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EXECUTIVE SUMMARY 

The National Pollutant Discharge Elimination System (NPDES) permit requires the Hawaiian 

Electric Company, Inc (HECO) to determine the status of sessile marine invertebrates, algae and 

fishes as bioindicators of pollutants in the vicinity of the Waiau Generating Station (WGS) 

(McCain 1974, Brock 2017).  Surveys have been conducted annually from 1993 through 1999.  

Due to the lack of adverse effects from the WGS discharge to East Loch, Pearl Harbor, the 

marine surveys were reduced to a biennial schedule.  Thus far, seventeen surveys to assess the 

impact to the biota within the designated zone of mixing (ZOM) have been conducted over the 

27-year project period. This report covers continued monitoring of four of the previously 

established stations within Pearl Harbor.  The monitoring Stations 5 and 6, that consisted of 

mangrove communities, were eliminated in 2013 following Navy efforts to remove mangroves 

within Pearl Harbor.  Methodological consistency follows Brock (1995-2017) to maintain 

consistency and insure compatibility across sampling years.   

 

Marine fish and benthic communities in Pearl Harbor have been subjected to numerous 

anthropogenic impacts over the past century.  These include dredging, oil spills, contamination, 

sedimentation, eutrophication, invasive species, and fishing pressure.  The HECO WGS facility 

uses fresh and seawater for cooling purposes in the generation of electricity.  This cooling water 

becomes thermally elevated after use and is then discharged back into East Loch in Pearl Harbor.  

The WGS is permitted to discharge a maximum of 512 million gallons per day (MGD) of 

cooling water; however, the facility has operated at less than its maximum generating capacity 

for the past six years with cooling water flow much less than in the past.  The Bottom Biological 

Communities Monitoring (BBCM) Program was initiated in 1993 to monitor the biota fronting 

the WGS facility.  Two zones within the ZOM were selected to represent the major zones 

present.  These biotopes are a hard substrate with particulate/suspension feeders, and the 

dominant soft bottom biotope of deposit feeders.  A comparison site (“control”) with similar 

habitat was selected on the west side of Ford Island, outside the ZOM (3.2 kilometers [km] 

seaward of the WGS).  This control site has less impact from freshwater and sedimentation from 

streams and lower fish biomass than the WSG site.  The basalt boulders adjacent to the WGS 

discharge provide the spatial complexity that promotes well-developed fish populations. The 

discharge plume keeps the substrate free of accumulated soft sediments, providing an ideal 

habitat for sponge growth.  The selected Ford Island control site was more similar to the WGS 

site in benthic community development than other sites initially assessed in 1993.  

 

No statistically significant changes have been detected over the course of the BBCM program. 

The current 2019 survey also detected no differences between the stations within the ZOM and 

the values from previous years.  However, shifts at the control stations were detected between 

2019 and the previous 2017 survey.  Although the number of fish species and abundance of 

individuals were similar, fish biomass was statistically lower due to the large number of gobies 

recorded. Similarly, while area of coverage of sponges was similar at the WGS stations between 
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years, the hard substrate control station outside the ZOM has significantly less sponge substrate 

than the previous year.  This may be indicative of a shift in transect location with the change in 

surveyors.  Since no statistically significant differences were detected at the WGS stations 

between the 2017 and 2019 surveys; the conclusion is that no deleterious effects from the WGS 

discharge are evident.   

 

INTRODUCTION 

Purpose 

To comply with the requirements of the National Pollutant Discharge Elimination System 

(NPDES) permit, HECO is required to conduct BBCM adjacent to the WGS which discharges 

effluent into Pearl Harbor’s East Loch. The WGS intakes seawater for cooling purposes and 

returns thermally elevated water into the receiving waters.  The impact of the wastewater 

discharge on marine communities prompted the compliance regulations directive to monitor any 

changes in the distribution and diversity of the bottom biological communities and report the 

findings to regulatory agencies. Surveys have been continuously conducted since 1993 to 

present.  From 1993 through 1999 surveys were conducted annually. Monitoring frequency was 

reduced at the advisement of the Department of Health (DOH) due to lack of adverse effects.  A 

biennial schedule was first implemented in 2001 and continues to the present.  To date, a total of 

seventeen surveys have been conducted over the 27-year project period. 

 

Historical Background 

Monitoring of biological communities within Pearl Harbor have been conducted for decades 

(Cox & Gordon 1970, B-K Dynamics 1972, Peeling 1972, Evans 1974, McCain 1974-77, 

Berquist 1977, Bishop Museum 1997, Brock 2017, Staples & Cowie 2001, Coles et al. 1999a, b 

1997, 2009, 2011). These communities represent the integrated effects of chronic influences 

since the early 1900s including suspended solids, chlorophyll, pesticides, polychlorinated 

biphenyls (PCBs), dioxins, furans, and turbidity.  Chronic sedimentation, dredging, and other 

impacts can facilitate marine organism mortality due to burial (Grigg and Birkeland, 1997), 

increased susceptibility to disease (Brown and Howard, 1985), abrasion (Glynn et al., 1989), 

decreased light levels (Rogers, 1990; Davies, 1991), and altered habitats (Jokiel et al., 2014). Sub 

lethal effects include reduced reproductive output and lower recruitment rates (Birkeland, 1977), 

lower accretion rates and decreased calcification (Randall and Birkeland, 1978), morphological 

changes (Dustan, 1975; Brown et al., 1986), metabolic shifts (Rogers, 1979; Te, 2001), 

behavioral alterations, and increased pathological disease and coral bleaching (Brown and 

Howard, 1985).  Chemicals and heavy metal-laden sediment can produce adverse primary and 

secondary effects that may dramatically affect physiological processes (Glynn et al., 1986).  

Man-made disturbances with permanent alterations to the natural landscape tend to have longer-

lasting effects (Johannes, 1975).  

 

Pearl Harbor is subjected to both chronic and acute disturbances.  Chronic exposure is more 

detrimental than episodic or acute disturbances (Prouty 2010, Jokiel et al. 2014).  Episodic 
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events allow for periods of recovery where levels can return to baseline while chronic impacts 

result in mortality of select marine organisms.  Anthropogenic activities (e.g., land-use change) 

are more readily linked to chronic sediment loading and increase terrestrial delivery to the 

nearshore (Field et al., 2007), especially in locations that are generally exposed most of the year 

to trade-winds, while temporal results of episodic events from field studies vary (Field et al., 

2007).  It is more difficult to compare exposure to organisms to acute events due to a number of 

variables including hydrodynamics, sediment properties, and physical barriers (Field et al., 2007; 

McCluney, 1975; Ogston et al., 2004; Presto et al., 2006;; Storlazzi and Jaffe, 2008; Storlazzi et 

al., 2004).  Sediment entering Pearl Harbor from the eight major streams was estimated at 350 

tons daily, equating to an overall accumulation rate of 5 centimeters per year (cm/yr) in the 

1970s (B-K Dynamics 1972).  Sediment deposition lessens as distance from a stream increases. 

 

The Pearl Harbor watershed consists of 12 ahupua‘a: Halawa, Aiea, Kalauao, Waimalu, Waiau, 

Waimano, Manana, Waiawa, Waipi‘o, Waikele, Hoa‘ea‘e, and Honouliuli. 

 (Figure 1).  These watersheds drain 22% of the Island of O‘ahu.  The majority of the freshwater 

input to Pearl Harbor is through streams and springs.  The largest freshwater spring is located 

next to the WGS. Freshwater inputs during the dry season were previously estimated at 50 

million gallons/day which can more than double during the wet season (Cox & Gordon 1970).  

Influence of the abundant freshwater near the WGS plant undoubtedly affects the distribution 

and abundance of biota.  Other impacts to Pearl Harbor have steadily grown in the past century 

(COMPACNAVFACENGCOM 1971).  Prior agricultural use declined rapidly in the 1940’s and 

50’s as residential and commercial development and activities increased. Along with extensive 

dredging, military activity brought invasive species in ballast water and ship fouling.  Alien 

introductions comprise 22% of the 99 species reported from Pearl Harbor (Coles 1979, 1999, 

2006).  These invasive species have displaced some of the native flora and fauna.  Additive 

impacts increased by the early 1970’s with sewage discharged from naval ships and from civilian 

residential sources.  With a discharge of over 58,000 cubic meters per day (m3/day), shifts in 

species abundance, composition and trophic structure occurred.  With the eutrophication of the 

system came increases in plankton communities and a resultant surge in higher trophic level 

predators. The population of the jellyfish, Phyllorhiza punctada, bloomed with such 

unprecedented abundance as to require additional.  With the efforts of the Navy, state, and 

county management agencies beginning in 1975 to improve water quality in the harbor, the 

marine communities have returned to a more estuarine system.  Jellyfish populations 

significantly declined and the prior plankton dominated system has shifted to a detrital-based 

system.  The introduced algal species, Gracilaria salicornia is currently an important part of this 

detrital food web. G. salicornia can form large mats that will detach and float to other suitable 

destinations.  This morphological plasticity allows invasive algae to thrive in a variety of 

conditions (Godwin et al. 2006).  With the improved water quality came the return of prior native 

species and select species of corals in several areas. 
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Figure 1. Map of Pearl Harbor, O‘ahu showing the 12 watersheds that feed into Pearl Harbor. 
http://kamalaniakeo.weebly.com/kapolei-is-home.html 

 

Historically, baitfish for the commercial tuna fishing industry was harvested in Pearl Harbor 

(McCain 1977) and oysters were gathered recreationally.  With the closure of the tuna cannery, 

reduction in aku boats, and contamination within harbor waters, harvest of baitfish has declined.  

The State Department of Health and the U.S. Navy have posted warning signage cautioning 

against fish and shellfish consumption (Brock 2017).  Numerous fish and invertebrate kills have 

been reported (McCain 1977).  A parasitic fungus killed over 34 million oysters in West Loch in 

1972. That same year, a massive invertebrate kill in Middle Loch caused by a large quantity of 

an oxygen depriving substance was also reported (Peeling et al. 1972).  Fish kills linked to algal 

blooms have also been documented including a red tide in 1973 in East and Middle Lochs 

(McCain 1977).  In 1996 a Chevron oil pipeline leaked an estimated 38,000 gallons of fuel oil 

into East Loch, Pearl Harbor.  The oil reached East Loch, just west of the WGS Outfall 002 

where the winds and tides carried the oil east and seaward of the WGS.  Although the majority of 
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the spill was cleaned up, residual oil remains trapped in the sediment of the low salinity ponds 

entering Pearl Harbor.  Intertidal organisms were primarily affected by the spill.  The annual 

BBCM monitoring was conducted shortly following clean-up to determine any impact of the 

spill at the permanent stations (Brock 2017). 

 

Today, activity within Pearl Harbor is mainly restricted to military uses. However, recreational 

shoreline fishing is extensive (Fisheries Ecology Research Laboratory (FERL) 2017).  Fishing 

activity is frequently observed near the survey stations located within the ZOM by HECO 

employees.  FERL conducted a creel survey of Pearl Harbor at 33 sites in 2016/17 (Figure 2).  A 

creel survey is an estimation of catch provided by recreational fishers to assist fisheries managers 

in the health assessment of resource fish populations. This included 17 sites in the East 

Loch/Ford Island region where the WGS ZOM and control site is located.  The results from the 

BBCM fish surveys do not take into account the removal of fished species.  It also cannot 

calculate the annual change in fish catch without annual data.  It must be assumed that catch 

remains fairly consistent.  It can however, help explain the fish species found on transects.  The 

overall findings characterize Pearl Harbor “as a small, recreational, multispecies fishery 

dominated by a single gear type (pole fishing), with low yield. No major conflicts are apparent 

among gear types.”  A summary of the fishing effort, catch per unit effort, and catch is included 

below from the FERL (2017) report prepared for the Navy. 

 

Fishing Effort 

• Total annual fishing effort in the Pearl Harbor study area is estimated to be 101,313 gear-hours. 

• Pole fishing was the dominant gear type used in Pearl Harbor by a substantial margin 

(approximately 97.4% of estimated total annual fishing effort), and was observed throughout the 

year. Spearfishing, line fishing from a vessel (kayak, small boat, stand-up paddle board), and net 

fishing also occur in Pearl Harbor. There were very few observations of the use of traps and of 

gleaning for seaweeds or shells. 

• Seasonal differences in fishing gear-hours were observed, with highest effort in the summer 

months (June – August) and lowest in the winter months (December – February). 

• Mean daily fishing effort on weekends and holidays was approximately double that of weekdays. 

Catch-per-unit-effort (CPUE) 

• Spearfishing had the highest mean CPUE (415.7 ± standard error 163.3 grams per hour) of the 

gear types for which there was catch data. 

• Pole fishing CPUE was highest in the spring quarter (March – May; 182.2 ± 91.6 g hr-1). 

Fishing catch 

• The total estimated annual catch in our Pearl Harbor study area was 7,725 kilograms (kg) (17,031 

pounds [lbs]). 

• 95% of observed catch (by weight) was by pole and line, and 5% on spear. A negligible 

percentage (<0.04%) was caught with vessel-based line fishing. 

• The few individuals observed fishing by net were never able to be intercepted for interview, but 

observations suggest nominal catch by net. 
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• 39 species representing 19 families were observed in fishermens’ catch during the survey. 

• The top three taxa caught by weight, were: juvenile jacks (Caranx spp.; papio), bonefishes 

(Albula spp.), and golden trevally (Gnathanodon speciosus). 

• Over 50% of the papio caught were below legal minimum catch size (10 inches). 

 

 
Figure 2. Creel fishing and endangered species survey conducted in Pearl Harbor in 2016/17. Reproduced 

from FERL 2017. 

 

Historically, impact from the WGS was limited to habitat exposed to at least 3oC above the 

ambient temperatures.  This influence was restricted to a maximum area of 396 m (meters) from 

the effluent discharge.  It was determined that the influence of the WGS was highly localized and 

represented a community exposed to other extreme environmental conditions (McCain 1974, 

1975).  Both natural and anthropogenic perturbations have and continue to influence the marine 

species abundance and distributions within Pearl Harbor.  A biological assessment of Pearl 
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Harbor conducted in 1997 reports (Coles & DeFelice 1997) marked improvement in fish and 

invertebrate populations since the previous 1970 survey (Evans 1974). 

 

Waiau Generating Station Operations 

Initial WGS plant operations commenced in 1938 with one generating unit.  Through the years 

five additional steam units were added and two combustion turbine units with two of the oldest 

units being retired in 1982 and decommissioned 2012. The current six steam units are capable of 

producing 481 megawatts (MW).  The maximum flow of seawater intake for cooling purposes is 

22 m3/sec which equates to nearly two million m3/day.  In the past decade, the WGS has 

operated well below maximum capacity with less cooling water flow than the volume discharged 

prior to 2010.  An increase in connections of renewable energy sources to the HECO grid 

reduced power consumption and subsequent discharge water.  The discharge rate in 2015 (1.117 

x 106 m3/day) was reduced by one and a half percent to 0.922 x 106 m3/day in 2017 (Brock 

2017). 

 

West of the cooling water intakes, the once-through cooling water is discharged from Outfall 002 

(servicing Units 3-4), 003 (servicing Units 5-6), and 004 that services Units 7-8.  A 396 m steel 

bulkhead extending seaward across the shallow flat, limits any recycling of cooling water from 

Outfalls 003 and 004 just east of the WGS intake by separating intake and discharge.  The zone 

of mixing (ZOM) for the discharge effluent in the western part of East Loch covers 419  hectare 

(ha) of the total 760 ha of East Loch (Figure 1).  The WGS ZOM has an estimated volume of 

water of more than half (37.0 x 106 m3) that of East Loch (65.1 x 106 m3). 

 

METHODOLOGY 

Site Selection and Survey Stations  

The WGS discharges at two locales into Pearl Harbor.  Outfalls No. 003 and 004 are located just 

east of the steel bulkhead that separates the discharge from the cooling water basin.  West of the 

WGS cooling water intake basin lies Outfall No. 002 with discharge from generating units 3 and 

4. The WGS Marine Bottom Biological Communities Monitoring (BBCM) Project reports focus 

on thermally generated impacts from Outfalls No. 003 and 004.  The gradient from the elevated 

thermal effluent overlaps other gradients from freshwater or shipyard activities.  The site 

selection and monitoring strategy was specifically designed to address these confounding 

influences and focus on the point source of the WGS discharge (Brock 2017). 

 

Two major biotopes or habitats dominate Pearl Harbor.  Although the soft bottom mud flats and 

floor of the harbor are dominant, the hard substrate regions contain much higher diversity, with 

significantly higher biomass than the primarily deposit feeders found in the soft bottom (Brock 

and Smith 1982).  Hard bottom habitats include carbonate deposits (limestone shelves), piers, 

walls, pilings, and discarded objects on the bottom where suspension and particulate feeders 

proliferate.  During the initial preliminary field reconnaissance of East Loch in Pearl Harbor 

conducted in 1993, Brock (2017) found hard bottom substrate lacked the typical organisms found 
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in this habitat.  The soft silt and clay deposited on horizontal surfaces created a layer of sediment 

that prevented recruitment, settlement, and growth of marine organisms found on hard bottom 

substrate.  The vertical or near upright surfaces were the only habitats containing well developed 

benthic communities. Exceptions were found at Stations 2 and 4. Station 2 is located within the 

discharge plume of the WGS Outfalls 003 and 004 (Figure 3).  The horizontal surfaces include 

boulders, limestone, and concrete that lack heavy sediment deposition.  The direct plume of the 

warm water discharge prevents settlement of sediment, allowing development of hard bottom 

communities. Station 4 on the west side of Ford Island, with similar benthic communities, was 

established as a control site outside the ZOM.  A narrow, shallow, horizonal, carbonate shelf also 

lacks sediment due to the winnowing of fine materials by wind driven waves (Brock 2017).  

To encompass the benthic communities found on the vertical surfaces, Station 1 was selected 

within the ZOM, 165 m seaward of the shore on the discharge side of the cooling system 

bulkhead.  The steel bulkhead wall separating the discharge from the intake waters at the WGS 

was included to survey vertical surface dwellers.  A similar steel bulkhead at Station 4 is located 

50 m landward of control Station 3 (horizontal benthic community control) and serves as the 

vertical communities control site outside the ZOM.  Control sites are selected to represent an 

area that is not affected by activity or in the case of this survey, the WGS discharge.  These 

control sites ideally are highly similar in all aspects of the environment with the exception of the 

disturbance. Control sites are typically used for compliance and regulation assessments.  

However, the selection of a control site is subjective.  No two areas are identical since numerous 

factors are involved.  There can be high heterogeneity and spatial and temporal variability that 

prevents fine scale discrimination.  Nevertheless, a control site can be an accurate reference of 

change when monitored over a long period of time as in this case.  The statistical power to detect 

differences increases over time due to an increase in the sample size. As you increase power, you 

increase the chances that you will detect an effect if it exists. More samples (more years) allow 

for both large and small effect sizes, regardless of the variability in the data, due to an increase in 

information.  

The mangrove community was originally included in the surveys (Stations 5 and 6). In 2013, 

mangrove removal eliminated the need for these surveys and these stations are no longer 

included in the BBCM surveys (Figure 3). 

 

Survey Methodology 

This report includes the results of the December 13, 2019 surveys with comparisons to the 

previous seventeen surveys.  A change in the surveyor occurred in 2019; however, the 

experience level of the past and present surveyors is comparable, and all methodology remains 

consistent throughout the surveys. 

 

1) Fish Surveys  

The two transect stations located within the ZOM in Pearl Harbor and two control stations 

located outside the ZOM are surveyed biennially for fish species, biomass, and abundance 

(Figure 2).  The station locations are determined through salient markers to determine the general 
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location.  The precise start location has been permanently marked with either a cinder block, a 

prominent geologic feature, and/or surface landmarks.  The bearing direction of the transect was 

initially predetermined and continued throughout the project (Brock 2017).  At each station, fish 

surveys are conducted to quantify any spatial or temporal changes in the fish communities within 

and between comparable stations.  To assure a comprehensive assessment of the biological 

benthic communities, three methodologies are employed.  This ensures representation of the 

diversity and richness of smaller organisms that may otherwise be overlooked. Digital images, 

written descriptions, and/or collections are obtained of unidentifiable species for later 

identification. 

 

A modified visual transect (line/belt/strip) (Brock 1954) (species abundance methodology) is 

deployed to quantify fish communities.  The fish surveyor spools out the 25 m transect line while 

recording, species, size [total length (TL) in centimeter(cm)] and the number of individual fishes 

to 2 m on each side of the transect line (4 m width). The three commonly used measures of fishes 

are standard length (excludes the caudal fin), total length (from tip of snout to tail tip), and fork 

length (from tip of snout to deepest notch of the tailfin). Spooling the line as you survey 

eliminates changes in fish behavior and allows fishes to equilibrate from previous activity.  The 

surveyor records on a slate, equip with underwater writing paper with the use of self-contained 

underwater breathing apparatus (SCUBA).  All fishes within the linear 100 square meters (m2) 

transect from the benthos to the surface are recorded. A transect length of 25 m was selected to 

assure only a single habitat type was included (Brock 2017).  Error can increase with observer 

inexperience, changes in visibility, or observations between surveyors.  To reduce error, another 

highly experienced surveyor was selected to replace the previous surveyor and methodological 

consistency was maintained. Visibility is recorded at each station to statistically determine its 

effect on fish counts. 

 

Biomass estimates are derived through total length, estimated to the nearest centimeters (cm) in 

the field and converted to biomass estimates (tons/hectare) using length-weight fitting 

parameters.  In estimating fish biomass from underwater length observations, most fitting 

parameters are obtained from the Hawai‘i Cooperative Fishery Research Unit (HCFRU) 

consistent with previous analyses.  Additionally, locally unavailable fitting parameters are 

obtained from Fishbase (www.fishbase.org) whose length-weight relationship is derived from 

over 1,000 references. Congeners of similar shape within certain genera are used in those rare 

cases lacking information.  Conversions between recorded total length (TL) and other length 

types (e.g. fork length FL) contained in databases involve the use of linear regressions and ratios 

from Fishbase, linking length types.  A predictive linear regression of logM vs. logL is used in 

most cases to estimate the fitting parameters of the length-weight relationship.  Visual length 

estimates are converted to weight using the formula M = a x Lb where M=mass in grams, 

L=standard length in millimeters (mm) and a and b are fitting parameters. Any anomalous values 

are detected by calculating a rough estimate for a given body type. The general trend for a 10 cm 
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fish of the common fusiform shape should be approximately 10 g.  Any gross deviations are 

replaced with values from the alternate source. 

 

2) Benthic Surveys 

a) Macro Invertebrate Survey: An assessment of all diurnal, exposed macroinvertebrates, with 

the exception of corals, is conducted along the same 25 m transect laid out for fishes. 

Invertebrates less than 2 cm are surveyed within the 100 m2 footprint used to census fishes. 

Invertebrates are identified to the lowest taxon possible.  Enumerating only exposed organisms 

eliminates habitat disturbance that can greatly reduce visibility in soft bottom habitats and reduce 

species counts. 

 

b) Corals, Sponges, and Macroalgal Survey: A quantitative quadrat methodology is used to 

sample dominant corals, sponges, and macroalgae along the previously laid transect line.  A 

stringed 1 m2 quadrat with 10 by 10 square centimeter (cm2) partitions, to aid in percent cover 

determinations, is positioned at 0, 5, 10, 15, 20, and 25 m along the 25 m transect.  Species 

and/or substrate type is recorded as percent cover. Small (less than 2 cm) or cryptic organisms 

and turf algae are not included in the survey to remain consistent with previous surveys. 

 

c) Point-Intercept Method: Benthic organisms and substrate are recorded to the lowest 

taxonomic level possible, every half meter along the 25 m transect line previously deployed for 

fishes. The number of points for each organism or substratum is then divided by the total number 

of points and multiplied by 100 to obtain a percent. Percent cover is the estimate of the area a 

species or substrate covers in an area. For example, if a coral species is present on 10 of the 50 

points surveyed, the percent cover is 20% (10 coral points ÷ 50 total points = 0.2 x 100 = 20%). 

 

Statistical Methods 

Non-parametric Independent-samples Kruskal-Wallis Tests were utilized to examine the 

differences between percent cover of sponges, number of benthic species, number of fish species, 

number of fish individuals and fish biomass when compared across survey years and transects. 

Pairwise comparisons were used to further determine the differences between survey years and 

transects.  A non-parametric Kolmogorov-Smirnov Test compared the same five environmental 

parameters separating transects located within the ZOM from those located outside of the ZOM. 

All statistical explorations and tests were completed in IMB SPSS 64-bit version software.  
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Figure 3. Map of Pearl Harbor Waiau Generating Plant (WGS) located on O‘ahu, Hawai‘i depicting 

locations of monitoring stations. Stations 5 & 6 conducted on mangrove roots were removed from the 

surveys approximately six years ago due to mangrove removal.  Dashed lines indicated the Zone of 

Mixing for the WGS. 
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RESULTS AND DISCUSSION 

The Biotope of Particulate/Suspension Feeders Inside of the ZOM 

Station 1 is located within the ZOM approximately 165 m seaward from the warm water 

discharged (Figure 3).  The results of benthic and fish surveys can be found in Table 1.  This 

station ranges from 1.5 to 2.2 m in depth.  The benthic community at Station 1 is made up of 

85% cover of mud/sand substrate and 15% sponge cover containing 4 species: Halicolona 

violacea, Halichondria coerulea, Topsentia dura, and Clathria maunaloa.  The invertebrate 

census notes a high abundance of snapping shrimp (400 individuals, Alpheus spp.) and a few 

feather duster worms (6 individuals, Sabellastarte spectabilis), conspicuous sea cucumbers (6 

Opheodesoma spectabilis) and tunicates (3 individuals, Phallusia nigra).  The previous surveys 

have noted several polychaete worms, mollusks and tunicates at Station 1 that were not present 

in the 2019 survey (Table 5).  No fish were present at Station 1. In the 2017 survey, fish biomass 

was estimated at 3 grams per square meter (g/m2)(6 spp., 30 individuals) and dominated by the 

Hawaiian shrimp goby (Psilogobius mainlandi).  The lack of fishes along Station 1 in 2019 may 

be the result of the poor visibility (1 foot [ft]) at this station on the day of surveys.  

 

Station 2 is located within the ZOM approximately 2 m seaward of the warm water discharge 

(Figure 3). Water depth at this station ranges from 1.8 to 3 m. Benthic substrate at Station 2 is 

predominantly mud/sand (42.5%) and hard substrate (22.5%) (Table 2).  Two species of sponges 

were present, H. coerulea and C. maunaloa, covering 35% of the substrate. No invertebrates 

were noted along the 4 x 25 m invertebrate census.  The 2017 invertebrate census found twelve 

sponge species, three mollusk species, an anemone, a hydrozoan, a bryozoan, and three species 

of tunicates (Table 5). 2017 surveys also noted two species of crabs (Thalamita edwardsi and 

Thalamita integra), two species of oyster (Spondylus tenebrosus and Chama macerophylla), the 

terebellid worm (Thelepus setosus) and the ghost shrimp (Callainassa variabilis).  Six species of 

fishes (124 individuals) were present along Station 2 in 2019.  The estimated biomass for this 

station is 227 g/m2.  This biomass is the greatest of all four transects.  The yellowfin surgeonfish 

(pualu, Acanthurus xanthopterus) made up 88.3% of the standing crop, while the introduced 

blacktail snapper (to'au, Lutjanus fulvus, 4.7%), great barracuda (Kaku, Sphyraena barracuda, 

4.1%) and stripebelly puffer ('o'opu hue, Arothron hispidus, 1.6%) constituted the remaining 

standing crop.  The estimation of biomass for Station 2 in 2017 was 1,408 g/m2 and was 

dominated by the bluelined surgeonfish (maiko, Acanthurus nigroris).  Despite the large decrease 

in biomass from 2017 to 2019, no significant change was detected due to high variability in 

biomass throughout the years. 

 

The Biotope of Particulate/Suspension Feeders Outside of the ZOM 

Station 3 is located outside of the ZOM approximately 380 m seaward of the ZOM boundary 

(Figure 3).  This station mimics the same steel sheet piling structures as those in Station 1, with 

Station 3 at a deeper depth (3.5 to 4 m).  Station 3 acts as a control for Station 1.  This station is 

dominated by mud/sand substrate (90.7%) with some rubble/shell substrate (3.7%) (Table 3). 
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One species of invasive algae (Gracilaria salicornia, 3.5% cover) and mixed sponge species 

(2.2%) were present along the quadrat surveys.  The 2017 benthic survey noted 17 sponge 

species, three polychaete species, an anemone, two oyster species, one coral species (Pocillopora 

damicornis), a bryozoan species, and five species of tunicates. Similar to Station 1, the 

invertebrate census at Station 3 is dominated by the snapping shrimp, Alpheus spp. (500 

individuals).  The conspicuous sea cucumber (130 individuals, O. spectabilis), feather duster 

worm (3 individuals, S. spectabilis) and one red swimming crab (Gonioinfradens paucidentata) 

were also found along the transect.  The 2017 macroinvertebrate census also found the 

conspicuous sea cucumber and feather duster worms in high abundance.  In 2017, the terebellid 

worm, three species of crabs, and a mantis shrimp was also documented.  The fish census found 

three species of fishes (512 individuals, estimated biomass 3 g/m2) along Station 3. The 

Hawaiian shrimp goby (P. mainlandi) is the most abundant fish species making up 82.4% of the 

total biomass.  The yellowfin surgeonfish (pualu, A. xanthopterus, 17.2%) and halfspotted goby 

(Asterropteryx semipunctatus, 0.4%) were also present along the transect.  The estimated 

biomass of Station 3 in the 2017 census (11 g/m2) was not much greater than that observed in 

2019. 

 

Station 4 was established as a control site for comparison to Station 2, and is located 

approximately 50 m from Station 3 outside of the ZOM (Fig. 3).  Station 4 has an approximate 

depth of 0.8 to 1.5 m.  This station receives the highest wave action of all stations, keeping the 

substratum free of sediment.  Likely due to higher water motion, Station 4 has the highest 

benthic diversity of the four stations (Table 4).  Hard substrate made up 57.2% of benthic cover. 

The algae, Cladophora spp., covered 27.3% of substrate.  Two hard coral species (4.7%, 

Leptastrea purpurea and Pocillopora damicornis), one soft coral species (4.7%, Zoanthus spp.), 

three sponge species (4.4%, H. violacea, C. maunaloa, and Tethya spp.) and a bryozoan (0.2%, 

Schizoporella unicornis) were also present within quadrat surveys.  The invertebrate census 

found two species of feather duster worms (13 individuals of Sabellastarte sanctijosephi and 17 

individuals of S. spectabilis) and one species of sea cucumber, the conspicuous sea cucumber (65 

individuals, O. spectabilis).  The diversity of benthic and macroinvertebrate species was similar 

to the 2017 census, which found three algal species, ten sponge species, and the same two hard 

coral and one soft coral species.  In addition to the feather duster worms and conspicuous sea 

cucumbers, the 2017 census also noted terebellid polychaetes, crabs, mantis shrimp, and ghost 

shrimp.  Six species of fishes (894 individuals) made up the estimated 10 g/m2 standing crop at 

Station 4 (78 g/m2 in 2017) in 2019.  The three fishes contributing most to the biomass are the 

bluelined surgeonfish (maiko, A. nigroris, 38.4% (91% in 2017)) palenose parrotfish (uhu, 

Scarus psittacus, 23.3%) and the Hawaiian sergeant (mamo, Abudefduf abdominalis, 20.2%).  

Other fishes present along Station 4 include the halfspotted goby (A. semipunctatus, 8.3%), the 

bullethead parrotfish (uhu, Chlorurus sordidus, 5.1%) and the sailfin tang (māne'one'o, 

Zebrasoma veliferum, 4.7%).  
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Analysis of Community Differences 

Changes in the percent cover of sponges, number of benthic species, number of fish species, 

number of fish individuals and fish biomass were analyzed between survey years with transects 

pooled.  Number of benthic species was the only parameter to show a significant decline when 

comparing survey years 2019 to survey year 2015 (p = 0.043) and survey year 2017 (p = 0.016). 

Prior to the 2019 survey, mean number of benthic species appeared to be stable or increasing.  

All other parameters showed no significant difference between survey years.  

 

The same parameters were assessed between ZOM locations.  Stations within the ZOM were 

pooled and stations outside the ZOM were pooled.  Number of benthic species and number of 

fish species were not significantly different inside the ZOM when compared to outside the ZOM.  

Percent cover of sponges was significantly higher outside the ZOM (�̅� = 43%  10%) than at 

stations within the ZOM (�̅� = 29%  3%) (p = 0.014). Number of fish individuals and fish 

biomass were also found to differ significantly between stations within the ZOM and those 

located outside the ZOM.  Number of fish individuals was significantly less (p = 0.014) inside 

the ZOM (�̅� = 182  40) when compared to outside the ZOM (�̅� = 208  32).  However, fish 

biomass was significantly less (p = 0.003) at stations outside the ZOM (�̅� = 12  3 g/m2) when 

compared to transects inside the ZOM (�̅� = 198  57 g/m2).  This suggests larger fishes in less 

abundance may be found along stations inside the ZOM (Stations 1 & 2), while smaller fishes in 

greater abundance may be found along stations outside of the ZOM (Stations 3 & 4).  

 

Comparisons between stations of the five benthic and fish parameters were analyzed with survey 

years pooled.  Station 3 is the control site for Station 1.  Percent cover of sponges was the only 

parameter that was significantly lower (p = 0.002) at Station 1 (�̅� = 16.9%  2.9%) when 

compared to sponge cover at Station 3 (�̅� = 79.4%  15.2%).  Number of benthic species, 

number of fish species, number of fish individuals and fish biomass was not significantly 

different between Station 1 and Station 3.  Station 4 is the control site for Station 2.  When the 

two stations were compared, they were found significantly different in both percent cover of 

sponges and fish biomass.  Percent cover of sponges was significantly (p = 0.001) less at Station 

4 (�̅� = 6.1%  1%) when compared to sponge cover at Station 2 within the ZOM (�̅� = 42.3%  

3%).  Fish biomass was also significantly lower (p = 0.003) at Station 4 (�̅� = 17 5 g/m2) when 

compared to Station 2 within the ZOM (�̅� = 394  93 g/m2).   

 

SUMMARY 

Previous surveys pooled transects within sites (Stations 1 and 2, 3 and 4) for statistical analyses 

and showed no significant changes between years.  Pooled transects in 2019 similarly detected 

no differences with the exception of benthic species abundance.  All other factors examined were 

not statistically significant between previous surveys.  These include number of fish species, 

number of fish individuals and fish biomass. 
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To further examine differences, a stratified analysis separating habitats is required.  In examining 

metrics, environmental classification is critical to address the two habitats that influence 

biological populations (hard and soft bottom) (Stations 1 and 3 and 2 and 4).  This heterogeneity 

of the biotopes makes habitat classification a critical step in factor analysis.  These two biotopes 

are not comparable due to the very different fish and invertebrate communities found there. 

Geographic classification combines similar characteristics to determine differences within and 

between groups.  When exploring each station with its respective control station, the largest 

statistically significant difference between 2017 and 2019 was found between the hard-bottom 

substrate stations for percent cover of sponges.  Sponges covered more area at the WGS transect 

(Station 1) as compared to the Ford Island control station (3).  While Station 1 was similar 

between 2017 (13.9%) and 2019 (15.0%), Station 3 showed major differences with 79.6% 

reported in 2017 and 2.2% in 2019. Soft-bottom stations show smaller differences between 

stations.  High similarity was found between 2017 (38.4%) and 2019 (35.0%) for Station 2, with 

higher difference found at Station 4 between years (2017: 10.8%, 2019: 4.4%).  Although sponge 

cover was higher outside the ZOM, the overall invertebrate abundance did not differ.  Fish 

abundance was similar between stations inside and outside the ZOM however, fish biomass was 

found to be significantly lower outside the ZOM.  This is a consequence of Stations 3 and 4 with 

500 and 800 gobies reported, skewing the biomass towards lower values.  

 

No major changes were detected at the WGS Stations 1 and 2 between this survey and the 

previous one.  Changes in sponge coverage that occurred at the Ford Island control Station 3 

between years was significant enough to suggest a shift in transect location.  In habitats where 

species richness and diversity are high, error can be magnified if the transect location is not 

precise.  In homogenous habitats such as sand or mud the margin of error is greatly reduced.  The 

Biotope of Corals and Particulate Feeders on hard substrate (Stations 1 and 3) with high diversity 

has greater variability between survey years than the Biotope of Deposit Feeders (Stations 2and 

4) on soft substrate with few species.  This shift in location may affect the benthic communities 

while mobile fish populations remain similar throughout the area.  A shift in transect position can 

be remedied in future surveys with more prominent start and end markers and continued 

monitoring.  Since no differences were detected at Station 1 between surveys, no deleterious 

effects from the WGS discharge is evident. `
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TABLES 

Table 1. Summary of the benthic survey conducted at Station 1 in the ZOM adjacent to the Waiau 

warmwater discharge into Pearl Harbor in the biotope of suspension/particulate feeders on 13 December 

2019.  Results of the 6 m2 quadrat sampling of the benthic community (expressed in percent cover) are 

given in Part A; a 50-point analysis is presented in Part B and counts of invertebrates in Part C. A short 

summary of the fish census is given in Part D. Water depth 1.5 to 2.2 m. 

 

STATION 1       

A. Quadrat Survey       
Species 0m 5m 10m 15m 20m 25m 

Sponge       

Haliclona violacea 9 10 5 10 8 25 

Halichondria coerulea 7 1 3 3 1 2 

Topsentia dura  1  2 2  
Clathria maunaloa  1     

Mud/Sand 84 87 92 85 89 73 

       

B. 50-Point Analysis Percent of the Total  
Mud/Sand 100      

       

C. Invertebrate Census (4 x 25m)      
Species Number     

Phylum Annelida       

Sabellastarte spectabilis 6      
Phylum Arthropoda       

Alpheus spp. 400      

Phylum Echinodermata       
Opheodesoma spectabilis 6      

Phylum Chordata       

Phallusia nigra 3      

       

D. Fish Census (4 x 25m)       

No. Fish Species 0      
No. Fish Individuals 0      

Estimated Biomass (g/m2) 0      
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Table 2. Summary of the benthic survey conducted at Station 2 in the ZOM adjacent to the Waiau 

warmwater discharge into Pearl Harbor in the biotope of suspension/particulate feeders on 13 December 

2019. Results of the 6 m2 quadrat sampling of the benthic community (expressed in percent cover) are 

given in Part A; a 50-point analysis is presented in Part B and counts of invertebrates in Part C. A short 

summary of the fish census is given in Part D. Water depth 1.8 to 3 m. 

 

STATION 2       
A. Quadrat Survey       

Species 0m 5m 10m 15m 20m 25m 

Sponge       
Halichondria coerulea      2 

Clathria maunaloa 79 9 11 89 11 9 

Mud/Sand 3 85 69 9 89  
Hard Substratum 18 6 20 2  89 

       

B. 50-Point Analysis Percent of the Total  
Sponge       

Halichondria coerulea 2      

Clathria maunaloa 48      
Mud/Sand 31      

Hard Substratum 19      

       
C. Invertebrate Census (4 x 25m)      

No Invertebrates       

       
D. Fish Census (4 x 25m)       

No. Fish Species 6      

No. Fish Individuals 124      
Estimated Biomass (g/m2) 227      
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Table 3. Summary of the benthic survey conducted at Station 3 along a section of vertical steel sheet 

piling at Ford Island in Pearl Harbor outside of the WGS ZOM in the biotope of suspension/particulate 

feeders on 13 December 2019. Results of the 6 m2 quadrat sampling of the benthic community (expressed 

in percent cover) are given in Part A; a 50-point analysis is presented in Part B and counts of invertebrates 

in Part C. A short summary of the fish census is given in Part D. Water depth 3.5 to 4 m. 

 

STATION 3       
A. Quadrat Survey       

Species 0m 5m 10m 15m 20m 25m 

Algae       
Gracilaria salicornia   2 12 7  

Sponge       

Mixed Sponge  8 4 1   
Mud/Sand 100 72 92 87 93 100 

Rubble/Shell  20 2    

       
B. 50-Point Analysis Percent of the Total   

Algae       

Gracilaria salicornia 10      
Mud/Sand 71      

Rubble/Shell 15      

Hard Substratum 4      

       

C. Invertebrate Census (4 x 25m)      

Species Number     

Phylum Annelida       

Sabellastarte spectabilis 3      

Phylum Arthropoda       
Alpheus spp. 500      

Phylum Arthropoda       

Gonioinfradens paucidentata 1      
Phylum Echinodermata       

Opheodesoma spectabilis 130      

       
D. Fish Census (4 x 25m)       

No. Fish Species 3      

No. Fish Individuals 512      
Estimated Biomass (g/m2) 2.9      
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Table 4. Summary of the benthic survey conducted at Station 4 situated on limestone substratum at Ford 

Island in Pearl Harbor outside of the WGS ZOM in the biotope of suspension/particulate feeders on 13 

December 2019. Results of the 6 m2 quadrat sampling of the benthic community (expressed in percent 

cover) are given in Part A; a 50-point analysis is presented in Part B and counts of invertebrates in Part C. 

A short summary of the fish census is given in Part D. Water depth 0.8 to 1.5 m. 

STATION 4       
A. Quadrat Survey       
Species 0m 5m 10m 15m 20m 25m 

Algae       
Cladophora sp.  15 80 67 2  

Soft Coral       
Zoanthus sp.   15 21 5  

Coral       
Leptastrea purpurea      1 

Pocillopora damicornis 9 6 4   8 

Sponge       
Haliclona violacea 1 1   1  
Clathria maunaloa 1 1 1 12 2  
Tethya sp. 1     1 

Plakortis simplex      1 

Bryozoan       
Schizoporella unicornis 1      

Hard Substratum 87 77   90 89 

    

B. 50-Point Analysis Percent of the Total   
Algae       

Cladophora sp. 8      
Sponge       

Clathria maunaloa 4      
Soft Coral       

Zoanthus sp. 31      
Coral       

Leptastrea purpurea 2      
Pocillopora damicornis 4      

Rubble/Shell 15      
Hard Substratum 36      
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Table 4 cont. 

 

C. Invertebrate Census (4 x 25m) 

Species Number     

Phylum Annelida       
Sabellastarte sanctijosephi 13      
Sabellastarte spectabilis 17      

Phylum Echinodermata       
Opheodesoma spectabilis 65      

       

D. Fish Census (4 x 25m)       
No. Fish Species 6      
No. Fish Individuals 894      
Estimated Biomass (g/m2) 10.4      
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Table 5. Summary of the biological observations at six stations surveyed in this study on 28 December 1993, 20 December 1994, 27 December 

1995, 30 July 1996, 23 October 1997, 18 November 1998, 13 July 1999, 17 December 2001, 15 July 2003, 26 May 2005, 10 May 2007, 22 May 

2009, 24 June 2011, 3 July 2013, 4 December 2015, 1 December 2017 and 13 December 2019. Station 1, 2 and 5 are in the Waiau ZOM; Stations 

3, 4 and 6 are located outside of the ZOM boundaries. All stations sampled hard substratum (both natural and man-made) in the biotope of 

particulate/suspension feeders. Stations 1 and 3 sampled this biotope on vertical surfaces and Stations 2 (in a warm water discharge plume) and 4 

sampled the same biotope on horizontal surfaces. Stations 5 and 6 sampled these benthic communities on mangrove prop roots but since these 

mangroves were removed in 2008, further sampling has been curtailed at Stations 5 and 6 commencing in 2009. Earlier data are from previous 

reports. 

IN ZOM                  

Station 1 ‘93 ‘94 ‘95 ‘96 ‘97 ‘98 ‘99 ‘01 ‘03 ‘05 ‘07 ‘09 ‘11 ‘13 ‘15 ‘17 ‘19 

QUADRAT SURVEY                  

Total No. Species 11 15 18 21 20 20 23 26 23 23 22 23 16 19 24 26 4 

Sponges                  

No. Species 4 7 9 11 11 11 12 13 12 11 10 12 5 6 9 12 4 

% Cover 2.5 6.2 53.4 31.2 7.9 14.5 13.4 5.8 13.7 28.3 16.7 13.2 12.2 18.8 20.1 13.9 15 

Polychaetes                  

No. Species 1 1 1 1 1 1 1 1 1 1 1 1 1 2 3 3 0 

% Cover 23.5 53.5 10.8 12.4 17.2 17.2 10.7 16.7 12.3 1.8 6.7 36 6.5 2.9 17.6 21.7 0 

Tunicates                  

No. Species 3 3 3 4 3 3 3 3 2 2 2 2 2 2 2 3 0 

% Cover 1.9 0.3 1.8 0.8 0.2 0.1 0.4 0.2 0.4 0.4 0.4 0.2 0.1 0.1 0.2 1.7 0 

Station Total                  

No. Benthic Spp. 15 20 25 30 29 28 31 33 30 31 32 31 27 27 33 34 8 

No. Fish Species 3 5 5 5 4 4 4 3 3 4 3 4 5 4 3 6 0 

No. Fish Ind. 92 68 70 41 31 22 21 19 10 19 12 9 8 18 26 30 0 

Fish Biomass (g/m2) 1 2 1 0.7 0.5 3 1.5 0.3 0.2 2 1 7 2 2 0.7 3 0 
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Table 5 cont. (2/4)  

IN ZOM                  

Station 2 ‘93 ‘94 ‘95 ‘96 ‘97 ‘98 ‘99 ‘01 ‘03 ‘05 ‘07 ‘09 ‘11 ‘13 ‘15 ‘17 ‘19 

QUADRAT SURVEY                  

Total No. Species 13 15 18 21 12 14 16 16 15 16 14 18 19 19 23 21 2 

Sponges                  

No. Species 7 9 8 11 6 8 9 9 9 10 8 12 11 11 12 12 2 

% Cover 50.1 42.5 55.1 63.1 52 44.5 25.8 16.9 38.5 27.5 60.2 39.7 35.1 32.7 42.7 38.4 35 

Polychaetes                  

No. Species 1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 

% Cover 0.02 0.02 0.2 0.2 0 0 0.07 0.02 0 0 0 0 0 0 0 0 0 

Tunicates                  

No. Species 3 2 3 3 2 2 2 1 1 1 1 1 3 3 4 3 0 

% Cover 0.3 0.4 1 0.4 0.03 0.03 0.5 0.02 0.02 0.2 0.02 0.02 0.6 0.4 0.1 0.1 0 

Station Total                  

No. Benthic Spp. 18 20 21 24 19 19 21 20 19 21 21 23 26 26 28 27 2 

No. Fish Species 10 8 8 7 6 8 8 6 4 6 9 10 6 6 8 7 6 

No. Fish Ind. 411 454 539 119 860 785 211 60 14 146 127 90 438 404 453 463 124 

Fish Biomass (g/m2) 292 261 710 81 51 373 537 109 52 282 330 114 424 258 1188 1408 227 
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Table 5 cont. (3/4)  

OUTSIDE ZOM                  

Station 3 ‘93 ‘94 ‘95 ‘96 ‘97 ‘98 ‘99 ‘01 ‘03 ‘05 ‘07 ‘09 ‘11 ‘13 ‘15 ‘17 ‘19 

QUADRAT SURVEY                  

Total No. Species 21 19 18 17 15 17 20 18 15 20 18 23 27 27 27 30 2 

Sponges                  

No. Species 12 11 10 10 9 9 12 11 10 11 11 15 16 15 15 17 1 

% Cover 39.2 20.1 67 91.4 89.8 297 75.7 70.3 38.2 37.2 88.7 96.6 95.5 80.9 81.2 79.6 2.2 

Polychaetes                  

No. Species 3 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 0 

% Cover 56.5 77.7 32.2 8.5 11.3 69.8 23.3 28.8 58.9 60.8 9.9 2.1 1.9 17 15.7 16.5 0 

Tunicates                  

No. Species 4 4 4 4 3 4 4 4 3 3 3 3 5 5 5 5 0 

% Cover 3.1 2.2 0.4 0.2 0.5 0.3 0.4 0.7 0.3 0.8 0.4 0.2 1.5 0.8 1.1 0.8 0 

Station Total                  

No. Benthic Spp. 24 25 24 23 24 24 26 24 19 26 24 31 35 35 35 38 6 

No. Fish Species 5 3 4 4 4 6 3 3 4 4 4 3 4 4 9 5 3 

No. Fish Ind. 152 90 63 67 46 68 182 38 88 51 53 60 21 69 81 75 512 

Fish Biomass (g/m2) 2 1 3 3 3 4 8 2 1 6 9 19 1 3 25 11 3 
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Table 5 cont. (4/4)  

OUTSIDE ZOM                  

Station 4 ‘93 ‘94 ‘95 ‘96 ‘97 ‘98 ‘99 ‘01 ‘03 ‘05 ‘07 ‘09 ‘11 ‘13 ‘15 ‘17 ‘19 

QUADRAT SURVEY                  

Total No. Species 15 15 14 12 12 14 15 11 12 13 11 13 14 14 16 18 9 

Sponges                  

No. Species 10 8 8 6 8 9 9 5 4 6 6 7 6 6 8 10 4 

% Cover 6.1 11.7 8.2 10.7 6.9 8 5.9 2.2 1 1.8 1.3 2.1 4.9 2.5 15.7 10.8 4.4 

Polychaetes                  

No. Species 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

% Cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tunicates                  

No. Species 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 

% Cover 0.07 0.07 0.02 0.02 0 0 0 0 0 0 0.02 0.05 0 0 0 0 0 

Station Total                  

No. Benthic Spp. 20 23 18 18 17 21 22 16 17 18 17 18 22 21 22 25 12 

No. Fish Species 4 10 11 7 6 7 10 5 7 6 4 8 7 5 7 7 6 

No. Fish Ind. 193 417 414 216 337 394 486 89 149 254 221 162 242 218 345 317 894 

Fish Biomass (g/m2) 2 13 25 16 17 24 12 1 8 4 2 8 7 1 64 78 10 
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APPENDICES 

Appendix A. Results of the quantitative visual censuses conducted at four locations in and outside of the 

zone of mixing for Waiau facility in Pearl Harbor, Hawaii on 13 December 2019. Each entry in the body 

of the table represents the total number of individuals of each species observed; totals are presented at the 

foot of the table along with an estimate of the standing crop (g/m2) of fishes present at each location. 

Family and Species Common Name Hawaiian Name 

Station Number 

1 2 3 4 

Acanthuridae             

Acanthurus nigroris Bluelined Surgeonfish maiko    35 

Acanthurus xanthopterus Yellowfin Surgeonfish pualu  90 2  

Zebrasoma veliferum Sailfin Tang māne'one'o    3 

Carangidae       

Caranx melampygus Bluefin Trevally ōmilu  1   

Gobiidae       
Asterropteryx 

semipunctatus Halfspotted Goby   1 10 800 

Psilogobius mainlandi Hawaiian Shrimp Goby    500  

Lutjanidae       

Lutjanus fulvus Blacktail Snapper to'au  25   

Pomacentridae       

Abudefduf abdominalis Hawaiian Sergeant mamo    11 

Scaridae       

Scarus psittacus Palenose Parrotfish uhu    40 

Chlorurus sordidus Bullethead Parrotfish uhu    5 

Sphyraenidae       

Sphyraena barracuda Great Barracuda Kaku  1   

Tetraodontidae       

Arothron hispidus Stripebelly Puffer 'o'opu hue   6     

Number of Species   0 6 3 6 

Number of Individuals   0 124 512 894 

Estimated Biomass (g/m2)   0 227 3 10 

 

 

 


