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EXECUTIVE SUMMARY  

 

In 2015 the HǕóena community in collaboration with State of Hawaióiôs Department of 

Land and Natural Resources established a Community Based Subsistence Fishing Area (CBSFA) 

in HǕóena on the north side of Kauaói. The goals of this biologically and culturally managed area 

is to support fishing and gathering for subsistence, religious and cultural purposes in a 

sustainable manner through effective management practices of local community and State 

management. This partnership includes monitoring, enforcement, education, and outreach. To 

evaluate the efficacy of the management plan, annual biological surveys and strategic 

environmental and physical monitoring is planned along with ongoing community monitoring. 

In August of 2016, a joint effort between the University of Hawaióiôs (UH) Hawaiói 

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

Monitoring Program (CRAMP), the State of Hawaióiôs Department of Land and Natural 

Resources (DLNR) Division of Aquatic Resources (DAR), and the Division of Boating and 

Ocean Recreation (DOBOR) conducted 98 initial Kauaᾶi Assessment of Habitat Utilization 

(KAHU) surveys within and outside the established boundaries of the CBSFA. Fish communities 

were compared to baseline surveys conducted in 2013/14 by the Fisheries Ecology Research 

Laboratory (FERL) prior to the establishment of the CBSFA. This data allows for a sampling 

design that compares marine communities before the initiation of management action to any 

changes that may have occurred following commencement of regulations. There was 

considerable species overlap between the 2013, 2014 and 2016 surveys however, the fish 

abundance (mean number of fishes) were statistically different between all years. The average 

number of fishes observed was greater in 2016 than in previous surveys (p=0.002). 

The community identified fishes of importance that were compared to the 2016 surveys. 

Of these species, more fishes were found inside the CBSFA than outside the boundaries. Species 

populations perceived in ñexcellentò and ñgoodò condition were fairly prevalent. Of the fishes 

categorized by the local community as ñfairò or ñlimitedò, few were observed. The only 

disparities were two fish species perceived to be in ñpoorò condition by the community that did 

not align with survey results. These were Caranx melampygus, Blue-fin Trevally (óomilu) and 

Naso unicornis, Blue-spine Unicornfish (kala) that were commonly found on transects. No 

statistical differences were found between the abundance or biomass of food fishes inside the 

CBSFA boundaries and outside the boundaries. 

When comparing all fishes surveyed in 2016, biomass, diversity, and evenness were not 

statistically different between the areas inside or outside the CBSFA boundaries or within the 

Makua Puóuhonua. However, the number of individual fishes was higher within the CBSFA 

(a=0.05, p=0.013). There were more larger fishes recorded inside the CBSFA than outside 

(p=0.00). At all sites, herbivores and invertebrate feeders were much more prevalent than 

piscivores or zooplanktivores; however, trophic levels were statistically different between inside 

and outside the CBSFA (p=0.00) with lower numbers of zooplanktivores and higher percentages 

of invertebrate feeders within the Makua Puóuhonua. Most fishes recorded were indigenous 

followed in rank by endemics, with few introduced fishes found.  

Coral cover inside (5.3%) and outside (5.2%) the CBSFA were not statistically different. 

However, there was much higher coral cover in the Makua Puóuhonua (13.8%). 

Statistical analyses show all three sectors to be similar when comparing combined 

benthic and fish community factors (Fig. 1). Close proximity in ordination space reflect 

similarity of sites. This confirms that outside the HǕóena CBSFA is a comparable reference site 
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for inside the CBSFA boundaries to assess any changes in fish or benthic populations due to 

management actions or environmental conditions. 

Urchin populations were higher within the CBSFA as compared to stations outside the 

boundaries; however, it was not found to be statistically significant due to high variability. 

Echinometra mathaei, the Pale Rock Boring Urchin (óina) was by far the most abundant urchin 

in both areas. The Slate Pencil Urchin, Heterocentrotus mammilatus (haóukeóuke) was found 

inside the boundaries and absent outside. There were a statistically higher mean number of sea 

cucumbers inside the CBSFA as compared to outside the boundaries (p=0.0004). 

Sediment composition and grain-sizes were similar between sites with the exception of 

the silt/clay fraction that was significantly lower outside the CBSFA boundaries (p=0.007). All 

sediments are similar to other north facing main Hawaiian Island sites with similar wave regimes 

and little terrestrial influence. 

The DAR/CRAMP site within the CBSFA on the shallow Limahuli reef flat (1 m) 

showed the lowest recorded coral cover since 1999 at this site. Similarly, the 10m site offshore 

reported half the coral cover as previous years. These significant declines can be most likely 

attributed to the severe the bleaching events in 2014 and 2015 where half of the corals at nearby 

Anini were reported to be bleached (DAR 2016). 

Annual monitoring of the CBSFA and surrounding area (KAHUôs) will provide 

information about the effectiveness of implemented management actions while changes at long-

term historical monitoring sites (DAR/CRAMP) will aid in determining ecosystem health. Future 

2017 data on temperatures and bleaching can assist in separation of local impacts from other 

localized or global impacts within the CBSFA (i.e. ocean acidification, sedimentation). 

 
Figure 1. A Non-metric Multidimensional Scaling (NMDS) ordination plot mapping fish variables 

(abundance/number, biomass, diversity, richness), and benthic variables (% cover coralline algae, turf, 

macroalgae, coral) at transects in HǕóena. The variables are shown in red. Transects are shown as colored 

numbers corresponding to each division (blue= HO, green = HI, magenta=PU).  Ellipses indicate 1 

standard deviation of NMDS scores.
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INTRODUCTION  

 

Purpose 

 

Historical Background 

The CBSFA of HǕóena was designed in August 2015 to protect the marine resources for the 

sustainable support of the needs of the community through culturally based management that 

acknowledges the mauka/makai (ridge to reef) linkage and endeavors to restore natural balance. 

As specified in HAR Chapter 13-601.8, it is managed collaboratively by the HǕóena community 

and the Hawaiói Department of Land and Natural Resources. This partnership will collectively 

monitor and evaluate for adaptive management purposes. The management plan addresses 

enforcement, education and outreach, user conflict resolution, methods for funding, monitoring, 

evaluation and measures of success. 

 

Management Objectives 

The management goals outlined in the HAR Chapter 13-60.8 are as follows: 

¶ Sustainably support the consumptive needs of the HǕóena ahupuaóa through culturally-

rooted community-based management; 

¶ Ensure the sustainability of nearshore ocean resources in the area through effective 

management practices; 

¶ Preserve and protect nursery habitat for juvenile reef fishes; 

¶ Recognize and protect customary and traditional native Hawaiian fishing practices that 

are exercised for subsistence, cultural, and religious purposes in the area and; 

¶ Facilitate the substantive involvement of the community in resource management 

decisions for the area. 

Management activities to achieve these objectives: 

¶ Establish rules that reflect traditional fishing and management practices. 

¶ Establish rules to address adverse effects of tourism and ocean recreation activities on 

marine resources and associated subsistence practices. 

¶ Increase the abundance of native fish species, limu kohu, heóe, urchins, lobsters, óǁpihi 

and other shellfish. 

¶ Increase percent coral cover by reducing human impacts on coral reef resources. 

 

Geographic Location 

The HǕóena CBSFA is located within the ahupuaóa of HǕóena in the larger moku of Haleleóa on 

the north shore of the island of Kauaói. The CBSFA covers 5.6 km (3.5 miles) of coastline 

extending vertically 1.6 km (1 mile) out from the high water mark, encompassing the waters 

adjacent to HǕóena Beach Park, HǕóena State Park, and Keóe Beach Park. The CBSFA begins at 

the boundary between HǕóena State Park and NǕ Pali State Park (22o12ô42.50òN, 

159o35ô44.50òW) and terminates between HǕóena and Wainiha (22o13ô28.00òN, 

159o36ô22.27òW). Within the boundaries of the CBSFA lie three subzones, the óǁpihi (Cellana 

genus) restoration area, the Makua Puóuhonua, and the vessel transit boundary (Fig. 2).  
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Figure 2. Map of HǕóena showing the CBSFA boundaries, vessel transit limits, and the Ǿpihi 

management borders. 

 

Two perennial streams intersect the HǕóena ahupuaóa originating in the valleys of MǕnoa and 

Limahuli. They provide a significant freshwater contribution to the nearshore biotic composition. 

Most of the common species of corals and fishes occur in this area. This region includes 
limestone/basalt boulders with sand pockets or shallow carbonate reef flats that dominate the 

shallow shoreline with low to medium spatial complexity. Parts of this region (Limahuli) are 

protected from the north swell by a well-developed reef crest. The deeper reefs are equally 

diverse, characterized by low-relief spur and grooves, to areas of high relief with colonized 

basalt and boulder habitat with high fish standing stock. The main forcing function and dominant 

driver of benthic communities at this north exposed site is the North Pacific Swell. Found within 

this habitat are the endangered species Chelonia mydas (Green Sea Turtle), Eretmochelys 

imbricata (Hawksbill Turtle), Neomonachus schauinslandi (Hawaiian Monk Seal), and 

Megaptera novaeangliae (Humpback Whale). 
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2016 Surveys 

 

Between 24 and 27 August 2016 a joint collaboration between the University of Hawaióiôs (UH) 

Coral Reef Assessment and Monitoring Program (CRAMP) and the State of Hawaióiôs 

Department of Land and Natural Resources (DLNR) Division of Aquatic Resources (DAR) 

Oᾶahu and Maui Monitoring, and Aquatic Invasive Species (AIS), and Kauaói Education and 

Outreach, and the Department of Boating and Ocean Recreation, Kauaᾶi (DOBOR) conducted 

rapid assessments at HǕóena, Kauaói (Fig. 3).  

 

Figure 3. Map showing 98 survey locations inside and outside the CBSFA at HǕóena, Kauaᾶi. Star 

symbols depict locations where 18 temperature loggers were deployed and sediment collections occurred. 

Stations outside the boundaries are classified as HǕóena Outside stations. 

Dives were conducted on 24-27 August 2016 with support of DOBOR vessels and a commercial 

vessel (Bubbles Below-Dive Rocket). Dives on August 27 were also conducted from shore by 

two teams of snorkelers in shallow waters utilizing access points at Wainiha, HǕóena Beach Park, 

and Keóe Beach Park. All surveys were noninvasive and did not impact the biological 

communities. Five teams consisting of a fish and a benthic surveyor completed 47 Kauaᾶi 

Assessments of Habitat Utilization (KAHU) within the boundaries of the Community-Based 

Subsistence Fishing Area (CBSFA), 43 surveys outside the boundaries, and 8 surveys within the 

Makua Puóuhonua reserve, for a total of 98 survey stations (Fig. 3).  
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Figure 4. Diver conducting fish surveys within the HǕóena CBSFA. 

 

Surveyors quantified fish populations by recording abundance, species, and size to characterize 

fish numbers, biomass, feeding guild, and endemism. Digital photos were taken and analyzed in 

the lab using the annotation program CoralNet (Beijbom et al. 2012) to determine benthic 

composition and diversity of corals, algae, and macroinvertebrates (Fig. 5). Fish results for the 

Makua Puóuhonua reserve were compared to baseline data collected by Dr. Alan Friedlanderôs 

UH Fisheries Ecology Research Lab in 2013/14 to determine any changes in biological 

populations since the initial establishment of the CBSFA. 

 
Figure 5. Example of digital photo taken for analysis of habitat and organisms. 
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METHODOLOGY  

 

Kauaói Assessments Of Habitat Utilization (KAHU ) Survey Assessment  

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

maps using ArcGIS10. NOAA habitat basemaps are used to stratify 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 GPS map 78S 

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

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

GPS points and new coordinates are recorded or a predetermined number of fin kicks are 

initiated. Once the transect is located, the following methodology is employed. 

 

Survey methodology is based on the UH Fisheries Ecology Research Laboratoryôs (FERL) 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 consistent. The fish 

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

number of individual fishes to 2.5 m on each side of the transect line (5 m width) (Fig. 4). To 

allow for larger, fast moving fishes a minimum observation time of 10-minute 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 altered 

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 10 selected sites a 3/16ò 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, a 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. 34). GPS coordinates and photo triangulations are 

documented for each location. 
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Statistical Analyses 

Food Fishes 

The generalized linear model framework was used to analyze the food fish abundance since 

number of fishes is a count dataset. Negative binomial (NB) distribution was used to analyze the 

effect of division. HǕóena Inside CBSFA and the Makua Puóuhonua were combined to provide 

comparability with previous 2013 Friedlander et al. data. This dataset was then compared with 

the control site outside the CBSFA. Non-parametric tests (Kruskal Wallis and median 

permutation to validate) were used to evaluate biomass of food fishes. A distribution shape of log 

transformations produced negative values for food fish biomass thus preventing all parametric 

methods including ANOVA, GLM with gamma distribution, and non-parametric permutation 

tests. Poisson and NB model applications were also not appropriate with a continuous response 

variable.   

Fishes 

A log transformation was used for fish abundance and biomass, square transformation for 

diversity and evenness, and the number of species data was left untransformed. Normal 

distribution was assumed for all response variables following transformations and homogeneous 

variance (Leveneôs test NS) among divisions. One-way ANOVAs were performed for each 

response. Fish size classes were log (x=1) transformed and a multiple regression (two-way 

ANOVA) was applied once verified by quantile-quantile plot and residual vs. fitted plots. 

When examining trophic level abundance, the original count data was fitted with GLM with 

negative binomial (NB) distribution substantially reducing over-dispersion. The deviance of this 

model was used to run the likelihood ratio test for the significant effect of division and trophic 

levels based on chi-square statistics and percentile. Highly skewed trophic level biomass, 

endemism abundance and biomass data led to nonparametric tests applied to each division 

individually even following transformations. Tests were followed by Dunnôs post-hoc multiple 

pair-wise comparisons. 

The Shannon Weiner diversity was calculated by the formula  

(ͻ ὴ ÌÎὴ 

where S is the total number of species and Pi is the relative cover of ith species. Shannon Weiner 

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

distribution of individuals among species. Buzas and Gibsonôs evenness (Harper 1999) was 

measured using E = eH/S to measure the evenness of fishes. 

Urchins 

A generalized linear model framework was used to analyze the urchin abundance count dataset.  

Since the model with Poisson distribution was largely over-dispersed, a negative binomial model 

was used with the total number of urchins per transect as the response variable and the division 

(HǕóena Inside CBSFA, Makua Puóuhonua, and the control site outside the CBSFA) as the 

predictor variable. The deviance of this model was used to run the likelihood ratio test for the 

significant effect of division on urchin abundance, based on chi-square statistics and percentile. 

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 



7 
 

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 density 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. 

Sediment data 

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

graphically and statistically assessed using histograms, homogeneity plots, and Leveneôs test for 

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

ANOVA was inappropriate. 

 

RESULTS 

 

Food Fishes 

HǕóena community interviews conducted in 2003, 2007, and 2008 identified important food fish 

species. In addition, traditional families from HǕóena documented near-shore marine resources 

central to their subsistence and cultural practices (DAR 2016). These species along with the 

perceived condition of each resource are listed along a gradient from excellent to poor in Table 

1. The perceived condition reflects the community perception of fish condition. The following 

fish population condition levels include: Excellent (like the 1940s and 1950s), Good, Fair 

(stressed and in decline), Poor (degraded), Bad (severe decline), and Pau (no/very limited 

production) (DAR 2016). 

 

Perceived Condition 

The HǕóena community listed 18 fishes of importance. The translation of Hawaiian names to 

species names expanded the list to 39 fishes. For example, the Hawaiian name uhu refers to all 

parrotfishes in the family Scaridae, of which seven species are listed (Table 1). Of these 39 fish 

species listed as important cultural and subsistence resources, more species were found inside the 

CBSFA (13) as compared to outside the boundaries (8), or in the Makua Puóuhonua reserve (7). 

Fewer transects were conducted in the Makua Puóuhonua (8) due to its limited area, as compared 

to other areas inside the CBSFA (47), or outside the boundaries (43). Species perceived to be in 

ñexcellent and good conditionò were fairly prevalent as expected. The only genus perceived to be 

in ñexcellent conditionò (Kyphosus) was found in all areas except the Makua Puóuhonua. Fish 

perceived to be in ñfair and limited conditionò were not commonly found in large numbers. This 

was consistent with the perceived condition where only one ñfairò species and no ñlimitedò 

species were observed. The only category not in concert with the perceived condition was the 

ñpoorò category, where only two of the five species were found on transects. These include 

Caranx melapygus óomilu Blue-fin trevally and Naso unicornis, (kala) Blue-spine unicornfish 

that were recorded in relatively high numbers. Naso unicornis was present on 20-65% of all 

transects while C. melapygus were reported at 0-30% of transects (Table 2). This was especially 

unusual since actual abundance of jacks such as C. melampygus are difficult to detect in belt 

surveys, thus our estimates may have been underrepresented. 
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Table 1. Food fish important to the HǕóena community. The ñListed Nameò reflects the resources cited in 

the Management Plan for the HǕóena Community-Based Subsistence Fishing Area, Kauaói. Additional 

names and families were added in adjacent columns. ñPerceived conditionò depicts community perception 

of fish condition: Excellent (like the 1940s and 1950s), Good, Fair (stressed and in decline), Poor 

(degraded), Bad (severe decline), Pau (no/very limited production). Missing condition assessments are 

due to omissions in the management plan. 
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Table 2. The frequency of occurrence (% of transects on which species were recorded) and 

perceived condition of food fish found on transects within the HǕóena CBSFA, outside the 

CBSFA boundaries, and within the Makua Puóuhonua reserve. 

 
 

Summary of Top Species/Families of Food Fishes 

Two food fishes were included in the top ten species of fishes overall within the CBSFA. 

Acanthurus triostegus (manini) the Convict tang was ranked 5th overall in biomass and 

Chlorurus spilurus (uhu) Bullethead parrotfish had the 8th highest biomass (Table 3). Four 

families of food fishes were in the top ten highest biomass ranking. The Acanthurids 

(surgeonfishes and unicornfishes) had the highest biomass of all fish families (62.40 g/m2), 

followed by Scaridae (parrotfishes) ranked 4th (7.20 g/m2). Mullidae (goatfishes) was the family 

with the 5th largest biomass (3.79 g/m2), and Carangidae (jacks) ranked 7th overall (2.68 g/m2). 

Outside the CBSFA boundaries three food fish species (Kyphosus spp., A. triostegus, and N. 

unicornis) were among the top 10 species overall in highest biomass (Table 3). The highest 

biomass among families was Acanthuridae (49.01 g/m2), Kyphosidae (sea chubs; 7.151 g/m2), 

Mullidae (3.77 g/m2), and Scaridae (1.64 g/m2). 

Within the Makua Puóuhonua, four food fish species (A. triostegus, N. unicornis, C. spilurus, and 

Mulloidichthys flavolineatus) [weke], the Yellowstripe goatfish) (Table 3) and three food fish 

families were ranked 8th (Scaridae), 9th (Mullidae) and 10th (Acanthuridae) for the families with 

the highest biomass overall. 

Comparisons of abundance (numbers of individuals) and biomass of food fishes inside and 

outside the CBSFA showed no statistically significant difference. This comparable baseline data 

indicates the applicability of the control site to determine future changes in food fish populations 

based on management strategies. 
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Table 3. Food fish species ranking in the top 10 species overall for HǕóena sectors. 

 
 

 

Fish Composition Overall 

 

Biomass, diversity, evenness  

Individually, biomass, diversity, and evenness were not significantly different between the 

CBSFA, Makua Puóuhonua, and the outside control site. There was also no statistically 

significant difference between sites when combining fish community factors (Fig. 6). This now 

confirms the selection of an appropriate reference site should changes occur and gives us a good 

baseline for subsequent surveys. 
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Figure 6. Principal Components Analysis biplot. Colored numbers indicate individual transects: HO = 

HǕóena Outside (Green, 1-43), HI =HǕóena Inside (Pink, 44-90), PU=Puóuhonua (Blue, 91-98). PC1 

accounts for about 69% of the variation among original biological variables. Influences of biomass and 

richness are slightly greater than abundance and diversity along the first axis (PC1). Diversity and 

richness are negatively correlated with PC1. Diversity also negatively correlates with PC2. There was no 

clear clustering of individual transects by division shown by the mapped scores of observations. 
 
 

Summary of Top Species 

Abundance and Biomass 

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 top ten most abundant species of fishes found at HǕóena were calculated from the 98 

transects conducted (Fig. 3).  The most abundant fish species was Chromis vanderbilti, the 

Black-fin chromis, although they were present on only 64.3% of transects. Numbers of 

individuals were high because C. vanderbilti tend to be found in large schools. However, this 

small-bodied fish contributed little biomass to the overall fish composition (0.80 g/m2). The 

species with the next highest abundance was Thalassoma duperrey (hǭnǕlea lauwili), Saddle 

wrasse, with a frequency of occurrence of 92% (Table 4). Four species of Acanthurids ranked 

within the top ten for both highest abundance and biomass. These included Acanthurus olivaceus 
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(naóenaóe) Orange-band surgeonfish (16.5 g/m2), A. leucopareius (mǕikoiko) White-bar 

surgeonfish (13.7 g/m2), A. triostegus (manini) Convict Tang (6.1 g/m2), and A. nigrofuscus 

(mǕióiói) Brown surgeonfish (3.1 g/m2) (Table 4). Three endemic species found only in Hawaiói 

were among the top ten: T. duperrey (hǭnǕlea lauwili), A. triostegus (manini), and Bodianus 

albotaeniatus (óaóawa) Hawaiian hogfish. There was considerable overlap between the 

abundance and biomass top ten species lists with six species found on both lists (Table 5).  

Lutjanus kasmira (taóape) Blue-Stripe snapper was the only non-native species on the list, 

ranking fourth highest in biomass. 

Table 4. Top ten fish species found in HǕóena with the highest abundance (IND/m2) shown in descending 

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

 

Table 5. Top ten fish species found in HǕóena with the greatest mean biomass shown in descending order 

along with mean number of individuals (per m2) and frequency of occurrence (%). 

 

 

Top Ten Comparisons 

HǕóena outside CBSFA, within CBSFA, and Makua Puóuhonua  

To establish the similarity between the CBSFA and the control or reference site outside the 

CBSFA boundaries, data was analyzed from both sectors. By examining the differences in 

resources in areas with different management regimes, the evaluation of the efficacy of 

management efforts can be determined and adaptive procedures implemented. Comparisons were 

made of three separate areas within the larger HǕóena region because different regulations apply 

to the HǕóena CBSFA management protected area, the smaller Makua Puóuhonua within the 

CBSFA, and the open access area outside the CBSFA where only regulations that pertain to the 

rest of state nearshore waters apply.  

 

 

Taxonomic Name Common Name Hawaiian Name

Mean # of 

individuals 

(IND/m²)

Mean 

Biomass 

(g/m²)

Frequency of 

occurrence (%)

Chromis vanderbilti Blackfin Chromis 0.28 0.8 64.3

Thalassoma duperrey Saddle Wrasse hǭnǕlea lauwili0.21 3.3 91.8

Acanthurus leucopareius Whitebar Surgeonfish mǕikoiko 0.10 13.7 41.8

Acanthurus nigrofuscus Brown Surgeonfish mǕióiói 0.08 3.1 68.4

Acanthurus triostegus Convict Tang manini 0.05 6.1 49.0

Acanthurus olivaceus Orangeband Surgeonfish naóenaóe 0.05 16.5 58.2

Plectroglyphidodon imparipennis Brighteye Damselfish 0.04 0.2 68.4

Paracirrhites arcatus Arc-eye Hawkfish pili koóa0.03 0.5 62.2

Chlorurus spilurus Bullethead Parrotfish uhu 0.02 2.7 6.1

Kyphosus spp. Sea Chub nenue 0.01 3.9 10.2

Taxonomic Name Common Name Hawaiian Name

Mean # of 

individuals 

(IND/m²)

Mean 

Biomass 

(g/m²)

Frequency of 

occurrence (%)

Acanthurus olivaceus Orangeband Surgeonfish naóenaóe 0.05 16.5 58.2

Acanthurus leucopareius Whitebar Surgeonfish mǕikoiko 0.10 13.7 41.8

Acanthurus triostegus Convict Tang manini 0.05 6.1 49.0

Lutjanus kasmira Bluestripe Snapper taóape 0.01 5.3 15.3

Naso unicornis Bluespine Unicornfish kala 0.01 5.3 35.7

Bodianus albotaeniatus Hawaiian Hogfish óaóawa 0.01 4.7 50.0

Naso lituratus Orangespine Unicornfish umaumalei 0.01 3.9 30.6

Kyphosus spp. Sea Chub nenue 0.01 3.9 10.2

Thalassoma duperrey Saddle Wrasse hǭnǕlea lauwili0.21 3.3 91.8

Acanthurus nigrofuscus Brown Surgeonfish mǕióiói 0.08 3.1 68.4
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Biomass and Abundance 

There was considerable overlap in the top 10 species for fish abundance with few differences 

found between inside and outside the CBSFA, reporting eight species in common (Fig. 7). This 

pattern was repeated for greatest fish biomass with seven species overlapping between the 

CBSFA and the outside control site (Fig. 8). This provides supporting evidence of the legitimacy 

of the control area that shows similar fish abundance and biomass composition between the 

protected area and the reference site. These baselines will allow for future assessment and 

comparisons of any changes. The Makua Puóuhonua was more dissimilar to either the rest of the 

CBSFA or the control site with approximately half of the top species in common. Two species of 

food fishes were fairly common in this area, ranking 4th in biomass (M. flavolineatus) and 10th in 

abundance (M. vanicolensis, [weke óula] Yelowfin goatfish) but not on the top 10 lists for the rest 

of the CBSFA or outside the boundaries. The high abundance of C. vanderbilti, T. duperrey 

(hǭnǕlea lauwili), and A. nigrofuscus (mǕióiói) was common between all sites. Kyphosus spp. 

(nenue) the Sea Chub and the introduced L. kasmira (taóape) ranked high outside the CBSFA but 

did not occur on the top ten lists at the other sites. In contrast, C. spilurus (uhu) occurred on 11% 

of transects inside the CBSFA but was not present on the top 10 lists at other sites. Half of the 

species occurring on the top ten most abundant and highest biomass lists are endemic to the 

Hawaiian Islands. A. triostegus had the highest frequency of occurrence for abundance inside the 

CBSFA (100%), outside the reserve (81%), and at the Makua Puóuhonua (63%). 

 

  

 

 

Figure 7. The top ten fish species for abundance found (a) inside the CBSFA (n=55) (top left), (b) outside 

the CBSFA (n=43) (top right), and (c) within the Makua Puóuhonua (n=8) (bottom left).  
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Figure 8. The top ten fish species for biomass found (a) inside the CBSFA (n=55) (top left), (b) outside 

the CBSFA (n=43) (top right), and (c) within the Makua Puóuhonua (n=8) (bottom left).  

 

Comparisons of 2013/2014 to 2016 data within HǕóena CBSFA 

The Division of Aquatic Resources released a ñManagement Plan for the HǕóena Community-

Based Subsistence Fishing Areaò on Kauaói in March 2016 that included 2013/14 data on fish in 

Keóe and Makua, located within the CBSFA (Fig. 9). This data was contributed by Whitney 

Goodall of the UH FERL under the direction of Dr. Alan Friedlander. The raw data was obtained 

with permission from the source and used in this report to compare the temporal patterns 

between years. Fish survey methodology used is similar since the KAHU methods are based on 

DAR Mauiôs Fish Assessment Habitat Utilizations (FAHU), which were developed in concert 

with Friedlanderôs methodology that was developed to compare within and outside marine 

protected areas. This method is also used in the Coral Reef Assessment and Monitoring Program 

(CRAMP) Rapid Assessment Techniques (RAT) developed by Friedlander, a co-PI on CRAMP. 

The 2013-14 FERL data provides the rare opportunity to compare fish composition before and 

after the designation of the HǕóena CBSFA in August 2015.  

 

 


