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SUMMARY 

 

Extensive sedimentation from over a decade of grading in the Pila‘a watershed and severe 

mudslides in 2001 resulted in high coral mortality in the sector east of the main channel, which 

bisects the reef flat. A temporal gradient of sediment impact exists that provides the opportunity 

to assess recovery at decadal scales. As evidenced by aerial maps showing extensive grading, 

meteorological data documenting several major flood events, and reef condition adjacent to the 

stream, a section of the west was impacted by sedimentation between 1994 and 1997. The east 

end of the reef flat was impacted 4-7 years later during a 2001 flood event. The far western reef 

was not affected by any anthropogenic impacts and thus serves as a site to reference original 

conditions. We thus have a time series to assess temporal reef recovery and community 

condition.  

On 29 August, 2016 a joint collaboration between the University of Hawai‘i’s (UH) Hawai‘i 

Institute of Marine Biology (HIMB) Coral Reef Ecology Lab/Coral Reef Assessment and 

Monitoring Program (CRAMP), and the State of Hawai‘i’s Department of Land and Natural 

Resources (DLNR) Division of Aquatic Resources (DAR) conducted 50 rapid assessments 

(Kaua‘i Assessment of Habitat Utilization KAHU) of marine populations to establish baselines 

and determine future changes. To assess system recovery, bulk sediment samples were analyzed 

for grain-size and composition and compared with sediment samples collected in 2002, 

following a major flood event. In addition, a qualitative assessment of recovery was conducted. 

These observations were quantified during the June 2017 resurveys of the original permanent 

survey stations that were conducted in 2002 and 2004 when the baseline of sediment damage 

was reported. The following report describes current baselines (2016) from the randomized 

assessments, preliminary comparisons of recovery based on sediment data results and 

observations, and current differences between the East and West reef flat. This initial report of 

system recovery will be expanded and verified in subsequent annual reports as other data become 

available (e.g. historical coral coring, population structure, coral recruitment) beginning in 2017. 

Comparisons between 2002 and 2016 in the impacted East and the unimpacted West suggest that 

some recovery of the reef flat has occurred. This is based on the changes in sediment and coral 

recruitment on previously dead colonies. There is preliminary evidence that recovery is not 

complete. This will be verified by resurveys of benthic transects and coral colonies coupled with 

related physical measurements in 2017.   

 

Preliminary supporting evidence of recovery of the ecosystem include: 

● large Porites compressa colonies in the East (1-3 m) 

● numerous coral recruits on large dead Porites colonies 

● similar organic sediment composition between the East and the West and similar to other 

Kaua‘i sites 

● similar organics at the West control site between 2002 and 2016 indicating no change 

● similar fine grain sediments between the East and the West and other similar Kaua‘i sites 
● significant decline of fine grain sediment between 2002 and 2016 in the impacted site 

(a=0.05), p=0.024) 
Supporting evidence of lack of full recovery: 

 no recovery from mortality of large Porites lobata colonies 
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● twice the coral cover in the control site as in the East 

● statistical differences between urchin populations, with higher abundance in the East 

(a=0.05, p=0.003) 
● significant differences for the silt/clay fraction between the East and the West (a=0.05, 

p=0.027) 

 

Initial fish survey data differences between the East and the West may or may not be related 

to recovery. Fish methodology was not a part of the initial 2002 survey design thus no 

comparison is possible. 

● significantly higher numbers of individual fishes in the larger size classes in the East (>15 

cm) (a=0.05, p=0.000)  

● no statistically significant difference in fish biomass between the East and the West 

● lower number of endemic species at the impacted site (a=0.05), p=0.021) 
● statistically higher abundance of individual fishes in the smaller size class (<5 cm) 

(a=0.05, p=0.001) at the control site in the West  
● higher abundance (a=0.05, p=0.031) and number of species of fishes (a=0.05, p=0.005) 

at the control site  
● higher herbivore biomass (a=0.05, p=0.003) and abundance (a=0.05, p=0.000) at the 

control site 

 

No overall statistical differences were found between the East and West when combining all fish 

composition factors (biomass, abundance, diversity, richness, evenness), however some 

differences were found in in size classes and trophic levels. There were more small fishes (<5 

cm, p=0.001) and herbivores (p=0.005) in the West and more large fishes (>15 cm, p=0.000) in 

the East. 

  Sixty-two fish species from 21 families were recorded. A mean of 0.4 IND/m2 and a 

biomass of 10.9 g/m2 was calculated with high variability between transects. The unimpacted 

reference site west of the channel showed higher fish abundance and diversity while fish biomass 

was slightly higher on the eastern reef flat. Pila‘a biomass (10.9 g/m2) was much lower than the 

Statewide (50.0 g/m2) or Kaua‘i (54.0 g/m2) averages using the DAR/CRAMP dataset for 

comparisons. This may, in part, be due to the lower spatial complexity observed on the Pila‘a 

reef flat. Friedlander & Parrish (1998a) and Friedlander et al. (2003) reported greater fish 

biomass at sites exhibiting more structural or topographical complexity in comparing habitat 

characteristics affecting fish assemblages. Thalassoma duperrey, the Saddle wrasse (hīnālea 

lauwili), and Acanthurus nigrofuscus, the Brown Surgeonfish (ma‘i‘i‘i), were the most abundant 

fishes in number and biomass, respectively. Ctenochaetus strigosus, the Goldring Surgeonfish 

(kole), was found on the majority of transects in the West but was visibly absent from the East. 

The family Carangidae, Jacks (papio), was a dominant family in the West while Kyphosidae, Sea 

Chubs (nenue), had the highest biomass in the East. The majority of fishes were in the >15 cm 

range for biomass and in the 5-15 cm range for individual abundance. 

The Pila‘a reef flat is characterized by numerous herbivorous and few piscivorous fishes 

similar to the rest of the main Hawaiian Islands (MHI) (5% of all fishes) (Friedlander and 

DeMartini 2002). However, piscivore biomass was higher in the West (18%) than in the 
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previously impacted East. Herbivore biomass in the MHI (58%) is comparable to herbivores at 

Pila‘a (55%).  

Endemism for fishes in the MHI (23%) is consistent with endemism at Pila‘a (24%). Of 

the 62 species reported from Pila‘a, fifteen are found exclusively in Hawai‘i. The similarity with 

statewide values (Rodgers 2005) indicates a sufficient sample size to detect differences in fish 

populations. 

  More than half (61%) of the urchins and most of the sea cucumbers (89%) were found in 

the eastern sector. Only six species of urchins and three species of sea cucumbers were recorded, 

with the overwhelming majority being the Pale Rock Boring Urchin, Echinometra mathaei, 

(98%). 

Coral cover in the East (1.5%) was lower than the average for other DAR/CRAMP 

Kaua‘i sites at similar depths. Coral cover in the West (3.9%) was more consistent with other 

shallow north facing sites. The wave tolerant species, Porites lobata, Lobe coral, and 

Pocillopora meandrina, Cauliflower coral, were the most prevalent corals on Pila‘a’s shallow 

reef flat. The substrate was dominated by turf algae (56%) and sand (21%). The turf algae in the 

family Chrysophyta, Golden Algae, highly abundant in the impacted East, appears to be related 

to freshwater nutrient input. This same pattern was detected with the Blue octocoral, 

Sarchothelia edmonsoni which can be an indicator of polluted conditions (Baker, Webster, & 

Kim, 2010) 

Slightly higher organics and fine-grained sediments were found in the East (3.6%, 0.9% 

respectively) as compared to the West (3.2%, 0.5%). These values are comparable to other 

DAR/CRAMP Kaua‘i sites. Previous organic composition determined shortly following the 

mudslide event (4.7%), when compared with recent values, show a marked decline. Organics at 

the reference site in the West has not changed between 2002 (3.2%) and 2016 (3.2%). The 

silt/clay fraction in the East has been substantially reduced from 15% in 2002 to less than 1% in 

2016. The reduction of the organic and fine grain sediment components in the 14 years since 

2002 and the lack of change in sediments in the control area provide convincing evidence of 

sediment clearing from the east side since the flood event that resulted in high coral mortality. 

Other evidence of recovery will be determined with future resurveys that will compare 2002 with 

2017 surveys, and geological coral coring to analyze banding patterns and evaluate the historical 

sediment signature. 
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INTRODUCTION 

 

Purpose 

University of Hawai‘i’s (UH) Hawai‘i Institute of Marine Biology (HIMB) Coral Reef Ecology 

Lab/Coral Reef Assessment and Monitoring Program (CRAMP) (http//:cramp.wcc.hawaii.edu) 

working in conjunction with the State of Hawai‘i’s Department of Land and Natural Resources 

(DLNR) Division of Aquatic Resources (DAR), and the United States Geological Survey 

(USGS) have partnered to evaluate the recovery of the Pila‘a reef, determine historical 

sedimentation, and document future changes. CRAMP was developed in 1998 to understand the 

natural and anthropogenic factors that control the structure and function of Hawaiian reefs and 

document the spatial and temporal changes impacting them. CRAMP has conducted 

investigations that have been valuable to the management of Hawai‘i’s reefs in areas subjected to 

severe sediment stress at reefs in South Moloka‘i, Kaho‘olawe, NE Lana‘i, West Hawai‘i and at 

Pearl Harbor, O‘ahu. The long-term monitoring on the islands of Maui, Kaua‘i and select O‘ahu 

sites are monitored by DAR and referred to as DAR/CRAMP sites. 

 

Pila‘a reef has had a history of sedimentation caused by extensive grading on the western 

slope of the Pila‘a stream valley beginning in the mid-1990s (Fig. 1). A series of major flood 

events occurred in 1994 and 1997. Subsequent massive mudslides resulting from a heavy rain 

event in late 2001 deposited large amounts of sediment on the nearshore reef on the eastern side. 

Evidence of the damage to the reef was investigated by specialists from several areas of expertise 

(CRAMP, DAR, UH Geology, and UH Kewalo). Extensive impact to the ecosystem was 

confirmed and legally validated on 14 February 2014 by the Hawai‘i State Supreme Court 

following several appeals. The ruling in favor of the Department of Land and Natural Resources 

has provided the opportunity to monitor the rate of reef recovery and document any future 

changes at Pila‘a.  

 

In 2004, CRAMP returned to assess short-term recovery. We found that large wave events 

created flushing that removed much of the sediment from the nearshore reef and new coral 

recruits had begun to recolonize the substrate on the East side. However, the reference site on the 

West side showed a marked decline in coral cover of 60% from 2002 to 2004 (Jokiel & Brown 

2004). The extensive coral damage and rubble found at the control site was attributed to the 

occurrence of a large storm surf event in November 2003 which did not impact the more 

protected East side with its shallower and wider reef crest. Reefs can recover from these acute 

stressors such as this storm event faster than from chronic impacts like the extended sediment 

insult on the East side (Connell et al. 1997). Documentation of further recovery including coral 

core samples, biological surveys, and measurement of physical parameters will provide insight to 

marine managers on the efficacy of remedial actions (i.e.: stream/reef restoration) and rate of 

recovery of biological organisms. 
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Figure 1. Grading of steep slopes and steam bed between 1993 and 2000 as documented by 

aerial photography (Jokiel et al. 2002). 

 

Pila‘a Reef Habitat 

The reef at Pila‘a is a valuable resource for the island of Kaua‘i since it is one of the few areas on 

the north shore that has a wave protected, extensive, shallow reef flat that is capable of 

supporting a diversity of marine organisms. The north shore of Kaua‘i is typified by high wave 

energy. Offshore in deeper waters the spatial complexity is diverse. The seaward slope of the 

ridge forms the fore reef, which has high surf throughout much of the year. Coral cover is sparse 

in the fore reef due to the continual wave energy. However, a shallow ridge along the margin of 

Pila‘a shields the nearshore reef flat from high-energy swells. The major channel that bisects the 

reef flat has a depth ranging from between 9-15 meters (m) at the outer edge of the reef flat. 

Several shallower channels (1-2 m depth) help to increase circulation. The general circulation 

patterns show incoming water flowing over the reef flat and exiting through the main channel 

(Jokiel et al. 2002) (Fig. 2). Incoming water from the open ocean flushes the reef flat creating an 

environment that is advantageous to the marine biota. This reef flat supports higher coral 

diversity than the outer reef with 16 species reported in 2002 (Jokiel et al., 2002). Deeper 

depressions are dispersed on the reef flat, as well as, shallow algal habitat that can otherwise be 

exposed at extreme low tides create a significant shelter for juvenile and herbivorous fishes. 

Within this idyllic reef environment, the western end of the reef flat was selected as the control 

site to serve as a reference area for the sediment impacted area because conditions and 

topography are relatively similar. 
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Figure 2. The general circulation and current patterns on the Pila‘a reef flat. Currents vary in 

intensity with wave height and tidal fluctuations (Jokiel & Brown 2002).  

 

Current Surveys 

On 29 August 2016, rapid assessments of the inner Pila‘a reef were conducted in a joint 

collaboration between the State of Hawai‘i’s DLNR DAR Oʻahu and Maui Monitoring team, the 

DAR Aquatic Invasive Species team (AIS), DAR Kauai Education and Outreach, and the 

University of Hawai‘i’s HIMB Coral Reef Ecology Lab/CRAMP (Fig. 3).  

 

Access was granted by Sean Smith, land manager at Pilaʻa. Assistance in gear transport was 

provided by the Pilaʻa management and security team. All surveys were conducted on snorkel on 

the shallow reef flat. All surveys were noninvasive and did not impact the biological 

communities.  

 

Five teams consisting of a fish and a benthic surveyor completed 50 Kauaʻi Assessment of 

Habitat Utilization surveys (KAHUs) on the shallow reef flat on the west and east sides of the 

channel. Surveyors quantified fish populations by recording abundance, species, and size in total 

length to characterize fish numbers, biomass, diversity, richness, feeding guild, and endemism. 

Digital photos of the reef substrates were analyzed in the lab for benthic composition and 

diversity of corals, algae, and macroinvertebrates. Sediment samples were processed at the 

HIMB Coral Reef Ecology Lab. 
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Figure 3. Map showing 50 survey locations on the inner reef at Pila‘a, Kaua‘i. Star symbols 

depict locations where temperature loggers were deployed, sediment collections occurred, and 

surveys were conducted (West, n=13 & East, n=37). Green line depicts channel used to delineate 

East and West sectors of Pila‘a. 
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METHODOLOGY 

 

Kaua‘i Assessments of Habitat Utilization (KAHU) Survey Assessment Methodology 

Transects within each site are randomly selected by generating 100 random points onto habitat 

maps using ArcGIS10. NOAA habitat basemaps are used to stratify the site by depth and habitat. 

To assure adequate coverage of different habitats and full spatial representation of each site, a 

stratified design is employed. Points are stratified on hard bottom habitat on the reef flat. In the 

field, each team navigates to a stratified random waypoint imported into a Garmin GPSmap 78S 

or similar GPS unit.  If predetermined points presented hazardous conditions or are outside the 

habitat or depth range, transects are haphazardly placed within a 100-meter radius of the original 

GPS point and a new coordinate is recorded. Once the transect is located, the following 

methodology is employed. 

 

Survey methodology is based on the Fisheries Ecology Research Laboratory’s Fish Habitat 

Utilization Surveys (FHUS) also used by Maui DAR. There are two members on a survey team 

consisting of a fish and benthic surveyor. The bearing is predetermined by a random number 

generator (0°, 90°, 180°, 270°). If the bearing does not allow divers to stay on a hard bottom 

substrate, they rotate clockwise to the next appropriate bearing until they are able to stay on the 

hard bottom for the entire transect, providing the depth remains fairly constant. The fish surveyor 

spools the 25 m transect line out, while recording, species, size (TL in centimeter [cm]) and the 

number of individual fishes to 2.5 m on each side of the transect line (5 m width). To allow for 

larger, fast moving fishes, a minimum observation time of 10 minutes is required per transect. 

The benthic surveyor adjusts the white balance setting on the digital camera and completes the 

metadata on the survey identification datasheet. To avoid interference or alter fish behavior, the 

benthic diver waits until the fish surveyor is 5 m along the line before taking four digital pans of 

the seascape, with an approximate 60 (benthic habitat)/40 (water column) split, in the cardinal 

directions (N, W, E, S) to get an overview of the station and the habitat. A photo of the station 

number is taken from the slate. Benthic photos are then taken on the shoreward side of the 

transect at every meter along the 25 m line keeping the monopod perpendicular to the bottom to 

avoid parallax. The benthic diver counts all urchin species in a 1 m wide belt, on the same side 

photos are taken. Urchins may be counted concurrently with the benthic photos as the benthic 

diver follows the fish diver or may be counted on the return back to the start position. Once the 

fish surveyor reaches the end of the line, replicate sediment samples are collected at two 

locations in close proximity to the line. The fish diver reels in the line and the survey is 

complete. All survey methods are non-invasive and do not disturb any of the biota. 

 

At ten selected sites a 3/16” stainless steel pin is placed in hard substrate with less than 20 cm 

remaining above the substrate. Site selection criteria are based on spatial spread on the reef flat. 

For relocation purposes, wire leader is attached to a small 10 cm float extending approximately 

20 cm from the end of the pin. A steel cable tie secures a temperature gauge set to record every 

15 minutes for a one-year period (Fig. 24). GPS coordinates and photo triangulations are 

documented for each location. 
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Statistical Analyses 

The software program R was used in all analyses (R Core Team 2016).  

Fish data 

The fish biomass data had a reasonably normal distribution, but the homogeneous variance was 

not met, thus a nonparametric Kruskal-Wallis rank sum test was performed. A one-way Analysis 

of Variance (ANOVA) was used for the fish abundance, fish diversity, and number of fish 

species data since it was found to be normally distributed and the criteria for homogeneous 

variance was met. When analyzing fish trophic levels, piscivore and zooplanktivore data was 

excluded due to the low number of observations. Invertebrate feeders and herbivore data by 

number of individuals and biomass did not meet the assumptions for a parametric test, thus, a 

non-parametric Kruskal-Wallis rank sum test was used. An ANOVA and multiple regression 

analysis were run solely as a reference. Following log transformations, fish endemism data 

remained highly skewed. With no non-parametric equivalent of a multiway ANOVA, a general 

linear model (GLM) was used. Fish size class data analysis was conducted using a negative 

binomial generalized distribution due to overdispersion, the presence of greater variability 

(statistical dispersion) than would be normally expected. NMDS ordination plot was performed 

including all species for the fish biomass differences between the East and West and using all 

fish variables overall. 

Shannon Weiner diversity index (Shannon and Weaver 1963) considers both the number of 

species and the distribution of individuals among species. The Shannon Weiner diversity was 

calculated by using the following formula where S is the total number of species and pi is the 

relative cover of ith species: 

H'= ∑ 𝑝𝑖 ln𝑝𝑖

𝑆

𝑖=1

 

 

Buzas and Gibson’s evenness (Harper 1999) was measured using E = eH/S to measure the 

evenness of fishes. S is the total number of species and Pi is the relative cover of ith species. 

Benthic data 

Non-metric Multi-Dimensional Scaling was used for the benthic data to visualize and interpret 

the data from multiple communities. The use of this rank order technique provides the flexibility 

to accommodate different types of data. Only biological data was used. One transect with no 

biological components was removed from the analysis. Scores were initially square-root 

transformed. To determine differences in total coral cover by site, the proportional data was 

arcsine transformed due to the highly skewed distribution and heterogeneity between the East 

and the West. A non-parametric Kruskal-Wallis rank sum test was performed. 

 

Urchin/Sea cucumber data 

A log transformation (number of individuals plus one) for urchin data was performed to meet the 

assumption of normality prior to a one-way ANOVA. The large number of transects without sea 

cucumbers and small sample size in the West prevented suitable statistical comparisons. 
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Sediment data 

Sediment grain-size and composition data was arcsine transformed and assumptions were 

graphically and statistically assessed using histograms, homogeneity plots, and Levene’s test for 

homogenous variance. Non-parametric Kruskal-Wallis tests were conducted where a one-way 

ANOVA was inappropriate. 
 

RESULTS 

Fish Composition 

Overall, 62 species of fishes from 21 families were quantified from the 50 transects. The mean 

number of species recorded per transect was nine with a range from 1 to 17. There were an 

average number of 0.4 individuals per square meter (IND/m2), ranging from 0 to 1.18 IND/m2. A 

mean biomass of 10.8 ± 15.4 grams per square meter (g/m2) ranged from 0 to 85.3 g/m2. All 

parameters measured displayed a wide range, therefore exhibiting considerable variability.  
 

The eastern portion of the reef flat was impacted by chronic sedimentation from over a decade of 

watershed grading. Severe mudslides in late 2001 resulted in high mortality of coral colonies in 

this area. The reef flat on the western side was minimally affected due to the flushing effect of a 

channel that bisects the two sections and the distance from the stream that served as a sediment 

conduit. Fish and benthic populations were surveyed on both sides of the channel to determine 

any change in populations and ecosystem recovery. Of the 50 transects surveyed, 37 were 

categorized as East stations, and 13 as West, due to the greater hard-bottom reef area on the East 

side (Fig. 3). Data was analyzed for the overall site, and differences between the East and West 

stations were calculated separately to compare historical changes between impacted and 

unimpacted areas. 

 

An ordination analysis shows similar patterns in fish composition between the East and the West 

(Fig. 4). The five variables used in the Principal Components Analysis explained 93% of the 

variation (biomass, abundance, diversity, evenness, and richness). Fish abundance was 

significantly higher on the western reef flat (a=0.05, p=0.031). Examining individual factors, fish 

biomass was higher in the East, but was not statistically significant. Although the mean number 

of fish families were identical in the East and West (16), the mean number of species were higher 

east of the channel (46) relative to the west (38). The average number of individuals per square 

meter was considerably higher in the West (0.524: range 0.184 to 0.768) as compared to the East 

(0.358: range 0 to 1.184) while mean biomass (10 ± 9 g/m2) was slightly lower in the West 

relative to the East (12± 19 g/m2). 

The mean biomass at Pila‘a (10.9 g/m2) was only approximately 1/5th of the statewide (50 g/m2) 

and Kaua‘i (54 g/m2) average for CRAMP data reported from 2000-2004 (Rodgers 2005, 

Rodgers 2013). The top ranking CRAMP site for fish biomass was Molokini Island, Maui (2,500 

g/m²) with the lowest ranking site at Pelekane Bay, Hawai‘i (5.4 g/m2). Sites with high spatial 

complexity have higher fish biomass than low relief sites such as is the case on the Pila‘a reef 

flat (Friedlander & Parrish 1998a; Friedlander et al. 2003). 
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Figure 4. Principal Components Analysis using fish biological data: biomass (log), abundance 

(sqrt), diversity (log), evenness (log), richness transformed prior to analysis.  

 

Summary of Top Species 

 

Pilaʻa Overall 

The top fish species found on more transects than any other species was Thalassoma duperrey, 

(hīnālea lauwili), the Saddle wrasse with a frequency of occurrence of 98% (Table 1). This was 

followed by the Brighteye damselfish, Plectroglyphidodon imparipennis (78%), Acanthurus 

triostegus, (manini), the Convict tang recorded from 76% of transects, and Coris venusta (62%). 

Six endemic species with the highest abundance were included in the top ten species: T. 

duperrey, C. venusta, Stethojulis balteata (‘ōmaka), the Belted wrasse, Ctenochaetus strigosus 

(kole), the Goldring surgeonfish, Dascyllus albisella (‘ālo‘ilo‘i), the Hawaiian dascyllus, and 

Stegastes maginatus, the Hawaiian Gregory (Table 1).  
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It is pertinent to include two measures of abundance: numerical (number of fishes) and biomass 

(weight of fishes).  These are both important population parameters that address different aspects 

of fish community structure. A transect may have a large school of small fish or one very large 

fish and have equal biomass. By distinguishing between these measures, information about the 

population is retained. The following tables will include both measures. 

 

Acanthurus nigrofuscus (mā‘i‘i‘i), Brown surgeonfish, had the highest mean biomass (2.644 

g/m2). Fish biomass in descending order were followed by A. triostegus (1.801 g/m2) and T. 

duperrey (1.415 g/m2; Table 2, Fig. 4b). All three species were also in the top ten most abundant 

fishes occurring in Pilaʻa. While Kyphosus species (nenue), Sea Chubs only appeared on 8% of 

the transects surveyed, its large size accounted for its inclusion in the top ten species with the 

highest biomass (0.613 g/m2).  

In comparing the top 10 species by biomass with the Rapid Assessment transects (n=47) 

surveyed on Kaua‘i in 2012 (Rodgers 2013) only three species overlapped. A. nigrofuscus with 

the top ranking at Pila‘a ranked 4th statewide. Kyphosus species had identical rankings (6th), and 

Acanthurus olivaceus (na‘ena‘e), the Orangeband surgeonfish, ranked 7th and 8th, respectively. 

The top ranking species statewide in the CRAMP surveys was the introduced species Lutjanus 

kasmira (ta‘ape), the Blue-stripe snapper, which were not recorded at all on transects at Pila‘a.  

  

Table 1. Top ten fish species with the highest abundance (mean number of IND/m2) shown in 

descending order along with their mean biomass (g/m2) and frequency of occurrence (%).  

 

Species Name Common Name Hawaiian Name 

Mean # of 

individuals 

(IND/m-2) 

Mean 

Biomass 

(g/m2) 

Frequency of 

occurrence 

(%) 

Thalassoma duperrey Saddle Wrasse hīnālea lauwili 0.122 1.42 98.0 

Acanthurus triostegus Convict Tang manini 0.060 1.80 76.0 

Acanthurus nigrofuscus Brown Surgeonfish mā‘i‘i‘i 0.050 2.64 60.0 

Coris venusta Elegant Coris  0.029 0.15 62.0 

Plectroglyphidodon 

imparipennis Brighteye Damselfish  0.028 0.06 78.0 

Stethojulis balteata Belted Wrasse ‘ōmaka 0.021 0.23 52.0 

Ctenochaetus strigosus Goldring Surgeonfish kole 0.011 0.16 20.0 

Dascyllus albisella Hawaiian Dascyllus ‘āloilo‘i 0.010 0.01 10.0 

Stegastes marginatus Hawaiian Gregory  0.010 0.08 52.0 

Rhinecanthus 

rectangulus Reef Triggerfish humuhumunukunukuāpuaʻa 0.008 0.90 46.0 
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Table 2. Top ten fish species with the greatest mean biomass shown in descending order along 

with abundance (mean number of IND/m2) and frequency of occurrence (%). 

Species Name Common Name Hawaiian Name 

Mean # of 

individuals

(IND/ m-2) 

Mean 

Biomass 

(g/m2) 

Frequency 

of 

occurrence 

(%) 

Acanthurus nigrofuscus Brown Surgeonfish mā‘i‘i‘i 0.050 2.64 60.0 

Acanthurus triostegus Convict Tang manini 0.060 1.80 76.0 

Thalassoma duperrey Saddle Wrasse hīnālea lauwili 0.122 1.42 98.0 

Rhinecanthus 

rectangulus Reef Triggerfish humuhumunukunukuāpua‘a 0.008 0.90 46.0 

Acanthurus leucopareius Whitebar Surgeonfish māikoiko 0.005 0.87 22.0 

Kyphosus species Sea Chub nenue 0.003 0.61 8.0 

Acanthurus olivaceus Orangeband Surgeonfish na‘ena‘e 0.002 0.44 10.0 

Mulloidichthys 

flavolineatus Yellowstripe Goatfish weke 0.002 0.33 10.0 

Parupeneus 

multifasciatus Manybar Goatfish moano 0.002 0.26 14.0 

Stethojulis balteata Belted Wrasse ‘ōmaka 0.021 0.23 52.0 

 

Pilaʻa East and West Comparison 

 

Abundance 

Few differences in the top species were found between the historically impacted East and the 

unimpacted West sectors. Eight of the top ten species were common in both regions with slight 

variations in order (Fig. 5a&5b, Table 3&4). The most abundant fish in both East and West 

sectors was T. duperrey, with a high frequency of occurrence of 97% and 100%, respectively 

(Tables 3&4, Fig. 5a&5b). Other abundant species in the East that were found on the majority of 

transects were A. triostegus (frequency of occurrence 95%), and Plectroglyphidodon 

imparipennis, Brighteye damselfish (frequency of occurrence 76%). The main difference 

between fish populations in the impacted East and the unimpacted reference site in the West was 

that C. strigosus found on 77% of transects in the West was completely absent from the East. 

Endemic species among the top ten species in both East and West sectors were (T. duperrey, C. 

venusta, S. balteata, and S. marginatus.  
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Figure 5a and 5b. Top ten fish species with the highest abundance (% of total) in East (n=37) 

and West (n=13) Pilaʻa 

 

Table 3. Top ten fish species in east Pilaʻa with the highest abundance (mean number of IND/ 

m2) shown in descending order along with mean biomass (g/m2) and frequency of occurrence 

(%). 

Taxonomic Name Common Name Hawaiian Name 

Mean 

numbers of 

individuals 

(IND/m-2) 

Mean 

biomass 

(g/m2) 

Frequency 

of 

occurrence 

(%) 

Thalassoma duperrey Saddle Wrasse hīnālea lauwili 0.094 1.17 97.3 

Acanthurus triostegus Convict Tang manini 0.077 2.38 94.6 

Acanthurus nigrofuscus Brown Surgeonfish mā‘i‘i‘i 0.058 3.04 62.2 

Coris venusta Elegant Coris  0.029 0.15 59.5 

Plectroglyphidodon 

imparipennis Brighteye Damselfish  0.024 0.05 75.7 

Stethojulis balteata Belted Wrasse ‘ōmaka 0.016 0.18 40.5 

Stegastes marginatus Hawaiian Gregory  0.008 0.07 45.9 

Acanthurus leucopareius 

Whitebar 

Surgeonfish māikoiko 0.006 0.98 21.6 

Rhinecanthus rectangulus Reef Triggerfish humuhumunukunukuāpua‘a 0.003 0.74 40.5 

Kyphosus species Sea Chub nenue 0.003 0.83 10.8 
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Table 4. Top ten fish species in west Pilaʻa with the highest abundance (mean number of 

IND/m2) shown in descending order along with their mean biomass (g/m2) and frequency of 

occurrence (%). 

 

Taxonomic Name Common Name Hawaiian Name 

Mean 

numbers of 

individuals 

(IND/m-2) 

Mean 

biomass 

(g/m2) 

Frequency 

of 

occurrence 

(%) 

Thalassoma duperrey Saddle Wrasse hīnālea lauwili 0.201 2.11 100.0 

Plectroglyphidodon 

imparipennis 

Brighteye 

Damselfish  0.042 0.10 84.6 

Ctenochaetus strigosus 

Goldring 

Surgeonfish kole 0.041 0.63 76.9 

Stethojulis balteata Belted Wrasse ‘ōmaka 0.036 0.37 84.6 

Dascyllus albisella 

Hawaiian 

Dascyllus ‘āloilo‘i 0.033 0.03 15.4 

Acanthurus nigrofuscus 

Brown 

Surgeonfish mā‘i‘i‘i 0.029 1.51 53.8 

Coris venusta Elegant Coris  0.027 0.17 69.2 

Rhinecanthus rectangulus Reef Triggerfish humuhumunukunukuāpua‘a 0.020 1.34 61.5 

Stegastes marginatus Hawaiian Gregory  0.016 0.14 69.2 

Acanthurus triostegus Convict Tang manini 0.015 0.14 23.1 

 

Biomass 

 

The top species in the East were A. nigrofuscus (3.04 g/m2), A. triostegus (2.38 g/m2), and T. 

duperrey (1.17 g/m2) (Table 5). In the West, T. duperrey had the highest biomass (2.11 g/m2) and 

was found on all transects (Table 6). This species ranked third in the East with a frequency of 

occurrence of 97.3 (Table 5). In the West, A. nigrofuscus ranked second (1.51 g/m2) followed by 

Rhinecanthus rectangulus (humuhumunukunukuapuaa‘a), the Reef triggerfish (1.34 g/m2; Table 

6).  

Pilaʻa East and West shared five common species that appeared in both their top ten rankings: A. 

nigrofuscus, T. duperrey, Acanthurus leucopareius (māikoiko), the Whitebar surgeonfish, R. 

rectangulus, and Mulloidichthys flavolineatus (weke), the Yellowstripe goatfish. These five 

species are all indigenous with the exception of T. duperrey, an endemic species of both Hawai‘i 

and Johnston Atoll. Notable differences between sectors included the presence of commonly 

observed fishes Stethojulis balteata, A. olivaceous and C. strigosus that were relatively common 

in the West but absent from the East. A. triostegus ranked second in the East and was not among 

the top ten species in the West. A non-metric multidimensional scaling ordination shows little 

difference in fish biomass between populations in the East and West (Fig. 6). 
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Figure 6. A non-metric multidimensional scaling (NMDS) ordination plot using fish biomass. 

Species and transects transposed. Red=fish species indicated in numerical order corresponding 

alphabetical order. Circles =sd of NMDS scores for E and W. 
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Table 5. Top ten fish species with the greatest mean biomass for Pilaʻa East shown in 

descending order along with mean number of individuals (IND/m2) and frequency of occurrence 

(%). 

 

Taxonomic Name Common Name Hawaiian Name 

Mean 

numbers of 

individuals 

(IND/m-2) 

Mean 

biomass 

(g/m2) 

Frequency of 

occurrence 

(%) 

Acanthurus nigrofuscus Brown Surgeonfish mā‘i‘i‘i 0.058 3.04 62.2 

Acanthurus triostegus Convict Tang manini 0.077 2.38 94.6 

Thalassoma duperrey Saddle Wrasse hīnālea lauwili 0.094 1.17 97.3 

Acanthurus leucopareius Whitebar Surgeonfish māikoiko 0.006 0.98 21.6 

Kyphosus species Sea Chub nenue 0.003 0.83 10.8 

Rhinecanthus 

rectangulus Reef Triggerfish 

humuhumunukunukuāpu

a‘a 0.003 0.74 40.5 

Mulloidichthys flavolineatus Yellowstripe Goatfish weke 0.002 0.37 8.1 

Parupeneus multifasciatus Manybar Goatfish moano 0.003 0.35 16.2 

Acanthurus blochii Ringtail Surgeonfish pualu 0.002 0.27 10.8 

Abudefduf sordidus Blackspot Sargent kūpīpī 0.003 0.23 10.8 

 

Table 6. Top ten fish species with the greatest mean biomass for Pilaʻa West shown in 

descending order along with abundance (mean number of IND/m2) and frequency of occurrence 

(%). 

 

Taxonomic Name Common Name Hawaiian Name 
Mean numbers 

of individuals 

(IND/m-2) 

Mean 

biomass 

(g/m2) 

Frequency 

of 

occurrence 

(%) 

Thalassoma duperrey Saddle Wrasse hīnālea lauwili 
0.201 2.11 100.0 

Acanthurus nigrofuscus Brown Surgeonfish mā‘i‘i‘i 
0.029 1.51 53.8 

Rhinecanthus 

rectangulus 
Reef Triggerfish humuhumunukunukuāpua‘a 

0.020 1.34 61.5 

Acanthurus olivaceus Orangeband Surgeonfish na‘ena‘e 
0.004 1.32 23.1 

Ctenochaetus strigosus Goldring Surgeonfish kole 
0.041 0.63 76.9 

Acanthurus leucopareius Whitebar Surgeonfish māikoiko 
0.003 0.55 23.1 

Stethojulis balteata Belted Wrasse ‘ōmaka 
0.036 0.37 84.6 

Caranx melampygus Blue Trevally ‘ōmilu 
0.001 0.35 7.7 

Aulostomus chinensis Trumpetfish nūnū 
0.001 0.28 7.7 

Mulloidichthys 

flavolineatus 
Yellowstripe Goatfish weke 

0.002 0.21 15.4 

 

Summary of Top Families 

 

Pilaʻa Overall 

The family with the greatest abundance was Labridae (Wrasses), with a mean of 1.84 individuals 

per square meter (Fig. 7a). The Labridae family includes T. duperrey, which was found on nearly 
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all transects (98%) and comprised 36% of the abundance in this family. S. balteata and C. 

venusta were also found in high numbers among the 10 species that comprised the abundance in 

the Labridae family. Second in ranking is the family Acanthuridae (Surgeonfishes), with a mean 

of 1.34 individuals per square meter. A. nigrofuscus and A. triostegus accounting for 67% of 

individuals from this family. P. imparipennis was so abundant, it placed Pomacetridae 

(Damselfishes) as the third highest ranking family overall. 

 

The larger size of fishes in the families Kyphosidae (7.66 g/m2), Acanthuridae (6.29 g/m2) and 

Carangidae (Jacks) (4.57 g/m2) made these families the highest ranking respectively for biomass 

(Fig. 7b). C. melampygus present only in the West, was the sole contributor to the high biomass 

in the family Carangidae. Similarly, Kyphosus spp. was found only in the East. A. nigrofuscus 

and C. strigosis accounted for 63% of the species found in the Acanthuridae family.  

 

  
Figure 7a and 7b. Top ten fish families with the highest average abundance (IND/m-2) and 

biomass (g/m²) shown with standard deviations. 

 

Pilaʻa East and West Comparison  

The top three most abundant families (Labridae E:0.147/m2 W:0.289/m2, Acanthuridae, and 

Pomacentridae) were consistent in the impacted (East) and unimpacted (West) sectors of Pilaʻa 

(Table 7 & 8). Lutjanus fulvus (to‘au), the Blacktail snapper, recorded only in the East ranked 

Lutjanidae (Snappers) within the top ten. 

 

Five families were common to the top 10 biomass rankings in the East and West: Acanthuridae, 

Mullidae, Chaetodontodae, Balistidae, and Labridae (Table 7 & 8). Carangidae was the top 

ranked family in the West while Kyphosidae dominated in biomass in the East. Aulostomus 

chinensis (nūnū), the Trumpetfish, was the only species from the family Aulostomidae 

(Trumpetfishes), third in highest mean biomass in the West. While A. chinensis was recorded 

from one transect, a single large individual (60 cm) accounted for the high biomass. 
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Table 7. Top ten fish families in East Pila‘a with the greatest mean biomass and density with 

standard deviations shown in descending order. 

 

 

Table 8. Top ten fish families in West Pilaʻa with the greatest mean biomass and abundance with 

standard deviations shown in descending order. 

Mean biomass (g/m2) Mean number (IND/m2) 

Family Mean Family  Mean  

Carangidae 4.57±0 Labridae 0.289±0.114 

Acanthuridae 4.16±5.8 Pomacentridae 0.102±0.089 

Aulostomidae 3.61±0 Acanthuridae 0.091±0.050 

Labridae 2.80±1.51 Balistidae 0.032±0.062 

Balistidae 2.18±1.57 Tetraodontidae 0.019±0.010 

Serranidae 1.92±0 Blenniidae 0.018±0.008 

Fistulariidae 1.77±0 Carangidae 0.016±0 

Mullidae 0.80±1.00 Scaridae 0.016±0.016 

Chaetodontidae 0.68±0.57 Chaetodontidae 0.012±0.006 

Pomacentridae 0.29±0.29 Mullidae 0.010±0.004 

 

Mean biomass (g/m2) Mean number (IND/m2) 

Family Mean Family Mean 

Kyphosidae 7.66±6.99 Acanthuridae 0.150±0.165 

Acanthuridae 7.06±13.45 Labridae 0.147±0.086 

Mullidae 4.50±2.62 Pomacentridae 0.042±0.035 

Chaetodontidae 1.91±2.04 Scaridae 0.040±0.030 

Balistidae 1.83±0.78 Kyphosidae 0.030±0.027 

Labridae 1.74±1.51 Mullidae 0.030±0.017 

Muraenidae 1.43±0 Chaetodontidae 0.020±0.026 

Scaridae 1.33±1.79 Lutjanidae 0.016±0.008 

Lutjanidae 1.19±0.74 Tetraodontidae 0.012±0.006 

Zanclidae 0.84±0 Balistidae 0.009±0.002 
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Fish Trophic Levels 

 

Pila‘a Overall 

Fish assemblage organization including trophic structure is dependent more on local than 

regional conditions. This means that these assemblages are more susceptible to local 

disturbances of fishing pressure, pollution, eutrophication or sedimentation, which can cause 

major shifts in trophic levels. Declines in apex predators are the most highly evident when 

comparing feeding guilds in the main Hawaiian Islands (MHI) with the Northwestern Hawaiian 

Islands (NWHI). Large apex predators, primarily jacks and sharks, comprise over half of the 

total biomass in the NWHI (54%), while contributing only a small percentage (3%) in the MHI 

(Friedlander & DeMartini 2002).   

 

Pila‘a trophic levels are in concert with previously published data from the MHI (Rodgers, 

2005). Both sectors are heavily dominated by herbivorous fishes with significantly fewer 

piscivorous fishes, in both numbers of individuals and biomass. Although, piscivore biomass in 

the unimpacted West (18%) is higher than in the East (5%) where a history of sedimentation has 

occurred, it could not be validated statistically due to the low number of observations. This is in 

sharp contrast to the NWHI where piscivores comprise nearly 75% of the fish biomass. 

Compared to statewide comprehensive assessments, the percentage of piscivores in this survey is 

only 2% of the total number of individuals, comparable to 1.4% in the MHI overall (Rodgers 

2005). 

 

As a result of human fishing pressure and environmental degradation in recent decades, 

herbivores clearly dominate in the MHI, with well over half of the total biomass (58.3%) and an 

overwhelming percentage of individuals (42.8%) (Rodgers 2005). This is highly comparable to 

Pila‘a herbivore biomass (55%) and abundance (33%). 

 

The most abundant trophic level was the invertebrate feeders, comprising 47% of the number of 

individuals, but only 32% of the biomass (Fig. 8a & 8b). Herbivores contribute 55% of the 

biomass, but comprised a lower percentage of the individuals (33%; Fig. 8a and 8b). A. 

nigrofuscus and A. triostegus were the most abundant herbivores encompassing 61% of 

herbivore biomass. Smaller bodied zooplanktivores composed 18% of the individuals, but only 

1% of the biomass. Zooplankivore populations were markedly dissimilar between the East (6%) 

and the West (30%; Figs.9a & 9b). Conversely, the larger piscivores were less abundant (2%) but 

accounted for higher biomass (12%; Fig. 8a & 8b). 
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Figure 8a and 8b. Mean abundance (% of total) and mean biomass (% of total) by trophic levels 

in overall Pilaʻa. 

 

Pilaʻa East and West Comparison  
Large differences in abundance (p=0.000) and biomass (p=0.003) of herbivores were found 

between the East (44%, 63%) and West (17%, 39%) (Fig. 9a, 9b, 10a and 10b & Tables 9 &10). 

The biomass of piscivores in the East (5%) was much lower than in the West (18%; Fig. 10a and 

10b) but not statistically verified. Only three species of piscivores were found on the East, while 

six species were recorded in the West. The species contributing to the higher biomass in the 

West were A. chinensis, C. melampygus, Fistularia commersonii (nūnū), the Cornetfish, 

Parupeneus cyclostomus (moano kea), the Blue goatfish, and Cephalopholis argus (roi), the 

Peacock grouper, with a total biomass six times larger than piscivore biomass found in the East 

(12.0 g/m2 and 2.0 g/m2, respectively). The higher Chrysophyta algal concentrations in the East 

may account for the higher herbivorous A. nigrofuscus and A. triostegus populations, although 

other macroalgae was similar in the two sectors.  

 

Herbivores, 
33%

Invertebrate 
Feeders, 47%

Piscivores, 
2%

Zooplanktivores, 
18%

Pila'a Overall: Mean number of 
individuals by trophic level (% of 

total)

Herbivores
55%

Invertebrate 
Feeders

32%

Piscivores
12%

Zooplanktivores
1%

Pila'a Overall: Mean biomass by 
trophic level (% of total)
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Figure 9a and 9b. Mean abundance (% of total) by trophic level for Pila‘a East and West. 

 

    
Figure 10a and 10b. Mean biomass (% of total) by trophic levels for Pila‘a East and West. 
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Table 9. Mean biomass and numerical abundance by trophic levels and their standard deviations 

shown in descending order for East Pila‘a. 

Mean numbers of individuals (IND/m2) Mean biomass (g/m2) 

  Mean   Mean 

Invertebrate Feeders 0.1900 ± 0.1134 Herbivores   8.50 ± 16.39 

Herbivores 0.1744 ± 0.1841 Invertebrate Feeders 4.23 ± 4.22 

Zooplanktivores 0.0260 ± 0.0177 Piscivores 0.70 ± 0.71 

Piscivores 0.0080 ± 0 Zooplanktivores 0.03 ± 0.02 

 

 

Table 10. Mean biomass and numerical abundance by trophic levels and their standard 

deviations shown in descending order for West Pila‘a. 

Mean numbers of individuals (IND/m2) Mean biomass (g/m2) 

  Mean  Mean 

Invertebrate Feeders 0.3606 ± 0.1673 Invertebrate Feeders 4.70 ± 2.80 

Zooplanktivores 0.2120 ± 0.0170 Herbivores 4.38 ± 5.78 

Herbivores 0.1255 ± 0.0681 Piscivores 2.01 ± 3.15 

Piscivores 0.0120 ± 0.0067 Zooplanktivores 0.18 ± 0.08 

 

Endemic Status 

 

Background History 

Both terrestrial and marine endemism in the Hawaiian Islands is high compared to the rest of the 

world, due to geographic isolation which restricts gene flow and favors speciation. 

Endemism is a biologically relevant attribute in examining fish assemblages. It relates to 

conservation of biodiversity, genetic connectivity and spatial patterns of recruitment. 

Historically, endemic comparisons have been based solely on presence/absence data due to lack 

of quantitative data. Yet, endemism evaluations are more statistically meaningful when 

incorporating numerical and biomass densities which allow for elucidation of spatial patterns 

(Friedlander & DeMartini, 2004). 

 

Introduced species have become common on reefs in the MHIs. Since most snappers occurring 

in Hawai‘i have historically been highly prized food fish, Pristipomoides filamentosus 

(‘opakapaka) Crimson jobfish, Etelis carbunculus (ehu) Ruby snapper, Etelis coruscans (onaga) 

Long-tailed Red snapper, but inhabit depths of over 60 m, the Hawai‘i Fish and Game introduced 

three shallow water snappers from the South Pacific and Mexico in the mid-1950s and early 

1960s in hopes of stimulating the commercial fisheries (Gaither et al. 2010). These are among 11 

demersal species introduced within a 5-year period. L. kasmira and L. fulvus have become 

widely established, while the third species, L. gibbus, the Humpback red snapper, is extremely 

rare. None of these species has been widely accepted as a food fish among the local population 

or become successful in the commercial fisheries and the ecological effects of these aliens have 

only recently been realized. Histological reports from Work et al. (2003) found that nearly half 

of the L. kasmira examined from O‘ahu were infected with an apicomplexan protozoan. 
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Furthermore, 26% were infected with an epitheliocystic-like organism with potential 

transmission to endemic reef fishes. In addition, L. kasmira from Hilo were found to host the 

nematode Spirocamallanus istiblenni (Font & Rigby 2000). Species of goatfish (M. flavolineatus 

and Parupeneus porphyreus [kūmū], Whitesaddle goatfish), a popular food fish for humans, may 

be displaced by L. kasmira, which has also expanded its range into deeper water where P. 

filimentosus reside. Friedlander and Parrish (1998 a) looked at patterns of habitat use to 

determine predation and resource competition between L. kasmira and several native species 

within Hanalei Bay, Kaua‘i, but found no strong ecological relationships. 

 

The more common of the non-native snappers, L. kasmira, was introduced from the Marquesas 

in 1958, while L. fulvus was imported two years earlier in 1956. Although only 3,200 L. kasmira 

were released on the island of O‘ahu, they have increased their range to include the entire 

Hawaiian archipelago. C. argus introduced by the state for commercial purposes in 1956 from 

Moorea, French Polynesia, has had more popularity as a food fish than the introduced snappers 

but has been associated with the ciguatera toxin.  

 

Endemism at Pila‘a 

Endemism recorded at Pila‘a (24.0%) is highly consistent with published values for fish 

endemism by species (23.1%) in Hawai‘i based on the most comprehensive estimate of reef and 

shore fishes (Hoover 2006). This provides supporting evidence that the sample size of this study 

was sufficiently large enough to accurately determine endemic status. Of the 62 species reported 

from Pila‘a, 14 are found exclusively in Hawai‘i (Hoover 2006). Endemism by biomass (32%) 

was lower than the endemism by abundance (62%) mainly due to the ubiquitous T. duperrey, the 

Saddle Wrasse, (hīnālea lauwili). Nearly half (49%) of the endemism by abundance was 

accounted for by this species. This species also contributed most heavily to the endemism 

statewide in abundance (36%) and biomass (20%). The narrow range of T. duperrey (Hawaiian 

Islands and Johnston Atoll) has many experts include this species as an endemic to Hawai‘i. 

These two regions are considered to be the same biogeographical region (Friedlander 2017 pers 

com). The Hawai‘i Cooperative Fishery Research Unit (HCFRU) data used in calculating fish 

community values in this report also lists this species as an endemic. 

  

Indigenous fish species are native but not unique to the Hawaiian Islands and can also occur in 

other regions. Indigenous fish species comprise the vast majority of the abundance statewide 

(77% of the total of fishes recorded) (Rodgers 2005). This is similar to the total percentage of 

indigenous fishes at Pila‘a (73%) with 45 of the 62 species recorded in this category (Tables 11a 

and 11b). Indigenous species by abundance (37%) was lower than by biomass 

(67%). A.nigrofuscus, one of the most frequently observed fishes comprised 34% of the biomass 

in this category. A. triostegus also showed a strong presence contributing 24% of the number of 

indigenous individuals. 

  

Two fish species of the 62 species reported at Pila‘a were introduced. Only 0.3% of the total 

abundance and 1.0% of the total biomass can be attributed to non-native species. The alien 

species recorded include the introduced L. fulvus recorded from the East and the C.argus found 

in both East and West. No L. kasmira were recorded. 
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Table 11a and 11b. Mean biomass (g/m2) and mean numbers of individuals (IND/m2) along 

with standard deviations by endemic status. 

Status Mean biomass (g/m2) 

Mean numbers of individuals 

(IND/m2) 

Endemic 0.38 ± 1.30 0.02772 ± 0.02624 

Indigenous 0.96 ± 2.11 0.02014 ± 0.02609 

Non-native 1.12 ± 0.62 0.01280 ± 0.00716 

 

Pila‘a East and West Comparison  

Endemism of number of species was similar between the East and the West sectors. Of the 46 

species reported in the East, 11 were endemic (24%.) (Table 12). This was similar to the 26% 

endemism by species in the West where 10 of 38 species were endemic. Three species comprised 

more than half of the indigenous species for biomass. Two of these overlapped in the two sectors 

(A. nigrofuscus and R. rectangulus). The third species that contributed greatly to the indigenous 

biomass in the East was Kyphosus spp. and A. olivaceus in the West. The number of endemic 

(a=0.05, p=0.021) and indigenous (a=0.05, p=0.028) individuals were found to be statistically 

higher in the East than in the West. Sample size was very low for introduced individuals and no 

statistical difference was found between the East and the West. 

 

Table 12. Endemism for Pila‘a East and West by biomass, abundance, and species.  

 

Status E/W Biomass (%) Abundance (%) Species (%) 

Endemic 
East 33 62 24 

West 29 63 26 

Indigenous 
East 66 37 72 

West 69 37 71 

Non-native 
East 1 0.4 4 

West 1 0.1 3 

 

 

Size Classes 

The majority of fish biomass (65%) was in the 15 cm or greater size range, mainly contributed 

by Acanthurids (52%) (Fig. 11). Fish abundance was highest in the 5-15 cm range (57%) 

primarily due to large numbers of Labridae species.  

 

Fish in the mid-size range (5-15 cm) were similar between the East and West in abundance and 

biomass (Fig. 12a and 12b). Although East Pila‘a had a greater abundance in the 5-15 cm range 

as a result of higher numbers of Acanthurids and Labrids, it was not statistically significant. 

Numbers of individual fishes in the smaller size class (<5 cm) were more prevalent in the West 

(a=0.05, p=0.001), while number of individuals in the largest size class (>15 cm) were 

statistically greater in the East (a=0.05, p=0.000).  
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Figure 11. Fish size classes by biomass (% of total) and abundance (% of total). 

 

   
   

Figure 12a and 12b. Fish size classes by biomass (% of total) and abundance (% of total). 
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Diversity and Evenness 

Diversity is an important factor in many ecological and conservation issues. It can be important 

in assessing the efficacy of management efforts. Reductions in diversity can be indicative of 

fishing pressure because it selectively removes specific species. Other anthropogenic impacts, 

such as eutrophication and sedimentation, can result in phase shifts that impact fish diversity. 

Areas sheltered from high wave energy have previously been reported to maintain higher fish 

populations and exhibited greater species diversity in the Hawaiian Islands (Friedlander & 

Parrish 1998a). This can be attributed to reduced habitat complexity in high energy 

environments. Seasonal variability in wave impacts can structure the physiography of reefs, 

reducing habitat and spatial complexity for fishes through a dominance of encrusting 

morphologies of corals (Friedlander et al. 2003). Evenness is a component of diversity, where 

diversity is divided by the total number of species present, for an expression of the abundance of 

different species (Brower and Zar 1984). The overall average fish diversity at Pila‘a (1.64) is 

lower than the Kaua‘i diversity (2.11) and the statewide diversity average (1.94) which ranged 

from 0.25 at Pelekane, Hawai‘i to 2.99 at Molokini Island, Maui. Evenness at other Kaua‘i sites 

(0.77) and statewide (0.70) was similar to the evenness at Pila‘a (0.79) (Rodgers 2005). When 

comparing the impacted East with the unimpacted West we found no statistical difference in 

diversity between the West (1.79) and the East (1.58). Surveys in the West reported a higher 

mean number of fish species per transect (11) than in the East (8) (a=0.05, p=0.005). 
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Benthic Cover 

 

Pila‘a Overall 

The area impacted by sediment was located east of the channel (Fig. 3). Surveys conducted in 

2016 found differences in benthic cover between the previously impacted and unimpacted areas. 

Total coral cover in the West was greater than twice the coral cover in the East. Number of 

species and species composition also differed between sectors. The most evident difference was 

in the abundance of Chrysophyta algae in the eastern sector (Fig. 13). Mats of this golden-brown 

algae were found consistently close to and east of the channel and are believed to be associated 

with freshwater input from the discharge area. The octocoral, Sarcothelia edmonsoni (Blue soft 

coral), was also found in the East (0.07%) but did not appear in the West. This species was fairly 

abundant, but due to its small size it did not frequently fall under the random points generated on 

the CoralNet program (Beijbom et al. 2012). Published studies have suggested that octocorals 

may be indicators of pollution (Walsh et al. 2013; Baker et al. 2010; Hernandez-Munoz et al. 

2008). 

Coral cover at Pila‘a in the impacted East (1.52%) was low compared to other Kaua‘i CRAMP 

sites. However, the unimpacted West sector (3.93%) was similar to total coral cover reported in 

2016 at the CRAMP site at Hanalei (3.38%) at similar depths. NMDS plot in Fig. 13 shows West 

sites clearly separated from East sites with little overlap. 

 

Pila‘a East 

Mean coral cover from 37 transects conducted in the impacted eastern sector of Pila‘a was 1.52% 

with a range from 0.17% (transect #R012) to 8% (#031) (Fig. 14). Porites lobata, Lobe coral, 

(0.40%) and Pocillopora meandrina, Cauliflower coral, (0.35%) were the most common species 

found. No bleached corals were observed.  A total of nine coral species were quantified along 

with bleached coral of any species (BL Hard). Turf algae dominated the substrate (55.9%), sand 

contributed 20.9%, and the Golden-brown Chrysophyta algae accounted for 12.8% of the 

substrate (Fig. 14). 

 

Pila‘a West 

Mean coral cover from 13 transects surveyed in the western sector of Pila‘a was 3.93% with a 

range from 0.62% to 12.6% (Fig. 15). Montipora capitata, Rice coral, (2.15%) was the most 

common of the 11 species counted with other coral species comprising <1%. Low prevalence of 

bleaching was observed (0.01%). Transects in the West were similar to transects in the East 

where turf algae dominated the substrate (65.3%), and sand contributed 15.4%, but Chrysophyta 

(2.80%) was much less abundant. This is consistent with field observations that detected a 

distinct boundary separating areas with high levels of Chrysophyta and areas of absence. 
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Figure 13.  Non-metric Multi-Dimensional Scaling (NMDS) plot of biological benthic 

communities at 50 transects. Green numbers indicate transects in the impacted East and Blue 

numbers are from the transects in the control site in the West. The ellipses indicate one standard 

deviation. 

.
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Figure 14. Benthic cover percentages at East Pila‘a. Abbreviation BL Hard at top of species list refers to any bleached coral species. 
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Figure 15. Benthic cover percentages at West Pila‘a. Abbreviation BL Hard at top of species list refers to any bleached coral species.
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Urchin Surveys 

Urchins were enumerated along transects to obtain a baseline for any changes in the population. 

Urchins play a critical role in the health of coral reefs. As grazers they can maintain the balance 

between algae and corals. High mortality of collector urchins is being investigated by State and 

Federal agencies since an unusual die off was reported from the islands of Hawai‘i and Kaua‘i in 

2014 and more recently from O‘ahu and Maui (Fung 2014). Urchin surveys can be used as a 

proxy for coral reef health and act as an early warning sign of community stress. This link 

between urchins and coral reef health was demonstrated in the Caribbean in the early 1980s 

when a crash in the urchin populations was followed within a year by an 80% decline in coral 

cover and biodiversity (Mumby et al. 2006). The current urchin surveys will be used as a 

baseline for any further surveys to monitor populations or to determine the extent of any 

observed declines.  

 

Abundance 

There were a total of 1,290 sea urchins recorded at the 50 stations surveyed. Echinometra 

mathaei, the Pale Rock Boring Urchin, was by far the most abundant (1,267). Echinothrix 

diadema, the Blue-black Urchin (9), E. calamaris, the Banded Urchin (6), Echinometra oblonga, 

the Black Rock Boring urchin (6), Heterocentrotus mamillatus, the Slate Pencil Urchin (1), and 

Tripneustes gratilla, the Collector Urchin (1) had a few individuals reported. Station depths, date 

surveyed, habitat type, and abundance by station can be found in Table 13. 

 

In both the East (781) and the West (491), the sea urchin E. mathaei was the most abundant. 

Three species of urchins were enumerated in both sectors: E. mathaei, E. diadema, and E. 

calamaris. Three species did not occur on any of the transects in the West: E. oblonga, T. 

gratilla, and H. mamillatus. Figures 17 and 18 show the species composition. 

 

The overall frequency of occurrence (number of stations urchins were found/total number of 

stations) was high (94%) with only three stations lacking urchins. E. mathaei was reported on 47 

of the 50 transects (94%) while other urchin species had very low frequency of occurrence: E. 

diadema, (18%), E. calamaris, (12%), E. oblonga (12%), T. gratilla (2%) and H. mamillatus, 

(2%).  

 

The majority of the stations were located in the historically impacted area east of the channel 

(74%) in relation to the west side of the channel (26%) unaffected by sediment, as such, 61% of 

the total number of urchins were recorded east of the channel. There were statistically higher 

numbers of urchins in the impacted East as compared to the unimpacted West (p=0.0003) (Fig. 

16). However, there were higher mean urchin counts per transect in the unimpacted west (37.7) 

than in the impacted East sector (21.6). This establishes a baseline to quantify any future changes 

in populations. 

 

 



30 
 

 
Figure 16. Boxplot showing differences in urchin densities between the impacted East and West 

control site. The black horizontal line depicts the middle quartile/median while the black vertical 

lines depict the largest and smallest values. The lower hinge=25% quartile and upper hinge=75% 

quartile. 

 

 
Figure 17. Pila‘a East sea urchin composition in percent of total. 
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Figure 18. Pila‘a West sea urchin composition in percent of total. 

 

Sea Cucumbers 

The monitoring of sea cucumbers became a priority for state resource managers in 2015, 

following two mass commercial harvesting events that left large areas off Maui and Oʻahu barren 

of these critical “vacuum cleaners of the sea” (DLNR 2015). A Waimanalo fisherman reported 

being unable to find a single sea cucumber three months after the commercial operation cleared 

the area (Kubota 2015). This unprecedented exploitation resulted in public outrage and DAR 

enacting a 120-day emergency ban on the commercial harvesting of all sea cucumbers (DLNR 

2015). Since sea cucumbers had not previously been a significant commodity in Hawaiʻi, no 

rules were in place to limit the mass harvesting in 2015. However, sea cucumbers are in high 

demand for food and medicinal extracts in many Asian countries (Kubota 2015). A permanent 

rule was put in place in January 2016 that bans the commercial consumptive take of all but two 

species of sea cucumbers (Holothuria hilla and H. edulis), for which catch limits are now 

established (DLNR 2015). This precipitated the inclusion of sea cucumbers into the survey 

design. 

 

Abundance 
Abundance of all recorded species of sea cucumbers was low. Statistical analysis could not be 

conducted due to the low sample size and large number of transects with no sea cucumbers 

present. A total of 19 sea cucumbers of three species were logged at 10 of the 50 stations 

surveyed, for a frequency of occurrence of 20%. Species recorded in descending order of 

abundance were Holothuria whitmaei, the Teated Sea Cucumber (12), A. mauritiana, the White 

Spotted Sea cucumber (6), and Holothuria atra, the Black Sea Cucumber (1).  

 

H. whitmaei was the most abundant sea cucumber in the East (11) while only two individuals 

were reported from the West. Species compositions in percent of total are reported in Figures 19 

and 20 for sea cucumbers. 
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Figure 19. Pila‘a East sea cucumber composition in percent of total (n=17). 

 

 
 

Figure 20. Pila‘a West sea cucumber composition in percent of total (n=2). 
 

 
  



33 
 

 

Table 13. Sea urchin and sea cucumber counts, date surveyed, habitat type, and depth by station 

at Pila‘a East and West. 

 
  

Urchin Species Sea Cucumber SpeciesPila‘a

Date

Transect

Depth (m
)

Habitat

H. m
am

illatus

T. gratilla

E. calam
aris

E. diadem
a

E. m
athaei

E. oblonga

A. m
auritiana

H. atra

H. w
hitm

aei

8/29/2016 160829PISR010 2 Rocky hard bottom 0 0 0 0 11 0 0 0 0

8/29/2016 160829PISR019 0.6 Pavement 0 0 0 0 1 0 0 0 0

8/29/2016 160829PIS_021 0.6 Pavement 0 0 0 0 2 0 0 0 0

8/29/2016 160829PIS_083 1.4 Pavement 0 0 0 0 7 0 0 0 0

8/29/2016 160829PIS_017 0.6 Pavement 0 0 0 0 2 0 0 0 0

8/29/2016 160829PIS_020 1.2 Pavement 0 0 0 0 1 0 0 0 1

8/29/2016 160829PIS_047 0.9 Pavement 0 0 0 0 13 0 0 0 0

8/29/2016 160829PISR020 1 Pavement 0 0 0 0 4 0 0 0 0

8/29/2016 160829PIS_037 0.7 Agregate Reef 0 0 0 0 4 0 0 0 0

8/29/2016 160829PIS_074 0.9 Agregate Reef 0 0 0 0 8 0 2 0 0

8/29/2016 160829PISR013 0.6 Pavement 0 1 0 0 8 1 0 0 1

8/29/2016 160829PIS_029 1.0 Agregate Reef 0 0 0 1 6 0 0 0 0

8/29/2016 160829PIS_032 0.8 Pavement 0 0 0 1 45 0 0 0 1

8/29/2016 160829PISR014 1.2 Agregate Reef 0 0 0 0 5 0 0 0 2

8/29/2016 160829PISR015 1.6 Pavement 0 0 0 0 18 0 0 0 0

8/29/2016 160829PISR016 1.3 Pavement 0 0 0 0 7 0 0 0 0

8/29/2016 160829PISR017 1.0 Agregate Reef 0 0 0 0 6 0 0 0 0

8/29/2016 160829PISR018 1.4 Pavement 0 0 0 0 1 0 0 0 0

8/29/2016 160829PIS_012 0.9 Pavement 0 0 1 0 17 0 0 0 0

8/29/2016 160829PIS_035 0.9 Pavement 0 0 0 0 32 0 0 0 0

8/29/2016 160829PIS_016 0.9 Pavement 0 0 0 1 40 0 1 0 0

8/29/2016 160829PISR011 0.9 Pavement 1 0 0 0 2 0 0 0 0

8/29/2016 160829PISR012 0.9 Pavement 0 0 0 2 18 0 0 0 0

8/29/2016 160829PIS_009 0.9 Pavement 0 0 1 0 5 0 1 0 1

8/29/2016 160829PIS_008 0.9 Pavement 0 0 0 1 11 0 0 0 2

8/29/2016 160829PIS_010 0.9 Pavement 0 0 0 0 0 0 0 0 3

8/29/2016 160829PIS_075 0.9 Pavement 0 0 0 0 0 0 0 0 0

8/29/2016 160829PIS_052 0.9 Pavement 0 0 0 0 9 0 0 0 0

8/29/2016 160829PIS_028 1.5 Rubble/Boulder 0 0 0 0 13 0 0 0 0

8/29/2016 160829PIS_095 2 Rubble 0 0 0 0 2 0 0 0 0

8/29/2016 160829PIS_050 1.2 AGG Reef 0 0 1 0 26 0 0 0 0

8/29/2016 160829PISR001 1.5 Rocky hard bottom 0 0 0 2 60 0 0 0 1

8/29/2016 160829PISR006 1.5 Rocky hard bottom 0 0 0 0 81 0 0 0 0

8/29/2016 160829PISR007 1.5 Rocky hard bottom 0 0 0 0 79 0 0 0 0

8/29/2016 160829PISR003 1.5 Rocky hard bottom 0 0 0 0 70 0 0 0 0

8/29/2016 160829PISR005 1.5 Rocky hard bottom 0 0 0 0 49 0 0 0 0

8/29/2016 160829PISR002 1.5 Rocky hard bottom 0 0 0 0 21 0 0 0 0

8/29/2016 160829PISR009 2 Rocky hard bottom 0 0 0 0 36 0 0 1 0

8/29/2016 160829PISR004 1.5 Rocky hard bottom 0 0 0 1 31 0 0 0 0

8/29/2016 160829PISR008 2 Rocky hard bottom 0 0 1 0 7 0 0 0 0

8/29/2016 160829PISR010 2 Rocky hard bottom 0 0 0 0 11 0 0 0 0

WEST

EAST
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Sediment Composition and Grain-Size 

Sediment can be important in determining the condition or state of the reefs. It can help 

determine the wave regime and other stresses to the environment. Sediments containing high 

levels of organics and high silt/clay are indicative of areas heavily impacted by sedimentation 

and can indicate chronic disturbance to reefs, while those with high organics and low silt/clay 

may indicate anthropogenic stress from nutrification or enhanced fish feeding. When silt/clay 

overwhelms the system, sedimentation becomes the dominant forcing function on community 

structure (Rodgers 2005). Many sites with north-facing exposures have high percentages of large 

grain sediment sizes. This may be attributed to wave energy regimes that can remove finer 

sediment grains offshore (Rodgers 2005). By examining the composition and grain-size of 

sediments we can better understand what is driving the biological communities. 

 

The impacted site in the East had only slightly higher organics (3.6%) than in the West (3.2%) 

and low silt/clay composition in the East (0.91) and West (0.52) (Tables 14 and 16). This was in 

concert with other Kaua‘i organic percentages (3-4% range) (Rodgers 2005). Previous organic 

percentages in 2002 reported significantly higher organics in the impacted sector (4.7%) (n=5) as 

opposed to the control site in the West (n=1) (3.2%) (Jokiel et al. 2002). When compared to the 

range of CRAMP sites statewide, the lowest organic (0.2%) and silt/clay fraction (0.2%) was 

found at the recent (1950s) lava flow site at Ka‘apuna, Hawai‘i (Rodgers 2005). At the other end 

of the spectrum the sites with high organics was 3-7 times higher and over 50 times higher in the 

silt/clay fraction than at Pila‘a. These include the heavily sedimented Pelekane Bay, Hawai‘i 

(organics 23.6%, silt/clay 50.9%), He‘eia, O‘ahu (organics 14.6%, silt/clay 59.9%) where 

historical dredging occurred, and Hakioawa, Kaho‘olawe (organics 11.5%, silt/clay 14.2%) a site 

where terrestrial clearing from military bombing exercises and overgrazing by ungulates 

occurred. The low organics and silt/clay percentages in both the East and West sectors provided 

supporting evidence of the clearing of terrigenously based sediments that had previously 

impacted the reef and led to the high mortality of corals. Although this smallest size fraction was 

considerably reduced since 2002 (Fig. 23), there were still statically significant differences for 

the silt/clay fraction between the East and the West (p=0.024). Other fractions were not 

statistically different.  

 

The percent of the CaCO3 fraction was very high in both the East (93.2%) and the West (94.3%) 

(Table 14, Fig. 21). A carbonate latitudinal gradient exists across islands. The older the island, as 

with Kaua‘i, the higher the proportion of CaCO3 (Rodgers 2005). Many sites with north-facing 

exposures such as Pila‘a East (87.4%) and West (89.4%) also have high percentages of larger 

grain sizes (gravel and coarse sand) (Table 16, Fig. 22), which may be attributed to strong 

currents and high waves that flush and remove fines. In contrast, sites that have high proportions 

of basalt and low levels of CaCO3 have low coral cover and are primarily dominated by P. 

meandrina, a species found in shallow, high wave energy environments (Rodgers, 2005). 

 

Comparisons of fine silt/clay sediment composition between 2002, shortly following the large 

sediment event, and 2016, 14 years later, show statistically significant differences in the East 

impacted sector (a= 0.05, p=0.024). Mean organic and terrigenous components of the sediment 

collected have been substantially reduced between 2002 (4.7%, 13.9% respectively) and 2016 
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(3.6%, 3.2%) (Table 14 and 15). These findings along with an increase in CaCO3 between 2002 

(81.2%) and 2016 (93.2%) suggest that substantial sediment removal has occurred. Although no 

statistical differences in percent organics was detected between 2002 (3.2%) and 2016 (3.2%) in 

the unimpacted West sector, the sample size is very limited with only one sample collected for 

2002 and three samples were collected for 2016. CaCO3 and terrigenous fractions were also 

similar between 2002 (93.3%, 3.5% respectively) and 2016 (94.3%, 2.5%). The mean silt/clay 

fraction in the East has significantly declined from 2002 (15.0%) to 2016 (0.9%) while the 

control site in the West showed similar results between 2002 (0.2%) and 2016 (0.5%) (Table 16, 

only 2016 data). 

 

The continuous covering of fine sediment reported in 2002 and 2004 was not observed on this 

survey. Fine terrigenous sediment was absent from most locations. However, a few pockets of 

anoxic black sediment were found beneath the surface sand. Fish and sediment community 

factors indicate some recovery since the 2002 surveys (Jokiel et al. 2002). However, higher 

levels of piscivorous fishes, number of species and fish abundance in the West, compared to the 

East, adds to the evidence of lack of full recovery. 

 

Composition 

 

 
Figure 21. Sediment composition by location and sediment fractions in percent of the total. 
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Table 14. Mean sediment composition of the total (%) at the impacted East and reference site in 

the West in August 2016. 

Pilaʻa Organic SD Carbonate SD Terrigenous SD 

East 1 3.62 0.07 93.74 0.38 2.64 0.45 

East 2 3.93 0.40 92.10 0.95 3.97 0.54 

East 3 4.39 0.37 91.08 0.38 4.53 0.01 

East 4 3.26 0.24 94.10 0.71 2.65 0.47 

East 5 2.79 0.09 94.98 0.35 2.23 0.26 

East 6 3.61 0.18 92.81 0.07 3.58 0.11 

East 7 3.73 0.51 93.40 1.21 2.87 0.69 

mean 3.62 0.27 93.17 0.58 3.21 0.36 

West 8 3.30 0.29 93.98 0.64 2.72 0.34 

West 9 3.03 0.27 94.50 0.60 2.47 0.33 

West 10 3.25 0.10 94.49 0.06 2.25 0.04 

mean 3.19 0.22 94.32 0.43 2.48 0.24 

 

Table 15. Mean sediment composition on the Pila‘a reef flat in September, 2002 (%). 

Pilaʻa 2002 

Organic 

(%) SD 

Carbonate 

(%) SD 

Terrigenous 

(%) SD 

1 East (DPI) 7.35 0.32 60.10 2.22 32.55 1.91 

2 East (NPS) 6.12 0.38 77.90 1.41 15.98 1.03 

3 East (IPR) 6.20 0.21 73.44 1.21 20.36 1.00 

4 West (CON) 3.17 0.09 93.33 0.14 3.50 0.09 

5 East (DAOC) 4.55 0.12 86.05 0.63 9.41 0.59 

6 East (BRD) 2.58 0.09 94.90 0.21 2.52 0.11 

7 East (OMF) 1.40 0.19 94.73 0.54 2.61 0.35 

mean East 4.70 0.22 81.19 1.04 13.91 0.83 
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Grain-size 

 

 
Figure 22. Sediment grain size fractions in percent of total by location. 

 

Table 16. Sediment grain-size fractions on the Pila‘a reef flat in August 2016 (%). 

Pila‘a 

2016 Gravel SD 

coarse 

sand SD 

med 

sand SD 

fine 

sand SD silt/clay SD 

East 1 24.00 7.78 73.60 9.82 0.60 0.51 1.30 1.38 0.40 0.15 

East 2 2.80 3.01 83.80 4.33 12.60 7.21 0.40 0.05 0.40 0.08 

East 3 32.33 39.47 40.20 31.42 7.20 1.85 17.60 5.08 2.70 1.12 

East 4 8.31 1.19 86.51 3.63 1.84 0.18 2.44 1.90 0.90 0.72 

East 5 8.46 3.40 83.99 7.13 3.63 0.29 3.18 2.79 0.75 0.67 

East 6 10.34 4.00 73.62 0.45 10.84 4.10 4.49 0.56 0.69 0.24 

East 7 4.49 5.00 79.60 0.33 12.02 2.74 3.37 1.80 0.52 0.12 

mean 12.96 9.12 74.47 8.16 6.96 2.41 4.68 1.94 0.91 0.44 

West 8 3.15 0.63 81.72 8.95 13.19 8.35 1.63 0.00 0.30 0.26 

West 9 11.87 5.18 80.25 0.34 4.31 3.71 2.68 1.27 0.88 0.23 

West 10 3.49 0.31 87.60 2.07 6.97 1.10 1.57 1.12 0.37 0.17 

mean 6.17 2.04 83.19 3.79 8.16 4.39 1.96 0.80 0.52 0.22 
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Figure 23. Grain size distribution for the sediment samples from Pila‘a, Kaua‘i in relation to 

location on the reef, September 2002 (Jokiel et al. 2002). 
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Temperature loggers 

To relate any changes to fish and coral populations since the earlier surveys (Jokiel et al. 2002, 

Jokiel & Brown 2004), ten temperature gauges (Fig. 24) were deployed in August 2016 (Fig. 3) 

(see Methodology for details). GPS coordinates and triangulations were recorded to relocate the 

loggers. These gauges recorded temperature at 10 locations along a spatial gradient on the reef 

flat at 15 minute intervals. Loggers were retrieved, downloaded, and replaced in June 2017. 

These data will assist in understanding the patterns of coral bleaching.  

 

 
Figure 24. Onset v2 water temperature data logger placed at ten locations on the inner reef flat at 

Pila‘a, Kaua‘i. Quarter was placed in the image for scale. 

 

Paling of the coral tissue, the precursor to bleaching, was observed in the reconnaissance survey 

for some species of corals during the 2016 surveys (Fig. 25). However, bleaching is not a simple 

direct response to elevated temperatures. Intensity of sunlight and the duration of the event are 

important. Other effects such as cloud cover, wind, and water clarity can also affect the 

occurrence of bleaching. It can also be a sign of stress from temperature, sediment, nutrients, or 

other factors (Rodgers et al. 2017). Should bleaching be observed in future surveys, data on 

temperature and sediment can provide supporting evidence of causation.  
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Figure 25. One of a few coral colonies showing signs of bleaching stress on the West reef flat. 

 

The phenomenon referred to as bleaching is a response to stress that result in the white coral 

skeleton becoming visible through the transparent coral tissue giving it a bleached white 

appearance from loss of color provided by a tiny single celled alga, zooxanthellae.  These 

zooxanthellae provide nutrients and are vital to the corals survival. There has been an increase in 

sea surface temperatures that are strongly linked to anthropogenic release of carbon dioxide and 

other gasses such as methane (Heron et al. 2012) that are linked to bleaching. 

Since the 1980s, regional bleaching events have occurred on coral reefs throughout the world 

with increasing frequency and increasing geographic extent. The first massive bleaching event 

occurred off Panama in 1983 and was followed by more frequent and severe events throughout 

the world (Hughes et al. 2017). One of the largest mass bleaching events occurred in the 

Seychelles in the Indian Ocean in 1998 where more than 90% of live coral cover was lost. 

Another mass bleaching event in 2005 affected 80% of the coral reefs in the Caribbean and over 

40% of corals died. Mortality occurred at reefs across 22 countries. The occurrence and severity 

of mass coral bleaching has increased continuously over the past two decades. As a result, almost 

every region in the world that has coral, has now suffered extensive stress or coral mortality 

(Hughes et al. 2017).  
 

However, while much of the rest of the world was experiencing severe bleaching, Hawai‘i was 

largely spared up until 2014. Bleaching that occurred in 1996 in the main Hawaiian Islands and 

in 2002 and 2004 in Papahanaumokuakea, the Northwestern Hawaiian Islands, did not result in 

large-scale mortality (Couch et al. 2016). In 2014, warm waters impacted the northern and 

central parts of the Hawaiian chain affecting Kaua‘i severely, where over 80% of corals bleached 

in select north shore regions (DLNR/DAR 2014). Sites were not resurveyed thus, no mortality 

estimates were made available. In 2015, the southern and central portions of the main Hawaiian 

Islands were affected with reports from the island of Hawai‘i documenting up to 50% mortality 

in the Kona region. Bleaching was also reported from Papahanaumokuakea with Lisianski 

suffering the highest mortality (45%) (Couch et al. 2016). Although bleaching has been observed 

from deeper reefs the highest mortality has been reported from corals in shallow waters. A high 

probability of bleaching is predicted to occur in 2017 by late September or October (Coral Reef 



41 
 

Watch 2016). It will be vital to monitor temperatures and patterns of bleaching, recovery, and 

mortality. Few signs of bleaching and paling were reported in 2016 (0.01% of total coral cover). 

Preliminary data from the June 2017 surveys showed a large percentage of M. capitata pale or 

bleached while other coral species appeared of normal coloration over the entire reef flat. 

 

Reconnaissance 

Coral Coring 

In addition to the five rapid assessment teams, a team of three observers conducted 

reconnaissance of the entire reef flat. This overview was to identify any areas of special interest, 

recovery since previous surveys, and to locate any coral colonies large enough for subsequent 

coral coring conducted in June 2017. Coring will be used to recreate a history of impacts from 

sediment by analyzing the banding patterns in large Porites lobata or P. evermanni, Mound coral 

colonies. The coring activity will establish long-term records of sedimentation from time of first 

Western contact, showing impact of traditional and plantation agriculture. Work was conducted 

in June of 2017 in collaboration with USGS partners who have routinely taken cores samples in 

Hawai‘i (e.g., Prouty et al. 2010) and other Pacific Islands (e.g., Prouty et al. 2014) that go back 

several hundred years and analyzed the banding for sediment inclusion with high resolution. 

 

Large Coral Colonies 

Reconnaissance relocated a number of large corals initially identified in Jokiel et al. 2002 and 

Jokiel & Brown 2004. Five large coral colonies between 4.7 and 6.3 meters in diameter were 

located and documented for coring. All five colonies showed no signs of recovery since 2004 

(Figs. 26 and 27). Coral recruits have colonized these large dead Porites colonies. This local 

recruitment on dead coral colonies showed high diversity with nine species of corals recorded 

(Fig. 28). These included P. compressa, P. brighami, Pocillopora meandrina, P. damicornis, 

Montipora capitata, M. patula, Pavona varians, Cyphastrea ocellina, and Leptastrea purpurea. 

 

 
Figure 26. Map showing large coral colonies on the east side of the inner reef at Pila‘a, Kaua‘i. 
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Figure 27. Large Porites coral colony showing no sign of recovery. 

 

 
Figure 28. Large dead coral colony with signs of new recruitment. 

 

Eleven species of corals were recorded from areas adjacent to the large coral colonies. These 

included Porites lobata, P. compressa, P. brighami, Pocillopora meandrina, P. edouxii, 

Montipora capitata, M. patula, Pavona varians, P. duerdeni, Cyphastrea ocellina , and Fungia 

scutaria. The primary forcing function driving high coral diversity in the Hawaiian Islands is 

disturbance. The major disturbance is localized wave energy. It also controls succession of corals 

and community structure (Grigg 1983). Species composition in Hawai‘i is extraordinarily 

uniform with most species found where hard habitat exists. This is particularly true in high wave 

energy environments such as on north facing shores of the Hawaiian Islands. In calmer more 

sheltered areas, other factors such as sediment and nutrients are of importance in structuring 



43 
 

coral communities (Rodgers 2005). 

 

Porites compressa Colonies 

There were a few large P. compressa colonies in the area up to two meters in diameter that had 

up to 90% live cover (Fig. 29). This may be indicative of a self-regeneration of tissue hidden 

within the skeleton. This species has been described in Hawai‘i to retract its polyps deep into the 

skeleton and reemerge once conditions have improved (Krupp et al. 1998). This has not been 

reported from any other species of coral in Hawai‘i. This has more recently been documented 

from Rangiroa in French Polynesia where massive 400 year old Porites colonies suffered high 

mortality in 1998. Resurveys 15 years later, show rapid recovery of dead skeleton where remnant 

cryptic patches of live tissue regenerated. This rapid overgrowth of the dead skeleton was 

attributed to the “Phoenix Effect” (Roff et al. 2014).  

 

 

 

 
Figure 29. Large P. compressa colony with high live coral cover. 

 

Two species of corals were measured in an area known to have suffered high mortality prior to 

2004. The largest colony measured was 64 cm. Maximum size recorded for live colonies of P. 

compressa was 180 cm. Colony size will aid in determining recovery rates based on known 

growth rates of these species in similar habitat. High coverage of P. meandrina may indicate a 

nonstable state since this species is the first to recruit on shallow Hawaiian reefs (Fig. 30). This 

pioneer species will initially colonize disturbed environments with later species of corals that 

dominate being either highly tolerant to wave energy or competitively superior (Grigg, 1983).   
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Figure 30. The Cauliflower coral, Pocillopora meandrina was abundant on the Pila‘a reef flat. 

 

Chrysophyta Algae 

There appears to be two distinct zones separating the West and East reef flat with differing biotic 

populations. A large portion of the reef on the east end had a fine, dense covering of filamentous 

algal turf (Fig. 31). Delineation between the areas of algal turf and the region on the west side 

lacking the growth were marked with GPS coordinates. 

 

 
Figure 31. Fine, dense algal covering on the benthic substrate on the eastern reef flat at Pila‘a, 

Kaua‘i. 
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A sample of the Golden-Brown Chrysophyta algae was collected and examined under a 

compound microscope to determine its functional group (Fig. 32). A subsample was fixed in 

formalin and analyzed by University of Hawai‘i phycologist (algal specialist) Dr. Celia Smith. 

The sample appears to be a rare, barrel shaped prokaryote with sheath when visualized 

microscopically. Other microscopic algae are present in the mass including diatoms and 

cyanobacteria. There are abundant pennate diatoms and many unusual pear-shaped cells with an 

attachment like rhizoid. Abundant cell walls are of uncertain origin. Diatoms may be an indicator 

of silicate and submarine groundwater flows. Blue-green cyanobacteria may also be spring 

related (Padhi et al. 2010). Freshwater from underground seeps were observed in some locations 

on the reef flat, identified by water clarity and cooler temperatures. Salinity readings will be 

included in subsequent work. 

  

Blue Octocoral 

Sarchothelia edmonsonii was abundant on the east side of the channel in the previously impacted 

region. This blue octocoral is an endemic species found only in the Hawaiian Islands and can 

range in color from a light blue to a purple or brown depending on the number of sclerites, the 

skeletal plates in the body wall. The brown morph can be found in calm lagoons on the 

windward sides of islands while the blue coloration, which may be a separate species, can be 

found in high wave energy environments on fore reefs as in Pila‘a (Fig. 33). S. edmonsonii has 

been reported to be indicative of areas impacted by anthropogenic stress (Walsh et al., 2013). In 

West Hawai‘i a high concentration of this species has been reported from Honokōhau Harbor 

and Kailua Bay, both heavily impacted by human populations. Octocorals have been indicated as 

a sign of pollution in other studies also (Baker & Webster 2010; Hernandez-Munoz et al. 2008). 

 

 

 

 
Figure 32. Microscopic image of a sample obtained from the eastern reef flat at Pila‘a, Kaua‘i.  

 



46 
 

 
Figure 33. Sarcothelia edmonsonii, an octocoral endemic to the Hawaiian Islands. 
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CORAL REEF ASSESSMENT AND MONITORING PROGRAM (CRAMP) 

In June 2017, a permanent DAR/CRAMP monitoring site was established at Pila‘a and baseline 

data taken. This will be part of a statewide integrated network of 32 sites on five islands that 

include 64 stations (www.cramp.wcc.hawaii.edu). CRAMP was developed in 1998 in response 

to management needs. At that time, there was no long-term widespread monitoring program in 

this state. It was vital to get a baseline of what our reefs around the state looked like, to recognize 

any changes that may occur, and to identify any impacts that are affecting these reefs. Up to that 

time, monitoring efforts in the state were conducted on a piecemeal basis, inconsistently 

addressing specific problems in specific places on a project by project basis over short periods of 

time by different researchers and managers using different methods, so they were difficult to 

compare. Within the first few years, we established long-term monitoring sites that tracked 

changes over time and rapid assessment sites to expand the spatial range of habitats and 

anthropogenic impacts to optimize the power to detect statistical differences.  

 

These sites span the full spectrum of habitats. We have a geologically recent 1950’s lava flow in 

Ka‘apuna, patch reefs in Kāne‘ohe Bay, open coastlines and almost any other reef habitat found 

in the Hawaiian Islands. These sites span the full latitudinal range from near Hawai‘i’s South 

Point to the northern Nā Pali coast of Kaua‘i. There are both windward and leeward reefs. There 

is a full range of protection status including Natural Area Reserves such as at Āhihi Kīna‘u, 

Marine Life Conservation Districts at Hanauma Bay and Molokini, Fisheries Management Areas 

and Fisheries Replenishment Areas on the Kona coast of Hawai‘i Island and open access sites 

with no other legal protection except what applies to the entire state. The sites also encompass 

the full range of natural and anthropogenic impacts including sites along a gradient from nearly 

pristine to severely degraded (Rodgers et al. 2015).  

 

CRAMP also conducts manipulative experiments in the laboratory and the field to better 

understand the trends and patterns that emerge from the monitoring data. In depth studies in 

select regions have been conducted such as in South Moloka‘i, Pelekane and Kahalu‘u Bays, 

Hawai‘i, ‘Ahihi Kīna‘u, and Kahekili, Maui, Kāne‘ohe and Hanuama Bays, and Pearl Harbor, 

O‘ahu, and Hanalei, Kaua‘i. 

 

The Pila‘a site will be an important addition to this suite of sites. This area acts as a defacto 

marine protected area due to its north facing shore which limits access during winter months due 

to high surf and the limited terrestrial access that reduces anthropogenic impacts. Pila‘a will be 

compared to the fish, corals, invertebrates, algae, sediment, and temperature data collected at 

sites statewide (Fig. 34). 
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Figure 34. The Hawai‘i Coral Reef Assessment and Monitoring Program’s permanent network 

of sites throughout the main Hawaiian Islands. Directions of arrows show increase or decrease in 

coral cover since 1999. The size of the arrow is related to the size of the change in coral cover. 

The solid arrow indicates statistical significance, while hollow arrows are sites that have non-

significant changes. 

 

2017 Research Activities 

● In June 2017, coring of large coral colonies commenced. This will determine the 

sediment history of this area. Seven cores in the East and two cores in the West were 

removed with GPS coordinates and photo documentation. 
● 2002 transects were resurveyed in impacted (n=10) and control (n=10) areas to determine 

changes over time. Surveys included coral species, size frequencies, abundance, and 

disease. 
● 53 KAHUs were conducted throughout the reef flat surveying fishes, benthic and 

macroinvertebrates. Another 50 KAHU’s are planned for August 2017 to compare fish 

populations in different months. 
● We resurveyed the two 100 m transects to determine changes since 2002 in the impacted 

zone and in the unimpacted zone. Anecdotally, there were a lot more smaller coral 

colonies than were reported in 2002. 

● Recruitment arrays were deployed (n=15) to quantify and compare coral larval 

recruitment. 
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● Eight temperature loggers were downloaded and replaced. These data will be linked to 

quantified bleaching on transects. 
● Salinity readings were taken throughout the area to better understand the freshwater input 

and algal distributions.  
● Eight sediment traps were deployed for a three-day period. 
● A comprehensive species list was recorded for the entire reef flat for fishes, corals, 

macroinvertebrates, and algae. 
● A CRAMP site was established and baseline data collected on the east and west reef flat 

to complement the other five Kaua‘i locations. Conducted at these stations were fish 

surveys, benthic photos, spatial complexity measurements and bulk sediment collections. 
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