dec-99 G Dec-99 I Jun-02 F Dec-01 DE Nov-97 CD Jun-02 G

Feb-01 E May-98 D May-98 G

TABLE 6. Matrix of Tukey HSD multiple comparison probablilities showing significant (P<0.05) differences between mean coral cover on transects in the vicinity of NELHA.  Survey Dates 
followed by the same Association letter are not significantly different. 



TABLE 7.    Cumulative sea urchin data for NELHA benthic monitoring program. For site and transect locations, see Figure 1.

SITE TRANSECT SPECIES 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

12/91 5/92 10/92 5/93 10/93 3/94 5/94 9/94 1/95 5/95 11/97 5/98 11/98 5/99 12/99 6/00 2/01 5/01 12/01 6/02 10/07

1 15' E. matheai 36 14 8 11 24 14 20 24 31 26 22 31 27 34 38 29 41 29 32 21 29
H. mammillatus 1 1 2 1 1 2 2
T. gratilla 1 1 1 2 3 3 1 2
E. diadema 2 1 1 1

20' E. matheai 9 40 30 17 34 29 25 31 35 41 35 39 42 31 29 32 26 24 37 26 31
H. mammillatus 1 1
E. diadema 1 1 1 2

35' E. matheai 5 3 1 1 6 3 4 5 3 2 1 2 3 4 2 5 4 4 2 6
H. mammillatus 1 1 1 1 2 2 1
E. diadema 1
T. gratilla 2 1 1 2

2 20' E. matheai 19 2 4 3 8 4 6 3 2 4 3 5 4 2 5 6 8 11 12 14 8
25' E. matheai 8 5 3 11 13 6 14 21 28 24 27 32 35 39 19 32 31 29 19 21 22

E. aciculatus 1 1 1 1
E. diadema 1 2
T. gratilla 1

45' E. matheai 4 9 8 7 6 2 11 7 5 4 4 2 2 2 11 4 21 18 13 11 15
E. diadema 2

3 20' E. matheai 2 3 2 1 1 2 1 2 3 4 2 6 5 11 16 21 19 12 16
E. diadema 1

30' E. matheai 15 4 6 11 8 5 3 2 2 2 3 3 4 4 8 11 14 15 11 16
45' E. diadema 1 2 2 3 1

E. matheai 2 1 1 1 1 1 1 4 1 3 2 1 1 5 5 8 6 11 9 4
4 20' E. matheai 3 2 7 4 2 4 3 4 4 2 2 1 2 5 6 11 13 12 21 8

25' E. matheai 9 15 7 11 6 6 4 3 2 4 3 2 3 5 7 12 16 15 18 13
50' E. matheai 2 0 1 1 1 4 2 2 3 3 5 3 4 4 7 14 21 13 15 11

E. diadema 2
5 20' E. matheai 7 7 7 4 4 3 1 2 5 4 6 2 6 8 11 21 25 18 11 12

E. diadema 3
30' E. matheai 1 4 1 1 6 8 3 4 41 27 38 26 28 18 31 43 32 21 16 28

H. mammillatus 1 1
50' E. matheai 1 4 2 4 1 3 5 2 9 11 13 7

6 10' E. matheai 4 23 9 4 12 6 11 16 19 12 11 14 12 16 7 5 9 13 11 11 14
H. mammillatus 2 2 2 1 2
E. diadema 1 1

25' E. matheai 39 20 4 1 9 7 6 3 4 3 2 3 2 3 5 5 11 21 15 14 13
H. mammillatus 7 3 4 1 1 1 1 2 2 2 4 5 2
T. gratilla 1

60' E. matheai 7 1 1 1 3 4 2 2 4 4 3 6 12 19 12 9 15
H. mammillatus 4 1 2 1 1 1 1 1 1 3 3 2
T. gratilla 3 1 1
E. diadema 2
TOTAL 145 162 116 99 147 109 135 132 160 187 162 205 185 204 183 218 309 330 293 253 282

SURVEY NUMBER/DATE
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FIGURE 2. Bar graphs of percentage of total coral cover from three depths at six marine monitoring sites 
located in the vicinity of NELHA  surveyed since  December 1991 (Note: sampling suspended 
between June 1995 and October 1997). Sites 3, 4, and 5 were not surveyed in December 1991.  
For location of survey sites, see Figure 1. 
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FIGURE 3. Bar graph of  total number of coral species from three depths at six marine monitoring sites located 
in the vicinity of NELHA  surveyed since December 1991 (Note: sampling suspended between June 
1995 and October 1997). Sites 3, 4, and 5 were not surveyed in December 1991.  For location of 
survey sites, see Figure 1. 
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FIGURE 4. Bar graph of  coral species diversity from three depths at six marine monitoring sites located in the 
vicinity of NELHA  surveyed since December 1991 (Note: sampling suspended between June 1995 
and October 1997). Sites 3, 4, and 5 were not surveyed in December 1991.  For location of survey 
sites, see Figure 1. 
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FIGURE 5. Bar graph showing percent cover of major coral species at three depths along the transect at Site 1. 
Surveys were conducted since December 1991 (Note: Sampling suspended between June 1995 and 
October 1997).  Cover estimates are calculated as mean cover for ten random quadrats.  For location of 
Site 1, see Figure 1.

P
E

R
C

E
N

T 
C

O
V

E
R



0

10

20

30

40

50

60

12
/91

05
/92

10
/92

05
/93

10
/93

03
/94

05
/94

09
/94

01
/95

05
/95

11
/97

05
/98

11
/98

05
/99

12
/99

06
/00

02
/01

05
/01

12
/01

06
/02

10
/07

Site 2 - 20'

0

10

20

30

40

50

60

12
/91

05
/92

10
/92

05
/93

10
/93

03
/94

05
/94

09
/94

01
/95

05
/95

11
/97

05
/98

11
/98

05
/99

12
/99

06
/00

02
/01

05
/01

12
/01

06
/02

10
/07

Site 2 - 25'

0

10

20

30

40

50

60

12
/91

05
/92

10
/92

05
/93

10
/93

03
/94

05
/94

09
/94

01
/95

05
/95

11
/97

05
/98

11
/98

05
/99

12
/99

06
/00

02
/01

05
/01

12
/01

06
/02

10
/07

  Porites lobata   Porites compressa   Pocillopora meandrina
  Montipora capitata   Montipora patula ALL OTHER

Site 2 - 45'

FIGURE 6. Bar graph showing percent cover of major coral species at three depths along the transect at Site 2. 
Surveys were conducted since December 1991 (Note: Sampling suspended between June 1995 
and October 1997).  Cover estimates are calculated as mean cover for ten random quadrats. For 
location of Site 2 see Figure 1
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FIGURE 7. Bar graph showing percent cover of major coral species at three depths along the transect at Site 3. 
Surveys were conducted since May 1992 (Note: Sampling suspended between June 1995 and 
October 1997).  Cover estimates are calculated as mean cover for ten random quadrats. Note y-
axix scale change for deep transect. For location of Site 3, see Figure 1.
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FIGURE 8. Bar graph showing percent cover of major coral species at three depths along the transect at Site 4. 
Surveys were conducted since May 1992 (Note: Sampling suspended between June 1995 and 
October 1997).  Cover estimates are calculated as mean cover for ten random quadrats. Note y-axis 
scale change for deep transect.  For location of Site 4, see Figure 1.
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FIGURE 9. Bar graph showing percent cover of major coral species at three depths along the transect at Site 5. 
Surveys were conducted since May 1992 (Note: Sampling suspended between June 1995 and 
October 1997).  Cover estimates are calculated as mean cover for ten random quadrats. Note y-axis 
scale change for shallow transect.  For location of Site 5, see Figure 1.
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FIGURE 10. Bar graph showing percent cover of major coral species at three depths along the transect at Site 6. 
Surveys were conducted since December 1991 (Note: Sampling suspended between June 1995 and 
October 1997). Cover estimates are calculated as mean cover for ten random quadrats. Note y-axis scale 
change for shallow transect. For location of Site 6, see Figure 1.
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APPENDIX A 
 
NELHA BENTHIC MONITORING 
OCTOBER 2007 
 
PHOTO-QUADRAT DATA 



TRANSECT SITE: WAWALOLI SITE 1 MEAN CORAL  COVER 41.2 %
TRANSECT ID #: 1-1-15 STD. DEV. 18.2
DATE: 10/13/07 SPECIES COUNT 6

SPECIES DIVERSITY 0.97

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 8.0 1.0 3.0 16.0 25.0 12.0 52.0 62.0 12.0 58.0 249.0
Porites compressa 2.0 2.0
Pocillopora meandrina 3.0 11.0 18.0 12.0 15.0 18.0 5.0 21.0 7.0 110.0
Montipora capitata 2.0 3.0 20.0 3.0 18.0 2.0 48.0
Montipora patula 1.0 1.0
Pavona varians 2.0 2.0

QUAD CORAL TOTAL 13.0 15.0 41.0 31.0 58.0 33.0 57.0 62.0 35.0 67.0 412.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 67.0 85.0 54.0 69.0 42.0 61.0 39.0 34.0 59.0 12.0 522.0
Limestone 20.0 5.0 6.0 4.0 4.0 6.0 21.0 66.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: WAWALOLI SITE 1 MEAN CORAL  COVER 59.1 %
TRANSECT ID #: 1-2-20 STD. DEV. 15.0
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 0.97

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 35.0 44.0 46.0 22.0 58.0 12.0 35.0 24.0 45.0 68.0 389.0
Porites compressa 5.0 10.0 15.0 15.0 4.0 2.0 51.0
Pocillopora meandrina 15.0 16.0 8.0 16.0 29.0 21.0 21.0 126.0
Montipora capitata 2.0 5.0 3.0 3.0 4.0 4.0 21.0
Montipora patula 2.0 2.0 4.0

QUAD CORAL TOTAL 44.0 59.0 81.0 56.0 70.0 28.0 64.0 47.0 70.0 72.0 591.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 51.0 41.0 11.0 40.0 15.0 51.0 15.0 32.0 24.0 280.0
Limestone 5.0 8.0 4.0 15.0 21.0 21.0 21.0 30.0 4.0 129.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: WAWALOLI SITE 1 MEAN CORAL  COVER 67.4 %
TRANSECT ID #: 1-3-35 STD. DEV. 15.2
DATE: 10/13/07 SPECIES COUNT 4

SPECIES DIVERSITY 0.74

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 28.0 2.0 35.0 75.0 55.0 10.0 22.0 15.0 10.0 55.0 307.0
Porites compressa 45.0 35.0 25.0 2.0 35.0 55.0 25.0 54.0 60.0 25.0 361.0
Pocillopora meandrina 1.0 3.0 4.0
Montipora capitata 1.0 1.0 2.0

QUAD CORAL TOTAL 75.0 37.0 60.0 81.0 90.0 65.0 47.0 69.0 70.0 80.0 674.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 0.0
Limestone 25.0 63.0 40.0 19.0 10.0 35.0 53.0 31.0 30.0 20.0 326.0
Sand 0.0
Rubble 0.0

APPENDIX A-1. Percent cover of coral and non-coral substrata on transects surveyed at Site 1 (WAWALOLI) in the vicinity of 
NELHA in October 2007.  Each transect consists of 10 quadrats.  For site and transect locations, see Figure 1.



TRANSECT SITE: 18" PIPE SITE 2 MEAN CORAL  COVER 47.8 %
TRANSECT ID #: 2-1-20 STD. DEV. 4.8
DATE: 10/13/07 SPECIES COUNT 4

SPECIES DIVERSITY 0.91

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 18.0 30.0 16.0 21.0 14.0 20.0 36.0 38.0 28.0 26.0 247.0
Porites meandrina 33.0 12.0 29.0 24.0 26.0 15.0 14.0 18.0 18.0 14.0 203.0
Montipora capitata 2.0 8.0 10.0
Montipora patula 2.0 2.0 4.0 10.0 18.0

QUAD CORAL TOTAL 53.0 44.0 47.0 45.0 44.0 53.0 50.0 56.0 46.0 40.0 478.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 42.0 41.0 53.0 24.0 56.0 29.0 35.0 26.0 42.0 36.0 384.0
Limestone 5.0 15.0 31.0 18.0 15.0 18.0 12.0 24.0 138.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 18" PIPE SITE 2 MEAN CORAL  COVER 32.3 %
TRANSECT ID #: 2-2-25 STD. DEV. 6.8
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 0.86

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 15.0 16.0 3.0 10.0 14.0 5.0 12.0 20.0 15.0 11.0 121.0
Pocillopora meandrina 20.0 15.0 30.0 26.0 26.0 10.0 14.0 12.0 20.0 15.0 188.0
Montipora capitata 2.0 4.0 6.0
Montipora patula 1.0 4.0 1.0 6.0
Pavona varians 2.0 2.0

QUAD CORAL TOTAL 36.0 31.0 35.0 40.0 40.0 17.0 26.0 36.0 35.0 27.0 323.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 49.0 49.0 45.0 32.0 30.0 8.0 59.0 29.0 45.0 43.0 389.0
Limestone 15.0 20.0 20.0 28.0 30.0 25.0 15.0 35.0 20.0 30.0 238.0
Sand 10.0 10.0
Rubble 40.0 40.0

TRANSECT SITE: 18" PIPE SITE 2 MEAN CORAL  COVER 34.6 %
TRANSECT ID #: 2-3-45 STD. DEV. 14.4
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 1.07

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 18.0 19.0 11.0 3.0 3.0 27.0 21.0 5.0 35.0 15.0 157.0
Porites compressa 2.0 2.0
Pocillopora meandrina 28.0 40.0 37.0 20.0 11.0 2.0 8.0 3.0 149.0
Pocillopora eydoux 20.0 20.0
Montipora capitata 3.0 2.0 2.0 4.0 5.0 2.0 18.0

QUAD CORAL TOTAL 46.0 59.0 51.0 25.0 16.0 33.0 21.0 38.0 42.0 15.0 346.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 35.0 38.0 70.0 143.0
Limestone 54.0 41.0 49.0 75.0 84.0 67.0 79.0 27.0 20.0 15.0 511.0
Sand 0.0
Rubble 0.0

APPENDIX A-2. Percent cover of coral and non-coral substrata on transects surveyed at Site 2 (18" PIPE) in the vicincity of 
NELHA in October 2007.  Each transect consists of 10 quadrats.  For site and transect locations, see 
Figure 1.



TRANSECT SITE: 12" PIPE SOUTH SITE 3 MEAN CORAL  COVER 61.1 %
TRANSECT ID #: 3-1-20 STD. DEV. 13.9
DATE: 10/13/07 SPECIES COUNT 4

SPECIES DIVERSITY 0.94

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 35.0 55.0 35.0 30.0 34.0 35.0 34.0 26.0 1.0 32.0 317.0
Pocillopora meandrina 26.0 23.0 12.0 30.0 24.0 28.0 27.0 36.0 25.0 20.0 251.0
Montipora capitata 2.0 2.0 18.0 22.0
Montipora patula 4.0 5.0 3.0 3.0 1.0 5.0 21.0

QUAD CORAL TOTAL 67.0 80.0 52.0 60.0 61.0 66.0 61.0 63.0 26.0 75.0 611.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 23.0 15.0 39.0 25.0 19.0 21.0 39.0 14.0 195.0
Limestone 10.0 5.0 9.0 15.0 15.0 34.0 39.0 16.0 35.0 11.0 189.0
Sand 0.0
Rubble 5.0 5.0

TRANSECT SITE: 12" PIPE SOUTH SITE 3 MEAN CORAL  COVER 32.6 %
TRANSECT ID #: 3-2-30 STD. DEV. 14.0
DATE: 10/13/07 SPECIES COUNT 4

SPECIES DIVERSITY 0.87

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 45.0 26.0 18.0 10.0 20.0 2.0 6.0 28.0 4.0 28.0 187.0
Pocillopora meandrina 15.0 24.0 14.0 12.0 1.0 22.0 24.0 2.0 8.0 122.0
Montipora capitata 4.0 2.0 6.0
Montipora patula 5.0 6.0 11.0

QUAD CORAL TOTAL 60.0 50.0 32.0 22.0 21.0 29.0 30.0 38.0 8.0 36.0 326.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 40.0 35.0 48.0 78.0 74.0 51.0 52.0 62.0 90.0 59.0 589.0
Limestone 15.0 20.0 5.0 20.0 18.0 2.0 5.0 85.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 12" PIPE SOUTH SITE 3 MEAN CORAL  COVER 74.8 %
TRANSECT ID #: 3-3-45 STD. DEV. 12.4
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 1.24

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 20.0 66.0 55.0 40.0 35.0 44.0 45.0 35.0 34.0 40.0 414.0
Porites compressa 8.0 3.0 6.0 30.0 18.0 20.0 10.0 12.0 107.0
Pocillopora meandrina 16.0 12.0 15.0 20.0 21.0 9.0 10.0 26.0 14.0 143.0
Montipora capitata 20.0 4.0 18.0 4.0 2.0 48.0
Montipora patula 12.0 4.0 3.0 2.0 15.0 36.0

QUAD CORAL TOTAL 76.0 89.0 76.0 90.0 92.0 53.0 72.0 59.0 75.0 66.0 748.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 19.0 47.0 7.0 41.0 10.0 14.0 138.0
Limestone 24.0 11.0 5.0 10.0 8.0 21.0 15.0 20.0 114.0
Sand 0.0
Rubble 0.0

APPENDIX A-3. Percent cover of coral and non-coral substrata on transects surveyed at Site 3 (12" PIPE SOUTH) in the vicincity 
of NELHA in October 2007.  Each transect consists of 10 quadrats.  For site and transect locations, see Figure 1.



TRANSECT SITE: 12" PIPE NORTH SITE 4 MEAN CORAL  COVER 26.5 %
TRANSECT ID #: 4-1-20 STD. DEV. 11.5
DATE: 10/13/07 SPECIES COUNT 3

SPECIES DIVERSITY 0.89

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 21.0 11.0 27.0 5.0 6.0 11.0 27.0 8.0 4.0 120.0
Pocillopora meandrina 20.0 10.0 5.0 4.0 10.0 21.0 20.0 5.0 15.0 18.0 128.0
Montipora patula 2.0 1.0 12.0 2.0 17.0

QUAD CORAL TOTAL 43.0 21.0 32.0 9.0 17.0 32.0 47.0 25.0 15.0 24.0 265.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 49.0 79.0 65.0 88.0 79.0 60.0 53.0 73.0 83.0 71.0 700.0
Limestone 8.0 3.0 3.0 4.0 8.0 2.0 2.0 5.0 35.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 12" PIPE NORTH SITE 4 MEAN CORAL  COVER 50.8 %
TRANSECT ID #: 4-2-25 STD. DEV. 21.1
DATE: 10/13/07 SPECIES COUNT 6

SPECIES DIVERSITY 1.37

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 19.0 3.0 15.0 38.0 16.0 10.0 35.0 60.0 5.0 8.0 209.0
Pocillopora meandrina 26.0 20.0 18.0 5.0 10.0 25.0 20.0 22.0 5.0 151.0
Pocillopora eydoux 25.0 25.0 50.0
Montipora capitata 8.0 6.0 3.0 17.0
Montipora patula 30.0 10.0 5.0 5.0 15.0 15.0 80.0
Pavona duerdeni 1.0 1.0

QUAD CORAL TOTAL 45.0 48.0 63.0 78.0 39.0 40.0 70.0 82.0 11.0 32.0 508.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 49.0 47.0 25.0 14.0 44.0 30.0 25.0 13.0 58.0 305.0
Limestone 6.0 5.0 12.0 8.0 17.0 30.0 5.0 5.0 89.0 10.0 187.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 12" PIPE NORTH SITE 4 MEAN CORAL  COVER 72 %
TRANSECT ID #: 4-3-50 STD. DEV. 15.4
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 0.99

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 50.0 29.0 33.0 26.0 80.0 60.0 50.0 60.0 35.0 43.0 466.0
Porites compressa 3.0 6.0 15.0 4.0 8.0 5.0 6.0 47.0
Pocillopora meandrina 16.0 20.0 21.0 6.0 3.0 28.0 17.0 22.0 14.0 15.0 162.0
Montipora capitata 2.0 15.0 12.0 3.0 8.0 40.0
Montipora patula 5.0 5.0

QUAD CORAL TOTAL 68.0 64.0 62.0 50.0 98.0 92.0 75.0 90.0 57.0 64.0 720.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 27.0 33.0 17.0 20.0 20.0 10.0 37.0 24.0 188.0
Limestone 5.0 3.0 21.0 30.0 2.0 8.0 5.0 6.0 12.0 92.0
Sand 0.0
Rubble 0.0

APPENDIX A-4. Percent cover of coral and non-coral substrata on transects surveyed at Site 4 (12" PIPE NORTH) in the 
vicincity of NELHA in October 2007.  Each transect consists of 10 quadrats.  For site and transect locations, 
see Figure 1.



TRANSECT SITE: NPPE SITE 5 MEAN CORAL  COVER 41.1 %
TRANSECT ID #: 5-1-20 STD. DEV. 20.7
DATE: 10/13/07 SPECIES COUNT 3

SPECIES DIVERSITY 0.80

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 12.0 3.0 6.0 14.0 46.0 46.0 19.0 22.0 56.0 39.0 263.0
Porites compressa 8.0 1.0 8.0 15.0 20.0 15.0 23.0 12.0 14.0 11.0 127.0
Montipora patula 20.0 1.0 21.0

QUAD CORAL TOTAL 40.0 4.0 14.0 29.0 67.0 61.0 42.0 34.0 70.0 50.0 411.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 30.0 66.0 58.0 21.0 8.0 5.0 50.0 44.0 20.0 39.0 341.0
Limestone 30.0 30.0 28.0 50.0 25.0 34.0 8.0 22.0 10.0 11.0 248.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: NPPE SITE 5 MEAN CORAL  COVER 77.3 %
TRANSECT ID #: 5-2-30 STD. DEV. 14.4
DATE: 10/13/07 SPECIES COUNT 6

SPECIES DIVERSITY 1.19

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 44.0 35.0 26.0 40.0 76.0 22.0 40.0 60.0 52.0 80.0 475.0
Porites compressa 14.0 20.0 35.0 15.0 17.0 101.0
Pocillopora meandrina 21.0 18.0 30.0 6.0 8.0 18.0 5.0 5.0 111.0
Pocillopora eydoux 55.0 55.0
Montipora capitata 4.0 15.0 19.0
Montipora patula 8.0 4.0 12.0

QUAD CORAL TOTAL 77.0 90.0 44.0 70.0 96.0 65.0 93.0 80.0 78.0 80.0 773.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 56.0 30.0 4.0 35.0 22.0 10.0 157.0
Limestone 23.0 10.0 7.0 20.0 10.0 70.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: NPPE SITE 5 MEAN CORAL  COVER 88.6 %
TRANSECT ID #: 5-3-50 STD. DEV. 6.1
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 0.77

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 65.0 60.0 75.0 68.0 65.0 59.0 54.0 63.0 66.0 84.0 659.0
Porites compressa 15.0 13.0 5.0 10.0 29.0 10.0 20.0 26.0 28.0 4.0 160.0
Pocillopora meandrina 5.0 15.0 11.0 2.0 10.0 8.0 4.0 1.0 56.0
Montipora capitata 2.0 2.0 2.0 6.0
Montipora patula 2.0 3.0 5.0

QUAD CORAL TOTAL 87.0 90.0 94.0 80.0 94.0 79.0 82.0 95.0 96.0 89.0 886.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 0.0
Limestone 13.0 10.0 6.0 20.0 6.0 21.0 18.0 5.0 4.0 11.0 114.0
Sand 0.0
Rubble 0.0

APPENDIX A-5. Percent cover of coral and non-coral substrata on transects surveyed at Site 5 (NPPE) in the vicincity of 
NELHA in October 2007.  Each transect consists of 10 quadrats.  For site and transect locations, see 
Figure 1.



TRANSECT SITE: HOONA BAY SITE 6 MEAN CORAL  COVER 34.9 %
TRANSECT ID #: 6-1-10 STD. DEV. 19.5
DATE: 10/13/07 SPECIES COUNT 2

SPECIES DIVERSITY 0.55

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 12.0 19.0 33.0 10.0 35.0 48.0 20.0 18.0 15.0 56.0 266.0
Pocillopora meandrina 1.0 26.0 27.0 8.0 5.0 1.0 1.0 14.0 83.0

QUAD CORAL TOTAL 13.0 45.0 60.0 18.0 40.0 49.0 20.0 18.0 16.0 70.0 349.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 87.0 55.0 26.0 82.0 60.0 51.0 80.0 82.0 84.0 20.0 627.0
Limestone 14.0 10.0 24.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: HOONA BAY SITE 6 MEAN CORAL  COVER 39.1 %
TRANSECT ID #: 6-2-25 STD. DEV. 20.3
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 0.61

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 68.0 26.0 21.0 21.0 21.0 14.0 34.0 80.0 15.0 26.0 326.0
Porites compressa 2.0 10.0 12.0
Pocillopora meandrina 18.0 7.0 4.0 14.0 43.0
Montipora capitata 3.0 3.0
Montipora patula 2.0 1.0 2.0 1.0 1.0 7.0

QUAD CORAL TOTAL 68.0 28.0 24.0 39.0 22.0 16.0 41.0 80.0 22.0 51.0 391.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 84.0 53.0 36.0 173.0
Limestone 32.0 72.0 76.0 61.0 78.0 59.0 20.0 25.0 13.0 436.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: HOONA BAY SITE 6 MEAN CORAL  COVER 61.2 %
TRANSECT ID #: 6-3-50 STD. DEV. 35.2
DATE: 10/13/07 SPECIES COUNT 5

SPECIES DIVERSITY 0.80

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 56.0 76.0 40.0 35.0 22.0 46.0 35.0 10.0 30.0 10.0 360.0
Porites compressa 20.0 16.0 55.0 60.0 50.0 24.0 10.0 235.0
Pocillopora meandrina 2.0 2.0
Montipora capitata 9.0 1.0 10.0
Montipora patula 3.0 1.0 1.0 5.0

QUAD CORAL TOTAL 85.0 97.0 96.0 97.0 22.0 96.0 59.0 20.0 30.0 10.0 612.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 10.0 10.0
Limestone 15.0 3.0 4.0 3.0 4.0 41.0 20.0 90.0
Sand 20.0 20.0
Rubble 78.0 60.0 40.0 90.0 268.0

APPENDIX A-6. Percent cover of coral and non-coral substrata on transects surveyed at Site 6 (HO'ONA BAY) in the vicincity of 
NELHA in October 2007.  Each transect consists of 10 quadrats.  For site and transect locations, see Figure 1.
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I. INTRODUCTION AND PURPOSE  

 

Facilities at the Natural Energy Laboratory of Hawaii Authority (NELHA), and the Hawaii Ocean 

Science and Technology (HOST) Park employ cold, nutrient rich waters from below the thermocline, as 

well as surface water above the thermocline, for various aquaculture activities at Keahole Point, on the 

west coast of the Island of Hawaii. A concern regarding discharge of these waters at the shoreline and 

into the groundwater aquifer is the potential for environmental alteration of community structure in the 

adjacent marine environment and anchialine pools.  

 

In the interest of addressing this concern and assuring maintenance of environmental quality, it has 

been deemed necessary to carry out a comprehensive marine environmental monitoring program 

(CEMP) off Keahole Point. One component of the monitoring deals with the benthic (bottom-dwelling) 

biological communities. The intent of the benthic component of the monitoring program is to 

quantitatively describe existing community structure, and to identify changes from natural and 

man-induced factors. This report described results of the twenty-first increment of benthic monitoring 

conducted by Marine Research Consultants, Inc. (MRCI) in July 2008.   

 

This phase of monitoring was conducted approximately sixteen years after Hurricane Iniki struck the 

Hawaiian Islands in September 1992, and fifteen years after an unusually strong northwest swell 

impacted the west Hawaii coastline in January 1993. Waves generated by these two storms generated 

surf with heights estimated at 10-15 feet in the vicinity of Keahole Point. Thus, in addition to 

evaluating the effects of NELHA discharge, a key interest in the monitoring survey is to assess the 

impact of, and recovery from, severe wave stress on coral community structure in the vicinity of 

NELHA. The monitoring surveys can provide an indication of the cumulative impact of storm effects, 

as well as short-term recovery of coral communities. 

 

 

II. MONITORING RATIONALE 

 

Benthic marine community structure can be defined as the abundance, diversity, and distribution of 

stony and soft corals, motile benthos such as echinoderms, and macroalgae. In the context of 

time-series surveys, benthic assemblages are often the most useful biological assemblages for direct 

evaluation of environmental impacts to the marine environment. Because benthos are generally 

long-lived, immobile, and unable to avoid extreme environmental conditions or input of potential 

pollutants, these organisms must either tolerate the surrounding conditions within the limits of 

adaptability or die.   
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As members of the benthos, stony corals are of particular importance in nearshore Hawaiian 

environments. Corals compose a large portion of the reef biomass and their skeletal structures are 

vital in providing a complex of habitat space, shelter, and food for other species. Because corals serve 

in such a keystone function, coral community structure is often considered the most "relevant" 

parameter for evaluating impacts to the marine environment associated with activities on land. For 

this reason, and because alterations in coral communities are easy to identify, observable change in 

coral populations is a practical and direct method for obtaining the information that is required to 

meet existing environmental regulations.  

 

The overall intent of the benthic monitoring program is to identify changes to biotic assemblages as a 

result of input to the nearshore ocean of dissolved materials in waters used for aquaculture. These 

changes may potentially take the form of alteration in settlement and growth, as well as mortality, of 

the living components of the community. Such effects are likely to be difficult to decipher when 

superimposed over the combined effects of natural phenomena (e.g., dislodgement, predations, 

sediment flow) that routinely cause alteration in the arrangement of the living, as well as nonliving 

components of the reef. Studies of windward reef areas have shown that while overall coral cover may 

remain fairly constant, there can be a high degree of spatial change as resources are continually 

covered and uncovered in a "temporally varying mosaic." As the study area at Keahole is known to be 

a high energy environment, natural factors of environmental change are likely to be substantial, and 

could mask changes related to the NELHA facilities. 

 

Thus, it is essential that the sampling methodologies employed for benthic monitoring extend beyond 

repetitive surveys employing randomly placed quadrats on line transects. Instead, a series of semi-

permanent quadrats have been established, where intensive, rather than extensive, repetitive 

quantitative analyses are being routinely performed.   

 

 

III. METHODS 

 

All phases of the benthic monitoring program employ diver/scientists using SCUBA equipment 

operating from a small boat. All field surveys were conducted on July 7, 2008. Three quantitative 

survey sites that were established in the preliminary NELHA surveys by R. Brock were utilized as 

monitoring sites in the initial monitoring survey in August 1991. In response to anticipated additional 

construction and operational activities at NELHA in the near future, three additional monitoring 

stations were selected and have been evaluated during all subsequent surveys. The locations of the six 

monitoring sites are shown in Figure 1. 
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For ease of identification, each survey site is labeled with a name as well as a number. Moving from 

south to north, Site 1 is immediately to the south of Wawaloli Beach; Site 2 is located at the 18" Pipe 

to the south of Keahole Point; Site 3 is on the southern side of the 12" pipe off Keahole Point; Site 4 is 

off the northern side of the 12" pipe; Site 5 is off the NPPE site; and Site 6 is in Ho'ona Bay. Locations 

of the survey sites were fixed by triangulation with conspicuous landmarks, and are easily relocated 

during replicate surveys.   

 

At each of the monitoring sites, three semi-permanent transect stations have been established. Each 

station is placed in one of the three major physiographic/biotic structural zones described for the 

Kona Coast (Dollar 1975, 1982, Dollar and Tribble 1993). These zones are characterized as the 

“nearshore boulder zone” (depth ≈ 0-15 ft.), the “reef-building platform zone” (depth ≈15-30 ft.), 

and the “reef slope zone” (depth ≈ 30-60 ft.). During the initial survey, permanent transects at each 

site were established by placing markers into solid substratum of the ocean floor (either basalt or 

limestone). Marker placement was carried out by Ocean Innovators, utilizing methods and equipment 

developed for the purpose of permanently attaching artificial reef structures to the sea floor. The 

attachment procedure involved drilling a hole for anchoring an expandable eye-bolt. Small marker 

buoys on wire rope that float above the bottom were attached to the eye-bolts for ease in locating 

transect stations on subsequent surveys. During the years since placement of the markers, buoys have 

been periodically lost and replaced with large cable ties. As a result, locations of the transects have 

been relatively constant over the course of the monitoring program. 

 

The permanent markers defined the ends of 50 meter (~160 ft.) long transects, oriented parallel to 

depth contours. At ten random locations along the transect line, composition of the benthos is 

evaluated within rectangular quadrats one m x 0.66 m (3 ft. x 2 ft.) in dimension. Each quadrat is 

photographed with a digital Canon Eos camera with a super wide angle lens (15 mm, 94o field of 

view)  in an underwater housing. The camera is mounted on a tripod frame to ensure exact 

repeatability of quadrat area. The photographic technique provides excellent resolution of the detail of 

the benthic structure, to the degree that individual calices of certain corals are distinguishable. Color 

photographs of all quadrats are attached as Appendix B to this report, and are on file at NELHA. 

 

In addition to the quadrat photographs, visual estimates of species abundance of attached and motile 

benthos is recorded on writing slates. Bared substratum (bare rock, sand, dead coral and coral 

rubble) are also evaluated in terms of 2-dimensional area coverage.  

 

In the laboratory, evaluation of benthic cover of biota and substrata is performed. Area coverage of 

each component in the quadrat photos is determined using an overlay grid divided into 200 equally 

sized segments. The number of segments of each coral species and non-coral substratum type within 
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each grid are summed to calculate area coverage. Thus, for each transect, there are the equivalent of 

2,000 data points. Verification of species identification is performed using the information collected in 

the field. In addition, field data provides input on small organisms that are not visible in photographs. 

This method provides for accurate estimates of cover of organisms that cover a large percentage of 

the reef surface through photographic coverage, as well as occurrence of very small and/or rare 

organisms. Few, is any other methods provide for such accurate characterization of both extremes of 

benthic community structure. 

 

The Shannon-Weaver index of diversity is also calculated for percent coral cover on each transect 

using estimates from area cover. The formula for calculating diversity (H') is: 
                  
 
 
                  s   

H' = - Σ pi lnpi,  
                i=1 

 where pi is the proportion of the ith species in the population, and s is the number of species. 

 

 

IV. RESULTS 

 

A. Physical Structure 

 

The shoreline and intertidal area of the subject property consist predominantly of basaltic boulder 

outcrops interspersed between narrow, steeply sloping beaches. The beaches are composed of 

rounded cobbles and coarse calcium carbonate sands which extend into the intertidal area. The area 

directly off of Keahole Point consists of a basaltic extension of the island mass that meets the ocean in 

steep vertical cliff faces that extend approximately 5-7 m (15-20 feet) below the ocean surface. 

 

The structure of the offshore environment in the vicinity of Keahole Point generally conforms to the 

pattern that has been documented as characterizing much of the west coast of the Island of Hawaii 

(Dollar 1982, Dollar and Tribble 1993). The zonation scheme consists of three predominant regions, 

each with a characteristic coral assemblage that is adapted to the prevalent physical regime (i.e. wave 

stress) of the region.  

 

Beginning at the shoreline and moving seaward, the shallowest zone at the land-sea interface is 

comprised of a flat basaltic terrace that is the underwater continuation of the island landmass. In 

areas offshore of basaltic shorelines the intertidal zone is often covered with large boulders that have 

entered the ocean after breaking off from the shoreline. The seaward edge of the nearshore reef 

terrace terminates in a vertical cliff face approximately 3-5 m (10-15 feet) in height.  The face of the 
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cliff is irregular in that it is scalloped and cut with caves and arches. In areas fronting shoreline 

beaches, boulder cover is not as prominent, and the intertidal area consists primarily of flat basaltic 

shelf. The nearshore zone receives most of the force of breaking waves and surge, and as a result is 

inhabited predominantly by organisms capable of withstanding these stresses on a regular basis. The 

predominant coral species occupying the nearshore area is Pocillopora meandrina, which is 

recognized as a "pioneering" species that is the first coral to settle on newly cleared substratum, or to 

occupy areas that are too harsh for other species. The shallow transects conducted at each of the six 

survey sites traverse the "nearshore boulder" zone. 

 

Seaward of the nearshore boulder zone, bottom structure is composed predominantly of a gently 

sloping reef bench. In some areas, the bench is characterized by high relief in the form of undercut 

ledges and basaltic blocks and pinnacles. Fine-grained calcareous sand also occurs in pockets on the 

reef bench. Water depth in this mid-reef zone ranges from about 7-15 m (20 to 40 feet). As wave 

stress in this region is substantially less than in the shallower areas, and suitable hard substrata 

abounds, the area provides an ideal locale for colonization by attached benthos, particularly reef 

corals. The intermediate depth transects at each survey site are located on the "reef bench" zone. 

 

The seaward edge of the reef platform (at a depth of about 15 m (45-50 feet) is marked by a sharp 

increase in slope to an angle of approximately 20-30 degrees. In the deep slope zone, substratum 

type changes from the solid continuation of the island mass to an aggregate of generally 

unconsolidated sand and rubble.  Moving down the reef slope, coral settlement and growth ceases at 

a depth of approximately 35 m (100 feet); beyond this depth the bottom consists mostly of sand, with 

occasionally basaltic outcrops. The deep transects at each survey site are located on the upper 

portions of the "reef slope" zone. 

 

While each of the survey sites has similarities to the typical scenario described above, each station 

also has distinctive characteristics, resulting in four relatively unique habitats. At Ho'ona Bay (Site 6) 

the "typical" zonation scheme is best developed in that all three zones are clearly apparent. The entire 

zonation scheme is compressed into a relatively narrow band (about 100-150 m wide) between the 

shoreline and the sand slope that extends to abyssal depths. At the 18" and 12" pipe sites (2, 3, and 

4) and the NPPE site (5), the entire region from the shoreline to the reef slope is representative of the 

typical nearshore boulder zone, and biotic assemblages that occur in areas that are consistently 

subjected to intense wave scour. At the Wawaloli Beach site (1), the typical zonal structure appears to 

have been well established. However, even before the impacts of Hurricane Iniki, there was 

substantial evidence of recent destruction of a major portion of living corals as a result of storm wave 

damage.  
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B. Biotic Community Structure 

 

1. Reef Coral Communities 

 

The overwhelming majority of benthic biota on the monitoring transects consisted of stony, 

reef-building (Scleractinian) corals. Benthic frondose macroalgae (e.g., not coralline algae) was 

extremely rare on all survey transects, as has been the case during all surveys since the inception of 

the monitoring program. Motile invertebrates were primarily limited to occasionally occurring 

echinoderms (sea urchins and sea cucumbers). 

 

Inspection of the reef following Hurricane Iniki and the severe 1993 winter storm revealed what the 

investigators classified as "intermediate" impacts. Many colonies, especially Pocillopora meandrina 

sustained some branch breakage. Areas of Porites compressa were noticeably affected by wave 

energy in terms of breakage and redistribution of finger coral fragment beds on the reef slope. It must 

be noted, however, that most of the P. compressa beds in the deeper areas of the monitoring sites 

were already documented in previous surveys to consist largely of rubble fragments that were likely  

the result of previous extreme storm impacts. In addition, breakage of corals appeared to be patchy 

with respect to spatial distribution. Patches of extensively damaged colonies occurred between areas 

that sustained no damage. This phenomenon has been observed repeatedly, not only in Hawaii, 

elsewhere in the Atlantic and Pacific where coral reefs are subject to intense storms of hurricane or 

cyclone intensity. It is theorized that such localized damage is a result of what has been termed 

"bowling.@ Fragments of coral skeletons or boulders dislodged by wave action causes damage to 

surrounding corals by impacts when the loosened material is hurled by wave forces. As a result, the 

concussive force of  wave impact per se may not be the only physical factor responsible for damaging 

corals. 

 

Observations of the survey region also suggested that the impacts from the storms were more intense 

on the southward facing reefs. Such an observation is consistent with the direction of wave 

propagation from Hurricane Iniki, which passed to the south of the Island. Site 6 (Ho'ona Bay), which 

lies to the north of Keahole Point appeared to be almost totally protected from destructive wave forces 

as a result of orientation to incoming swells. In summary, while the Hurricane and severe winter storm 

did produce observable effects to the reef environment, the effects do not appear to be "catastrophic" 

as the entire survey area appears to have been recently (or continually) subject to wave forces of 

similar magnitude from large winter surf that occurs periodically. Between the seven most recent 

surveys, no substantial wave events occurred. Thus, differences in coral community structure may 

indicate if short term recovery of corals has occurred.  
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Inspection of the reef in 1995 at all of the survey sites (except Site 1) revealed very noticeable 

continued recolonization of basalt surfaces at the intermediate and deep transects. Most of the 

recolonization was in the form of numerous small colonies of Porites lobata growing as knobby 

projections and flat encrustations. This recolonization can be considered to be an initial recovery 

phase from the storm events that occurred in 1992-1993. Further inspection of the reef during the 

most recent surveys progressing from 1997-2002-2007-2008 revealed substantial increases in coral 

cover, presumably as a result of uninterrupted recovery from the severe storm events. 

 

Table 1 shows the quantitative summary of coral community structure collected during the July 2008, 

while Appendix A shows the composition of individual quadrats that comprises transect results. Tables 

2a and 2b show comparative data from the twenty-three surveys conducted from 1991 to 2008. Over 

the course of the surveys to date, seven to fourteen species of corals have been encountered on all 

transects during a single survey, while the number of coral species on a single transect has ranged 

from two to eight. In the most recent survey in July 2008, ten species were encountered on transects, 

with the number on a single transect ranging from two to six.  

 

Over the seventeen-year course of the monitoring program, coral community structure in terms of 

species occurrence (e.g., number of species) has not shifted substantially. There is, however, an 

overall upward trend in coral cover. Mean total coral cover on all transects during each of the surveys 

has gradually increased from lows of 16-17% in 1991-92 to 48% in June 2002 and 52% in October 

2007 and 55% in the most recent survey in July 2008. These results suggest that there has not been a 

decrease in overall coral cover during the course of the monitoring program to date. Rather, there has 

been a substantial overall increase of about 3-fold (300%) in coral cover over the entire monitoring 

period. The largest single between-survey increase (21%) occurred between May 1995 (22%) and 

November 2007 (43%). During the eleven years between November 1997 and July 2008, total coral 

cover increased about 11%.   

 

Figures 2-4 are histograms that show coral community structure (percent coral cover, species diversity, 

and number of species) from December 1991 to July 2008 at each transect site. Several dominant 

points are evident in examining Figures 2-4. As discussed above, with several exceptions, coral cover 

is highest on each transect during surveys since 1998. On many transects, a sequential increase in 

cover over time is also evident (Figure 2). There is, however, no similar pattern of peaks for number of 

coral species number (Figure 3) or species diversity (Figure 4).  

 

In the most recent survey, there is a relatively consistent pattern of cover between depth zones. With 

the exception of Site 2, coral cover is lowest in the shallow boulder zone, and highest in the deep 

slope zone. With respect to difference in coral coverage on each transect, the greatest difference that 
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occurred in July 2008 was 48% at Site 3 (12” Pipe South).  During most previous surveys, Site 6 has 

consistently shown the greatest difference in cover between the shallow, mid-depth and deep 

transects. However, during the July 2008 survey, Site 6 exhibited a difference between the shallow 

and deep station of only 13%. 

  

As stated above, in addition to determining the effects of the NELHA discharge, a consideration of the 

monitoring program is to assess the impacts of severe storms on coral community structure. It can be 

seen in Figure 2 that total coral cover on all transect sites was relatively low compared to present 

levels of cover, and showed further decreases in cover following both Hurricane Iniki in 1992 and the 

1993 winter storm. Between May 1992 and October 1992, when Hurricane Iniki occurred, coral 

cover decreased on 12 of the 18 transects. Between October 1992 and May 1993, when the winter 

storm occurred, coral cover decreased on 5 of the 18 transects. Between May 1993 and July 2008, 

when no major storm events occurred, coral cover increased on all 18 transects. These comparisons 

suggest that the communities are recovering (or have recovered and are now in an equilibrium 

condition) from damage that occurred as a result of the major storms that took place during the 

course of the monitoring program. 

 

Figure 4 shows plots of diversity on each transect during each survey. Diversity is an index of the 

equitability of distribution of cover of each coral species within the total coral coverage. Thus, diversity 

can be low when there is either a low number of species of equal distribution, or a high number of 

species but with an extremely uneven distribution of cover (most species occur as very small 

percentages of cover). It can be seen in Figures 2 and 4 that while many of the shallow transect had 

lower cover than the deeper counterparts, there is not a corresponding increase in diversity on the 

deeper transects. Rather, the patterns of diversity were mirror images of the estimates of coral cover. 

When total coral cover is high, it tends to be the result of dominance by one species, resulting in 

relatively low diversity.  

 

The dominant species on all transects was Porites lobata, which accounted for between 42% and 72% 

of total coral cover in the previous surveys. During the present survey, P. lobata comprised 55% of 

coral cover, while in the previous survey this species accounted for 58% of coral cover. The second 

most abundant species, Pocillopora meandrina accounted for between 12% - 36% of coral cover in 

previous surveys.  During the July 2008 survey, cover of P. meandrina comprised about 22% of coral 

cover, up from 19% in October 2007.  Porites compressa, accounted for between 8% and 14% of 

coral cover in previous surveys, while in July 2008 and October 2007 cover of P. compressa 

accounted for approximately 13% and 15% of coral cover, respectively.  P. compressa, commonly 

known as “finger coral” consists of a delicate branching growth form that is highly susceptible to 

breakage from wave forces.   Hence, while percentage cover of other species of coral that are more 
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resistant to wave forces were within the middle of the ranges of the entire span of monitoring, cover of 

P. compressa was at the peak of percentage cover during the most recent surveys. The increasing 

cover of P. compressa is likely a response to the long interlude since an episode of destructive wave 

impacts.  

 

The remaining "rare" species encountered on transects totaled between about 0.4% and 15% of coral 

cover between  August 1991 and June 2002. In the most recent study, rare species accounted for 

about 10% of coral cover.    

 

Figures 5-10 shows percent cover of the five most dominant coral species (Porites lobata, P. 

compressa, Pocillopora meandrina, Montipora capitata and M. patula) at each transect station during 

each of the monitoring surveys. At most of the sites, community structure is similar: P. lobata and P. 

compressa increase in percent cover as water depth increases, while P. meandrina decreases in 

percent cover with depth. 

 

Site 1 was impacted by events associated with installation of a new seawater pipeline in 2001. At the 

deep transect station, live coral cover was about 28% of bottom cover during the May 2001 survey. 

During the December 2001 survey, cover dropped to 8.5% of bottom cover, while cover was about 

15% in June 2002. In the most recent survey in 2008, total coral cover on the deep transect was 48%, 

showing an increase of about 40% in seven years. None of the other stations showed similar 

precipitous drops in coral cover between two successive surveys, followed by a substantial increase in 

cover (Figures 5-10). Inspection of the bottom in 2001 also revealed that coral cover was affected by 

some activity such as anchor drag or cable scour.  

 

As mentioned above, owing to the fragile growth form with respect to wave energy, Porites compressa 

is rare in the shallow zones, but is often the most abundant coral on the deep reef slope in west 

Hawaii (Dollar 1982). On many of the NELHA survey transects conducted in the early years of 

monitoring, however, P. compressa was essentially absent. Bottom cover at Sites 1-4 consisted of only 

very small percentages of living  P. compressa (<6%), even on the deep slope transects. All of these 

sites are located either directly off of Keahole Point, or to the south of the point, in the regions that are 

directly impacted by large waves impinging from both northerly and southerly swells. Examination of 

the bottom revealed that coral cover has been steadily increasing on the deep slope zones since 

1993, but the primary species that were recruiting to the slopes are Porites lobata and Pocillopora 

meandrina, rather than Porites compressa. At Sites  6, which is the most sheltered site from the major 

force of storm waves,  P. compressa cover is relatively high at the deep transect site (36% of bottom 

cover), and is the only Site where cover of this species has been consistently high (>17%) throughout  

the surveys to date (see Table 2, Figure 10).  
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Conversely, Pocillopora meandrina is adapted to areas of high wave stress, and is most abundant in 

the nearshore boulder zones. At Sites 2-5, the entire reef area from the shoreline to the slope is 

subjected to substantial wave stress. As a result, the entire reef shelf exhibits characteristics of the 

nearshore boulder zone with P. meandrina one of the dominant corals. At Sites 2-5, Pocillopora 

meandrina is also the greatest contributor to increased coral cover over the last several years, as is 

readily evident in Figures 6-9.   

 

One-way analysis of variance (ANOVA) statistics were performed for total coral cover (Table 3), 

Porites lobata cover (Table 4), and Pocillopora meandrina cover (Table 5) at each transect site. The 

null hypothesis for these analyses is that over the time span of the monitoring surveys, within a site 

each sample area (i.e., transect) contains a population with equal mean coral cover. It can be seen in 

Table 3 that the null hypothesis is rejected (P<0.05) at all 18 transects. 

 

For the most abundant species, Porites lobata and Pocillopora meandrina, ANOVAs also show 

significant differences (P≤0.05) on all 18 transects (Tables 4 and 5).  These results indicate that over 

the course of the monitoring program, coral cover has changed significantly on all transects. 

 

In order to evaluate if significant differences in mean coral cover could be attributed to specific 

variations between surveys, post hoc Tukey multiple comparison probability tests were performed on 

the ANOVA statistics. Results of the Tukey multiple comparisons provide a matrix of pairwise 

probabilities for all samplings. Table 6 shows results of the combined matrices for all sampling sites. 

The Tukey comparison assigns an association to each transect on each survey date depending on the 

mean coral cover.  Mean coral cover on survey dates with the same association are not significantly 

different at the 0.05 level.  

 

It can be seen in Table 6 that coral cover falls into two major groupings over time.  With three 

exceptions (Transects 3-30, 6-25 and 6-60) mean cover from the inception of monitoring until the 

mid 1990’s was significantly different than from that point to the present (Association A).  For the most 

recent survey, coral cover on 14 of the 18 transects ranked in the most distant Association from 

Association A, indicating the greatest change in cover over time. As total coral cover on all but one 

transect was higher in 2008 compared to 1991, it can be interpreted that there has been significant 

increase in coral cover from the initial survey to the present. **** 

 

When surveys over the last five years (June 2002-July 2008) are compared, only three transects 

showed significant differences in mean coral cover (1-20, 1-35 and 3-20). At the first two of these 

transect stations there was substantial increases in cover between surveys (11.6%, 33.3%, 
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respectively). Between the two most recent surveys (October 2007 and July 2008) there are no 

significant differences between cover (Table 6). Hence the only significant differences in coral over the 

last five years have been significant increases in coral cover.  The overall lack of significant differences 

over the last five years between surveys suggests that the community may be near an equilibrium 

climax state where coral cover is no either changing at a rapid rate, and has attained the maximum 

equilibrium coverage under the prevailing physical conditions. 

 

2. Other Benthic Macroinvertebrates 

 

The other dominant group of macroinvertebrates on survey transects are the sea urchins (Class 

Echinoidea) (see Table 7). The most common urchins are Echinometra matheai, Heterocentrotus 

mammillatus, and Tripneustes gratilla.  E. matheai are small urchins that are generally found within 

interstitial spaces bored into basaltic and limestone substrata. In the July 2008 survey, E. matheai 

occurred on all 18 transects in numbers from 4 to 31 individuals. This species was generally least 

abundant on the reef slope transects where solid substrata was not common.  

 

Three species of sea cucumbers (Holothurians) were observed sporadically on the reef, but did not 

occur on transects. Individuals of these species (Holothuria atra,  H. nobilis, and Actinopyga obesa) 

were distributed sporadically across the mid-reef and deep reef zones.  The most common large 

starfish (Asteroidea) observed on the reef surface in past surveys has been the crown-of-thorns starfish 

(Acanthaster planci). However, no A. planci were observed during the last four surveys at any of the 

transect sites. 

 

The design of the reef survey was such that no cryptic organisms or species living within interstitial 

spaces of the reef surface were enumerated. Since this is the habitat of the majority of mollusks and 

Crustacea, detailed species counts were not included in the transecting scheme. No dominant 

communities of these classes of biota were observed during the reef surveys at any of the study 

stations.    

 

 

 

V. SUMMARY 

 

In summary, based on the results of the time-course surveys, composition of coral communities off of 

the NELHA facility are largely controlled by the degree of physical energy that impacts the area from 

storm waves. Results of the twenty-three sequential surveys dating from 1991-2008 reveal no 

statistically significant decreases in coral cover that could be attributable to activities at NELHA. 
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Rather, results of the survey set indicates substantially more coral cover at present than in past years 

as a result of regrowth during a period when no storm waves have impacted the area.  Recover of 

reef corals at Site 1 from damage caused by scouring of the reef surface from anchors and cables 

associated with installation of a pipeline has been raised the level of coral in this area to an 

equivalent level as other survey sites.  

 

Examination of water chemistry monitoring data collected as part of the CEMP also indicates that 

there does not appear to be changes in marine environmental conditions from discharge that could 

affect mortality of benthos.   

 

Comparisons of the mean coral cover over the course of monitoring indicate two discrete groupings; 

surveys up to the mid 1990’s generally had significantly lower coral cover than the surveys in the last 

six years (2002-2008). These results indicate that coral cover has increased substantially over the last 

decade. Comparisons of cover over the last five years (June 2002-July 2008) indicate statistically 

significant changes on only three of the eighteen transects, two of which are increases in cover. Over 

the last two successive surveys in 2007-2008 there were no significant differences in coral cover.   

This result may indicate that the community has recovered from storm damage, and may be in a 

phase that can be considered an "equilibrium climax state." Observations of the coral communities 

indicate that substantial recolonization by newly settled corals has progressed on areas that were 

probably bared as a result of intense wave action from two storm events in the early 1990’s. Based on 

these results, it appears that the activities of the NELHA facilities are not exerting any detectable 

negative effects to the benthic communities in the vicinity of Keahole Point. 
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Figure 1. Map showing locations of six biological monitoring transects off of  NELHA. 



SITE 1 - WAWALOLI SITE 4 - 12" PIPE NORTH

CORAL SPECIES CORAL SPECIES

Porites lobata 22.2 39.7 21.7 Porites lobata 20.3 27.3 41.5
Porites compressa 0.2 26.2 Porites compressa 0.2 0.3 16.2
Porites brighami Porites brighami 0.4
Pocillopora meandrina 1.6 4.5 Pocillopora meandrina 12.7 18.6 12.0
Montipora capitata 3.8 1.9 Montipora capitata 4.8 6.8 4.1
Montipora patula 1.3 Montipora patula 1.2 1.9 1.0
Pavona varians 0.2 Pavona varians
TOTAL CORAL COVER 29.1 46.3 47.9 TOTAL CORAL COVER 39.2 55.3 74.8
NUMBER OF SPECIES 5 4 2 NUMBER OF SPECIES 5 6 5
CORAL COVER DIVERSITY 0.80 0.51 0.69 CORAL COVER DIVERSITY 1.10 1.15 1.17

NON-CORAL SUBSTRATA NON-CORAL SUBSTRATA
  Basalt 55.1 38.3 0.0   Basalt 55.3 32.9 10.1
  Limestone 15.8 14.9 21.3   Limestone 5.5 11.8 13.6
  Sand 0.0 0.5 9.0   Sand 0.0 0.0 1.5
  Rubble 0.0 0.0 21.8   Rubble 0.0 0.0 0.0

SITE 2 - 18" PIPE SITE 5 - NPPE

CORAL SPECIES CORAL SPECIES

Porites lobata 33.4 27.1 15.0 Porites lobata 23.4 40.2 55.5
Porites compressa 0.2 Porites compressa 2.8 4.8 24.5
Pocillopora meandrina 19.9 18.7 18.5 Pocillopora meandrina 14.8 15.9 4.7
Montipora capitata 2.6 3.8 1.1 Montipora capitata 2.4 6.2 2.4
Montipora patula 0.6 7.0 0.3 Montipora patula 4.8 8.7 0.4
Pavona varians 0.2 Pavona varians 0.5
Leptastrea purpurea 0.5 Leptastrea purpurea 0.4
Porites rus Porites rus 1.5
TOTAL CORAL COVER 56.7 57.1 35.1 TOTAL CORAL COVER 50.6 75.8 87.5
NUMBER OF SPECIES 5 5 5 NUMBER OF SPECIES 8 5 5
CORAL COVER DIVERSITY 0.89 1.20 0.88 CORAL COVER DIVERSITY 1.43 1.29 0.93

NON-CORAL SUBSTRATA NON-CORAL SUBSTRATA
  Basalt 25.7 26.8 55.8   Basalt 42.6 18.1 3.7
  Limestone 17.6 16.1 9.1   Limestone 4.8 6.1 8.8
  Sand 0.0 0.0 0.0   Sand 0.0 0.0 0.0
  Rubble 0.0 0.0 0.0   Rubble 2.0 0.0 0.0

SITE 3 - 12" PIPE SOUTH SITE 6 - HO`ONA BAY

CORAL SPECIES CORAL SPECIES

Porites lobata 9.8 24.9 37.0 Porites lobata 28.1 33.2 35.6
Porites compressa 8.8 Porites compressa 21.9 22.2
Pocillopora meandrina 15.8 20.8 15.2 Pocillopora meandrina 15.4 3.6 0.2
Pocillopora eydouxi 4.5 Pocillopora eydouxi
Montipora capitata 0.8 5.7 5.5 Montipora capitata 2.3 0.6 0.5
Montipora patula 8.5 4.2 Montipora patula 0.4 0.4
Pavona varians 0.4 0.2 Pavona varians 1.3 0.6
Porites rus 0.3 Porites rus
TOTAL CORAL COVER 27.1 60.1 75.2 TOTAL CORAL COVER 46.2 60.6 59.5
NUMBER OF SPECIES 5 5 6 NUMBER OF SPECIES 4 5 6
CORAL COVER DIVERSITY 0.90 1.25 1.44 CORAL COVER DIVERSITY 0.86 0.99 0.81

NON-CORAL SUBSTRATA NON-CORAL SUBSTRATA
  Basalt 67.6 23.8 14.2   Basalt 46.7 19.0 0.0
  Limestone 5.3 15.3 10.6   Limestone 7.1 9.5 8.8
  Sand 0.0 0.8 0.0   Sand 0.0 2.3 0.0
  Rubble 0.0 0.0 0.0   Rubble 0.0 8.6 31.7

15' 20' 35'

20' 25' 45'

20' 30' 45'

20' 25' 50'

20' 30' 50'

10' 25' 60'

TABLE 1. Percent coral and non-coral substratum cover, total number of species and coral diversity on transects 
surveyed in the vicinity of NELHA on July 7, 2008.  For survey sites, see Figure 1.



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
12/91 5/92 10/92 5/93 10/93 3/94 5/94 9/94 1/95 5/95 11/97 5/98 11/98 5/99 12/99 6/00 2/01 5/01 12/01 6/02 10/07 7/08

% CORAL 12.5 5.5 5.1 4.7 7.6 2.5 5.0 6.9 5.8 5.7 24.3 30.2 19.4 16.9 21.2 24.1 34.1 32.4 23.5 42.3 41.2 29.1

% P. l. 10.8 4.4 2.9 1.9 5.7 1.3 2.8 3.0 3.8 2.9 11.3 17.8 7.6 8.1 10.9 12.3 17.8 15.5 7.5 27.3 24.9 22.2

15' % P. c. 0.1 0.6 0.1 0.8 0.2

% P. m. 1.7 1.0 2.2 2.5 1.7 0.4 0.7 1.8 1.6 1.9 12.5 9.9 11.0 5.3 9.4 9.5 14.1 14.3 14.3 11.6 11.0 1.6

Sp. # 2 4 2 3 4 4 8 6 5 4 4 4 4 6 3 5 4 5 5 7 6 5

Sp. div. 0.39 0.57 0.68 0.87 0.67 1.19 1.41 1.32 0.89 1.10 0.79 0.93 0.85 1.27 0.84 1.01 0.92 0.94 0.93 0.93 0.97 0.80

% CORAL 1.7 23.6 10.8 12.1 17.7 8.7 14.9 23.3 15.6 15.9 32.0 37.9 35.5 23.9 45.9 26.3 31.4 44.8 33.7 34.7 59.1 46.3

% P. l. 1.4 22.2 9.8 11.4 16.5 4.1 13.3 21.7 13.8 14.2 20.6 21.7 16.5 11.4 25.8 13.2 14.4 14.4 14.3 16.3 38.9 39.7

20' % P. c. 0.2 0.1 0.1 0.6 0.3 1.1 0.3 0.3 0.3 5.1 0.2

% P. m. 0.1 1.1 0.5 0.2 0.5 3.9 0.6 0.2 0.3 1.1 7.0 11.8 13.7 9.1 13.1 8.5 12.0 22.1 16.6 14.1 12.6 4.5

Sp. # 4 6 3 3 5 5 3 5 4 3 4 6 7 5 5 5 4 6 5 6 5 4

Sp. div. 0.57 0.27 0.37 0.23 0.33 0.99 0.41 0.32 0.47 0.41 0.98 1.03 1.16 1.13 1.11 1.20 1.08 1.18 0.97 1.12 0.97 0.51

% CORAL 23.9 2.9 2.5 2.2 5.3 8.5 8.4 8.9 9.9 14.2 13.9 15.1 32.0 22.7 23.2 29.4 29.5 28.3 8.5 14.6 67.4 47.9

% P. l. 14.7 2.5 2.2 1.5 2.9 3.6 6.3 7.1 7.5 8.2 7.7 7.0 19.7 10.4 10.4 13.5 13.8 15.2 4.9 5.8 30.7 21.7

35' % P. c. 9.2 0.3 0.3 1.0 0.5 0.6 1.7 0.9 1.5 0.3 0.6 1.2 0.6 2.6 36.1 26.2

% P. m. 0.1 0.1 0.1 0.1 1.0 3.3 1.6 1.3 1.2 4.8 5.3 4.5 10.8 8.9 10.8 11.5 13.0 9.9 1.8 4.4 0.4

Sp. # 3 3 3 5 4 7 4 3 3 5 4 5 5 4 4 5 4 5 5 4 4 2

Sp. div. 0.68 0.42 0.44 1.05 1.15 1.32 0.74 0.62 0.72 0.94 0.91 1.25 0.85 1.11 0.96 1.15 0.95 1.07 1.15 1.29 0.74 0.69

% CORAL 12.5 15.6 19.2 15.8 18.6 10.0 15.5 15.1 15.2 24.5 35.2 54.5 49.8 36.8 46.4 45.9 49.5 46.3 54.7 41.7 47.8 56.7

% P. l. 5.8 2.8 5.2 6.4 4.9 4.1 6.1 3.8 6.7 7.0 14.5 21.8 17.7 17.9 11.9 15.1 20.1 16.3 22.9 14.2 24.7 33.4

20' % P. c. 0.8 0.3

% P. m. 6.2 10.0 11.2 5.7 11.8 3.9 8.4 6.2 6.8 9.3 15.7 20.8 26.2 13.8 27.4 27.4 24.7 29.3 25.2 22.6 20.3 19.9

Sp. # 4 7 5 6 3 5 5 5 5 6 4 5 5 5 6 6 7 4 7 4 4 5

Sp. div. 0.84 1.01 1.00 1.24 0.87 1.21 0.95 1.34 1.06 1.44 1.03 1.26 1.05 1.11 1.13 0.96 1.04 0.73 1.11 0.97 0.91 0.89

% CORAL 14.3 13.0 9.1 13.1 11.8 16.0 17.3 13.2 23.0 20.4 39.6 53.5 44.9 44.9 49.5 43.2 53.1 59.0 40.1 52.9 32.3 57.1

% P. l. 5.2 4.4 3.9 2.6 3.4 4.8 3.7 3.3 12.8 8.6 12.2 15.5 20.0 19.2 8.2 8.4 12.7 16.7 8.2 21.2 12.1 27.1

25' % P. c. 0.3 0.5 0.4 0.7 0.2

% P. m. 8.5 8.0 3.2 8.9 6.0 5.9 10.7 6.9 6.4 9.0 23.5 25.8 18.9 20.9 38.8 30.7 32.0 32.6 24.2 23.5 18.8 18.7

Sp. # 6 6 4 5 6 8 5 6 4 5 6 5 5 5 4 7 7 5 6 5 5 5

Sp. div. 0.84 0.85 1.15 0.89 1.17 1.56 1.06 1.27 1.04 1.13 1.03 1.22 1.10 1.03 0.67 0.89 1.11 1.11 1.15 1.12 0.86 1.20

% CORAL 12.4 7.4 5.5 16.2 10.7 12.9 12.9 8.4 12.5 4.3 18.9 22.0 22.6 12.6 27.0 36.9 40.8 36.4 41.4 31.6 34.6 35.1

% P. l. 9.2 6.0 4.0 13.3 8.0 11.9 9.3 7.7 11.8 2.4 8.0 7.7 10.6 3.5 2.5 4.6 5.3 9.6 15.7 16.4 15.7 15.0

45' % P. c. 2.5 1.3 1.3 1.3 2.4 0.6 2.7 0.4 0.2 0.7 3.7 1.1 0.1 0.1 0.2 0.4 1.6 0.2 0.2

% P. m. 0.1 0.5 0.1 0.2 0.2 0.3 0.4 0.9 9.9 10.4 10.1 8.7 22.6 31.4 31.2 26.6 22.1 10.9 14.9 18.5

Sp. # 6 4 4 3 4 5 3 3 4 4 3 4 7 5 7 4 6 3 6 5 5 5

Sp. div. 0.58 0.54 0.72 0.59 0.67 0.36 0.75 0.34 0.27 1.13 0.86 1.06 1.02 0.75 0.65 0.50 0.80 0.61 0.99 1.12 1.07 0.88

% CORAL 8.9 8.7 8.5 6.5 6.5 9.4 12.0 10.7 5.9 31.8 15.0 21.6 13.2 21.5 29.6 39.0 51.3 28.7 28.7 61.1 27.1

% P. l. 1.4 1.4 2.0 2.4 1.9 2.5 4.1 2.2 1.3 17.3 3.5 7.8 7.5 7.8 9.0 19.9 23.1 10.8 9.2 31.7 9.8

20' % P. c. 0.3 0.1

% P. m. 6.9 7.1 6.6 4.1 3.4 5.1 7.5 7.7 4.6 12.2 7.7 4.7 13.5 19.6 18.1 18.8 15.7 15.4 25.1 15.8

Sp. # 5 4 2 2 4 4 3 4 2 4 6 6 3 3 3 5 6 4 5 4 5

Sp. div. 0.70 0.56 0.54 0.66 1.04 1.10 0.77 0.81 0.53 0.92 1.27 0.93 0.88 0.70 0.75 0.82 1.28 0.93 1.13 0.94 0.90

% CORAL 20.2 13.7 21.2 16.8 20.5 18.8 19.2 23.4 17.6 42.7 42.2 50.9 36.9 57.5 57.5 56.9 60.9 56.7 52.0 32.6 60.1

% P. l. 8.5 7.3 14.3 9.9 12.6 7.8 6.9 12.9 5.1 12.9 15.0 32.9 18.8 30.0 20.4 15.3 23.3 14.1 20.1 18.7 24.9

30' % P. c. 1.4 0.4 0.2

% P. m. 7.2 3.6 4.6 2.8 5.1 5.2 8.5 6.1 7.5 26.2 20.7 13.1 17.0 26.5 37.7 27.1 28.4 24.2 12.2 20.8

Sp. # 6 6 6 5 4 5 4 5 5 6 5 4 4 6 5 5 8 5 6 4 5

Sp. div. 1.28 1.28 0.95 1.21 1.01 1.36 1.14 1.17 1.27 0.95 1.12 0.77 1.05 1.14 1.18 0.86 1.23 1.28 1.19 0.87 1.25

% CORAL 15.0 17.9 22.2 31.0 22.9 14.3 30.8 28.9 26.1 50.4 75.6 68.2 36.3 65.0 65.3 71.7 76.6 72.2 68.0 74.8 75.2

% P. l. 11.5 14.1 16.8 19.1 17.9 10.1 18.9 18.3 16.7 15.5 28.9 23.1 15.9 26.0 20.8 30.6 28.6 45.0 28.0 41.4 37.0

45' % P. c. 0.5 0.2 0.9 0.7 0.4 1.0 1.4 0.4 0.5 1.0 1.1 1.4 0.6 0.7 1.8 5.8 5.3 2.1 10.7 8.8

% P. m. 0.9 1.2 2.3 2.8 1.3 0.8 2.8 4.4 4.6 27.3 35.3 35.7 5.0 30.3 34.5 27.0 32.1 14.7 24.9 14.3 15.2

Sp. # 6 6 6 9 7 7 6 4 6 6 7 6 7 7 8 7 6 6 7 5 6

Sp. div. 0.86 0.78 0.84 1.22 0.83 1.00 1.20 1.04 1.08 1.17 1.16 1.12 1.41 1.16 1.20 1.32 1.30 1.14 1.32 1.24 1.44

SITE DEPTH PARAMETER

SURVEY NUMBER/DATE

1-
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2 
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U
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TABLE 2A. Coral community data for each survey of the NELHA benthic monitoring program at Sites 1-3. % Coral represents percentage of 
bottom covered by all species of coral. % Pl, Pc and Pm are percentage cover of bottom by each of the three most common corals (Porites 
lobata, Porites compressa and Pocillopora meandrina). S p.# represents total number of coral species encountered on transects; Sp. div. 
represents Shannon-Weaver Species diversity. For locations of transect sites, see Figure 1. 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
12/91 5/92 10/92 5/93 10/93 3/94 5/94 9/94 1/95 5/95 11/97 5/98 11/98 5/99 12/99 6/00 2/01 5/01 12/01 6/02 10/07 7/08

% CORAL 8.3 4.5 7.6 14.8 10.0 10.2 9.6 7.5 15.1 35.9 32.0 36.2 27.2 37.1 34.1 40.5 43.4 41.9 32.0 26.5 39.2

% P. l. 3.2 2.2 2.5 5.0 3.0 3.3 3.4 4.6 3.5 9.7 11.9 10.0 6.6 10.9 8.0 14.9 11.8 16.1 9.2 12.0 20.3

20' % P. c. 0.2 0.2 0.1 0.2

% P. m. 4.3 2.3 3.1 6.3 3.5 3.9 5.1 1.5 8.1 22.1 18.7 22.9 20.2 24.1 22.8 22.9 26.4 21.1 18.4 12.8 12.7

Sp. # 7 3 6 6 6 5 4 5 7 3 5 4 4 4 4 5 4 5 7 3 5

Sp. div. 1.02 0.78 1.30 1.33 1.58 1.40 1.03 1.13 1.35 0.90 0.85 0.88 0.64 0.81 0.90 0.93 0.94 1.05 1.07 0.89 1.10

% CORAL 13.8 12.5 14.1 17.6 20.8 23.7 22.7 19.1 16.2 29.8 45.9 41.5 53.0 33.7 33.2 50.9 40.5 51.0 49.2 50.8 55.3

% P. l. 9.2 9.9 7.1 7.0 9.2 9.0 10.4 9.3 10.1 14.8 23.9 22.5 15.7 16.3 20.6 21.7 16.1 19.1 23.6 20.9 27.3

25' % P. c. 0.4 0.1 0.1 2.2 1.2 1.2 0.8 2.2 0.3 0.3

% P. m. 3.4 1.3 4.0 3.0 3.5 7.7 5.5 6.8 4.3 12.1 16.1 14.4 31.1 12.5 11.1 21.5 18.9 21.6 16.2 15.1 18.6

Sp. # 6 6 6 7 7 6 5 4 6 4 4 4 7 7 5 7 6 8 7 6 6

Sp. div. 0.95 0.79 1.26 1.48 1.47 1.39 1.18 1.10 1.01 0.99 1.04 0.95 1.09 1.19 0.85 1.20 1.17 1.35 1.28 1.37 1.15

% CORAL 17.4 13.2 17.7 27.1 21.8 19.4 22.5 30.4 29.9 40.6 63.6 47.3 58.1 59.8 63.7 66.6 60.1 60.4 64.8 72.0 74.8

% P. l. 14.1 10.5 13.9 15.3 16.4 14.0 14.4 24.8 23.9 23.5 32.0 26.6 36.0 32.2 36.2 35.4 29.0 27.7 38.1 46.6 41.5

50' % P. c. 1.2 0.3 0.8 0.6 0.4 0.2 0.5 0.8 0.5 2.3 1.4 1.7 0.9 1.8 2.3 2.8 3.2 1.9 5.6 4.7 16.2

% P. m. 0.1 0.5 0.5 3.6 0.8 1.0 2.0 0.8 1.8 7.1 14.6 8.0 13.7 15.4 13.7 17.8 21.0 14.4 10.8 16.2 12.0

Sp. # 6 4 6 5 5 6 5 5 5 6 6 5 5 7 5 6 6 6 6 5 5

Sp. div. 0.70 0.67 0.77 1.13 0.75 0.87 1.07 0.67 0.74 1.22 1.22 1.23 1.03 1.23 1.17 1.19 1.22 1.35 1.24 0.99 1.17

% CORAL 18.6 21.7 20.6 25.6 22.9 26.4 33.7 24.5 19.6 62.0 46.7 42.5 47.8 66.8 53.7 37.7 48.1 52.9 45.3 41.1 50.6

% P. l. 6.9 6.1 5.9 9.4 7.4 8.7 11.0 8.2 6.6 33.8 20.5 15.4 19.1 31.9 25.3 12.6 21.1 28.4 19.7 26.3 23.4

20' % P. c. 0.6 0.6 0.8 12.7 2.8

% P. m. 8.8 10.2 11.8 10.7 11.8 15.0 13.6 9.6 8.6 21.2 20.0 16.3 21.8 24.6 22.1 22.9 24.3 19.8 22.1 14.8

Sp. # 6 7 6 5 7 5 6 6 5 6 7 6 5 6 4 5 5 4 7 3 8

Sp. div. 1.21 1.43 1.13 1.25 1.25 0.99 1.40 1.45 1.28 1.06 1.19 1.37 1.12 1.17 1.05 0.87 0.92 0.98 0.97 0.80 1.43

% CORAL 29.5 33.9 36.6 51.3 44.1 45.3 47.2 51.7 42.1 61.6 75.3 64.8 75.3 85.4 71.3 77.2 71.7 70.2 59.2 77.3 75.8

% P. l. 10.4 16.6 14.1 18.7 19.3 22.1 23.0 28.1 26.5 24.9 31.9 27.1 35.6 46.9 39.6 33.4 38.0 41.5 28.7 47.5 40.2

30' % P. c. 0.3 0.3 1.6 0.8 2.8 1.6 1.7 0.2 2.8 1.2 1.3 1.6 1.9 4.5 2.8 2.4 6.4 10.1 4.8

% P. m. 17.6 15.8 18.8 26.2 22.0 17.0 19.1 19.7 13.2 19.1 33.1 30.4 27.7 30.6 22.8 35.2 22.6 17.2 22.4 11.1 15.9

Sp. # 6 7 6 7 5 5 6 6 6 7 7 6 7 6 5 6 7 6 6 6 5

Sp. div. 0.88 0.90 1.05 1.13 0.95 1.13 1.09 0.98 0.89 1.50 1.17 1.11 1.23 1.04 1.08 1.10 1.20 1.13 1.11 1.19 1.29

% CORAL 28.0 38.3 45.5 40.5 47.7 40.5 60.3 58.4 55.1 83.8 83.9 77.2 79.8 74.7 89.8 77.7 89.6 76.6 90.3 88.6 87.5

% P. l. 23.2 30.1 34.2 32.4 41.1 31.6 47.7 41.7 37.8 57.1 55.4 47.7 49.7 48.8 56.3 45.5 62.0 41.9 61.1 65.9 55.5

50' % P. c. 1.9 1.4 3.5 1.4 1.7 3.8 2.1 5.4 7.6 11.1 6.3 14.3 20.5 11.7 14.5 17.2 17.0 10.3 21.4 16.0 24.5

% P. m. 1.5 3.0 3.8 4.4 2.1 1.0 5.7 5.5 3.8 8.3 10.6 8.9 5.3 6.3 9.0 8.2 6.3 15.2 5.1 5.6 4.7

Sp. # 6 7 6 6 5 5 6 6 7 7 7 4 7 7 6 5 5 7 5 5 5

Sp. div. 0.68 0.83 0.91 0.74 0.56 0.78 0.78 0.96 1.04 1.05 1.15 1.06 1.01 1.11 1.17 1.15 0.93 1.29 0.89 0.77 0.93

% CORAL 15.1 15.1 24.8 12.0 7.5 9.0 6.8 10.9 10.8 11.0 17.6 24.0 27.7 15.3 32.2 35.2 46.9 41.9 43.6 35.2 34.9 46.2

% P. l. 12.3 10.0 18.3 7.5 4.8 7.2 4.7 6.2 9.1 6.3 12.0 16.5 13.5 7.0 15.2 19.0 24.2 15.9 22.7 4.4 26.6 28.1

10' % P. c. 0.2 0.3 0.2 0.2

% P. m. 2.4 4.4 3.9 3.9 1.5 1.1 0.9 2.1 1.7 2.4 4.3 6.8 10.1 8.3 12.7 14.9 17.6 21.2 19.1 30.8 8.3 15.4

Sp. # 3 4 5 6 3 5 6 3 2 3 5 4 4 2 4 3 5 6 4 2 2 4

Sp. div. 0.55 0.79 0.85 0.87 0.90 0.73 1.02 0.98 0.44 0.98 0.86 0.74 1.03 0.69 1.02 0.82 1.03 1.08 0.85 0.38 0.55 0.86

% CORAL 42.1 30.8 27.8 30.7 26.0 38.1 18.6 25.7 28.7 23.4 68.0 82.6 64.9 48.0 48.4 44.0 49.5 30.6 42.1 38.9 39.1 60.6

% P. l. 37.4 25.4 22.1 22.8 21.3 35.2 13.1 23.0 24.9 20.3 46.4 51.0 28.7 28.1 24.2 29.3 29.9 16.1 30.3 26.3 32.6 33.2

25' % P. c. 4.1 3.5 5.0 6.8 2.3 2.1 4.1 1.1 3.5 3.0 18.9 29.4 28.7 12.6 17.8 10.1 16.1 2.9 0.9 1.2 21.9

% P. m. 0.6 1.7 0.6 1.0 2.3 0.3 1.2 0.1 0.1 0.6 1.1 6.7 3.2 5.2 3.6 2.9 12.0 7.2 11.6 4.3 3.6

Sp. # 3 4 3 3 4 6 5 4 4 3 7 5 5 5 6 6 4 4 6 4 5 5

Sp. div. 0.39 0.58 0.57 0.66 0.61 0.35 0.81 0.44 0.43 0.41 0.80 0.79 1.02 1.10 1.06 0.92 0.89 0.95 0.88 0.73 0.61 0.99

% CORAL 34.7 39.1 35.1 45.9 40.8 55.0 41.5 49.0 46.3 43.4 77.1 88.9 82.0 83.4 69.5 72.0 65.0 82.9 76.8 86.5 61.2 59.5

% P. l. 12.5 20.0 12.7 18.8 18.7 18.9 19.2 20.8 23.3 17.4 27.9 30.4 28.3 28.8 27.0 24.6 38.2 32.9 33.0 39.3 36.0 35.6

60' % P. c. 20.0 18.0 21.7 25.3 19.9 35.2 19.1 25.3 21.8 23.3 44.7 54.3 49.4 52.6 38.7 43.8 22.4 43.8 38.4 39.7 23.5 22.2

% P. m. 0.5 0.3 0.1 0.3 1.1 0.1 0.7 0.4 0.3 0.5 0.3 0.2 0.5 1.1 1.6 0.4 0.2 0.2

Sp. # 7 5 5 6 4 5 7 5 6 6 4 6 6 6 6 4 6 5 6 6 5 6

Sp. div. 0.93 0.83 0.76 0.86 0.90 0.74 1.02 0.92 0.82 0.95 0.88 0.85 0.88 0.78 0.91 0.85 0.95 0.97 0.98 1.04 0.80 0.81

SURVEY NUMBER/DATE
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TABLE 2B. Coral community data for each survey of the NELHA benthic monitoring program at Sites 4-6. % Coral represents percentage of 
bottom covered by all species of coral. % Pl, Pc and Pm are percentage cover of bottom by each of the three most common corals (Porites 
lobata, Porites compressa and Pocillopora meandrina). S p.# represents total number of coral species encountered on transects; Sp. div. 
represents Shannon-Weaver Species diversity. For locations of transect sites, see Figure 1. 



SITE DEPTH SOURCE OF VARIATION

SS df MS F P-value

15' Between Groups 34588.38 21 1647.07 15.093 0.000
Within Groups 21607.40 198 109.13

1 - WAWAOLI
20' Between Groups 50499.42 21 2404.73 12.439 0.000

Within Groups 38276.34 198 193.31

35' Between Groups 67987.73 21 3237.51 26.932 0.000
Within Groups 23801.53 198 120.21

SS df MS F P-value

20' Between Groups 55011.67 21 2619.60 20.807 0.000
Within Groups 24928.56 198 125.90

2 - 18" PIPE
25' Between Groups 59725.95 21 2844.09 16.510 0.000

Within Groups 34108.88 198 172.27

45' Between Groups 31668.78 21 1508.04 7.449 0.000
Within Groups 40084.88 198 202.45

SS df MS F P-value

20' Between Groups 62205.65 20 3110.28 19.933 0.000
Within Groups 29490.35 189 156.03

3 - 12" PIPE S.
30' Between Groups 56478.17 20 2823.91 14.279 0.000

Within Groups 37378.45 189 197.77

45' Between Groups 115624.05 20 5781.20 37.004 0.000
Within Groups 29527.83 189 156.23

SS df MS F P-value

20' Between Groups 36119.17 20 1805.96 14.206 0.000
Within Groups 24026.45 189 127.12

4 - 12" PIPE N.
25' Between Groups 44480.21 20 2224.01 8.411 0.000

Within Groups 49976.63 189 264.43

50' Between Groups 88646.55 20 4432.33 22.225 0.000
Within Groups 37691.65 189 199.43

SS df MS F P-value

20' Between Groups 42421.38 20 2121.07 9.311 0.000
Within Groups 43055.63 189 227.81

5 - NPPE
30' Between Groups 56622.27 20 2831.11 11.096 0.000

Within Groups 48222.80 189 255.15

50' Between Groups 84577.97 20 4228.90 20.189 0.000
Within Groups 39589.68 189 209.47

SS df MS F P-value

10' Between Groups 35166.41 21 1674.59 10.431 0.000
Within Groups 31787.05 198 160.54

6 - HO'ONA BAY
25' Between Groups 51458.22 21 2450.39 5.086 0.000

Within Groups 95399.41 198 481.82

60' Between Groups 71365.38 21 3398.35 9.101 0.000
Within Groups 73932.68 198 373.40

TABLE 3. ANOVA summary table for total cover at sites off NELHA, West Hawaii. Sites 1, 2 and 6 were surveyed 
on twenty-two dates (N=220); sites 3, 4 and 5 were surveyed on twenty-one dates (N=210).  For site locations, 
see Figure 1. 



SITE DEPTH SOURCE OF VARIATION

SS df MS F P-value

15' Between Groups 12780.93 21 608.62 7.203 0.000
Within Groups 16729.63 198 84.49

1 - WAWAOLI
20' Between Groups 17119.02 21 815.19 4.877 0.000

Within Groups 33097.38 198 167.16

35' Between Groups 13968.23 21 665.15 7.174
Within Groups 18357.68 198 92.72

SS df MS F P-value

20' Between Groups 11715.73 21 557.89 6.583 0.000
Within Groups 16779.78 198 84.75

2 - 18" PIPE
25' Between Groups 7284.06 21 346.86 5.720 0.000

Within Groups 12007.28 198 60.64

45' Between Groups 4157.95 21 198.00 1.622 0.047
Within Groups 24164.48 198 122.04

SS df MS F P-value

20' Between Groups 18832.37 20 941.62 9.470 0.000
Within Groups 18793.05 189 99.43

3 - 12" PIPE S.
30' Between Groups 10661.67 20 533.08 3.611 0.000

Within Groups 27901.08 189 147.62

45' Between Groups 19653.51 20 982.68 10.065 0.000
Within Groups 18452.08 189 97.63

SS df MS F P-value

20' Between Groups 3888.25 20 194.41 3.674 0.000
Within Groups 9999.85 189 52.91

4 - 12" PIPE N.
25' Between Groups 7111.50 20 355.58 2.043 0.007

Within Groups 32892.40 189 174.03

50' Between Groups 23954.32 20 1197.72 7.769 0.000
Within Groups 29136.73 189 154.16

SS df MS F P-value

20' Between Groups 17221.81 20 861.09 7.722 0.000
Within Groups 21076.63 189 111.52

5 - NPPE
30' Between Groups 24507.33 20 1225.37 8.220 0.000

Within Groups 28175.95 189 149.08

50' Between Groups 30425.82 20 1521.29 10.469 0.000
Within Groups 27463.45 189 145.31

SS df MS F P-value

10' Between Groups 11064.88 21 526.90 5.129 0.000
Within Groups 20341.85 198 102.74

6 - HO'ONA BAY
25' Between Groups 16471.77 21 784.37 1.780 0.023

Within Groups 87234.93 198 440.58

60' Between Groups 13628.88 21 648.99 2.649 0.000
Within Groups 48507.98 198 244.99

TABLE 4. ANOVA summary table for Porites lobata  cover at sites off of NELHA, West Hawaii. Sites 1, 2 and 6 were 
surveyed on twenty-two dates (N=220); sites 3, 4 and 5 were surveyed on twenty-one dates (N=210).   For site 
locations, see Figure 1. 



SITE DEPTH SOURCE OF VARIATION

SS df MS F P-value

15' Between Groups 5846.78 21 278.418 9.554 0.000
Within Groups 5770.01 198 29.141

1 - WAWAOLI
20' Between Groups 9581.50 21 456.26 11.266 0.000

Within Groups 8018.75 198 40.49874

35' Between Groups 4118.36 21 196.11 5.229 0.000
Within Groups 7425.43 198 37.50

SS df MS F P-value

20' Between Groups 17390.53 21 828.12 10.548 0.000
Within Groups 15545.15 198 78.51

2 - 18" PIPE
25' Between Groups 23391.95 21 1113.90 12.737 0.000

Within Groups 17315.27 198 87.45

45' Between Groups 24952.26 21 1188.20 14.025 0.000
Within Groups 16775.10 198 84.72

SS df MS F P-value

20' Between Groups 10860.40 20 543.02 13.537 0.000
Within Groups 7581.60 189 40.11

3 - 12" PIPE S.
30' Between Groups 21536.46 20 1076.82 14.963 0.000

Within Groups 13601.28 189 71.96

45' Between Groups 33486.41 20 1674.32 23.558 0.000
Within Groups 13432.93 189 71.07

SS df MS F P-value

20' Between Groups 15107.62 20 755.38 9.886 0.000
Within Groups 14440.78 189 76.41

4 - 12" PIPE N.
25' Between Groups 12825.83 20 641.29 8.714 0.000

Within Groups 13908.95 189 73.59

50' Between Groups 17407.78 20 870.39 21.358 0.000
Within Groups 7702.33 189 40.75

SS df MS F P-value

20' Between Groups 16544.08 20 827.20 1.783 0.025
Within Groups 87677.85 189 463.90

5 - NPPE
30' Between Groups 12525.98 20 626.30 4.094 0.000

Within Groups 28911.13 189 152.97

50' Between Groups 26346.37 20 1317.32 24.836 0.000
Within Groups 10024.53 189 53.04

SS df MS F P-value

10' Between Groups 13175.75 21 627.42 12.908 0.000
Within Groups 9624.48 198 48.61

6 - HO'ONA BAY
25' Between Groups 2574.97 21 122.62 5.633 0.000

Within Groups 4310.33 198 21.77

60' Between Groups 35.52 21 1.69 1.379 0.132
Within Groups 242.93 198 1.23

TABLE 5. ANOVA summary table for Pocillopora meandrina  cover at sites off of NELHA, West Hawaii. Sites 1, 2 
and 6 were surveyed on twenty-two dates (N=220); sites 3, 4 and 5 were surveyed on twenty-one dates (N=210).  
For site locations, see Figure 1. 



TRANSECT 1-15 TRANSECT 1-20 TRANSECT 1-35 TRANSECT 2-20 TRANSECT 2-25 TRANSECT 2-45
Date Association Date Association Date Association Date Association Date Association Date Association

Mar-94 A Dec-91 A May-93 A Mar-94 A Oct-92 A May-95 A
May-93 AB Mar-94 AB Oct-92 A Dec-91 A Oct-93 AB Oct-92 A
May-94 AB Oct-92 ABC May-92 A Sep-94 A May-92 AB May-92 A
Oct-92 AB May-93 ABCD Oct-93 AB Jan-95 A May-93 AB Sep-94 AB
May-92 AB May-94 ABCDE May-94 ABC May-94 A Sep-94 AB Oct-93 AB
May-95 AB Jan-95 ABCDE Mar-94 ABC May-92 A Dec-91 AB Dec-91 ABC
Jan-95 AB May-95 ABCDE Dec-01 ABC May-93 A Mar-94 AB Jan-95 ABC
Sep-94 ABC Oct-93 ABCDE Sep-94 ABC Oct-93 AB May-94 AB May-99 ABC
Oct-93 ABC Sep-94 ABCDEF Jan-95 ABC Oct-92 AB May-95 ABC May-94 ABCD
Dec-91 ABCD May-92 ABCDEF Nov-97 ABCD May-95 ABC Jan-95 ABCD Mar-94 ABCD
May-99 ABCDE May-99 ABCDEF May-95 ABCD Nov-97 BCD Jul-08 BCDE May-93 ABCDE
Nov-98 ABCDE Jun-00 BCDEF Jun-02 ABCD May-99 BCDE Oct-07 BCDE Nov-97 ABCDEF
Dec-99 BCDE Feb-01 BCDEF May-98 ABCD Jun-02 CDE Nov-97 CDEF May-98 ABCDEF
Dec-01 CDE Nov-97 CDEF May-99 BCD Jun-00 DE Dec-01 CDEF Nov-98 ABCDEF
Jun-00 CDEF Dec-01 CDEF Dec-99 BCD May-01 DE Jun-00 DEF Dec-99 ABCDEF
Nov-97 CDEF Jun-02 DEF Dec-91 CD Dec-99 DE Nov-98 DEF Jun-02 BCDEF
Jul-08 DEFG Nov-98 EF May-01 D Jul-08 DE May-99 DEF Jul-08 CDEF

May-98 EFG May-98 EFG Jun-00 D Oct-07 DE Dec-99 EF Oct-07 CDEF
May-01 EFG May-01 FG Feb-01 D Feb-01 DE Jun-02 EF May-01 DEF
Feb-01 EFG Dec-99 FG Nov-98 D Nov-98 DE Feb-01 EF Jun-00 EF
Oct-07 FG Oct-07 G Oct-07 E May-98 E May-98 EF Feb-01 F
Jun-02 G Jul-08 G Jul-08 E Dec-01 E May-01 F Dec-01 F

TRANSECT 3-20 TRANSECT 3-30 TRANSECT 3-45 TRANSECT 4-20 TRANSECT 4-25 TRANSECT 4-50
Date Association Date Association Date Association Date Association Date Association Date Association

May-95 A Oct-92 A May-94 A Oct-92 A Oct-92 A Oct-92 A
Mar-94 A Oct-93 A May-92 A Jan-95 A May-92 AB May-92 AB
Oct-93 A May-95 A Oct-92 AB May-93 A May-93 AB May-93 AB
May-93 AB May-94 A May-93 AB May-92 AB May-95 ABC May-94 AB
Oct-92 AB Sep-94 AB Mar-94 AB Sep-94 ABC Oct-93 ABC Mar-94 AB
May-92 AB May-92 ABC May-95 AB Mar-94 ABC Jan-95 ABCD Sep-94 AB
May-94 ABC Mar-94 ABC Jan-95 AB May-94 ABC Mar-94 ABCD Oct-93 ABC
Jan-95 ABC May-93 ABC Sep-94 ABC Oct-93 ABCD Sep-94 ABCDE May-95 ABC
Sep-94 ABCD Jan-95 ABC Oct-93 ABC May-95 ABCD May-94 ABCDE Jan-95 ABC
May-99 ABCD Jul-08 ABCD May-99 BC Jul-08 BCDE Nov-97 ABCDEF Nov-97 BCD
May-98 ABCD Oct-07 ABCD Nov-97 CD Oct-07 BCDE Jun-00 ABCDEF Nov-98 CDE
Dec-99 ABCDE May-99 ABCDE Dec-99 DE May-99 CDE Dec-99 ABCDEF May-99 DEF
Nov-98 ABCDE May-98 BCDEF Jun-00 DE May-98 DE May-01 BCDEF Dec-99 DEF
Dec-01 BCDE Nov-97 CDEF Jun-02 DE Jun-02 DE Nov-98 CDEF May-01 DEF
Jun-02 BCDE Nov-98 DEF Nov-98 DE Jun-00 E May-98 DEF Dec-01 DEF
Jun-00 CDE Jun-02 DEF Feb-01 E Nov-97 E Jun-02 EF May-98 DEF
Nov-97 DEF Dec-01 EF Dec-01 E Nov-98 E Jul-08 F Jun-00 DEF
Feb-01 EF Feb-01 EF Oct-07 E Dec-99 E Oct-07 F Jun-02 EF
May-01 FG Dec-99 EF Jul-08 E Feb-01 E Feb-01 F Feb-01 EF
Oct-07 G Jun-00 EF May-98 E Dec-01 E Dec-01 F Oct-07 F
Jul-08 G May-01 F May-01 E May-01 E May-99 F Jul-08 F

TRANSECT 5-20 TRANSECT 5-30 TRANSECT 5-50 TRANSECT 6-10 TRANSECT 6-25 TRANSECT 6-60
Date Association Date Association Date Association Date Association Date Association Date Association

May-92 A May-92 A May-92 A May-94 A May-94 A Dec-91 A
May-95 A Oct-92 AB Oct-92 AB Oct-93 A May-95 A Oct-92 A
May-93 AB May-93 ABC May-94 AB Mar-94 A Sep-94 A May-92 AB
Oct-92 ABC May-95 ABCD Oct-93 AB Jan-95 A Oct-93 A Oct-93 ABC
Mar-94 ABCD Mar-94 ABCDE May-93 AB Sep-94 A Oct-92 A May-94 ABC
Jan-95 ABCDE May-94 ABCDEF Mar-94 AB May-95 A Jan-95 AB May-95 ABC
Oct-93 ABCDE Sep-94 ABCDEF May-95 BC May-93 AB May-01 AB May-93 ABCD
May-94 ABCDE Oct-93 ABCDEFG Jan-95 BCD Dec-91 ABC May-93 AB Jan-95 ABCD
Sep-94 ABCDEF Jan-95 ABCDEFG Sep-94 BCDE May-92 ABC May-92 AB Sep-94 ABCD
Feb-01 ABCDEFG Jun-02 BCDEFGH Dec-99 CDEF May-99 ABC Mar-94 ABC Mar-94 ABCDE
Jul-08 ABCDEFG Nov-97 CDEFGH Dec-01 CDEF Nov-97 ABC Jun-02 ABC Jul-08 ABCDEF
Oct-07 ABCDEFG Nov-98 DEFGH Nov-98 CDEF May-98 ABCD Jul-08 ABC Oct-07 ABCDEF
Nov-98 ABCDEFGH Dec-01 EFGH Feb-01 CDEF Oct-92 ABCD Oct-07 ABC Feb-01 ABCDEF
Jun-02 BCDEFGH Jun-00 FGH May-99 DEF Nov-98 ABCDE Dec-01 ABC Dec-99 BCDEF
May-98 CDEFGH May-01 FGH Nov-97 EF Dec-99 BCDE Dec-91 ABC Jun-00 CDEF
May-99 DEFGH May-99 GH May-98 EF Jul-08 CDE Jun-00 ABC Dec-01 DEF
May-01 EFGH May-98 GH Oct-07 F Oct-07 CDE May-99 ABCD Nov-97 DEF
Dec-01 FGH Feb-01 GH Jul-08 F Jun-02 CDE Dec-99 ABCD Nov-98 EF
Jun-00 FGH Oct-07 GH May-01 F Jun-00 CDE Feb-01 ABCD May-01 EF
Nov-97 GH Jul-08 GH Jun-00 F May-01 DE Nov-98 BCD May-99 EF
Dec-99 H Dec-99 H Jun-02 F Dec-01 DE Nov-97 CD Jun-02 EF

Feb-01 E May-98 D May-98 F

TABLE 6. Matrix of Tukey HSD multiple comparison probablilities showing significant (P<0.05) differences between mean coral cover on transects in the vicinity of NELHA.  Survey Dates followed by the same 
Association letter are not significantly different. 



TABLE 7.    Cumulative sea urchin data for NELHA benthic monitoring program. For site and transect locations, see Figure 1.

SITE TRANSECT SPECIES 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

12/91 5/92 10/92 5/93 10/93 3/94 5/94 9/94 1/95 5/95 11/97 5/98 11/98 5/99 12/99 6/00 2/01 5/01 12/01 6/02 10/07 7/08

1 15' E. matheai 36 14 8 11 24 14 20 24 31 26 22 31 27 34 38 29 41 29 32 21 29 31
H. mammillatus 1 1 2 1 1 2 2
T. gratilla 1 1 1 2 3 3 1 2 7
E. diadema 2 1 1 1 2

20' E. matheai 9 40 30 17 34 29 25 31 35 41 35 39 42 31 29 32 26 24 37 26 31 29
H. mammillatus 1 1
E. diadema 1 1 1 2 1

35' E. matheai 5 3 1 1 6 3 4 5 3 2 1 2 3 4 2 5 4 4 2 6 7
H. mammillatus 1 1 1 1 2 2 1 1
E. diadema 1
T. gratilla 2 1 1 2

2 20' E. matheai 19 2 4 3 8 4 6 3 2 4 3 5 4 2 5 6 8 11 12 14 8 11
25' E. matheai 8 5 3 11 13 6 14 21 28 24 27 32 35 39 19 32 31 29 19 21 22 32

E. aciculatus 1 1 1 1
E. diadema 1 2 4
T. gratilla 1

45' E. matheai 4 9 8 7 6 2 11 7 5 4 4 2 2 2 11 4 21 18 13 11 15 9
E. diadema 2

3 20' E. matheai 2 3 2 1 1 2 1 2 3 4 2 6 5 11 16 21 19 12 16 13
E. diadema 1

30' E. matheai 15 4 6 11 8 5 3 2 2 2 3 3 4 4 8 11 14 15 11 16 12
45' E. diadema 1 2 2 3 1

E. matheai 2 1 1 1 1 1 1 4 1 3 2 1 1 5 5 8 6 11 9 4 6
4 20' E. matheai 3 2 7 4 2 4 3 4 4 2 2 1 2 5 6 11 13 12 21 8 4

25' E. matheai 9 15 7 11 6 6 4 3 2 4 3 2 3 5 7 12 16 15 18 13 7
50' E. matheai 2 0 1 1 1 4 2 2 3 3 5 3 4 4 7 14 21 13 15 11 8

E. diadema 2 1
5 20' E. matheai 7 7 7 4 4 3 1 2 5 4 6 2 6 8 11 21 25 18 11 12 13

E. diadema 3
30' E. matheai 1 4 1 1 6 8 3 4 41 27 38 26 28 18 31 43 32 21 16 28 17

H. mammillatus 1 1
50' E. matheai 1 4 2 4 1 3 5 2 9 11 13 7 3

6 10' E. matheai 4 23 9 4 12 6 11 16 19 12 11 14 12 16 7 5 9 13 11 11 14 21
H. mammillatus 2 2 2 1 2 3
E. diadema 1 1 1

25' E. matheai 39 20 4 1 9 7 6 3 4 3 2 3 2 3 5 5 11 21 15 14 13 12
H. mammillatus 7 3 4 1 1 1 1 2 2 2 4 5 2
T. gratilla 1

60' E. matheai 7 1 1 1 3 4 2 2 4 4 3 6 12 19 12 9 15 10
H. mammillatus 4 1 2 1 1 1 1 1 1 3 3 2
T. gratilla 3 1 1 1
E. diadema 2
TOTAL 145 162 116 99 147 109 135 132 160 187 162 205 185 204 183 218 309 330 293 253 282 266

SURVEY NUMBER/DATE
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FIGURE 2. Bar graphs of percentage of total coral cover from three depths at six marine monitoring sites located in 
the vicinity of NELHA  surveyed since  December 1991 (Note: sampling suspended between June 1995 and October 
1997). Sites 3, 4, and 5 were not surveyed in December 1991.  For location of survey sites, see Figure 1. 
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FIGURE 3. Bar graph of  total number of coral species from three depths at six marine monitoring sites located in the 
vicinity of NELHA  surveyed since December 1991 (Note: sampling suspended between June 1995 and October 1997). 
Sites 3, 4, and 5 were not surveyed in December 1991.  For location of survey sites, see Figure 1. 
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FIGURE 4. Bar graph of  coral species diversity from three depths at six marine monitoring sites located in the vicinity 
of NELHA  surveyed since December 1991 (Note: sampling suspended between June 1995 and October 1997). 
Sites 3, 4, and 5 were not surveyed in December 1991.  For location of survey sites, see Figure 1. 
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FIGURE 5. Bar graph showing percent cover of major coral species at three depths along the transect at Site 1. Surveys 
were conducted since December 1991 (Note: Sampling suspended between June 1995 and October 1997).  
Cover estimates are calculated as mean cover for ten random quadrats.  For location of Site 1, see Figure 1.
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FIGURE 6. Bar graph showing percent cover of major coral species at three depths along the transect at Site 2. 
Surveys were conducted since December 1991 (Note: Sampling suspended between June 1995 and 
October 1997).  Cover estimates are calculated as mean cover for ten random quadrats. For location of 
Site 2, see Figure 1.
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FIGURE 7. Bar graph showing percent cover of major coral species at three depths along the transect at Site 3. Surveys 
were conducted since May 1992 (Note: Sampling suspended between June 1995 and October 1997).  
Cover estimates are calculated as mean cover for ten random quadrats. Note y-axix scale change for deep 
transect. For location of Site 3, see Figure 1.
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FIGURE 8. Bar graph showing percent cover of major coral species at three depths along the transect at Site 4. Surveys
were conducted since May 1992 (Note: Sampling suspended between June 1995 and October 1997).  
Cover estimates are calculated as mean cover for ten random quadrats. Note y-axis scale change for deep 
transect.  For location of Site 4, see Figure 1.
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FIGURE 9. Bar graph showing percent cover of major coral species at three depths along the transect at Site 5. Surveys
were conducted since May 1992 (Note: Sampling suspended between June 1995 and October 1997).  
Cover estimates are calculated as mean cover for ten random quadrats. Note y-axis scale change for 
shallow transect.  For location of Site 5, see Figure 1.
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FIGURE 10. Bar graph showing percent cover of major coral species at three depths along the transect at Site 6. Surveys 
were conducted since December 1991 (Note: Sampling suspended between June 1995 and October 1997). 
Cover estimates are calculated as mean cover for ten random quadrats. Note y-axis scale change for shallow 
transect. For location of Site 6, see Figure 1.
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APPENDIX A 
 
NELHA BENTHIC MONITORING 
JULY 2008 
 
PHOTO-QUADRAT DATA 



TRANSECT SITE: WAWALOLI MEAN CORAL  COVER 29.1 %
TRANSECT ID #: 1-1-15 STD. DEV. 13.0
DATE: 07/07/08 SPECIES COUNT 5

SPECIES DIVERSITY 0.80

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 21.0 25.0 10.0 50.0 14.0 3.0 24.0 28.0 15.0 32.0 222.0
Pocillopora meandrina 6.0 2.0 6.0 2.0 16.0
Montipora capitata 2.0 4.0 4.0 22.0 4.0 2.0 38.0
Montipora patula 12.0 1.0 13.0
Pavona varians 2.0 2.0

QUAD CORAL TOTAL 23.0 25.0 10.0 60.0 18.0 25.0 26.0 40.0 28.0 36.0 291.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 66.0 66.0 80.0 36.0 67.0 60.0 54.0 36.0 32.0 54.0 551.0
Limestone 11.0 9.0 10.0 4.0 15.0 15.0 20.0 24.0 40.0 10.0 158.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: WAWALOLI MEAN CORAL  COVER 46.3 %
TRANSECT ID #: 1-2-20 STD. DEV. 22.3
DATE: 07/07/08 SPECIES COUNT 4

SPECIES DIVERSITY 0.51

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 22.0 47.0 13.0 32.0 43.0 5.0 45.0 73.0 62.0 55.0 397.0
Porites compressa 2.0 2.0
Pocillopora meandrina 3.0 12.0 5.0 2.0 3.0 10.0 10.0 45.0
Montipora capitata 2.0 15.0 2.0 19.0

QUAD CORAL TOTAL 24.0 67.0 25.0 37.0 45.0 7.0 48.0 83.0 62.0 65.0 463.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 65.0 18.0 40.0 48.0 49.0 73.0 47.0 4.0 14.0 25.0 383.0
Limestone 11.0 15.0 35.0 15.0 6.0 15.0 5.0 13.0 24.0 10.0 149.0
Sand 5.0 5.0
Rubble 0.0

TRANSECT SITE: WAWALOLI MEAN CORAL  COVER 47.9 %
TRANSECT ID #: 1-3-35 STD. DEV. 23.5
DATE: 07/07/08 SPECIES COUNT 2

SPECIES DIVERSITY 0.69

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 8.0 6.0 56.0 18.0 6.0 36.0 52.0 21.0 4.0 10.0 217.0
Porites compressa 22.0 55.0 12.0 61.0 35.0 28.0 21.0 16.0 12.0 262.0

QUAD CORAL TOTAL 30.0 61.0 68.0 79.0 41.0 64.0 73.0 37.0 4.0 22.0 479.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 0.0
Limestone 21.0 5.0 22.0 33.0 36.0 27.0 41.0 28.0 213.0
Sand 5.0 5.0 10.0 70.0 90.0
Rubble 49.0 34.0 10.0 16.0 21.0 12.0 26.0 50.0 218.0

APPENDIX A-1. Percent cover of coral and non-coral substrata on transects surveyed at Site 1 (WAWALOLI) in the vicinity of 
NELHA in July 2008.  Each transect consists of 10 quadrats.  For site and transect locations, see Figure 1.



TRANSECT SITE: 18" PIPE MEAN CORAL  COVER 56.7 %
TRANSECT ID #: 2-1-20 STD. DEV. 14.4
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 0.89

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 36.0 36.0 46.0 69.0 39.0 38.0 24.0 13.0 14.0 19.0 334.0
Pocillopora meandrina 18.0 24.0 16.0 12.0 22.0 24.0 12.0 22.0 27.0 22.0 199.0
Montipora capitata 8.0 18.0 26.0
Montipora patula 6.0 6.0
Pavona varians 2.0 2.0

QUAD CORAL TOTAL 54.0 60.0 62.0 81.0 69.0 68.0 36.0 35.0 61.0 41.0 567.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 24.0 26.0 22.0 4.0 3.0 10.0 56.0 57.0 27.0 28.0 257.0
Limestone 22.0 14.0 16.0 15.0 28.0 22.0 8.0 8.0 12.0 31.0 176.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 18" PIPE MEAN CORAL  COVER 57.1 %
TRANSECT ID #: 2-2-25 STD. DEV. 16.9
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 1.20

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 12.0 19.0 18.0 58.0 39.0 22.0 26.0 43.0 18.0 16.0 271.0
Pocillopora meandrina 22.0 22.0 28.0 21.0 18.0 17.0 4.0 28.0 27.0 187.0
Montipora capitata 24.0 8.0 6.0 38.0
Montipora patula 18.0 16.0 10.0 11.0 15.0 70.0
Leptastrea purpurea 5.0 5.0

QUAD CORAL TOTAL 76.0 57.0 56.0 79.0 57.0 47.0 52.0 71.0 60.0 16.0 571.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 2.0 27.0 28.0 8.0 27.0 29.0 38.0 25.0 15.0 69.0 268.0
Limestone 22.0 16.0 16.0 13.0 16.0 24.0 10.0 4.0 25.0 15.0 161.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 18" PIPE MEAN CORAL  COVER 35.1 %
TRANSECT ID #: 2-3-45 STD. DEV. 15.0
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 0.88

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 22.0 21.0 12.0 10.0 10.0 17.0 6.0 16.0 18.0 18.0 150.0
Porites compressa 2.0 2.0
Pocillopora meandrina 44.0 19.0 40.0 20.0 20.0 26.0 16.0 185.0
Montipora capitata 3.0 2.0 2.0 2.0 2.0 11.0
Montipora patula 3.0 3.0

QUAD CORAL TOTAL 66.0 43.0 54.0 32.0 35.0 17.0 32.0 18.0 20.0 34.0 351.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 19.0 36.0 41.0 65.0 62.0 78.0 54.0 77.0 75.0 51.0 558.0
Limestone 15.0 21.0 5.0 3.0 3.0 5.0 14.0 5.0 5.0 15.0 91.0
Sand 0.0
Rubble 0.0

APPENDIX A-2. Percent cover of coral and non-coral substrata on transects surveyed at Site 2 (18" PIPE) in the vicincity of 
NELHA in July 2008.  Each transect consists of 10 quadrats.  For site and transect locations, see Figure 1.



TRANSECT SITE: 12" PIPE SOUTH MEAN CORAL  COVER 27.1 %
TRANSECT ID #: 3-1-20 STD. DEV. 13.3
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 0.90

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 22.0 2.0 21.0 19.0 2.0 22.0 10.0 98.0
Pocillopora meandrina 18.0 3.0 21.0 13.0 8.0 21.0 18.0 14.0 16.0 26.0 158.0
Montipora capitata 1.0 2.0 5.0 8.0
Pavona varians 4.0 4.0
Porites rus 3.0 3.0

QUAD CORAL TOTAL 40.0 5.0 21.0 34.0 13.0 42.0 20.0 14.0 41.0 41.0 271.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 60.0 95.0 75.0 66.0 82.0 54.0 61.0 68.0 59.0 56.0 676.0
Limestone 4.0 5.0 4.0 19.0 18.0 3.0 53.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 12" PIPE SOUTH MEAN CORAL  COVER 60.1 %
TRANSECT ID #: 3-2-30 STD. DEV. 13.9
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 1.25

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 25.0 24.0 45.0 21.0 21.0 35.0 14.0 22.0 26.0 16.0 249.0
Pocillopora meandrina 28.0 22.0 6.0 24.0 18.0 15.0 24.0 28.0 19.0 24.0 208.0
Montipora capitata 10.0 14.0 12.0 10.0 3.0 8.0 57.0
Montipora patula 14.0 21.0 32.0 10.0 8.0 85.0
Pavona varians 2.0 2.0

QUAD CORAL TOTAL 67.0 77.0 83.0 69.0 51.0 68.0 41.0 50.0 53.0 42.0 601.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 23.0 18.0 17.0 9.0 18.0 24.0 34.0 35.0 22.0 38.0 238.0
Limestone 10.0 5.0 14.0 31.0 8.0 25.0 15.0 25.0 20.0 153.0
Sand 8.0 8.0
Rubble 0.0

TRANSECT SITE: 12" PIPE SOUTH MEAN CORAL  COVER 75.2 %
TRANSECT ID #: 3-3-45 STD. DEV. 14.8
DATE: 7/7/08 SPECIES COUNT 6

SPECIES DIVERSITY 1.44

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 28.0 32.0 22.0 39.0 40.0 48.0 44.0 31.0 48.0 38.0 370.0
Porites compressa 6.0 28.0 12.0 16.0 8.0 10.0 6.0 2.0 88.0
Pocillopora meandrina 18.0 14.0 8.0 20.0 19.0 16.0 26.0 14.0 17.0 152.0
Pocillopora eydouxi 45.0 45.0
Montipora capitata 21.0 10.0 8.0 12.0 4.0 55.0
Montipora patula 20.0 15.0 4.0 3.0 42.0

QUAD CORAL TOTAL 73.0 84.0 95.0 87.0 87.0 79.0 74.0 41.0 72.0 60.0 752.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 27.0 13.0 3.0 22.0 25.0 22.0 30.0 142.0
Limestone 16.0 5.0 10.0 21.0 4.0 34.0 6.0 10.0 106.0
Sand 0.0
Rubble 0.0

APPENDIX A-3. Percent cover of coral and non-coral substrata on transects surveyed at Site 3 (12" PIPE SOUTH) in the 
vicincity of NELHA in July 2008.  Each transect consists of 10 quadrats.  For site and transect locations, 
see Figure 1.



TRANSECT SITE: 12" PIPE NORTH MEAN CORAL  COVER 39.2 %
TRANSECT ID #: 4-1-20 STD. DEV. 21.8
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 1.10

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 6.0 12.0 63.0 21.0 33.0 24.0 6.0 14.0 22.0 2.0 203.0
Porites compressa 2.0 2.0
Pocillopora meandrina 16.0 26.0 5.0 10.0 22.0 13.0 2.0 18.0 15.0 127.0
Montipora capitata 15.0 11.0 8.0 14.0 48.0
Montipora patula 12.0 12.0

QUAD CORAL TOTAL 37.0 50.0 79.0 31.0 65.0 37.0 8.0 14.0 54.0 17.0 392.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 60.0 50.0 21.0 69.0 21.0 38.0 92.0 86.0 38.0 78.0 553.0
Limestone 3.0 14.0 25.0 8.0 5.0 55.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 12" PIPE NORTH MEAN CORAL  COVER 55.3 %
TRANSECT ID #: 4-2-25 STD. DEV. 15.8
DATE: 7/7/08 SPECIES COUNT 6

SPECIES DIVERSITY 1.15

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 18.0 14.0 12.0 31.0 35.0 22.0 80.0 50.0 6.0 5.0 273.0
Porites compressa 3.0 3.0
Porites brighami 4.0 4.0
Pocillopora meandrina 24.0 18.0 8.0 6.0 15.0 24.0 3.0 6.0 40.0 42.0 186.0
Montipora capitata 6.0 12.0 10.0 12.0 12.0 12.0 4.0 68.0
Montipora patula 12.0 2.0 5.0 19.0

QUAD CORAL TOTAL 42.0 38.0 32.0 49.0 62.0 58.0 90.0 68.0 58.0 56.0 553.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 44.0 34.0 52.0 34.0 33.0 36.0 32.0 32.0 32.0 329.0
Limestone 14.0 28.0 16.0 17.0 5.0 6.0 10.0 10.0 12.0 118.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: 12" PIPE NORTH MEAN CORAL  COVER 74.8 %
TRANSECT ID #: 4-3-50 STD. DEV. 14.5
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 1.17

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 60.0 44.0 34.0 60.0 40.0 38.0 44.0 41.0 34.0 20.0 415.0
Porites compressa 8.0 32.0 22.0 6.0 14.0 23.0 31.0 9.0 11.0 6.0 162.0
Pocillopora meandrina 18.0 4 24.0 10.0 26.0 12.0 8.0 18.0 120.0
Montipora capitata 2.0 5.0 10.0 3.0 3.0 6.0 4.0 8.0 41.0
Montipora patula 2.0 4.0 4.0 10.0

QUAD CORAL TOTAL 88.0 87.0 84.0 76.0 90.0 76.0 86.0 56.0 53.0 52.0 748.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 18.0 5.0 22.0 42.0 14.0 101.0
Limestone 12.0 13.0 16.0 24.0 10.0 6.0 4.0 12.0 5.0 34.0 136.0
Sand 5.0 10.0 15.0
Rubble 0.0

APPENDIX A-4. Percent cover of coral and non-coral substrata on transects surveyed at Site 4 (12" PIPE NORTH) in the 
vicincity of NELHA in July 2008.  Each transect consists of 10 quadrats.  For site and transect locations, 
see Figure 1.



TRANSECT SITE: NPPE MEAN CORAL  COVER 50.6 %
TRANSECT ID #: 5-1-20 STD. DEV. 15.7
DATE: 7/7/08 SPECIES COUNT 8

SPECIES DIVERSITY 1.43

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 40.0 31.0 31.0 11.0 28.0 22.0 15.0 8.0 19.0 29.0 234.0
Porites compressa 12.0 4.0 12.0 28.0
Pocillopora meandrina 15.0 16.0 21.0 15.0 17.0 18.0 18.0 16.0 12.0 148.0
Montipora capitata 5.0 5.0 14.0 24.0
Montipora patula 27.0 6.0 15.0 48.0
Pavona varians 3.0 2.0 5.0
Leptastrea purpurea 4.0 4.0
Porites rus 15.0 15.0

QUAD CORAL TOTAL 75.0 74.0 67.0 43.0 45.0 48.0 52.0 26.0 35.0 41.0 506.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 12.0 20.0 28.0 43.0 55.0 27.0 43.0 74.0 65.0 59.0 426.0
Limestone 13.0 6.0 5.0 14.0 5.0 5.0 48.0
Sand 0.0
Rubble 20.0 20.0

TRANSECT SITE: NPPE MEAN CORAL  COVER 75.8 %
TRANSECT ID #: 5-2-30 STD. DEV. 19.8
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 1.29

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 38.0 38.0 33.0 31.0 59.0 51.0 55.0 49.0 46.0 2.0 402.0
Porites compressa 13.0 3.0 6.0 22.0 4.0 48.0
Pocillopora meandrina 2.0 18.0 24.0 22.0 4.0 18.0 19.0 3.0 22.0 27.0 159.0
Montipora capitata 22.0 2.0 15.0 4.0 16.0 3.0 62.0
Montipora patula 16.0 27.0 22.0 22.0 87.0

QUAD CORAL TOTAL 78.0 71.0 72.0 56.0 94.0 97.0 96.0 94.0 68.0 32.0 758.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 24.0 28.0 33.0 32.0 64.0 181.0
Limestone 22.0 5.0 11.0 6.0 3.0 4.0 6.0 4.0 61.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: NPPE MEAN CORAL  COVER 87.5 %
TRANSECT ID #: 5-3-50 STD. DEV. 6.8
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 0.93

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 65.0 45.0 46.0 49.0 38.0 63.0 71.0 59.0 54.0 65.0 555.0
Porites compressa 20.0 12.0 48.0 42.0 39.0 11.0 15.0 26.0 25.0 7.0 245.0
Pocillopora meandrina 13.0 2.0 12.0 9.0 11.0 47.0
Montipora capitata 4.0 3.0 3.0 6.0 8.0 24.0
Montipora patula 4.0 4.0

QUAD CORAL TOTAL 89.0 73.0 96.0 91.0 96.0 89.0 86.0 85.0 79.0 91.0 875.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 16.0 21.0 37.0
Limestone 11.0 11.0 4.0 9.0 4.0 11.0 14.0 15.0 9.0 88.0
Sand 0.0
Rubble 0.0

APPENDIX A-5. Percent cover of coral and non-coral substrata on transects surveyed at Site 5 (NPPE) in the vicincity of 
NELHA in July 2008.  Each transect consists of 10 quadrats.  For site and transect locations, see Figure 
1.



TRANSECT SITE: HO`ONA MEAN CORAL  COVER 46.2 %
TRANSECT ID #: 06-1-15 STD. DEV. 12.3
DATE: 7/7/08 SPECIES COUNT 4

SPECIES DIVERSITY 0.86

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 26.0 41.0 61.0 19.0 18.0 22.0 42.0 24.0 22.0 6.0 281.0
Pocillopora meandrina 24.0 2.0 3.0 31.0 22.0 10.0 3.0 26.0 31.0 2.0 154.0
Montipora capitata 6.0 3.0 2.0 12.0 23.0
Montipora patula 4.0 4.0

QUAD CORAL TOTAL 50.0 49.0 67.0 52.0 40.0 32.0 45.0 54.0 53.0 20.0 462.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 39.0 51.0 29.0 26.0 60.0 55.0 50.0 30.0 47.0 80.0 467.0
Limestone 11.0 4.0 22.0 13.0 5.0 16.0 71.0
Sand 0.0
Rubble 0.0

TRANSECT SITE: HO`ONA MEAN CORAL  COVER 60.6 %
TRANSECT ID #: 06-2-25 STD. DEV. 30.4
DATE: 7/7/08 SPECIES COUNT 5

SPECIES DIVERSITY 0.99

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 65.0 16.0 52.0 65.0 31.0 44.0 22.0 24.0 8.0 5.0 332.0
Porites compressa 16.0 16.0 28.0 46.0 52.0 55.0 6.0 219.0
Pocillopora meandrina 3.0 10.0 2.0 6.0 7.0 8.0 36.0
Montipora capitata 2.0 2.0 2.0 6.0
Pavona varians 5.0 6.0 2.0 13.0

QUAD CORAL TOTAL 83.0 18.0 55.0 91.0 64.0 92.0 86.0 83.0 21.0 13.0 606.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 9.0 82.0 24.0 21.0 14.0 33.0 7.0 190.0
Limestone 8.0 21.0 9.0 15.0 8.0 17.0 17.0 95.0
Sand 8.0 15.0 23.0
Rubble 21.0 65.0 86.0

TRANSECT SITE: HO`ONA MEAN CORAL  COVER 59.5 %
TRANSECT ID #: 6-3-60 STD. DEV. 33.7
DATE: 7/7/08 SPECIES COUNT 6

SPECIES DIVERSITY 0.81

SPECIES QUADRAT SPECIES
1 2 3 4 5 6 7 8 9 10 TOTAL

Porites lobata 60.0 60.0 59.0 44.0 20.0 35.0 39.0 20.0 8.0 11.0 356.0
Porites compressa 5.0 20.0 33.0 51.0 16.0 60.0 33.0 4.0 222.0
Pocillopora meandrina 2.0 2.0
Montipora capitata 2.0 3.0 5.0
Montipora patula 2.0 2.0 4.0
Pavona varians 2.0 4.0 6.0

QUAD CORAL TOTAL 69.0 82.0 96.0 95.0 38.0 98.0 72.0 24.0 10.0 11.0 595.0

QUADRAT SUBSTRATA
NON-CORAL SUBSTRATA 1 2 3 4 5 6 7 8 9 10 TOTAL
Basalt 0.0
Limestone 31.0 18.0 4.0 5.0 2.0 28.0 88.0
Sand 0.0
Rubble 62.0 76.0 90.0 89.0 317.0

APPENDIX A-6. Percent cover of coral and non-coral substrata on transects surveyed at Site 6 (HO'ONA BAY) in the 
vicincity of NELHA in July 2008.  Each transect consists of 10 quadrats.  For site and transect locations, 
see Figure 1.
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