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ABSTRACT

Benthic infauna in the vicinity of the Barbers Point Ocean Outfall was sampled at seven
stations on 30 and 31 January and 4 February 1997 with a modified van Veen grab sampler. The
stations were located along the diffuser isobath (61 m) as follows: Station HZ within the zone of
initial dilution (ZID); Stations HB2, HB3, and HB4 on the ZID boundary; Station HB6 at 0.5 km
from the ZID; and Stations HB1 and HB7 at 3.5 km from the ZID.

Sediments were predominantly (>90%) fine to coarse sands. Stations HB1 and HB7 had
relatively coarser sediments, and Station HB2 had a higher percentage of silt and clay than the other
stations. Total organic carbon in the sediments at all stations was below the detection limit of the
analytical method used. Values for oxidation-reduction potential and sediment oil and grease
showed no indication of significant organic buildup in sediments at any station.

A total of 6,865 nonmollusk individuals from 138 taxa were collected. Polychaetes
represented 41.0%, nematodes 28.2%, oligochaetes 13.4%, sipunculans 9.0%, and crustaceans
4.2% of total nonmollusk abundance. Mean total nonmollusk abundance ranged from 122.8
individuals per sample (22,554/m?) at Station HB2 to 259.4 individuals per sample (47,643/m?) at
Station HB4. Mean crustacean abundances ranged from 4.2 (926/m? at Station HB2 to 12.4
(2,733/m?) at Station HB4. Mollusks were analyzed separately because they represent
time-averaged collections of live and dead shells. Mean mollusk densities ranged from 152.0 at
Station HB2 t0.308.0 at Station HB1. From comparisons of nonmollusk abundance among stations,
ZID-boundary station HB4 had significantly greater mean abundances than ZID-boundary station
HB2. There has been a significant trend of increased abundance for nonmollusks within the entire
study area since 1990. Since 1994, there has been a trend of decreased abundance for crustaceans
and a trend of increased abundance for mollusks. Significantly elevated abundances of nonmollusks
over the entire study period have occurred at two stations near the diffuser relative not only to two
of the reference stations but also to a third near-diffuser station.

There were no significant differences among stations in number of nonmollusk or crustacean
species. Although there were significant differences among stations in number of species for the
mollusks, no clear pattern of differences related to proximity to the diffuser was seen among |
stations. Crustacean taxa richness averaged over the entire study period was lower at stations near
the diffuser relative to reference stations. Although not all station differences were significant, the
pattern may indicate a trend related to the diffuser. Both diversity and evenness values were
generally similar among all stations in 1997 for both nonmollusks and mollusks. Cluster analysis of
nonmollusk data confirmed that all stations were relatively similar to one another in terms of
species composition and relative abundance. There is no indication of any marked alteration of the
benthic community composition related to station proximity to the diffuser.



INTRODUCTION

The Honouliuli Wastewater Treatment Plant is a primary treatment system. Wastewaters of
‘mainly domestic origin are treated at the plant prior to discharge in Mo(",2)mala Bay through an
84-in. (2.13-m) diameter outfall located off the southern coast of O‘ahu, Hawai'i.

A waiver of secondary treatment for sewage discharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honolulu (CCH) by the Region 9 office of the
U.S. Environmental Protection Agency (EPA). This report provides the results of the ninth survey
in an ongoing series of studies of the macrobenthic, soft- bottom community in the vicinity of the
discharge. The first benthic survey took place in 1986. The samples on which this report is based
were collected on 30 and 31 January and 4 February 1997. Because of bad weather, the survey was
not conducted by 10 January 1997, in accordance with the agreement between CCH and Water
Resources Research Center (WRRC). For this reason and because of delays in finalizing the
five-year biomonitoring contract, this report is being submitted late, even though sampling was
conducted during the two-month fnonitoring period specified by EPA.

PROJECT ORGANIZATION

General coordination for this project is provided by James E.T. Moncur, assistant director of
the Water Resources Research Center of the University of Hawai'i at Mo(",a)noa and project
principal investigator. The principal members of the project team (listed in alphabetical order) and

their contributions to this study are as follows:
Julie H. Bailey-Brock  Polychaete, oligochaete, and
sipunculan analysis and report-
William J. Cooke Crustacean analysis and report
E. Alison Kay Mollusk analysis and report
Walter G. Nelson Statistical analysis and final report
preparation
Ross S. Tanimoto City and County of Honolulu
project representative and coordinator for sediment
grain-size, total volatile solids, and oxidation-reduction
potential analyses

MATERIALS AND METHODS
Specific locations of the sampling stations are provided in Figure 1, and a general vicinity
map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided in
Figure 2. Seven stations previously established along the approximate diffuser isobath (61 m) were
surveyed. In 1990 survey station names were changed from those used in the 1986 survey (Nelson
et al. 1987). Survey stations (1986 station names are in parenthesis) and their locations are as

follows:
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Station HB1 (A) Approximately 3.5 km east of the zone of
initial dilution (ZID) boundary to evaluate effects far-field and
beyond the ZID

Station HB2 (B)  On the northeast ZID boundary

Station HB3 (C)  On the southeast ZID boundary

Station HB4 (D) On the southwest ZID boundary

Station HZ (Z)  Within the ZID to evaluate diffuser effects
Station HB6 (E) Approximately 0.5 km southwest of the
ZID boundary as a near-field reference station

Station HB7 (F)  Approximately 3.5 km southwest of the
ZID boundary as a far-field reference station

Station Positioning
The exact positioning of each station was determined using the Motorola Mini-ranger
navigation system. Station locations in relation to latitude, longitude, and bathymetric contours are
shown in Figure 1. Ranges for each replicate grab sample at each station are given in Appendix
Table A.1. Depths for all stations fell within the range of 59.1 to 67.4 m. Station positions within
and at the boundaries of the ZID were located precisely during the original sampling using the
submersible Makali § in coordination with its mother ship (Nelson et al. 1987).
Sampling Methods

The sampling methodology used in this study generally follow the recommendations of
Swartz (1978) and guidelines of the U.S. Environmental Protection Agency (1987a, 1987b),
hereafter referred to as EPA procedures. The previous reports on the benthic monitoring adjacent to
the Barbers Point Ocean Outfall (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a, 1994b, 1995,
1996) will be hereafter referred to as “Nelson et al. reports.”

In 1994, the modified 0.1-m*> van Veen grab sampler previously used was replaced by a
0.16-m’ van Veen grab sampler. The new grab, which was deployed from a stern-mounted
A-frame on the City’s research vessel Noi I Kai, was used to obtain bottom samples at all seven
stations. Sampling dates were 30 and 31 January and 4 February 1997. Penetration of the sampler
was adequate for all replicates. The minimum penetration depth was 6.0 cm, and the maximum was
14.5 cm (Appendix Table A.2).

Five replicate grab samples were taken at each station. From each replicate sample, a

subsample 7.6 cm in diameter by 5 cm deep was taken for infaunal analysis and a subsample 4.8 cm
in diameter by 5 cm deep for mollusk analysis. Subsampling was necessary because the epifauna
and infauna in the area are known to be‘ both small and abundant (Nelson 1986;
Russo et al. 1988). Replicated grab samples at each station, rather than replicated subsamples from
one grab sample, were taken to provide information on intrastation variability. All five biological
subcores for nonmollusk analysis were processed on a 0.5-mm screen and the organisrhs retained
and preserved as appropriate for subsequent identification.

\v/"



Samples for geochemical analyses (total organic carbon [TOC], oxidation-reduction potential
[ORP], oil and grease [O&G], and grain size) were obtained from the grabs from which the
biological subcores were taken because each replicate grab contained more than enough sediment
for both purposes (methods established by National Pollutant Discharge Elimination System permit
no. HI0020877). Three subsamples (one from each of three different grab samples) were taken for
all stations. The top 2 cm of sediment of each subsample were used for geochemical analysis.
Samples for TOC and sediment O&G analyses were put in screw-cap jars, which were placed on
ice, and taken to the laboratory for analysis. Sediment ORP was measured on board the research
vessel immediately after each sample was obtained. Laboratory analyses of sediment grain size and
sediment ORP followed EPA procedures. Analysis of TOC was carried out using EPA procedures
by Intertek Testing Services (formerly Inchcape Testing Services), Environmental Laboratories
(Colchester, Vermont). It performed the analysis using a modification of the Lloyd Kahn method
which utilizes an infrared detector to detect carbon dioxide.

Sample Processing

Handling, processing, and preservation of the biological samples followed EPA procedures.
Nonmollusk samples were fixed with buffered 10% formalin for a minimum of
24 hours. Following fixation, all samples were placed in 70% ethanol. Mollusk samples were
placed in labeled jars in the field, then placed on ice and transported to the laboratory where they
were refrigerated. Samples were washed in freshwater (to minimize loss of fine sediments), fixed in
75% isbpropyl alcohol for 24 hours, and then air dried. A subsample in a 10-cm’ aliquot was
removed from each mollusk sample for sorting.

The fixed nonmollusk samples were elutriated using the technique of Sanders et al. (1965).
This method succeésfully removes from the sediment all organisms that are not heavily calcified
(Nelson et al. 1987). Samples were washed several times, and the water from each was poured
. through 0.5-mm-mesh sieves. Polychaetes and other invertebrates retained on the sieve were
transferred to alcohol, stained with rose bengal solution, and stored in 70% ethanol. Samples from
some replicates (Station HB1 [replicates 3 and 5], Station HB2 [replicates 3 and 5], Station HB3
[replicates 2, 3, and 5], Station HB4 [replicates 3 and 5], Station HZ [replicates 3 and 5], Station
HB6 [replicates 3 and 5] and Station HB7 [replicates 3 and 5]) contained rubble pieces, which were
acid-dissolved to remove endolithic and cryptic species. From zero to several hundred additional
organisms were collected from the rubble fragments, depending on the replicate.

Because the biological subcores had to be processed using two different procedures—one for
mollusks and the other for all other organisms—the two components of the fauna were not directly

comparable and thus were analyzed separately. Because the mollusk specimens were not separated
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into living and dead shell fractions, they represent time-averaged samples. Mollusks have been
extensively analyzed by Kay (1975, 1978, 1979, 1982), Kay and Kawamoto (1980, 1983), Nelson
(1986), and Russo et al. (1988).

All specimens were identified to the lowest taxonomic level possible. A selected bibliography
for the identification of marine benthic species in Hawai'i is provided in Nelson =~
et al. (1987, appendix D). An additional source used for the identification of polychaetes in Hawai'i
is Blake et al. (1995). Voucher specimens were submitted to taxonomic specialists for verification
when necessary. All specimens were archived and will be maintained for six years at the University
of Hawai‘i. .

In previous benthic sampling reports for Barbers Point, several polychaete species were
redesignated. The 1995 réport presented Dr. Maria Jimenez and Dr. Guillermo San Martin’s
redesignation of Pionosyllis cf. gesae and Pionosyllis sp. E as Pionosyllis heterocirrata
(Hartmann-Schroeder, 1959) and Pionosyllis spinisetosa (San Martin, 1990), respectively, and both
Pionosyllis sp. B and Pionosyllis sp. D as Pionosyllis weismanni (Langerhans, 1897). For further
information on these species see Hartmann-Schréeder (1977, 1992) and San Martin (1990). The
present report includes species redesignations made in 1996 by
Dr. Frederik Pleijel, noted specialist who kindly examined some of the hesionid and phyllodocid
polychaete specimens. To date, he has identified the hesionid Nereimyra sp. A as Micropodarke sp.
A (Okuda, 1938) and the phyllodocid Phyllodocidae sp. F as Mystides nr. caeca (Langerhans,
1880). For further information see Fauchald (1977) and Pleijel and Dales (1991). The species
previously identified as Capitellidae sp. D was redesignated as Questa sp. A, based on the
polychaete reference collection of the Department of Zoology at the University of Hawai'i at
Mo(" ,a)noa. These taxonomic changes have been incorporated in the nonmollusk species lists used
by the biomonitoring team. |

Data Analysis

All data for both nonmollusks and mollusks were tested for assumptions of normality
(Kolmogorov-Smirnov test; Sokal and Rohlf 1995) and heterogeneity of variances (Levene Median
test) prior to statistical analysis. Comparisons of mean values among stations were made with
one-way analysis of variance (ANOVA). The nonparametric Kruskal-Wallis procedure was used
when standard (log,,, square root) transformations failed to correct significant deviations from the
assumptions of the parametric analysis. Following a significant result using ANOVA, a posteriori
Bonferroni t-tests were used to determine which differences in means among stations were
significant. All statistical analyses were performed using Sigma Stat for Windows software.
Detailed statistical results are provided in Appendixes B and C.

An overall comparison of species composition among stations was carried out using cluster
analysis (Pielou 1984). The Bray-Curtis similarity index (Bloom 1981) on double square root



transformed data was performed using the group-average sorting strategy. To make analysis more
manageable, only those nonmollusk species that contributed at least 0.05% to the total abundance
were included. Using this criterion, only species represented by a total of more than three
individuals were included in the data set, which was reduced from 138 to 79 species. The PRIMER
benthic analysis software (Carr 1993) was used to compute the similarity matrix and carry out the
cluster analysis. ‘

The Shannon-Wiener diversity index (H') (log,,) and evenness index (J) were calculated for
all stations (all replicates pooled), as recommended in the EPA procedures. Calculations of these
parameters were carried out using the Quattro Pro for Windows spreadsheet software.

To examine trends over the entire study period, comparisons were made among mean values
for all sampling dates and sampling stations using two-way ANOVA without replication and a
posteriori Bonferroni t-tests.

RESULTS
Sediment Parameters

Results of sediment grain-size analysis are given in Appendix Table A.3. The mean sediment
compositions at the sampling stations, based on three grain-size categories, are compared in Figure
3. The grain-size categories (Folk 1968) are as follows: medium and coarse sand, retained on a
~+2-phi sieve; fine sand, passed through a +2-phi sieve but retained on a +4-phi sieve; and silt and
clay, passed through a +4-phi sieve.

Sediment grain-size patterns were similar to those found in 1996. Stations HB1 and HB7,
with a greater percentage of medium and coarse sand, and Station HB2, with a higher percentage of
silt and clay, differed most from the other stations (Figure 3). Stations HB2 and HB3 had higher
percentages of fine sand than medium and coarse sand, while Stations HZ and HB6 had
épproxir_nately equal percentages of the two sand-size components. Sediments at all stations were
>90% sand (Appendix Table A.3). Results of replicate sediment sample. analysis for all seven
stations indicated reasonable’ homogeneity in grain size within stations (Appendix Table A.3).
Analysis of duplicate samples at Stations HB2, HZ, and HB6 indicated consistency of analytical
techniques.

Direct electrode measurements of ORP ranged from +25 to +245 mV (Appendix
Table A.2). These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA, Bonferroni
t-tests) showed that Station HB2 had a significantly lower value than all other stations, while the
ORP value at Station HB4 was significantly less than that at Station HB3 (F = 85.44,
~ df =6, 28; p < 0.0001). Unlike the case in 1996 when a single, anomalously low reading at Station
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HB2 apparently caused the station to differ from the other stations, all replicates were consistently
low at this station in 1997.

Sediment O&G values ranged from 59 to 447 mg/wet kg (Appendix Table A.2). Mean O&G
values ranged from 116.7 mg/wet kg at Station HZ to 258.3 mg/wet kg at Station HB3. Comparison
of mean O&G per station (one-way ANOVA, Bonferroni t-tests) showed that there were no
significant differences among stations (F = 1.22, df = 6, 14; p = 0.35).

Total organic carbon in the sediments at all stations was below the detection limit
(100 mg/kg) of the analytical method used. Therefore, no comparison among stations is possible.

Biological Parameters
Nonmollusks

The nonmollusk fraction of the benthic fauna included polychaetes, oligochaetes, sipunculans,
echinoderms, nematodes, nemerteans, priapulids, phoronids, anthozoans, hydrozoans,
platyhelminths, bryozoans, chaetognaths, a kinorhynéh species, a chordate species, copepods,
ostracods, cumaceans, tanaidaceans, amphipods, isopods, and decapods.

The 6,582 nonmollusk specimens counted and identified for all stations and replicates
represent 138 taxa. Polychaetes were the dominant nonmollusk taxon in terms of both abundance |
(2,811 individuals, 41.0%) and species richness (93 species, 67.4%). Nematodes were the second
most dominant nonmollusk taxon in terms of abundance (1,934 individuals, 28.2%). Oligochaetes
constituted 13.4% (918 individuals) of numerical abundance, sipunculans contributed 9.0% (614
individuals), and crustaceans contributed 4.2%

(289 individuals). The 27 crustacean taxa, 9 of which were amphipods, represented 19.6% of the
total number of nonmollusk taxa. Abundance estimates for each species from each replicate are
given for each of the seven stations in Appendix D.

Basic statistics for the nonmollusk data, including 95% confidence limits and a
Kolmogorov-Smirnov test for normality of distribution, are provided in Appendix Table B.1
(number of individuals) and Appendix Table B.2 (number of species). Data were normal for all
stations except that for nonmollusk individuals at Station HB6 (Appendix Table B.1).

Mean total nonmollusk abundance ranged from 122.8 individuals per sample (22,554/m?) at
Station HB2 to 259.4 individuals per sample (47,643/m?) at Station HB4 (Figure 4). Variances were
homogeneous (Appendix Table B.3). According to the ANOVA on untransformed data, there were
significant differences in mean abundance among stations (Appendix Table B.3). However, a
posterior tests were not sufficiently powerful to distinguish differences among stations. The data
- were therefore log,, transformed and the a posteriori analysis was performed again. Station HB2 had
significantly lower mean abundance than Station HB4. No other pairwise comparisons of means
- were significantly different.

The mean number of nonmollusk species per sample ranged from 19.2 species at Station HB2



INTRODUCTION

The Honouliuli Wastewater Treatment Plant is a primary treatment system.
Wastewaters of mainly domestic origin are treated at the plant prior to discharge in Ma mala
Bay through an 84-in. (2.13-m) diameter outfall located off the southern coast of O‘ahu, |
Hawai‘i. ‘

A waiver of secondary treatment for sewage discharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honolulu (CCH) by the Region 9 office of
the U.S. Environmental Protection Agency (EPA). This report provides the results of the
eighth survey in an ongoing series of studies of the macrobenthic, soft-bottom community in
the vicinity of the discharge. The first benthic survey took place in 1986. The samples on
which this report is based were collected on 11 and 12 January 1996.

PROJECT ORGANIZATION

General coordination for this project is provided by Roger S. Fujioka, director of the
Water Resources Research Center (WRRC) of the University of Hawai‘i at Ma noa and
project principal investigator. The principal members of the project team (listed in
alphabetical order) and their contributions to this study are as follows:

Julie H. Bailey—Brock Polychaete, oligochaete, and sipunculan analysis and
report

William J. Cooke Crustacean analysis and report

E. Alison Kay Mollusk analysis and report

Walter G. Nelson Statistical analysis and final feport preparation

Ross S. Tanimoto City and County of Honolulu project representative and

coordinator for sediment grain-size, total volatile solids,
and oxidation-reduction potential analyses

MATERIALS AND METHODS

Specific locations of the sampling stations are provided in Figure 1, and a general
vicinity map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided
in
Figure 2. Seven stations previously established along the approximate diffuser isobath (61 m)
were surveyed. In 1990 survey station names were changed from those used in the 1986



survey (Nelson et al. 1987). Survey stations (1986 station names are in parenthesis) and their
locations are as follows:

Station HB1 (A) Approximately 3.5 km east of the zone of initial dilution (ZID)

boundary to evaluate effects far-field and beyond the ZID

Station HB2 (B) On the northeast ZID boundary

Station HB3 (C) On the southeast ZID boundary

Station HB4 (D) On the southwest ZID boundary

Station HZ (Z) In the ZID for the diffuser

Station HB6 (E) Approximately 0.5 km southwest of the ZID boundary as a
near-field reference station '

Station HB7 (F) Approximately 3.5 km southwest of the ZID boundary as a far-

field reference station

Station Positioning

The exact positioning of each station was determined using the Motorola Mini-Ranger
navigation system. Station locations in relation to latitude, longitude, and bathymetric
contours are shown in Figure 1. Ranges for each replicate grab sample at each station are
given in Appendix Table A.1. Depths for all stations fell within the range of 59.1 to 67.7 m.
Station positions within and at the boundaries of the ZID were located precisely during the
original sampling using the submersible Makali‘i in coordination with its mother ship
(Nelson et al. 1987).

Sampling Methods

The sampling methodology used in this study generally followed the recommendations
of Swartz (1978) and U.S. EPA guidelines (1987a, 1987b), hereafter referred to as EPA
procedures. The previous reports on the benthic monitoring adjacent to the Barbers Point
Ocean Outfall (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a, 19945, 1995) will be hereafter
referred to in bibliographic citations as “Nelson et al. reports.”

In 1994, the modified (‘).l-m2 Van Veen grab sampler previously used was replaced by a
0.16-m2 Van Veen grab sampler. The new grab, which was deployed from a stern-mounted
A-frame on the City’s research vessel Noi I Kai, was used to obtain bottom samples at all
seven stations. Sampling dates were 11 and 12 January 1996. Penetration of the sampler was
adequate for all replicates. The minimum penetration depth was 7 cm, and the maximum was
11 cm (Appendix Table A.2).



Five grab samples were taken at each station. From each replicate core, a subsample
7.6 cm in diameter by 5 cm deep was taken for infauna analysis and a subsample 4.8 cm in
diameter by 5 cm deep for mollusk analysis. Subsampling was necessary because the
epifauna and infauna in the area are known to be both small and abundant (Nelson 1986;

Russo et al. 1988). Replicated grab samples at each station, rather than replicated subsamples
~ from one grab sample, were taken to provide information on intrastation variability. All five
biological subcores for nonmollusk analysis were processed on a 0.5-mm screen.

Samples for geochemical analyses (total organic carbon [TOC], oxidation-reduction
potential [ORP], oil and grease [O&G], and grain size) were obtained from the grabs from
which the biological subcores were taken because each replicate grab contained more than
enough sediment for both purposes (methods established by National Pollutant Discharge
Elimination System permit no. HI0020877). Three subsamples (one from each of three
different grab samples) were taken for all stations. The top 2 cm of sediment of each
subsample were used for geochemical analysis. Samples for TOC and sediment O&G
analyses were put in screw-cap jars, which were placed on ice, and taken to the laboratory for
analysis. Sediment ORP was measured on board the research vessel immediately after each
sample was obtained. Laboratory analyses of sediment grain size and sediment ORP followed
EPA procedures. Analysis of TOC was carried out using EPA procedures by Inchcape
Testing Services, Aquatec Laboratories (Colchester, Vermont), using a modification of the
Lloyd Kahn method which utilizes an infrared detector to detect carbon dioxide.

Sample Processing

Handling and processing of biological samples followed EPA procedures. Nonmollusk
samples were fixed with buffered 10% formalin for a minimum of 24 hours. Following
fixation, all samples were placed in alcohol. Mollusk samples were placed in labeled jars in
the field, then placed on ice and transported to the laboratory where they were refrigerated.
Samples were washed in fresh water (to minimize loss of fine sediments), fixed in 75%
isopropyl alcohol for 24 hours, and then air dried. A subsample in a 10-cm3 aliquot was
removed from each mollusk sample for sorting.

The fixed nonmollusk samples were elutriated using the technique of Sanders et al.
(1965). This method successfully removes from the sediment all organisms that are not
heavily calcified (Nelson et al. 1987). Samples were washed several times, and the water
from each was poured through 0.5-mm-mesh sieves. Some replicates (one each at Stations
HB1

[replicate 3] and HB7 [replicate 3]) contained rubble pieces, which were acid-dissolved to



remos}e endolithic and cryptic species. However, no additional organisms were collected
from the rubble fragments. |

Because the biological subcores had to be processed using two different procedures—
one for mollusks and the other for all other organisms—the two components of the fauna
were not directly comparable and thus were analyzed separately. Because the mollusk
specimens were not separated into living and dead shell fractions, they represent time-
averaged samples. The mollusks have been extensively analyzed by Kay (1975, 1978, 1979,
1982), Kay and Kawamoto (1980, 1983), Nelson (1986), and Russo et al. (1988).

All specimens were identified to the lowest taxonomic level possible. A selected
bibliography for the identification of marine benthic species in Hawai‘i is provided in Nelson
et al. (1987, appendix D). Blake et al. (1995) provides additional assistance with the
identification of polychaetes in Hawai‘i. Voucher specimens were submitted to taxonomic
specialists for verification when necessary. All specimens were archived and will be
maintained for six years by the University of Hawai‘i.

Pionosyllis cf. gesae and Pionosyllis sp. E recorded in previous reports have been
redesignated as Pionosyllis heterocirrata (Hartmann-Schro eder, 1959) and Pionosyllis
spinisetosa (San Martin, 1990), respectively. Specimens formerly referred to as Pionosyllis
sp. B and Pionosyllis sp. D have both been identified as specimens of Pionosyllis weismanni
(Langerhans, 1897). For further information on these species see Hartmann-Schrd eder
(1977, 1992) and San Martin (1990).

Data Analysis

All data were tested for assumptions of normality (Kolmogorov—Smirnov test, Sokal
and Rohlf 1995) and heterogeneity of variances (Levene Median test) prior to statistical
analysis. Comparisons of mean values among stations were made with one-way analysis of
variance (ANOVA). The nonparametric Kruskal-Wallis procedure was used when deviations
from the assumptions of ANOVA were detected. Following a significant result using
ANOVA, |
a posteriori Bonferroni t-tests were used to determine which differences aniong stations were
significant. All statistical analyses were performed using Sigma Stat for Windows software.
Detailed statistical results are provided in Appendixes B and C.

An overall comparison of species composition among stations was carried out using
cluster analysis (Pielou 1984). The Bray—Curtis similarity index (Bloom 1981) on double
square root transformed data was performed using the group-average sorting strategy. To
remove species which contributed little information to the analysis, only those nonmollusk



species that contributed at least 0.06% of the total abundance were included. Using this
criterion, only species represented by a total of more than five individuals were included in
the data set, which was reduced from 147 to 83 species. The PRIMER benthic analysis
software (Carr 1993) was used to compute the similarity matrix and carry out the cluster
analysis.

The Shannon—Wiener diversity index (H') (logjo) and evenness index (J) were
calculated for all stations (all replicates pooled), as recommended in the EPA procedures.
Calculations of these parameters were carried out with Quattro Pro for Windows spreadsheet
- software.

‘ To examine trends over the entire study period, comparisons were made among all
sampling dates and sampling stations using two-way ANOVA and a posteriori Bonferroni
t-tests.

RESULTS
Sediment Parameters

Results of sediment grain-size analysis are given in Appendix Table A.3. The mean
sediment compositions at the sampling stations, based on three grain-size categories, are
compared in Figure 3. The grain-size categories (Folk 1968) were as follows: medium and
coarse sand, retained on a +2-phi sieve; fine sand, passed through a +2-phi sieve but retained
on a +4-phi sieve; and silt and clay, passed through a +4-phi sieve.

" Sediment grain-size patterns were similar to those found in 1995. Station HB7, with a
greater percentage of medium and coarse sand, and Station HB2, with a higher percentage of
silt and clay, differed most from the other stations (Figure 3). Stations HB2, HB3, HZ, and
HB6 all had higher percentages of fine sand than medium and course sand, while the reverse
was the case at the remaining stations. Sediments at all stations were >90% sand (Appendix
Table A.3). Results of replicate sediment sample analysis for all seven stations indicated
reasonable homogeneity in grain size within stations (Appendix Table A.3). Analysis of
duplicate samples at Station HB7 indicated consistency of analytical techniques.

Direct electrode measurements of ORP ranged from +25 to +245 mV (Appendix Table
A.2). These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA,
Bonferroni t-tests) showed that Station HB2 had a significantly lower value than Stations
HB3 and HB7 (F = 4.28, df = 6, 28; p = 0.0035). A single, anomalously low reading from
Station HB2 was the apparent cause of this difference.



Sediment O&G values ranged from below detection (<1) to 294 mg/wet kg (Appendix
Table A.2). Mean O&G values ranged from 3.3 mg/wet kg at Station HB7 to 196.0 mg/wet
kg at Station HB6. Variability among replicate measurements of O&G at stations was very
high, although mean values were generally lower than those found in 1995. The O&G data
failed the test for normality of data distribution and were analyzed with the nonparametric
Kruskal-Wallis test. There were no significant differences among stations.

Total organic carbon in the sediments at all stations was below the detection limit
(100 mg/kg) of the analytical method used. No comparison among stations is therefore
possible.

Biological Parameters

Nonmollusks

The nonmollusk fraction of the benthic fauna included polychaetes, oligochaetes,

sipunculans, echinoderms, nematodes, nemerteans, priapulids, phoronids, anthozoa,
hydrozoa, platyhelminths, bryozoa, chaetognatha, a chordate species, copepods, ostracods,
cumaceans, tanaidaceans, amphipods, isopods, decapods, and a pycnogonid species.
| The 8,727 nonmollusk specimens counted and identified for all stations and replicates
represent 147 taxa. Polychaetes were the dominant nonmollusk taxon in terms of both
abundance (3,836 individuals, 44.0%) and species richness (95 speci€s, 64.6%). Nematodes
were the second most dominant nonmollusk taxon in terms of abundance (2,497 individuals,
28.6%). Oligochaetes constituted 13.2% (1,156 individuals) of numerical abundance, and
crustaceans and pycnogonids contributed 7.5% (651 individuals). The 34 crustacean and
pycnogonid taxa, 10 of which were amphipods, represented 23.1% of the total number of
nonmollusk taxa. Abundance estimates for each species in each replicate are given in
Appendix D. .
‘ Basic statistics for the nonmollusk data, including 95% confidence limits and a
Kolmogorov—Smirnov test for normality of distribution are provided in Appendix Table B.1
(number. of individuals) and Appendix Table B.2 (number of species). Data were normal for
all stations. '

Mean total nonmollusk abundance ranged from 121.2 individuals per sample
(22,371/m2) at Station HB7 to 347.0 individuals per sample (64,246/m2) at Station HZ
(Figure 4). Variances were homogeneous (Appendix Table B.3). There were significant
differences in mean abundance among stations (ANOVA, Appendix Table B.3). Stations
HB4 and HZ had significantly greater mean abundances than Station HB7. No other means
were significantly different.



The mean number of nonmollusk species per sample ranged from 34.6 species at
Station HB6 to 42.2 species at Station HB1 (Figure 5). Variances were homogeneous
(Appendix Table B.4). There were no significant differences in mean number of species per
sample among stations (ANOVA, Appendix Table B.4).

Composite station diversity (H') and evenness (J) are shown in Figure 6. Patterns of
diversity and evenness were highly similar among stations. Values for both parameters were
similar for all stations. Values for diversity ranged from 2.50 (Stations HB2) to 3.29 (Stations
HB1 and HB7). The range of values was extremely similar to that of samples taken in
previous years (Nelson et al. reports). Evenness ranged from 0.59 (Station HB2) to 0.76
(Station HB7), which was also comparable to the range of values observed in previous yeélrs
(Nelson
et al. reports). Relative to other stations, there was no pattern of lower diversity or evenness
at ZID or near-ZID stations.

Results of cluster analysis indicating the relative similarity of stations based on the 83
most abundant nonmollusk species are shown in Figure 7. All stations were grouped at
similarity values of greater than 70%, indicating similar species composition and abundance
among all stations. There was very little sorting among stations with regard to proximity to
the diffuser. For example, reference station HB7 and ZID-bou_ndary station HB4 were
grouped as most similar.

Polychaetes

A total of 3,836 polychaetes, from 95 species, representing 44.0% of total nonmollusk

abundance, were collected. These numbers were higher than those of previous years:
2,685 polychaetes from 90 species in 1994 (Nelson et al. 1994b) and 2,527 polychaetes from
87 species in 1995 (Nelson et al. 1995). The greatest number of polychaetes were found at
Station HB2 (823), followed in decreasing order by Stations HB4, HZ, HB6, HB1, HB3, and
HB7 (Figure 8). Polychaetes were the most species-rich group at all stations (Appendix
Tables D.1 through D.7). Maximum polychaete species richness occurred at Station HZ (54),
followed by Stations HB1 and HB3 (53 each), Station HB7 (49), Station HB4 (46), Station
HB6 (45), and Station HB2 (42) (Figure 9). ;

Different polychaetes were dominant at several of the stations. The syllid Pionosyllis
heterocirrata was a dominant species at Stations HB1 and HB7. The sabellid Euchone sp. B
was a dominant species at Stations HB1, HB2, and HB6. The pilargid Synelmis acuminata
was dominant at Station HB7, and the dorvilleid Ophryotrocha sp. A was dominant at
Stations HB3 and HB4. The spionid Polydora normalis was the dominant species at Station
HZ, as it had been every year since 1993.



Trophic categories. Trophic categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 10 and 11.

1. Detritivores. Deposit-feeding polychaetes were most abundant at Stations HB3, HB4,
HZ, and HB6 and were the most speciose of the four trophic categories. The maximum
number of deposit feeding polychaete species was 29 at Station HB3. '

The dominant polychaetes in the deposit-feeding category were Prionospio
cirrobranchiata (at Stations HB1, HB3, and HB7), Myriochele oculata (at Stations HB2,
HB4, and HB6), and Polydora normalis (at Station HZ). The dorvilleid Ophryotrocha sp. A
was the dominant polychaete at ZID-boundary stations HB3 and HB4. In addition,
Ophryotrocha sp. A was found with less abundance at Stations HB2 and HZ.

2. Omnivores. In terms of percentage of total polychaetes, omnivorous worms were best
represented at Station HB4; this is consistent with the results of all Barbers Point surveys
since 1986 (Nelson et al. reports). At Station HB7, the syllid Pionosyllis heterocirrata and
the pilargid Synelmis acuminata dominated the omnivorous component in the total collection,
as in 1993, 1994, and 1995. Pionosyllis heterocirrata was also the most abundant omnivore
at Stations HB1, HB2, HB3, HB4, HZ, and HB6, whereas Synelmis acuminata was the most
abundant omnivore at Stations HB7. .

3. Suspension feeders. In terms of total polychaete abundance, suspension feeders were
dominant at Station HB2 and were also abundant at Station HB6. This was primarily due to
the sabellid Euchone sp. B, which accounted for 59% of the polychaete abundance at Station
HB2. This species was also the dominant suspension feeder at Station HB1. The sabellid
Fabricia
sp. A was the dominant suspension feeder at Station HZ. Suspension feeders made up the
smallest proportion of the community at Stations HB3, HB4, and HB7.

4. Carnivores. Carnivorous polychaetes were present at all stations, with maximum
abundance occurring at Station HB4. The hesionid Podarke angustifrons was the dominant
carnivore at Stations HB1, HB3, HB4, HZ, HB6, and HB7. The lumbrinerid Lumbrineris
latreilli was the dominant carnivore at Station HB2. In terms of total abundance, carnivores
made up the smallest proportion at Stations HB1, HB2, HZ, and HB6.

Motility categories. Motility categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 12 and 13.

Motile polychaetes were the most abundant worms at Stations HB1, HB3, HB4, HZ,
and HB7. In addition, they were the most abundant species at each of the seven stations.
Tubicolous worms (Myriochele oculata and the sabellid Euchone sp. B) dominated the
polychaete fauna at Stations HB2 and HB6. The syllid Pionosyllis heterocirrata was a
dominant motile worm at Stations HB1, HB3, HB4, HZ, HB6, and HB7 and the pilargid

N,



Synelmis acuminata at Stations HB1, HB2, and HB7. Discretely motile polychaetes were the
least abundant at every station except Station HB7, but they comprised the fewest number of

~ species at only Stations HZ and HB6. The spionids Prionospio cirrobranchiata (at Stations

HB1, HB2, HB3, HB4, HB6, and HB7) and Polydora normalis (at Station HZ) dominated the
stations in the discretely motile category.

Syllids were reproductively active at both ZID and non-ZID stations; egg-carrying and
epitoke-bearing Sphaerosyllis taylori were found at Stations HB2 and HB4. A specimen of
Sphaerosyllis capensis was found with epitokes at Station HB7. Pionosyllis heterocirrata
with swimming setae were found at Stations HB1, HB2, HB4, and HZ. One individual of the
syllid Exogone sp. C was found with epitokes at Station HB2. At Station HZ one individual
of Brania mediodentata was found with eggs.

Crustaceans

A total of 651 crustaceans were collected. Mean crustacean abundances (no./sample)
ranged from 13.8 (3,041/m2) at Station HZ to 25.0 (5,510/m?) at Station HB1 (Figure 14).
Variances were homogeneous and data were normally distributed. There were no significant
differences in mean abundance of crustaceans among stations (ANOVA, Appendix Table
B.5).

A total of 34 taxa (copepods were not identified to the species level) of crustaceans and
pycnogonids were collected; of these, 10 species (29%) were amphipods. Mean number of

" crustacean species ranged from 4.2 at Station HZ to 9.0 at Station HB1 (Figure 15).

Variances were homogeneous and data were normally distributed. There were no significant
differences in mean number of crustacean taxa among stations (ANOVA, Appendix Table

- B.6).

Tanaidaceans, amphipods, and copepods were the numerically dominant taxa, making
up 39.0%, 25.8%, and 19.4%, respectively, of total crustacean abundance. No species was
uniformly most abundant at all stations. The amphipod Eriopisella sechellensis and the
tanaids Leptochelia dubia, Leptochelia sp. A, and Tanaissus sp. A were present at most
stations and were generally among the most abundant taxa.

"The 34 taxa collected in the entire Barbers Point study area was the lowest since

- repeated annual collections began in 1990. Generally, between 36 and 49 taxa are collected

each year. The largest drops in diversity (four fewer taxa per site) occurred both at reference
stations (HB1 and HB7) and at an outfall station (HB3). The Barbers Point outfall study area
does not appear to be subject to extremely large swings in benthic community composition or

consistency; generally, it represents a rather stable environment. This should aid in



identifying any impacts associated with the outfall itself. Crustacean and pycnogonid species
abundance for all replicates and stations is provided in Appendix Tables D.8 through D.14.

Three species (the podocopid ostracods Cytherelloidea monodenticulata and Mutilis
oahuensis and the shrimp Leptochela hawaiiensis) were newly collected in the study area.
Only four decapod species were collected in 1996, whereas between two and seven decapod
species were collected in previous years. Since 1990, a total of 88 taxa have been collected at-
- least once in the Barbers Point study area. Reexamination and reevaluation of earlier
collections resulted in the consolidation of two previously separately listed decapods,
bringing the number of separately identified taxa collected from 1990 through 1995 to 85, not
86 as reported in Nelson et al. (1995). Between three and eight taxa have been newly
collected each year since the first two years of sampling when a total of 62 taxa were
collected. Consistently low additions to the total crustacean community after the initial
collection phase is reflective of an efficient collection, processing, and sorting program. Over
the last seven years the sampling program has effectively collected even the rarer species,
including those which occur intermittently in the study area.

Mollusks ,

A total of 7,826 mollusks representing 113 species were collected. Mean abundance of
mollusks per sample (n0./10 cm3) ranged from 173.6 at Station HB2 to 279.6 at Station HB4
(Figure 16). Data at all stations except Station HB7 were normally distributed (Appendix
Table C.1). However, the composite mollusk abundance data set passed the test for normality
prior to ANOVA. Complete basic statistics for total mollusk data are shown in Appendix
Table C.1.

Mean number of mollusk species per sample ranged from a low of 23.0 at Station HB2
to 34.8 at Station HB4 (Figure 17). Data at all stations except Station HB1 were normally
distributed (Appendix Table C.2). However, the composite mollusk species data set passed
the test for normality prior to ANOVA. Complete basic statistics for number of mollusk
species at all stations are shown in Appendix Table C.2.

Variances for mollusk abundance data were homogeneous (Appendix Table C.3). There
were significant differences in mean mollusk abundance among stations (ANOVA, Appendix
Table C.3). Mean abundance was significantly greater at Station HB4 than at Station HB2.
No other differences in means were significant.

Variances for number of mollusk species data were homogeneous (Appendix Table
C.4). There were significant differences in mean mollusk species richness among stations
(ANOVA, Appendix Table C.4). Station HB2 had significantly fewer mollusk species than
Stations HB1, HB4, and HB6. No other differences were significant.
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Diversity (H") ranged from 2.16 at Station HB2 to 2.95 at Station HB6 (Figure 183).
Everness (J) ranged from 0.54 at Station HZ to 0.70 at Station HB6. Diversity and evenness
values for mollusks were generally similar for all stations (Figure 18).

The gastropod taxa Balcis spp., Cerithidium perparvulum, Diala scopulorum, and
Scaliola spp. were abundant at all stations. An additional species, Finella pupoides, was
abundant at all stations except HB1, HB4, and HB6. These mollusk abundance patterns are
consistent with those of all previous samplings (Nelson et al. reports). Mollusk species -
abundance for all stations and replicates is provided in Appendix E. |

DISCUSSION

Total nonmollusk abundance was significantly higher at ZID-boundary station HB4 and
7ID station HZ as compared to reference station HB7, a pattern generally similar to that of
1995. Most nonmollusk species had relatively lower abundances at Station HB7 as compared
to the other stations. For the crustacean component of the nonmollusks, no significant pattern
among stations was observed.

ZID-boundary station HB4 had significantly greater mollusk abundance than ZID-
boundary station HB2, a pattern also seen in 1995. The remaining stations did not differ
significantly in mollusk abundance. Thus there was no general statistically significant pattern
with regard to mollusk abundance and proximity to the diffuser. The occurrence of highest
abundance of mollusks at Station HB1, which had been the case from 1992 to 1995 (Nelson
et al. 1992b, 1994a, 1994b, 11995), was not observed in 1996.

There were no significant differences among stations in number of nonmollusk taxa or
in the crustacean component of the nonmollusks. With regard to mollusk species richness,
ZID-boundary station HB2 had significantly fewer species than reference stations HB1 and

- HB6 and ZID-boundary station HB4. Station HBi, which had the highest number of mollusk
species from 1992 through 1995 (Nelson et al. 1992b, 1994a, 1994b, 1995), was the third
most diverse station in 1996.

Both diversity and evenness values were generally similar among stations for both
nonmollusks and mollusks. Lower nonmollusk diversity and evenness values were seen at
Station HB2 in 1993 but not in either 1994 or 1995 (Nelson et al. 1994a, 1994b, 1995). A
slight depression in diversity and evenness values was again observed at Station HB2 in
1996, but the magnitude of the depression was so small that there remains little evidence that
the outfall is having a consistent effect on species richness of the macrobenthos in the vicinity
of the diffuser pipe. ' \
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Cluster analysis using the quantitative Bray—Curtis similarity index indicated that
nonmollusk abundance and species composition were broadly similar at most stations. In the
period from 1986 to 1993, cluster analysis consistently intermixed ZID, near-ZID, and
reference stations (Nelson et al. 1987, 1991, 1992a, 1992b). In 1994 and 1995, some
separation between stations in or near the ZID and far-field reference stations was observed
(Nelson et al. 1994b, 1995). In 1996 stations were again generally interspersed in the cluster
analysis. In comparing the 1996 cluster results with those of earlier years some caution is
necessary, since the clustering algorithm was changed from flexible to group-average sorting
. in order to conform to current recommendations for optimum methodologies (Carr 1993).

Sediment grain sizes in the 1996 samples were broadly similar among stations, except
for Station HB7, which had a higher percentage of coarse sand, and Station HB2, which had
relatively more silt and clay. The percentage of fine sediments at ZID station HZ showed no
increase over that measured in samples taken in 1986 through 1995 (Nelson et al. reports).
The increase in the silt and clay fraction of the sediments, which was first observed in 1993
for all stations, persisted in 1996 (for comparison see figure 3 in Nelson et al. 1992b, 1994a,
1994b, 1995). However, the mean percentage of the silt and clay fraction decreased slightly at
most stations in 1996 as compared to 1995. The increase in fine sediments in 1993 occurred
at all seven stations, thus it is unlikely to have been an effect of the outfall discharge.

ORP analysis showed no evidence of reducing conditions at the surface of sediments at
any station; this has been the consistent pattern for this parameter. The significantly lower
mean ORP value at Station HB2 appears to have been caused by a single, unusually low
reading which depressed the mean, although a somewhat lower mean ORP value would be
consistent with the higher percentage of silt and clay at this station.

In 1994 and 1995, various ZID or ZID-boundary stations had significant elevations in
sediment O&G values> as compared to other stations (Nelson et al. 1994b, 1995); however, in
1996 no significant differences were seen. The 1996 results confirm the tendency for high
year-to-year variation in sediment O&G values to occur. The variability in sediment O&G
values suggests that there may be little direct influence of the diffuser effluent on this
parameter.

Sediment TOC in 1996 was below detection limits, and thus was lower at all stations
than in all other sampling years. The most likely explanation for this change is that the
analytical laboratory used for the 1996 samples removed all traces of the organic carbon from
the sediment during the acid digestion to remove inorganic carbon. While low, TOC values in
previous years have been above the detection limits of current instrumentation.

The total number of nonmollusk taxa recorded in the 1996 study (147) was within the
range recorded in previous studies (162 in 1986, 164 in 1990, 162 in 1991, 175 in 1992, 144
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in 1993, 159 in 1994, 151 in 1995). The total number of crustacean taxa collected in 1996
(34) was lower than that collected in recent years. Although there have been differences in
levels of sampling effort and taxonomic resolution (Nelson et al. 1991), overall nonmollusk
taxa richness in the study area appears to have remained very similar over the period from
1986 to 1996. '

Mean nonmollusk abundance was compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 through 1996 (Figure 19). Two-
way ANOVA results showed significant differences both among sampling dates (p < 0.0001) -
and among sampling stations (p < 0.0001). Numerous pairwise comparisons among dates
showed significant differences, generally with values for more recent dates being higher than
values for earlier dates. This pattern was confinned by a linear regression analysis of data
from 1990 to 1996, which found a trend of significantly increasing mean abundance over this
period (p = 0.0045, y = 24.2x — 48,133). Mean nonmollusk abundance was greater at Station
HB4 than at Stations HB1, HB3, and HB7 and higher at Station HZ than at Stations HB3 and
HB7. The significant increase in abundance over time appears to be a regional effect in the
study area. However, mean abundance over the entire study period at two stations near the
diffuser (HB4 and HZ) was elevated compared to two of the reference stations; this is a
© pattern consistent with some impact resulting from the effluent discharged from the diffuser.
This interpretation is complicated by the fact that ZID-boundary station HB3 was also
significantly lower in mean abundance than Stations HB4 and HZ.

Mean nonmollusk taxa richness was compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 through 1996 (Figure 20). Two-
way ANOVA results showed significant differences among sampling dates (p < 0.0001) but
not among sampling stations (p = 0.2294). Mean nonmollusk taxa richness was significantly
greater in 1994 than in 1986 and 1991 and less in 1990 than in all other years (Figure 20). No
apparent trend comparable to that for abundance was seen for nonmollusk taxa richness, nor
was any apparent spatial trend seen for this parameter.

Mean crustacean abundance was also compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 through 1996 (Figure 21). Two-
way ANOVA results showed significant differences both among sampling dates (p = 0.0004)
and among sampling stations (p = 0.0288). Mean crustacean abundance was significantly less
in 1990 than in 1993 and 1994 and significantly greater at reference Station HB6 than at ZID-
boundary station HB3 or ZID station HZ. The decreased abundance in 1990 is consistent with
the overall pattern of nonmollusk abundance for that year. Interannual variations in
~ abundance are not related solely to differences in the time of year that samples were taken.
The 1990, 1992, 1994, 1995, and 1996 samples, all of which were taken in January or
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February, show considerable variation in mean crustacean abundance. The depression of
crustacean abundance at two stations near the diffuser relative to one of the reference stations
indicates a potential effect of the outfall.

Mean crustacean taxa richness was compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 through 1996 (Figure 22). Two-
way ANOVA results showed significant differences both among sampling dates (p = 0.0001)
and among sampling stations (p < 0.0049). Mean crustacean taxa richness was significantly
less in 1990 than in 1991 through 1996 and significantly greater in 1994 than in 1986, 1991,
1992, and 1996. Mean crustacean taxa richness was significantly greater at reference station
HB6 than at ZID-boundary station HB4 and ZID station HZ. The low number of taxa counted
in 1990 reflects the low total abundance of crustaceans collected that year. No general
temporal trend was apparent. The depression of mean crustacean abundance at two stations
near the diffuser relative to one of the reference stations indicates a potential effect of the
outfall.

Dominant taxa of the nonmollusk fauna were similar to those of previous sampling
years. The representation of nematodes and oligochaetes as a percentage of total abundance
was of similar magnitude to that of previous sampling years. The dominant polychaete
species since 1994 showed some variation from earlier sampling years (Nelson et al. 1987,
1991, 1992a, 1992b, 1994a). Dominant species in 1996 were similar to those found in 1994
and 1995 (Nelson et al. 1994b, 1995) and included the 'polychaetes Euchone sp. B.,
Myriochele oculata, Pionosyllis heterocirrata, Prionospio cirrobranchiata, Synelmis
acuminata, Ophyrotrocha
sp. A, and Podarke angustifrons. ' .

As in previous years (1986, 1990 through 1995), the crustacean fauna in the vicinity of
the Barbers Point outfall was dominated by amphipods, isopods, and tanaidaceans. Compared
with the Waianae, Sand Island, and Mokapu outfall study areas, the entire Barbers Point
study area (both reference and outfall stations) continues to be somewhat depressed in
decapods.

Some reduction in crustacean taxa richness was seen at some stations closest to the
outfall as compared with reference stations. Stations HB4 and HZ yielded only 10 and 11
noncopepod crustacean taxa, respectively. However, the two other ZID-boundary stations,
HB2 and HB3, had reasonable diversity with 14 and 16 noncopepod crustacean taxa,
respectively. Only three stations recorded lower total taxa per station in 1996 than in 1995.
Mean crustacean taxa richness (taxa per replicate) does not seem to be as useful as total taxa
per station as an indicator of outfall effects, given the high intrastation variability

encountered. Some replicates had four to seven times more taxa than other replicates.
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High within-station variance in both numerical abundance and species abundance
argues that although the entire area is generally homogeneous, very small-scale patchiness of
the bottom (on a scale of 1 m to less than 10 m) can greatly affect the composition and
abundance of the crustacean community in the individual replicate samples.

Overall, crustacean abundance at all stations was generally lower in 1996 (except for
Stations HB7 and HZ) than in 1995. Crustacean abundance did not correlate particularly well
with taxa richness. ZID-boundary station HB4 had the second highest abundance but the
lowest taxa richness.

Crustacean taxa richness and abundance cannot be consistently related to direct
proximity to the Barbers Point Ocean Outfall. Although in some previous years (e.g., 1991,
Nelson et al. 1992a) taxa richness appeared to be reduced adjacent to and immediately to the
south of the outfall (Stations HB3, HB4, and HZ), this pattern has not been seen for several
years. In 1996, Stations HB4 and HZ were low in taxa richness, while Stations HB2 and HB3
had taxa richness comparable with that of reference stations. The shifting patterns of number
of taxa and abundance from year to year appear to be more strongly influenced by other
factors, such as small-scale differences in bottom topography or a subtle variation in
sediment composition.

Mean mollusk abundance was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1995 (Figure 23). Two-way
ANOVA results showed significant differences both among sampling dates (p < 0.0001) and
among sampling stations (p < 0.0001). Mean mollusk abundance was significantly greater in
1996 than in all other years except 1994. Mean mollusk abundance was greater at Station
HB1 than all other stations. Neither the temporal nor spatial pattern of differences indicates a
negative effect of the diffuser effluent on mollusk abundance.

Because the mollusk specimens were not separated into living and dead shell material,

‘they represent time-averaged collections that integrate conditions at a site over a longer
period. Temporal variability in abundance among sampling dates was generally much less for
the mollusk fraction than for the nonmollusk fraction prior to 1996. The pattern of abundance
in the sampling area on all dates shows that Station HB6 has consistently had the fewest and
Station HB1 the greatest number of mollusk individuals (Figure 23). "

Mean mollusk species richness was compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 through 1996 (Figure 24). Two-
way ANOVA results showed significant differences both among sampling dates (p < 0.0001)
and among sampling stations (p = 0.0002). Mean mollusk species richness was significantly
greater in 1996 than in all other sampling years. Mean mollusk species richness was

significantly greater at Stations HB1, HB4, and HB6 than at Station HB2. Neither the
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temporal nor spatial pattern of differences indicates a negative effect of the diffuser effluent
on mollusk species richness.

SUMMARY AND CONCLUSIONS

Measurements. of physical parameters continue to show no evidence of a buildup of
organic matter in the vicinity of the Barbers Point Ocean Outfall diffuser. This conclusion is
confirmed by each of the physical and chemical parameters measured. Sediment TOC was
not detected in any sample in 1996. In previous years, mean sediment TOC was in the narrow
range of 0.04% to 0.47%, except in 1993 when methodological problems were experienced
with the analyses and values ranged from 0.56% to 1.4%. The ocean outfall in Orange
County, California, discharges onto the continental shelf in an erosional benthic environment
(Maurer _
et al. 1993) which may be somewhat similar to that found in Mamala Bay, O‘ahu. In the
vicinity of the Orange County outfall, sediment TOC ranged from approximately 0.3% to
0.9% (Maurer et al. 1993). In areas which possess more depositional benthic environments,
the percentage of organic content in the sediments is typically much higher. For example, this
percentage ranged from 1.2% to 10.9% for sediments of the Kattegat (Pearson et al. 1985)
and 0.6% to 8.9% for sediments off the coast of Maine (Bader 1954). The percentage of TOC
ranged from 1.4% to 4.1% for stations near the Los Angeles County ocean sewage outfalls
(Swartz et al. 1986). In Kingston Harbour, Jamaica, the percentage of sediment TOC ranged
from 4.0% to 10.7% in a semi-enclosed bay subject to organic pollution (Wade 1972; Wade
et al. 1972). The lack of evidence for organic buildup near the Barbers Point Ocean Outfall
suggests that little particulate matter from the diffuser ever reaches the sediment surface.

The spatial patterns of organism abundance and species richness in relation to the
outfall varied depending on the taxonomic grouping. No pattern of reduction of either
abundance or species richness at stations near the diffuser was observed for total
nonmollusks, crustaceans, or mollusks in 1996. Cluster analysis of nonmollusk data indicated
that all stations were similar to one another in terms of species composition and relative
abundance (similarity >70%). |

There has been a significant trend of increased abundance of nonmollusks within the
study area since 1990, although no trend has been seen either for the crustacean component of
the nonmollusks or for the mollusks. Significantly elevated abundances of nonmollusks over
the entire study period have occurred at two stations near the diffuser relative not only to two
of the reference stations but also to a third near-diffuser station. Despite this elevated
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abundance, which may be related to the effluent discharged from the diffuser, there is no
indication of any marked alteration of the benthic community at these stations in terms of
species composition.

Species diversity (H') and evenness (J) were very similar -among all stations for both
total nonmollusks and mollusks. The model of benthic organic enrichment by Pearson and
Rosenberg (1978) proposes that in the transition zone on an enrichment gradient, a few
species increase and are extremely dominant, while overall diversity and evenness are low.
The response patterns of the benthic fauna and the sediment chemical analyses show no
indication of the types of changes in bottom communities predicted by the organic
enrichment hypothesis. Maurer et al. (1993) proposed that the Pearson-Rosenberg model
may be inappropriate for erosional continental shelf environments. Their study of an outfall
on the continental shelf off California found that even with some organic enrichment near the
diffuser, there was no evidence of elimination of rare species, even though three species did
achieve numerical dominance. The response of the benthic community near the Barbers Point
Ocean Outfall does not show the alternate response pattern described by Maurer et al. (1993),
presumably because sediment organics there do not show even the moderate enrichment
found near the Orange County outfall.
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to 33.8 species at Station HB3 (Figure 5). Variances were heterogeneous (Appendix Table B.4),
and this problem was not corrected by standard data transformation. Data were therefore analyzed
by the nonparametric Kruskal-Wallis method, which found significant differences in mean number
of species per sample among stations (Appendix Table B.4). However, the power of the a posteriori
multiple-comparisons test was insufficient to detect the differences among the means for this data
set.

Composite station diversity (H') and evenness (J) are shown in Figure 6. Patterns of diversity
and evenness were highly similar among stations. Values for both parameters were similar for all
stations. Values for diversity ranged from 2.17 (Station HB4) to 2.95
(Station HB7). The range of values was within that of samples taken in previous years (Nelson et al.
reports). Evenness ranged from 0.58 (Station HB4) to 0.74 (Station HB1), which was also
comparable to the range of values observed in previous years (Nelson et al. reports). Relative to
other stations, there was no pattern of lower diversity or evenness at ZID or near-ZID stations.

Results of cluster analysis indicating the relative similarity of stations based on the 79 most
abundant nonmollusk species are shown in Figure 7. All stations were grouped at similarity values
of greater than 60%, indicating similar species composition and abundance among all stations.
There was very little sorting among stations with regard to proximity to the diffuser. For example,
reference stations HB1 and HB6, ZID-boundary station HB3, and ZID station HZ were grouped as
most similar.

Polychaetes

A total of 2,811 polychaetes, from 93 species, representing 41.0% of total nonmollusk

abundance, were collected. These numbers were similar to those of previous years:
2,685 polychaetes from 90 species in 1994 (Nelson et al. 1994b), 2,527 polychaetes from 87 species
in 1995 (Nelson et al. 1995), and 3,836 polychaetes from 95 species in 1996 (Nelson et al. 1996).
The greatest number of polychaetes was found at Station HB6 (633), followed in decreasing order
by Stations HB3, HB4, HB1, HZ, HB7, and HB2 (Figure 8). Polychaetes were the most
species-rich group at all stations (Appendix Tables D.1 through D.7). Maximum polychaete species
richness occurred at Station ‘HZB3 (63), followed by Station HB6 (45), Stations HZ and HB7 (44
each), Station HB1 (40), Station HB4 (31), and Station HB2 (27) (Figure 9).

Different polychaetes were dominant at several of the stations. The sabellid Euchone
sp. B was a dominant species at Stations HB1 (36%), HB2 (40%), and HB6 (38%), as was the case
in 1996. The sabellid Augeneriella dubia was dominant at Station HB4 (19%), replacing the
dorvilleid Ophryotrocha sp. A. The syllid Pionosyllis heterocirrata was dominant at Stations HB3
(15%), HZ (19%), and HB7 (27%), which were dominated in 1996 by Ophryotrocha sp. A, the
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spionid Polydora normalis, and the pilargid Synelmis acuminata, respectively. The spionid
Polydora normalis was the dominant species at Station HZ from 1993 to 1996.

Trophic categories. Trophic categories are based on Fauchald and Jumars (1979) and are
summarized in Figures 10 and 11.

1. Detritivores. Deposit-feeding polychaetes were most abundant at Stations HB3 (35%) and
HZ (36%) and were the most speciose of the four trophic categories. The maximum number of
deposit-feeding polychaete species was 27 at Station HB3. '

The dominant polychaetes in the deposit-feeding category were Prionospio cirrobranchiata
(at Stations HB2 [13%], HZ [7%], and HB7 [9%]) and the oweniid Myriochele oculata (at Stations
HB1 [10%], HB3 [8%], HB4 [7%] and HB6 [14%]).

2. Omnivores. In terms of percentage of total polychaetes, omnivorous worms were best
represented at Station HB4 (57%); this is consistent with the results of all Barbers Point surveys
since 1986 (Nelson et al. reports). At Station HB7, the syllid Pionosyllis heterocirrata (27%) and
the pilargid Synelmis acuminata (21%) dominated the omnivorous component in the total
collection, as in 1993 through 1996. P. heterocirrata was also the most abundant omnivore at
Stations HB1 (7%), HB3 (15%), HB4 (16%), HZ (19%), and HB6 (10%), whereas S. acuminata
was the most abundant omnivore at Station HB2 (12%).

3. Suspension feeders. In terms of total polychaete abundance, suspension feeders were
dominant at Stations HB1 (39%), HB2 (44%), HB4 (29%), and HB6 (43%). This was primarily due
to large numbers of the sabellids Euchone sp. B (Stations HB1 [36%], HB2 [40%], and HB6
[38%]) and Augeneriella dubia (HB4 [19%]). A. dubia was also the dominant suspension feeder at
Stations HB3 (3%) and HZ (8%), and Euchone sp. B was the dominant suspension feeder at Station
HB7 (2%). Suspension feeders made up the smallest proportion of the community at Stations HZ
(12.5%), HB3 (10%), and HB7 (5%).

4. Carnivores. Carnivorous polychaetes were present at all stations, with maximum
abundance occurring at Station HB3 (21%). The hesionid Podarke angustifrons was the dominant
carnivore at Stations HB1 (5%), HB3 (9%), HB4 (18%), HZ (14%), HB6 (6%), and HB7 (7%). The
lumbrinerid Lumbrineris latreilli was the dominant carnivore at Station HB2 (1%). In terms of total
abundance, carnivores made up the smallest ﬁroportion at Stations HB1 (10%), HB2 (6%), HB4
(20%), and HB6 (9%).

Motility categories. Motility categories are based on Fauchald and Jumars (1979) and are
summarized in Figures 12 and 13. '

Motile polychaetes were the most abundant worms at Stations HB3 (51%), HB4 (52%), HZ
(56%), and HB7 (77%). In addition, they had the greatest number of species at each of the seven
stations. Tubicolous polychaetes were dominant at Stations HB1 (50%), HB2 (54%), and HB6
(59%). The oweniid Myriochele oculata and the sabellid Euchone sp. B were dominant tubicolous



polychaetes at Stations HB1 (36% and 10%, respectively), HB2 (40% and 8%, respectively), and
HB6 (36% and 10%, respectively). The syllid Pionosyllis heterocirrata was a dominant motile
worm at Stations HB1 (7%), HB3 (15%), HB4 (16%), HZ (19%), HB6 (11%), and HB7 (27%) and
the pilargid Synelmis acuminata at Stations HB2 (12%) and HB7 (12%). The hesionid Podarke
angustifrons was a dominant motile polychaete at Stations HB3 (9%), HB4 (18%), HZ (14%), HB6
(6%), and HB7 (7%). Discretely motile polychaetes were the least abundant at Stations HB1 (20%),
HB2 (22%), HB4 (13%), and HB6 (11%). The spionids Prionospio cirrobranchiata (at Stations
HB1 [8%], HB2 [13%], HZ [7%)], HB6 [4%], and HB7 [9%]) and P. cirrifera (at Stations HB3
[7%) and HB4 [6%]) were the dominant worms in the discretely motile category.

Syllids were reproductively active at both ZID and non-ZID stations; egg-carrying and
epitoke-bearing Sphaerosyllis taylori were found at Stations HB2 and HB7. At Station HZ one
individual of Brania mediodentata was found with eggs. A specimen of Langerhansia sp. A was
found with eggs at Station HB2.

Crustaceans

The total number of crustaceans collected was 289, which is less than half the number
collected in 1996. Mean crustacean abundances (no./sample) ranged from 4.2 (926/m’) at Station
HB2 to 12.4 (2,733/m?) at Station HB4 (Figure 14). Variances were homogeneous and data were
normally distributed. There were no significant differences in mean abundance of crustaceans
among stations (ANOVA, Appendix Table B.5).

A total of 27 taxa (copepods were not identified to the species level) of crustaceans were
collected; of these, 9 species (33%) were amphipods. Mean number of taxa ranged from 2.0 at
Station HB4 to 5.0 at Station HB1 (Figure 15). Variances were homogeneous and data were
normally distributed. There were no significant differences in mean number of crustacean taxa
among stations (ANOVA, Appendix Table B.6). '

Copepods, tanaidaceans, and amphipods were the numerically dominant taxa, making up
53.6%, 21.1%, and 12.5%, respectively, of total crustacean abundance. No species was uniformly
most abundant at all stations. Copepods and the tanaid Leptochelia dubia were present at most
stations and were generally among the most abundant taxa. |

Only 27 taxa were collected from the entire study area compared to earlier collections which
included from 34 to 49 taxa, Even more striking, only 289 crustacean specimens were collected
compared to 651 specimens collected in 1996. The entire Barbers Point study area (both reference
and outfall stations) continues to be somewhat depressed in terms of decapods, although two new
decapod species (Penaeopsis sp. A and an unidentified crab megalops, the last larval stage) were
newly collected in 1997. Only three decapod species were collected in the entire study area
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compared with up to seven decapod species usually collected. Crustacean abundance for each taxa
from each replicate is provided for each station in Appendix Tables D.8 through D.14.

Four taxa—including two gammarid amphipods (Ampithoe akuolaka and Colomastix
kapiolani) and the two decapods (mentioned above)—were newly collected in 1997. Since 1990, a
total of 92 taxa have been collected at least once in the Barbers Point study area. Between three and
eight taxa have been newly collected each year since the first two years of sampling when a total of
62 taxa were collected. The Barbers Point outfall study area does not appear to be subject to
extremely large swings in benthic community composition or consistency. It seems to be generally
~ a rather stable environment. This should aid in identifying any impacts associated with the outfall

itself.
- Mollusks . _

A total of 8,043 mollusks representing 107 species were collected. Mean abundance of
mollusks per sample (n0./10 cm®) ranged from 152.0 at Station HB2 to 308.0 at Station HB1
(Figure 16). Data at all stations were normally distributed (Appendix Table C.1). Complete basic
statistics for total mollusk data are shown in Appendix Table C.1. |

Mean number of mollusk species per sample ranged from a low of 19.6 at Station HB2 to
37.8 at Station HB7 (Figure 17). Data at all stations except Station HB7 were normally distributed
(Appendix Table C.2). However, the composite mollusk species data set passed the test for
normality prior to ANOVA. Complete basic statistics for number of mollusk species at all stations
are shown in Appendix Table C.2. ‘

Variances for mollusk abundance data were homogeneous (Appendix Table C.3). There were
significant differences in mean mollusk abundance among stations (ANOVA, Appendix Table
C.3). Mean abundance was significantly greater at Stations HB1 and HB4 than at Stations HB2,
HZ, HB3 and HB6. No other differences in means were bsigniﬁcant.

Variances for number of mollusk species data were homogeneous (Appendix Table C.4).
There were significant differences in mean mollusk species richness among stations (ANOVA,
Appendix Table C.4). Station HB2 had significantly fewer mollusk species than Stations HB6,
HB1, HB4, and HB7; and Station HZ had significantly fewer species that Stations HB4 and HBI1.
No other differences were significant.

Diversity (H') ranged from 2.04 at Station HB2 to 2.90 at Station HB7 (Figure 18). Evenness
(J) ranged from 0.55 at Station HB2 to 0.67 at Station HB7. Diversity and evenness values for
mollusks were generally similar for all stations (Figure 18).

The gastropod taxa Balcis spp., Cerithidium perparvulum, Diala scopulorum, and Scaliola
spp. were abundant at all stations. An additional species, Finella pupoides, was abundant at all
stations except HB1, HB4, and HB6. These mollusk abundance patterns are consistent with those of
all previous samplings (Nelson et al. reports). Mollusk abundance for each species from each



replicate is provided for each station in Appendix E.
DISCUSSION

The only significant difference in total nonmollusk abundance among stations was that
ZID-boundary station HB4 had significantly higher abundance than ZID-boundary station HB2. For
the crustacean component of the nonmollusks, no significant difference among stations was
observed. '

Reference station HB1 and ZID-boundary station HB4 had significantly greater mollusk
abundance than ZID-boundary stations HB2 and HB3, ZID station HZ, and reference station HB6.
Also, Station HB2 had significantly fewer mollusks than reference station HB7. The remaining
stations did not differ significantly in mollusk abundance. Thus there was no general statistically
significant pattern with regard to mollusk abundance and proximity to the diffuser. The occurrence
of highest abundance of mollusks at Station HB1, which had been the case from 1992 to 1995
(Nelson et al. 1992b, 1994a, 1994b, 1995), was not observed in 1996 (Nelson et al. 1996) but was
again seen in 1997.

Although there were significant differences in number of nonmollusk taxa among stations, no
specific pairwise comparison could be statistically identified. However, the maximum difference in
mean taxa richness was between ZID-boundary stations HB3 and HB2. There were no significant
differences arhong stations in the crustacean component of the nonmollusks.

‘For the crustacean fauna, there was no consistent reduction in diversity at outfall stations
compared to reference stations. ZID-boundary stations HB2 and HB4 yielded only five and four
non-copepod crustacean taxa, respectively, whereas ZID-boundary station HB3 and ZID station HZ
had reasonable (for 1997) diversity with eleven and ten non-copepod crustacean taxa, respectively.
Mean crustacean taxa richness per replicate does not seem to be as useful as total taxa richness per
station as an indicator of outfall effects, given the high intrastation variability encountered. Some
replicates had four to seven times more taxa than other replicates.

Crustacean taxa richness abundance cannot be consistently related to direct proximity to the
Barbers Point Ocean Outfall. Although in some previous years (e.g., 1991, Nelson et al. 1992a)
taxa richness appeared to be reduced adjacent to and immediately to the south of the outfall
(Stations HB3, HB4, and HZ), this pattern has not been seen for several years. The shifting patterns
of number of species and abundance from year to year appear to be more strongly influenced by
other factors, such as small-scale differences in bottom topography or a subtle variation in sediment
compoksition. '

With regard to mean mollusk species richness, ZID-boundary station HB2 had significantly
fewer species than reference stations HB1, HB6, and HB7 and ZID-boundary station HB4. ZID
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station HZ also had significantly fewer mollusk species than reference station HB7 and
ZID-boundary station HB4. There is no clear pattern of mollusk species richness in relation to -
proximity to the outfall diffuser. Station HB1, which had the highest number of mollusk species
from 1992 through 1995 (Nelson et al. 1992b, 1994a, 1994b, 1995), was the third most diverse
station in 1996 (Nelson et al. 1996) and 1997.

Both diversity and evenness values were generally similar among stations for both
nonmollusks and mollusks. Lower nonmollusk diversity and evenness values were reported for
Station HB2 in 1993, but this pattern has not been repeated since (Nelson et al. 1994a, 1994b, 1995,
1996). There is little evidence that the outfall is having an effect on species richness of the
macrobenthos in the vicinity of the diffuser pipé.

Cluster analysis using the quantitative Bray-Curtis similarity index indicated that nonmollusk
abundance and species composition were broadly similar at most stations. In the period from 1986
to 1993, cluster analysis consistently intermixed ZID, near-ZID, and reference stations (Nelson et
al. 1987, 1991, 1992a, 1992b). In 1994 and 1995, some separation between stations in or near the
ZID and far-field reference stations was observed (Nelson et al. 1994b, 1995). In 1996 (Nelson et
al. 1996) and 1997, stations were again generally interspersed in the cluster analysis. In comparing
the 1996 and 1997 cluster results with those of earlier years some caution is necessary, since the
clustering algorithm was changed in 1996 from flexible to group-average sorting in order to
conform to current recommendations for optimum methodologies (Carr 1993). '

~ Sediment grain sizes in the 1997 samples were broadly similar among stations, except for
Stations HB1 and HB7, which had a higher percentage of medium and coarse sand, and Station
HB2, which had relatively more silt and clay. The percentage of fine sediments at ZID station HZ
showed no increase over that measured in samples taken in 1986 through 1996 (Nelson et al.
reports). The increase in the silt and clay fraction of the sediments observed in 1993 for all stations
began to moderate in 1996, and this trend continued in 1997 (for comparison see figure 3 in Nelson
et al. 1992b, 1994a, 1994b, 1995, 1996). The mean percentage of the silt and clay fraction in 1997
resembles that seen in 1992 (Nelson et al. 1992b). The increase in fine sediments in 1993 occurred
at all seven stations, thus it is unlikely to have been an effect of the outfall discharge.

ORP analysis showed no evidence of reducing conditions at the surface of sediments at any
station; this has been the consistent pattern for this parameter. At Station HB2 the significantly
lower mean ORP value is consistent with the higher percentage of silt and clay, which tend to
reduce the ability of oxygen to diffuse into the bottom sediments.

In 1994 and 1995, various ZID or ZID-boundary stations had significant elevations in
- sediment O&G values as compared to other stations (Nelson et al. 1994b, 1995); however, no
significant differences were seen in either 1996 or 1997. Over the course of the monitoring studies,
high year-to-year variation in sediment O&G values has occurred (Nelson et al. reports). The



variability in sediment O&G values suggests that there may be little direct influence of the diffuser
effluent on this parameter.

Sediment TOC was below detection limits in 1997 and thus was lower at all stations than in
all other sampling years except 1996, which showed the same pattern. The most likely explanation
for this change is that the analytical laboratory used for the 1996 and 1997 samples removed all
traces of the organic carbon from the sediment during the acid digestion to remove inorganic.
carbon. Although low, TOC values in previous years have been above the detection limits of
current instrumentation. Similar below-detection-limit values of TOC have been reported by the
same analytical laboratory for sediment samples at the Sand Island Ocean Outfall monitoring
stations (Nelson et al. 1997). Analyses of sediment nitrogen levels for samples taken concurrently
with the sediment TOC samples at the Sand Island monitoring stations suggest that the contract
laboratory is consistently underestimating sediment TOC (Nelson et al. 1997). Unfortunately,
similar measurements of sediment nitrogen were not taken for the Barbers Point Ocean Outfall
monitoring stations, thus the chclusion of measurement bias for TOC cannot be conclusively
confirmed, although it is strongly suspected. |

The total number of nonmollusk taxa recorded in 1997 (138) was the lowest recorded in the
nine years of monitoring at the Barbers Point Ocean Outfall (162 in 1986, 164 in 1990, 162 in
1991, 175 in 1992, 144 in 1993, 159 in 1994, 151 in 1995, and 147 in 1996). The number of
crustacean taxa collected in 1997 (27) was also lower than that of earlier years, when counts ranged
from 34 to 49 taxa. Unlike in previous years (1990 through 1996), the current year's crustacean
collection from the vicinity of the Barbers Point Ocean Outfall cannot be directly compared to
earlier collections because procedural differences in the handling of the collections in the field
resulted in much less sediment water being retained and preserved. This evidently occurred before
preservation and preliminary sorting at the University of Hawai‘l. As a result, far fewer ostracod,
amphipod, isopod, and tanaidacean specimens were collected. However, post-collection processing
was consistent for all samples, allowing station-to-station comparison for 1997.

Although there have been differences in levels of sampling effort and taxonomic resolution
(Nelson et al. 1991), overall nonmollusk taxa richness in the study area appears to have remained
very similar over the period from 1986 to 1997. If the typical number of crustacean species
collected (34 to 49) were added to the 111 other nonmollusk species collected in 1997, the total
would be within that observed over the 1986 to 1996 period.

Mean nonmollusk abundance was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1997 (Figure 19). Two-way ANOVA
results showed significant differences both among sampling dates (p < 0.0001) and among
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sampling stations (p < 0.0001). Numerous pairwise comparisons among dates showed significant
differences, generally with values for more recent dates being higher than values for earlier dates.
This pattern was confirmed by a linear regression analysis of data from 1990 to 1997, which found
a trend of significantly increasing mean abundance over this period

(p =0.0070, y = 19.1x - 79.4). The slight decrease in 1997 versus 1996 is partly explamed by the
processing differences for the crustaceans described above.

Mean nonmollusk abundance was greater at Station HB4 than at Stations HB1, HB3‘, and
HB7, higher at Station HZ than at Station HB7, and higher at Station HB6 than at HB7. The
significant increase in abundance over time appears to be a regional effect in the study area.
However, mean abundance over the entire study period at two stations near the diffuser (HB4 and
HZ) was elevated compared to two of the reference stations; this is a pattern consistent with some

_impact resulting from the effluent discharged from the diffuser. This interpretation is complicated
by the fact that ZID-boundary station HB3 was also significantly lower in mean abundance than
Station HB4.

Mean nonmollusk taxa richness was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1997 (Figure 20). Two-way ANOVA
results showed significant differences among sampling dates (p <:0.0001) but not among sampling
stations (p = 0.1395). Mean nonmollusk taxa richness was significantly greater in 1994 than in
1986 and 1991 and significantly lower in 1990 than in all other years except 1997 (Figure 20). Taxa
richness was significantly lower in 1997 than in 1992, 1994, and 1996. The low counts for 1997 are
due to methodological problems that impacted the number of crustacean taxa collected. No
temporal trend comparable to that for abundance was seen for nonmollusk taxa richness, nor was
any apparent spatial trend seen for this parameter.

Mean crustacean abundance was also compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1997 (Figure 21). Two-way ANOVA
results showed significant differences both among sampling dates (p < 0.0001) and among
sampling stations (p = 0.0309). Mean crustacean abundance was significantly lower in 1990 and
1997 than in 1993 and 1994 and significantly lower in 1992 than in 1994. Mean crustacean
abundance was significantly greater at reference station HB6 than at ZID-boundary station HB3.
The decreased abundance in 1990 is consistent with the overall pattern of nonmollusk abundance
for that year. Interannual variations in abundance are not related solely to differences in the time of
year that samples were taken. The 1990, 1992, and 1994 through 1997 samples, all of which were
taken in January or February, show considerable variation in mean crustacean abundance. The
depression of crustacean abundance at one station near the diffuser relative to one (not all three) of
the reference stations does not indicate a clear effect of the outfall.

Mean crustacean taxa richness was compared among sampling dates and among sampling



stations for data collected in 1986 and from 1990 through 1997 (Figure 22). Two-way ANOVA
results showed 'significant differences both among sampling dates (p < 0.0001) and among
sampling stations (p = 0.0021). Mean crustacean taxa richness was significantly lower in 1990 than
in 1991 through 1996; significantly lower in 1997 than in 1991, 1993, 1994, and 1995; and
significantly greater in 1994 than in 1986, 1990, 1991, 1992, 1996, and 1997. Mean crustacean taxa

richness was significantly greater at reference station HB6 than at ZID-boundary station HB4 and
7ID station HZ. The low mean number of taxa counted in 1990 reflects the low total abundance of
crustaceans collected that year. While problems with collections methods in 1997 complicate
interpretation, there appears to have been a steady decline in crustacean taxa richness since 1994.
The significant depression of mean crustacean abundance at two stations near the diffuser relative
to one of the reference stations indicates a potential effect of the outfall. In fact, all stations near the
diffuser have fewer crustacean taxa than all reference stations. Although not all of the pairwise
station comparisons are statistically significant, the overall pattern is consistent with an effect of the
diffuser effluent on crustacean taxa.

Dominant taxa of the nonmollusk fauna were similar to those of previous sampling years. The
representation. of nematodes and oligochaetes as a percentage of total abundance was of similar
magnitude to that of previous sampling years. The sipunculan Aspidosiphon muelleri was the third
most abundant taxon in 1997. The dominant polychaete species since 1994 showed some variation
from earlier sampling years (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a). Dominant species in
1997 were similar to those found in 1994 through 1996 (Nelson et al. 1994b, 1995, 1996) and
included the polychaetes Euchone sp. B, Myriochele oculata, Pionosyllis heterocirrata, Podarke
angustifrons, Prionospio cirrobranchiata, and Synelmis acuminata. |

Mean mollusk abundance was compared among sampling dates and among sampling stations
for data collected in 1986 and from 1990 through 1997 (Figure 23). Two-way ANOVA results
showed significént differences both among sampling dates (p < 0.0001) and among sampling
stations (p < 0.0001). Mean mollusk abundance was significantly greater in 1996 and 1997 than in
all other years except 1994. Mean mollusk abundance was significantly greater at reference Station
HB1 than at all other stations and significantly greater at ZID boundary station HB4 than at
reference station HB6. Neither the temporal nor spatial pattern of differences indicates a negative
effect of the diffuser effluent on mollusk abundance.

" Because the mollusk specimens were not separated into living and dead shell material, they
represent time-averaged collections that integrate conditions at a site over a longer period.
Temporal variability in abundance among sampling dates was generally much less for the mollusk
fraction than for the nonmollusk fraction prior to 1996. The pattern of abundance in the sampling
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area on all dates shows that Station HB6 has consistently had the fewest and Station HB1 the
greatest number of mollusk individuals (Figure 23). ‘

Mean mollusk species richness was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1997 (Figure 24). Two-way ANOVA
results showed significant differences both among sampling dates (p < 0.0001) and among
sampling stations (p < 0.0001). Mean mollusk species richness was significantly greater in 1996
and 1997 than in all other sampling years except 1991. Mean mollusk species richness was
significantly greater at Stations HB1, HB4, and HB7 than at Station HB2 and significantly greater
at Station HB1 than at Station HZ. Neither the temporal nor spatial pattern of differences indicates a
consistent negative effect of the diffuser effluent on mollusk species richness.

SUMMARY AND CONCLUSIONS

Measurements of physical parameters continue to show no evidence of a buildup of organic
matter in the vicinity of the Barbers Point Ocean Outfall diffuser. This conclusion is confirmed by
each of the physical and chemical parameters measured. Sediment TOC was not detected in any
sample in 1996 or 1997. In previous years, mean sediment TOC was in the narrow range of 0.04%
to 0.47%, except in 1993 when methodological problems were experienced with the analyses and
values ranged from 0.56% to 1.40%. The ocean outfall in Orange County, California, discharges
onto the continental shelf in an erosional benthic environment (Maurer et al. 1993) which may be
somewhat similar to that found in Mamala Bay, O‘ahu. In the vicinity of the Orange County outfall,
sediment TOC ranged from approximately 0.3% to 0.9% (Maurer et al. 1993). In areas which
possess more depositional benthic environments, the percentage of organic content in the sediments
- is typically much higher. For example, this percentage ranged from 1.2% to 10.9% for sediments of
the Kattegat (Pearson et al. 1985) and 0.6% to 8.9% for sediments off the coast of Maine (Bader
1954). The percentage of TOC ranged from 1.4% to 4.1% for stations near the Los Angeles County
ocean sewage outfalls (Swartz et al. 1986). In Kingston Harbour, Jamaica, the percentage of
sediment TOC ranged from 4.0% to 10.7% in a semi-enclosed bay subject to organic pollution
(Wade 1972; Wade et al. 1972). The lack of evidence for organic buildup near the Barbers Point
Ocean Outfall suggests that little particulate matter from the diffuser ever reaches the sediment
surface in the study area.

The spatial patterns of organism abundance and specieé richness in relation to the outfall
varied depending on the taxonomic grouping. No pattern of reduction of either abundance or
species richness at stations near the diffuser was observed for total nonmollusks, crustaceans, or
mollusks in 1997. Cluster analysis of nonmollusk data indicated that all stations were similar to one
another in terms of species composition and relative abundance (similarity >60%).

There has been a significant trend of increased abundance of nonmollusks within the study
area since 1990, whereas the trend for the crustacean component of the nonmollusks appears to be



negative since 1994. However, the significantly lower crustacean taxa counts in 1997 may have

been due to methodological problems with the collections instead of environmental impacts. The

trend for the mollusks has been toward increased abundance since 1994. Significantly elevated
abundances of nonmollusks over the entire study period have occurred at two stations near the
diffuser relative not only to two of the reference stations but also to a third near-diffuser station.

Despite this elevated abundance, which may be related to the effluent discharged from the diffuser,

there is no indication of any marked alteration of the benthic community at these stations in terms

of species composition.

Species diversity (H') and evenness (J) were Véry similar among all stations for both total
nonmollusks and mollusks. The model of benthic organic enrichment by Pearson and Rosenberg
(1978) proposes that in the transition zone on an enrichment gradient, a few species increase and
are extremely dominant, while overall diversity and evenness are low. The response patterns of the
benthic fauna and the sediment chemical analyses show no indication of the types of changes in
bottom communities predicted by the organic enrichment hypothesis. Maurer et al. (1993) proposed
that the Pearson-Rosenberg model may be inappropriate for erosional continental shelf
environments. Their study of an outfall on the continental shelf off California found that even with
some organic enrichment near the diffuser, there was no evidence of elimination of rare species,
even though three species did achieve numerical dominance. The response of the benthic
community near the Barbers Point Ocean Outfall does not show the alternate response pattern
described by Maurer et al. (1993), presumably because sediment organics there do not show even
the moderate enrichment found near the Orange County outfall.
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TABLE A.1. Range and Depth for Replicate Grab Samples, Barbers Point Ocean Outfall Sampling
Stations, O‘ahu, Hawai'i, January-February 1997

Sampling Range (yd) Depth
Station Date - Replicate 2 2° (m)
HB1 30 January 1 12,484 7,948 61.3
' 2 12,482 7,946 61.0
3 12,486 7,949 61.6
4 12,489 7,947 62.2
5 12,486 7,956 61.6
HB2 30 January i 15,746 5,751 61.3
2 15,746 5,752 61.3
3 15,740 5,749 61.3
4 15,739 5,752 61.6
5 15,742 5,748 61.0
HB3 4 February 1 16,467 5,992 67.1
2 16,465 5989 674
3 16,465 5,988 674
4 16,466 5,990 67.1
5 16,465 5,993 67.1
HB4 3 l'January 1 16,827 6,123 594
2 16,823 6,124 59.4
3 16,821 6,127 59.1
4 116,822 6,128 59.4
5 16,823 6,130 59.7
HZ 4 February 1 16,505 ‘ 5,980 63.7
2 16,505 5,980 63.7
3 16,508 5,979 63.7
4 16,505 5,981 63.7
5

16,508 5,981 63.7
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HB6 31 January 1
2

3

4

5

-HB7- 31 January 1
2

3

4

5

17,098

17,098
17,099
17,095
17,103

20,256
20,260
20,256
20,258
20,255

6,536
6,531
6,534
6,536
6,536

8,702
8,700
8,700
8,698
8,699

61.3
61.0
61.0
61.0
61.0

61.0
61.3

61.0

61.0
61.0

*Distance from Sand Island Wastewater Treatment Plant,

®Distance from Honouliuli Wastewater Treatment Plant.

N



TABLE A.2. Sediment Chemical Characterization of Barbers Point Ocean Outfall Sampling

Stations, O‘ahu, Hawai'i, January-February 1997

Station- PD ORP 0&G TOC
Replicate (cm) (+mV) (mg/wet kg) (% dry weight)
HBI1-1 8.0 220 266 [100]
HB1-2 8.0 185 260 [100]
HB1-3 10.0 195

HB1-4 11.0 190 143 [100]
HB1-5 8.0 200

I—IBZ-I 12.0 35 184 [100]
HB2-2 14.5 45 180 [100]
HB2-3 70 25

HB2-4 8.5 30 181 [100]
HB2-5 7.5 35

HB3-1 8.0 175 192 [100]
HB3-2 11.0 220 447 [100]
HB3-3 7.0 245 136 [100]
HB3-4 7.5 245

HB3-5 6.0 240

HB4-1 10.0 145 200 [100]
HB4-2 12.0 190 222 [100]
HB4-3 12.0 205 225 [100]
HB4-4 7.5 205

HB4-5 7.0 190

HZ-1 12.0 215 130 [100]
HZ-2 9.0 210 116 [100]
HZ-3 9.0 230 104 [100]
HZ-4 13.0 215

HZ-5 10.0 230
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HB6-1 3.0 210 158 [100]

HB6-2 6.5 220
HB6-3 8.0 215 282 [100]
HB6-4 8.0 225 268 {100]
HB6-5 9.0 : 215
HB7-1 9.0 215 237 [100]
HB7-2 6.5 215 179 {100]
HB7-3 7.0 210 59 [100]
HB7-4 8.0 : 200
‘HB7-5 8.0 200

SOURCE: PD (penetration depth), ORP (oxidation-reduction potential), and O&G (oil and grease) data from Water Quality
Laboratory, Department of Wastewater Management, City and County of Honolulu; TOC (total organic carbon) data from
Intertek Testing Seryices, Environmental Laboratories (Colchester, Vermont).

NOTE: [Value] = analyte not detected at stated detection limit of 100 mg/kg.



—~ TABLE A.3. Sediment Grain-Size Analysis of Barbers Point Ocean Outfall Sampling Stations,
O‘ahu, Hawai'i, January-February 1997

Sample Weight Distribution (%)

Station- Phi Size
Replicate
-2 -1 0 1 2 3 4 >4-12
HBI1-1 5.24 3.32 10.56 17.25 19.96 24.67 13.40 5.26
HB1-2 0.74 3.95 12.87 20.29 20.57 23.03 11.51 5.24
HB1-4 1.26 4.06 13.42 20.36 21.03 22.62 11.28 4.88
HB2-1 0.08 0.81 3.24 9.99 23.51 28.01 25.16 9.09
HB2-2 0.00 0.29 249 9.05 23.07 30.49 25.64 8.11
HB2-4 0.06 0.81 4.64 12.36 29.67 27.21 18.18 7.71
HB2-4 (rep) 0.00 1.57 5.08 13.52 30.83 26.64 17.05 7.03
HB3-1 0.09 0.52 1.87 7.12 23.81 45.70 15.54 4.34
o HB3-2 2.50 3.01 5.86 13.98 27.58 34.19 9.87 3.59
| HB3-3 0.55 1.29 3.35 10.51 29.83 42.01 8.96 372
HB4-1 0.13 1.10 4.74 15.23 24.98 28.42 18.02 6.41
HB4-2 0.47 1.30 4.63 13.99 23.77 31.90 18.09 5.28
HB4-3 0.55 1.50 6.02 16.89 27.00 29.14 13.42 478
HZ-1 0.64 0.85 3.59 13.87 31.15 38.93 8.35 2.72
HZ-1 (rep) 0.15 0.74 2.88 12.69 31.04 40.20 8.80 2.94
HZ-2 0.54 0.72 2.60 12.03 31.14 40.94 8.44 3.20
HZ-3 0.57 0.92 3.23 12.30 29.21 39.36 9.56 3.66
HB6-1 0.06 0.87 4.16 12.21 25.48 39.06 13.69 4.20
HB6-3 0.27 1.04 5.12 15.34 27.35 35.37 11.67 4.27
HB6-3 (rep) 0.18 1.51 5.39 14.67 26.68 3548 12.31 4.50
HB6-4 0.24 1.28 6.77 16.99 26.25 33.36 8.72 3.36
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HB7-1 0.44 1.21 7.11 16.36 29.66 34.68 7.07 3.33
HB7-2 2.12 4.96 10.09 16.04 25.37 30.50 7.20 3.40 N
HB7-3 1.91 5.55 12.11 18.46 25.37 27.24 6.42 3.43

SOURCE: Water Quality Laboratory, Departmént of Wastewater Management, City and County of Honolulu.
NoTE: The values listed indicate the fraction percentage of the estimated dry weight of the sediment samples. The coarse fraction

(-2 to +4) was analyzed by the sieve method. The fine fraction (greater than +4 to +12) was analyzed by the pipette method.



TABLE B.1. Basic Statistics for Untransformed Nonmollusk Abundance, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai'i, January-February 1997
(Sample Sizen=5) ’-

Station
Statistic HB1 HB2 HB3 HB4 HZ HB6 - HB7

Mean | 147.00 122.80 252.20 25940 215.80 236.40 136.80
Standard Deviation 25.66 55.50 116.70 83.33 55.22 75.53 40.64
Standard Error of Mean  11.48 24.82 5219  37.26 24.69 33.78 18.17
95% of CI Mean 31.86 168.91 144.90 103.46 68.56 93.78 50.46
Skewness -1.27 -0.49 -0.56 0.05 -0.34 -0.68 0.91
Kurtosis ; 2.75 -0.23 0.94 -0.10 - -0.72 -2.84 0.70
Median 153.00 139.00 255.00 278.00 209.00 288.00 127.00
Normality Test (p) 0.107 0.527 0.592 0.646 0.685 0.041 0.618

NoTE: CI = confidence interval, p = probability. Normality was assessed with the Kolmogorov-Smirnov D statistic of

goodness of fit to a normal distribution.

TABLE B.2. Basic Statistics for Untransformed Nonmollusk Taxa Number, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai'i, January-February 1997
(Sample Size n = 5)

Station
Statistic " HBI HBé HB3 HB4 HZ HB6 HB7
Mean 30.00 19.20 33.80 22.80 29.20 3040 29.20
Standard Deviation 3.39 4.38 14.34 4.55 4.76 2.79 7.46
Standard Error of Mean ~ 1.52 1.96 6.41 2.03 2.13 1.25 334
95% of CI Mean 421 5.44 17.81 5.65 5.92 347 9.27
Skewness 0.19 0.34 0.68 | 0.59 -0.95 1.50 0.20
Kurtosis -2.23 -1.84 0. 10 -1.63 0.04 2.04 -1.06
Median 29.00 19.00 33.00 . 21.00 31.00 29.00 28.00
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Normality Test (p) 0.521 0.445 0.732 0.332 0.364 0.175 0.721

Norte: CI = confidence interval, p = probability. Normality was assessed with the Kolmogorov-Smirnov D statistic of

goodness of fit to a normal distribution.



TABLE B.3. Analysis of Variance and A Posteriori Comparison of Means for Log,, Tansformed

Nonmollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai'i,

January-February 1997

Source of Sum of

Mean F

Degrees of P
Variation Squares Freedom Square Ratio
Between Stations 0.571 6 0.095 3.08 0.0191
Experimental Error 0.864 28 0.031
Total 1.435 34
Untransformed Data
Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 147.00 122.80 252.20 259.40 215.80 236.40 136.80
Standard Deviation  25.66 55.50 116.70 83.33 55.22 75.53 40.64
Levene Median test for equal variance: p = 0.32 not significant. |
Transformed Data ‘
Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 ‘ 5 5 5
Mean Abundance 2.16 2.04 2.35 240 2.32 235 2.12
Standard Deviation _ 0.08 0.25 0.27 0.15 0.12 0.15 0.13

Levene Median test for equal variance: p = 0.710 not significant.

Bonferroni t-tests:

HB2 HB7 HBl HZ HB6 HB3 HB4

HB2 - - - - = %
HB7 -1 -1-1-1-
HB1 -1 -1-1-
HZ - - -
HB6 - -

HB3 -

*p < 0.05.
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TABLE B.4. Kruskal-Wallis Analysis of Variance and A Posteriori Comparison of Means for
Untransformed Nonmollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu,

Hawai'i, January-February 1997

H=13.195 with 6 df (p =0.04)

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Taxa 30.00 19.20 33.80 22.80 29.20 30.40 29.20
Richness
Standard 3.39 4.38 14.34 4.55 4.76 2.79 7.46
Deviation '

Levene Median test for equal variance: p = 0.015.

Student-Newman-Keuls method:
HB1 HB6 HB3 HB4 HB2 HZ HB7

HB1 - - - - - =
HB6 -{-=-1-1-1-
HB3 -1-1-1-
HB4 ‘ -1 -1-
HB2 - -
HZ -

*p < 0.05.

TABLE B.5. Analysis of Variance for Untransformed Crustacean Abundance, Barbers Point Ocean

Outfall Sampling Stations, O‘ahu, Hawai'i, January-February 1997

Source of ' Sum of Degrees of Mean F p
Variation Squares Freedom Square Ratio
Between Stations 180.69 6 30.11 0.87 0.527
Experimental Error 966.00 28 34.50
Total 1,146.69 34
Station HB1 HB2 HB3 HB4 HZ HB6 HB7
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No. of Replicates 5 5 5 5 5 5
Mean Abundance  7.60 4.20 8.20 12.40 9.60 7.80 8.00
Standard Deviation  2.51 3.70 5.76 6.77 9.96 3.70 543

Levene Median test for equal variance: p = 0.65 not significant.

Bonferroni t-tests:

HZ HB3 HB7 HB6 HB2 HB4 HBI

HZ - - = - - -
HB3 .
HB7 - - - -
HB6 - - -
HB2 ' - -

HB4 -

*p < 0.05.



TABLE B.6. Analysis of Variance for Untransformed Crustacean Taxa Number, Barbers Point

Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i, January-February 1997

Source of Sum of Degrees of Mean F P

Variation Squares Freedom Square Ratio
Between Stations 27.49 6 4.58 1.23 0.326
Experimental Ertror 105.20 28 3.75
Total 132.69 34

Station HB1 HB2 'HB3 HB4 HZ HB6 HB7

No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 5.00 2.60 3.00 2.00 3.00 3.40 3.80
Standard Deviation  1.87 1.82 2.12 1.73 2.24 0.89 2.49

Levene Median test for equal variance: p = 0.65 not significant.

Bonferroni t-tests:

HZ HB4 HB6 HB3 HB7 HB2 HBI

HZ - - - - - -
HB4 -l -1-1-1-
HB6 -l -1-1-
HB3

HB7 _ - -

HB2 -

*p < 0.05.
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TABLE C.1. Basic Statistics for Untransformed Mollusk Abundance, Barbers Point Ocean Outfall

Sampling Stations, O‘ahu, Hawai'i, January-February 1997

(Sample Size n = 5)

Station

Statistic HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 308.00 152.00 206.80 286.00 200.80 208.20 246.80
Standard Deviation 30.99 2422 17.94 39.48 52.06 24.87 43.45
Standard Error of Mean 13.86 10.83 8.02 17.66 23.28 11.12 19.43
95% of CI Mean 38.48 30.07 22.27 49,03 64.65 30.88 53.95
Skewness -0.51 -1.42 -0.99 0.34 1.47 0.55 . 0.48
Kurtosis -1.59 2.59 -0.55 -0.18 1.74 0.81 -2.83
Median 316.00 157.00 216.00 279.00 179.00 209.00 231.00
Normality Test (p) 0.589 0.205 0.162 0.706 0.292 0.561 0.390

NoTE: CI = confidence interval, p = probability. Normality was assessed with the Kolmogorov-Smirnov D statistic of goodness

of fit to a normal distribution.

TABLE C.2. Basic Statistics for Untransformed Mollusk Species Number, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai'i, January-February 1997

(Sample Size n = 5)

Station
Statistic HBI HB2 HB3 HB4 HZ HB6 HB7
Mean 33.00 19.60 28.40 36.40 25.20 30.40 37.80
Standard Deviation 6.00 1.14 4.16 1.52 8.17 251 7.05
Standard Error of Mean  2.68 0.51 1.86 0.68 3.65 1.12 3.15 '
95% of CI Mean 745 1.42 5.16 1.88 10.14 3.12 8.75
Skewness -0.71 -0.40 -0.92 0.32 1.14 0.20 0.60
Kurtosis 0.74 -0.18 0.95 -3.08 0.74 -3.03 -3.24
Median 34.00 20.00 30.00 36.00 23.00 30.00 33.00
Normality Test (p) 0.708 0414 0.351 0.329 0.569 0.351 0.042



NoTE: CI = confidence interval, p = probability. Normality was assessed with the Kolmogorov-Smirnov D statistic of goodness

of fit to a normal distribution.

51



TABLE C.3. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai', -

January-February 1997

Source of ‘ Sum of Degrees of Mean F p

Variation Squares Freedom Square Ratio
Between Stations 87,260.4 6 14,543.4 11.78 <0.0001
Experimental Error 34,579.2 28 1,234.9
Total 121,839.6 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7

No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 308.00 152.00 206.80 286.00 200.80 208.20 246.80
Standard Deviation  30.99 24.22 17.94 39.48 52.06 24.87 43.45

Levene Median test for equal variance: p = 0.50 not significant.

Bonferroni t-tests:

HB2 HZ HB3 HB6 HB7 HB4 HBI

HB2 - - = * x %
7z N R
HB3 - - ¥ %
HB6 - k%
HB7 - -
HB4 -
*p < 0.05.

TABLE C.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed

Mollusk Species Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai'i,

January-February 1997

Source of Sum of Degrees of Mean F )4
Variation Squares Freedom . Square Ratio
Between Stations 1,233.1 | 6 203.86 7.95 <0.0001
Experimental Error 718.4 28 25.66
Total 1,951.5 - 34



VAN

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Species Richness 33.00 19.60 28.40 36.40 25.20 30.40 37.80
Standard Deviation - 6.00 1.14 4.16 1.52 8.17 2.51 7.05

Levene Median test for equal variance: p = 0.09 not significant.

Bonferroni t-tests:

HB2 HZ HB3 HB6 HB1 HB4 HB7

HB2 - - * * k *
HZ | - - - % %
HB3 -f-1-1-
HB6

HB1 - -

HB4 -

*p <005,
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INTRODUCTION

The Honouliuli Wastewater Treatment Plant is a primary treatment system.
Wastewaters of mainly domestic origin are treated at the plant prior to discharge in Ma mala
Bay through an 84-in. (2.13-m) diameter outfall located off the southern coast of O‘ahu,
Hawai‘i. , , |

A waiver of secondary treatment for sewage discharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honolulu (CCH) by the Region 9 office of
the U.S. Environmental Protection Agency (EPA). This report provides the results of the
tenth survey in an ongoing series of studies of the macrobenthic, soft-bottom community in
the vicinity of the discharge; it also provides an overview of trends in biological communities
adjacent to the outfall over the thirteen-year period from 1986 to 1998. The first benthic
survey took place in 1986. The samples on which this report is based were collected on 10
and 12 January 1998. The Division of Water Quality, Department of Wastewater
Management, City and County of Honolulu, did not provide the sediment data until late
April; hence this report is being submitted late.

PROJECT ORGANIZATION

‘General coordination for this pfoj ect is provided by James E.T. Moncur, assistant
director of the Water Resources Research Center of the University of Hawai‘i at Ma noa and
project principal investigator. The principal members of the project team (listed in
alphabetical order) and their contributions to this study are as follows:

Julie H. Bailey-Brock Polychaete, oli gochaete, and sipunculan analysis and
, ‘ report

William J. Cooke Crustacean analysis and report

E. Alison Kay Mollusk analysis and report

Richard C. Swartz Statistical analysis and final report preparation

Ross S. Tanimoto City and County of Honolulu project representative and

coordinator for sediment grain-size, total volatile solids,
and oxidation-reduction potential analyses

MATERIALS AND METHODS



Specific locations of the sampling stations are provided in Figure 1, and a general
vicinity map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided
i o ; ‘ v |
Figure 2. Seven stations previously established along the approximate diffuser isobath (61 m)
were‘surveyed.' In 1990 survey station names were changed from those used in the 1986
survey (Nelson et al. 1987). Survey stations (1986 station names are in parenthesis) and their

‘locations are as follows:

Station HB1 (A) ' Apprdximately 3.5 km east of the zone of initial dilution (ZID)
boundary to evaluate effects far-field and beyond the ZID

Station HB2 (B) On the northeast ZID boundary

Station HB3 © On the southeast ZID boundary

 Station HB4 (D) On thé southwest ZID boundary

Station HZ 2 Within the ZID to evaluate diffuser‘effects

Station HB6 (E) Approximately 0.5 km southwest of the ZID boundary as a
near-field reference station

Station HB7 (F) Approximately 3.5 km southwest of the ZID boundary és a far-

field reference station

Station Positioning

The exact positioning of each station Was determined using the Motorola M_iniQranger
navigation system. Station locations in.relation to latitlide, longitude, and bathymetric
contours are shown in Figure 1. Ranges for each replicate grab sample at each station are
given in Appendix Table A.1. Depths for all stations fell within the range of 59.4 to 67.1 m.
Stat‘ion, positions within and at the boundaries of the ZID were located precisely during the
origi‘nall sampling uéing the submersible Makalii in coordination with its mother ship
(Nelson et al. 1987). | |

Sampling Methods

The sampling methodology used in this study generally follows the recommendations of
Swartz (1978) and guidelines of the U.S. Environmental Protection Agency (1987a, 1987b),
hereafter referred to as EPA pfocedures. The previous reports on the benthic monitoring
adjacent to the Barbers Point Ocean Outfall (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a,
1994b, 1995, 1996, 1997a) will be hereafter referred to aé “Nelson et al. reports.”

In 1994, the modified 0.1-m? van Veen grab sampler previously used was replaced by a
0.16-m?2 van Veen grab sampler. The new grab, which was deployed from a stern-mounted

N’



A-frame on the City’s research vessel Noi I Kai, was used to obtain bottom samples at all
seven stations. Samphng dates were 1o and 12 January 1998 Penetratlon of the sampler was
adequate for all rephcates The minimum penetration depth was 8. 0 cm, and the maximum
was 12.0 cm (Appendlx Table A.2).

‘ Five repllcate grab samples were taken at each statlon From each rephcate sample a
subsample 7.6 cm in diameter by 5 cm deep was taken for infaunal analysis and a subsample
‘4.8 cm in diameter by 5 cm deep for mollusk analysis. Subsamplmg was necessary because
- the epifauna and infauna in the area are known to be both small and abundant (Nelson 1986
Russo et al. 1988) Rephcated grab samples at each station, rather than rephcated subsamples
from one grab sample, were taken to provide 1nformat10n on intrastation varrabrhty All five
blologlcal subcores for nonmollusk analysis were processed on a 0.5-mm screen and the’
organisms retained and preserved as appropriate for subsequent 1dent1ﬁcatron

Samples for geochemical analyses (total orgamc carbon [TOC], oxrdatlon-reductlon

potential [ORP] oil and grease [O&G], and grain ‘size) were obtained from the grabs from
which the brologrcal subcores were taken because each replicate grab contained more than
enough sedrment for both purposes (methods established by National Pollutant Dlscharge
Elrmmatlon System permrt no. HI0020877) Three subsamples (one from each of three
different grab samples) were taken for all stations. The top 2 cm of sediment of each
subsample Were used for geochcmlcal analysis. Samples for TOC and sediment O&G
analyses were put in screw-cap jars, Wthh were placed on ice, and taken to the laboratory for
analysis. Sediment ORP was measured on board the research vessel 1rnmed1ately after each
sample was obtalned Laboratory analyses of sediment gram size and sediment ORP followed
EPA procedures Analysis of TOC was camed out using EPA procedures by Intertek Testmg
Serv1ces Environmental Laboratones (Colchester Vermont). It performed the analysrs using
a modification of the Lloyd Kahn method which utilizes an infrared detector to detect carbon
dioxide. Inorganic carbon was removed from the samples by treating them with a 1:1 solution
of hydrochloric acid prior to TOC analysis.

Sample Processing

Handling, processing, and preservation of the biological samples followed EPA
procedures. Nonmollusk samples were fixed with buffered 10% formalin for a minimum of
24 hours. Following fixation, all samples were placed in 70% ethanol. Mollusk samples were
placed in labeled jars in the field, then placed on ice and transported to the laboratory where

they were refrrgerated Samples were washed in freshwater (to minimize- loss of fine



sediments), fixed in 75% isopropyl alcohol for 24 hours, and then air dried. A subsample in a
10-cm3 aliquot was removed from each mollusk sample for sortihg.

The fixed nonmollusk samples were elutriated using the technique' of Sanders et al.
(1965). This method removes from the sediment all organisms that are not heavily calcified
(Nelson et al. 1987). Samples were washed several times, and the water from each was
poured through 0.5-mm-mesh sieves. Polychaetes and other invertebrates retained on the
sieve were transferred to alcohol, stained with rose bengal ‘solution, and stored in 70%
ethanol. Samples from some replicates (Station HB1 [replicates 1 and 5], Station HB3
[feplicates 3 and 5], Station HB4 [replicates 3 and 4], Station HZ [replicates 1 and 4], Station
HB6 [replicates 1, 3, and 4] and Station HB7 [replieates 1, 3, 4, and 5]) contained rubble
‘pieces, which were acid-dissolved to remove endolithic and eryptic species. From zero to
seventy addltlonal orgamsms were collected from the rubble fragments depending on the
replicate. :

Because the biological subcores had to be processed using two d1fferent procedures—
“one for mollusks -and the other for all other organisms—the two components of the fauna
were not directly comparable and thus were analyzed separately. Because the mollusk
specimens were not separated into living and. dead shell fractions, they represent time-
averag'ed"samples Mollusks have been extensively 'analyzed by Kay (1975, 1978, 1979,
1982) Kay and Kawamoto (1980, 1983) Nelson (1986), and Russo et al. (1988). '

All specimens were identified to the lowest taxonomic level possible. A selected
: blbhography for the identification of marine benthic species in Hawai'i is prov1ded in Nelson
et al. (1987, appendix D). An additional source used for the identification of polychaetes in
Hawai‘i is Blake et al. (1995). Voucher specimens were submitted to taxonomic specialists
for verification when necessary. All specimens were archlved and will be maintained for six
years at the University of Hawai‘i.

In previous benthic samphng reports for Barbers Point, name changes for several
polychaete species were indicated. This report includes additional name changes made after
‘re-examining specimens. Aricidea sp. A is now listed as Paraonella sp. A, Hesionura sp. B
as Hesionura australiensis, Pygospio sp. A and Laonice sp. A as Laonice cirrata,
- Protodorvillea sp. B as Dorvillea sp. B, Questa sp. A as Novaquesta sp. A, Sphaerosyllis
capensis and Sphaerosyllis - taylori as Sphaerosyllis sp. G, and Typosyllis aciculata as
Typosyllis aciculata orientalis. ‘In addition, the taxon Tunicate was redesignated as
“Urochordata. These taxonomic changes have been made to the nonmollusk species list used
by the biomonitoring team. Another change to the list is the addition of Sipuncula sp. G, a
new organism collected during the 1998 sampling period.



) Data Analys1s

All data for both nonmollusks and mollusks were tested for assumptions of normality
: (Kolmogorov—Smlrnov test; Sokal and Rohlf 1995) and heterogeneity of variances (Fmax
test) prior to statistical analysis. Where data sets failed tests-of assumptions, square root
transformation was applied. Comparisons of mean values among stations were made with
one-way analysis of variance (ANOVA). Following a significant result using ANOVA, a
- posteriori Student-Newman—Keuls tests were used to determine which differences in means
~ among stations were significant. All statistical analyses were performed using Prophet and
Microsoft Excel software. Detailed statistical results are provided in Appendixes B and C.

An overall comparison of taxa composition among stations was ‘carried out using
- cluster analysis (Pielou 1984). The Bray—Curtis similarity index (Bloom 1981) on double
square root transformed data was performed using the group-average sorting strategy. To
make analysis more manageable, only those nonmollusk taxa that contributed at least 0. 05%
to the total abundance were included. Using this criterion, only taxa represented by a total of
more than four individuals were included in the data set, which was reduced from 140 to 71
taxa. The similarity matrix was computed with Microsoft Excel software.

The Shannon—Wiener diversity index (H) (In) and evenness index (J) were calculated
for all stations (all repiicates pooled), as recommended in the EPA procedures. Calculations
of these parameters were carried out using Microsoft Excel software.

To examine trends over the entire study period, comparisons were made among mean
values for all sampling dates and sampling stations -using. two-way ANOVA without
replication and a posteriori Student-Newman—Keuls tests. ‘

'RESULTS

Sediment Parameters

Results of sediment grain-size analysis are given in Appendix Table A.3. The mean ‘
sediment compositions at the sampling stations, based on three grain-size categories, are
compared in Figure 3. The grain-size categories (Folk 1968) are as follows: medium and
coarse sand, retained on a +2-phi sieve; fine sand, passed through a +2-phi sieve but retained
on a +4-phi sieve; and silt and clay, passed through a +4-phi sieve.

Sediment grain-size patterns were similar to those found in 1996 and 1997. Stations
HB1 and HB7, with a greater percentage of medium and coarse sand, differed most from the
other stations (Figure 3). Stations HB2, HB3, HZ, and HB6 had higher percentages of fine
sand than medium and coarse sand, while Station HB4 had approximately equal percentages



of the two sand-size components. Station HB2 had the highest percentage of fine sand and
the highest percentage of silt and clay. Sediments at all stations were >90% sand (Appendix
Table A.3). Results of replicate sediment sample analysis for.all seven stations indicated
substantial homogeneity in grain size within stations (Appendix Table A.3). Analysis of
duplicate samples at Stations HB1, HB3, and HB7 indicated consistency of analytical
techniques. :

Direct electrode measurements of ORP ranged from +60 to +235 mV (Appendix
Table A.2). These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA, Student—
Newman—Keuls tests) showed that Station HB2 had a significantly lower value than Stations
- HB4, HZ, HB6, and HB7. These results are similar to those obtained in the 1997 survey
(Nelson et al. 1997a) except the ORP values were much higher, i.e. showing less evidence of
reducing conditions, at Station HB2 in 1998 (range: 80 to 170 mV) than in 1997 (range: 25 to

45 mV): |
' Sediment O&G values ranged from less than 5 to 173 mg/wet kg (Appendix Table
A.2). Mean O&G values ranged from 48.3 mg/wet kg (at Station HZ) to 148.0 mg/wet kg (at
Station HB4). Comparison of mean O&G per station (one-way ANOVA) showed that there
were no significant differences among stations (F = 1.99, df =6, 14; p = 0.14).

Total organic carbon in the sediments was below the detection limit (0.01% TOC, dry
wéight)‘ of the analytical method used for all samples—except for one replicate at Station
HB1 (0.28% TOC), one replicate at Station HB2 (0.02% TOC) and one replicate at Station
HB3 (0. 21% TOC) (Appendlx Table A.2).

Biological Parameters

- Nonmollusks ,

The nonmollusk fraction of the benthic fauna included polychaetes, oligochaetes,
sipunculans, echinoderms, nematodes, nemerteans, priapulids, phoronids, anthozoans,
hydrozoans, platyhelminths, bryozoans, a chordate species, copepods, ostracods, cumaceans,

- tanaids, amphipods, isopods, and decapods.

The 8,373 nonmollusk specimens counted and identified for all stations and feplicates
represent 140 taxa. Polychaetes were the dominant: nonmollusk taxon in terms of both
abundance (3,521 individuals, 42.1%) and taxa richness (85 taxa, 60.7%)). Nematodes were
the second most dominant nonmollusk taxon in terms of abundance (2,059 individuals,
24.6%). Oligochaetes constituted 11.5% (961 individuals) of numerical abundance,
sipunculans contributed 9.8% (820 individuals), and crustaceans contributed 8.3% (697



_ individuals). The 36 crustacean taxa, 11 of which were amphipods, represented 25.7% of the
total number of nonmollusk taxa. Abundance estimates for each species from each replicate
‘are glven for each of the seven stat1ons n Appendlx D. | ‘ | 4
, A Bas1c statrstlcs for the nonmollusk data, 1ncludrng 95% conﬁdenee limits and a
Kolmogorov—Smlrnov test for normahty of distribution, are provided in Appendlx Table B.1
| - (number of 1nd1v1duals) and Appendlx Table B.2 (number of taxa). Data were normal for all
stations except that for nonmollusk individuals at Station HZ (Appendlx Table B.1).
- Mean total nonmollusk abundance ranged from 140.4 individuals per sample
(30, 949/m2 at Statlon HBZ) to 392.2 individuals per sample (86 455/m2 at Statlon HB6)
'(F igure 4). Variances were homogeneous (Appendix Table B.3). According to the ANOVA
on untransformed data, there were 51gruﬁcant differences in mean abundance among stations
(Appendix Table B. 3) Mean abundance was s1gmﬁcant1y hlgher at Station HB6 than at
‘Stations HB2, HB3, HBI, and HB7. No other palrwrse compansons of means were
significantly different.

The mean number of nonmollusk taxa per sample ranged from 23.4 taxa at Statlon HB3
to 40.8 taxa at Station HZ (Flgure 5). Varlances were homogeneous (Appendlx Table B.4).
Accordlng to the ANOVA on untransformed data, there were 51gn1ﬁcant dlfferences in mean
number of ponmollusk taxa among stations (Appendlx Table B.4). Mean number of
nonmollusk taxa was s1gmﬁcantly higher at Station HZ than at Statlons HB3 and HB2; 1t was
also srgmﬁcantly higher at Station HB6 than at Statron HB3 No other pa1rw1se comparisons
of means were 51gmﬁcant1y different. : ,

Comp051te station diversity (H') and evenness (J) for the nonmollusks are shown in
Figure 6. Values for both parameters were similar for all stations. Values for d1vers1ty ranged
from 2.37 (at Station HB4) to 2.97 (at. Station HB1). The range of values was within that of
samples taken in previous years (Nelson et al. reports) Evenness ranged from 0.58 (at Station
HB4) to 0.69 (at Station HB1), which was also compa;rable to the range of values observed in
previous years (Nelson et al reports). Relative to other stations, there was no consistent
pattern of lower diversity or evenness at ZID or ZID-boundary stations. .

Results of cluster analysis indicating the relative similarity of stations based on the 71
most abundant nonmollusk taxa are shown in Figure 7. All stations were grouped at
similarity values of greater than 67%, indicating similar taxa composition and abundance
among all stations. There was very little sorting among __stations with regard to proximity to
the diffuser. For example, reference stations HB1 and HB6, Z]D-boundary station HB4, and

ZID station HZ were grouped as most similar.

Polychaetes



A total of 3,52 1 polychaetes representing 85 taxa were collected; they comprised 42.1%
of total nonmollusk abundance. These numbers are similar to those of previous ‘yearsf 2,685
polychaetes representing 90 taxa in 1994 (Nelson et al. 1994b), 2,527 polychaetes
representing 87 taxa in 1995 (Nelson et al. 1995), 3,836 polychaetes representing 95 taxa in
1996 (Nelson et al. 1996), and 2,811 polychaetes representing 93 taxa in 1997 (Nelson et al.
1997a) The greatest number of polychaetes was found at Statlon I-IB6 (1,113 individuals),
followed in decreasmg order of abundance by Stations HZ (537 1nd1v1duals), HB4 (458
individuals), HB1 (406 individuals), HB2 (381 individuals), HB7 (352 individuals), and HB3
(274 individuals) (Figure 8). Polychaetes were the most taxa-rich group at all stations
(Appendix Tables D.1 through D.7). Maximum polychaete taxa richness occurred at Station
HZ (51 taxa) followed in decreasmg order by Stations HB1 (46 taxa), HB7 (43 taxa) HB6
' (42 taxa) HB4 (40 taxa) HB2 (39 taxa), and HB3 (32 taxa) (Figure 9).
| - Dominant polychaete taxa differed at several stations (Table 1). The sabellid Euchone |
sp. B was dominant at Stations HB1 (42% of polychaetes), HB2 (45%), and HB6 (47%),
continuing its dominance at these stations since 1996. The syllid Pionosyllis heterocirrata
was dominant at Stations HB3 (18%), HB4 (22%), and HB7 (29%). It was also dominant at
' Stations HB3 and HB7 in 1997. This year it replaced Augeneriella dubia as the dominant
spec1es at Station HB4. This year Polydora normalis returned to dominance at Station HZ,
where it was dominant ﬁom 1993 through 1996. In 1997 it was replaced as the dommant
* species at this station by onnosyllzs heterocirrata.
Sylhds were reproductlvely active at ZID and non-ZID stations. Sphaerosyllis sp. ‘G was
" found at three stations: HBI1 (one individual with one egg), HZ (one individual with four
epltokes) and HB7 (one individual with three eggs). Brania mediodentata was found at
Stations HBI1 (one individual with one egg) and HZ (one individual with six epitokes).
“ ‘Exogone Sp. C and Exogone sp. E were found at Stations HB4 (one 1nd1v1dua1 w1th two
epltokes) and HB7 (one individual with twelve eggs), respectlvely

R § rophzc categories. Trophm categones are based on Fauchald and Jumars (1979) and

are summarized in Figures 10 and 11. '

1. Detritivores. Deposat—feedlng polychaetes were most abundant at Stat1ons HZ (266
' 1nd1v1duals) and HB6 (265 1nd1v1duals) and most ‘speciose at all stations. The number of
deposit-feeding taxa ranged from 13 (at Statlon HB3) to 21 (at Station HZ). The dominant
kpolychaetes in the depos1t—feedmg category were the sp1on1ds Polydora normalis (20% at
Station HZ), Prionospio czrrzfera (6% at both Stations HB1 and HB2 and 11% at Station
HB7), Prionospio cirrobranchiata (8% at Station HB2 and 14% at Station HB3), and the
oweniid Myriochele oculata (21% at Station HB4 and 17% at Station HB6).
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2 Omnivores. In terms of percentage of total polychaete individuals per station,
omnivorous worms were best represented at Station HB7 (58%) this 1s consistent with the

results of all Barbers Point surveys : since 1986 (Nelson et al. reports) At Station HB7 the

syllid Pionosyllis heterocirrata (29%) and the pllargrd Synelmzs acuminata (15%) dominated
the omnivorous component, as in 1993 through 1997; and Sphaerosyllis sp. G (7%) was the -
third dominant omnivore. onnosyllzs heterocirrata was the dominant omnivore at Stations
HB1 (7%), HB3 (18%), HB4 (22%), and HB6 (7%), whereas Synelmis acuminata was the
dommant omnivore at Stations HB2 (9%) and HZ (10%).

3. Suspension feeders. In terms of percentage of total polychaete individuals per station,

' suspensron feeders were dominant at Stations HB1 (47%) HB2 (52%) and HB6 (53%). This

was primarily due to the large numbers of the sabellid Euchone sp. B (42% at Station HB1,
45% at Station HB2 and 47% at Station HB6) Aonides sp. A was the most domlnant
suspension feeder at Statlon HB3 (9%), Augenerzella dubia at Stations HB4 (11%) and HB7
(1%), and Euchone sp. B at Statlon HZ (8%) Suspensron feeders were least abundant at
Station HB7 (3%).

4. Carnivores. Carnivorous polychaetes were present at all stations, with thelr greatest
abundance occurring at Station HB4 (15%). The hesionid Podarke angustzfrons was the
dominant camivore at all stations: HB1 (4%), HB2 (3%), HB3 (9%), HB4 (11%), HZ (7%)
HB6 (3%), and HB7 (5%). In terms of total abundance, carnivores made up the smallest
numbers at Stations HB1 (9%), HB2 (7%), HB3 (11%) HB4 (15%), HZ (9%) and HB6
(5%).

Motility categories. Motility categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 12 and 13. ) S

1. Tubicolous polychaetes. Tublcolous polychaetes were most abundant at Statlons HBl
(52%), HB2 (53%), and HB6 (7 1%). The sabellid Euchone sp. B was the dominant
tubicolous polychaete at Stations HB1 (42%), HB2 (45%), HZ (8%) “and HB6 (47%)
whereas the oweniid Myrzochele oculata was the dominant spec1es at Stations HB4 (21%)
and HB7 (1%). In terms of taxa richness, however, tubicolous polychaetes had the smallest
number at each station. ' ,

2. Motile polychaetes Motile polychaetes were the most abundant worms at Stations
HB3 (47%), HB4 (51%), and HB7 (74%). In addition, they had the greatest number of taxa at
each of the seven stations. The syllid onnosyllzs heterocirrata was the dominant motile
polychaete at Statlons HBl (7%) HB3 (18%), HB4 (22%) HB6 (7%), and HB7 (29%). The

_pilargid Synelmzs acuminata was the dominant motile polychaete at Stations HB2 (9%) and

HZ (10%) and it showed high levels of abundance at Statlons HBl (5%), HB3 (10%) and
HB7 (15%).



3. Discretely motile polychaetes. Discretely motile polychaetes were most abundant at

~ Station HZ (43%). Prionospio cirrobranchiata was the most abundant discretely motile

species at Stations HB2 (8%), HB3 (14%), and HB4 (4%)§ Prionospio cirrifera at Stations

HB1 (6%) and HB7 (11%); Polydora normalis at Station HZ (20%); and Nereis sp. B at
Station HB6 (6%). |

Crustaceans , ,

A total of 697 crustaceans and pycnogonids, representing 8.3% of the nonmollusk
abundance, were collected. Abund_ance for each taxon from each replicate is provided for
each station in Appendix Tables D.8 through D.14. Mean abundance (no./sample) ranged
from 4.0 (882/m2, at Station HB3) to 32.2 (7,098/m2, at Station HB6) (Figure 14). Variances
were heterogeneous for untransformed - data but b»ecarne homogeneous after square root
transformation (Appendix Table B.5). There were significant differences in mean abundance
among stations (ANOVA, Appendix Table B.5). Stations HB3 and HB2 had significantly
lower mean abundance than Stations HZ, HB4, HB1, HB7, and HB6

A total of 36 crustacean and pycnogonid taxa (copepods were not 1dent1ﬁed to the
species level) were collected; of these, 11 taxa (30.6%) were amphipods. Mean number of
taxa ranged from 2.8 (at Station. HB3) to 8.0 (at Stations HB1 and HB7) (Figure 15).
Variances were homogeneous and data were normally distributed. Station HB3 had a
signiﬁcantly lower mean number of taxa than Stations HZ, HB6, HB1, and HB7 (ANOVA,
Appendix Table B.6). _

' Tanaids, amphipods, and copepods were the numerically dominant taxa, making up
| 44.8%, 20.7%, and 18.2%, respectively, of total crustacean and pycndgonid abundance. No
taxon was uniformly most abundant at all stations. Copepods and the tanaid Leptochelia
d'ubic_z were present at all stations and were generally among the most abundant crustaceans.
L. dubia ranked among the five most abundant nonmollusk taxa at Stations HBI, HB6, and
HB7 |
(Table 1). 4

Crustacean and pycnogonid abundance (697 individuals) and taxa number (36) in 1998
were substantially greater than i 1997 (289 individuals, 27 taxa) when collections were
- reduced because of procedural differences in sample handling (Nelson et al. 1997a).
Excluding the low values obtained in 1997, abundance and taxa richness in 1998 were within
the range observed in earlier collection years (range for 1986 and for 1990 through 1996
~collections: 164 to 1,121 individuals, 34 to 49 taxa). ;

Comparing the crustacean community composition across stations demonstrates clearly

that any impact the outfall may be having is not consistent across the ZID area. At ZID-

10



, boundary station HB2, samples 1ncluded two decapods (a callianassid and an unidentified

megalops) and four gammandean amphipod. taxa At ZID station Z one decapod (the pagurid

~ hermit crab) and five gammandean amphlpod taxa were present However, at ZID-boundary

station HB3 no decapods were collected and only two gammandean amph1pod taxa were
present. Conversely, at reference station HB6, no decapods were collected and only three
gammaridean amphipod taxa were present; and at reference station HB1, two ‘decapods were
collected and six gammaridean amphipod taxa were present.

Only two taxa—the myodocop1d ostracod enumetated as “Myodocope sp D and an
excellent specimen of the burrowing anomuran Callianassa sp. A—were newly collected in

- 1998. Th1s bnngs the total number of d1screte1y 1dent1f1ed/reported taxa from the study area
‘in nine years to 94. Copepods are enumerated as a single taxon, although several different

- taxa are certamly present. Cumaceans and mysids are snmlary enumerated. Between two and
~ eight taxa have been newly collected each year since the first two years of sampling when a

total of 62 taxa were collected. The Barbers Point outfall study area does not appear to be

subject to extremely large swings in benthic community composition or consistency. It seems

'to be generally a rather stable environment. This should aid in identifying any impacts
~ associated with the outfall itself. ‘ '

Mollusks :
A total of 10,395 mollusks representmg 131 taxa were collected Mean abundance of

mollusks per sample (no /10 cm3) ranged from 229.0 (at Station HB?7) to 414.0 (at Station
HB1) (Figure 16). Data were normally distributed at all stations except Station HB4
(Appendix Table C.1). Complete basic statistics for ‘total mollusk data are shown in
Appendlx Table C.1.

Mean number of mollusk taxa per sample ranged from a low of 26.4 (at Statlon HB2) to
40.2 (at Station HB1) (Figure 17). Data at all stations except Stations HB3 and HZ were
normally distributed (Appendix Table C. 2). However, the compos1te mollusk taxa data set
passed the test for normality prior to ANOVA. Complete basic statistics for number of
mollusk taxa at all stations are shown in Appendix Table C.2.

Vanances for mollusk abundance data were homogeneous (Appendix Table C.3). There
were significant differences in mean mollusk abundance among stations (ANOVA, Appendlx
Table C.3). Mean abundance was 31gn1ﬁcantly greater at Station HBI1 than at Statlons HB7,

HB2, HZ, and HB6. No other dlfferences in means were s1gmﬁcant

Variances for number of mollusk taxa data were homogeneous (Appendix Table C 4).
There were s1gn1f1cant differences in mean mollusk taxa number among stations (AN OVA,

: Appendix Table C.4). Statlon HB2 had mgmﬁcantly fewer mollusk taxa than all other
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stations; and Station HZ had 31gn1ﬁcantly fewer taxa that Statlon HBI No other differences
were significant. ‘ ' ' ‘

Dlvers1ty (H') ranged from 2.18 (at Station HB2) to 3.01 (at Station HB7) (Figure 18).
Evenness (J) ranged from 0.57 (at Station HB2) to 0.71 (at Station HB7). Diversity and
evenness values for mollusks were generally similar for all stations (Figure 18).

The mollusk abundance patterns are consistent with those of all previous ‘samplings
(Nelson et al. reports). Mollusk abundance for each taxa from each replicate is provided for
each station in Appendix E. The molluscan fauna was very similar at all stations, especially
B among the dominant taxa (Table 2). The gastropod taxa Diala scopulorum, Cerithidium

: perparvulum Scaliola spp., and Balcis spp. were abundant at all stations. Diala semistriata

" was abundant at all stations except Station HB2. Finella pupoides was abundant at all
stations except Stations HB1 and HB7. These six dommant mollusk taxa accounted for
74.5% of all individuals collected. ' ’

DISCUSSION

The only significant difference in total nonmollusk abundance among stations was that
one of the reference stations (HB6) had significantly higher abundance than the other two
reference stations (HB1 and HB7) and the two ZID-boundary stations (HB2 and HB3). For
.- the crustacean component of the nonmollusks, Stations HB2 and HB3 had significantly fewer
* individuals than Stations HB1, HB4, HZ, HB6, and HB7. Although the statistical
comparisons among stations were usually not significant, more crustacean individuals were
collected at each of the refereriee stations than at any of the ZID or ZID-boundary stations.

- Reference station HB1 had significantly greater mollusk abundance than ZID-boundary
station HB2, ZID station HZ, and reference stations HB6 and HB7. The remainjhg stations
did not differ significantly in mollusk abundance. Thus there was 1o general statistically
significant pattern with regard to mollusk abundance and proxumty to the diffuser. The

occurrence of highest abundance of mollusks at Station HB1, which had been the case from

1992 to 1995 (Nelson et al. 1992b, 1994a, 1994b, 1995), was not observed in 1996 (Nelson et
al. 1996) but was again seen in 1997 (Nelson et al. 1997a) and 1998. |

ZID station HZ had significantly more nonmollusk taxa than ZID-boundary stations
HB2 and HB3. Reference station HB6 had significantly more nonmollusk taxa than ZID-
boundary station HB3. Station HB3 had significantly lower mean number of crustacean taxa
than ZID station HZ and reference stations HBI1, HB6, and HB7. Although the statistical
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compansons were usually not s1gmﬁcant mean crustacean taxa. richness per replicate was
greater at each of the reference stations than at any of the ZID or ZID boundary statlons
Mean crustacean taxa nchness per rephcate may 1 not be as useful as total taxa nchness
per station as an indicator of outfall effects glven the h1gh intrastation variability
encountered. The total number of crustacean taxa collected at ZID station HZ was 16, slightly
more than at reference stations HB6 (15 taxa) and HB7 (14 taxa). Total crustacean nchness at
4 ZID—boundary station HB2 was 14, whlch is comparable to that for reference statlons HB6
and HB7.
, Reductlons in crustacean abundance and taxa richness near the Barbers Point Ocean
_ Outfall relative to reference statlons have not been observed in every prev1ous momtorlng
survey. Although in some years (e.g., 1991, Nelson et al. 1992a) taxa richness appeared to be
Areduced adjacent to the outfall, thls pattern ‘had not been seen for several years until 1998
" The shifting patterns of number of taxa and abundance from year to year appear to be more
strongly influenced by other factors, such as small-scale differences in bottom topography or
a subtle variation in sedlment composition. The presence of nine species of stress-sensitive
gammaridean amphipods also indicates that changes in the crustacean assemblage near the
outfall in 1998 are associated with factors other than chemical contamination by the efﬂuent
| d1scharge
Taxonomiic diversity (expressed here simply as the number of dlscretely recorded taxa)
is considered to be a better measure of the state of the crustacean communities at these
sampling stations than the abundance data. Crustacean and pycnogonid abundance counts can
be strongly influenced by a large number of juveniles released from brooding adults (for
tanaids, isopods, and amphipods). Abundance data generated from other taxa (such as
mollusks, most polychaetes, and many decapods) represent a settlement from the plankton of
a larval form which has found the site suitable for settlement. While high crustacean
abundance data (particularly if juveniles are being produced) clearly indicate that the site is
suitable, low abundance data is not necessarily indicative of unsuitability. |
A rather comprehensiVe picture of the crustacean communities in the study area has
been developed (at least for crustaceans smaller than 1 cm) over the last nine years despite
the rather - small areal coverage (7.6 cm diameter) of the sampling replicates. This is
demonstrated by the fact that only two new records were recorded for 1998. Certainly this
steadily declining collection of new records does not indicate any significant change in the
crustacean community. If the commumty was undergoing significant changes in composition,
' the collection curve over time would not be expected to be leveling out as it is. It should be
noted that larger (2 cm and up) shrimp and crabs, while certainly present in the study area,
have almost no chance of being collected. In general, the Honouliuli study area is less diverse
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than comparable study areas near the Waianae WWTP outfall and more diverse than the
deeper Sand Island outfall study area. ,

| '~ With regard to mean mollusk taxa nchness ZID-boundary station HB2 had
significantly fewer taxa than all other stations. ZID station HZ had significantly fewer
mollusk taxa than reference station HB1. There was no consistent pattern of mollusk taxa
" richness in relation to proximity to the outfall diffuser. There were no statistically significant
 differences between the two reference stations (B6"' and B7) and any of the four ZID-boundary

and ZID stations except HB2. '

| Both diversity and evenness values were generally similar among stations for both
nonmollusks and mollusks. Lower nonmollusk diversity and evennes/s values were reported
for Station HB2 in 1993, but this pattern has not been repeated'since (Nelson et al. 1994a,
1994b, 1995, 1996, 1997a). There is little evidence that the outfall is having an effect on taxa
* richness of the macrobenthos in the vicinity of the diffuser pipe.

Cluster analysis using the quantitative Bray—Curtis 31m11anty index indicated that
- nonmollusk abundance and taxa composition were broadly similar at most stations (>67%
s1m11anty index value). In the period from 1986 to 1993, cluster analysis consistently
' intermixed ZID, ZID-boundary, and reference stations (Nelson et al. 1987, 1991, 1992a,
1992b, 1994a). In 1994 and 1995, some separation between stations in or near the ZID and
 far-field reference stations was observed (Nelson et al. 1994b, 1995). In 1996 (Nelson et al.
©1996), 1997 (Nelson et al. 1997a), and 1998, stations were again generally interspersed in the
cluster‘ analysis. In comparing the 1996 through 1998 cluster results with those of earlier
years some caution is necessary, since the clustenng algonthm was changed in 1996 from
flexible to group-average sortmg in order to conform to current recommendatlons for
" optimum methodologies (Carr 1993). '
Sediment grain sizes in the 1998 samples were broadlyr similar amorig stations, except
" for Stations HBI1 and HB7, which had a hlgher percentage of medium and coarse sand.
Station HB2 had the h1ghest percentage of very fine sand and the highest percentage of silt
and clay The percentage of fine sediments at ZID station HZ showed no increase over that
measured in samples taken in 1986 through 1997 (Nelson et al. reports). The increase in the
silt and clay fraction of the sediments observed in 1993 for all stations began to moderate in
1996, and this trend continued in 1997 and 1998 (for comparison see figure 3 in Nelson et al.
: 1992b, 1994a, 1994b, 1995, 1996;‘ 1997). The mean percentage of the silt and clay fraction in
1998 (4 86%) closely resembles that seen in 1997 (4 77%) (Nelson et al. 1997a). The increase
in fine sediments in 1993 occurred at all’ seven statlons thus it is unhkely to have been an

effect of the outfall d1scharge ’
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ORP analysis showed no evidence of reducing conditions at the surface of sedlments at

any statlon this has been the consistent pattern for this parameter At Station 'HB2 the

significantly lower mean ORP valu i _consrstent w1th the higher percentage of both the fine
sand and the silt and clay components which tend to reduce the ab111ty of oxygen to diffuse
1nto the bottom sedrments

In 1994 and 1995 various ZID or ZlD-boundary stations had significant elevations in

 sediment O&G values as compared to other stations (Nelson et al. 1994b, 1995) however no

significant differences were seen in 1996, 1997 or 1998. Over the course of the momtormg
studies, hrgh year-to-year variation in sediment 0&G values has occurred (Nelson et al.
reports) The variability in sedlment O&G values suggests that there may be little direct
influence of the diffuser efﬂuent on this parameter. ,

Sedrment TOC was below detection limits in 18 of 21 replrcate samples and thus was
lower at all stations than in all other sampling years except 1996 and 1997, which showed no
replicates above the detection limit. The most likely explanation for this change 1 is that the
analytical laboratory used for TOC analyses after 1995 removed all traces of the organic
carbon from the sedrment during the a01d digestion to remove morganlc carbon. Although

low, TOC values in prevrous years have been above the detectlon 11m1ts of current

1nstrumentat10n Slmrlar below-detectron—hmlt values of TOC have been reported by the

~ same analytrcal laboratory for sedlment samples at the Sand Island Ocean Outfall monitoring
stations (Nelson et al. 1997b). Analyses of sedlment nitrogen levels for samples taken

concurrently with the sedrment TOC samples at the Sand Island momtormg statrons suggest

that the contract laboratory is consrstently underest1mat1ng sedrment TOC (Nelson et al.

1997b). Unfortunately, s1m11ar measurements of sediment nitrogen were not taken for the
Barbers Point Ocean Outfall momtorlng stations, thus the conclusmn of measurement bras for

- TOC cannot be conclus1vely confirmed, although it is strongly suspected

The total number of nonmollusk taxa recorded in 1998 (140) was the second lowest

recorded in the ten years of momtorlng at the Barbers Point Ocean Outfall (162 in 1986, 164

in 1990, 162 in 1991, 175 in 1992, 144 in 1993, 159 in 1994, 151 in 1995, 147 in 11996, and
138 in 1997) The 36 crustacean and pycnogomd taxa collected in 1998 was w1thm the range

 observed i in earlier years, when counts ranged from 34 to 49 taxa. That range does not include
“the low value of 27 taxa collected in 1997 when counts were reduced because of differences
in sample handling. Although there have been differences in levels of samplmg effort and

| ; taxonomrc resolution (Nelson et al. 1991), overall nonmollusk taxa rrchness in the study area

| appears to have remamed very similar over the penod from 1986 to 1998.

Mean nonmollusk abundance was compared among samplmg dates and among
samplmg stations for data collected 1 in 1986 and from 1990 through 1998 (F1gures 19 and 20).
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| TWo-Way ANOVA results showed significant differences both among sampling dates (p <
. 0001) and among sarnphng stations (p < 0.0001). Numerous pairwise comparisons among
dates showed significant differences, generally with values for more recent dates being higher
than values for earlier dates. This pattern was confirmed by a linear regression analys1s of
data from 1990 to 1998, whrch found a trend of significantly i mcreasrng mean abundance over
this period '

(p 0.0017, y = 18.3x — 82.6, where y = mean nonmollusk abundance and x = year code:
1990 = 10 through 1998 = 18) The shghtly lower mean nonmollusk abundance in 1997
versus 1996 and 1998 is partly explalned by the processmg differences for the crustaceans
* during the 1997 survey.

- The Student-Newman—Keuls test showed no significant pairwise multiple contrasts
among stations for mean nonmollusk abundance based on data collected in 1986 and from
- 1990 through 1998. Previous ana1y31s of this data set had shown srgmﬁcant differences

among stations (Nelson et al. 1997a). However, the temporal increase in nonmollusk

' abundance described above is evident at all stations and thus greatly increases the variance

associated with each station mean. The historic range in mean nonmollusk abundance within

individual stations now greatly exceeds the range among stations. The substantial within-
station variance accounts for the absence of 'signiﬁcant differences among stations in 1998.

" Mean nonmollusk taxa richness was compared among sampling dates and among

samphng stations for data collected in 1986 and from 1990 through 1998 (Figures 21 and 22).

' Two-way AN OVA results showed significant drfferences among sampling dates (p < 0.0001)

but not among sampling stations (p = 0. 0527) Mean nonmollusk taxa richness was
. “‘srgmﬁcantly lower in 1990 than in all other years and srgmﬁcantly lower in 1997 than in
1992, 1993, 1994, and 1996 (Figure 21) The low counts for 1997 are due to methodological
| problems that impacted the number of crustacean taxa collected. Mean nonmollusk taxa
'rrchness was also srgmﬁcantly lower in 1986 than in 1992, 1994, and 1996 and s1gmﬁcantly
lower in 1991 than in 1994. No temporal trend comparable to that for abundance was seen for
" nonmollusk taxa richness, nor was any apparent spatial trend seen for this parameter.
'~ Mean crustacean abundance was also compared among sampling dates and among
' samphng stations for data collected in 1986 and from 1990 through 1998 (Figures 23 and 24).
Two—way ANOVA results showed srgmﬁcant differences both among sampling dates (p <
"O 0001) and among samplmg stations (p 0.0061). Mean crustacean abundance was
31gmﬁcanﬂy lower in 1990 and 1997 than i in 1993 and 1994 and significantly lower in 1992
‘than in 1994. The decreased abundance in 1990 is consistent with the overall pattern of
nonmollusk abundance for that year. 'Interannual variations in abundance are not related
solely to differences in the time of year that samples were taken. The 1990, 1992, and 1994
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through 1998 samples, all of which were taken in January or February, show 'considerable
variation in mean crustacean abundance Student—Newman—Keuls tests showed no s1gmﬁcant
reported that mean crustacean abun ance was srgmﬁcantly greater at reference station HB6
than at ZID-boundary station HB3, but this difference was not significant when the 1998
results were added to the historic data set.

Mean number of crustacean taxa was compared among sampling dates and among
| sampling stations for data collected in 1986 and from 1990 through 1997 (Figures 25 and 26).
Two-way ANOVA results showed significant d1fferences both among samplmg dates <
0.0001) and among samplmg stations (p = 0.0007). Mean crustacean taxa richness was
significantly lower in 1990 than in all years except 1997; s1gn1ﬁcantly lower in 1997 than in
- 1991, 1993, 1994 1995, and 1996; and significantly greater in 1994 than in all years except
1993. The low mean number of taxa counted in 1990 reflects the low total abundance of
,‘ crustaceans collected that year. The reduction in crustacean taxa nchness in 1997 was due to
procedural differences in sample handhng The. mcrease in the number of crustacean taxa
collected in 1998 reverses a temporal decline that was evident from 1994 through 1997
(Figure 25) Student—Newman—Keuls tests showed no 51gn1ﬁcant pa1rw1se compansons of
mean number of crustacean taxa among stations. Desp1te the lack of statistical s1gmﬁcance,
there is a pattern of reduced crustacean taxa richness at all ZID and ZlD—boundary stations
(Figure 26). In fact, all stations near the diffuser have fewer crustacean taxa than all reference
stations. The overall pattern is consistent with an effect of the diffuser efﬂuent on crustacean
taxa.

Dominant taxa of the nonmollusk fauna were similar to those of previous sampling
years. The representatlon of nematodes and ollgochaetes as a percentage of total abundance
was of similar magnitude to that of previous samphng years. The sipunculan Aspzdoszphon
muelleri was the second most abundant-taxon in 1998 (Table 1). Thedommant polychaete
taxa since 1994 showed some variation from earlier sampling years (Nelson etal. 1987, 1991,
1992a, 1992b, 1994a). Dominant taxa in 1998 were similar to those found in 1994 through
1997 (Nelson et al. 1994b, 1995, 1996, 1997a) and included the polychaetes Euchone sp. B,
Pionosyllis heterocirrata, Myriochele oculata, Synelmis acuminata, Podarke angustifrons,
and Prionospio cirrobranchiata, and the tanaid Leptochelia dubia (Table 1).

Mean mollusk abundance was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1997 (Figures 27 and 28). Two-
way ANOVA results showed significant differences both among sampling dates (p <0.0001)
and among sampling stations (p < 0.0001). Mean mollusk abundance was significantly
greater in 1998 than in all other years, and significantly greater in 1996 and 1997 than in all
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* earlier years except 1994. Mean mollusk abundance was significantly greater at reference
' station HBI than at all other stations except HB4. Neither the temporal'nor' spatial pattern of
differehces indieates a negative effect of the diffuser effluent on mollusk abundance.

| Because the mollusk specunens were not separated into living and dead shell material,

| .they represent time-averaged collections that integrate conditions at a site over a longer
penod Temporal Vanablhty in abundance among samphng dates was generally much less for
the mollusk fraction than for the nonmollusk fract10n prior to 1996. There has been a
‘temporal trend of i 1ncreas1ng mollusk abundance since 1993 (Figure 27). The pattern of
abundance in the sampling area on all dates shows that Station HB1 has cons1stently had the
‘ greatest number of mollusk individuals (Figure 28). " '

" Mean mollusk taxa richness was compared among sampling dates and amOrig sampling
statlons for data collected in 1986 and from 1990 through 1997 (Figures 29 and 30). Two-
way AN OVA results showed 51gn1ﬁcant differences both among samplmg dates (p < 0.0001)
and among samplmg stations (p < 0. OOOl) Mean mollusk taxa richness was s1gmﬁcantly
greater in 1996, 1997, and 1998 than in all other sampling years. Mean mollusk taxa richness
was s1gn1ﬁcantly greater at Statlons HB1, HB4, and HB7 than at Statlon HB2. There has been
a temporal pattern of increasing number of mollusk taxa since 1992 (F igure 29) Neither the
temporal nor spat1a1 pattern of differences 1nd1cates a consistent negatlve ‘effect of the

diffuser efﬂuent on mollusk taxa nchness

SUMMARY AND CONCLUSIONS

- Measurements of physical parameters continue to show no evidence of a buildup-of
*-organic matter in the vicinity of the Barbers Point Ocean Outfall diffuser. This conclusion is
confirmed by each of the physical and chemical parameters measured. Sediment TOC was
- not detected in any sample in 1996 or 1997 and in only 3 of 21 replicates in 1998. In previous
years, mean sediment TOC was in the narrow range of 0.04% to 0.47%, except in 1993 when
~ methodological problems were experienced with the analyses and values ranged from 0.56%
" t0:1.40%. The ocean outfall in Orange County, California, discharges onto the  continental
shelf in an erosional benthic. environment (Maurer et al. 1993) which may be somewhat
“similar to' that found in Ma mala Bay, O‘ahu. In the vicinity of the Orange County outfall,
sediment TOC ranged from approximately 0.3% to 0.9% (Maurer et al. 1993). In areas which

- ‘possess more depositional benthic environments, the percentage of organic content in the
sediments is typically much higher. For example, this percentage ranged from 1.2% to-10.9%
for sediments of the Kattegat (Pearson et al. 1985) and 0.6% to 8.9% for sediments off the
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coast of Maine (Bader 1954). The percentage of TOC ranged from 1.4% to 4.1% for statlons
near the Los Angeles County ocean sewage outfalls (Swartz et al. 1986). In Kingston
Harbour, J amalca the percentage of sediment TOC ranged from 4.0% to 10.7% in a semi-
enclosed bay subJect to organic pollut1on (Wade 1972 Wade et al. 1972). The lack of
evidence for organic bulldup near the Barbers Point Ocean Outfall suggests that little
particulate matter from the diffuser ever reaches the sed1ment surface in the study area.
 The spatial patterns of organism abundance and taxa richness in relation to the outfall
varied depending on the taxonomic grouping. There were no consistent, statistically
s1gn1ﬁcant patterns of reductions of either organism abundance or taxa richness of
nonmollusks and mollusks near the diffuser in 1998. The macrobenthos was much more
51m11ar than dissimilar among the seven sampling stations. Cluster analys1s of nonmollusk
data mdlcated that all stations were similar to one another in terms of spe01es composition
and relative abundance (snmlanty >67%). The domlnant mollusk species were almost
identical at all stations. Only s1x taxa are on the list of mollusks that rank among the five
most abundant taxa at any one of the seven stations. '

The abundance of nonmollusks and mollusks in the study area has increased in recent
years. However there is no consistent spat1a1 pattern in the historic abundance or taxa
richness of either nonmollusks or mollusks. More mollusk taxa were collected 1n 1998 than
in any previous survey year. The number of nonmollusk taxa collected in 1998 was near the
middle of the historic range. | o

The abundance and taxa richness of crustaceans increased in 1998, reversing a temporal
decline that began in 1994. There is a pattern of reductions in crustacean abundance and taxa
richness at the four ZID and ZID -boundary stations relative to each of the three reference
stations. This pattern is evident in the historic (1986, 1990 through 1997) and 1998 data sets.
This pattern may indicate a trend related to proximity to the dlffuser However, it is important
to realize that desp1te the quantitative reductions in crustacean abundance and taxa richness,
42 of the possible 48 pairwise station comparlsons between the reference station and both the
ZID and ZID-boundary stations in the historic and 1998 data sets were not statistically
significant. Also, the pattern is not consistent for total crustacean taxa collected at each
station. For example, more crustacean taxa-were collected at ZID station HZ than at two of
the reference stations in 1998. Also, more amphipod species were collected at the ZID and
ZID-boundary stations than at the reference stations in 1998. The presence of pollution-
sensitive taxa like amphipods (especially the phoxocephalid Paraphoxus:sp. A) indicates that
_the diminished crustacean fauna at the ZID and ZID-boundary stations may be related to a

noncontaminant factor.
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Taxa diversity (') and evenness (J) were very similar among all stations for both total
nonmollusks and mollusks. The model of benthic organic enrichment by Pearson and
- Rosenberg (1978) proposes that in the transition zone on an enrichment gradient, a few taxa
increase and are extremely dominant, while overall diversity and evenness are low. The
response patterns of the benthic fauna and the sediment chemical analyses show no indication
of the types of changes in ‘bottom communities predicted by the organic enrichment
hypothesis. Maurer et al. (1993) proposed that the Pearson—Rosenberg model may be
inappropriate for erosional continental shelf environments. Their study of an outfall on the
continental shelf off California found that even w1th some organic enrichment near the
diffuser, there was no evidence of elimination of rare specres even though three species did

achieve numerical dominance. The response of the benthic commumty near the Barbers Point
* Ocean Outfall does not show the alternate response pattern described by Maurer et al. (1993),
presumably because sedlment organics there do not show even the moderate ennchment
" found near the Orange County outfall. .
In conclusion, there is little evidence of adverse effects of the Barber Point Ocean

Outfall on the macrobenthic community in 1998. The only significant indication of an effect
lies in the crustacean comnonent where there were signiﬁcantly fewer individuals at ZID-
boundary stations HB2 and HB3 than at any of the three reference stations, and significantly
fewer taxa at ZID-boundary station HB3 than at any of the reference stations. However, other
analyses do not suggest an adverse effect of the outfall on crustaceans. There were no
significant differences in abundance or taxa richness between ZID station HZ or ZID-

boundary station B4 and all reference stations. In fact, the total number of crustacean taxa
 was greater at ZID station HZ than at two of the reference stations. The presence of nine
amphrpod species at the ZID and ZID- boundary stations indicates that alterations in the
: crustacean component may be related to a noncontamlnant factor. The analyses of the
noncrustacean fauna clearly demonstrate the presence of a diverse and abundant
macrobenthos within and near the ZID of the Barber Point Ocean Outfall.
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ABSTRACT

Benthic infauna in the vicinity of the Barbers Point Ocean Outfall was sampled at seven
stations on 13 and 14 April 1999 with a modified van Veen grab sampler. The stations were located
along the diffuser isobath (61 m) as follows: Station HZ within the zone of initial dilution (ZID);
Stations HB2, HB3, and HB4 on the ZID boundary; Station HB6 at 0.5 km from the ZID; and
Stations HB1 and HB7 at 3.5 km from the ZID.

Sediments were predominantly (>90%) fine to coarse sands at all stations, although the
proportion of medium and coarse sand was greater at Stations HB1, HB2, HB4, HZ, and HB7 than
at Stations HB3 and HB6. Total organic carbon in the sediments at all stations was less than 0.02%.
Values for oxidation-reduction potential and sediment oil and grease (O&G) showed no indication
of significant organic buildup in sediments at any station except
Station HB2. The high O&G values at Station HB2 were not associated with any biological
alterations.

A total of 9,679 nonmollusk individuals from 183 taxa were collected. Polychaetes
represented 44.0%, nematodes 17.2%, crustaceans 14.2%, oligochaetes 9.9%, and sipunculans
9.5% of total nonmollusk abundance. Mean total nonmollusk abundance ranged from 152.6
individuals per sample (33,639/m? at Station HB1) to 355.8 individuals per sample (78,431/m? at
Station HB6). Mean crustacean abundance ranged from 16.2 (3,571/m?, at Station HB3) to 65.6
(14,461/m?, at Station HB7). Mollusks were analyzed separately because they represent
time-averaged collections of live and dead shells. Mean mollusk abundance ranged from 139.0/10
cm? (at Station HB6) to 317.6/10 cm?® (at Station HZ). There were no significant differences among
the seven stations in mean nonmollusk abundance, number of nonmollusk taxa, crustacean
abundance, and number of crustacean -taxa. There were significant differences in mollusk
abundance and richness, but they do not indicate a spatial pattern related to the outfall. For
example, reference station HB7 and ZID station HZ had more molluscan individuals and taxa than
the other reference stations and the ZID-boundary stations. There has been a significant trend of
increased abundance for nonmollusks within the entire study area since 1990. Since 1994, there has
been a trend of increased abundance for mollusks. A temporal trend of decreased abundance for
crustaceans that began in 1994, reversed itself in 1998 and 1999, when the density of crustaceans
increased substantially over the 1997 level. Mean crustacean abundance averaged over the entire
study period (1986 to 1999) was significantly lower at ZID-boundary station HB3 than at reference
station HB6. However, for the 1999 collection the difference between these two stations was not
significant. Both diversity and evenness values for both nonmollusks and mollusks were generally
similar among all stations in 1999. Cluster analysis of nonmollusk data confirmed that all stations



were relatively similar to one another in terms of species composition and relative abundance.
There is no indication of any marked alteration of the benthic community composition related to -

station proximity to the diffuser.



N

INTRODUCTION

The Honouliuli Wastewater Treatment Plant is a primary treatment system. Wastewaters of
mainly domestic origin are treated at the plant prior to discharge in Mo(" ,amala Bay through an
84-in. (2.13-m) diameter outfall located off the southern coast of O‘ahu, Hawai'i.

A waiver of secondary treatment for sewage discharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honolulu (CCH) by the Region 9 office of the
U.S. Environmental Protection Agency (EPA). However, since September 1996 approximately
one-fourth to one-half of the discharge has been secondary-treated effluent from the ‘Ewa Water
Reclamation Facility. The EWRF discharge will eventually be reused offsite. This report provides
the results of the eleventh survey in an ongoing series of studies of the macrobenthic, soft-bottom
community in the vicinity of the discharge; it also provides an overview of trends in biological
communities adjacent. to the outfall over the fourteen-year period from 1986 to 1999. The first
benthic survey took place in 1986. The samples on which this report is based were collected on 13

and 14 April 1999. ‘
PROJECT ORGANIZATION

General coordination for this project is provided by James E.T. Moncur, assistant director of
the Water Resources Research Center of the University of Hawai‘i at Mo(",a)noa and project
principal investigator. The principal members of the project team (listed in alphabetical order) and

their contributions to this study are as follows:
Julie H. Bailey-Brock  Polychaete, oligochaete, and
sipunculan analysis and report
William J. Cooke Crustacean analysis and report
E. Alison Kay Mollusk analysis and report
Richard C. Swartz Statistical analysis and final report
preparation - ‘
Ross S. Tanimoto City and County of Honolulu
project representative and coordinator for sediment
grain-size, total volatile solids, and oxidation-reduction
potential analyses

MATERIALS AND METHODS
Specific locations of the sampling stations are provided in Figure 1, and a general vicinity
map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided in Figure 2.
Seven stations previously established along the approximate diffuser isobath |
(61 m) were surveyed. In 1990 survey station names were changed from those used in the 1986
survey (Nelson et al. 1987). Survey stations (1986 station names are in parenthesis) and their

locations are as follows:
Station HB1 (A) Approximately 3.5 km east of the zone of



initial dilution (ZID) boundary to evaluate effects far-field and
beyond the ZID ' ‘
Station HB2 (B) On the northeast ZID boundary
Station HB3 (C) On the southeast ZID boundary
Station HB4 (D) On the southwest ZID boundary
Station HZ (Z)  Within the ZID to evaluate diffuser effects
Station HB6 (E) Approximately 0.5 km southwest of the
ZID boundary as a near-field reference station
Station HB7 (F) Approximately 3.5 km southwest of the
ZID boundary as a far-field reference station

Station Positioning

The exact positioning of each station was determined using the Garmin differential global
positioning system. Station locations in relation to latitude, longitude, and bathymetric contours are
shown in Figure 1. Locations for each replicate grab sample at each station are given in Appendix
Table A.1. Depths for all stations fell within the range of 60.7 to 67.1 m. Station positions within
and on the boundaries of the ZID were located precisely during the original sampling using the

~ submersible Makali § in coordination with its mother ship (Nelson et al. 1987).
Sampling Methods

The sampling methodology used in this study generally follows the recommendations of.
Swartz (1978) and guidelines of the U.S. Environmental Protection Agency (1987a, 1987b),
hereafter referred to as EPA procedures. The 1986 through 1997 reports on the benthic monitoring
adjacent to the Barbers Point Ocean Qutfall (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a, 1994b,
1995, 1996, 1997a) will be hereafter referred to as “Nelson et al. reports.” The 1998 report is by
Swartz et al. (1998).

In 1994, the modified 0.1-m*> van Veen grab sampler previously used was replaced by a
0.16-m’ van Veen grab sampler. The new grab, which was deployed from a stern-mounted
A-frame on the City’s research vessel Noi I Kai, was used to obtain bottom samples at all seven
stations. Sampling dates were 13 and 14 April 1999. Penetration of the sampler was adequate for all
replicates. The minimum penetration depth was 6.0 cm, and the maximum was 12.0 cm (Appendix
Table A.2).

Five replicate grab samples were taken at each station. From each replicate sample, a
subsample 7.6 cm in diameter by 5 cm deep. was taken for infaunal analysis and a subsample 4.8 cm
in diameter by 5 cm deep for mollusk analysis. Subsampling was necessary because the epifauna
and infauna in the area are known to be both small and abundant (Nelson 1986;

Russo et al. 1988). Replicated grab samples at each station, rather than replicated subsamples from
one grab sample, were taken to provide information on intrastation variability. All five biological
subcores for nonmollusk analysis were processed on a 0.5-mm screen and the organisms retained
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and preserved as appropriate for subsequent identification. ,

Samples for geochemical analyses (total organic carbon [TOC], oxidation-reduction potential
[ORP], oil and grease [O&G], and grain size) were obtained from the grabs from which the
biological subcores were taken because each replicate grab contained more than enough sediment
for both purposes (methods established by National Pollutant Discharge Elimination System permit
no. HI0020877). Three subsamples (one from each of three different grab samples) were taken for
all stations. The top 2 cm of sediment of each subsample were used for geochemical analysis.
Samples for TOC and sediment O&G analyses were put in screw-cap jars, which were placed on
ice, and taken to the laboratory. Sediment ORP was measured on board the research vessel
immediately after each sample was obtained. Laboratory analyses of sediment grain size and
sediment O&G followed EPA procedures. Analysis of TOC was carried out using EPA procedures
by Severn Trent Laboratories (Colchester, Vermont). It performed the analysis using a modification
of the Lloyd Kahn method, which utilizes an infrared detector to measure carbon dioxide. Inorganic
carbon was removed from the samples by treating them with a 1:1 solution of hydrochloric acid

prior to TOC analysis.
Sample Processing

- Handling, processing, and preservation of the biological samples followed EPA procedures.
Nonmollusk samples were fixed with buffered 10% formalin for a minimum of
24 hours. Following fixation, all samples were placed in 70% ethanol. Mollusk samples were
placed in labeled jars in the field, then placed on ice and transported to the laboratory where they
were refrigerated. Samples were washed in freshwater (to minimize loss of fine sediments), fixed in
75% isopropyl alcohol for 24 hours, and then air dried. A subsample in a 10-cm’ aliquot was
removed from each mollusk sample for sorting.’
The fixed nonmollusk samples were elutriated using the technique of Sanders et al. (1965).
This method removes from the sediment all organisms that are not heavily calcified (Nelson et al.
1987). Samples were washed several times, and the water from each was poured through
0.5-mm-mesh sieves. Polychaetes and other invertebrates retained on the sieve were transferred to
alcohol, stained with rose bengal solution, and stored in 70% ethanol. Samples from two stations

(Station HB1 [replicate 1] and Station HB4 [replicates 1 and 2]) contained rubble pieces, which

were acid-dissolved to remove endolithic and cryptic species. Organisms collected from the rubble
fragments included 13 individuals (2 taxa) from Station HB1 and 79 individuals (12 taxa) from
Station HB4.

Because the biological subcores had to be processed using two different procedures—one for

mollusks and the other for all other organisms—the two components of the fauna were not directly



comparable and thus were analyzed separately. Because the mollusk specimens were not separated
into living and dead shell fractions, they represent time-averaged samples. Mollusks have been
extensively analyzed by Kay (1975, 1978, 1979, 1982), Kay and Kawamoto (1980, 1983), Nelson
(1986), and Russo et al. (1988).

All specimens were identified to the lowest taxonomic level possible. A selected bibliography-

for the identification of marine benthic species in Hawai‘i is provided in Nelson

et al. (1987, appendix D). An additional source used for the identification of polychaetes in Hawai'i
is Blake et al. (1995). Voucher specimens were submitted to taxonomic specialists for verification
when necessary. All specimens were archived and will be mamtalned for six years at the University
of Hawai‘i.

In previous benthic sampling reports for Barbers Point, name changes for several polychaete
species were indicated. This report includes additional name changes made after re-examining
specimens. Most of the species of Zeppelina, formerly in the family Ctenodrilidae, have been
synonymized with the genus Dodecaceria, in the family Cirratulidae (George and Petersen 1991).
Therefore, Zeppelina sp. A is now synonymous with Dodecaceria sp. C. The onuphids Onuphis sp.
A and Onuphis geofiliformis were identified as the same species, belonging to the genus
Mooreonuphis (Fauchald 1982). A species name could not yet be determined, so the species is
temporarily identified as Mooreonuphis sp. A. Sigambra parva has been revised to S. tentaculata,
and the genus has been moved from the family Pilargidae to the family Hesionidae (Licher and
Westheide 1997). The following taxa have been found at other outfalls but are new to Barbers
Point: Ceratonereis tentaculata, Lumbrineriopsis sp. A, Marphysa cf. conferta, Minuspio sp. A,
0dont0syllis sp. A, and Pisione remota.

There were no name changes for the crustaceans, but new taxa were found. The eight
additions to the list for this outfall are Bairdia hanaumaensis, Caprella cf. gigantochir, Anamixis
stebbingi, Leucothoides ? pottsi, Paradexamine maunaloa, Podocerus talegus, Nikoides danae, and
Ogyrides sp. A. '

Name changes among the mollusks include Ervilia sandwichensis to Rochefortina
sandwichensis and Limopsis waikikia to Cosa waikikia (Hayami and Kase 1993). Newly found

mollusk taxa at Barbers Point include Chlamydella sp. A, Alvania isolata, Bittium sp., Cancilla sp.,

Eulimidae sp., Evalea peasei, Gemmula monilifera, Haminoea curta, Phillippia sp., Planaxis
suturalis, Pyramidellidac sp. C, Pyramidelloides miranda, Rastodens sp., Scissurella

pseudoequatoria, Turbonilla sp. C, Turbonilla sp. D, Turbonilla sp. E, and Vexillum suavis.
Data Analysis

All data for both nonmollusks and mollusks were tested for assumptions of hormality
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(Kolmogorov-Smirnov test; Sokal and Rohlf 1995) and heterogeneity of variances (Fu test) prior
to statistical analysis. Where data sets failed tests of assumptions, square root or log
transformation was applied. Comparisons of mean values among stations were made with one-way
analysis of variance (ANOVA). Following a significant result using ANOVA, a posteriori
Student-Newman-Keuls tests were used to determine which differences in means among stations
were significant. All statistical analyses were performed using Prophet and Microsoft Excel
software. Detailed statistical results are provided in Appendixes B and C.

An overall comparison of taxa composition among stations was carried out using cluster
analysis (Pielou 1984). The Bray-Curtis similarity index (Bloom 1981) on double square root
transformed data was performed using the group-average sorting strategy. To make analysis more
manageable, only those nonmollusk taxa that contributed at least 0.05% to the total abundance were
included. Using this criterion, only taxa represented by a total of more than four individuals were
included in the data set, which was reduced from 183 to 109 taxa. The similarity matrix was
computed with Microsoft Excel software.

The Shannon-Wiener diversity index (H') (ln) and evenness index (J) were calculated for all
stations (all replicates pooled), as recommended in the EPA procedures. Calculations of these
parameters were carried out using Microsoft Excel software.

To examine trends over the entire study period, comparisons were made among mean values
for all sampling dates and sampling stations using two-way ANOVA without replication and a
posteriori Student-Newman-Keuls tests.

RESULTS
Sediment Parameters

Results of sediment grain-size analysis are given in Appendix Table A.3. The mean sediment
compositions at the sampling stations, based on three grain-size categories, are compared in Figure
3. The grain-size categories (Folk 1968) are as follows: medium and coarse sand, retained on a
+2-phi sieve; fine sand, passed through a +2-phi sieve but retained on a +4-phi sieve; and silt and
clay, passed through a +4-phi sieve. |

Sediment grain-size patterns were different at some stations from those found in 1997 and
1998. Stations HB1 and HB7 continued to have a substantially greater percentage of medium and
coarse sand than the combined percentages of fine sand and silt (Figure 3). The dominance of
medium and coarse sand was also seen at Stations HB2, HB4, and HZ, although in 1997 and 1998
the combined fine sand and silt fractions at each of these stations represented a greater percentage
of sediment weight than the medium and coarse sand fraction (Nelson
et al. 1997a; Swartz et al. 1998). Sediments at Stations HB3 and HB6 had a higher percentage of



the combined fine sand and silt fractions than the medium and coarse sand fraction in 1997, 1998,
and 1999. Sediments at all stations were greater than 90% sand (Appendix Table A.3). With one
exception, results of replicate sediment sample analysis for all seven stations indicated substantial
homogeneity in grain size within stations (Appendix Table A.3). The exception was the second
sample at Station HB4; it had a much greater percentage of coarse sediment than the other two
samples at that station. Analysis of duplicate samples at Stations HZ, HB6, and HB7 indicated
consistency of analytical techniques.

Direct electrode measurements of ORP ranged from +30 to +195 mV (Appendix
Table A.2). These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA) showed there
were no significant differences among the seven stations (F = 1.56, p = 0.19). ORP measurements
are similar to those obtained in the 1997 survey (Nelson et al. 1997a) and 1998 survey (Swartz et al.
1998), except the ORP values were much higher (i.e., showing less evidence of reducing
conditions) at Station HB2 in 1999 (range: 85 to 170 mV) and in 1998 (range: 80 to 170 mV) than
in 1997 (range: 25 to 45 mV). ,

Sediment O&G values ranged from less than 5 to 792 mg/wet kg (Appendix Table A.2).
Mean O&G values ranged from 19.3 mg/wet kg (at Station HB1) to 758.3 mg/wet kg (at Station
HB2). Comparison of mean O&G per station (one-way ANOVA) showed that there were highly
significant differences among stations (F = 52.2, p < 0.0001). Mean O&G was significantly higher
at Station HB2 than at all other stations. The spatial pattern of O&G values is highly variable
among years, but the O&G measurement of greater than 700 mg/wet kg in all three replicate
samples from Station HB2 in 1999 is extraordinary.

Total organic carbon in the sediments at all stations was less than 0.02% (Appendix
Table A.2). Total organic carbon was below detection limits in all samples in 1997 (Nelson

et al. 1997a) and in all but three samples (n = 21) in 1998 (Swartz et al. 1998).

Biological Parameters
Nonmollusks

The nonmollusk fraction of the benthic fauna included polychaetes, oligochaetes, nematodes,
platyhelminths, echinoderms, anthozoans, chaetognaths, hemichordates, hydrozoans, nemerteans,
sipunculans, poriferans, insects, priapulids, phoronids, bryozoans, chordates, pycnogonids,
copepods, ostracods, cumaceans, tanaids, mysids, amphipods, isopods, and decapods.

The 9,679 nonmollusk specimens counted and identified for all stations and replicétes
represent 183 taxa. Polychaetes were the dominant nonmollusk taxon in terms of both abundance
(4,261 individuals, 44.0%) and taxa richness (113 taxa, 61.7%). Nematodes were the second most
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dominant nonmollusk taxon in terms of abundance (1,666 individuals, 17.2%). Crustaceans
constituted 14.2% (1,377 individuals) of numerical abundance, oligochaetes contributed 9.9% (954
individuals), and sipunculans contributed 9.5%

(923 individuals). The 49 crustacean taxa, 20 of which were amphipods, represénted 26.8% of the
total number of nonmollusk taxa. Abundance estimates for each species from each replicate are
given for each of the seven stations in Appendix D.

Basic statistics for the nonmollusk data, including 95% confidence limits and a
Kolmogorov-Smirnov test for normality of distribution, are provided in Appendix Table B.1
(number of individuals) and Appendix Table B.2 (number of taxa). Data were normal for all
stations (Appendix Table B.1).

Mean total nonmollusk abundance ranged from 152.6 individuals per sample (33,639/m’, at
Station HB1) to 355.8 individuals per sample (78,431/m?, at Station HB6) (Figure 4). Variances
were homogeneous (Appendix Table B.3). According to the ANOVA on untransformed data, there
were no significant differences in mean abundance among stations (Appendix Table B.3).

The mean number of nonmollusk taxa per sample ranged from 35.6 taxa (at Station HB1) to
49.2 taxa (at Station HB6) (Figure 5). Variances were homogeneous (Appendix Table B.4).
According to the ANOVA on untransformed data, there were no significant differences in mean
number of nonmollusk taxa among stations (Appendix Table B.4).

Composite station diversity (H') and evenness (J) for the nonmollusks are shown in Figure 6.
Values for both parameters were similar for all stations. Values for diversity ranged from 2.83 (at
Station HB3) to 3.39 (at Station HB4). The range of values was slightly higher than that of samples
taken in previous years (Nelson et al. reports; Swartz et al. 1998). Evenness ranged from 0.66 (at
Stations HB3 and HZ) to 0.75 (at Station HB4), which was also slightly higher than the range of
values observed in previous years (Nelson et al. reports; Swartz et al. 1998). Relative to other
stations, there was no consistent pattern of lower diversity or evenness at ZID or ZID-boundary
stations. .

Results of cluster analysis indicating the relative similarity of stations based on the 109 most
abundant nonmollusk taxa are shown in Figure 7. All stations were grouped at similarity values of
greéter than 66%, indicating similar taxa composition and abundance among all stations. There was
very little sorting among stations with regard to proximity to the diffuser. For example, reference
station HB6, ZID-boundary stations HB2 and HB3, and ZID station HZ were grouped as the most
similar four station cluster. ’

Polychaetes

A total of 4,261 polychaetes representing 113 taxa were collected; they comprised 44.0% of
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total nonmollusk abundance. These numbers are higher than those of previous years: 2,685
polychaetes representing 90 taxa in 1994 (Nelson et al. 1994b), 2,527 polychaetes representing 87
taxa in 1995 (Nelson et al. 1995), 3,836 polychaetes representing 95 taxa in 1996 (Nelson et al.
1996), 2,811 polychaetes representing 93 taxa in 1997 (Nelson et al. 1997a), and 3,521 polychaetes
representing 85 taxa in 1998 (Swartz et al. 1998). The greatest number of polychaetes was found at
Station HB4 (973 individuals), followed in decreasing order of abundance by Stations HB6 (873
individuals), HB2 (737 individuals), HB7 (550 individuals), HZ (466 individuals), HB3 (368
individuals), and HB1 (294 individuals) (Figure 8). Polychaetes were the most taxa-rich group at all
stations (Appendix Tables D.1 through D.7). Maximum polychaete taxa richness occurred at
Station HB4 (63 taxa), followed in decreasing order by Stations HB2 (60 taxa), HB6 (57 taxa), HZ
(56 taxa), HB7 (54 taxa), HB1 (51 taxa), and HB3 (48 taxa) (Figure 9).

Dominant polychaete taxa differed at several stations (Table 1). The sabellid Euchone sp. B
was dominant at Stations HB2 (46% of polychactes), and HB6 (42%), continuing its dominance at
these stations since 1993. Euchone sp. B was the dominant polychaete at Station HB1 from 1996
through 1998, but only three specimens were found at that station in 1999. The pilargid Synelmis
acuminata was the dominant polychaete this year at Stations HB1 (21%) and HB7 (31%). The
syllid Pionosyllis heterocirrata was dominant at Stations HB3 (17%) and HZ (17%) in 1999, as it
was in 1997 and 1998. The spionid Polydora normalis was dominant this year at Station HB4
(14%).

Individuals of the families Syllidae, Phyllodocidae, and Serpulidae were represented by
reproducing individuals this year. Seven species of syllids were reproductively active at ZID and
non-ZID stations: Sphaerosyllis sp. G at all stations but Station HB2; Sphaerosyllis riseri at Station
HZ; Brania mediodentata at Stations HB4 and HZ; Exogone sp. D at Station HB7; Exogone
longicornis at Station HZ; Pionosyllis heterocirrata at Stations HB4, HZ, and HB7; and Pionosyllis
spinisetosa at Station HB4. The phyllodocid Phyllodoce madeirensis was reproducing at Station
HB6, and the serpulid Salmacina dysteri was observed reproducing by schizoparity at Stations
HB2, HB4, HZ, and HB6. Stations HB2, HB4, and HZ had the most individuals reproducing, while
Stations HB4 and HZ had the widest variety of species reproducing,.

Trophic categories. Trophic categories are based on Fauchald and Jumars (1979) and are
summarized in Figures 10 and 11.

1. Detritivores. Deposit-feeding polychaetes were the most abundant trophic category at
Station HB4 (507 individuals, 52% of all polychaetes) and most speciose at all stations. The
number of deposit-feeding taxa ranged from 18 (at Station HB7) to 26 (at Station HB4). The
dominant polychaetes in the deposit-feeding category were the spionids Polydora normalis (14% at
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Station HB4) and Prionospio cirrobranchiata (7% at Station HB1), the oweniid Myriochele
oculata (8% at Station HB6, 7% at Station HB4, and 5% at Station HZ), and the dorvilleid
Ophryotrocha sp. A (9% Station at HB4).

2. Omnivores. In terms of percentage of total polychaete individuals per station, omnivorous
worms were best represented at Station HB7 (341 individuals, 62% of all polychaetes); this is
consistent with the results of all Barbers Point surveys since 1986 (Nelson et al. reports; Swartz et
al. 1998). Omnivorous worms were also numerically dominant at Stations HB1 (145 individuals,
49%), HB3 (115 individuals, 31%), and HZ (176 individuals, 38%). The number of omnivorous
taxa ranged from 8 (at Station HB3) to 17 (at Station HB4). At Station HB7 the pilargid Synelmis

_acuminata (31%) and the syllid Pionosyllis heterocirrata (11%) dominated the omnivorous

component, as in 1993 through 1997; and the syllid Haplosyllis spongicola (11%) was the third
dominant omnivore. Pionosyllis heterocirrata was also the dominant omnivore at Stations HB2
(9%), HB3 (17%), HB4 (14%), HZ (17%), and HB6 (6%), whereas Synelmis acuminata was the
dominant omnivore at Station HB1 (21%). The pilargid Synelmis acuminata and the syllid

Pionosyllis heterocirrata are the omnivorous species most responsible for the numerical dominance

of this trophic category this year.

3. Suspension feeders. In terms of percentage of total polychaete individuals per station,
suspension feeders were dominant at Stations HB2 (432 individuals, 47% of all polychaetes) and
HB6 (456 individuals, 53%). This was primarily due to the large numbers of the sabellid Euchone
sp. B (46% at Station HB2 and 42% at Station HB6). Euchone sp. B was rare at Station HB1 in
1999, after being the most dominant polychaete at that station from 1996 to 1998. Another sabellid,
Augeneriella dubia, was the dominant suspension feeder at Station HB3 (12%). Of the four trophic
categories, suspension-feeders were least speciose at two (HB1 and HB7) of the seven stations. The
number of taxa ranged from 8 (at Station HB7) tc; 14 (at Station HB2).

4. Carnivores. Carnivorous polychaetes were present at all stations, with their greatest
abundance occurring at Station HB6 (110 individuals, 13% of all polychaetes). Carnivores were the
least abundant trophic category at five stations: HB6, HZ (86 individuals, 18%), HB3 (70
individuals, 19%), HB4 (78 individuals, 8%), and HB2 (62 individuals, 8%). The number of taxa
ranged from 10 (at Stations HB3, HB4, and HB6) to 15 (at Station HB7). The hesionid Podarke
angustifrons was the dominant carnivore at six stations: HB3 (12%), HZ (8%), HB1 (7%), HB6
(5%), and HB2 and HB4 (4% each). Another hesionid, Micropodarke sp. A, dominated at Station
‘HB7 (6%). _

Motility categories. Motility categories are based on Fauchald and Jumars (1979) and are
summarized in Figures 12 and 13.
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1. Tubicolous polychaetes. Tubicolous polychaetes were the most abundant motility category
at Stations HB2 (446 individuals, 61% of all polychaetes) and HB6 (525 individuals, 60%). This
group had the fewest taxa at four stations (16 taxa at Station HB2, 10 taxa at Station HB3, 15 taxa
at Station HB6, and 8 taxa at Station HB7) and tied for fewest taxa with discretely motile worms at

Stations HB1 (10 taxa each), HB4 (12 taxa each), and HZ (12 taxa each). The dominant tubicolous -

polychaete taxa included the sabellid Euchone sp. B at Stations HB2 (46%) and HB6 (42%), the
oweniid Myriochele oculata at Stations HB4 (7%) and HZ (5%), and the sabellid Augeneriella
dubia at Stations HB3 (12%), HB1 (2%), and HB7 (1%).

2. Motile polychaetes. Motile polychaetes were the most abundant worms at Stations HB1
(251 individuals, 73%), HB3 (196 individuals, 53%), HB4 (550 individuals, 57%), HZ (256
individuals, 55%), and HB7 (443 individuals, 81%). In addition, they had the highest number of
taxa at each of the seven‘ stations, ranging from 24 (at Stations HB3 and HB6) to 39 (at Station
HB4). The syllid Pionosyllis heterocirrata was the dominant motile polychaete at Stations HB2
(9%), HB3 (17%), HB4 (14%), HZ (17%), and HB6 (6%). This syllid also showed high levels of
abundance at Stations HB1 (47 individuals) and HB7 (63 individuals). Synelmis acuminata, a
pilargid, was the dominant motile polychaete at Stations HB1 (21%) and HB7 (31%); it also
‘showed high levels of abundance at Stations HB2 (57 individuals), HZ (56 individuals), HB6 (48
individuals), HB4 (39 individuals), and HB3 (26 individuals).

3. Discretely motile polychaetes. Of the three niotility categories, discretely motile
polychaetes were least abundant at all stations except HB1 and HB7, where they ranked second in
abundance. The number of taxa was greatest at Stations HB2 and HB6 (18 taxa each) and lowest at
Station HB1 (10 taxa). The dominant discretely motile species were all spionids: Prionospio
cirrobranchiata was the most abundant discretely motile species at Stations HB1 (7% of all
polychaetes), HB2 (4%), HB6 (3%), and HB7 (4%); Polydora normalis at Station HB4 (14%); and
Aonides sp. A at Station HB3 (3%).

 Crustaceans

A total of 1,377 crustaceans and pycnogonids, representing 14.2% of the nonmollusk
abundance, were collected. Abundance for each taxon from each replicate is provided for each
station in Appendix Tables D.8 through D.14. Mean abundance (no./sample) ranged from 16.2
v(3,571/m2, at Station HB3) to 65.6 (14,461/m?, at Station HB7) (Figure 14). Variances were
heterogeneous for untransformed data but became hombgeneous after square root transformation
(Appendix Table B.5). There were no significant differences in mean abundance among the seven
stations (ANOVA, Appendix Table B.5). '

A total of 49 crustacean and pycnogonid taxa (copepods were not identified to the species.
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level) were collected; of these, 20 taxa (40.8%) were amphipods. Mean number of taxa ranged from
5.6 (at Station HB3) to 13.4 (at Station HB7) (Figure 15). Variances were homogeneous, and data
were normally distributed. There were no significant differences in mean abundance among the
seven stations (ANOVA, Appendix Table B.6).

Amphipods, tanaids, and copepods were the numerically dominant taxa, making up 32.1%,
29.2%, and 18.9%, respectively, of total crustacean and pycnogonid abundance. No taxon was
uniformly most abundant at all stations. Copepods and the tanaid Leptochelia dubia were present at
all stations and were generally among the most abundant crustaceans. L. dubia ranked among the
five most abundant nonmollusk species at Stations HB1, HB2, HB3, HZ, and HB6 (Table 1). The
amphipods Eriopisella sechellensis and Gammaropsis atlantica ranked among the five most
abundant nonmollusk species at Stations HB1 and HB7, respectivély.

Crustacean and pycnogonid abundance (1,377 individuals) and taxa number (49) in 1999
were substantially greater than in 1998 (697 individuals, 36 taxa). Abundance and taxa richness in
1999 equaled or exceeded the highest values observed in earlier collection years (range for 1986
and for 1990 through 1998 collections: 164 to 1,121 individuals, 34 to 49 taxa). A low count of 27
is excluded from theArange for taxa richness because of procedural differences in 1997 (Nelson et
al. 1997a).

Comparing the crustacean community composition across stations demonstrates clearly that
any impact the outfall may be having is not consistent across the ZID area. More crustacean taxa
were collected at ZID-boundary station HB2 (32 taxa) than at the far-field station HB1 (20),
reference station HB6 (22), or reference station HB7 (31). As many amphipod taxa (generally
considered to be pollution sensitive) were collected at ZID station HZ (8 taxa) as at far-field station
HB1 (7 taxa) or reference station HB6 (8 taxa). However, the lowest total number of crustacean
taxa (11), amphipod species (3), and crustacean individuals (81) were collected at ZID-boundary
station HB3, although there were no statistically signiﬁcant differences in mean taxa richness or
abundance between Station HB3 and any of the other stations (Appendix Tables B.5 and B.6).

Eight taxa—one podocopid ostracod, one caprellid amphipod, four gammarid amphipods, and
two caridean shrimp—were newly collected in 1999. The podocopid ostracod, Bairdia
hanaumaensis, has previously been. collected in other O‘ahu reef slope outfall samples, so its
presence in this study area was not unexpected. In contrast, the large caprellid amphipod, Caprella
cf. gigantochir, has never, in our experience, been collected from O‘ahu waters. The newly
collected gammarid amphipods are well-known species whose presence in the study area is also not
unexpected. They include Anamixis stebbingi, Leucothoides ? pottsi, Paradexamine maunaloa, and
Podocerus talegus. The two newly collected caridean shrimp, Nikoides danae and Ogyrides sp. A,
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have previously been collected on O‘ahu reef slopes. The collection of these two shrimp improves
knowledge of the larger crustacean fauna in this area.

This brings the total number of discretely identified/reported taxa from the study area in ten
years to 102. Copepods are enumerated as a single taxon, although several different taxa are
certainly present. Cumaceans and mysids are similarly enumerated. Between two and eight taxa
have been newly collected each year since the first two years of sampling (1990 and 1991) when a
total of 62 taxa were collected. The Barbers Point outfall study area does not appear to be subject to
extremely large swings in benthic community composition or consistency. It seems to be generally
a rather stable environment. This should aid in identifying any impacts associated with the outfall
itself. |
Mollusks

A total of 8,012 mollusks representing 132 taxa were collected. Mean abundance of mollusks
per sample (no./10 cm’) ranged from 139.0 (at Station HB6) to 317.6 (at Station HZ) (Figure 16).
Data were normally distributed at all stations except Station HB6 (Appendix Table C.1). Complete
basic statistics for total mollusk data are shown in Appendix Table C.1.

Mean number of mollusk taxa per sample ranged from 22.4 (at Station HB2) to 38.2 (at
Station HB7) (Figure 17). Data at all stations except Station HB2 were normally distributed
(Appendix Table C.2). However, the composite mollusk taxa data set passed the test for normality
prior to ANOVA. Complete basic statistics for number of mollusk taxa at all stations are shown in
Appendix Table C.2.

Variances for mollusk abundance data were heterogeneous for untransformed data but
became homogeneous after logy, transformation (Appendix Table C.3). There were significant
differences in mean mollusk abundance among stations (ANOVA, Appendix Table C.3). Mean
abundance was significantly greater at Station HZ than at Stations HB6, HB2, and HB4; at Stations
HB7, HB1, and HB3 than at Stations HB6 and HB2; and at Station HB4 than at Station HB6.

Variances for number of mollusk taxa data were homogeneous (Appendix Table C.4). There
were significant differences in mean mollusk taxa number among stations (ANOVA, Appendix
Table C.4). Mean number of mollusk taxa was significantly greater at Station HB7 than at Stations
HB2, HB6, HB4, HB1, and HB3; and at Station HZ than at Stations HB2 and HB6.

Diversity (H) ranged from 2.20 (at Station HB2) to 2.70 (at Station HB7) (Figure 18).
Evenness (J) ranged from 0.58 (at Stations HB2 and HZ) to 0.67 (at Station HB6). Diversity and
evenness values for mollusks were generally similar for all stations (Figure 18).

The mollusk abundance patterns are consistent with those of all previous samplings (Nelson
et al. reports; Swartz et al. 1998). Mollusk abundance for each taxa from each replicate is provided
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for each station in Appendix E. The molluscan fauna was very similar at all stations, especially
among the dominant taxa (Table 2). The gastropod taxa Diala scopulorum, Cerithidium
perparvulum, Diala semistriata, Balcis spp., and Scaliola spp. were abundant at all stations. Finella
pupoides was abundant at all stations except Stations HB1 and HB7. These six dominant mollusk

taxa accounted for 75.7% of all individuals collected.
DISCUSSION

In 1999 there were no significant differences among the seven stations in mean nonmollusk
abundance, number of nonmollusk taxa, crustacean abundance, and number of crustacean taxa.
These results for the nonmollusks are similar to those obtained in most previous survey years for
samples taken near the Barbers Point Ocean Outfall. The nonmollusks have generally been just as
abundant and speciose at the stations near the outfall (HB2, HB3, HB4, and HZ) as at the reference
and far-field stations (HB1, HB6, and HB7). The 1999 results for the crustaceans show less of a
trend for reduced crustacean abundance and taxa richness near the outfall than was evident in some
earlier survey years, including 1998. In 1999 the statistical comparisons were not significant, and
some of the quantitative values at the ZID and ZID-boundary stations exceeded those at the far-field
and reference stations, e.g., mean crustacean abundance and taxa richness at ZID-boundary station
HB?2 equaled or exceeded corresponding means at far-field station HB1 and reference station HB6.

ZID station HZ had significantly greater mollusk abundance than reference station HB6 and
ZID-boundary stations HB2 and HB4. Mollusk abundance was also significantly greater at
reference station HB7, far-field station HB1, and ZID-boundary station HB3 than at reference
station HB6 or ZID-boundary station HB2. Thus there was no general statistically significant
pattern with regard to mollusk abundance and proximity to the diffuser. The abundance of mollusks
was highest at Station HB1 in 1992, 1993, 1994, 1995, 1997, and 1998 (Nelson et al. 1992b, 1994a,
1994b, 1995, 1997a; Swartz et al. 1998), but that station ranked third behind Stations HZ and HB7
in 1999.

Mean crustacean taxa richness per replicate may not be as useful as total taxa r1chness per
station as an indicator of outfall effects, given the high intrastation variability encountered. The total
number of crustacean taxa collected at ZID station HZ was 19, slightly less than at far-field station
HB1 (20 taxa) and reference station HB6 (22 taxa). Total crustacean richness was highest at
ZID-boundary station HB2 (32 taxa), which is comparable to that for reference station HB7 (31
taxa). Crustacean richness was lowest at ZID boundary station HB3 (11 taxa), although that was an
improvement over the 8 taxa collected there in 1998.

Reductions in crustacean abundance and taxa richness near the Barbers Point Ocean Outfall

relative to reference stations have not been observed in every previous monitoring survey year.

17



Although in some years (e.g., 1991, Nelson et al. 1992a) taxa richness appeared to be reduced
adjacent to the outfall, this pattern had not been seen for several years until 1998. In 1999 the
crustacean community of the study area was more abundant and diverse than in 1998 and most
other years. The shifting patterns of number of taxa and abundance from year to year appear to be
more strongly influenced by other factors, such as small-scale differences in bottom topography or a
subtle variation in sediment composition. The presence of 12 taxa of stress-sensitive gammaridean
amphipods at the ZID and ZID-boundary stations also indicates that any changes in the crustacean
assemblage near the outfall in 1999 are associated with factors other than chemical contamination
by the effluent discharge. »

Taxonomic diversity (expressed here simply as the number of discretely recorded taxa) is
considered to be a better measure of the state of the crustacean communities at these sampling
stations than the abundance data. Crustacean and pycnogonid abundance counts can be strongly
influenced by a large number of juveniles released from brooding adults (for tanaids, isopods, and
amphipods). Abundance data generated from other taxa (such as mollusks, most polychaetes, and
many decapods) represent a settlement from the plankton of a larval form which has found the site
suitable for settlement. While high crustacean abundance data (particularly if juveniles are being
produced) clearly indicate that the site is suitable, low abundance data are not necessarily indicative
of unsuitability.

A rather comprehensive picture of the crustacean communities in the study area has been
developed (at least for crustaceans smaller than 1 cm) over the last ten survey years despite the
rather small areal coverage (7.6 cm diameter) of the sampling replicates. The number of new taxa
recorded in 1999 (eight) is higher than that of recent years. It is not clear whether this increase in
newly collected taxa represents a subtle shift in the composition of the overall crustacean
community or just particularly efficient collecting this year. It should be noted that larger (2 cm and
up) shrimp and crab, while certainly present in the study area, have almost no chance of being
collected. In general, the Honouliuli study area is less diverse than comparable study areas near the
Wai‘anae WWTP outfall and more diverse than the deeper Sand Island outfall study area.

With regard to mean mollusk taxa richness, reference station HB7 had significantly more
taxa than reference station HB6; ZID-boundary stations HB2, HB3, and HB4; and far-field station
HB1. Mean number of mollusk taxa was also significantly greater at ZID station HZ than at
reference station HB6 or ZID-boundary station HB2. Thus there was no consistent pattern of
mollusk taxa richness in relation to proximity to the outfall diffuser.

Both diversity and evenness values were generally similar among stations for both
nonmollusks and mollusks. Lower nonmollusk diversity and evenness values were reported for
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Station HB2 in 1993, but this pattern has not been repeated since (Nelson et al. 1994a, 1994b, 1995,
1996, 1997a; Swartz et al. 1998). There is little evidence that the outfall is having an effect on taxa
richness of the macrobenthos in the vicinity of the diffuser pipe.

Cluster analysis using the quantitative Bray-Curtis similarity index indicated that nonmollusk
abundance and taxa composition were broadly similar at most stations (>66% similarity index
value). The four most similar stations were from the ZID (Station HZ), ZID-boundary (Stations
HB2 and HB3), and reference (Station HB6) areas. In the period from 1986 to 1993, cluster analysis
consistently intermixed ZID, ZID-boundary, and reference stations (Nelson et al. 1987, 1991,
‘1992a, 1992b, 1994a). In 1994 and 1995, soine separation between stations in or near the ZID and
far-field reference stations was observed (Nelson et al. 1994b, 1995). In 1996 (Nelson et al. 1996),
1997 (Nelson et al. 1997a), 1998 (Swartz et al. 1998), and 1999 stations were again generally
interspersed in the cluster analysis. In comparing the 1996 through 1999 cluster results with those
of earlier years some caution is necessary, since the clustering algorithm was changed in 1996 from
flexible to group-average sorting in order to conform to current recommendations. for optimum
methodologies (Carr 1993).

Sediment grain sizes in the 1999 samples were broadly similar among stations. Sand
accounted for >90% of the sediment weight at all stations. The proportion of medium and coarse
sand was substantially greater than that of fine sand at Stations HB1, HB2, HB4, HZ, and HB7. The
two sand fractions were more evenly represented at Stations HB3 and HB6. These differences are
not related to proximity to the outfall diffuser. The percentage of fine sediments at ZID station HZ
showed no increase over that measured in samples taken in 1986 and from 1990 through 1998
(Nelson et al. reports; Swartz et al. 1998). The increase in the silt and clay fraction of the sediments
observed in 1993 for all stations began to moderate in 1996, and this trend continued in 1997, 1998,
and 1999 (for comparison see figure 3 in Nelson et al. 1992b, 1994a, 1994b, 1995, 1996, 1997a;
and in Swartz et al. 1998). The mean percentage of the silt and clay fraction in 1999 (4.06%) is less
than that observed in 1997 (4.77%) (Nelson et al. 1997a) and 1998 (4.86%) (Swartz et al. 1998).
The increase in fine sediments in 1993 occurred at all seven stations, thus it is unlikely to have been
an effect of the outfall discharge.

ORP analysis showed no evidence of reducing conditions at the surface of sediments at any
station in 1999; this has been the consistent pattern for this parameter. There were no significant
differences in ORP among stations in 1999. ORP values were higher in 1999 and 1998 than in
1997. | |

Mean O&G values were significantly greater at Station HB2 in 1999 than at all of the other

stations. The elevated O&G concentrations at Station HB2 were not associated with corresponding
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changes in other sediment parameters, including ORP, TOC, and grain size. In 1994 and 1995,
various ZID or ZID-boundary stations had significant elevations in sediment O&G values as
compared to other stations (Nelson et al. 1994b, 1995); however, no significant differences were
seen in 19'96, 1997, or 1998. Over the course of the monitoring studies, high year-to-year variation
in sediment O&G values has occurred (Nelson et al. reports; Swartz et al. 1998). The variability in
sediment O&G values suggests that there may be little direct influence of the diffuser effluent on
this parameter. '

Sediment TOC was less than 0.02% in all replicate samples at all stations. The absence of
detectable sediment TOC was reported for all samples collected in 1996 and 1997 and for all but
three samples in 1998. The analytical laboratory used for TOC analyses after 1995 removes all
traces of the organic carbon from the sediment during the acid digestion to remove inorganic
carbon. Although low, TOC values in previous years have been above the detection limits of
current instrumentation. Similar below-detection-limit values of TOC have been reported by the

‘same analytical laboratory for sediment samples at the Sand Island Ocean Outfall monitoring

stations (Nelson et al. 1997b). Analyses of sediment nitrogen levels for samples taken concurrently
with the sediment TOC samples at the Sand Island monitoring stations suggest that the contract
laboratory is consistently underestimating sediment TOC (Nelson et al. 1997b). Unfortunately,
similar measurements of sediment nitrogen were not taken for the Barbers Point Ocean Outfall
monitoring stations, thus the conclusion of measurement bias for TOC cannot be conclusively
confirmed, although it is strongly suspected.

The total number of nonmollusk taxa recorded in 1999 (183) is the highest recorded in the
eleven years of monitoring at the Barbers Point Ocean Outfall (162 in 1986, 164 in 1990, 162 in
1991, 175 in 1992, 144 in 1993, 159 in 1994, 151 in 1995, 147 in 1996, 138 in 1997, and 140 in
1998). The 49 crustacean and pycnogonid taxa collected in 1999 equaled the highest value observed
in earlier years, when counts ranged from 34 to 49 taxa. That range does not include the low value
of 27 taxa collected in 1997 when counts were reduced because of differences in sample handling.
Although there have been differences in levels of sampling effort and taxonomic resolution (Nelson
et al. 1991), overall nonmollusk taxa richness in the study area appears to have remained very
similar over the period from 1986 to 1999.

Mean nonmollusk abundance was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1999 (Figures 19 and 20). Two-way
ANOVA results showed significant differences both among sampling dates (p < 0.0001) and
among sampling stations (p < 0.0001). Numerous pairwise comparisons among dates showed
significant differences, generally. with values for more recent dates being higher than values for
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earlier dates. The abundance of nonmollusks in 1999 was quantitatively greater than that of any

previous year and significantly greater than that observed dufing the first seven survey years (1986

* and 1990 through 1995). This temporal pattern of increasing nonmollusk abundance was confirmed
by a linear regression analysis of data from 1990 to 1999, which found a trend of significantly
increasing mean abundance over this period (p = 0.00022, y = 18.9x - 90.7, where y = mean
nonmollusk abundance and x = year code: 1990 = 10 through 1999 = 19). The slightly lower mean |
nonmollusk abundance in 1997 versus 1996, 1998, and 1999 is partly explained by the processing
differences for the crustaceans during 1997. '

The Student-Newman-Keuls test showed no significant pairwise multiple contrasts among
stations for mean nonmollusk abundance based on data collected in 1986 and from 1990 through
1999, Previous analysis of this data set had shown significant differences among stations (Nelson et
al. 1997a). However, the temporal increase in nonmollusk abundance described above is evident at
all stations and thus greatly increases the variance associated with each station mean. The historic
range in mean nonmollusk abundance within individual stations now greatly exceeds the range
among stations. The substantial within-station variance accounts for the absence of significant
differences among stations. ‘

Mean nonmollusk taxa richness was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1999 (Figures 21 and 22). Two-way
ANOVA results showed significant differences among sampling dates (p < 0.0001) but not among

- sampling stations (p = 0.11). Mean nonmollusk taxa richness was significantly lower in 1990 than
in all other years and significantly lower in 1997 than in 1992, 1993, 1994, 1996, and 1999 (Figure
21). The low counts for 1997 are due to methodological problems that impacted the number of
crustacean taxa collected. Mean nonmollusk taxa richness was also significantly lower in 1986 than
in 1992, 1994, 1996, and 1999; significantly lower in 1991 than in 1994 and 1999; and significantly
lower in 1995 and 1998 than in 1999. Nonmollusk taxa richness was quantitatively higher in 1999
than in any previous year. No temporal trend comparable to that for abundance was seen for
nonmollusk taxa richness, nor was any apparent spatial trend seen for this parameter in relation to
proximity to the outfall.

Mean crustacean abundance was also compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1999 (Figures 23 and 24). Two-way
ANOVA results showed significant differences both among sampling dates
(p < 0.0001) and among sampling stations (p = 0.003). Mean crustacean abundance in 1999 was
quantitatively higher than in all previous years and significantly higher than in all previous years
except 1993 and 1994. Crustacean abundance in 1993 and 1994 was significantly higher than in
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1990 and 1997. The decreased abundance in 1990 is consistent with the overall pattern of

nonmollusk abundance for that year. Interannual variations in abundance are not related solely to

differences in the time of year that samples were taken. The 1990, 1992, and 1994 through 1998 °

samples, all of which were taken in January or February, show considerable variation in mean
crustacean abundance. When all data through 1999 were pooled for station comparisons, mean
crustacean abundance was significantly greater at reference station HB6 than at ZID-boundary
station HB3. The same result was obtained for the historic data set through 1997 (Nelson et al.
1997a) but not through 1998 (Swartz et al. 1998).

Mean number of crustacean taxa was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1999 (Figures 25 and 26). Two-way
ANOVA results showed significant differences both among sampling dates
(p < 0.0001) and among sampling stations (p = 0.0003). Mean crustacean taxa richness was
significantly lower in 1990 than in all years except 1986 and 1997 significantly lower in 1997 than
in 1993, 1994, 1995, and 1999; significantly greater in 1994 and 1999 than in 1990, 1997, 1986;
1992, and 1998; and significantly greater in 1994 than in 1996 and 1991. The low mean number of
taxa counted in 1990 reflects the low total abundance of crustaceans collected that year. The
reduction in crustacean taxa richness in 1997 was due to procedural differences in sample handling.
The increase in the number of crustacean taxa collected in 1998 and 1999 reverses a temporal
decline that was evident from 1994 through 1997 (Figure 25). Student-Newman-Keuls tests
showed no significant pairwise comparisons of mean number of crustacean taxa among stations.
Despite the lack of statistical significance, there is a historic pattern of reduced crustacean taxa
richness at all ZID and ZID-boundary stations (Figure 26). In fact, all stations near the diffuser have
fewer crustacean taxa than all reference stations. The overall pattern is consistent with an effect of
the diffuser effluent on crustacean taxa. This historic pattern was not as obvious in 1999, especially
at ZID-boundary station HB2 where more crustacean taxa were collected than at any of the other six
stations.

Dominant taxa of the nonmollusk fauna were similar to those of previous sampling years. The
representation of nematodes and oligochaetes as a percentage of total abundance was of similar
magnitude to that of previous sampling years. The sipunculan Aspidosiphon muelleri was the most
abundant taxon in 1999 (Table 1). The dominant polychaete taxa since 1994 showed some variation
from earlier sampling years (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a). Dominant taxa in
1999 were similar to those found in 1994 through 1998 (Nelson et al. 1994b, 1995, 1996, 1997a;
Swartz et al. 1998) and included the polychaetés Euchone

sp. B, Pionosyllis heterocirrata, Synelmis acuminata, Podarke angustifrons, and Myriochele
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oculata, as wéll as the tanaid Leptochelia dubia (Table 1).

Mean mollusk abundance was compared among sampling dates and among sampling stations
for data collected in 1986 and from 1990 through 1999 (Figures 27 and 28). Two-way ANOVA
results showed significant differences both among sampling dates (p < 0.0001) and 'among
sampling stations (p < 0.0001). Mean mollusk abundance was significantly greater in 1998 than in
all other years; significantly greater in 1996, 1997, and 1999 than in 1986, 1991, 1992, and 1993;
and significantly greater in 1996 than in 1990. Mean mollusk abundance was significantly greater at
reference station HB1 than at all other stations except HB4. Neither the temporal nor spatial pattern
of differences indicates a negative effect of the diffuser effluent on mollusk abundance.

Because the mollusk specimens were not separated into living and dead shell material, they
represent time-averaged collections that integrate conditions at a site over a longer period.
Temporal variability in abundance among sampling dates was generally much less for the mollusk
fraction than for the nonmollusk fraction prior to 1996. There has been a temporal trend of
increasing mollusk abundance since 1993 (Figure 27). The pattern of abundance in the sampling
area on all dates shows that Station HB1 has consistently had the greatest number of mollusk
individuals (Figure 28), but that station ranked third behind Stations HZ and HB7 in 1999.

Mean mollusk taxa richness was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 1999 (Figures 29 and 30). Two-way
ANOVA results showed significant differences both among sampling dates (p < 0.0001) and
among sampling stations (p < 0.0001). Mean mollusk taxa richness was significantly greater in
1998 than in 1990, 1992, 1993, 1986, 1994, 1995, and 1991; significantly greater in 1996 and 1997
than in 1990, 1992, 1993, 1986, and 1994; and significantly greater in 1999 than in 1990 and 1992.
Mean mollusk taxa richness was significantly greater at Stations HB1, HB4, and HB7 than at
Station HB2. There has been a temporal pattern of increasing number of mollusk taxa since 1992
(Figure 29). Neither the temporal nor spatial pattern of differences indicates a consistent negative

effect of the diffuser effluent on mollusk taxa richness.
' SUMMARY AND CONCLUSIONS

Measurements of physical parameters continue to show little evidence of a buildup of organic
matter in the vicinity of the Barbers Point Ocean Outfall diffuser. High ORP measurements at all
stations indicated the absence of reducing conditions. Sediment O&G was low at all stations except
Station HB2 where high O&G concentrations were not associated with any biological alterations.
Sediment TOC was less than 0.02% in all samples in 1999 and was very low or undetectable from
1996 through 1998. In years prior to 1996, mean sediment TOC was in the narrow range of 0.04%
to 0.47%, except in 1993 when methodological problems were experienced with the analyses and
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values ranged from 0.56% to 1.40%. The ocean outfall in Orange County, California, discharges
onto the continental shelf in an erosional benthic environment (Maurer et al. 1993) which may be
somewhat similar to that found in Mo(",a)mala Bay, O‘ahu. In the vicinity of the Orange County
outfall, sediment TOC ranged from approximately 0.3% to 0.9% (Maurer et al. 1993). In areas
which possess more depositional benthic environments, the percentage of organic content in the
sediments is typically much higher. For example, this percentage ranged from 1.2% to 10.9% for
sediments of the Kattegat (Pearson et al. 1985) and 0.6% to 8.9% for sediments off the coast of
Maine (Bader 1954). The percentage of TOC ranged from 1.4% to 4.1% for stations near the Los
Angles ocean sewage outfalls (Swartz et al. 1986). In Kingston Harbour, Jamaica, the percentage of
sediment TOC ranged from 4.0% to 10.7% in a semi-enclosed bay subject to organic pollution
(Wade 1972; Wade et al. 1972). The lack of evidence for organic buildup near the Barbers Point
Ocean Outfall suggests that little particulate matter from the diffuser ever reaches the sediment
surface in the study area. \
The spatial patterns of organism abundance and taxa richness in relation to the outfall varied
~ depending on the taxonomic grouping. There were no consistent, statistically significant patterns of
reductions of either organism abundance or taxa richness of nonmollusks and mollusks near the
diffuser in 1999. The macrobenthos was much more similar than dissimilar among the seven
sampling stations. Cluster analysis of nonmollusk data indicated that all stations were similar to one
~another in terms of taxa composition and relative abundance (similarity >66%). The dominant
mollusk taxa were almost identical at all stations. Only six taxa are on the list of mollusks that rank
among the five most abundant taxa at any one of the seven stations.
' The abundance of nonmollusks and mollusks in the study area has increased in recent years.
However, there is no consistent spatial pattern in the historic abundance or taxa richness of either
nonmollusks or mollusks. More nonmollusk individuals and taxa were collected in 1999 than in
any previous survey year. The number of mollusk taxa collected in 1999 was near the top of the
historic range.

The abundance and taxa richness of crustaceans increased in 1998 and 1999, reversing a
temporal decline that began in 1994. More crustacean individuals were collected in 1999 than in
any previous survey year. There is a historic pattern of reductions in crustacean abundance and taxa
richness at the four ZID-area stations relative to each of the reference and far-field stations. This
pattern may indicate a trend related to proximity to the diffuser. However, this pattern was not as
obvious in 1999 as in some eatlier survey years. In fact, there were no significant differences among
the ZID, ZID-boundary, reference, and far-field stations in either mean crustacean abundance or

mean number of crustacean taxa in 1999. Also, the pattern was not consistent for total crustacean
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taxa collected at each station in 1999. For example, more crustacean taxa were collected at
ZID-boundary station HB2 than at any of the reference and far-field stations. Also, as many or more
amphipod species were collected at ZID station HZ as at reference station HB6 or far-field station
HB1. The presence of pollution-sensitive taxa like amphipods (especially the phoxocephalid
| Paraphoxus sp. A) indicates that the diminished crustacean fauna at the ZID and ZID-boundary
stations may be related to a noncontaminant factor.
' Taxa diversity (H') and evenness (J) were very similar among all stations for both total
nonmollusks and mollusks. The model of benthic organic enrichment by Pearson and Rosenberg
(1978) proposes that in the transition zone on an enrichment gradient, a few taxa increase and are
extremely dominant, while overall diversity and evenness are low. The response patterns of the
benthic fauna and the sediment chemical analyses show no indication of the types of changes in
bottom communities predicted by the organic enrichment hypothesis. Maurer et al. (1993) proposed
that the Pearson-Rosenberg model may be inappropriate for erosional continental shelf
environments. Their study of an outfall on the continental shelf off California found that even with
some organic enrichment near the diffuser, there was no evidence of elimination of rare species,
even though three species did achieve numerical dominance. The response of the benthic
community near the Barbers Point Ocean Outfall does not show the alternate response pattern
described by Maurer et al. (1993), presumably because sediment organics there do not show even
the moderate enrichment found near the Orange County outfall.

In conclusion, there is little evidence of adverse effects of the Barber Point Ocean Outfall on
the macrobenthic community in 1999. The only indication of an effect lies in the crustacean
component where there were fewer, but not significantly fewer, individuals and taxa at
ZID-boundary stations HB3 and HB4 and ZID station HZ than at the reference stations. However,
other analyses do not suggest an adverse effect of the outfall on crustaceans, especially the abundant
and taxa rich crustacean assemblage at ZID-boundary station HB2. The presence of twelve
amphipod species at the ZID and ZID-boundary stations indicates that alterations in the crustacean
component may be related to a noncontaminant factor. The analyses of the noncrustacean fauna
clearly demonstrate the presence of a diverse and abundant macrobenthos within and near the ZID

of the Barber Point Ocean Outfall.
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TABLE 1. Abundance of Numerically Dominant Nonmollusk Taxa, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai'i, April 1999
' Number of Individuals
Taxon Station ' Total
HB1 HB2 HB3 HB4 HZ HB6 HB7

Aspidosiphon muelleri 81" 82" 1427 92" 328" 1007 70" 895
Euchone sp. B 3 339° 25 13 15 370° 5 770
Pionosyllis heterocirrata 47 69" 61" 1327 79° 49° 63" 500
Synelmis acuminata 61" 57 26 39 56" 48 173" 460
Leptochelia dubia 42" 717 28" 17 29" 72" 44 303
Podarke angustifrons 20 28 43 36 39" 46 22 234
Mpyriochele oculata 4 11 15 72" 23 67 192
Augeneriella dubia 6 6 45" 62 18 - 21 8 166
Eriopisella sechellensis 45" 12 3 12 32 41 145
Polydora normalis 139° 1 ' 140
Ophiyotrocha sp. A 87" 87
Gammaropsis atlantica 1 3 71" 75

Haplosyllis spongicola 58" 58

*Ranked among the five most abundant nonmollusk taxa at individual stations.

TABLE 2. Abundance of Numerically Dominant Mollusk Taxa, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai‘i, April 1999
Number of Individuals

Taxon Station Total
HB1 HB2 HB3 HB4 HZ HB6 HB7

Diala scopulorum 206" 305* 316° 205" 409" 1347 81" 1,656
Cerithidium perparvulum 267 175 86" 170" 126 65" 390 1,279
Finella pupoides 33 275" 1747 M7 173 3 1,105
. Diala semistriata 195" 56" 83" 84" 91" 53" 300" 862
Balcis spp. 4" 53° 120" 1317 144" 76" 65* 663
Scaliola spp. 178" 110° 51 67 51 39 111 607

*Ranked among the five most abundant mollusk taxa at individual stations.
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TABLE A.l. Location and Depth for Replicate Grab Samples, Barbers Point Ocean Outfall
Sampling Stations, O*ahu, Hawai‘i, April 1999
Sampling

Station

HB1

Date

13 April

13 April

14 April

14 April

13 April

14 April

14 April

Replicate

DD W - B AWM = N AW BB W - R W N BA WR -

N s WK -

Latitude

21°16'504"
21°16'50.2"
21°16'50.6"
21°16'50.3"
21° 16'50.5"

21°17' 00.5"
21°17'00.2"
21°17'00.5"
21°17'00.3"
21°17 00.1"

21°16'53.4"
21°16'53.6"
21°16'53.4"

21°16'53.4"

21°16'53.4"

21°16'47.8"
21°16'47.8"
21° 16'47.6"
21° 16'47.7"
21°16'47.8"

21° 16'53.5"
21°16'53.8"
21° 16'53.4"
21°16'53.4"

21°16'53.3"

21°16'32.3"
21°16'32.5"
21° 16'32.5"
21°16'32.6"
21° 16' 32.7"

21°15'33.0"
21°15'33.1"
21°15'33.2"
21°15'33.1"
21°15'33.2"

30

Location

Longitude

157° 59" 13.5"
157°59'13.4"
157°59' 13.6"
157° 59' 13.4"
157° 59" 13.5"

158°01'21.0"
158° 01'20.8"
158°01'21.3"
158° 01'20.8"
158°01'20.7"

158°01'29.1"
158°01'29.2"
158°01'29.3"
158°01'29.1"
158°01'29.2"

158°01'38.3"
158° 01' 38.4"
158° 01' 38.3"
158°01'38.4"
158° 01'38.5"

158°01'30.5"
158° 01' 30.7"
158°01'30.5"

- 158°01' 30.3"

158°01'30.7"

158°01'46.7"
158°01'46.7"
158° 01'46.7"
158° 01' 46.6"
158° 01'46.7"

158°03' 14.1"
158°03'13.9"
158°03'13.9"
158°03'13.8"
158°03' 13.8"

Depth

(m)

61.6
62.2
61.6
62.2
61.6

60.7
61.0
61.0
60.7
61.3

66.8
66.8
67.1
66.8
66.8

61.3
61.0
61.3
61.0
61.0

64.0
63.7
64.0
64.3
64.0

61.0
61.0
61.0
61.3
61.3

. 634

63.1
63.1
63.1
63.1
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TABLE A.2. Sediment Chemical Characterization of Barbers Point Ocean Outfall Sampling
Stations, O‘ahu, Hawai'‘i, April 1999

Station- PD ORP 0&G TOC
Replicate (cm) _ (+mV) (mg/wet kg) (% dry weight)
HB1-1 : 9.5 30 33 <0.02
HB1-2 9.0 80 <5 <0.02
HB1-3 10.0 110 20 <0.01
HB1-4 12.0 © 85

HB1-5 11.0 155

HB2-1 9.0 170 : 725 <0.01
HB2-2 9.0 165 758 : <0.01
HB2-3 6.0 ' 85

HB2-4 9.0 165 792 <0.01
HB2-5 10.0 110

HB3-1 9.0 115 36 <0.01
HB3-2 8.0 175 73 <0.01
HB3-3 11.0 190 126 <0.01
HB3-4 9.0 175

HB3-5 8.0 ) 75

HB4-1 10.0 155 13 <0.01
HB4-2 , 11.0 145 60 <0.01
HB4-3 ' 6.0 135

HB4-4 9.0 195 213 <0.01
HB4-5 8.0 -150

HZ-1 12.0 145 133 <0.01
HZ-2 9.0 ‘150 <5 <0.01
HZ-3 8.0 130

HZ-4 9.0 160 <5 <0.01
HZ-5 6.0 175

HB6-1 9.0 185 40 <0.01
HB6-2 8.0 185 60 <0.01
HB6-3 9.0 170 53 ] <0.01
HB6-4 8.0 60

HB6-5 8.0 85

HB7-1 10.0 150 7 <0.01
HB7-2 10.0 170 73 <0.01
HB7-3 10.0 125 _ 186 <0.01
HB7-4 8.0 135

HB7-5 8.0 160

SOURCE: PD (penetration depth) and ORP (oxidation-reduction potential) data from Oceanographic Team, Department of
Environmental Services, City and County of Honolulu; O&G (oil and grease) data from Environmental Quality Laboratory,
Department of Environmental Services, City and County of Honolulu; and TOC (total organic carbon) data from Severn Trent
Laboratories (Colchester, Vermont).
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NOTE: <0.01% = analyte not detected at stated detection limit of 100 mg/kg.
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TABLE A.3. Sediment Grain-Size Analysis of Barbers Point Ocean Outfall Samplmg Stations,
O‘ahu, Hawai'i, April 1999
Sample Weight Distribution (%)

Station- Phi Size

Replicate -2 -1 0 1 2 3 4 >4-12
HB1-1 1.18 4.17 15.22 24.78 21.56 19.84 7.11 4.24
HB1-2 0.76 422 14.54 24.06 23.92 21.50 743 3.82
HB1-3 143 2.95 16.10 26.36 24.66 20.19 5.37 3.28
HB2-1 0.00 141 7.64 25.91 26.18 20.67 11.59 5.31
HB2-2 0.07 0.72 5.55 23.17 28.71 24.40 12.57 5.73
HB24 = 0.87 1.38 7.29 28.51 25.92 18.36 10.93 4.67
HB3-1 0.20 0.67 2.79 11.13 30.11 41.45 10.43 3.28
HB3-2 0.11 0.36 2.09 9.94 31.80 4341 942 3.13
HB3-3 0.10 0.47 0.02 8.90° 29.27 45.21 10.79 3.31
HB4-1 0.35 0.74 3.10 13.89 28.25 35.50 13.13 432
HB4-2 12.21 5.87 10.54 18.31 23.77 18.06 5.61 3.73
HB4-4 1.33 322 10.86 20.72 28.20 25.57 6.87 343
HZ-1 0.21 1.13 6.71 29.66 40.64 - 16.13 2.34 2.46
HZ-2 0.12 0.67 3.98 14.22 32.74 37.34 7.60 2.97
HZ-4 0.32 0.48 2.23 10.80 33.91 41.10 6.84 2.95
HZ-4 (rep) 0.04 0.44 2.27 10.51 33.66 41.82 6.96 2.89
HB6-1 0.53 1.81 8.61 16.16 23.94 33.78 9.43 4.08
HB6-1 (rep) 0.80 1.60 7.85 16.15 24.17 34.09 9.56 4.26
HB6-2 0.30 1.86 7.21 13.67 22.26 36.93 12.87 4.65
HB6-3 044 = 1.99 6.25 14.02 23.70 35.87 12.77 5.02
HB7-1 1.67 3.96 10.14 17.23 27.13 29.27 6.47 3.97
HB7-2 0.66 2.83 9.34 16.23 28.00 31.46 7.31° 4.27
HB7-2 (rep) 1.84 3.14 9.67 15.89 27.73 31.50 7.40 423
HB7-3 - 557 520 11.07 16.25 25.36 27.53 6.14 348

SOURCE: Environmental Quality Laboratory, Department of Environmental Services, City and County of Honolulu.
NoTE: The values listed indicate the fraction percentage of the estimated dry weight of the sediment samples. The coarse fraction (-2
to +4) was analyzed by the sieve method. The fine fraction (greater than +4 to +12) was analyzed by the pipette method.
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TABLE B.1. Basic Statistics for Untransformed Nonmollusk Abundance, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai'i, April 1999
(Sample Size n =5)

Station

Statistic HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 152.60 288.00 271.80  351.60 285.60 355.80  284.40
Standard Deviation 42.09 190.50 64.48 10598  104.72 . 8591 127.55
Standard Error of the Mean  18.82 85.19 28.84 47.40 46.83 38.42 57.04
95% of CI Mean 52.25 236.50 80.05 131.58 130.00 106.65 158.35
Skewness -1.55 - 0.36 0.42 -0.48 -0.16 -0.77 1.12
Kurtosis 3.03 -0.01 -0.76 -1.32 -0.45 -2.07 1.90
Median 159.00 299.00 204.00  359.00 297.00 402.00  255.00
Normality Test (D) 0.332ns  0.161ns 0.185ns 0.211ns  0.143ns 0.305ns  0.236ns

NorteE: CI = confidence interval. Normality was assessed with the Kolmogorov-Smirmov D statistic of goodness of fit to a normal
distribution, Dy, = 0.337; ns = not significant.

TABLE B.2. Basic Statistics for Untransformed Nonmollusk Taxa Number, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, April 1999
(Sample Size n=35)

Station
Statistic HB1 . HB2 HB3 HB4 HZ HB6 HB7
Mean 35.60 46.80 37.00 48.60 41.40 49.20 44.60
Standard Deviation 9.91 21.24 8.51 10.85 8.65 4.60 13.89
Standard Error of the Mean  4.43 9.50 3.81 4.85 3.87 2.06 6.21
95% of CI Mean 12.31 26.37 10.57 13.47 10.74 572 17.24
Skewness -1.03 -0.65 -0.85 0.35 -0.60 -0.14 -0.10
Kurtosis © 1.39 -0.50 -1.73 -1.41 -0.52 -0.51 -2.70
Median 35.00 49.00 42.00 46.00 43.00 49.00 46.00
Normality Test (D) 0.276ns 0.177ns 0.322ns  0.195ns 0.173ns  0.128ns  0.218ns

NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov-Smirnov D statistic of goodness of fit to a normal
distribution, Dy, = 0.337; ns = not significant.
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TABLE B.3. Analysis of Variance for Untransformed Nonmollusk Abundance, Barbers Point
Ocean Outfall Sampling Stations, O‘ahu, Hawai'‘i, April 1999

Source of Sum of Degrees of Mean F p

Variation Squares . Freedom Square Ratio
Among Stations 155,014.3 6 25,835.7 2.05 0.09
Experimental Error 352,266.4 28 12,580.9
Total 507,280.7 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 152.60 288.00 217.80 351.60 285.60 355.80 284.40
Standard Deviation 42.09 190.50 64.48 105.98 104.72 85.91 127.55

F... test for equal variance: Untransformed data, F... = 20.49, not significant, p >0.05.

Conclusion: There are no significant differences in mean nonmollusk abundance among the seven
stations.

TABLE B.4. Analysis of Variance for Untransformed Nonmollusk Taxa Number, Barbers Point
Ocean Outfall Sampling Stations, O‘ahu, Hawai'i, April 1999

Source of Sum of Degrees of Mean F p
Variation Squares Freedom Square Ratio
Among Stations 897.1 6 1495 1.02 0.43
Experimental Error 4,1144 28 146.9
Total 5,01L1.5 34
Station " HBI HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 35.60 46.80 37.00 48.60 41.40 49.20 44.60

Standard Deviation 9.91 21.24 8.51 10.85 8.65 4.60 13.89
P test for equal variance: Untransformed data, Fa., = 21.28, not significant, p > 0.05. ‘

Conclusion: There are no significant differences in mean nonmollusk taxa number among the
seven stations. : *
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TABLE B.5. Analysis of Variance for Square Root Transformed Crustacean Abundance Barbers

Point Ocean Outfall Sampling Stations, O‘ahu, Hawai'‘i, April 1999

Source of Sum of Degrees of Mean

Variation Squares Freedom Square
Among Stations 50.28 6 8.38
Experimental Error 149.59 28 5.34
Total _ 199.87 34
Untransformed Data

Station HB1 HB2 HB3 HB4
No. of Replicates 5 5 5 5
Mean Abundance 28.00 5240 16.20 33.00
Standard Deviation 15.23 53.88 8.93 18.77
Fo. test for equal variance: Untransformed data, F,.. = 38.00, significant, p < 0.05.
Transformed Data

Station HBI HB2 HB3 HB4
No. of Replicates 5 5 5 5
Mean Abundance 5.11 6.33 3.85 5.55
Standard Deviation 1.53 3.92 1.30 1.65

F... test for equal variance: Transformed data, F,.. = 9.03, not signiﬁcént, p>0.05.

5
28.20
17.14

HZ

5.05
1.82

.
Ratio
1.57

HB6

52.00
19.04

HB6

7.11
© 1.35

P

0.19

HB7

65.60
55.03

HB7

7.58
3.19

Conclusion: There are no significant differences in mean crustacean abundance among the seven

" stations.

TABLE B.6. Analysis of Variance for Untransformed Crustacean Taxa Number, Barbers Point

Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i, April 1999

Source of Sum of Degrees of Mean

Variation Squares Freedom . Square
Among Stations 278.74 6 46.46
Experimental Error 538.00 28 19.21
Total 816.74 ‘ 34

Station HB1 HB2 HB3 HB4
No. of Replicates 5 5 5 5

- Mean No. of Taxa 9.00 12.00 5.60 6.20

Standard Deviation 2.83 8.72 2.70 2.95

Fex test for equal variance: Untransformed data, F,,, = 13.82, not significant, p > 0.05.

HZ
5
8.20
2.59

-F
Ratio
242

HB6
5

12.00
2.35

» .

0.052

HB7
5

13.40

472

Conclusion: There are no significant differences in mean crustacean taxa number among the

seven stations.
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TABLE C.1. Basic Statistics for Untransformed Mollusk Abundance, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai'‘i, April 1999 ' :
(Sample Size n = 5)

Station

Statistic HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 250.00 171.80 232.20 211.00 317.60 139.00 280.80
Standard Deviation 30.37 43.06 35.71 23.51 86.11 6.75 42.11
Standard Error of the Mean 13.58 19.26 15.97 10.51 38.51 3.02 18.83
95% of CI Mean 37.71 53.46 44.33 29.18 106.90 8.37 52.28
Skewness - 0.83 0.85 -1.11 0.44 0.62 -2.17 0.14
Kurtosis 1.67 -0.17 0.26 -2.35 2.06 4.78 -1.30
Median 246.00 160.00 245.00 204.00  310.00 142.00 266.00
Normality Test (D) 0.235ns 0.208ns 0.240ns 0.217ns  0.284ns 0417 0.237ns

NoOTE: CI = confidence interval. Normality was assessed with the Kolmogorov-Smirnov D statistic of goodness of fit to a normal
distribution, D, = 0.337; ns = not significant; * = p < 0.05.

TABLE C.2. Basic Statistics for Untransformed Mollusk Taxa Number, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, April 1999
(Sample Size n = 5)

Station

Statistic HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 28.20 22.40 30.40 27.60 33.20 23.80 38.20
Standard Deviation 4.44 3.13 541 4.04 4.09 2.59 7.40
Standard Error of the Mean  1.98 1.40 242 1.81 1.83 1.16 3.31

" 95% of CI Mean 5.51 3.89 6.72 5.01 5.07 321 9.18
Skewness 0.21 -1.84 0.12 1.24 0.35 0.36 1.16
Kurtosis -1.46 3.75 -2.49 0.95 0.41 -2.41 1.53
Median 28.00 23.00 29.00 26.00 32.00 23.00 38.00
Normality Test (D) 0.164ns 0.379° 0.250ns  0.254ns 0.216ns  0.221ns 0.257ns

NOTE: CI = confidence interval. Normality was assessed with the Kolmogorov-Smirnov D statistic of goodness of fit to 2 normal
distribution, Dy, = 0.337; ns = not significant; * = p < 0.05.
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TABLE C.3. Analysis of Variance and A Posteriori Comparison of Means for Log,, Transformed
Mollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i, April 1999

Source of Sum of Degrees of Mean F )4
Variation Squares Freedom Square " Ratio
Among Stations 0.4464 6 0.7440 13.02 <0.001
Experimental Error 0.1601 28 0.0057
Total 0.6065 34
Untransformed Data
Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 250.00 171.80 232.20 211.00 317.60 139.00 280.80
Standard Deviation 30.37 43.06 35.71 23.51 86.11 6.75 42.11

F.... test for equal variance: Untransformed data, F,., = 162.95, significant, p < 0.01.

Transformed Data

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance © 240 222 2.36 2.32 2.49 2.14 2.44
Standard Deviation 0.05 0.11 0.07 0.05 0.12 0.02 0.07

F...x test for equal variance: Log,, transformed data, F.,, = 29.66, not significant, p > 0.05.

Conclusion: There are significant differences in mean mollusk abundance between the following

station pairs, as determined by Student-Newman~Keuls tests:
HB6 HB2 HB4 HB3 HB1 HB7 H

HB6 - & k * ES £
HB2 - * *k sk *
HB4 - - - *
HB3 - - -
HB1 , - -
HB7 -

- = not significant; * = p < 0.05.
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TABLE C.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed

O Mollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O*ahu, Hawai'i,
April 1999
Source of Sum of Degrees of Mean - F p
Variation Squares Freedom Square Ratio
Among Stations 886.74 6 147.79 6.75 <0.001
Experimental Error 612.80 28 21.89 -
Total 1,499.54 34 '
Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 -5 5
Mean No. of Taxa 28.20 22.40 30.40 27.60 33.20 23.80 38.20
Standard Deviation 4.44 3.13 541 4.04 4.09 2.59 7.40
F..x test for equal variance: Untransformed data, Fa., = 8.16, not significant, p > 0.05.
Conclusion: There are significant differences in mean mollusk taxa number between the following
station pairs, as determined by Student-Newman-Keuls tests:
HB2 HB6 HB4 HB1 HB3 HZ HB7
HB2 - - - - * *
HB6 - - - * *
HB4 - - - *
HB1 - - %
HB3 - *
HZ -
- = not significant; * = p < 0.05.
h
-
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ABSTRACT

Benthic infauna in the vicinity of the Barbers Point Ocean Outfall was sampled at seven
stations on 9-10 February, 15-17 February, and 8 March 2000 with a modified van Veen
grab sampler. The stations are located along the diffuser isobath (61 m) as follows: Station
HZ within the zone of initial diiutio_n (ZID); Stations HB2, HB3, and HB4 on the ZID
boundary; Station HB6 at 0.5 km from the ZID; and Stations HB1 and HB7 at 3.5 km from
the ZID. : _

Sediments were predominantly (>90%) sand at all stations. The coarse-sediment
fraction was moderately higher and the fine-sand fraction moderately lower at Stations HB1,
HB2, and HB7 than at the other stations. Total organic carbon in the sediments at all stations
was less than 0.12%. Values for oxidation-reduction potential showed no evidence of
reducing conditions at the surface of sediments at any station.

A total of 7,736 nonmollusk individuals from 164 taxa were collected. Polychaetes
represented 45.1%, nematodes 19.4%, oligochaetes 11.7%, sipunculans 10.7%, and
crustaceans 7.8% of total nonmollusk abundance. Mean total nonmollusk abundance ranged
from 169.8 individuals per sample (37,430/m2, at Station HB1) to 312.6 individuals pér
- sample (68,908/m2, at Station HB4). Mean crustacean abundance ranged from 8.4 (1,852/m2,
at Station HZ) to 25.4 (5,599/m?, at Stations HB6 and HB7). Mollusks were analyzed
‘separately because they represent time-averaged collections of live and dead shells. Mean
mollusk abundance ranged from 123.2 individuals/10 cm3 (at Station HB6) to 406.8
individuals/10 cm3 (at Station HB1). There were no significant differences among the seven
stations in crustacean abundance or the number of crustacean taxa. Mean crustacean
abundance averaged over the entire study peridd (1986 to 2000) was significantly lower at
ZID-boundary station HB3 than at reference station HB6. There is a historic pattern of
reductions in crustacean abundance and taxa richness at the four ZID-area stations relative to
each of the reference stations, although the differences are usually not statistically significant.
This pattern may indicate a trend related to proximity to the diffuser. Relatively léw values of
crustacean abundance and taxa richness were recorded in 2000 at ZID station HZ and ZID-
boundary stations HB3 and HB4, but these values were not significantly different from those
of the reference stations. Crustacean abundance and taxa richness were relatively high at ZID-
boundary station HB2. The collection of a variety of pollution-sensitive amphipod taxa at the
ZID or ZID-boundary stations in 2000 and earlier years indicates that the diminished
crustacean fauna at the ZID stations may be due to a noncontaminant factor. Crustacean
abundance and taxa richness declined in 2000 from record levels observed in 1999. There

were significant differences in abundance and taxa richness for both mollusks and



nonmollusks, but they do not indicate a spatial pattern related to the outfall. There has been a
significant trend of increased abundance for nonmollusks within the entire study area since
1990. Since 1994, there has been a trend of increased abundance for mollusks. Both diversity
and evenness values for both nonmollusks and mollusks were generally similar among all
stations in 2000. Separate cluster analyses of nonmollusk and mollusk data confirmed that all
stations were relatively similar to one another in terms of spec1es composition and relative
abundance. Except for stat1st1ca11y insignificant differences in the spatial dlstnbutlon of
crustaceans, there is no indication of any marked alteration of the benthic commumty

compos1t10n related to station proximity to the diffuser.



INTRODUCTION

The Honouliuli Wastewater Treatment Plant is >a primary treatment ‘;sy_stvém.
Wastewaters of mainly domestic origin are treated at the plant prior to discharge in Ma mala
Bay through an 84-in. (2.13-m) diameter outfall located off ‘the southern coast of O‘ahu,
Hawai‘i. | ,

A waiver of secondary treatment for sewage discharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honovluluv(CCH) by the Region IX office
of the U.S. Environmental Protection Agency (EPA). However, since Septembef 1996
approximately one-fourth to one-half of the discharge has been secondary-treated effluent
~ from the ‘Ewa Water Reclamation Facility. The EWRF dischérge will eventually be reused
offsite. This report provides the results of the twelfth survey in an ongoihg. series of studies of
the macrobenthic, sofi-bottom community in the vicinity of the discharge; it also provides an
overview of trends in biological communities adjacent to the outfall over the fifieen-year
period from 1986 to 2000. The first benthic survey took place in 1986. The samples on which
this report is based were collected on 9—10 February, 15-17 February, and 8 March 2000.

PROJECT ORGANIZATION

General coordination for this project is provided by James E.T. Moncur, director of the
Water Resources Research Center of the University of Hawai‘i at Manoa and project
principal investigator. The principal members of the project team (listed in alphabetical
order) and their contributions to this study are as follows:

Julie H. Bailey—Brock ' quychaete, oligochaete, and sipunculan analysis and
report

William J. Cooke Crustacean analysis and report

E. Alison Kay Mollusk aﬁalysis and report

Richard C. Swartz  Statistical analysis and final report preparation

Ross S. Tanimoto : City and Coimty of Honolulu project representative and

coordinator for sediment grain-size, total volatile solids,
and oxidation-reduction potential analyses

MATERIALS AND METHODS



Specific locations -of the sampling stations are provided in Figure 1, and a general
vicinity map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided
in Figure 2. Seven stations previously established along the approximate diffuser isobath (61
m) were surveyed. In 1990 survey station names were changed from those used in the 1986
survey (Nelson et al. 1987). Survey stations (1986 station names are in parenthesis) and their

locations are as follows:

Station HB1 (A) Approximately 3.5 km east of the zone of initial dilution (ZID)
boundary to evaluate effects far-field and beyond the ZID
Station HB2 B) | On the northeast ZID boundary
Station HB3 (C) On the southeast ZID boundary
Station HB4 (D)  On the southwest ZID boundary
- Station HZ (Z) Within the ZID to evaluate diffuser effects | .
Station HB6 (B) | ~ Approximately 0.5 km southwest of the ZID boundary as a
near-field reference station
Station HB7 ® Approx1mately 3.5km southwest of the ZID boundary asa far-

field reference station

Station Positioning

The exact position of each station was determined using the Garmin differential global
positioning system. Station locations in relation to latitude, longitude, and bathymetric
contours are shown in Figure 1. Positions for each replicate grab sample at each station are
given in Appendix Table A.1. Depths for all stations fell within the range of 61.0 to 66.8 m.
Station positions within and on the boundaries of the ZID were located precisely during the
original sampling using the submersible Makali‘i in coordination with its mother ship
(Nelson et al. 1987).

Sampling Methods

The sampling methodology used in this study generally follows the recommendations of
Swartz (1978) and guidelines of the U.S. Environmental Protection Agency (1987a, 1987b),'
hereafter referred to as EPA procedures. The 1986 through 1997 reports on the benthic
monitoring adjacent to the Barbers Point Ocean Outfall (Nelson et al. 1987, 1991, 1992a,
1992b, 1994a, 1994b, 1995, 1996, 1997a) will be hereafter referred to as “Nelson et al.
reports.” The 1998 and 1999 reports on benthic monitoring at this outfall (Swartz et al. 1998,
1999, 2000) will be hereafter referred to as “Swartz et al. reports.”

In 1994, the modified 0.1-m? van Veen grab sampler previously used was replaced by a
0.16-m? van Veen grab sampler. The new grab, which was deployed from a stern-mounted A-



frame on the City’s research vessel Noi I Kai, was used to obtain bottom samples at all seven
stations. Samplmg dates were 9-10 'Fébruary, 15-17 February, and 8 March  2000.
Penetration of the sampler was adequate for all replicates. The minimum penetration depth
was 6.0 cm, and the maximum was 12.0 cm (Appendix Table A.2).

Five replicate grab samples were taken at each station. From each replicate sample, a
subsample 7.6 cm in diameter by 5 cm deep was taken for infaunal analysis and a subsample
4.8 cm in diameter by 5 cm deep for mollusk analysis. Subsampling was necesSary because
the epiﬁfauna and infauna in the area are known to be both small and abundant (Nelson 1986;
Russo et al. 1988). Replicated grab samples at each station, rather than replicated subsamples
from one grab sample, were taken to provide information on intrastation variability. All five
biological subcores for nonmollusk analysis were processed on a 0.5-mm screen and the
organisms retained and preserved as appropriate for subsequent identification.

Samples for geochem1cal analyses (total organic carbon [TOC] and ox1dat10n—reduct10n
potential [ORP]) and for grain size analyses were obtained from the grabs from which the
biological subcores were taken because each rephcate grab contained more than enough
sediment for both purposes (methods_ established by National Pollutant Discharge
Elimination System permit no. HI0020877). Three subsamples (one from each of three
different grab samples) were taken for all stations. The top 2 cm of sediment from each
subSarriple were used for geochemical analysis. Samples for TOC analyses were put in screw-
cap Jars which were placed on ice, and taken to the laboratory. Sediment ORP was measured
on board the research vessel immediately after each sample ‘was obtamed Laboratory
analyses of sediment grain size followed EPA procedures. Analysis of TOC was carried out
using EPA procedures by Severn Trent Laboratories (Colchester Vermont). It performed the
analysis using a modification of the Lloyd Kahn method, which utilizes an mfrared detector
to measure carbon dioxide. Inorganic carbon was removed from the samples by treating them
with a 1:1 solution of hydrochloric acid prior to TOC analysis.

Sample Processing

Handling, processmg, and preservation. of the b1olog10al samples followed EPA
procedures. Nonmollusk samples were fixed with buffered 10% formalin for a minimum of
24 hours. Following fixation, all samples were placed in 70% ethanol. Mollusk samples were
placed in labeled jars in the field, then placed on ice and transported to the laboratory where
they were refrigerated. Samples were washed in freshwater (to minimize loss of fine
sediments), fixed in 75% isopropyl alcohol for 24 hours, and then air dried. A subsample ina

10-cm? aliquot was removed from each mollusk sample for sorting.



- The fixed nonmollusk samples were elutriated using the technique of Sanders et al.
(1965). This method removes from the sediment all organisms that are not heavily calcified
(Nelson et al. 1987). Samples were washed several times, and the water from each was
poured through 0.5-mm-mesh sieves. Polychaetes and other invertebrates retained on the
sieve were transferred to \alcohol; stained with rose berigal ‘solution, and stored in 70%
ethanol. Samples from four stations (Station HBI [replicates 3 and 4], Station HB4
[replicates 1, 3, 4, and 5], Station HZ [replicate 3], and Station HB7 [replicate 3]) contained
rubble pieées, which were acid-dissolved to remove endolithic and cryptic species.
Organisms collected from the rubble fragments inciude 10 individuals (4 taxa) from Station
HB1, 50 individuals (6 taxa) from Station HB4, 16 individuals (2 taxa) from Station HZ, and
20 individuals (3 taxa) from Station HB7.

Because the biological subcores had to be processed using two different procedures—
one for mollusks and the other for all other organisms—ithe two components of the fauna
were not directly comparable and. th‘us' were analyzed separately. Because the mollusk
specnnens were not separated into hvmg and dead shell fractions, they represent time-
averaged samples. Mollusks have been extensively analyzed by Kay (1975, 1978, 1979,
1982), Kay and Kawamoto (1980, 1983), Nelson (1986), and Russo et al. (1988).

All specimens were identified to the lowest taxonomic level possible. A selected
bibliography for the identification of marine benthic species in Hawai‘i is provided in Nelson
et al. (1987 appendlx D). An additional source used for the identification of polychaetes in
Hawai‘i is Blake et al. (1995). Voucher specimens were submitted to taxonomic specialists
for venﬁcatlon when necessary. All specunens were archived and will be maintained for six
years at the University of Hawai‘i 1

‘In previous bcnthlc samphng reports for Barbers Point, name changes for several
polychaete taxa were indicated. A teview of specimens and the literature led to several
additional name changes this year. The genus Novaquesta has been reverted and included in
Questa (Giere and Erseus 1998); therefore, Novaquesta sp. A is now Questa sp. A. Several
changes were made to taxa in the family Syllidae: Brania sp. A was changed to Odontosyllis
sp. B, EXogOné sp. B and Exogone sp. D to Exogone sp. E, and Parapionosyllis sp. A to
Odontosyllis sp. C. Other changes include the sabellid Jasmineira sp. A to J. caudata, the
ampharetid: Melinna monoceroides to Lysippe sp. A, and the chaetopterid Chaetopteridae sp.
A to Phyllochaetopterus sp. B. The phoronid Phoronis psammophila was changed to P.
muellerz (Bailey—Brock and Emig 2000). '

The following taxa were newly found at the Barbers Point study site but have been
found "at other outfall’ sites sampled (Sand Island, ‘Waianae, and Mokapu): Brania
rhopalophora, Cirratulus filiformis, Lacydonia sp. A, Myriochele sp. C, Polygordius sp. A,



Psamathe sp. A, Rhodine sp. A, and Synelmis sp. B. Taxa new to the Barbers Point study site
and not previously collected at other koutfall*sites--i_rilclude Laonome sp. D, Oriopsis sp. C, and
Typosyllis sp. D. | | :

There were no name changes for the crustaceans, but new taxa were found. The four
additions include a “praniza” larva of an unidentified gnathid isopod, Gnathia sp. A; a
caridean shrimp, Processa aequimana; and two crabs, Mursia hawaiiensis and Portunus
macrophthalamus. ;

Among the mollusks the spelling of the genus ‘Stosicia has been corrected (listed
incorrectly in previous reports as Stosiscia). Newly found mollusk taxa at Barbers Point
include the bivalves Carditella sp., Limopsis spp., and Mactra sp., and the gastropods
Coralliophilidae sp., Merelina granulosa, Odostomia sp. A, Pyrgulina sp., Trochus. sp.,
Turbonilla sp. B, and Umbraculum sp.

Data Analysis

All data for both nonmollusks and mollusks were tested for assumptions of normality
(Kolmogorov—Smirnov test; Sokal and Rohlf 1995) and heterogeneity of variances (Fmax

test) prior to statistical analysis. Where data sets failed tests of assumptions, square root or
logo transformation was applied: Comparisons of mean values among stations were made
with one-way analysis of variance (ANOVA). Following a significant result using ANOVA, a
posteriori- Student-Newman-Keuls tests were used to determine which differences in means
among stations were signiﬁcarit. All statistical analyses were performed using Prophet and
Microsoft Excel software. Detailed statistical results are provided in Appendixes B and C.

Overall comparisons of taxa composition among stations were carried out using cluster
analysis (Pielou 1984). The Bray—Curtis similarity index (Bloom 1981) on double square root
transformed data was performed using the group-average sorting strategy. Separate cluster
analyses were conducted for the mollusk and nonmollusk faunal fractions because of
differences in sample collection and processing. To make analysis more manageable, only
those taxa that contributed at least 0.05% to the total abundance were included. Using this
criterion, only mollusk taxa represented by a total of more than five individuals were
included in the data set, which was reduced from 128 to 55 taxa. Also, only nonmollusk taxa
represented by a total of more than four individuals were included in the data set, which was
reduced from 164 to 103 taxa. The similarity matrices were computed with Microsoft Excel
software. '

The Shannon—Wiener d1ver31ty index (H') (In) and evenness index (J) were calculated
for all stations (all replicates pooled), as recommended in the EPA procedures. Calculations

of these parameters were carried out using Microsoft Excel software.



To examine trends over the entire study period, comparisons were made among mean
values for all sampling dates and sampling stations using two-way ANOVA without

replication and a posteriori Student-Newman-Keuls tests.

RESULTS
Sediment Parameters

Results of sediment grain-size analysis are given in Appendix Table A.3. The mean
sediment compositions at the sampling stations, based on four grain-size categories, are
compared in Figure 3. The grain-size categories (Folk 1968) are as follows: coarse sediment,
retained on a +1-phi sieve; medium sand, passed through a +1-phi sieve but retained on a +2-
phi sieve; fine sand, passed through a +2-phi sieve but retained on a +4-phi sieve; and silt and
~ clay, passed through a +4-phi sieve.

There were relatively small differences among stations in sediment grain-size
distribution, especially in the proportion of the silt-and-clay fraction (range: 3.0% to 6.2%)
and the medium- sand fraction (range: 24.4% to 30.8%) (Appendix Table A.3, Figure 3). The
coarse-sediment fraction was higher at Stations HB1, HB2, and HB7 (range: 29.0% to
36.2%) than at the other stations (range: 13.2% to 25.0%). Conversely, the fine-sand fraction
was lower at Stations HB1, HB2, and HB7 (range: 32.9% to 38.0%) than at the other stations
(range: 42.0% to 53.0%). This spatial pattern of grain-size distribution is similar to those seen
in 1997 (Nelson et al. 1997), 1998 (Swartz et al. 1998), and 1999 (Swartz et al. 1999),
although sediments at Station HB2 were less coarse in 1997 and 1998 than in 1999 and 2000.
Results of replicate sediment sample analysis for all seven stations indicated substantial
homogeneity in grain size within stations (Appendix Table A.3). Analysis of duplicate
samples at Stations HB3, HZ, and HB6 indicated consistency of analytical techniques.

Direct electrode measurements of ORP ranged from +45 to +165 mV (Appendix Table
A.2)’. These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA) showed
there were significant differences among the seven stations (F = 7.77, p < 0.001). ORP was
sigﬁiﬁcantiy higher at Station HZ than at Stations HB2 and HB1, and significantly higher at
Stations HB6, HB3, HB7, and HB4 than at Station HB2. ORP measurements obtained for the
2000 survey are similar to those obtained for the 1997 (Nelson et al. 1997a), 1998 (Swartz et
al. 1998), and 1999 (Swartz et al. 1999) surveys, excepf the ORP values were higher (i.e.,
showing less evidence of reducing conditions) at Station HB2 in 2000 (range: 45 to 105 mV),
in 1999 (range: 85 to 170 mV), and in 1998 (range: 80 to 170 mV) than in 1997 (range: 25 to
45 mV).

10
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Total organic carbon in the sediments was 0.05% or less in all except two samples
(Appendix TaB_le A.2). The two exceptions were 0.10% TOC in the replicate 2 sample at
Station HB6 and 0.11% TOC in one of two split samples of replicate 2 at Station HB7. The
other split sample had a TOC concentration of 0.03%. TOC was below detection Timits in all
samples in 1997 (Nelson et al. 1997a), below detection limits in all but three s_amples (n=21)
in 1998 (Swartz et al. 1998), and less than 0.02% in all samples in 1999 (Swartz et al. 1999).

Biological Parameters

Nonmollusks :

The nonmollusk fraction of the benthic fauna 1ncluded polychaetes, ohgochaetes
nematodes, platyhehmnths, echinoderms, anthozoans, chaetognaths a hemichordate,
nemerteans, sipunculans, insects, priapulids, phoronids, chordates, pycnogonid‘s, copepods,
ostracods, cumaceans, tanaids, amphipods isopods, and decapods

The 7,736 nonmollusk specimens counted and identified for all stations and replicates
represent 164 taxa. Polychaetes were the dominant nonmollusk taxon in terms of both
abundance (3,489 individuals, 45.1%) and taxa richness (109 taxa, 66. 5%). Nematodes
comprised the second most domlnant nonmollusk taxon in terms of abundance (1,498
individuals, 19.4%). Oligochaetes constituted 11.7% (903 1nd1v1duals) of numerical
abundance, sipunculans contributed 10.7% (828 individuals), and crustaceans contributed
7.8% (600 1nd1v1duals) The 39 crustacean taxa, 11 of which were amphipods, represented
23.8% of the total number of nonmollusk taxa. Abundance estimates for cach taxon from
each replicate are given for each of the seven stations in Appendlx D.

Basic statistics for the nonmollusk data, including 95% conﬁdence limits and a
Kolmogorov—Smirnov test for normality of distribution, are provided in Appendix Tab_le B.1
(number of individuals) and Appendix Table B.2 (number of taxa). Except for nonmollusk
taxa number at Stations HB4 and HB6, data were normal for all stations (Appendix Table
B.2). | |

Mean total nonmollusk abundance ranged from 169.8 1nd1v1duals per sample
(37,430/m2, at Station HB1) to 312.6 individuals per sample (68, 908/m2 at Station HB4)
(Flgure 4). Variances were homogeneous (Appendlx Table B.3). Accordmg to the ANOVA
on untransformed data, there were significant differences in mean abundance among stations .
(Appendix Table B. 3). Mean abundance was significantly higher at Station HB4 than at
Stations. HB1, HZ, HB3, and HB7. No other pairwise comparisons of means were

significantly different.
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Mean number of nonmollusk taxa per sample ranged from 31.0 taxa (at Station HB3) to
46.8 taxa (at Station HB2) (Figure 5). Variances were homogeneous (Appendix Table B.4).
According to the ANOVA on untransformed data, there were significant differences in mean
number of nonmollusk taxa among stations (Appendix Table B.4). Mean number of
nonmollusk taxa was significantly higher at Station HB2 than at Stations HB3 and HZ. No
other pairwise comparisons of means were significantly different.

Composite station diversity (H') and evenness (J) for the nonmollusks are shown in
Figure 6. Values for both parameters were similar for all stations. Values for diversity ranged
from 2.70 (at Station HB3) to 3.30 (at Station HB2). The range of values was similar to that
of samples collected in 1999 but slightly higher than that of samples taken in years prior to
1999 (Nelson et al. reports; Swartz et al. reports). Evenness ranged from 0.64 (at Station
HB3) to 0.73 (at Station HB1), which was also slightly higher than the range of values
observed in years prior to 1999 (Nelson et al. reports; Swartz et al. reports). Relative to other
stations, there was no consistent pattern of lower diversity or evenness at ZID or ZID-
byoundary stations.

The results of cluster analysis indicating the relative similarity of stations based on the
103 most abundant nonmollusk taxa are shown in Figure 7. All stations were grouped at
_ similarity values greater than 67.0%, indicating similar taxa compositiori and abundance
among all stations. There was some sorting ambng stations with regard to proxiniity to the
diffuser. Reference stations HB1 and HB7 clustered together. However, reference station
HB6 clustered closely with ZID station HZ and ZID-boundary stations B3 and HB2.

Polychaetes

- A total of 3,489 polychaetes representing 109 taxa were collected; they comprised
45.1% of total nonmollusk abundance. These numbers are lower than those recorded for 1999
(4,261 polychaetes from 113 taxa, Swartz et al. 1999) but higher than those of most recent
years: 2,’685 polychaetes. representing 90 taxa in 1994 (Nelson et al. 1994b), 2,527
polychaetes representing 87 taxa in 1995 (Nelson et al. 1995), 3,836 polychactes representing
95 taxa in 1996 (Nelson et al. 1996), 2,811 polychaetes representing 93 taxa in 1997 (Nelson
et al. 1997a), and 3,521 polychaetes represenﬁng 85 taxa in 1998 (Swartz et al. 1998). The
highest mean number of polychaetes per sample was found at Station HB4 (162.2
individuals), followed in decreasmg order of abundance by Stations HB2 (132.4 1nd1v1duals)
HB6. (113.8 1nd1v1duals) HB7 (87. 8 individuals), HB1 (71.2 individuals), HZ (68.2
individuals), and HB3 (62.2 individuals) (Figure 8). Polychaetes were the most taxa-rich
group at all stations (Appendix Tables D.1 through D.7). Maximum mean number of
polychaete taxa per sample occurred at Station HB2 (32.0 taxa), followed in decreasing order
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by Stations HB4 (29.6 taxa), HB1 (26. 4 taxa) HB6 (24.4 taxa), HB7 (20.8 taxa), HB3. (20.0
taxa), and HZ (19.6 taxa) (Figure 9).

~ Polychaetes accounted for 11 of the 13 taxa that ranked among the five most abundant
taxa at individual stations (Table 1). Five taxa represented 49% of the polychaete individuals
collected at the Barbers Point Ocean Qutfall this year: Synelmis acuminata (13%), Pionosyllis
heterocirrata (12%), Euchone sp. B (10%), Prionospio cirrobranchiata (7%), and
Myrzochele oculata (7%). Dommant polychaete taxa differed at several stations. P.
heterocirrata was dominant at Stations HZ (16%), HB1 (15%), and HB3 (15%) This sylhd
species has dominated at Statlon HB3 since 1997. In 1999 and 2000, Synelmis acuminata
replaced P. heterocirrata as the dominant polychaete at Station HB7. Although S. acuminata
was the most dominant polychaete species only at Station HB7 (38%), this pilargid also
appeared as an abundant specres at all other stations. N

Synelmis acuminata and onnosyllzs heteroczrrata replaced Euchone sp. B as the most
dominant polychaete species at Station HB1 in 1999 and 2000, respectlvely At that statlon_
Euchone sp. B subsfantially decreased in abundance from 42% in 1998 to 1% in both 1999
and 2000. However, at Station HB2 this sabellid was the most abundant species this year' as
has been the case since 1993. The spionid Prionospio cirrobranchiata was not the most
dominant species at any station, but it was observed at all stations, ranging from 4% (at
Station HB4) to 14% (at Station HB3). The oweniid Myrzochele oculata was the most.
dominant polychaete species at Station HB6 (17 %); it ranked ‘among the domlnant species at
Stations HZ (12%) and HB4 (9%). The spionid Polydora normalzs, which has been an
abundant species at Statlons HZ and HB4 since 1993, represented the most abundant spec1es
at Station HB4 (15%) this year. In fact, the high occurrence of this spionid shifted from belng
pnmanly at Station HZ (1993 through 1998) to Station HB4 (1999 and 2000).

Individuals of the families Syllidae, Spionidae, Serpuhdae Sabellidae, Nereldldae
Hesionidae, Phyllodomdae and Goniadidae were represented by reproducing individuals this
year. Five syllid taxa were reproductively active at ZID and non-ZID stations: Sphaerosyllis
sp. G at Stations HB1, HB2, HB4, and HB7; Sphaerosyllzs riseri at Station HB2; Salmacina
dysteri at Stations HB1 and HB4, onnosyllzs heterocirrata at Statlons HB4, HB6 and HB7
and Pionosyllis spinisetosa at Station HB4. Podarke angustifrons was reproducmg at Stations
HB2 and HZ, and the serpuhd Salmacina dysterz was observed reproducing by schlzopanty at
Stations HB1 and HB4. The nereidids Neanthes arenaceodentata and Nereis sp. B Were
reproducing at Stations HB4 and HB6, respectively. The phyllodocid Hesionura australiensis
and the goniadid Progoniada sp. A were observed in a reproductive stage at Station HBI.
Stations HB1, HB4, and HB7 had the mos‘t,individuals reproduéing as well as the widest

variety of species reproducing.
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Trophic categories. Trophic categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 10 and 11. '

1. Detritivores. Of the four trophic categories, deposit-feeding polychaetes were the
most abundant group at Stations HB4 (50% of all polychaete iridividuals), HZ (42%), HB6
(37%), and HB3 (32%) and the most speciose group at all stations. The percentage of all
polychaete taxa represented by detritivores ranged from 39% (at Station HB1) to 52% (at
Station HZ). The number of detritivorous taxa ranged from 19 (at Stations HB3 and HB6) to
28 .(at Station I—IB2). The dominant deposit-feeding polychaetes were the spionids Polydora
normalis (15% at Station HB4) and Prionospio cirrobranchiata (14% at Station HB3, 12% at
Station HZ, 11% at Station HB1, 5% at Station HB2, and 5% at Station HB7) and the
oweniid Myriochele oculata (17% at Station HB6).

2. Omnivores. Omnivorous worms were best represented at Station HB7, where they
accounted for 60% of all polychaetes (263 individualys);:this is consistent with the results of
all Barbers Point surveys since 1986 (Nelson et al. reports; Swartz et al. reports). Omnivorous
worms were also numerically dominant at Station HB1 (43%, 154 individuals). They were
never the least abundant of the four trophic categories at any statlon The percentage of all
polychaete taxa represented by omnivores ranged from 18% (at Station HZ) to 28% (at
Statlon HB4) The number of omnivorous taxa ranged from 8 (at Station HZ) to 16 (at
Statlons HB2 and HB4). Pionosyllis heterocirrata was the dominant ommvore at four
stations: HZ (16%), HB1 (15%), HB3 (15%), and HB4 (13%). Synelmis acuminata was the
dominant omnivore at Stations HB7 (38%), HB6 (15%), and HB2 (9%). |

3. Suspensibn feeders. Suspension feeders were dominant at Station HB2 (46% of all
polychaetes, 304 individuals). This was primarily due to the large numbers of the sabellid
Euchone sp. B (34%, 224 individuals). This polychaete taxa was also dominant at Station
HB6 (17%, 95 individuals). However, it was rare at Station HB1 in 1999 and 2000, after
being the ‘most dominant polychaete at that station from 1996 to 1998. Another sabellid,
Augeneriella dubia, was the dominant suspension feeder at Stations HB3 (9%), HB4 (4%),
HB6 (4%), and HB1 (3%) Of the four trophjc categories, suspension feeders were the least
abundant group at Stations HB1 (11% of all polychaet'es,' 39 individuals), HZ (10%, 34
indjvidﬁélé), and HB7 (5%, 20 individuals). The percentage of all polychaete taxa
represented by suspension feeders .ranged"‘.fromw 16% (at Station HB4) to 23% (at Station
HB2). Of the four trophic eategoi'ies" suspension feeders were the least speciose group at
Stations HB1, HB6, and HB7 (16% each). The number of suspensmn—feedmg taxa ranged
from 7 (at Stations HZ and HB6) to 16 (at Station HB2).

4. Carnivores. Carnivorous’ polychaetes were present at all stations, with their greatest

abundance. occurring at Station HB4 (10% of all polychaetes, 79 individuals). Carnivores
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were least abundant at four stations: HB3 (15% of all polychaetes 48 1nd1v1dua1s) HB4
(10%, e

79 individuals), HB6 (10%, 55 1nd1v1dua1s) and HB2 (9%, 62 1nd1v1duals) The percentage of
all polychaete taxa represented by carnivores ranged from 12% (at Station HB4) to 21% (at
Station HB1). The number of taxa ranged from 6 (at Station HZ) to 12 (at Station HB7). The
hesionid Podarke angustzfrons was the dominant carnivore at four stations: HB3 (11%), HB4
(6%), HZ (11%), and HB6 (6%). Another hes1on1d, Micropodarke sp. A, dominated at
Stations. HB7 (5%) and HB2 (3%). The goniadid Progoniada sp. A was the dominant
carnivore at Station HB1 (5%). | |

Motility categories. Motility categorles are based on Fauchald and Jumars (1979) and
are summarized in Figures 12 and 13.

1. Tubicolous polychaetes. Of the three motility categories, tubicolous polychaetes were
the most abundant group at Stations HB2 (50% of all polychaetes 334 individuals) and HB6
' (41%, 232 1nd1v1dua1s) they were least abundant at the other five stations. This group had the
fewest taxa at six stations (Statlon HB4, 17% of polychaete taxa; Stations HB6 and HB7,
18% each; Station HB1, 19%, Statlon HZ, 20%; and Station HB3, 22%) and second fewest at
the seventh station (Station HB2, 27%). The number of taxa ranged from 8 (at Station HB6)
to 19 (at Station HB2). The dominant tubicolous polychaete taxa included the sabellid
Euchone sp. B at Station HB2 (34%); the oweniid Myriochele oculata at Stations HB4 (9%),
HZ (12%), HB6 (17%), and HB7 (1%, co- dominant)' and the sabellid Augeneriélla dubia at
 Stations HB1 (3%, HB3 (9%), and HB7 (1%, co-dominant with M. oculata).

2. Motile polychaetes. Of the three motility categories, motile polychaetes were the
most abundant group at Statlons HB1 (66% of all polychaetes, 234 1nd1v1duals) HB3 (46%,
144 individuals), HB4 (58%, 467 1nd1v1dua1s) HZ (51%, 175 1nd1v1duals) and HB7 (81%,
357 individuals). In addition, they had the highest percentage of polychaete taxa at each of
the seven stations, ranging from 41% (at Station HZ) to 60% (at Station HB1). The number
of motile polychaete taxa ranged from 18 (at Station HZ) to 34 (at Stations HBI, HBZ and
HB4). The syllid Pionosyllis heterocirrata was the dominant motile polychaete at Stations
HB1 (15%), HB3 (15%), HB4 (13%), and HZ (16%). This syllid also showed high levels of
abundance at Stations HB2 (7%), HB6 (7%), and HB7 (16%). Synelmzs acuminata, a
pilargid, was the dominant motile polychaete at Stations HB2 (9%), HB6 (15%), and HB7
(38%); it also showed high Jevels of abundance at Stations HB1 (13%), HB3 (8%) and HZ
(13%) Podarke angustifrons, Micropodarke sp. A, the cirratulid Caullerzella acicula, and
the goniadid Progoniada sp. A were also abundant motile taxa this year.

3. Discretely motile polychaetes Of the three motility categones discretely motlle
polychaetes were least abundant group at Stations HB2 (17% of all polychaetes, 111
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individuals) and HIB6 (20%, 112 individuals). They ranked second in abundance at the other
five stations. The number of discretely motile individuals ranged from 57 (13% of all
polychaetes, at Station HB7) to 194 (24%, at Station HB4). This group ranked second in
percentage of polychaete taxa at Stations HB1 (21%), HB3 (31%), HB4 (24%), HZ (39%),
HB6 (32%), and HB7 (24%) and third at Station HB2 (24%). The number of taxa ranged
from 12 (at Stations HB1 and HB7) to 17 (at Stations HB2 and HZ). The dominant discretely
motile species were all spionids: Prionospio cirrobranchiata at Stations HB1 (11% of all
polychaetes), HB2 (5%), HB3 (14%), HZ (12%), HB6 (7%), and HB7 (5%); an.Polydom'
normalis at Station HB4 (15%) An abundant spionid polychaete was Przonospzo cirrifera
(4% at Station HB7). o

Crustaceans ,

A total of 600 crustaceans and pycnogomds representmg 7.8% of the nonmollusk
abundance, were collected. Abundance for each taxon from each replicate is provided for
each station in Appendix Tables D.8 through D.14. Mean abundance (no./sample) ranged
from 8.4 (1,852/m?, at Station HZ) tc 25.4 (5,599/m?2, at Stations HB6 and HB7) (Figure 14).
Variances were homogeneous for untransformed data (Appendix Table B.5). There were no
significant differences in mean abundance among the seven stations (ANOVA Appendix
Table B.5). _

A total of 39 crustacean and pycnogomd taxa (copepods were not identified to the
species level) were collected of these, 11 taxa (28.2%) were amphlpods Mean number of
taxa ranged from 4.6 (at Stations HB3 and HZ) to 9.0 (at Statlon HB6) (Figure 15). Variances
were. homogeneous, and data were normally dlstnbuted ANOVA indicated significant
differences in mean number of taxa among the seven stations (Appendix Table B.6).
However, Student-Newman—Keuls tests showed that no pairwise multiple contrasts were
s1gn1ﬁcant1y different. _ ,

Copepods, amphipods, and tanalds were the numencally dommant taxa, makmg up
29.8%, 25.2%, and 19.2%, respectively, of total crustacean and pycnogonid abundance. No
taxon was uniformly most abundant at all stations. Copepods, the tanaid Leptochelza dubia,
and the amphipod Eriopisella sechellensis were present at all stations and were generally
among the most abundant crustaceans. The amphlpod Ericthonius brasiliensis was the only
other crustacean’ that was collected at all stations. Erzopzsella sechellenszs was the only
crustacean that ranked among the five most abundant nonmollusk species at any station; it
tied for fourth most abundant nonmollusk at Station HB7 (Table 1).

Crustacean and pycnogonid abundance (600. individuals) and taxa number (39) were
substantially less than the record numbers counted in 1999 (1,377 individuals, 49 taxa) but
were comparable to the 1998 counts (697 individuals, 36 taxa). Abundance and taxa richness
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were below average values obserVed in collection years prior to 1999 (range for 1986 and for
1990 through 1998 collectlons 164 to 1,121 1nd1v1duals [mean = 653], 34 to 49 taxa [mean =
39.6]). A low count of 27 is excluded from the range for taxa richness because of procedural
differences in 1997 (Nelson et al. 1997a) |

Although there were no pairwise s1gn1ﬁcant d1fferences among stations in crustacean
abundance and number of taxa, the range for total number of taxa collected at the ZID and
ZID-boundary stations (12 to 17 taxa, Stations HB2, HB3, HB4, and HZ) was below the
range observed at the reference stations (18 to 21 taxa, Stations HBI1, HB6, and HB7). Also,
total crustacean abundance was higher at the ZID and ZID-boundary stations than at the
reference stations in only one of twelve possible pairwise comparisons. The llowe‘st total
number of crustacean taxa (12), amphipod species (3), and crustacean individuals (42) were
collected at ZID station HZ. These data suggest a pattern of crustacean depressmn near the
ZID, even though the statistical comparisons are not significant.

One isopod, one caridean shrimp, and two crabs were newly collected at the Barbers
Point monitoring site in 2000. The newly collected isopod was represerite'd‘ by a single
specimen of the “praniza” larva of an unidentified gnathid isopod (Isopoda, Gnathidae).
Gnathid praniza larvae are usually found as pérasvites_on fish, although they are sometimes |
found with adults commensal on sessile invertebrates, such as sponges. Since no gnathid
isopod adults had been collected in the previous ten years of sampling, it is unlikely that this
Gnathia species is a regular member of the benthic community in the study area.

" The newly collected caridean shﬂrﬁp, Processa aequimana, was represented by a single
specimen each at three different stations. It had previously been collected only at other Oahu
reef slope sités. Accurate identification of the crabs Mursia hawaiiensis and Portunus
macrophthalamus was possible because excellent specimens were collected. It should be
noted, that larger (2 cm and up) shrimps and crabs have very low probabilities of being
collected, giveh the small areal coverage (7.6 cm diameter) of the sampling replicates. The
collection of even relatively well-known decapods in this eleventh year of sampling is,
therefore, not unexpected. The confirmation of Processa aequimana, Mursia hawaiiensis,
and Portunus macrophthalamus from this study area helps improve the picture of the 1arger"
decapod crustacean fauna, which in previous years seemed unusually sparse.

This brings the total number of discretely identified/reported taxa from the study area in
eleven years to 106. Copepods are enumerated as a single taxon, although several different
taxa are certainly present. Cumaceans and mysids are similarly enumerated. Between two and
eight taxa have been newly collected each year since the first two years of sampling (1990
and 1991) when a total of 62 taxa were collected. The spike of eight new taxa seen in 1999
was not repeated in 2000, suggesting that anomaly probably represented a particularly
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efficient year in terms of collection, sample processing, and recovery, rather than a shift in
the eomposition of the overall crustacean community. The Barbers Point outfall study area
does not appear to be subject to extremely large swings in benthic community composition or
consistency. It seems to be generally a rather stable environment. This should aid in

identifying any impacts associated with the outfall itself.

Mollusks '

A total of 9,061 mollusks representing 128 taxa were collected. Mean abundance of
mollusks per sample (no./10 cm3) ranged from 123.2 (at Station HB6) to 406.8 (at Station
HB1) (Figure 16). Data were normally distributed at all stations except Stat1on HB1
(Appendix Table C.1). Complete basic stat1st1cs for total mollusk abundance data are shown
in Appendlx Table C. 1.

Mean number of mollusk taxa per sample ranged from 222 (at Station HB6) to 35. 8 (at
Station HB7) (Figure 17). Data were normally distributed at all stations (Appendix Table
C.2). Complete basic statistics for number of mollusk taxa at all stations are shown in
Appendix Table C.2. ;

Variances were homogeneous for untransformed mollusk abundance data (Appendlx
Table C.3). There were significant differences in mean mollusk abundance among stations
(ANOVA, Appendix Table C.3). Mean abundance was eiginﬁcantly greater at Station HB1
than at all other stations and significantly lower at Station HB6 than at all other stations.
Abundance was also significantly greater at Stations HB4, HB2, and HB7 than at Stations HZ
and HB3, | -

Variances for number of mollusk taxa data were homogeneous (Appendix Table C.4).
There were s1gmﬁcant differences in mean mollusk taxa number among stations (ANOVA,
Appendix Table C.4). Mean number of mollusk taxa was significantly greater at Stations
HB7 and HBI than at Stations HB6, HZ, HB2, and HB3; and at Station HB4 than at Stations
HB6 and HZ. |

Diversity (H') ranged from 2. 02 (at Station HB2) to 2.59 (at Station HB7) (Figure 18).
Evenness (J) ranged from 0.52 (at Station HB2) to 0.67 (at Station HB6). Diversity and
evenness values for mollusks were generally similar for all stations (Figure 18).

The mollusk abundance patterns are consistent with those of all previous sampling

“years (Nelson et al. reports; Swartz et al. reports). Mollusk abundance for each taxon from
each replicate is provided for each station in Appendix E. The molluscan fauna was very
similar at all stations, especially among the dominant taxa (Table 2). The gastropod taxa
Diala scopulomm Cerithidium perparvulum, Diala semistriata, and Balcis spp. were
abundant at all stations. Finella pupoides was abundant at all stations except Stations HBl
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HB2, and HB7. Scaliola spp. was most abundant at stations where Fi inella pupoides was least
abundant. These six dominant mollusk faxa, accounted for 78. 4% of all individuals collected.

The results of cluster analysis indicating the relatlve similarity of the molluscan
assemblage at the seven stations are shown in Figure 19. The analysis mdlcated that all
stations were very similar to one another (similarity index for final cluster: 70. 9%). The
dendrogram shows a cluster of four stations with very high similarity (>81%). The cluster
includes two ZID-boundary stations (HB3 and HB4), one ZID station (HZ), and one reference
station (HB6). Reference stations HBI! and HB7 linked together but were not distinctly
different from the main cluster. A station cluster pattern almost identical to that shown in
Figure 19 was also seen in 1998 and 1999 (Swartz et al. 2000).

The mollusk specimens collected in these survéyé were not separated into living and
dead shell material and therefore represent time-averaged collections that integrate conditions
over a longer period. The living component of the mollusk fauna whlch is exposed to current
discharge and effluent conditions may respond more qulckly than is evident in the time-
averaged collectlons Thus, the evidence for high similarity of the mollusks among sampling
stations may have been enhanced by the inclusion of empty shells in the cluster analys1s

DISCUSSION

In 2000 there were no significant differences among the seven stations in mean
crustacean abundance and mean number of crustacean taxa. Statistically significant
differences among stations in mean total nonmollusk abundance and mean number of
nonmollusk taxa do not reflect an influence of the Barbers Point effluent discharge. ZID-
boundetry station HB4 had significantly higher nonmollusk abundance than ZID station HZ,
ZID-boundary station HB3, and reference stations HB1 and HB7. ZID-boundary station HB2
had significantly more nonmollusk taxa than ZID station HZ and ZID-boundary station HB3.
These results for the nonmollusks are similar to those obtained in most previous survey years
for samples taken near the Barbers Point Ocean Outfall. The nonmollusks have generally
been just as abundant and speciose at the stations near the outfall (HB2, HB3, HB4, and HZ)
as at the reference stations (HB1, HB6, and HB7) (Nelson et al. reports; Swartz et al. reports).
The 2000 results for the crustaceans show more of a trend (albeit not statistically significant)
for reduced crustacean abundance and taxa richness near the outfall than was evident in 1999,
but these results are similar to those obtained in some earlier survey years, including 1998.
Also, in 2000 a specimen of the stress-sensitive indicator species Paraphoxus sp. A was
collected at ZID station HZ and ZID-boundary station HB3.

19



Statistical comparisons of mollusk abundance and taxa richness in 2000' also do not
indicate spatial patterns that are consistently related to the outfall discharge. For example,
reference station HB6 had ‘significantly lower mollusk abundance than all other stations,
while reference station HB1 had significantly higher mollusk abundance than all other
stations. Mean mollusk taxa richness was significantly greater at reference stations HB1 and
HB7 than at reference station HB6, ZID station HZ, and ZID-boundary stations HB2 and
HB3. Mollusk taxa richness was significantly greater at ZID-boundary station HIB4 than at
reference station HB6. Thus there was no general statistically significant pattern with regard
to mollusk abundance or taxa richness and proximity to the diffuser. There are annual
fluctuations in the abundance of mollusks amongvstations. Mollusks were most abundant at
Station HB1 in 1992, 1993, 1994, 1995, 1997, 1998, and 2000, but they were third in
abundance in 1996 (behmd Stations HB4 and HZ) and in 1999 (behmd Stations HZ and
HB7) (N elson et al. reports; Swartz et al. reports). ’

" Mean crustacean taxa richness per replicate may not be as useful as total taxa richness
per station as an indicator of outfall effects, given the high intrastation variability
encountered. The total number of crustacean taxa collected at ZID station HZ was 12, less
than at any other station. More taxa were collected at reference stations HB7 (21 taxa), HB1
(20 taxa), and HB6 (18 taxa) than at any of the ZID and ZID-boundary stations.

The major reduction in crustacean abundance and taxa richness between 1999 and 2000
had an equal effect on stations close to and farther away from the ZID. The average percent
reduction in crustacean abundance and number of taxa at ZID and ZID-boundary stations
(HBZ, HB3, HB4, and HZ) was 57.8% and 14.6%, respectively. The corresponding percent
reductions for reference stations (HB1, HB6, and HB7) were 50.3% and 16.8%. Whatever
caused the reduction in the crustacean assemblage was not related to proximity to the outfall.

Reductions in crustacean abundance and taxa richness near the Barbers Point Ocean
Outfall relative to reference stations have not been observed in every previous sampling year.
Although in some years (e.g., 1991, Nelson et al. 1992a) taxa richness appeared to be reduced
adjacent to the outfall, this pattern had not been seen for several years until 1998 and again in
2000. In 1999 the crustacean community of the study area was more abundant and diverse
than in 1998, 2000, and most other years. The shifting patterns of number of taxa and
abundance from year to. year-appear-to be more strongly influenced by other factors, such as
small-scale differences in bottom topography or a subtle variation in sediment composition.
The presence of eight species of stress-sensitive gammaridean amphipods at the ZID and
ZID-boundary stations also indicates that any changes in the crustacean assemblage near the
outfall in 2000 are assomated with factors other than chemlcal contamination by the effluent
discharge.
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Taxonomic diversity (expressed here simply as the humber of discretely recorded taxa)
is considered to be a better, measure of the state of the crustacean communities at these
sampling stations than the number of recorded individuals. For thesmaller crustaceans
(tanaids, isopods, and amphipods) and pycnogonids, abundance can be strongly influenced by
a large number of juveniles released from brooding adults. Abundance data generated from
other taxa (such as mollusks, most polychaetes, and many decapods) represent a settlement
from the plankton of a larval form which has found the site suitable for habitation. While
high crustacean abundance data (particularly if juveniles are bemg produced) clearly indicate
that the site is suitable, low abundance data are not necessarily indicative of unsmtablhty

A rather comprehenswe picture of the crustacean communities in the study area has
been developed (at least for crustaceans smaller than 1 cm) over the last eleven survey years
despite the rather small areal coverage (7.6 cm dlameter) of the sampling replicates. The
number of new taxa recorded in 2000 (four) is about average for each annual survey since
1991 but less than the eight new taxa found in 1999. It should be noted that larger (2 cm and
up) shrimp and crab, while certainly present in the study area, have almost no chance of being
collected. In general, the crustacean community in the Barbers Point outfall study area is less
diverse than that near the Wai¢ anae outfall and more diverse than that near the Sand Island
outfall. , ‘ ‘

Both diversity and evenness Values were generally 31m1lar among statlons for both
nonmollusks and mollusks. Lower nonmollusk diversity and evenness values were reported
for Station HB2 in 1993, but this pattern has not been repeated since (Nelson et al. 1994a,
1994b, 1995, 1996, 1997a Swartz et al. reports) There is little evidence that the outfall is
having an effect on taxa richness of the macrobenthos in the Vlclmty of the diffuser pipe.

Cluster analys1s using the quant1tat1ve Bray—Curtls similarity index indicated that
nonmollusk abundance and taxa composrtron were broadly similar at most stations (>67%
snmlarlty index value). The four most similar stations were from the ZID (Statlon HZ) ZID-
boundary (Stations HB2 and HB3) and reference (Statron HB6) arcas. These same four
statlons were clustered together in 1999 (Swartz et al. 1999) In the penod from 1986 to
1993, cluster ana1y51s con51stent1y intermixed ZID ZID—boundary, and reference statlons
(Nelson et al. 1987, 1991 1992a, 1992b, 1994a). In 1994 and 1995, some separatlon between
stations in or near the ZID and far-field reference stations was observed (N elson etal. 1994b,
1995). In 1996 (Nelson et al. 1996), 1997 (Nelson et al. 1997a) 1998 (Swartz et al. 1998)
and 1999 (Swartz et al. 1999) statrons were agam generally interspersed in the cluster
analysrs The clustering of far-field reference stations HB1 and HB7 in 2000 1nd1cates some
separation between near-ZID and far-ﬁeld stations, but the clustering of near-field reference
station HB6 with the ZID and ZID-boundary stations suggests the nonmollusk fauna near the
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ZID is not greatly different from the reference assemblage. In comparing the 1996 through
2000 cluster results with those of earlier years, some caution is necessary since the clustering
algorithm was changed in 1996 from flexible to group-average sorting in order to conform to
current recommendations for optimum methodologies (Carr 1993).

Sediment grain sizes in the 2000 samples were broadly similar among stations. Sand
accounted for >90% of the sediment wéight at all stations. The coarse-sediment fraction was
moderately higﬁer at Stations HB1, HB2 and HB7 (range: 29.04% to 36.21%) than at the
other stations (range: 13.16% to 24.96%). Conversely, the fine-sand fraction was moderately
lower at Stations HB1, HB2, and HB7 (range: 32.90% to 37.99%) than at the other stations
(range: 42.03% to 52.99%). The percentage of fine sediments at ZID station HZ was slightly
greater'in 2000 (3.96%) than in 1997 (3.23%), 1998 (2.98%), and 1999 (2.78%) (Nelson et
al.,, 1997a; Swartz et al. reports), although these differences are probably of no ecological
significance. The increase in the silt-and-clay fraction of the sediments observed in 1993 for
all stations began to moderate in 1996, and this trend continued in 1997, 1998, and 1999 (for
comparison see ﬁgure 3 in Nelson et al. 1992b, 1994a, 1994b, 1995, 1996 1997a; and in
Swartz et al. reports). The mean percentage of the silt-and-clay fraction in 2000 (4.18%) is |
less than that observed in 1997 (4.77%, Nelson et al. 1997a) and 1998 (4.86%, Swartz et al.
1998), but slightly more than that observed in 1999 (4.06%, Swartz et al. 1999). The increase
in fine sediments in 1993 occurred at all seven stations, thus it is unhkely to have been an
effect of the outfall discharge. ”

~ ORP ana1y31s showed no evidence of reducing conditions at the surface of sediments at
any station in 2000; this has been the consistent pattern for this parameter. ORP values were
hlghest at ZID station HZ. They were s1gmﬁcant1y lower at ZID-boundary station HB2 than
at Stations HZ, HB6, HB3, HB7, and HB4. Station ORP values were similar in 1999 and
2000 at all stations except Station HB2, where they were lower in 2000.

‘Sediment TOC was 0.05% or less in all replicate samples except two in 2000. The
exceptions were 0. 10% TOC 'in one replicate at reference Station HB6 and 0. 11% TOC in
one replicate at reference station HB7. Thus thére continues to be no evidence of sediment
organic enrichment near the outfall. The absence of detectable sediment TOC was reported
for all samples collected in 1996 and 1997 and for all but three samples in 1998. The
analytical laboratory used for TOC analyses: after 1995 removes all traces of | the organic
carbon from the sediment d'uring acid digestion to remove inorganic carbon. Although low,
TOC values in previous years have been above the detection limits of current
instrumentation. Similar below-detection-limit values of TOC have been reported by the
same analytlcal laboratory for sedlment samples taken from the Sand Island Ocean Outfall
monitoring stations (Nelson et al. 1997b). Analyses of sediment nitrogen levels for samples
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taken concurrently with the sediment TOC samples at the Sand Island monitoring stations
suggest that the contract 1aboratory 1s eon31stent1y underestlmatmg sedlment TOC (Nelson et
al. 1997b). Unfortunately, similar measurements of sediment mtrogen were not taken for the
Barbers Point Ocean Outfall monitoring stations, thus the conclusion of measurement bias for
TOC cannot be confirmed, although it is strongly suspected. o |

The total number of nonmollusk taxa recorded in 2000 (164) is t1ed for the third highest
value recorded in the twelve years of monltonng at the Barbers Point Ocean Outfall (162 in
1986, 164 in 1990, 162 in 1991, 175 in 1992, 144 in 1993, 159 in 1994, 151 in 1995 147 in
1996, 138 in 1997, 140 in 1998, and 183 in 1999). The 39 crustacean and pycnogonid taxa
collected in 2000 was less than the average value observed in earlier years, when counts
ranged from 34 to 49 taxa. That range does not include the low value of 27 taxa collected in
1997, when counts were reduced because of differences in sample handling. Althoughthefe
have been differences in levels of sampling effort and taxonomic. resolution (Nelson et al.
1991) overall nonmollusk tax'a richness in the study area appears to have remained very{’
similar over the penod from 1986 to 2000. |

Mean nonmollusk abundance was compared among samphng dates and among
sampling stations for data collected in 1986 and from 1990 through 2000 (Figures 20 and 21).
Two-way ANOVA results showed significant differences both among sampling dates (p <
0.0001) and among sampling stations (p < 0.0001). Numerous pa1rw1$e compansons among
dates showed significant differences, generally with Values for recent dates being higher than
Values for earlier dates. The abundance of nonmollusks in 2000 was quantltatwely, but not
significantly, less than that in 1999 and 31gruﬁcant1y greater than that observed in 1986, 1990,
and 1991. This temporal pattern of increasing nonmollusk abundance was confirmed by a
linear regression analysis of data from 1990 to 2000, which found a trend of s1gmﬁcantly
increasing mean abundance over this period (p = 0.0005, y = 15.9x — 51.2, where y = mean
nonmollusk abundance and x = year code: 1990 = 10 through 2000 = 20). The shghtly lower v
mean nonmollusk abundance in 1997 versus 1996, 1998, and 1999 is partly explained by the
processmg differences for the crustaceans dunng 1997.

The Student-Newman—Keuls test showed two s1gmﬁcant pairwise multlple contrasts
among stations for mean nonmollusk abundance based on data eollected n 1986 and from
1990 through 2000. Nonmollusk abundance for the twelve combined surveys was greater at
ZID-boundary station HB4 than at reference stations HB1 and HB7. ;

Mean nonmollusk taxa richness was compared among samphng dates and among
sampling stations for data collected in 1986 and from 1990 through 2000 (Figures 22 and 23).
Two-way AN OVA results showed significant differences among eampling dates (p < 0.0001)
but not among sampling stations (= 0.17). Mean nonmollusk taxa richness was significantly
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lower in 1990 than in all other years and significantly lower in 1997 than in 1992, 1993,
1994, 1996, 1999, and 2000 (Figure 22). The low counts for 1997 are due to methodological .
problems that impacted the number of crustacean taxa collected.” Mean nonmollusk taxa
richness was also s1gmﬁcantly lower in 1986 than in 1992, 1994, 1996, 1999, and 2000;
significantly lower in 1991 than in 1994 and 1999; and significantly lower in 1998 than in
1999. Nonmollusk taxa richness was less in 2000 than in 1999, when it was quantitatively
greater than in any previous year. No temporal trend comparable to that for abundance was
seen for nonmollusk taxa richness, nor was any apparent spatial trend seen for this parameter
in relation to proximity to the outfall. ‘

Mean crustacean abundance was also compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 through 2000 (Figures 24 and 25).
Two-way ANOVA results showed 51gmﬁcant differences both among sampling dates (p <
0.0001) and among sampling stations (»=0. 0006) Mean crustacéan abundance in 1999 was
quantltatlvely higher than in all other years and significantly h1gher than in all years except
1993 and 1994. Crustacean abundance in 1993 and 1994 was signiﬁéantly higher than in
1990 and 1997. The decreased abundance in 1990 is consistent with the overall pattern of
nonmollusk abundance for that year. Interannual variations in abundance are not related
solely to differences in the time of year that samples were taken. The 1990, 1992, and 1994
through 1998 Samples—all of which were taken in J anuary or February—show considerable
variation in mean 'crustacean‘abundance When all data through 2000 were pooled for station
compansons mean crustacean abundance was s1gmﬁcantly greater at reference station HB6
than at ZID- boundary stat1on HB3. The same result was obtained for the historic data set
through 1997 (Nelson et al. 1997a) as well as through 1999 (Swa;rtz et al. 1999) but not
through 1998 (Swartz et al. 1998)

- Mean number of crustacean taxa was compared among samphng dates and among
sarnpllng stations for data collected in 1986 and from 1990 through 2000 (Figures 26 and 27).
Two—Way ANOVA results showed significant differences both among sampling dates (p <
0.0001) and among sampling stations (p < 0.0001). Mean crustacean taxa richness was
significantly lower in 1990 than in all years except 1986 and 1997; significantly lower in
1997 than in 1991, 1993, 1994, 1995, 1999, and 2000; significantly lower in 1986 than in
1994‘ and.1999; and sigrliﬁcantly greater in.1994 than in 1992, 1996, and 1998. The low
mean number of taxa counted in 1990 reflects the low fotal abundance of crustaceans
collected that year. The reduction in crustacean taxa richness in 1997 was due to procedural
differences in sample handhng The increase in the number of crustacean taxa collected in
1998 and 1999 reversed a temporal decline that was evident from 1994 through 1997 (Figure
26). The number of crustacean taxa collected.in 2000.was intermediate between collections in
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1998 and 1999: Student—Ncwrnan~—Keuls tests showed no significant pairwise comparisons of
mean number of crustacean taxa amon’g“statlons Despite the lack of statistical significance,
there is a historic pattern of reduced crustacean taxa rrchness at all ZID and ZID—boundary
stations (Figure 27). In fact, all stations near the diffuser have fewer crustacean taxa than all
reference stations. The overall pattern is consistent with an effect of the diffuser effluent on
crustacean taxa. This hrstonc pattern was present 1n 2000, when the number .of crustacean
taxa at all reference. stations was quant1tat1vely greater than at any ZID or ZID- boundary‘
station, even though there were no significant differences among any station pairs in mean
crustacean taxa richness.

~ Dominant taxa of the nonmollusk fauna were similar to those of prev1ous samplrng
years. The representation of nematodes and oligochaetes as a percentage of total abundance
was of similar magmtude to that of prevrous samphng years. The sipunculan Aspzdoszphon
muelleri was the most abundant taxon in 2000 (Table 1). The dommant polychaete taxa since
1994 showed some variation from earlier sampling years (Nelson et al. 1987, 1991, 1992a,
1992b, 1994a). Dominant taxa in 2000 were similar to those found in 1994 through 1999
(Nelson et al. 1994b, 1995, 1996, 1997a; Swartz et al. reports) and included the polychaetes
Synelmis acuminata, Pionosyllis heterocirrata, Euchone sp. B, Prionospio czrrobranchlata
and Myrzochele oculata, as well as the amphrpod Eriopisella sechellensis (Table 1).

Mean mollusk abundance was compared among sampling dates and among samphng ’
stations for data collected in 1986 and from 1990 through 2000 (Figures 28 and'29). Two-
way ANOVA results showed significant differences both among sampling dates (p < 0.0001)
and ‘among samphng stations (p < 0.0001). Mean mollusk abundance was 31gn1ﬁcant1y
greater in 1998 and 2000 than in 1986, 1990, 1991, 1992, 1993, 1994, and 1995; and
significantly greater in 1996, 1997, and 1999 than in 1993. Mean mollusk abundance was
significantly greater at reference station HB1 than at all other stations. Neither the temporal
nor spatial pattern of differences indicates a negative effect of the diffuser effluent on
rnollusk abundance. '

Because the mollusk specimens were not separated into living and dead shell material,
they represent time-averaged collections that integrate conditions. at a site over a longer |
period. Temporal variability in abundance among sampling dates was generally much less for
the mollusk fraction than for the nonmollusk fraction prior to 1996. There has been a
temporal trend of increasing mollusk abundance. since 1993 (Figure 28). The pattern of
abundance in the sampling area on all dates shows that Station HB1 has historically had the
greatest number of mollusk individuals (Figure 29). Consistent with the historic pattern,
Station HB1 had significantly higher mean mollusk abundance than all other stations in 2000
(Table C.3). -
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Mean mollusk taxa richness was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 2000 (Figures 30 and 31). Two-
way AN OVA results showed significant differences both among sampling dates (p < 0.0001)
and among ‘samplin'g stations (p < 0.0001). Mean mollusk taxa richness was signiﬁeantly
greater in 1998 than in 1986, 1990, 1991, 1992, 1993, 1994, and 1995; significantly greater in
1996 and 1997 than in 1990, 1992, and 1993; and significantly greater in 1999 and 2000 than
in 1990 and 1992. Mean mollusk taxa richness was mgmﬁcantly greater at Stations HBI,
HB4, and HB7 than at Station HB2. Ten of the twelve possible pairwise comparlsons of
mollusk taxa richness between reference stations (HB1, HB6, and HB7) and ZID or ZID-
boundary stations (HB2 HB3, HB4, and HZ) were not statistically significant. There has
been a temporal pattern of increasing number of mollusk taxa since 1992 (Figure 30) Neither
the temporal nor spatial pattern of differences mdlcates a consistent negative effect of the
diffuser effluent on mollusk taxa richness.

SUMMARY AND CONCLUSIONS

Measurements of physical parameters continue to show little evidence of a buildup of
organic matter in the vicinity of the Barbers Point Ocean Outfall diffuser. High ORP
measurements at all stations indicated the absence of reducing.conditions. Sediment TOC
was less than 0.12% invall‘ samples in 2000 and was very low or undetectable from 1996
through 1999. In years prior to 1996, mean sediment TOC was in the narrow range of 0.04%
t0.0.47%, except in 1993 when methodological problems were experienced with the analyses
and values ranged from 0.56% to 1.40%. The ocean outfall in Orange County, California,
discharges onto the continental shelf in an efosional benthic environment (Maurer et al. 1993)

which may be somewhat similar to that found in Ma mala Bay, O‘ahu. In the vicinity of the-

Orange County outfall, sediment TOC ranged from approximately 0.3% to 0.9% (Maurer et
al. 1993). In areas which possess more depositional benthic environments, the percentage of
organic content in the sediments is typically much higher. For example, this percentage
ranged from 1.2% to 10.9% for sediments of the Kattegat (Pearson et al. 1985) and 0.6% to
8.9% for sediments off the coast of Maine (Bader 1954). The percentage of TOC ranged from
1.4% to 4.1% for stations near the Los Angles ocean sewaige outfalls (Swartz et al. 1986). In
Kingston Harbour, Jamaica, the percentage of sediment TOC ranged from 4.0% to 10.7% in a
semiéenclosed bay subject to organic pollution (Wade 1972; Wade et al. 1972). The lack of
evidence for organic buildup near the Barbers Point Ocean Outfall suggests. that little
particulate matter from the diffuser ever reaches the sediment surface in the study area.
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The spatial patterns of orgamsm abundance and taxa richness in relation to the outfall
varied dependmg on the taxonomlc grouplng There Were 10 cons1stent statistically
mgmﬁcant patterns of reduct1ons of either organism abundance or taxa richness of
nonmollusks and mollusks near the dlfﬁlser in 2000. The macrobenthos was much more
similar than dissimilar ‘am'ong the seven sampling -stations. Separate cluster analyses of
nonmollusk and mollusk data indicated that all stations were similar to one another in terms
of taxa compos1t10n and relative abundance (s1m11ar1ty >67% for nonmollusks, >70%. for
mollusks) The dominant mollusk taxa were almost identical at all stations. Only six taxa are
on the list of mollusks that rank among the five most abundant taxa at any one of the seven
stations. ‘

The abundance of nonmollusks and mollusks in the study area has 1ncreased n recent »
years However there is no consistent spatial pattern in the lnstonc abundance or taxa
richness of cither nonmollusks or mollusks that md1cates an effect of the outfall effluent. The
respect1ve numbers of nonmollusk and mollusk individuals and taxa collected in 2000 were
all near the top of their historic range.

The abundance and taxa richness of crustaceans decreased in 2000 from the historic
high levels recorded in 1999. However, mean crustacean abundance mn 2000 was more than
twice the historic low levels recorded in 1990 and 1997. The mean number of crustacean taxa
collected in 2000 was the fifth highest among the twelve survey years. There is a historic
pattern of reductions in crustacean abundance and taxa richness at the four ZID-area stations
relative to each of the reference stations. This pattern may indicate a trend related to
proximity to the diffuser. Relatively low values of crustacean abundance and taxa richness
were recorded in 2000 at ZID station HZ and ZID-boundary stations HB3 and HB4.
However, there were no statistically significant differences among the ZID, ZID-boundary; -
and reference stations in either mean crustacean abundance or mean number of crustacean
taxa in 2000. Also, mean crustacean abundance and taxa richness were slightly greater at
ZID-boundary station HB2 than at reference station HB1. The presence of pollution-sensitive
taxa like amphipods (especially the phoxocephalid Paraphoxus sp. A) indicates that the
diminished crustacean fauna at the ZID and ZID-boundary stations may be related to a
noncontaminant factor. - - ' L o '

Taxa diversity (H') and evenness (J) were very similar among all stations for both total
nonmollusks and mollusks. The model of benthic organic enrichment by Pearson and
Rosenberg (1978) proposes that in the transition zone on an enrichment gradient, a few taxa
increase and are extremely dominant, while overall diversity and evenness are low. The
response patterns of the benthic fauna and the sediment chemical analyses show no indication
of the types of changes in- bottom communities predicted by the organic enrichment
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hypothesis. Maurer et al. (1993) proposed that the Pearson—Rosenberg model may be
inappropriate for erosional continental shelf environments. Their study of an outfall on the
continental shelf off California found that even with some organic enrichment near the
diffuser, there was no evidence of elimination of rare species, even though three species did
achieve numerical dominance. The response of the benthic community near the Barbers. Point
Ocean Outfall does not show the alternate response pattern descnbed by Maurer et al. (1993),
presumably because sediment orgamcs there do not show even the moderate enrichment
found near the Orange County outfall.

In conclusion, there is little evidence of adverse effects of the Barber Point Ocean
Outfall on the macrobenthic community in 2000. The only indication of an effect lies in the
crustacean component where there were fewer, but not significantly fewer, individuals and
taxa at ZID-boundary statlons HB3 and HB4 and ZID station HZ than at the reference
stations. However, other analyses do not suggest an adverse effect of the outfall on
crustaceans, espemally the more abundant and taxa rich crustacean assemblage at ZID-
boundary station HB2. The presence of eight amphipod species at the ZID and ZID-boundary
stations indicates that alterations in the crustacean component may be related to a
noncontammant factor. The analyses of the noncrustacean fauna clearly demonstrate the
presence of a diverse and abundant macrobenthos wrthm and near the ZID of the Barber
Point Ocean Outfall.
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TABLE 1. Abundance of Numerically Dominant Nonmollusk Taxa, Barbers Point Ocean
Outfall Sampling Stations, O*ahu, Hawai‘i, February—March 2000
' Number of Individuals

Taxon Station , Total
HBI1 HB2 HB3 HB4 HZ HB6 HB7

Aspidosiphon muelleri 118* 69* 146" 96*  193* 94*  103* 819
Synelmis acuminata 45* 59* 25 34 46" 87* 166" 462
Pionosyllis heterocirrata 52* . 48* 48*  102* 54* 41* 70* 415
Euchone sp. B - 3 24 15 15 13 95* 365
Prionospio cirrobranchiata 40* 33* 44* 32 42* 37 23 251
Myriochele oculata 4 21 13 69*  41*  97* 5 250
Podarke angustifrons 4 16 34* 52 36 34 13 189
Polydora normalis 1 1 122* 2 4 130
Augeneriella dubia 10 2 29* 31 1 21 5 99
Micropodarke sp. A 14 20 4 15 6 24* 88
Eriopisella sechellensis ’ 13 5 8 9 3 24* 67
Pionosyllis spinisetosa 2 58* 60
Progoniada sp. A 17* 5 3 1 3 29

*Ranked among the five most abundant nonmoltusk taxa at individual stations.

TABLE 2. Abundance of Numerically Dominant Mollusk Taxa, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai‘i, February—March 2000
Number of Individuals

Taxon : Station : Total
HB1 HB2 HB3 HB4 HZ HB6 HB7

Diala scopulorum 330* 579  242%  352%  274* 121 92 1,990
Cerithidium perparvulum - 524% 254" 72%  255* 90* 47 466° 1,708
Scaliola spp. 348* 260" 49 99 24 17 100* 897
Finella pupoides : 2 3 264*  273*  235%  116* 893
Diala semistriata 165  129* 51 122° 40* 56*  270* 833
Balcis spp. 104*  102* 117" 175* 89*  116* 81* 784

*Ranked among the five most abundant nonmollusk taxa at individual stations.
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TABLE A.1. Position and Depth for Replicate Grab Samples, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai‘i, February—March 2000

Station

HB1

HB2

HB3

HZ

Sampling
Date

9 February

15 February

17 February

8 March

8 March

10 February

16 February

Replicate

BN e

Location

Latitude

21°16'50.5"
21°16'50.3"
21°16'504"
21°16'50.1"
21°16'50.3"

21°17'00.1"
21°17' 00.0"
21°16' 59.9"
21°17'00.0"
21°17'00.1"

21°16'53.5"
21°16'53.4"
21°16'53.6"
21°16' 53.5"
21° 16'53.5"

21° 16'47.5"
21° 16'48.0"
21°16'47.9"
21°16'47.7"
21°16'48.0"

21°16'53.4"
21°16'53.4"
21°16'53.6"
21°16'53.3"
21°16'53.4"

21°16'32.3"
21°16'32.3"
21°16'32.4"
21°16'32.3"
21°16'32.4"

21°15'33.0"
21°15'33.0"
21°15'33.0"
21°15'33.0"
21°15'33.0"

Longitude

157° 59'12.9"
157°59'13.0"
157°59'12.9"
157° 59" 13.0"
157°59'13.2"

158°01'20.2"
158°01'20.3"
158°01'20.4"
158°01'204"
158° 01'20.3"

158°01'29.1"
158°01'28.9"
158°01' 29.0"
158°01' 29.0"
158°01'29.1"

158°01' 38.5"
158°01'38.3"
158°01' 38.3"
158°01' 38.3"
158°01' 38.3"

158°01'30.4"

158°01'30.4"

158°01'30.3"
158° 01' 30.5"
158°01'30.4"

158° 01' 46.6"
158° 01' 46.6"
158° 01' 46.6"
158°01' 46.5"
158° 01’ 46.6"

158°03' 14.1"
158°03' 14.1"
158° 03' 14.1"
158° 03' 14.0"
158° 03' 14.1"

SOURCE: Oceanographic Team, Department of Environmental Services, City and County of Honolulu.
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Depth
(m)

61.9
62.2
61.9
62.2
62.2

61.0
61.0
61.0
61.0
61.0

66.4
66.8

- 66.8

66.8
66.4

61.0
61.0
61.3
61.3
61.0

64.0
64.0
63.7
63.7
64.0

61.6
61.6
61.6
61.6
61.6

63.4
63.4
634
63.1
634



TABLE A.2. Sediment Chemical Characterization of Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, February-March 2000

Station- PD _ ORP TOC
Replicate (cm) ' (+mV) (% dry weight)
HB1-1 10.0 55 <0.01
HBI1-2 10.0 105 <0.01
HBI1-3 12.0 110 - 0.03
HB1-4 10.0 115
HB1-5 10.0 - 110
HB2-1 9.0 55 <0.01
HB2-2 : 7.0 ‘ 75
HB2-3 ‘ 10.0 80 ' 0.03
HB2-4 9.0 105 0.01
HB2-5 9.0 45
‘HB3-1 , 9.0 130 <0.01
HB3-2 9.0 ‘ 155 0.02
HB3-3 9.0 v 125 <0.01
HB3-4 80 ’ 120
HB3-5 9.0 130
HB4-1 , 6.5 65
HB4-2 9.0 125 0.05
HB4-3 9.0 155 <0.01
HB4-4 9.0 145 <0.01
HB4-5 7.0 135
HZ-1 9.0 . 150 0.02
HZ-2 8.0 165 : 0.02
HZ-3 6.0 130
HZ-4 8.0 160 0.02
HZ-5 , 6.0 160
HB6-1 10.0 ' 130 ; 0.02
HB6-2 10.0 135 0.10
HB6-3 10.0 145 0.02
HB6-3 (rep) , 0.02
HB6-4 110 160
HB6-5 : 10.0 ' 120
HB7-1 9.0 110 0.02
HB7-2 11.0 115 0.11
HB7-2 (rep) 0.03
HB7-3 12.0 140 0.02
HB7-4 9.0 150

HB7-5 9.0 140

SOURCE: PD (penetration depth) and ORP (oxidation-reduction potential) data from Oceanographic Team, Department of
Environmental Services, City and County of Honolulu; TOC (total organic carbon) data from Severn Trent Laboratories
(Colchester, Vermont).

NoOTE: <0.01% = analyte not detected at stated detection limit of 100 mg/kg.
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" TABLE A.3. Sedlment Grain-Size Analysis of Barbers Pomt Ocean Outfall Samplmg Stations,

O‘ahu, Hawai‘i, February—March 2000

Station-
Replicate

HBI1-1
HB1-2
HB1-3

HB2-1
HB2-3
HB2-4

HB3-1
HB3-1 (rep)
HB3-2
HB3-3

HB4-2
HBA4-3
HB4-4

HZ-1
HZ-2
HZ-4
HZ-4 (rep)

HB6-1
HB6-2
HB6-2 (rep)
HB6-3 -

HB7-1
HB7-2
HB7-3

SOURCE: Environmental Quality Laboratory, Department of Environmental Services, City and County of Honolulu.

-2

0.82
0.49
0.94

0.11
0.07
031

0.09
0.12
0.43
0.00

1.59
0.57
0.13

0.65

0.23
0.00
0.31

0.00
0.13
0.29
0.17

0.86
1.68
0.61

-1

2.35
239
3.37

1.04
1.87
2.47

0.33
0.27
1.05
0.54

1.62
1.63
0.98

1.06
1.29
0.52
0.96

0.80
2.50
1.67
1.01

2.60
4.00
2.14

8.75
10.53
12.45

435
7.07
6.82

1.48
1.85
3.18
2.62

6.41
5.62
529

. 372

4.12
2.85
3.17

6.54
9.19
8.40
6.03

10.70
7.55
8.40

Phi Size
1 2

20.51 25.64
22.62 25.06
23.42 25.69
16.76 26.35
2424 -26.58
22.00 25.82
7.75 28.20
8.88 30.72
11.27 32.24
10.01 29.65
18.85 28.03
16.88 27.76
15.31 27.50
12.91 30.35
14.43 31.76
11.07 30.28
11.88 30.44
15.08 24.20
15.94 23.32
14.86 23.23
15.66 25.68
18.65 25.57
12.83 26.37
17.04 28.59

Sample Weight Distribution (%)

27.16
25.16
2333

27.68
2131
22.39

45.63
45.38
40.53
42.25

27.38
32.06
34.28

36.72
35.47
41.62
40.44

36.58
34.86
36.32
38.83

27.95
35.64
30.39

4

8.36
8.58
6.10

15.77
11.63
12.88

11.80

10.65
8.47
10.99

10.69
10.76
10.93

9.56
8.05
9.16
9.01

10.73
9.52
10.55
9.53

7.12
7.31
5.57

>4-12

3.89
4.04

- 3.33

6.51
5.92
6:10

3.05
3.58
2.68
3.11

4.62
3.46
3.16

4.12
. 422
3.35
3.74

4.21
4.11
4.34
3.71

4.68
4.40
4.06

Note: The values listed indicate the fraction percentage of the estimated dry weight of the sediment samples. The coarse
fraction (-2 to +4) was analyzed by the sieve method. The fine fraction (greater than +4 to +12) was analyzed by the pipette

method.
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TABLE B.1. Basic Statistics for Untransformed Nonmollusk Abundance, Barbers Pomt Ocean
Outfall Sampling Stations, O a.hu Hawai 1; February—March 2000
(Sample Size n =5) -

: Station
Statistic HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 169.80 237.20 189.00 3 12.60 185.20 247.80 205.60
Standard Deviation 53.96 63.55° 79.08 59.48 51.39 45.04 50.15
Standard Error of the Mean 24.13 28.42 35.37 26.60 22.98 20.14 2243
95% of CI Mean 66.99 78.90 98.18 73.84 63.80 55.91 62.26
Skewness 1.21 0.01 0.39 1.31 0.52 0.26 -0.81
Kurtosis 0.92 - -2.32 -0.58 - 1.26 -0.85 -1.94 1.67
Median ) 144.00 231.00 192.00 - 293.00 185.00 234.00 204.00

Normality Test (D) - 0284ns  0.210ns - 0.164ns 0.229ns  0.200ns 0.220ns  0.279ns

NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov—-Smirnov D statistic of goodness of fit to a
normal distribution, D gs = 0.337; ns = not significant.

TABLE B.2. Basic Statistics for Untransformed Nonmollusk Taxa Number, Barbers Point
Ocean Outfall Sampling Stations, O ahu, Hawai‘i, February—March 2000
(Sample Size n = 5)

Station .

Statistic HBI1 HB2 HB3 HB4 HZ HB6 HRB7
Mean 40.60 46.80 31.00 42.40 31.40 40.40 35.80
Standard Deviation 8.17 10.99 5.34 3.36 7.57 4.83 6.14 .
Standard Error of the Mean  3.66 491 2.39 1.50 3.39 2.16 2.75
95% of CI Mean 10.15 13.64 6.63 417 940 5.99 7.62
Skewness 0.49 0.02 -1.64 1.46 0.05 2.19 0.02
Kurtosis -1.10 - 219 2.89 2.97 1.28 4.83 -1.67 .
Median 40.00 47.00 32.00 42.00 32.00 38.00 34.00
Normality Test (D) 0.190ns  0.188ns  0.300ns  0.347* 0.216ns . 0.414*  0.215ns

Note: CI = confidence interval. Normality was assessed with the Kolmogorov—-Smirnov D statistic of goodness of fit to a
normal distribution, D ¢s = 0.337; ns = not significant, * = p < 0.05.
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TABLE B.3. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Nonmollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
February—March 2000

Mean F P

Source of Sum of Degrees of

Variation Squares Freedom Square Ratio
Among Stations 72,677.37 6 12,1129 3.54 0.01
Experimental Error 95,705.60 28 3,418.1
Total 168,382.97 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 169.80 237.20 189.00 312.60 185.20 247.80 205.60
Standard Deviation 53.96 63.55 79.08 59.48 51.39 45.04 50.15

Frnax test for equal variance: Untransformed data, Frax = 3.08, not significant at p > 0.05.

Conclusion: There are significant differences in mean nonmollusk abundance between the
following station pairs, as determined by Student-Newman-Keuls tests:

HB1 HZ HB3 HB7 HB2 HB6 HB4
HB1 - - - - - *
HZ ‘ ‘ - - - -
HB3 - - - *
HB7 - - *
HB2 - -
HB6 -

—=not significant; * = p < 0.05.

TABLE B.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Nonmollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
February-March 2000

Source of Sum of Degrees of Mean F P

Variation Squares Freedom Square Ratio
Among Stations 1,029.49 6 171.58 3.48 0.01
Experimental Error 1,382.40 28 - 49.37
Total 2,411.89 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 40.60 46.80 31.00 42.40 31.40 4040 35.80
Standard Deviation 8.17 10.99 5.34 3.36 7.57 4.83 6.14

Fmax test for equal variance: Untransformed data, Fmax = 10.68, not significant at p > 0.05.

Conclusion: There are significant differences in mean nonmollusk taxa number between the
following station pairs, as determined by Student-Newman—Keuls tests:

HB3 HZ HB7 HB6 HB1 HB4 HB2
HB3 - - - - - *
HZ - - - - *
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HB7
HB6
HB1
HB4

—=not significant; * = p < 0.05.
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TABLE B.5. Analysis of Variance for Untransformed Crustacean Abﬁndanc‘e, Barbers Point
Ocean Outfall Sampling Stations, O*ahu, Hawai‘i, February—March 2000

Source of Sum of Degrees of Mean F P

Variation Squares Freedom Square Ratio _
Among Stations 1,459.89 6 24331 240 0.05
Experimental Error 2,840.40 28 101.44
Total 4,300.29 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 17.20 20.20 9.40 14.00 8.40 25.40 25.40
Standard Deviation 10.01 14.75 7.06 12.55 2.70 6.47 11.65

Fmax test for equal variance: Untransformed data, Fmax = 29.82, not significant at p > 0.05,

Conclusion: There are no significant differences in mean crustacean abundance among the

seven stations.

TABLE B.6. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Crustacean Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,

February—March 2000

Source of Sum of Degrees of Mean F yZ

Variation Squares Freedom Square Ratio
Among Stations 117.49 6 19.58 2.90 :0.025
Experimental Error 188.80 28 6.74
Total 306.29 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 7:80 8.00 4.60 5.20 4.60 9.00 8.80
Standard Deviation 217 3.00 297 217 - 1.67 2.92 2.95

Fmax test for equal variance: Untransformed data, Frax = 3.21, not significant at p > 0.05.
Conclusion: ANOVA indicates there are significant differences in mean crustacean taxa

number among the seven stations. However, Student-Newman—Keuls tests showed that no
pairwise multiple contrasts were significantly different at p = 0.05.
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TABLE C.1. Basic Statistics for Untransformed Mollusk Abundance, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawar 1, February—March 2000
(Sample Size n=5)

Station
Statistic HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 406.80 - 304.20 198.00 308.00 181.80 12320 290.20
Standard Deviation 38.37 38.48 58.40 20.33 21.14 24,18 35.25
Standard Error of the Mean 17.16 17.21 26.12 9.09 9.45 10.81 15.77
95% of CI Mean 47.63 47.77 72.50 25.24 26.24 30.02 43,76
Skewness 0.88 -1.55 -0.49 040  -0.56 -0.88 -0.60
Kurtosis -1.76 2.59 -2.94 -0.12 -0.11 1.03 -0.14
Median _ 381.00 309.00 222.00 312.00 178.00 126.00  294.00
Normality Test (D) 0.349* 0.298ns  0.259ns 0.203ns  0.210ns 0.199ns 0.143ns

Note: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirnov.D statistic of goodness of fit toa
normal distribution, D ¢s = 0.337; ns = not significant; * = p < 0.05.

TABLE C.2. Basic Statistics for Untransformed Mollusk Taxa Number, Barbers Point Ocean
Outfall Sampling Stations, O“ahu, Hawai‘i, February—March 2000
(Sample Sizen =35) :

Station

Statistic HBI1 HB2 HB3 HB4 HZ HB6 HB7
Mean 35.20 25.40 27.20 30.60 23.00 22.20 © 35.80
Standard Deviation 4.49 5.94 5.26 3.78 2.55 342 3.77
Standard Error of the Mean 2.01 266 235 1.69 1.14 1.53 . 1.69
95% of CI Mean 5.58 7.38 6.53 4.69 3.17 4.25 4.68
Skewness 1.93 -0.30 0.58 0.79 0.00 -0.84 -0.86
Kurtosis 3.80 0.42 0.61 -1.25 -2.26 0.70 1.09
Median 33.00 26.00 28.00 29.00 23.00 23.00 36.00
Normality Test (D) 0.318ns  0.143mns 0.240ns  0.264ns 0.184ns  0.192ns 0.216ns

NoOTE: Cl = confidence interval; Normality was assessed with the Kolmogorov—Smirnov D statistic of gdodness offittoa
normal distribution, D ¢s = 0.337; ns = not significant.
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TABLE C.3. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawaii,
February-March 2000 ‘

Source of Sum of Degrees of Mean F ' P
Variation Squares Freedom Square Ratio
Among Stations 276,923.54 6 46,153.92 35.70 <0.001
Experimental Error 36,204.00 28 1,293.00
Total 313,127.54 34

Untransforméd Data

Station 'HB1 HB2 HB3 HB4 HZ HB6 - HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 406.80 304.20 198.00 308.00 181.80 123.20 290.20
Standard Deviation 38.37 38.48 58.40 20.33 21.14 24,18 35.25

Fmax test for equal variance: Untransformed data, Fmax = 8.25, significant at p < 0.05.

Conclusion: There are signiﬁcént differences in mean mollusk abundance between the
following station pairs, as determined by Student—Newman—Keuls tests:

HB6 HZ HB3 HB7 HB2 HB4 HBI

HB6 * * * % * *
HZ _ * % * *
HB7 - - *
HB2 . - *
HB4 *

— = not significant; * =p < 0.05.
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TABLE C.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
February—-March 2000

Source of Sum of Degrees of Mean ' F P

Variation Squares Freedom Square Ratio
Among Stations 919.14 6 153.19 8.26 <0.001
Experimental Error 519.60 . 28 18.56
Total 1,438.74 34

Station | HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 35.20 25.40 27.20 30.60 23.00 22.20 35.80
Standard Deviation 4.49 5.94 5.26 3.78 2.55 3.42 3.77

Frux test for equal variance: Untransformed data, Fmax = 5.43, not significant at p > 0.05.

Conclusion; There are significant differences in mean mollusk taxa between the following
station pairs, as determined by Student-Newman-Keuls tests:

HB6 HZ ‘HB2 HB3 HB4 HB1 HB7.
*

HB6 - - - * *
HZ - _ * ®
HB2 — — * *
HB3 _ * *
HB4 — -
HB1 -

— = not significant; * = p < 0.05.
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ABSTRACT .

Benthic infauna in the vicinity of the Barbers Point Ocean Outfall was sampled at seven
stations on 13—15 January 2001 with a modified van Veen grab sampler. The stations are
located along the diffuser isobath (61 m) as follows: Station HZ within the zone of initial
dilution (ZID); Stations HB2, HB3, and HB4 on the ZID boundary; Station HB6 at 0.5 km
from the ZID; and Stations HB1 and HB7 at 3.5 km from the ZID.

Sediments were predomlnantly (>93%) sand at all stations. The coarse- sedlment
fraction was moderately higher and the fine-sand fraction moderately lower at Stations HB1,
HB2, and HB7 than at the other stations. Total organic carbon in the sediments at all stations
was less than 0.20%. There were no significant differences among stations in mean oil and
_ grease measurements. Values for oxidation—reduction potential showed no evidence of
reducmg conditions at the surface of sediments at any station.

A total of 8,818 nonmollusk individuals from 186 taxa were collected. Polychaetes
represented 45.9%, nematodes 20.8%, crustaceans 12.7%, oligochaetes 9.1%, and
sipunculans 6.0% of total nonmollusk abundance. Mean total nonmollusk abundance ranged
from 181.6 individuals per sample (40,031/m2, at Station HB1) to 399.6 individuals per
sample (88,086/m2, at Station HB4). Mean crustacean abundance ranged from 17.6
(3,880/m2, at Station HB4) to 60.6 (13,358/m2, at Station HZ). Mollusks were analyzed
separately because they represent time-averaged collections of live and dead shells. Mean
mollusk abundance ranged from 189.2 individuals/10 cm3 (at Station HB6) to 529.8
individuals/10 cm3 (at Station HB1). Crustacean abundance and taxa richness increased in
2001 from the low levels recorded in 2000. Crustacean abundance and taxa richness recorded
in 2001 at ZID-boundary stations HB2, HB3, and HB4 were low relative to the reference
stations. However, crustacean abundance at ZID station HZ was significantly higher than at
all three reference stations (HB1, HB6, and HB7). Mean crustacean abundance averaged over
the entlre study period (1986 to 2001) was significantly lower at ZID-boundary station HB3
than at reference station HB6. There is a historic pattern of reductions in crustacean
abundance and taxa richness at the four ZID-area stations relative to each of the reference
stations, although the differences are usually not statistically significant and the pattern has
not been observed in every previous sampling year. This pattern may indicate a trend related
to proximity to the diffuser. The very high crustacean abundance and taxa richness at ZID
station HZ in 2001 is a major exception to this historic pattern. The collection of a variety of
pollution-sensitive amphipod taxa at the ZID or ZID-boundary stations in 2001 and earlier
years indicates that the diminished crustacean fauna at the ZID-area stations may be ductoa
noncontaminant factor. There were significant differences in abundance and taxa richness for



both mollusks and nonmollusks, but they do not indicate a spatial pattern related to the
outfall. There has been a significant trend of increased abundance for nonmollusks within the
entire study area since 1990. Since 1993, there has been a trend of increased abundance for
mollusks. Diversity and evenness values were generally similar among all stations in 2001,
although lowest values occurred at ZID-boundary stations HB3 and HB2 for nonmollusks
and mollusks, respectively. Separate cluster analyses. of nonmollusk and mollusk data
confirmed that all stations were relatively sirhilar to one another in terms of species
~ composition and relative abundance, although the similarity of mollusks among stations may
have been enhanced by the inclusion of empty shell counts in the ahalysis. Except for a
diminished crustacean fauna at ZID-boundary stations, there is no indication of any marked
alteration of the benthic community composition related to station proximity to the diffuser.
The dnalyses of the noncrustacean fauna clearly demonstrate the presence of a diverse and
abundant macrobenthos within and near the ZID of the Barbers Point Ocean Qutfall. '



_INTRODUCTION

The Honouhull Wastewater Treatment Plant is a primary treatment system.
Wastewaters of mainly domestic ongm are treated at the plant prior to discharge in Ma mala
Bay through an 84-in. (2.13-m) diameter outfall located off the southern coast of O‘ahu,
Hawai‘i.

A waiver of secondary treatment for sewage d1scharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honolulu (CCH) by the Region IX office
of the U.S. Environmental Protection Agency (EPA). However, since September 1996
approximately one-fourth to one-half of the discharge has been secondary—treated effluent
from the ‘Ewa Water Reclamation Facﬂlty The EWRF discharge will eventually be reused

~ offsite. This report provides the results of the thirteenth survey in an ongoing series of studies

of the macrobenthic, soft- bottom community in the vicinity of the dlscharge it also provides
an overview of trends in b1010g1ca1 communities adjacent to the outfall over the sixteen-year
period from 1986 to 2001. The first benthic survey took place in 1986. The samples on which
this report is based were collected on 13—15 January 2001.

PROJECT ORGANIZATION

General coordination for this project is provided by James E.T. Moncur, director of the
Water Resources Research Center of the University of Hawai‘i at Manoa and project
principal investigator. The principal members of the project team (listed in alphabetical
order) and their contributions to this study are as follows:

Julie H. Bailenyrock ‘Polychaete, oligochaete, and s1puncu1an analysis and
report

William J. Cooke Crustacean analysis and report

E. Alison Kay * Mollusk analysis and report

Richard C. Swartz Statistical analysis and final report preparation

Ross S. Tanimoto City and County of Honolulu project representative and

N

coordinator for sediment grain-size, total organic
carbon, oil and grease, and onidation—reduction
potential analyses ~

MATERIALS AND METHODS



Specific locations of the sampling stations are provided in Figure 1, and a general

vicinity map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided
in _
Figure 2. Seven stations previously established along the approximate diffuser isobath (61 m)
were surveyed. In 1990 survey station names were changed from those used in the 1986
survey (Nelson et al. 1987). Survey stations (1986 station names are in parenthesis) and their
locatlons are as follows:

Station HB1 (A)  Approximately 3.5 km east of the zone of initial dilution (ZID)
~ boundary to evaluate effects far-field and beyond the ZID
Station HB2 (B) - On the northeast ZID boundary '
Station HB3 (C) On thé southeast ZID boundary
Station HB4 (D) On the southwest ZID boundary
Station HZ (Z) Within the ZID to evaluate dlffuser effects
Station HB6 (E) o Ap_proxlmately 0.5 km southwest of the ZID boundary as a
' ' near-field reference station
Station HB7 (F) Approximately 3. 5km southwest of the ZID boundary as a far-

field reference station

Station Positidning

The exact position of each station was determined using the Garmin differential global

positioning system. Station locations in relation to latitude, longitude, and bathymetric -

contours are shown in Figure 1. Positions for each replicate grab sample at each station are
| given in Appendix Table A.1. Depths for all stations fell within the range of 60.7 to 67.1 m.
Station positions within and on the boundaries of the ZID were located precisely during the
original sampling using the submersible Makalii in coordination with its mother ship
- (Nelson et al. 1987). '

Sampling Methods

The sampling methodology used in this study generally follows the recommendations of
Swartz (1978) and guidelines of the U.S. Environmental Protection Agency (1987a, 1987b),
hereafter referred to as EPA procedures. The 1986 through 1997 reports on the benthic
" monitoring adjacent to the Barbers Point Ocean Outfall (Nelson et al. 1987, 1991, 1992a,
1992b, 1994a, 1994b, 1995, 1996, 1997a) will be hereafter referred to as “Nelson et al.
reports.” The 1998 through 2000 reports on benthic monitoring at this outfall (Swartz et al.
1998, 1999, 2000a, 2000b) will be hereafter referred to as “Swartz et al. reports.”

\\’,/



In 1994, the modrﬁed 0. l-m2 van Veen grab sampler previously used was replaced by a
0. l6—m2 van Veen grab sampler. The new grab, which was deployed from a stern-mounted
A-frame on the City’s research vessel Noi 1 Kai, was used to obtain bottom samples at all
seven stations. Sampling dates were 13 15 January 2001. Penetration of the sampler was
adequate for all replicates. The m1n1mum penetratron depth was 7.0 cm, and the maximum
was 11.0 cm (Appendix Table A.2). ‘

Five replicate grab samples were taken at each station. From each replicate sample a
- subsample 7.6 cm in diameter by 5 cm deep was taken for infaunal analysis and a subsample
4.8 cm in diameter by 5 cm deep for mollusk analysis. Subsampling was necessary because
the epifauna and infauna in the area are known to be both small and abundant (Nelson 1986;
Russo et al. 1988). Replicated grab samples at each station, rather than replicated subsamples
from one grab sample, were taken to provide information on intrastation variability. All five
biological subcores for nonmollusk analysis were processed on a 0.5-mm screen and the
organisms retained and preserved as appropriate for subsequent identification.

Samples for geochemical analyses (total organic carbon [TOC], oil and grease [O&G]
and oxidation-reduction potential [ORP]) and for grain-size analyses were obtained from the
grabs from which the biological subcores were taken because each rephcate grab contained
more than enough sediment for both purposes (methods established by National Pollutant
~ Discharge Elimination System permit no. HI0020877). Three subsamples (one from each of
three different grab samples) were taken for all stations. The top 2 cm of sediment from each
subsample were used for geochemical analys1s Samples for TOC and O&G analyses were
put in screw-cap jars, which were placed on ice, and taken to the laboratory Sed1ment ORP
~ was measured on board the research vessel 1mmed1ately after each sample was obta1ned

‘ Laboratory analyses of sediment grain size and O&G followed EPA procedures Analy51s of
TOC was carried out using EPA procedures by Severn Trent Laboratories (Colchester
Vermont). It performed the analysis using a mod1ﬁcat10n of the Lloyd Kahn method which
utilizes an infrared detector to measure carbon dioxide. Inorganic carbon was removed from
the samples by treating them with a 1:1 solution of hydrochloric acid prior to TOC analysis.

Sarnple Processing

Handling, processing, and preservation of the biological samples followed EPA
procedures. Nonmollusk samples were fixed with buffered 10% formalin for a minimum of
24 hours. Following fixation, all samples were placed in 70% ethanol. Mollusk samples were
placed in labeled jars in the field, then placed on ice.and transported to the laboratory where
they were refrigerated. Samples were washed in freshwater (to minimize loss of fine



sedilhénts), fixed in 75% isopropyl alcohol for 24 hours, and then air dried. A subsample in a
10-cm3 aliquot was removed from each mollusk sample for sorting. - k

The fixed nonmollusk samples were elutriated using the technique of Sanders et al.
(1965). This method removes from the sediment all organisms that are not heavily calcified
(Nelson et al. 1987). Samples were washed several times, and the water from each was
poured through 0.5-mm-mesh sieves. Polychaetes and other invertebrates retained on the
sieve were transferred to alcohol, stained with rose bengal solution, and stored in 70%
ethanol. ' |

Because the biological subcores had to be processed using two different procedures—
one for mollusks and the other for all other organisms—the two components of the fauna
were not directly comparable and thus were analyzed separately. Because the mollusk
specimens were not s'ei)arated into living and dead shell fractions, they represent time-
“averaged samples. Mollusks have been extensively analyzed by Kay (1975, 1978, 1979,

1982), Kay and Kawamoto (1980, 1983), Nelson (1986), and Russo et al. (1988). ”
Al ‘spe'cimens were identified to the lowest taxonomic level possible. A selected
~ bibliography for the identification of marine benthic"species in Hawai‘i is provided in Nelson
et al. ( 1987, appendix D). An additional source used for the identification of polychaetes in
Hawai‘i is Blake et al. (1995) Voucher specimens were submitted to taxonomic specialists
for Venﬁcatlon when necessary. All specimens were archived and w111 be maintained for six
years at the Umver31ty of Hawai‘i.

In’ previous benthic sampling reports for Barbers Point, name changes for several
polychaete taxa were indicated. A review of specimens and the literature led to several
,additional name chahges this year. The genus Tharyx was emended, such that Tharyx marioni
is now referred to as Aphelochaeta marioni (Blake 1‘991). Eumida sp. A was changed to
Eumida sanguinea. Sphaerodoropsis sp. A was found to be Sphaerodoropsis sp. C.
Ophryotrocha sp. A was further identified as Ophryotrocha adherens (Paavo et al. 2000).

"The following taxa were newly found at the Barbers Point study site but have been
found at other O‘ahu outfall sites (Sand Island, Waianae, and Mokapu): Laonome sp. C,
Paramphinome sp. A, Protoaricia sp. A, and Syllides bansei. Taxa new to the Barbers Point
study site and not previously collected at other outfall sites include Apophryotrocha sp. A,
Caulleriella'sp. A, Cirratulidae sp. B, Demonax sp. A, Pseudobranchiomma sp. A, Sabellidae
sp- A, and Trypanosyllis sp. A. "

Among the crustaceans, one name change was made this year and two new taxa were
found at the Barbers Point study site. The gammarid amphipod previously listed as Anamixis
stebbingi and Leucothoides ? pottsi is now called Anamixis torrida. Newly found crustacean

taxa include one amphipod, Lysianassa ewa, and one crab, tentatively identified as Nucia (?)



sp. A. L. ewa Barnard, 1970, has been placed in Arugella (as A. ewa) by Barnard and
" Karaman (1991), but since the discriminatory charactefs are both limited and subje¢tive, the
species is recorded by its original name until the status of the genus is more fully settled.
| - L. ewa has been collected from;th‘e MOkapu outfall study area but not from the Waianae or
Sand Isla:hd_ outfall study areas. The small crab identified as Nucia (?) sp. A has also been
previously collected from other outfall study areas. It is an inCOmpleté specimen, so a full
identification cannot be made, although it appears similar to Nucia perlata from Japan
(Sakai 1965).

Among the mollusks the name of Mitrolumna alphonsiana has been corrected (listed
incorrectly in previous reports as MitrOmorphd alphonsiana). Newly found mollusk taxa at
Barbers Point include the bivalves Lioconcha hieroglyphica, Pillucina spaldingi, Pillucina
sp., and Tellina oahuana; and the gasfr‘opods Emarginula dilecta, Euchelus sp., Meioceras
sandwichensis, Mitrella loyaltensis, and Odostomia sp. B.

Data Analysis

All data for both nonmollusks and mollusks were tested for assumptions of normality
(Kolmogorov—-Smirnov test; Sokal and Rohlf 1995) and heterogeneity of variances (Fmax
- test) prior to statistical analysis. Where data sets failed tests of assumptions, square root or
log;o transformation was applied. Comparisons of mean values among stations were made
with one-way analysis of variance (ANOVA). Following a significant result-usihg ANOVA, a
posteriori Student-Newman-Keuls tests were used to determine which differences in means
among stations were significant. All statistical analyses were performed using Prophet and
Microsoft Excel software. Detailed statistical results are provided in Appendixes B and C.

‘ Overall comparisons of taxa composition among stations were carried out using cluster
analysis (Pielou 1984). The Bray—Curtis similarity index (Bloom 1981) on double square root
transformed data was performed using the group-average sorting strategy. Separate cluster
analyses were conducted for the mollusk and nonmollusk faunal fractions because of
differences in sample collection and processing. To make anaIysis more manageable, only
those taxa that contributed at least 0.05% to the total abundance were included. Using this
criterion, only mollusk ‘taxa represented by a total of more than five individuals were
included in the data set, which was reduced from 129 to 60 taxa. Also, only nonmollusk taxa
represented by a total of more than four individuals were included in the data set, which was
reduced from 186 to 100 taxa. The similarity matrices were computed with Microsoft Excel

software. Cumulative counts of crustacean taxa are based on collections since 1990.



The Shannon—Wiener diversity index (H') (In) and evenness index (J) were calculated
for all stations (all replicates pooled), as recommended in the EPA procedures. Calculations
of these parameters were carried out using Microsoft Excel sofiware. |

To examine trends over the entire study period, comparlsons were made among mean
values for all sampling dates and sampling stations usmg two-way ANOVA Wlthout

replication and a posteriori Student—Newman-Keuls tests.

- RESULTS
Sediment Parameters

Results of sediment. grain-size analysis are given in Appendix Table A.3. The mean
sediment compositions at the sampling stations, based: on four grain-size categories, are
compared in Figure 3. The grain-size categories (Folk 1968) are as follows: coarse sediment,
retained on a +1-phi sieve; medium sand, passed through a +1-phi sieve but retained on a
+2-phi sieve; fine sand, passed through a +2-phi sieve but retained on a +4-phi sieve; and silt
and clay, passed through a +4-phi sieve.

There were relatively small differences among stations in sedlment grain-size
diStI‘lblltlQIl, especially in the proportion of the silt-and-clay fraction (range: 2.7% to 6.2%)
and the medium- sand fraction (range: 22.9% to 33.9%) (Appendix Table A.3, Figure 3). The
coarse-sediment fraction was higher at Stations HB1, HB2, and HB7 (range: 29.7% to
36.9%) than at the other stations (range: 15.8% to 29.1%). Conversely, the fine-sand fraction
was lower at Stations HB1, HB2, and HB7 (range: 34.1% to 36.3%) than at the other stations
(range: 38.3%to 49.4%).,This spatial pattern of grain-size distribution is similar to those seen
in 1997 (Nelson et al. 1997a), 1998 (Swartz et al. 1998), 1999 (Swartz et al. 1999), and 2000
(Swértz et al. 2000b), although sediments at Station HB2 were less coarse in 1997 and 1998
than in 1999, 2000, and 2001. Results of replicate sediment sample analysis for all seven

stations indicated substantial homogeneity in grain size within stations, with the possible

.exception of replyibcate,?)‘. at Station HB4, which contained coarser sediment than the other
.replicates at that station (Appendix Table A.3). Analysis of duplicate samples at Stations
HB3, HZ and HB6 indicated consistency of analytical techniques.

Direct electrode measurements of ORP ranged from +120 to +215 mV (Appendix
Table A.2). These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA) showed
there were significant differences among the seven stations (F = 16.32, p = 0.0001). ORP was
significantly higher at Stations HZ, HB4, and HB6 than at Stations HB1, HB2, and HB3;
Signiﬁcantly higher at Station HB7 than at Stations HB1 and HB2; and signiﬁcahtly higher at
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. Station HB3 than at Station HB1, ORP measurements. obtained for the 2001 survey were
higher at all stations than those obtalned for the 1999 (Swaltz et al. 1999) and 2000 (Swartz
et al. 2000b) surveys.

Oil and grease measurements ranged from 84 to 911 mg/wet kg (Appendlx
Table A.2). Companson of mean O&G per station (one-way AN OVA) showed there were no
significant differences among the seven stations (F = 2.40, p = 0.08). The highest mean O&G
measurement was recorded for reference station HB7.

Total organic carbon in the sediments was less than 0.20% in all samples (Appendix
Table A.2). Comparison of mean TOC per station (one—way ANOVA) showed there were no
significant differences among the seven stations (F = 1.41, p = 0.28). Although TOC
" measurements were low in all 2001 samples, none was below the detection limit of 0.01%.
TOC in many samples collected in the 1997, 1998, 1999, and 2000 surveys was reported as
below the detection limit (Nelson et al. 1997a; Swartz et al. reports). |

Biological Parameters

Nonmollusks .

The nonmollusk fraction of the benthic fauna included polychaetes, ohgochaetes
~ nematodes, platyhelminths, echinoderms, a poriferan, an anthozoan, hydrozoans,
kinorhynchs, a chaetognath, a hemichordate, nemerteans, sipunculans, insects, priapulids? a
phoronid species, a chordate species, mites, a pycnogonid species? copepods, ostracods,
cumaceans, mysids, tanaids, amphipods, isopods, and decapods.'

The 8,818 nonmollusk specimens counted and identified for all stations and replicates
represent 186 taxa. Polychaetes were the dominant nonmollusk taxon in terms of both
abundance (4,050 individuals, 45.9%) and taxa richness (116 taxa, 62.4%). Nematodes
comprised the second most  dominant nonmollusk taxon in terms. of abundance
(1,834 individuals, 20.8%). Crustaceans constituted 12.7% (1,122 individuals) of numerical
abundance, oligochaetes contributed 9.1% (803 individuals), and sipunculans contributed
6.0% (528 individuals). The 51 crustacean taxa, 18 of which were amphipods, represented
27.4% of the total number of nonmollusk taxa. Abundance estimates for each taxon from
each replicate are given for each of the seven stations in Appendlx D.

Basic - statistics for the nonmollusk data, including 95% conﬁdence limits and a
Kolmogorov—Smirnov test for normality of distribution, are prov1ded in Appendix Table B.1
(number of individuals) and Appendix Table B.2 (number of taxa). 'Except for nonmollusk
taxa number at Station HB1, data were normal for all stations (Appendix Table B.2).
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Mean total nonmollusk abundance ranged from 181.6 individuals per sample
| (40,031/m2, at Station HB1) to 399.6 individuals per sample (88,086/m2, at Station HB4)
(Figure 4). Variances were homogeneous (Appendix Table B.3). According to the ANOVA
on untransformed data, there were significant differences in mean abundance among stations
(Appendix Table B.3). Mean abundance was significantly higher at Station HB4 than at all
other stations except Station HZ. No other pa1rw1$e comparisons of means were s1gmﬁcant1y
different. ’
Mean number of nonmollusk taxa per sample ranged from 29.0 (at Station HB3) to 45.0
A' (at Statio_n HB1) (Figuré 5). Variances were homogeneousb(A’ppehdix Table B.4). According
to the ANOVA on untransformed data, there were significant differences in mean number of
nonmollusk taxa among stations (Appendix Table B.4). Mean number of nonmollusk taxa
was significantly less at Station HB3 than at Stations HB1, HB2 HB6, and HB7. No other
pairwise comparisons of means were significantly different. _

Composite station diversity (H') and evenness (J) for the nonmollusks are shown in
Figure 6. Values for both parameters were similar for all stations. Values for diversity ranged
from 2.62 (at Station HB3) to 3.44 (at Station HB1). The range of values was similar to that
of samples collected in 1999 and 2000 but slightly higher than that of samples taken in years
prior to 1999 (Nelson et al. reports; Swartz et al. reports). Evenness ranged from 0.63 (at
Station HB3) to 0.74 (at Stations HB1 and HB6), which was also slightly'higher than the

‘range of values observed in years prior to 1999 (Nelson et al. reports; Swartz et al. 1998).
Diversity and evenness were slightly lower at ZID station HZ and ZID-boundary stations
‘HB2 and HB4 than at the three reference stations (HB1, HB6, and HB7). The depression in
diversity and evenness was more pronounced at ZID-boundary station HB3.

The results of cluster analysis indicating the relative similarity of stations based on the
100 most abundant nonmollusk taxa are shown in Figure 7. All stations were grouped at

similarity values greater than 66.0%, indicating similar taxa composition and abundance
among all stations. There was some sorting among stations with regard to proximity to the
diffuser. Reference stations HB1 and HB7 clustered together. However, reference station

HB6 clustered closely with ZID station HZ and ZID- boundary station HB2.

Polychaetes

A total of 4, 050 polychaetes representing 116 taxa were collected; they comprised
45.9% of total nonmollusk abundance. Polychaete abundance and taxa richness were higher
in 2001 than in most recent years: 2,685 polychaetes.representing 90 taxa in 1994 (Nelson et
al. 1994b), 2,527 'polychaetes representing 87 taxa in 1995 (Nelsdn et al. 1995),
3,836 polychaetes representing 95 taxa in 1996 (Nelson et al. 1996), 2,811 polychaetes
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representing 93 taxa in 1997 (Nelson et al 1997a) 3, 521 polychaetes representing 85 taxa in
1998 (Swartz et al. 1998), 4 261 polychaetes representmg 113 taxa in 1999 (Swartz et al.
1999), and 3,489 polychaetes representmg 109 taxa m 2000 (Swartz et al. 2000b) The
highest mean number of polychaetes per sample was found at Station HB4 (231 2
~ individuals), followed in decreasing order of abundance by Stations HB2 (127.0 individuals),
(124.6 individuals), HB7 (97 6 individuals), HB6 (92.8 individuals), and HB1 and HB3 (both
with 68.4 individuals) (Figure 8). Polychaetes were the most taxa-rich group at all stations
(Appendix Tables D.1 through D;7). Maximum mean number of polychaete taxa per sample
, oceurred at Station HB4 (3A1.6‘ taxa),‘ followed in decreasing order by Stations HB2 (27.2
taxa), HB6 (25.4 taxa), HZ and HBI (both with 24.2 taxa), HB7 (21.8 taxa), and HB3 (17.4
taxa) (Figure 9). | | A |
Polychaetes accounted for 9 of the 12 taxa that ranked among the five most abundant
taxa at 1nd1v1dual stations (Table 1). Six taxa represented 54% of the polychaete individuals
‘collected at the Barbers Point Ocean Outfall this year: onnosyllzs heterocirrata (14%),
- Prionospio czrrobranchzata (10%) Polydora normalis (lO%) Synelmzs acuminata (9%),
Euchone sp.. B (6%), and Myrzochele oculata (5%) Dormnant polychaete taxa drffered at
several stations. onnosyllzs heteroczrrata was dommant at Statlons HZ (17%) and HB3
(23%). This syllid: species_has domrnated at Station HB3 since 1997. In 1999, 2000, and
2001, Synelmzs acuminata replaced P heterocirrata as the domlnant polychaete at Statron
HB7. Although S. acuminata was the most dominant polychaete species only at Statlon HB7
(24%) this p11arg1d also appeared as an abundant species at all other stations.
Synelmzs acuminata, onnosyllzs heterocirrata; and Przonospzo czrrobranchzata
, replaced the sabellid Euchone sp B as the most domlnant polychaete specres at Station HB1
in 1999, 2000, and 2001 respectrvely At that station Euchone sp B substant1a11y decreased
in abundance from 42% in 1998 to 1% in l999 2000, and 2001 However at Statlon HB2
this sabellid was the most abundant specres this year (36%) as has been the case since 1993
In addrtron to its domlnance at Station HBl Prionospio czrrobranchzata replaced the
oweniid Myrzochele oculata as the most numerous polychaete at Station HB6 (16%)
Mpyriochele oculata ranked among the five most dominant species at Stations HZ (9%) and
HB6 (13%), but it was not the most abundant polychaete at any station in 2001. The spionid
Polydora normalis, which has been an abundant species at Stations HZ and HB4vsince 1993,
represented the most abundant species at Station HB4 (30%) in 2001. In fact, the hlgh
occurrence of this spionid shifted from being primarily at Station HZ (1993 through 1998) to
being Station HB4 (1999 through 2001). ‘
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 Ophryotrocha adhereéns (formerly Ophryotrocha sp. A) is of particular interest as it has

been cited as an indicator of organic enrichment (Bailey—Brock 1996). It was abundant at
ZID-boundary station HB4 (5%) and ZID station HZ (7%). After an initial spike in
abundance of 17% at Station HB4 in 1996, O. adherens returned to a lower level (<1%) for
the next two years and then increased again in 1999, 2000, and 2001. This species has also
increased in abundance at ZID-boundary station HB3 (from 0% in 1997 to 4% this year) and
ZID station HZ (from 0% in 1997 to 7% this year). The other indicator of organic
enrichment, Neanthes arenaceodentata, was rare at Barbers Point and other outfalls off
O‘ahu in 2001. | |

Individuals of the families Syllidae, Serpulidae, and Nereididae were represented by
reproducing individuals this year. Stations HB4 and HZ had the most as well as the widest
variety of species reproducing. The syllids Sphaerosyllis sp. G (at Stations HB4 and HZ),
Sphaerosyllis riseri (at Stations 'HB4 and HB7), Pionosyllis spinisetosa and Brania
rhOpalophora' (at Station HB4), Exogone longicornis (at Stations HB1, HB4, and HB6), and
Exogone sp. C (at Station HB3) had embryos or juveniles attached to the external body wall.
Many syllids reproduce by epitoky, which is a complex form of reproductlon involving the
productron of buds (stolons or epitokes) from the external body wall (Schroeder and Hermans
- 1975). Langerhansia cornuta (at Stations HB1 and HB3), Pionosyllis heterocirrd_ta’ (at
Station HZ), and the nereidid Neanthes arenaceodentata (at Station HB4) showed
- characteristics of a swimming stage. These characteristics include enlarged eyes and
‘elongated capillary setae that facilitate spawning in the water column (Schroeder and
Hermans 1975). The serpulid Salmacina dysteri (at Stations HZ and HB6) had reproduced by
schizoparity. No reproducing individuals were seen at Station HB2.

Ti rophic categories. Trophic categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 10 and 11.

" 1. Detritivores. Of the four trophic categories, deposit-feeding polychae‘tes‘ were the

* most abundant group at Stations HB1 (39% of all polychaete individuals), HB3 (42%), HB4
B (57%), HZ (48%), and HB6 (43%) and the most speciose group at all seven stations. The
percentage of all polychaete taxa represented by detritivores ranged from 33% (at Station
'HBI1) to 50% (at Station HZ). The number of detritivorous taxa ranged from 17 (at Station
HB3) to 30 (at Station HZ). The dominant deposit-feeding polychaetes were the spionids
Polydora normalis (30% at Station HB4) and Przonospzo cirrobranchiata (14% at both
Stations HB1 and HB6).

2. Omnivores. The highest number of omnivorous worms was collected at Station HB4,
where they accounted for 26% of all polychaetes (297 individuals). Omnivores were the most
“abundant trophic group only at Station HB7 (50%, 242 individuals), where they have been
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dominant since 1986 (Nelson et al. reports; Swartz et al. reports). Omnivorous worms were
never the ‘least abundant group of the four trophic catego‘ries at any station. The percentage of
all polychaete taxa represented by omnivores ranged ﬁom 17% (at both Stations HB2 and
HZ) to 30% (at Station HB4) The number of ommvorous taxa ranged from 10 (at Statlon
HZ) to 17 (at Station HB4). onnosyllzs heterocirrata was, the dominant omnivore at five
stations: HB1 (12% of all polychaetes), HB2 (1 1%), HB3 (23%) HB4 (11%), and HZ (17%)
~ Synelmis acuminata was the dominant omnivore at Stations HB6 (11%) and HB7 (24%)
| 3. Suspensron feeders. Suspension feeders were dominant at Station HB2 (41% of all
polychaetes, 260 individuals), primarily due to the large numbers of the sabelhd Euchone sp.
B (36%, 228 individuals). This polychaete taxa was dominant at Station HB6 (17%,
95 1nd1v1duals) in 2000, but it ranked 51xth in abundance among polychaetes at that statron in
2001 (5%, 23 md1v1duals) Euchone sp. B was rare at Station HB1 in 1999 through 2001,
; after bemg the most domlnant polychaete at that station from 1996 to 1998. Another sabellid,
Augenerzella dubza was the domlnant suspens1on feeder at Statlons HB1 (2%), HB3 (13%),
and HB4 (9%). The serpulid Salmacina dysteri was dominant at Stations HZ (4%) and HB6
(7%) and the splomd Aonides sp. A at Statlon HB7 (1%). Of the four trophlc categories,
suspensmn feeders were the least abundant group at Stations HB1 (10% of all polychaetes,
34 1nd1v1dua1s) HZ (9%, 56 1nd1v1duals) and HB7 (3%, 14 1nd1v1duals) The percentage of
all polychaete taxa represented by suspension feeders ranged from 11% (at Statlon HB7) to
23% (at Statlon HB2). Of the four trophlc categories, suspensron feeders were the least
- speciose group at Stations HB1 (19% of polychaete taxa) HB3 (12%) HB4 (14%, tied with
| carnivores), HZ (13%), and HB7 (11%). The number of suspens1on—feed1ng taxa ranged from
5 (at Station HB3) to 15 (at Station HB2). .

4. Carnivores. Carnivorous polychaetes were present at all statlons with the1r greatest
abundance occurring at Station HB7 (18% of all polychaetes 88 individuals). Carmvores
‘were least abundant at four stations: HB2 (6% of all polychaetes 35 individuals), HB3 (7%,
k24 individuals), HB4 (6%, 72 1nd1v1dua1s) and HB6 (10%, 47 1nd1v1duals) The percentage
of all polychaete taxa represented by carnivores ranged from 14% (at Statlon HB4) to 28% (at
Station HB7). The number of taxa ranged from 7 (at Station HB3) to 15 (at Station HB7)
The hesionid Podarke angustzfrons was the dominant carnivore at six stations; HB2 (2%),
‘HB3 (4%), HB4 (3%), HZ (6%) HB6 (5%), and I—IB7 (6%) Another hes1omd Mzcropodarke
sp. A, dominated at Statlon HBI1 (4%).

Motility categories. Motility categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 12 and 13. ,

1. Tubicolous polychaetes. Of the three motility categones tubicolous polychaetes were
the most abundant group at Station HB2 (47% of all polychaetes 298 individuals), the
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second most abundant group at Station HB6 (36%, 169 individuals), and the least abundant at
the other five stations. This group had the fewest taxa at all stations, although they tied with
discretely motile polychaetes as the least speciose groﬁp at Stations HB1 (20% of taxa) and
HB2'(27%). The number of taxa ranged from 6 (at Station HB3) to 18 (at Station HB2). The
dominant tubicolous polychaete taxa included the sabellid Euchone sp. B at Station HB2
(36%); the oweniid Myriochele oculata at Stations HB1 (5%), HZ (9%), HB6 (13%), and
HB7 (3%); and the sabellid Augeneriella dubia at Stations HB3 (13%) and HB4 (9%).
Salmacina dysteri was another abundant tubicolous species at Station HB6 (7%).

2. Motile polychaetes. Of the three motility categories, motile polychaetes were the
most abundant group at Stations HB1 (53% of all polychaetes, 181 individuals), HB3 (49%,
168 individuals), HB4 (46%, 529 individuals), HZ (51%, 318 individuals), HB6 (37%,
170 individuals), and HB7 (68%, 333 individuals). In addition, they had the highest
.percentage of polychaete taxa at each of the seven stations, ranging from 45% (at Station
' HB2) to 61% (at Station HB7). The number of motile polychaete taxa ranged from 27 (at
Station HB6) to 33 (at Stations HB4, HZ, and I—IB7) The sylhd Pionosyllis heterocirrata was
the dominant motile polychaete at Stations HB1 (12%), HB2 (11%), HB3 (23%), HB4
(11%), and HZ (17%). This syllid also showed high levels of abundance at Stations HB6
: (8%) and HB7 (19%). Synelmis acuminata, a pilargid, was the dominant motile polychaete at
Stations HB6 (11%) and HB7 (24%); it also showed high levels of abundance at Stations
HB1 (11%), "HB2 (7%), and HB3 (7%). Podarke angustifrons at Station HB7 (6%) and
Ophryotrocha adherens at Stations HB4 (5%) and HZ (7%) were also abundant motile
polychaetes this year

3. Discretely motile polychaetes. Of the three mdtilify categories, bdiscretely ‘motile
polychaetes ‘were least abundant group at Stations HB2 (22% of all polychaetes,
137 1nd1v1duals) and HB6 (27%, 125 individuals). They ranked second in abundance at the ,
other five stations. This group ranked second i in percentage of polychaete taxa at Stations
HB3 (29%), HB4 (28%), HZ (30%), H6 (29%), and HB7 (26%) and tied with tubicolous
polychaetes for third at Stations HB1 (20%) and HB2 k(27%). The number of taxa ranged
from 11 (at Station HB1) to 18 (at Stations HB2 and HZ) The dominant dis’cretély motile
species were all spionids: Prionospio cirrobranchiata at Stations HB1 (14% of all
‘polychaetes), HB2 (9%);_HB3 5(20%), HZ (15%), HB6 (14%), and HB7 (11%); and Polydora
normalis at Station HB4 (30%). Another abundant discretely motile spionid'pbiyéhaete was
Prionospio cirrifera at Stations HB1 (8%), HB2 (5%), HB3 (2%), and HB7 (9%).

_Crustaceans
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A total of 1,122 crustaceans, mites, and pycnogonids—representing 12.7% of the
nonmollusk abundance—were collected Abundance for each taxon from each rephcate is
provided for each station in Appendix Tables D.8 through D.14. Mean abundance
(no./sample) ranged from 17.6 G, 880/m?, at Station HB4) to 60.6 (13, 358/m?, at Station HZ)
(Figure 14). Variances were homogeneous for untransformed data (Appendlx Table B.5).
There were significant differences in mean abundance among the seven stations (ANOVA,
Appendrx
Table B.5). Mean number of crustacean 1nd1v1dua1s in 2001 was significantly greater at
Station HZ than at all other stations. In contrast “crustacean abundance in 2000 was less at

 Station HZ than at all other stations.

A total of 51 crustacean, mite, and pycno gonrd taxa (copepods were not identified to the
species level) were collected; of these 18 taxa (35.3%) were amphipods. Mean number of

~ taxa ranged from 5.0 (at Station HB4) to 14.2 (at Station I—IBI) (Figure 15). Variances were
‘ homogeneous, and data were normally distributed. ANOVA indicated significant drfferences
in mean number of taxa among the seven stations (Appendlx Table B.6). The mean number
of crustacean taxa was significantly less at Stations HB3 and HB4 than at Stations I—[Bl
HB6, HB7, and HZ. | | | |

Amphlpods tanaids, and copepods were the numerrcally domrnarrt taxa, making up
38. 7%, 28.0%, and 19.8%, respectively, of total crustacean, mite, and pycnogonid abundance.
No taxon was uniformly most abundant at all stations. Copepods the amphipod Erzopzsella
sechellensis, and the tanaids Tanaissus sp. A and Leptochelza dubia were present at all
stations and were generally among the most abundant crustaceans. The amphipod Konatopus

paao was the only other crustacean that was collected at all stations. EriopiSélla sechellensis
and Tanaissus sp. A were the only crustaceans that ranked among the five most abundant
nonmollusk taxa at any statron E. sechellensis was the second most abundant nonmollusk at
Statron HB1 and third most abundant at Station HB6; Tanaissus sp. A ranked fourth in
abundance at Station HZ (Table 1). _

Crustacean, mite, and pycnogonid abundance (1,122 mdrvrduals) and taxa number (51)

were substantially greater than numbers counted in 2000 (600 individuals, 39 taxa) and
comparable to. the then record numbers counted in 1999 (1,377 rndrvrduals 49 taxa). The
2001 count of 51 taxa is a new record for the Barbers Point outfall study area. Abundance and
‘taxa richness in 1999 and 2001 equaled or exceeded the maximum values observed in
collection years prior to 1999 (range for 1986 and for 1990 through 1998 collections: 164 to
1,121 individuals [mean = 653], 34 to 49 taxa [mean = 39.6]). A low count of 27 is excluded
from the range for taxa richness because of procedural differences in 1997 (Nelson et al.
1997a).

17



The ranges for total number of crustacean individuals and taxa collected at the ZID-
boundary stations (88 to 106 individuals; 12 to 19 taxa; Stations HB2, HB3, and HB4) were
below the ranges observed at the reference stations (152 to 201 individuals; 20 to 36 taxa;
Stations HB1, HB6, and HB7). However, unusually high numbers of taxa (28) and

individuals (303) were collected at ZID station HZ. These number contrast with those of the

* previous year, when only 12 crustacean taxa and 42 individuals were collected at Station HZ.
Despite the rich and abundant crustacean fauna at the ZID station in 2001, the monitoring
data suggest a pattern of crustacean depression near the ZID. ' '

One amphipod, Lysianassa ewa, and one crab, tentatively identified as Nucia (?) sp. A,
were newly collected at the Barbers Point monitoring site this year. Lysianassids are known
to be scavéngers and predators of smaller invertebrates, so relatively small populations and
Sporadic collections of this taxa are not uneXpected. Previously, L. ewa had been collected
from the Mokapu outfall study area but not from either the Waianae or Sand Island outfall
study areas. The small crab identified as Nucia (?) sp. A had also been pfeviously collected at
other outfall study areas. Larger (2 cm and up) shrimps and crabs have very low probabilities
of being collected, given the small areal coverage (7.6 cm diameter) of the sampling
replicates. The collection of a new decapod in 2001 is, therefore, not unexpected.

- This brings the total number of discretely identified/reported taxa from the study area
- since 1990 to 107. The gammarid amphipod previously listed separately as Anamixis
‘ stebbingi and Leucothoides ? pottsi has been combined and is now listed as Anamixis torrida.

ThlS change in identification reduces this year’s cumulative taxa by one, such that the
" increase of the two new taxa over last year s cumulative number of 106 is reported not as 108

but as 107. The true number of individual crustacean taxa present in the study area 1s actually v

: hlgher Copepods are enumerated as a single taxon, although several different taxa are
' certalnly present. Cumaceans and mysids are sumlarly enumerated. Between two and elght
taxa have been newly collécted each year since 1990 and 1991 when a total of 62 taxa were
collected. The spike of eight new taxa seen in 1999 was not repeated in 2000 or 2001,
' suggesting that anomaly probably represented a particularly efficient year in terms of
collection, sample processing, and recovery, rather than a shlft in the composition of the
overall crustacean community. The Barbers Point outfall study area does not appear to be
‘subj ect to extremely large swingé in benthic community cOmposition or consistency. It seems
to be generally a rather stable environment. This should aid in 1dent1fymg any 1mpacts
| assomated with the outfall itself. ‘

_ Mollusks
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A total of 10,419 mollusks representmg 129 taxa were collected. Mean abundance of

mollusks per sample (no./10 cmj) ranged from 189. 2 (at Station HB6) to 529.8 (at Station

HB1) (Figure 16). Data were normally d1str1buted at all stations (Appendlx Table C.1).
Complete basic statistics for total mollusk abundance data are shown in Appendlx Table C.1.
Mean number of mollusk taxa per sample ranged from 24.6 (at Station HB6) to 38.8 (at

Stat1on HB1) (F1gure 17). Data were normally distributed at all stations (Append1x Table

C.2). Complete basic statistics for number o‘f mollusk taxa at all stations are shown in
Append1x Table C.2.
Vanances were homogeneous for untransformed mollusk abundance data (Append1x

Table C.3). There were significant d1fferences in mean mollusk abundance among stations

(ANOVA Appendlx Table C.3). Mean abundance was s1gn1ﬁcantly greater at Station HB1
than at all other stations. Mean abundance was also s1gn1ﬁcantly greater at Station HB2 than
at Stations HB6, HZ, HBS HB7, and HB4 and significantly greater at Stations HB4 and HB7
than at Station HB6.

Variances for number of mollusk taxa data were homogeneous (Appendix Table C.4).
There were significant differences in mean mollusk taxa number among stations (ANOVA,
Appendix Table C.4). Mean number of mollusk taxa was significantly greater at Station HB1
than at Stations HB6, HZ, HB4, HB2, and HB3 and s1gmﬁcantly greater at Station HB7 than
at Stations HB6 and HZ. '

Diversity (H') ranged from 2.11 (at Station I—IBZ) to 2.84 (at Station HB7) (Figure 18)

Evenness (J) ranged from 0.53 (at Station HB2) to 0.69 (at Station HB7). Diversity values for

mollusks were relatively high at Station HB7 and relatively low at Stauon HB2 Evenness
values were generally similar for all stations (Figure 18).

The mollusk abundance patterns are consistent with those of all previous sampling
years (Nelson et al. reports; Swartz et al. reports). Mollusk abundance for each taxon from
each replicate is provided for each station in Appendix E. The molluscan fauna was very
similar at all stations especially among the dominant taxa (Table 2). The gastropod taxa

Diala scopulorum Cerithidium perparvulum Diala semistriata, and Balcis spp. were

abundant at all stations. Finella pupoides was abundant at all stations except Stations HBI1,

HB2, and HB7. Scaliola spp. was most abundant at stations where Finella pupoides was least
abundant. Cerithium spp. was most abundant at Stations HB1 and HB7. These seven
dominant mollusk taxa accounted for 79.0% of all individuals collected. ,
The results of cluster analysis indicating the relative similarity of the molluscan
assemblage at the seven stations are shown in Figure 19. The analysis indicated that all
stations were Very similar to one another (similarity index for final cluster: 67.7%). The
dendrogram shows a main cluster of four stations with very high similarity (>77%). The
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cluster includes three ZID-boundary stations (HB2, HB3, and HB4) and one reference station
(HB6). Reference stations HB1 and HB7 linked together but were not greatly different from
the main cluster (73% similarity). ZID station HZ linked with the first two clusters at a high
similarity index value of 67.7%. A station cluster pattern similar to that shown in Figure 19
was also seen in 1998, 1999, and 2000 (Swartz et al. 2000a, 2000b), although the'separatio-n
* of Station HZ was more distinct in 2001. |
The mollusk specimens collected in these surveys were not separated intb living and
dead shell material and therefore represent time-averaged collections that integrate conditions
over a longer period. The 1iving' component of the mollusk fauna which is exposed to current
discharge and effluent conditions may respond more quickly than is evident in the time-
averaged collections. Thus, the evidence for high similarity of the mollusks among sampling
stations may have been enhanced by the inclusion of e’mpty shell counts in the cluster

analysis.

DISCUSSION

In 2001 statistically significant differences among stations in mean total nonmollusk
abundance and mean total number of nonmollusk taxa do not reflect an influence of the
~Barbers Point effluent discharge. Nonmollusk abundance was significantly greater at ZID-
boundary station HB4 and quantitatively greater at ZID station HZ than at all of the reference
- stations (HB1, HB6, and HB7). Also, the number of nonmollusk taxa was quantitatively
~ greater at ZID-boundary station HB4 and ZID station HZ than at reference stations HB6 and
HB7. These results for the nonmollusks are similar to those obtained in most previous survey
years for samples taken near the Barbers Point Ocean Outfall. The nonmollusks have
. generally been just as abundant and speciose at the stations near the outfall (HB2, HB3, HB4,
and HZ) as at the reference stations (HB1, HB6, and HB7) (Nelson et al. reports; Swartz et al.
reports). v o

The 2001 results for the crustaceans show mixed evidence of a trend for reduced
crustacean abundance and taxa richness near the outfall. Crustacean abundance was
significantly greater at ZID station HZ that at reference stations HB1, HB6, and HB7. The
number of crustacean taxa was quantitatively greater at Station HZ than at Stations HB6 and
HB7. However, there were quantitatively fewer individuals and statistically fewer taxa at
ZID-boundary stations HB3 and HB4 than at reference stations HB1, HB6, and HB7. A
depauperate crustacean fauna.was evident at Stations HB3, HB4, and HZ in 2000 (Swartz et
al. 2000b). Conditions improved greatly at ZID station HZ but not at ZID-boundary stations
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HB3 and HB4 in 2001. Also, in 2001, several spec1mens of the stress-sensitive indicator
species Paraphoxus sp. A were colIected at’ Z]D statlon HZ and ZID-boundary station HB2.
Statistical comparisons of mollusk abundance and taxa richness in 2001 also do not

mdlcate spatial patterns that are cons1stently related to the outfall discharge. For example,

reference station HB6 had the lowest mollusk abundance of all stations, while reference
station HB1 had significantly higher mollusk abundance than all other stations. Also, mollusk
abundance was significantly greater at ZID-boundary station HB2 than at reference stations

' »HB6 and I-IB7 As in the case of abundance mean mollusk taxa richness was lower at

reference statlon HB6 and hlgher at reference stat1on HB1 than at all other stations. Also,

_mollusk taxa richness was significantly greater at reference station HB1 than at reference

station HB6, ZID station HZ, and Z]D—boundary stations HB2, HB3, and HB4 Thus there

was no general statlstlcally significant pattern with regard to mollusk abundance or taxa

richness and proximity to the diffuser. Also, there are annual fluctuations in the abundance of

| mollusks among stations. Mollusks were most ahundant at Station HB1 in 1992, 1993, 1994,

1995, 1997, 1998, 2000, and 2001 but they were third in abundance in 1996 (behind Stations
HB4 and HZ) and in 1999 (behind Stations HZ and HB7) (Nelson et al. reports; Swartz et al.
reports)

Mean crustacean taxa richness per rephcate may not be as useful as total taxa nchness
per station as an indicator of outfall effects, given the high mtrastatlon variability
encountered The total number of crustacean taxa collected at ZID station HZ increased from
12 in 2000 to 28 in 2001, more than were collected at reference stations HB6 (20 taxa) and
HB7 (25 taxa). Only 13 and 12 crustacean taxa were collected at ZID-boundary stations HB3
and HB4, respectively—substantially less than the minimum (19 taxa) found at the other five
stations. -

The increases in crustacean abundance and taxa richness between 2000 and 2001 were
evident at most stations but were particularly dramatic at Station HZ. The average percent
increase in mean crustacean abundance was 53% at reference stations HB1, HB6, and HB7;
48% at ZID-boundary stations HB2, HB3 and HB4; and 621% at ZID station HZ. The
average percent increase in mean number of crustacean taxa was 40% at the reference
stations, 10% at the ZID-boundary stations, and 174% at the ZID station.

Reductions in crustacean abundance and taxa richness near the Barbers Point Ocean
Outfall relative to reference stations have not been observed in every previous samphng year.
Although in some years (e.g., 1991, Nelson et al. 1992a) taxa richness appeared to be reduced
adjacent to the outfall, this pattern had not been seen for several years until 1998. It was seen
again in 2000 and, to a lesser extent, in 2001. In 1999 the crustacean commumty of the study
area was more abundant and diverse than in 1998, 2000, 2001, and most other years. The
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shifting patterns of number of taxa and abundance from year to year appear to be more
sfrongly influenced by other factors, such as small-scale differences in bottom topography or
a subtle variation in sediment composition. The presence of eleven species of stress-sensitive
gammaridean a'niphipods at the ZID and ZID-boundary stations also indicates that any
changes in the crustacean assemblage near the outfall in 2001 are assoclated w1th factors
other than chemical contamination by the effluent discharge.
| " Taxonomic diversity (expressed here simply as the number of d1scretely recorded taxa)
is considered fo be a better measure of the state of the crustacean communities at these
sampling stations than the number of recorded individuals. For the smaller crustaceans
(tanaids, isopods, and amphipods) and pycnogonids, abundance can be strongly influenced by
a large number of juveniles released from brooding adults. Abundance data generated from
 other taxa (such as mollusks, most polychaetes, and many decapods) represent a settlement
from the plankton of a larval form which has found the' site suitable for habitation. While
high crustacean abundance data (particularly if juveniles are being produced) clearly indicate
that the site is suitable, low abundance data are not necessarily indicative of unsuitability.

A rather comprehensive picture of the crustacean communities in the study area has
been developed (at least for crustaceans smaller than 1 cm) despite the rather small areal
' COverage (7.6 cm diameter) of the sampling replicates. This reef slope crustacean community
~ remains dominated by the smaller crustacean groups (copepods ostracods, tanaids, isopods,
and amphipods), with scattered collections of small decapods The number of new taxa
‘ recorded in 2001 (two) is lower than the average (about four) for each annual survey since
“ 1991 ' Larger
) cm and up) shrimp and crabs, while certainly present in the study area, have almost no
chance of be1ng collected. In general, the crustacean commumty in the Barbers Point outfall
study area is less diverse than that near the Wai‘anae outfall and more diverse than that near
the Sand Island outfall.

~ Both d1vers1ty and evenness values were generally s1m11ar among stations for both
| nonmollusks and mollusks. Diversity and evenness values were lowest at Station HB3 for
nonmollusks and at Station HB2 for mollusks. Lower nonmollusk d1vers1ty and evenness
values were reported for Station HB2 in 1993, but this pattern has not been repeated since
(Nelson et al. 1994a, 1994b, 1995, 1996 1997a; Swartz et al. reports). There is little evidence
that the outfall is havmg an effect on taxa richness of the macrobenthos in the vicinity of the
diffuser plpe

Cluster ana1y51s using the quantitative Bray—Curtis s1m11ar1ty index indicated that
_nonmollusk ‘abundance and taxa compos1t10n were broadly similar at most stations (>66%
s1m11ar1ty index value) The three most similar stations were from the ZID (Statlon HZ), ZID-
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boundary (Station HB2) and reference (Station HB6) areas. These stations were also
clustered together in 1999 and 2000 (Swartz et al. 1999 2000a) In the period from 1986 to
1993, cluster analy51s con51stently 1nterm1xed ZID, ZID-boundary, and reference stations
(Nelson et al. 1987, 1991, 1992a, 1992b, 1994a) In 1994 and 1995, some separation between
stations in or near the ZID and far-field reference stations was observed (Nelson et al. 1994b,
1995). In 1996 (Nelson et al. 1996), 1997 (Nelson et al. 1997a) 1998 (Swartz et al. 1998)
1999 (Swartz et al. 1999), and 2000 (Swartz et al. 2000a) stations were again generally
M interspersed in the cluster ana1y51s The clustering of far-field reference stations HB1 and
 HB7 in 2001 1ndrcates some separation between near-ZID and far-field stations, but the
clustermg of near-field reference station HB6 with the ZID and ZlD-boundary stations
suggests the nonmollusk fauna near the ZID is not greatly dlfferent from the reference
assemblage. In comparing the 1996 through 2001 cluster results with those of earlier years,
some caution is necessary since the clustenng algonthrn was changed in 1996 from flexible
‘to group-average sorting in order to conform to current recommendatlons for optimum
methodologies (Carr 1993)

Sediment gram sizes in the 2001 samples were broadly similar among stations. Sand
accounted for >93% of the sediment weight at all stations. The coarse- -sediment fractlon was
| moderately h1gher at Stations HB1, HB2, and HB7 (range: 29.7% to 36. 9%) than at the other
stations (range: 15. 8% to 29.1%). Conversely, the fine-sand fraction was moderately lower at
Statlons HBI1, HB2 and HB7 (range: 34.1% to 36. 3%) than at the other statlons (range
38.3% to 49.4%). The percentage of fine sediments at ZID station HZ was less in 2001
G. 7%) than in 2000 (4.0%), but greater than in 1997 (3.2%), 1998 (3.0%), and 1999 (2.8%)

(Nelson |

~ etal. 1997a; Swartz et al. reports) although these differences are probably of no ecologlcal
significance. The i increase in the silt-and-clay fraction of the sediments observed in 1993 for
all stations began to moderate in 1996, and this trend contlnued n 1997 1998, and 1999 (for
comparison see ﬁgure 3 in Nelson et al. 1992b, 1994a 1994b, 1995, 1996, 1997a and in
Swartz et al. reports). The mean percentage of the sﬂt-and—clay fractron in 2001 (4 2%) and
2000 (4.2%, Swartz et al. 2000b) is less than that observed in 1997 (4 8%, Nelson et al.
1997a) and 1998 (4.9%, Swartz et al. 1998) but slightly more than that observed i in 1999
(4.1%, Swartz et al. 1999). The increase in fine sediments in 1993 occurred at all seven
stations, thus it is unhkely to have been an effect of the outfall discharge.

ORP analysis showed no evidence of reducmg conditions at the surface of sedlments at
any station in 2001; this has been the consistent pattern for this parameter ORP
measurements were highest at ZID station HZ. They were 51gmﬁcantly lower at reference
statlon HB1 than at Stations HZ, HB4, HB6, HB7, and HB3 significantly lower at ZI])¢
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" boundary station HB2 than at Stations HZ, HB4, HB6, and HB7; and significantly lower at
ZID-boundary station HB3 than at Stations HZ, HB4, and HB6. Station ORP values were
higher at all stations in 2001 than in 1999 and 2000. ’

There were no signiﬁcant differences among stations in mean O&G measurements. The
highest mean O&G measurement (589 mg/wet kg) was recorded at reference station HB7.
0&G measurements have varied ‘'substantially between years. The maximum mean O&G
measurements were 258 mg/wet kg and 148'mg/wet kg in 1997 and 1998, respectively, and
there were no significant differences among stations in either of those years (Nelson et al.

1997a; Swartz et al. 1998). The maximum mean O&G measurement in 1999 (758 mg/wet kg
at ZID-boundary station HB2) was significantly greater than at all other stations (Swartz et al.
1999). 0&G was not analyzed in 2000.

Sediment TOC was 0.19% or less in all replicate samples in 2001. Thus there continues
to be no evidence of sediment organic enrichment near the outfall. The absence of detectable
sediment TOC was reported for all samples collected in 1996 and 1997 and for many samples

~ in 1998, 1999, and 2000. The analytical laboratory used for TOC analyses after 1995 removes

all traces of the organic carbon from the sediment during acid digestion to remove inorganic
carbon. TOC values in years prior to 1996 were low, but above detection limits. Analytlcal
methods used from 1996 through 2000 may have consistently underestimated sediment TOC

(Nelson et al. 1997b; Swartz et al. reports). This problem appears to have been resolved

' because there were no below detection limit TOC measurements recorded in 2001.

" The total number of nonmollusk taxa recorded in 2001 (186) is the highest value

" recorded in the thirteen years of monitoring at the Barbers Point Ocean Outfall (162 in 1986,
164 in 1990, 162 in 1991, 175 in 1992, 144 in 1993, 159 in 1994, 151 in 1995, 147 in 1996,
138 in 1997, 140 in 1998, 183 in 1999, and 164 in 2000). The 51 crustacean, mite, and

pycnogonid taxa collected in 2001 was also greater than all values observed in earlier years,

when counts ranged from 34 to 49 taxa. That range does not include the low value of 27 taxa
collected in 1997, when counts were reduced because of differences in sample handling.

’ 'Although there have been differences in levels of sampling effort and taxonomic resolution

~ (Nelson et al. 1991), overall nonmollusk taxa richness in the study area appears to have
remained very similar over the period from 1986 to 2001. ’

| Mean nonmollusk abundance was compared among samphng dates and among
sampling stations for data: collected in 1986 -and from 1990 through 2001 (Figures 20 and 21).
Two-way ANOVA results showed significant differences both among sampling dates (p <
10.0001) and among sampling stations (p < 0.0001). Numerous pairwise comparisons among

dates showed significant differences, generally with values for recent dates being higher than

‘values for earlier dates. The abundance of nonmollusks in 2001 was quantitatively, but not
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significantly, greater than. that m 2000 and s1gmﬁcantly greater than that observed in 1986,
1990, and 1991. This temporal pattern oF i mcreasmg nonmollusk abundance was confirmed
bya 11near regression analysis of data from 1990 to 2001, which found a trend of significantly
increasing mean abundance over this period (p = 0.0002, y = 14.7x — 35.6, where y = mean
nonmollusk abundance and x = year code: 1990 = 10 through 2001 = 21). The slightly lower
mean nonmollusk abundance in 1997 versus 1996 and 1998 through 2001 is partly explained
by the processmg differences for the crustaceans during 1997. |
The Student—Newman—Keuls test showed only three significant pairwise multiple
contrasts among statlons, for mean nonmollusk abundance based on data collected in 1986
and from 1990 through 2001. Nonmollusk abundance for the thirteen combined ‘survveys was
greater at ZID-boundary station HB4 than at Z[D-boundary station HB3 and reference
~ stations HB1 and HB7. E , " ‘
~ Mean nonmollusk taxa nchness was compared among sampling dates and among
samplmg stations for data collected in 1986 and from 1990 through 2001 (Figures 22 and 23).
Two-way ANOVA results showed s1gnrﬁcant drfferences among sampling dates (p < 0.0001)
but not among sampling stations (p = 0.07). Mean nonmollusk taxa richness was srgmﬁcantly
lower i in 1990 than in all other years and significantly lower in 1997 than in 1992, 1993,
1994, 1996 1999, 2000, and 2001 (Figure 22). The low counts for 1997 are due to
methodologlcal problems that impacted the number of crustacean taxa collected. Mean
nonmollusk taxa richness was also s1gn1ﬁcant1y lower in 1986 than in 1992, 1993, 1994,
1996, 1999, 2000, and 2001 significantly lower in 1991 than in 1994, 1999, and 2001; and
srgmﬁcantly lower in 1998 than in 1999. Nonmollusk taxa rrchness was less in 2001 than in
| 1999, when it was quant1tat1vely greater than in any prev1ous year. No temporal trend
comparable to that for abundance was seen for nonmollusk taxa richness, nor was any -
‘apparent spatial trend seen for this parameter in relation to proximity to the outfall.
| Mean crustacean abundance was also compared among sampling dates and among
samphng stations for data collected in 1986 and from 1990 through 2001 (F1gures 24 and 25).
Two-way ANOVA results showed s1gmﬁcant d1fferences both among samphng dates
(p <0.0001) and among samplmg stations (p = 0. 0020) Mean crustacean abundance in 2001
(32.1 1nd1v1duals/sample) increased substant1ally, but not significantly, over the mean
recorded in 2000 (17.1 individuals/ sample). Mean crustacean abundance in 1999 was
quantitatively higher than in all other years and 51gn1ﬁcant1y h1gher than in all years except
1993, 1994, and 2001. Crustacean abundance in 1993, 1994, and 2001 was significantly
higher than in 1990 and 1997. ‘The decreased abundance in 1990 is consistent with the overall
pattern of nonmollusk abundance for that year. Interannual variations in abundance are not
related solely to differences in the time of year that samples were taken The 1990, 1992,
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1994 through 1998, and 2001 samples—all of which were taken in January or February—
show considerable variation in mean crustacean abundance. When all data through 2001 were
pooled for station comparisons, mean crustacean abundance was signiﬁcanﬂy greater at
reference station HB6 than at ZID-boundary station HB3. The same result was obtained for
the historic data set through 1997, 1999, and 2000 (Nelson et al 1997a; Swartz et al. 1999,
2000b) but not through 1998 (Swartz et al. 1998).

‘Mean number of crustacean taxa was compared among sampling dates and among
' samphng stations for data collected in 1986 and from 1990 through 2001 (Figures 26 and 27).
: Two—way ANOVA results showed significant differences both among samplmg dates

(p < 0.0001) and among samphng stations (p < 0.0001). Mean crustacean taxa nchness was
significantly lower in 1990 than in all years except 1986 and 1997; significantly lower n

1997 than in 1993, 1994, 1999, and 2001; and significantly lower in 1986 than in 1994, 1999,
“and 2001. The low mean number of taxa counted in 1990 reflects the low total abundance of
crustacéans collected that yeafr. The reduction in crustacean taxa richness in 1997 was due to
- procedural differences in sample handling. The increase in the number of crustacean taxa
collected in 1998 and 1999 reversed a temporal decline that was evident from 1994 through
1997 (Figure 26). The number of crustacean taxa collected in 200'1 ‘was quantitatively greater
than that collected in all years except 1994. Student-Newman—Keuls tests showed that the
: mean number of crustacean taxa was s1gmﬁcantly greater at reference station HB6 than at
ZID-boundary station HB4. Thete is a historic pattern of reduced crustacean taxa richness at
all ZID and ZID-boundary stations (Figure 27). In fact, the pooled data for all years show that
all stations near the diffuser have fewer crustacean taxa than all referencé stations. The
overall pattern is consistent with an effect of the diffuser effluent on crustacean taxa. There
was a major exception to the historic pattern of a diminished crustacean fauna at the ZID and
ZID-boundary stations in 2001: more crustacean taxa were collected at ZID station HZ than
at reference stations HB6 and HB7 and significantly more crustacean individuals were
‘ collected at Station HZ than at all other stations. Any impact the Barbers Point discharge may
have on crustaceans was not consistent across the ZID in 2001. ‘

Dominant taxa of the nonmollusk fauna were similar to those of previous samp'ling
| years; The representation of nematodes and oligbchaetes as a percentage of total abundance
was of similar magnitude to that of previous sampling years. The polychaete Pionosyllis

heterocirrata and the sipunculan Aspidosiphon muelleri were ‘the most and second—most
~ abundant taxa in 2001, respectlvely (Table 1). The dominant polychaete taxa since 1994
showed some variation from earlier sampling years (Nelson et al. 1987, 1991, 1992a, 1992b,
1994a). Other dominant taxa in 2001 were similar to"t'h‘ose found in 1994 through 2000
(Nelson et al. 1994b, 1995, 1996, 1997a; Swartz et al. reports) and included the polychaetes
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Prionospio cirrobranchiata, Polydora normalis, Synelmzs acuminata, Euchone sp. B,

Myriochele oculata, Prionospio czrrzfera Augenerzella dubza and Ophryotrocha adherens,

as well as the amphipod Erzopzsella sechellenszs and the tanaid Tanaissus sp. A (Table 1).
; Mean mollusk abundance was compared among samplmg dates and among sampling
‘ stat1ons for data collected in 1986 and from 1990 through 2001 (Figures 28 and 29) Two-
way ANOVA results showed srgmﬁcant differences both among sampling dates (» <0.0001)
and among samplmg stations (p < 0. 0001) Mean mollusk abundance was significantly
greater in 1998 and 2001 than in 1986, 1990, 1991, 1992, 1993, 1994, and 1995 and
ngmﬁcantly greater in 2000 than in 1986, 1990, 1991, 1992, and 1993. Mean mollusk
abundance was significantly greater at reference station HB1 than at all other stations.
Neitherthe temporal nor spatial pattern of differences indicates a negative effect of the
drffuser efﬂuent on mollusk abundance ” | | '

Because the mollusk spe01mens were not separated into living and dead shell materral

they represent time- averaged collections that mtegrate conditions at a s1te over a longer
period. Temporal variability in abundance among sampling dates was generally much less for
the mollusk fraction than for the nonmollusk fractlon prior to 1996. There has been a
temporal trend of increasing mollusk abundance since 1993 (Figure 28). The pattern of
abundance in the samphng area on all dates shows that Statlon HBI1 has h1stoncally had the
greatest number of mollusk individuals (Figure 29). Consistent with the historic pattern,

Statron HB1 had significantly higher mean mollusk abundance than all other statlons in 2001
(Table C.3).

Mean mollusk taxa richness was compared among samplmg dates and among samplmg

stations for data collected in 1986 and from 1990 through 2001 (Figures 30 and 31). Two-
way ANOVA results showed s1gmﬁcant differences both among sampling dates (p < 0. .0001)
and among samplmg stations (p < 0.0001). Mean mollusk taxa richness was s1gn1ﬁcantly
greaterm 1998 than i in 1986, 1990, 1991, 1992, 1993, 1994, and 1995; 31gn1ﬁcant1y greater in
1996 and 2001 than in 1990, 1992, and 1993; significantly greater in 1997 than in 1986,
1990, 1992, 1993, 1994, and 1995; and significantly greater in 1999 and 2000 than in 1990
and 1992. Mean mollusk taxa richness was significantly greater at Stations HB1 and HB7
than at Station HB2 and HB6 and s1gmﬁcantly greater. at Station HB4 that at Statlon HB2.
Ten of the twelve possible pa1rw1se comparisons of mollusk taxa richness between reference
- stations (HB1, HB6, and HB7) and ZID or ZID-boundary stations (HB2, HB3, HB4, and HZ)
- were not statlstlcally s1gmﬁcant There has been a temporal pattern of i 1ncreas1ng number of
mollusk taxa since 1992 (Figure 30). Nerther the temporal nor spatlal pattern c of differences
indicates a consistent negative effect of the diffuser effluent on mollusk taxa richness.
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- SUMMARY AND CONCLUSIONS

Measurements of physical parameters continue to show little evidence of a buildup of
organic matter in the vicinity of the Barbers Point Ocean Outfall diffuser. High ORP
measurements at all stations indicated the absence of reducing conditions. Sediment TOC
was less than 0.20% in all samples in 2001 and was very low or undetectable from 1996
through 2000. In years prior to 1996, mean sediment TOC was in the narrow range of 0.04%
to 0.47 %, except in 1993 ‘when methodological problems were experienced with the analyses
~and values ranged from 0.56% to 1.40%. The ocean outfall in Orange County, California,
discharges onto the continental shelf in an erosional benthic environment (Maurer et al. 1993)
which may be somewhat similar to that found in Ma mala Bay, O‘ahu. In the vicinity of the
Orange County outfall, sediment TOC ranged from approximately 0.3% to 0.9% (Manrer et
" al. 1993). In areas which possess more depositional benthic environments, the percentage of
organic content in the sediments is typically much higher. For example, this percentage
| ranged from 1.2% to 10.9% for sediments of the Kattegat (Pearson et al. 1985) and 0.6% to

8.9% for sediments off the coast of Maine (Badet 1954). The percentage of TOC ranged from

1.4% to 4.1:% for stations near the Los Angeles ocean sewage outfalls (Swartz et al. 1986). In
Kingston Harbour, Jamaica, the percentage of sediment TOC ranged from 4.0% to 10.7% in
semi-enclosed bay sul)ject to organic polhition (Wade 1972; Wade et al. 1972). The lack of
evidence for organic buildup near the Barbers Point Ocean Outfall suggests that l1ttle
particulate matter from the diffuser ever reaches the sediment surface in the study area.

| The spatial patterns ‘of organism abundance and taxa richness in relation to the outfall
varied depending ‘on the taxonomic grouping. There were no consistent, “ statistically
significant patterns of reductions of either organism abundance or taxa richness of
nonmollusks and mollusks near the diffuser in 2001. The ‘macrobenthos was much more
similar than dissimilar among the seven sampling statlons Separate cluster analyses of
nonmollusk and mollusk data indicated that all stations were similar to one another in terms
of taxa compos1t10n and relative abundance (similarity >66% for nonmollusks, >67% for
mollusks) The dominant mollusk taxa were almost identical at all stations. Only seven taxa
~ are on the list of mollusks that rank among the five most abundant taxa at any one of the
* seven stations.

| The abundance of nonmollusks and mollusks in the study area has increased in recent
years: However, there is no consistent spatial pattern in the historic abundance or taxa
richnes‘s of either nonmollusks or mollusks that indicates an effect of the outfall effluent. The
respective numbers of nonmollusk and mollusk individuals and taxa collected in 2001 were
all near the top of their historic range.
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The abundance and taxa. nchness of crustacea;ns mcreased in 2001 from the low levels
recorded in 2000, especially at ZD ) station HZ. The number of crustacean taxa collected in
2001 was the hlghest among the thirteen survey years. There is a historic pattern of
reductions in crustacean abundance and taxa richness at the four ZID-area stations relative to
each of the reference stations. This pattern may indicate a trend related to proximity to the
diffuser. Relatively low values of crustacean abundance and taxa richness were recorded in
2001 at ZID-boundary stations HB2, HB3, and HB4. However, crustacean abundance at ZID
station HZ was significantly higher than at all other statlons including the three reference
stations. Also, mean crustacean taxa richness was greater at ZID station HZ than at reference
stations HB6 and HBY7. The presence of pollution-sensitive taxa like amphipods (especially
the phoxocephahd Paraphoxus sp. A) indicates that the diminished crustacean fauna at the
ZID and ZID-boundary stations may be related to a noncontaminant factor. ' '

Taxa diversity (H') and evenness (J) were generally similar among all stations for both
total nonmollusks and mollusks. The model of benthic organic enrichment by Pearson and
Rosenberg (1978) proposes that in the transition zone on an enrichment grad1ent a few taxa
1ncrease and are extremely dommant while overall dlvers1ty ‘and evenness are low. The
response pattems of the benthic fauna and the sediment chemical analyses show no indication
of the types of changes in bottom communities predicted by the organic enrichment
hypothesis. Maurer et al. (1993) proposed that the Pearson-Rosenberg model may be

inappropriate for erosional continental shelf environments. Their study of an outfall on the

" continental shelf off California found that even with some organic enrichment near the

diffuser, there was no evidencé of elimination of rare species, even though three species did
achieve numerical dominance. The response of the benthic community near the Barbers Point
Ocean Outfall does not show the alternate response pattern described by Maurer et al. (1993),
presumably because sediment organics there do not show even the moderate enrichment
found near the Orange County outfall. -

In conclusion, there is little evidence of adverse effects of the Barber Point Ocean
Outfall on the macrobenthic community in 2001. The only indication of an effect lies in the
crustacean component: there were fewer individuals and taxa at ZID-boundary stations HB2,
HB3, and HB4 than at the reference stations. However, other analyses do not suggest an
adverse effect of the outfall on cfustaceans, especially the very abundant and ‘taxa-rich

crustacean assemblage at ZID station HZ. The presence of eleven amphipod species at the

ZID and ZID-boundary stations indicates that alterations in the crustacean component may be
related to a noncontaminant factor. The analyses of the noncrustacean fauna clearly
demonstrate the presence of a diverse and abundant macrobenthos within and near the ZID of
the Barber Point Ocean Outfall.
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TABLE 1. Abundance of Numerically Dominant Nonmollusk Taxa, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2001
Number of Individuals
Taxon : : : : ‘Station - : Total
HB1T HB2 HB3 . HB4 HzZ ~HB6 HB7

Pionosyllis heterocirrata 41* 71* 78* 129* 108* 37* 92* 556
Aspidosiphon muelleri 78* 50 63* 83* 166  37*  44* 521
Prionospio cirrobranchiata - 49* 56* 69* 33 o91* 65* 52* 415
Polydora normalis 6 343* 42 o ‘ ‘ 391
Synelmis acuminata 38* 46* 24* 31 37 51* .1 18* 345
Euchone sp. B 5% 228* 3 23 259
Mpyriochele oculata 16 27 19 28 53* 62* 13 218
: Eriopisella sechellensis 53* 21 3 2 36 ‘57* 30 202
Prionospio cirrifera 29 33 7 35 34 14 44 196
Augeneriella dubia ‘ - 7 3 45% 105* 19 14 2 195
Tanaissus sp. A 14 27 19 3 g0t 22 4 149
Ophryotrocha adherens 1 15 59* 41 1 . 117

*Ranked among the five most abundant nonmollusk taxa at individual stations.

TABLE 2. Abundance of Numerically Dominant Mollusk Taxa, Barbers Point Ocean Outfall
~ Sampling Stations, O‘ahu, Hawai‘i, January 2001

Number of Individuals
Taxon ’ ; Station . ’ ‘ Total
HB1 HB2 HB3 HB4 HZ HB6 HB7

- Diala scopulorum 353* 571 318 292*  320% 1Tt 77* 2,102
Cerithidium perparvulum 740*  411*  110*  242*F 84% - 142* = 330* 2,059
Diala semistriata 378*  137* 80*  159* 86" 95* .218* 1,153
Finella pupoides 2 19 . 342%  242%  252*%  214* 2 1,073

‘Scaliola spp. T o331 37 52 108 37 42 132 1,029
Balcis spp. 139 73* 67 123* 97 122*  70* 691
Cerithium spp. 4 1 4 7 1 1 70* - 125

*Ranked among the five most abundant mollusk taxa at individual stations.
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 TABLE A.1. Position and Depth for Replicate Grab Samples, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai‘i, January 2001

Sampling . Position Depth

Station Date Replicate Latitude Longitude (m)
HB1 13 January 1 21°16'50.5" 157°59'13.6" 62.5
2 21°16'50.6" 157°59'13.6" 62.2

3 21°16'50.5" 157°59'13.4" 62.2

4 21°16'50.4" 157°59'13.3" 62.5

5 21°16'50.4" 157°59'13.4" 62.2

HB2 13 January 1 21°16'59.9" 158°0120.3" 61.3
2 21°17'00.2" 158°0120.0" 61.3

3 21°17'00.2" 158°01'20.1" 613

4 21°17'00.3" 158°01'20.2" 61.0

5 21°17'00.1" 158°01'20.0" 61.3

HB3 13 January 1 21°16'53.5" 158°01'29.2" 66.4
2 21°16'53.6" 158°01'29.0" 671

3 21°16'53.6" 158°01"29.1" 66.8

4 21°16'53.5" 158°01'29.1" 67.1

5 21°16'53.6" 158°01'29.2" 66.4

HB4 14 January 1 21°16'48.0" 158°01'38.6" 60.7
2 21°16'47.9" 158°01'38.4" 61.0

3 21°16'47.8" 158°01'38.3" 61.0

4 21°16'48.0" 158°01'38.4" 61.0

5 21°16'47.9" 158°01'38.5" 61.0

HZ 15 January 1 21°16'53.5" 158°01'30.3" 63.7
: 2 21°16'53.4" 158°01'30.4" .- 64.0

3 21°16'53.5" 158°01'30.2" 63.7

4 21°16'53.5" 158°01'30.5" 63.7

5 21°16'53.5" 158°01'30.4" 63.7

HB6 14 January 1 21°16'32.3" 158°01'46.6" 62.2
2 21°16'32.4" 158°01'46.7" 62.2

3 21°16'32.4" 158°01'46.8" 61.9

4 21°16'32.5" 158°01'46.6" 62.2

5 21°16'32.3" 158°01'46.8" 61.9

HB7 14 January 1 21°15'33.0" 158°03'13.9" 63.4
2 21°15'33.2" 158°03'13.9" 63.1

3 21°15'33.0" 158°03'14.0" 63.1

4 21°15'33.0" 158°03'13.8" 63.1

5 21°15'32.9" 158°03'13.8" 63.4

SoUrCE: Oceanographic Team, Department of Environmental Services, City and County of Honolulu.
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TABLE A.2. Sediment Chemical Characterization of Barbers Point Ocean Outfall Sampling
Stations, O‘ahu, Hawai‘i, January 2001 ' ' ‘

Station PD ORP 0&G TOC
(Replicate) (cm) : (+mV) (mg/wet kg) (% dry weight)

HB1 (1) 9.0 120 237 - 0.12

HB1 (2) 9.0 150 157 0.09

HB1 (3) 8.0 150 262 0.06

HB1 (4) 10.0 170

HBI1 (5) 11.0 165

HB2 (1) S 8.0 160 84 0.09

HB2 (2) 8.0 160 93 0.15

HB2 (3) 11.0 170 288 0.07

HB2 (4) , 8.0 160

HB2 (5) 7.0 165

HB3 (1) - 7.0 175

HB3 (2) 10.0 165 378 0.14

HB3 (3) 8.0 185

HB3 (4) 9.0 : 170 268 0.11

HB3 (5) 8.0 170 572 0.09

HB4 (1) 8.0 195 ; 225 0.10

HB4 (2) : 7.0 195

HB4 (3) 8.0 195 477 0.10

HB4 (4) " 9.0 205 414 0.10

HB4 (5) o 9.0 205

HZ (1) S 8.0 205 464 0.12.

HZ(2) 8.0 195 351 0.11

HZ (3) 7.0 ‘ 200

HZ (4) : 8.0 215 ‘ 283 0.13

HZ (5) 70 195 i

HB6 (1) 80 : 210 216 0.08

HB6 (2) - 8.0 . 200 194 0.08

HB6 (3) 8.0 200 211 0.10

HB6 (4) ' 8.0 ‘ 190

HB6 (5) 7.0 190

HB7 (1) 10.0 ' 170 657 0.12

HB7 (2) 8.0 195 200 0.19

HB7 (3) 8.0 200 911 0.11

HB7 (4) 7.0 170

HB7 (5) 9.0 195

SOURCE: PD (penetration depth), ORP (oxidation-reduction potential), and O&G (oil and grease) data from Oceanographic
Team and Environmental Quality Laboratory, Department of Environmental Services, City and County of Honolulu; TOC
(total organic carbon) data from Severn Trent Laboratories (Colchester, Vermont).
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TABLE A.3. Sediment Grain-Size Ana1y31s of Barbers Point Ocean Outfall Sampling Statlons
O‘ahu, Hawai‘i, January 2001 :

Sample Weight Distribution (%)

Station- —
Replicate Phi Size
-2 - 0 1 2 3 4 >4-12

HB1-1 0.50 2.10 10.63 19.40 21.55 25.58 12.40 5.78
HB1-2 1.00 4.38 12.55 21.58 22.76 23.43 8.18 4.17
HB1-3 0.30 3.02 12.59 22.71 24.31 24.65 7.94 3.76
HB2-1 0.28 095 4.61 17.90 25.63 26.11 15.76 6.47
HB2-2 0.11 2.37 7.40 20.68 26.62 22.53 12.82 6.41
HB2-3 0.53 2.68 9.49 22.10 24.30 20.09 11.68 5.71
HB3-2 0.36 0.70 3.37 12.52 32.52 39.75 7.91 2.49
HB3-2 (dup) 0.48 0.79 3.49 12.26 31.32- 39.13 7.73 2.51
HB3-4 0.24 0.56 3.38 13.12 34.83 36.39 6.87 3.04
HB3-5 0.19 0.98 3.64 12.72 34.87 36.73 6.54 2.67
HB4-1 0.53 1.47 5.73 16.61 28.05 32.40 11.50 4.15
HB4-3 1.43 3.31 11.34 25.86 27.71 18.05 6.94 448
HB4-4 0.10 0.88 4.55 15.49 26.88 32.98 13.16 3.56
HZ-1 0.31 0.93 2.89 11.07 30.30 39.81 9.05 3.75
HZ-2 0.12 0.90 3.86 13.00 30.62 38.48 8.51 3.65
HZ-4 0.58 1.56 241 9.62 29.53 4248 9.77 3.54,
HZ-4 (dup) 0.54 0.74 2.82 10.04 29.57 42.24 9.96 3.61
HB6-1 0.16 1.46 6.20 14.14 25.29 37.78 9.05 3.66
HB6-1 (dup) 0.10 1.52 591 14.01 23.14 37.72 1046 = 4.00
HB6-2 0.06 1.16 6.48 14.83 23.24 37.38 10.37 3.67
HB6-3 . 0.00 2.18 . 9.94 14.72 22.57 33.16 10.90 5.53
HB7-1 0.09 4.42 10.71 17.05 26.32 28.68 5.55 4.10
HB7-2 0.27 4.66 11.06 18.25 26.03 27.59 6.00 3.78
HB7-3 2.92 9.99 16.68 25.24 30.64 7.72 "4.16

0.57

SOURCE: Environmental Quality Laboratory, Department of Environmental Services, City and County of Honolulu.

NoOTE: The values listed indicate the fraction percentage of the estimated dry weight of the sediment samples. The coarse
fraction (-2 to +4) was analyzed by the sieve method. The fine fraction (greater than +4 to +12) was analyzed by the pipette

method.
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TABLE B.1. Basic Statistics for Untransformed Nonmollusk’ Abundance, Barbers Pomt Ocean
Outfall Samphng Stations, O‘ahu, Hawai‘i, January 2001
(Sample Sizen=15)

.. Station
Statistic .

HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean ; 181.60 228.20 204.60 399.60 328.40 216.80 204.40
Standard Deviation 52.68 83.68 169.38 109.93 83.90 39.00 73.68
Standard Error of the 23.56 3742 75.75 49.16 37.52 17.44 32.95

. Mean _ ;

95% of CI Mean 65.40 103.89 210.28 136.48 104.16 48.41 91.47
Skewness ' -1.56 -0.47 0.64 1.13 142 037  -0.23
Kurtosis 2.36 -1.65 -1.27 1.21 2.60 -1.61 -2.91
Median 203.00 265.00 136.00 357.00 308.00 205.00 221.00
Normality Test (D) 0.258ns  0.270ns . 0.257ns 0.251lns  0.278ns 0.219ns  0.250ns

-NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirmov D statistic of goodness of fit to a
normal distribution, D os = 0.337; ns = not significant.

TABLE B.2. Basic Statistics for Untransformed Nonmollusk Taxa Number, Barbers Point
Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2001
(Sample Size n=15)

.. : Station
Statistic :

HBI1 HB2 HB3 HB4 HZ HB6 HB7
Mean 45.00 42.20 29.00 43.60 43.00 42.80 39.20
Standard Dev1at10n 7.28 8.32 11.25 6.54 6.52 522 6.22
Standard Error of the 3.26 3.72 5.03 2:93 2.92 2.33 2.78
Mean ‘ ,
95% of CI Mean 9.04 10.33 13.96 8.12 8.09 6.47 7.72
Skewness -2.22 -0.64 -0.14 -0.42 -0.09 1.02 0.96
Kurtosis 493 - -0.28 -2.44 - 1.22 -1.72 1.59 1.96
Median 48.00 41.00 31.00 44.00 44.00 41.00 " 38.00
Normality Test (D) 0.460* 0.226ns 0.213ns 0.203ns 0.178ns 0.235ns  0.249ns

" Norte: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirnov D statistic of goodness offittoa
normal distribution, D ¢s = 0.337; ns = not significant, * =p < 0.05.
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TABLE B.3. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Nonmollusk Abundance, Barberg ‘Point:Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,

January 2001

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio p
Among Stations 194,484.4 6 32,414.0 3.52 0.010
Experimental Error 258,161.6 28 9,220.1 ’

 Total 452,646.0 34
Station HB1 HB2 HB3 HB4 HZ HB6 HB7.

No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 181.60 228.20 204.60 399.60 328.40 216.80 204.40
Standard Deviation 52.68 - 83.68 169.38 109.93 83.90 39.00 73.68

Fmax test for equal variance: Untransformed dafa, Fuix = 18.87, not significant at p > 0.05.

Conclusion: There are significant differences in mean nonmollusk abundance between the following station

pairs, as determined by Student-Newman-Keuls tests:

HB1 HB7 HB3 HB6 HB2 HZ HB4
HB1 - - - - - *
HB7 - - — -
HB3 - - -
HB6 . - -
HB2 ‘ -
HZ -
— = not significant; * = p < 0.05.

¥ ¥ ¥ ¥

TABLE B.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Nonmollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,

January 2001

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio p
Among Stations 889.94 6 148.32 2.60 0.040
Experimental Error 1,599.60 28 57.13
Total 2,489.54 34

Station HB1 HB2 HB3 HB4 HZ ~ HB6 HB7

No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 45.00 42.20 29.00 43.60 43.00 42.80 39.20
Standard Deviation 7.28 8.32 11.25 6.54 6.52 5.22 6.22

Fmax test for equal variance: Untransformed data, Fmax = 4.65, not significant at p > 0.05.

Conclusion: There are significant differences in mean nonmollusk taxa number between the following station

pairs, as determined by Student-Newman—Keuls tests:

HB3 HB7 HB2 HB6 HZ HB4 HBI
HB3 * * * _ _ *
HB7 - - - - -
HB2 . - - - -
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"HB6
HZ
HB4

— = not significant; * = p < 0.05.
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TABLE B.5. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Crustacean Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,

January 2001

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio p
Among Stations 6,807.49 6 1,134.59 591 0.0004
Experimental Error 5,378.40 28 192.09
Total 12,185.89 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7

No. of Replicates 5 5 5 .5 5 5 5
Mean Abundance 40.20 21.20 20.00 17.60 60.60 34.40 30.40
Standard Deviation - 18.35 7.26 21.62 8.17 15.73 6.84 11.26

Frmax test for equal variance: Untransformed data, Frax = 9.99, not significant at p > 0.05.

Conclusion: There are significant differences in mean crustacean abundance between the following station pairs,

as determined by Student-Newman—Keuls tests:

HB6

HB1

HZ

HB4 HB3 HB2 HB7
HB4 - - -
HB3 - -
HB2 -
HB7
HB6

HB1

*

* ¥ ¥ X ¥

—=not significant; * = p < 0.05.

TABLE B.6. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Crustacean Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,

January 2001

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio p
Among Stations 355.89 6 59.31 6.34 0.0003
Experimental Error 262.00 28 9.36
Total 617.89 34

Station HB1 HB2 HB3 HB4 HZ HB6 HB7

No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 14.20 9.20 5.40 5.00 12.60 10.40 10.80
Standard Deviation 4.38 3.27 3.85 1.73 2.70 1.95

2.59

Fmax test for equal variance: Untransformed data, Fmax = 6.40, not significant at p > 0.05.

Conclusion: There are significant differences in mean crustacean taxa number between the following station
pairs, as determined by Student-Newman—Keuls tests:

HB4 HB3 HB2 HB6 HB7 HZ HBI
HB4 - — * * * *
HB3 _ * & * *
HB2 - - - =
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“HB6
HB7
HZ

—=not significant; * = p < 0.05.
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TABLE C.1. Basic Statistics for Untransformed Mollusk Abundance, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2001
(Sample Size n =5) ‘

. Station
Statistic

HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 529.80 353.80 243.80 277.40 214.20 189.20  275.60
Standard Deviation 24.74 68.00 19.77 34.20 53.39 14.10 64.91
Standard Error of the 11.07 30.41 8.84 1529 . 23.88 6.30 29.03
Mean :
95% of CI Mean 30.72 84.42 24.54 42.45 66.28 17.50 80.58
Skewness -0.57 1.70 0.76 -0.06 1.52 -1.21 043
Kurtosis 0.97 3.01 -1.21 1.71 1.83 079 = -2.70
Median 530.00 328.00 237.00 280.00 184.00 195.00  249.00
Normality Test (D) 0.207ns 0.275ns - 0.240ns 0.246ns  0.314ns 0.260ns  0.259ns

NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirnov D statistic of goodness of fitto a
normal distribution, D s = 0.337; ns = not significant.

TABLE C.2. Basic Statistics for Untransformed Mollusk Taxa Number, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2001
(Sample Sizen=15)

. Station
Statistic :

HB1 HB2 HB3 HB4 HZ HB6 HB7

Mean 38.80 29.20 30.40 28.60 25.60 24.60 34.80

Standard Deviation 5.59 4.32 5.32 2.51 5.68 3.85 4.21

Standard Error of the Mean 2.50 1.93 2.38 1.12 2.54 1.72 1.88

95% of CI Mean 693 537 6.60 3.12 7.06 4.78 522

Skewness -0.73 -0.04 -1.10 -0.20 0.59 -0.59 0.60

Kurtosis -1.61 -2.37 1.39 -3.03 0.44 -0.02 0.27

" Median 41.00 29.00 32.00 29.00 26.00 25.00 35.00
Normality Test (D) 0.253ns  0.210ns  0.255ns 0.250ns  0.203ns 0.141ns 0.188ns

NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov—-Smirnov D statistic of goodness of fit to a
normal distribution, D os = 0.337; ns = not significant.
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TABLE C.3. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
January 2001 -

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio P
Among Stations 397,731.5 6 ' 66,288.59 33.03 <0.0001
Experimental Error 56,197.6 28 2,007.06 '
Total 453,929.1 34
Untransformed Data

Station - HB1 HB2 HB3 HB4 ‘HZ HB6 HB7

No. of Replicates 5 -5 5 5 5 5 -5
‘Mean Abundance 529.80 353.80 24380 = 27740 214.20 189.20 275.60
Standard Deviation 24.74 - 68.00 19.77 34.20 53.39 14.10 64.91

Fanax test for equal variance: Untransformed data, Fmax = 23.27, not significant at p < 0.05.

Conclusion: There are significant differences in mean mollusk abundance between the following station pairs, as
determined by Student-Newman—Keuls tests:

HB6  HZ HB3 HB7 HB4 HB2 HBI

HB6‘ _ _ ® *® *® *®
HZ - - - * *
I-m3 —- —_ * *
HB7 _ * *
HB4 * *
HB2 *

— = not significant; * = p < 0.05.
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TABLE C.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,

January 2001

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio P
Among Stations 756.34 6 126.06 5.93 0.0004
Experimental Error 595.20 28 21.26 '
Total 1,351.54 34

Station HBI = HB2 HB3 HB4 HZ HB6 HB7

No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 38.80 29.20 3040 28.60 25.60 24.60 34.80
Standard Deviation 5.59 432 532 2.51 5.68 3.85 421

Funax test for equal variance; Untransformed data, Fmax = 5.13, not significant at p > 0.05.

Conclusion: There are significant differences in mean number of mollusk taxa between the following station
pairs, as determined by Student-Newman-Keuls tests: :

HB6 HZ HB4 HB2 HB3 HB7 HB1
HB6 - - — - *
HZ _ _ _ *
HB4 - -~ —
HB2 — -
HB3 -
HB7 —
— = not significant; * =p < 0.05.

¥ * ¥ ¥ ¥
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- ABSTRACT

Benthic infauna in the vicinity of the Barbers Point Ocean Outfall was sampled at seven
stations on 21-22 January 2002 with a modified van Veen grab sampler. Sediment samples
for total organic carbon analysis were collected on 7 and 13 Februéry 2002. The stations are
located along the diffuser isobath (61 m) as follows: Station HZ within the zone of initial
dilution (ZID); Stations HB2, HB3, and HB4 on the ZID boundary; Station HB6 at 0.5 km
from the ZID; and Stations HB1 and HB7 at 3.5 km from the ZID.

Sediments were predominantly (>92%) sand at all stations. The coarse-sediment
fraction was nioderately higher and the fine-sand fraction moderately lower at Stations HB1,
HB4, and HB7 than at the other stations. Total organic carbon in the sediments at all stations
was less than 0.40%. There were no significant differences among stations in mean oil and
grease measurements. Values for oxidation-reduction potential showed no evidence of
reducing conditions at the surface of sediments at any station.

A total of 6,692 nonmollusk individuals from 191 taxa were collected. Polychaetes
represented 42.5%, nematodes 18.2%, sipunculans 13.5%, oligochaetes 11.4%, @d
crustaceans 7.6% of total nonmollusk abundance. Mean total nonmollusk abundance ranged
from 146.6 individuals per sample (32,316/m2, at Station HZ) to 238.2 individuals per
sample (52,508/m2, at Station HB7). Mean crustacean abundance ranged from 5.4 individuals
per sample (1,190/m?, at Station HZ) to 30.6 (6,745/m2, at Station HB7). Mollusks were
analyzed separately because they represent time-averaged collections of live and dead shells.
Mean mollusk abundance ranged from 202.2 individuals/10 cm3 (at Station HB3) to 476.8
individuals/10 cm3 (at Station HB1). Crustacean abundance and taxa richness decreased in
2002 from the high levels recorded in 2001. Crustacean abundance and taxa richness
recorded in 2002 at ZID-boundary stations HB3, HB4, and HZ were low relative to the
reference stations. Very low mean values were recorded for crustacean abundance at Station
HZ (5.4 individuals/sample) and for number of crustacean taxa at Station HB4 (1.4
taxa/sample). There is a historic pattern of reductions in crustacean abundance and taxa
richness at the four ZID-area stations relative to each of the reference stations, although the
differences are usually not statistically significant and the pattern has not been observed in
every sampling year. This pattern may indicate a trend related to proximity to the diffuser.
The collection of a variety of pollution-sensitive amphipod taxa at the ZID-area stations in
2002 and earlier years indicates that the diminished crustacean fauna at these stations may be
due to a noncontaminant factor. There were significant differences in abundance and taxa
richness for both mollusks and nonmollusks, but they do not indicate a consistent spatial
pattern related to the outfall. There has been a significant trend of increased abundance for



nonmollusks within the entire study area since 1990, although mean nonmollusk abundance
in 2002 was the lowest since 1995. Since 1993, there has been a trend of increased abundance
for mollusks. Diversity and evenness values were generally similar among all stations in
2002, although lowest values occurred at ZID-boundary stations HB3 and HB2 for
nonmollusks and mollusks, respectively. Separate cluster analyses of nonmollusk and
mollusk data confirmed that all stations were relatively similar to one another in terms of
speciés composition and relative abundance, aithough the similarity of mollusks among
stations may have been enhanced by the inclusion of empty shell counts in the analysis.
Except for a diminished crustacean fauna at the ZID-area stations, there is no indication of
- any marked alteration of the benthic commﬁnity composition related to station proximity to
the diffuser. The ahalyses of the noncrustacean fauna clearly demonstrate the presence of a
diverse and abundant macrobenthos within and near the ZID of the Barbers Point Ocean
Outfall.
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INTRODUCTION

The Honouliuli Wastewater Treatment Plant (WWTP) is a primary treatment system
Wastewaters of mainly domestic origin are treated at the plant prior to discharge in Mamala
Bay through an 84-in. (2.13-m) diameter outfall located off the southern coast of O‘ahu,
Hawai‘i.

A waiver of secondary treatment for sewage discharge through the Barbers Point Ocean
Outfall has been granted to the City and County of Honolulu (CCH) by the Region IX office
of the U.S. Environmental Protection Agency (EPA). However, from September 1996 to July
2000, approximately one-fourth to one-half of the discharge had been secondary—treafed
effluent from the “Ewa Water Reclamation Facility (EWRF). A privately operated tertiary
treatment plant has been receivihg effluent from the EWRF since July 25, 2000. Some of the
tertiary treated water is transmitted offsite for irrigation and industrial water use. The rest is
returned to the Honouliuli WWTP for in-plant use or discharged through the outfall. Tilis
report provides the results of the fourteenth survey in an ongoing series of studies of the
macrobenthic, soft-bottom community in the vicinity of the discharge; it also provides an
overview of trends in biological communities adjacent to the outfall over the seventeen-year
period from 1986 to 2002. The first benthic survey took place in 1986. The samples on which
this report is based were collected on 21-22 January 2002.

PROJECT ORGANIZATION

General coordination for this project is provided by James E.T. Moncur, director of the
Water Resources Research Center of the University of Hawai‘i at Manoa and project
principal investigator. The principal members of the project team (listed in alphabetical
order) and their contributions to this study are as follows:

Julie H. Bailey—Brock Polychaete, oligochaete, and sipunculan analysis and
report

William J. Cooke Crustacean analysis and report

E. Alison Kay Mollusk analysis and report

Richard C. Swartz Statistical analysis and final report prepaxatidn

Ross S. Tanimoto City and County of Honolulu project representative and

coordinator for sediment grain-size, total organic
carbon, oil and grease, and oxidation-reduction
potential analyses






MATERIALS AND METHODS

Specific locations of the sampling stations are provided in Figure 1, and a general
vicinity map for the area serviced by the Honouliuli Wastewater Treatment Plant is provided
in. |
Figure 2. Seven stations previously established along the approximate diffuser isobath (61 m)
were surveyed. In 1990 survey station names were changed from those used in the 1986
survey (Nelson et al. 1987). Survey stations (1986 station names are in parenthesis) and their
locations are as follows:

~Station HB1 (A) Approximately 3.5 km east of the zone of initial dilution (ZID)
: boundary to evaluate effects far-field and beyond the ZID
Station HB2 (B) On the northeast ZID boundary
Station HB3 (C) On the southeast ZID boundary
Station HB4 (D) On the southwest ZID boundary
Station HZ @) Within the ZID to evaluate diffuser effects
Station HB6 (E) Approximately 0.5 km southwest of the ZID boundary asa
near-field reference station
Station HB7 (F) . Approx1mate1y 3.5 km southwest of the ZID boundary as a far-

field reference station
ZID boundary stations HB2, HB3, and HB4 and ZID station HZ collectlvely are called
ZID-area stations in this report.

Station Positioning -

The exact poSition of each station was determined using the Garmin differential global
positioning syStem Station locations in relation to latitude, longitude and bathymetric
contours are shown in Figure 1. Positions for each replicate grab sample at each station are
given in Appendix Table A.1. Depths for all stations fell within the range of 60.7 to 67.1 m.
Station positions within and on the boundaries. of the ZID were located precisely during the
original sampling using the submersible Makalii in coordination with its mother ship
(Nelson et al. 1987).

Sampling Methods

The sampling methodology used in this study generally follows the recommendations of
Swartz (1978) and guidelines of the U.S. Environmental Protection Agency (1987a, 1987b),
hereafter referred to as EPA procedures. The 1986 through 1997 reports on the benthic
- monitoring adjacent to the Barbers Point Ocean Outfall (Nelson et al. 1987, 1991, 1992a,



1992b, 1994a, 1994b, 1995, 1996, 1997a) will be hereafter referred to as “Nelson et al.
reports.” The 1998 through 2001 reports on benthic monitoring at this outfall (Swartz et al.
1998, 1999, 2000a, 2000b, 2001) will be hereafter referred to as “Swartz et al. reports.”

In 1994, the modified 0.1-m2 van Veen grab sampler previously used was replaced by a
0.16-m2 van Veen grab sampler. The new grab, which was deployed from a stern-mounted
A-frame on the City’s research vessel Noi I Kai, was used to obtain bottom samples at all
seven stations. Sampling dates were 21-22 January 2002. Penetration of the sampler was
adequate for all replicates. The minimum penetration depth was 6.0 cm, and the maximum
was 11.0 cm (Appendix Table A.2).

Five replicate grab samples were taken at each station. From each replicate sample, a
subsample 7.6 cm in diameter by 5 cm deep was taken for infaunal analysis and a subsample
4.8 cm in diameter by 5 cm deep for mollusk analysis. Subsampling was necessary because
the epifauna and infauna in the area are known to be both small and abundant (Nelson 1986;
Russo et al. 1988). Replicated grab samples at each station, rather than replicated subsamples
from one grab sample, were taken to provide information on intrastation variability. All five
biological subcores for nonmollusk analysis were processed on a 0.5-mm screen and the
organisms retained and preserved as appropriate for subsequent identification.

Samples for geochemical analyses (total organic carbon [TOC], oil and grease [0&G],
and oxidation-reduction potential [ORP]) and for grain-size analyses were obtained from the
grabs from which thevbibiogical subcores were taken because each replicate grab contained
more than enough sediment for both purposes (methods established by National Pollutant
Discharge Elimination System permit no. H10020877). Three subsamples (one from each of
three different grab samples) were taken for all stations. The top 2 cm of sediment from each
subsample were used for 'géochemical analysis. Samples for TOC and O&G analyses were
put in screw-cap jars, which were placed on ice, and taken to the laboratory. Sediment ORP
was measured on board the research vessel immediately after each sample was obtained.
Laboratory analyses of sediment grain size and O&G followed EPA procedures. The original
sediment fs‘amples for TOC analysis were damaged :during shipment. A replacement set of
samples was collected on 7 and 13 February 2002 (three replicates at each of the seven
stations). Sediment TOC was measured by Columbia Analytical Services (Kelso,
Washington) using the method of Plumb (1981).

Sample Processing

Handling, pche_:ssing, and preservation of the biological samples followed EPA
procedures. Nonmollusk samples were fixed with buffered 10% formalin for a minimum of

24 hours. Following fixation, all samples were placed in 70% ethanol. Mollusk samples were



placed in labeled jars in the ﬂeld then placed on ice and transpcrted to the laboratory where

they were refrigerated. Samples _Were ‘washed - in freshwater (to minimize loss of fine

sediments), fixed in 7 5% 1sopropyl alcohol for 24 hours, and then air dried. A subsample ina
10-cm? aliquot was removed, from each mollusk sample for sorting.

The fixed nonmollusk samples were elutriat_ed_ using the technique of Sanders et al.
(1965) This method removes from the sediment all organisms that are not heavily calciﬁed
(Nelson et al. 1987). Samples were washed several times, and the water from each was
poured through 0.5-mm-mesh sieves. Polychaetes and other invertebrates retained on the
sieve were transferred to alcohol, stained with rose bengal solution, and stored in 70%
ethanol.

. Because the b1olog1cal subcores had to be processed using two different procedures—
one for mollusks and the other for all other organisms—the two components of the fauna
were not directly comparable and thus were analyzed separatcly. Because the mollusk
specimens were not separated into living and dead shell fractions, they represent time-
averaged samples Mollusks have been extensively analyzed by Kay (1975, 1978, 1979,
1982), Kay and Kawamoto (1980, 1983), Nelson (1986), and Russo et al. (1988).

All specimens were identified to the lowest. taxonomic level possible. A selected
b1bl1ography for the identification of marine benthic species in Hawai‘i is prov1ded in Nelson
et al. (1987, appendix D). An additional source used for the identification of polychaetes in
Hawai‘i is Blake et al. (1995). Voucher specimens were submitted to taxonomic specialists
for verification when necessary. All specimens were archived and will be maintained for six
years at the Umvers1ty of Hawai‘i. , | - ‘

In previous benthic sampling reports for Ba:rbers Pomt name changes for severalv
polychaete taxa were indicated. A review of specunens and the literature led to several
additional name changes this year. Orzopszs sp. B and Oriopsis sp. C changed to Amphicorina
sp. B and Amphzcorzna sp. C, respectively (Rouse 1994); Po_lydom_ normalis, P. pilikia, and
Polydora v | |
sp. A to szolydora normalzs D. pilikia, and szolydora sp. A, respectwely GBlake l996)
Brania mediodentata to Grubeosyllzs medzodentata (Diaz-Castafieda and San Martin 2001)
Podarke angustifrons and Podarke sp. A to Ophiodromus angustifrons and Ophzodromus
sp. A, respectively (Pleijel 1998); and Langerhansia cornuta and Langerhansia sp. A to
Typosyllis cornuta and Typosyllis sp. G, respectlvely (Licher 1999). After further
examination of specimens, Eunice sp. A was changed to Eunice havaica, Capitellidae sp. C
to Notomastus tenuis, Pholoe sp. F to Sigalionidae sp. A, and Exogone sp. A to Sphaerosyllis
sp. D.



A name change for the sipuﬁculan Apionsoma misakiana (e.g., Cutler and Cutler 1980,
Popkov 1993) to A. misakianum has recently taken place in the literature (Staton and Rlce
1999; Pechénik and Rice 2001). We will be following this revised declension. '

The following nonmollusk taxa were ‘newly found at the Barbers Point study site but
have been found at other O‘ahu outfall sites (Sand Island, Wai‘anae, and Mokapu):
Amphiglena sp. B, Capitellidae sp: E, Hesionidae sp. D, Hesionidae sp. G, Monticellina sp.
A, Palmyra sp. A, Protodrilus sp. A, Pseudopolydora sp. A, Syllides sp. B, Arachnida,
Sipuncula sp. Q, and Sipuncula sp. R. Taxa new to the Barbers Point study site and not
previously collected at other outfall sites include Capitellidac sp. H, Capitellidae sp. I,
Capitellidae sp. J, Capitellidae sp. K, Ceratonereis pietschmanni, Exogone sp. F, Progoniada
sp. B, Mesochaetopterus" sp. C, Sipuncula sp. O, and Sipuncula sp. S. No new crustacean taxa
were found this year. ' \ '

Newly found mollusk taxa at Barbers Point include the bivalves Cardiidae sp., Ctena
sp., Lima hawaiana, and Rochefortina sp.; and the gastropods Acteocina sandwichensis,
Architectonica sp., Cerithium echinatum, Diodora gmhifera, Duplicaria gouldi,
Glyphostoma kihikihi, Liotiinae sp., Merelina wanawana, Miralda sp., Modulus tectum,
Nesiodostomia montforti,’ Odostomia oxia, Rissoella confusa, R. longispira, Scissurella Sp.,

Sinezona insignis, Syrnola lacteola, Volvarina s'p., and Xenuroturris sp.

Data Analysis

'All data for both norirriollusks and mollusks were tested for assumptions of norrnality
(Kolmogorov—Smirnov test; Sokal and Rohlf 1995) and heterogeneity of variances (Fmax
tesf) prior to statistical analysis. Where data sets failed tests of assumptions, square root or
log;o transformation was applied. Comparisons of mean values among stations were made
with oné—Way analysis of variance (AN OVA). Following a significant result using ANOVA, a
posteriori Student-Newman—Keuls tests were used to determine which differences in means
among stations were significant. All statistical analyses were performed using Prophet and
_ Microsoft Excel software. Detailed statistical results are provided in Appendixes B and C.

Overall comparisons of taxa composition among stations Wére carried out using cluster
analysis (Pieloﬁ 1984). The Bray—Curtis similarity ihdcx (Bloom 19‘81) on double square root
transformed data was performed using the 'group-'average sorting strategy. Separate cluster
analyses were conducted for the mollusk and nonmollusk faunal fractions because of
differences in sample collection and processing. To make analysis more manageable, only
those taxa that contributed at least 0.05% to the total abundance were included. Using this
criterion, only mollusk taxa represented by a total of more than four individuals were
included in the data set, which was reduced from 126 to 64 taxa. Also, only nonmollusk taxa
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represented by a total of more than three individuals were included in the data set, which was
reduced from 191 to 109 taxa. The slmllantymatrlces Wgré computed witﬁ BioDiversity Pro
software. Cumulative counts of cfﬁstaéean taxa a:ré based on collections since 1990.

The Shaﬁnon—Wiéner diversity index (H") (In) and evenness index (J) were calculated
for all stations (all replicates pooled), as recommended in the EPA procedures. Calculations
of these parameters were carried out using Microsoft Excel softwate.'

To examine trends over the entire study period, c’omparisons’wvere made among meén
values for all sampling dates and sampling st'aytions‘ using two-way ANOVA without
replication and a posteriori Student—Newman—Keﬁls tests. |

RESULTS
Sediment Parameters

Results of sediment grain-size analysis are given in Appendix Table A.3. The mean
sediment compositions at the sampling statioﬁs, based on four grain-size categories, are
c0mparéd in Figure 3. The grain-size categories (Folk 1968) are as follows: coarse sediment,
retained on a +1-phi sieve; medium sand, passed through a +1-phi sieve but retained on a
+2-phi sieve; fine sand, passed through a +2-phi sieve but retained on a +4-phi sieve; and silt
and clay, passed through a +4-phi sieve. ‘ '

There were relatively small differences among stations in sediment grain-size
distribution, especially in the mean proportion of the silt-and-clay fraction (range: 3.4% to
7.2%) and the mean medium-sand fraction (range: 22.1% to 31.2%) (Appendix Table A.3,
Figure 3). The coarse-sediment fraction was higher at Stations HB1, HB4, and HB7 (range:
34.3% to 40.8%) than at the other stations (range: 18.6% to 29.2%). Conversely, the fine-
sand fraction was lower at Stations HB1, HB4, and HB7 (range: 29.4% to 34.9%) than at the
other stations (range: 36.6% to 47.6%). This spatialllpattem of grain-size distribution is
similar to those seen in 1997 (Nelson et al. 1997) and 1998 through 2001 (Swartz et al: 1998,
1999, 2000b, 2001), although sediments at Station HB2 were less coarse in 1997 and 1998
than in 1999 through 2002. Results of repliéate sediment sample analysis for all seven
stations indicated substantial homogeneity in grain size within stations (Appendix Table
A.3). Analysis of duplicate samples at Stations HB3, HZ, and HB6 indicated consistency of
analytical techniques. .

Direct electrode measurements of ORP ranged from +30 to +185 mV (Appendix
Table A.2). These readings show no evidence of strongly reducing conditions in the surface
sediments at any station. Comparison of mean ORP per station (one-way ANOVA) showed
there were significant differences among the seven stations (F = 10.50, p < 0.0001). ORP was
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sigIﬁﬁbantly lower at Station HB1 than at all other stations; significantly lower at Station
HB2 than at Stations HB3 and HZ; and significantly lower at Station HB4 than at.Station
HB3. ORP measurements obtained for the 2002 survey were similar to those obtained for the
2001 survey (Swartz et al. 2001).

Oil and grease measurements ranged from <5 to 295 mg/dry kg (Appendix
Table A.2). Comparison of mean O&G per station (one—way ANOVA) showed there were no
significant differences among the seven stations (F =0.84, p = 0.56). The hlghest mean O&G
measurement was recorded for ZID-boundary station HB3.

Total organic carbon in the sediments was less than 0.40% in all samples (Appendix
Table A.2). Comparison of mean TOC per station (one-way ANOVA) showed there were
significant differences among the seven stations (F = 3.81, p = 0.018). However, the Student—
Newman—Keuls test showed that no pairwise multiple contrasts were significantly different at
p = 0.05. TOC measurements obtained for the 2002 survey were similar to those obtained for
the 2001 survey (Swartz et al. 2001). Although TOC measurements were low in all 2002
samples, none was below the detection limit of 0.01%. TOC in many samples collected in the
1997, 1998, 1999, and 2000 surveys was reported as below the detection limit (Nelson et al.
1997a; Swartz et al. reports). |

Biological Parameters

Nonmollusks .

The nonmollusk fraction of the benthic fauna included polychaetes, oligochaetes,
nematodes, platyhelminths, echinoderms, poriferans, anthozoans, hydrozoans, kinorhynchs, a
chaetognath, a hemichordate, nemerteans, sipunculans, an arachnid, insects, priapulids, a
phoronid species, chordates, mites, a pycnogonid species, copepods, ostracods, cumaceans,
mysids, amphipods, isopods, and decapods. ,

‘'The 6,692 nonmollusk specimens counted and identified for all stations and replicates
represent 191 taxa. Polychaetes were the dominant nonmollusk taxon in terms of both
abundance (2,843 individuals, 42.5%) and taxa richness (118 taxa, 61.8%). Nematodes
comprised the second most dominant nonmollusk taxon in terms of abundance (1,216
individuals, 18.2%). Sipunculans contributed. 13.5% (903 individuals) of numerical
abundance, oligochaetes contributed 11.4% (763 individuals), and crustaceans constituted
7.6% (508 individuals). The 46 crustacean taxa, 18 of which were amphipods; represented
24.1% of the total number of nonmollusk taxa. Abundance estimates for each taxon from
each replicate are given for each of the seven stations in Appendix.D.
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Basic StatIStICS for the nonmollusk data, 1nclud1ng 95% confidence limits and a
Kolmogorov ~Smirnov test for normahty of dlstnbu’uon are provided in Appendix Table B.1
(number of individuals) and Appendix Table B.2 (number of taxa). Except for nonmollusk
taxa number at Station HB7, data were normal for all stations (Appendix Table B.2). |

Mean total nonmollusk abundance ranged from 146.6 individuals per sétmple
(32,316/m2, at Station HZ) to 238.2 individuals per sample (52, 508/m2 at Station HB7)
(Figure 4). Vanances were homogeneous (Appendix Table B. 3) According to the ANOVA
on untransformed data there were no 31gmﬁcant differences in mean nonmollusk abundance
among stations (Appendix Table B. 3) ’

Mean number of nonmollusk taxa per sample ranged from 30.8 (at Station HZ) to 43.4
(at Station HB1) (Figure 5). Data for nonmollusk taxa were both squaie root and log1o
transformed, but nelther transformation resulted in the data set passmg the test of
homogenelty of variance (Appendix Table B. 4). leferences in nonmollusk taxa number
among stations were therefore compared by the nonparametnc Kruskal—Walhs test. The
Kruskal-Wallis statistic was barely significant (p = 0.036), but the nonparametnc comparison
showed no statistically s1gmﬁcant multiple contrasts among the seven stations. A -

Composite station diversity (H') and evenness (J) for the nonmollusks are shown in
Figure 6. Values for both parameters were similar for all stations. Values for diversity ranged
from 2.92 (at Station HB3) to 3.49 (at Station HB1). The range of values was similar to that
of samples collected in 1999, 2000, and 2001 but slightly higher than that of samples taken in
years prior to 1999 (Nelson et al. reports; Swartz et al. reports). Evenness ranged from 0.67
(at . : R S
Station HB3) to 0.77 (at Station HB1), which was also slightly higher than the range of
values observed in years prior to 1999 (Nelson et al. reports; Swartz et al. 1998). There was
little difference between reference and ZID-area stations in diversity and evenness, except for
the relatively low values of both parameters at ZID-boundary statlon HB3.

" The results of cluster analysis indicating the relative s1m11ar1ty of stations based on the
109 most abundant nonmollusk taxa are shown in Figure 7. All stations were grouped at
similarity values greater than 63.8%, indicating similar taxa composition and abundance
among all stations. There was little difference in sorting among stations with regard to-
proximity to the diffuser. Reference stations HB1 and HB7 clustered together at 76.0%
similarity, but they formed a six-station cluster with ZID station HZ, ZID-boundary stations
HB2 and HB3, and reference station HB6 at a high similarity of 72.8%. ZID-boundary station
HB4 was somewhat distinct, joining the six-station cluster at a similarity of 63.8%. Although
most of the abundant species at Station HB4 were also abundant at other stations, two of the
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dominants at Station HB4 (the \polychaetes Ophryotrocha adherens and Pionosyllis

spzmsetosa) Were rare or absent at all other stat10ns (Table 1).

Polychaetes

A total of 2,843 polychactes representmg 118 taxa were collected they compnsed
42.5% of total nonmollusk abundance. Total polychaete abundance was less in 2002 than in
most recent years, but more polychaete taxa were collected in 2002 than in any previous year:
2,685 polychaetes repreéenting 90 taxa in 1994 (Nel_scn et al. 1994b), 2,527 polychaetes
representing 87 taxa in 1995 (Nelson et al. 1995), 3,836 polychaetes representing 95 taxa in
1996 | . (Nelson
et al. 1996), 2,811 polychaetes representmg 93 taxa in. 1997 (Nelson et al. 1997a) 3,521
polychaetes representing 85 taxa in 1998 (Swartz et al. 1998), 4,261 polychaetes representing
113 taxa in 1999 (Swartz et al. 1999), 3,489 polychaetes representing 109 taxa in 2000
(Swartz et al. 2000b), and 4,050 polychaetes representing 116 taxa in 2001 (Swartz et al.
2001). The highest mean number of polychaetes per sarnple was found at Station HB4 (102.2
individuals), followed in decreasing order of abundance.by Stations HB6 (91.2 individuals),
HB7 - |
(86.8 individuals), HB3 (83.4 individuals), HB2 (83.0 individuals), HZ (641‘.2 individuals),
and HB1 (60.8 individuals) (Figure 8). Polychaetes were the most taxa-rich group at all
stations (Appendix Tables D.1 through D.7). Mbaximum mean number Qf polychaete taxa per
sample occnfred at Station HB4 (26.8 taxa), followed m decreasing‘ order by Stations'HB6
(26.6 taxa), HB2 (25.4 taxa), HB3 and HBI1 (both with 24.2 taxa), HB7 (21.4 taxa), and HZ
(20.2 taxa) (Figure 9).

Polychaetes accounted for 12 of the 14 taxa that ranked among the five most abundant
taxa at individual stations (Table 1). Ten taxa represented 61.8% of the polychaete
individuals collected at the Batrbers Point Ocean Outfall this year: ,Pionosyllis‘ heterocirrata
(12.7%), Synelmis acuminata (12.1%), Euchone sp. B (9.4%), Ophiodromus angu.;'tifrons
(5.0%), Myriochele oculata (5.0%); Prionospio cifrifera (4.0%), Myriochele sp. A (3.9%),
Augeneriella dubia (3.3%), Priono&pio cirrobranchiata (3.3%), and Fabricia sp. A (3.1%).
All of these taxa, except for Euchone sp. B, were found at all stations

Dominant polychaete taxa differed at several stations. Pionosyllis heterocirrata was the
most abundant polychacte at Station HB4 (19.0%) and among the most abundant taxa at
Stations HB7 (17.6%), HB1. (13.5%), HB3 (12.2%), HB6 (11.4%), HZ (7.2%), and HB2
(5.5%). This syllid usually dominates at Station HB3, but an oweniid, Myriochele sp. A, was
most abundant there this year (13.2%), Myriochele sp. A shared dominance_‘with another

oweniid, Myriochele oculata, at Station HZ (10.8% each). Synelmis acuminata was the most
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abundant polychaete at Stations HB7 (33.2%) and HBI (16. 8%) and among the most
abundant taxa at Statrons HB6 (9. 6%) HB3 9.4%), HB2 (8.2%), and HZ (7.5%). Euchone
sp. B was the most abundant taxon .at Stations HB2 (33 5%) and HB6 (24.1%); at other
stations it was rare or absent. ThlS sabelhd has been the most abundant polychaete at Station
HB2 since 1993. It was the most abundant polychaete at Station HBI1 in 1998 (42%) but has
been rare there since then.

The spionid szolydora normalis (formerly Polydora normalis) did not rank among the
five most abundant taxa at any station in 2002. It was a dominant spe01es at Station HB4
from 1999 through 2001 and at Station HZ from 1993 through 1998.

~ Ophryotrocha adherens (formerly Ophryotrocha sp. A) is of particular interest as it has
been cited as an indicator of organic enrichment (Bailey—Brock 1996). It was the second most
abundant polychaete this year at Station HB4, where it was also abundant in 1996 and in
1999 through 2001. Ophryotrocha adherens was abundant at Station HZ in 2001 but only
one spec1men was collected there in 2002. The other indicator of orgamc ennchment
Neanthes arenaceodentata was not a dominant at any Barbers Point station in 2001 and
2002. The syllid Pionosyllis spzmsetosa had a distribution similar to that of O. adherens in
2002: rt was one of the dominants at Station HB4 but was rare or absent at the other stations
(Table 1). | o o

Individuals of the families Syllidae, Serpulidae, Spionidae, Capltelhdae Ampharetldae ‘
Sabellidae, Hesionidae, Goniadidae, P11arg1dae and Nereldldae were represented by
reproducing individuals this year. Stations HB6 and HB1 had the most as well as the widest
variety of taxa reproducing. The syllids Sphaerosyllis sp. G (at Stations HBl, HB3, HZ, and
HB7), Grubeosyllis mediodentata (at Station HZ), and Brania rhopalophora (at Stations HB1
and HB6), Exogone longicornis (at Stations HB4 and HB7), and Exogone sp. E (at Stations
HB1 and HB2) had embryos attached to the external body wall. Many sylhds reproduce by
epltoky, which is a complex form of reproductlon involving the productlon of buds (stolons
or epitokes) from the posterior end (Schroeder and Hermans 1975). Taxa with gametes
developing in the coelom include the syllids Sphaerosyllzs sp. G (at Statlons HBI1, HB2,
HB3, and HB6) Sphaerosyllis riseri (at Station HB1), onnosyllzs heterocirrata (at Stations
HB4 and HB7), Syllides bansei (at Station HB4), Odontosyllis sp. B (at Stations HB6 and
HB7), and Exogone longicornis (at Stations HZ and HB6) the ampharetid Lysippe sp. A (at
Station HBl) the serpulid Neodexiospira preacuta (at Statlon HB7); the spromds Aonides sp.
A and Malacoceros sp. A (at Station HBI) and the hesionids Ophiodromus angustifrons (at
Stations HB2, HB4, HB6, and HB7) and Micropodarke sp. A (at Station HB6). Taxa which
showed charactenstrcs of a swimming stage include the syllids Sphaerosyllis riseri (at Statlon
HB6), Exogone longzcorms (at Station HB6), and Pionosyllis heterocirrata (at Stations HB2
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HB3, HB4, HB6, and HB7); the goniadids Progoniada sp. A (at Stations HB3 and HB7) and
Progoniada sp. B (at Station HB2); and the nereidid Ceratonereis pietschmanni (at Station
HB7). These features can include enlarged eyes and elongated capillé.ry setae that facilitate
spawning in the water column (Schroeder and Hermans 1975). The serpulid Salmacina
dysteri (at Stations HB1 and HZ) had reproduced by schizoparity. The capitellid Capitella
capitata (at all stations except Station HB7) had copulatory hooks present in male
individuals. ) ' ‘ '
Trophic categories. Trophic categories are based on Fauchald and Jumars (1979) and
are summarized in Figures 10 and 11. | - ‘
1. Detritivores. Of the four trophic categories,‘ deposit-feeding polychaetes ‘were the
_ most abundant group at Stations HZ (45.8% of all polychaete individuals) and HB3 (42.9%)
and the most speciose' group at all seven stations. The percentage of all polychaete
individuals répresented by detritivores ranged from 18.1% (at Station HB2) to 45.8% (at
Station HZ). The number of detritivorous individuals ranged from 75 (at Station HB2) to 200
(at Station HB4). The percentage of all polychaete taxa represented by detritivores ranged
from 36.5% (at Station HB1) to 50.0% (at Station HZ). The number of detritivorous taxa
ranged from 19 (at Station HB1) to 25 (at both Stations HZ and HB6). The dominant deposit-
feeding polychaetes were the spionids Prionospio cirrobranchiata (8.6% at Station HB1) and
Pribnospio cirrifera (4.8% at Station HB6, 6.2% at Station HB7, and 5.3% at Station HB2),
the oweniids Myriochele"’oculata (10.8% at Station HZ) and Myriochele sp. A (13.2% at
Station HB3 and 10.8% at Station HZ), and the dorvilleid Ophryotrocha adherens (11.0% at
Station HB4). Another abundant deposit-feeder was the sabellid Fabricia sp. A (7.5% at
Station HZ). ' |
2. Omnivores. Omnivores were most abundant at Station HB7 (57.8% of all
polychaetes, 251 individuals), where they have been dominant since 1986 (Nelson et al.
reports; Swartz et al. reports). They were also the most abundant trophic group at Stations
HB1 (41.4%, 126 individuals) and HB4 (39.9%, 204 individuals). Omnivores were least
abundant at Station HZ (18.0%, 55 individuals). Omnivorous worms were never the least
abundant group of the four trophic categories at any station. The percentage of all polychéete
taxa represented by omnivores ranged from 18.0% (at Station HB3) to 30.2% (at Station
HB4). The number of omnivorous taxa ranged from 9 (at Station HB3) to 16 (at Station
HB4). The syllid Pionosyllis heterocirrata was the dominant omnivore at Stations HB4
(19.0% of all polychaetes), HB3 (12.2%), and HB6 (11.4%), whereas the pilargid Synelmis
acuminata was the dominant omnivore at Stations HB7 (33.2%), HB1 (16.8%), HB2 (8.2%),
and HZ (7.5%). Both species were among the most abundant'omnivorous taxa at all stations.
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3. Suspension feeders. Of the four trophlc categones suspension feeders were the least
abundant group at Stations HB1 (11. 5% of all polychaetes, 35 individuals) and HB7 (4 8%,
21 individuals). The percentage :of .all p,olychaete taxa. represented by suspension feeders
ranged from 12.3% (at Station HB7) to 24.6% (at Stations HB2 and HB6). Of the four trophic
categories, suspension feeders were the least speciose group at Stations HB1 (19.2% of
polychaete taxa, tied with carnivores), HB3 (16.0%), and HB7 (12.3%). The‘inumbver of
suspension-feeding taxa ranged from 7 (at Station HB7) to 15 (at Stations HB2 and HB6).
Suspension feeders were dominant at Stations HB2 (51.1% of all polychaetes, 212
individuals) and HB6 (39.3%, 179 individuals), primatily due to the large numbers of the
sabellid Euchone sp. B (33.5%, 139 individuals at Station HB2; 24.1%, 110 individuals at
Station HB6). Euchone sp. B tied with the serpulid Salmacina dysteri as the most numero‘us‘
suspension feeder at Station HBl although neither species was particularly abundant at that
station (2.3% each, 7 1nd1v1dua1s) Another sabellid, Augeneriella dubia, was the dominant
suspension feeder at Stations HB4 (7.0%), \I—IB3 (6.7%), and HB7 (2.1%). Laonome sp. A, yet‘ '
another sabellid, was the dom'ina_nf suspension feeder at Station HZ (6.9%)§ it was‘ also
abundant along with the chaetopterid Phyllochaeiopteru.s sp. A at Station HB2 (4.7% each).

4. Carnivores. Carnivorous polychaetes were present at all stations, with their greatest
abundance occurring at Station HB7 (15.7% of all polychaetes, 68 individuals). Camiv.b’r,es
were least abundant at five stations: HB2 (8.0% of all poly,chaetes, 33 individuals)_, HB3

(12.9%, 54 individuals), HB4 (7.6%, 39 individuals), HZ (7.5%, 23 individuals)? and,HB6
(13.8%, 63 individuals). The percentage of all polychacte taxa represented by carnivores
ranged from 7.5% (at Station HB4) to 24.6% (at Station HB7). _Thé number of taxa ranged
from 4 (at Station HB4) to 14’(at Station HB7). The hesionid Ophiodromus angustifroh.§
(formerly Podarke angustifrons) was the dominant carnivore at six stations: HB2 (2.9%),
HB3 (7.0%), HB4 (4.7%), HZ (5.2%), HB6 (5.7%), and HB7 (5.6%). Anothcr hesionid,
Micropodarke | |
sp. A, dominated at Statlon HB1 (4.0%).

Motility categories. Motility categories are based on Fauchald and Jumars (197 9) and
are summarized in Figures 12 and 13. ,
1. Tubicolous polychaetes. Of the three motility categories, tubicolous polychaetes were
the most abundant group at Station HB2 (52.0% of all polychaetes, 216 individuals), HZ

(50.3%, 154 individuals), and HB6 (44.3%, 202 individuals) and the least abimdantiat
Stations HB1 (15.5%, 47 individuals) and HB7 (5.1%, 22 individuals). This group had the
fewest taxa at Stations HB3 (18 0 % of taxa), HB4 (18.9%), and 'I-IB7 (15.8%), and they tied
with discretely motile polychaetes as the least speciose group at Statlons HB1 (21.2%) and
HB6 (27.9%). The number of taxa ranged from 9 (at Stations HB3 and HB7) to 17 (at
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Stations HB2 and HB6). The dominant tubicolous polychaete species included Euchone sp. B
at Stations HB2 (33.5%) and HB6 (24.1%); Myriochele oculata at Stations HB1 (4.6%), and
HZ (10.8%, shared with Myriochele sp. A); Myriochele sp. A at Stations HB3 (13.2%) and
HZ (10.8%, . shared | with
M. oculata), Augeneriella dubia at Stations HB4 (7.0%) and HB7 (2.1%). Other abundant
tubicolous species were Laonome sp. A and Phyllochaetopterus sp A at Statlon HB2 (4. 6%
each).

2. Motile polychéetes Of the three motility categories, motile ‘polychaetes were the

most abundant group at Statlons HBl (60.9% of all polychaetes 185 1nd1v1duals) HB3
(40.5%,
169 individuals), HB4 (67.7%, 346 individuals), and HB7 (77.4%, 336 individuals). In
addition, they had the highest percentage of polychaete taxa at each of the seven stations,
ranging from 42.0% (at Station HZ) to 64.9% (at Station HB7). The number of motile
pblychaete‘taxa ranged from 21 (at Station HZ) to 37 (at Station HB7). The syllid Pionosyllis
heterocirrata was the dominant motile polychaete at Stations HB3 (12.2%), HB4 (19.0%),
and HB6 (11.4%). Synelmis acuminata, a pilargid, was the dominant motile polychaete at’
Stations HB1 (16.8%), HB2 (8.2%), HZ (7.5%), and HB7 (33.2%). Pionosyllis heterocirrata
and Sy‘n'elmis acuminata were abundant at all stations. Ophiodromus angustifrons at Station
HB3 (7 0%) and Ophryotrocha adherens at Station HB4 (11 0%) were also abundant motile
polychaetes this year.

3. Discretely motile polychaetes Of the three motlhty categories, discretely motile
polychaetes were least abundant group at Stations HB2 (14.9% of all polychaetes
62 individuals), HB3 (20.1%, 84 md1v1dua1s), HB4 (11.5%, 59 individuals), HZ (19.6%, 60
individuals), and HB6 (15:_6%, 71 individuals). They ranked second in abundance at the other
two stations. This group ranked second in percehtage of 'polychaete taxa at Stations HB3
(30.0%), HB4 (20.8%), HZ (34.0%), and HB7 (19.3%) and tied with tubicolous polychaetes
for second at Stations HB1 (21.2%) and HB6 (27.9%). The number of taxa ranged from 11
(at Stations HB1, HB4, and HB7) to 17 (at Stations HZ and HB6). The dominant discretely
motile species were all spionids Prionospio cirrol;ranchiata at Station HBI (8.6% of all
polychaetes) P. czrrzfera at Stations HB2 (5.3%), HB6 (4.8%), and HB7 (6. 2%); Dipolydora
normalis at Station HZ (5:6%); P. steenstrupz at Station HB4 (3.5%); and Aonides sp- A at
Statlon HB3 (2.2%). P. czrrzfera also ranked second at Station HB1 (7.6%).

Crustaceans « ‘ .
A total of 508 crustaceans, mites, and pycnogonids—representing 7.6% of the

nonmollusk abundance—were collected. Abundance for each taxon from each replicate is
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provided for _each station in Appendlx Tables D.8 through D.14. Mean abundance
(no /sample) ranged from 5.4 (1, 190/m2 at Statlon HZ) to 30.6 (6 745/m2 at Statron HB7) '
T here were 51gn1ﬁcant dlfferences in mean abundance among the seven stations (ANOVA

Appendix | |

Table B.5). Mean number of crustacean individuals in 2002 was s1gmﬁcant1y greater at
Station HB7 than at all other stations except Station HBI1. In contrast, crustacean abundance
1n‘2001 was greater at Station HZ than at all other stations.

A total of 46 crustacean, mite, and pycnogonid taxa (copepods were not identified to the
species level) were collected; of these, 18 taxa (39.1%) were amphipods. Mean number of
taxa ranged from 1.4 (at Station HB4) to 12.0 (at Station HB7) (Figure 15) Variances were
heterogeneous  for untransformed data but became homogeneous after. square root
transformation (Appendix Table B.6). ANOVA indicated significant differences in mean
number of taxa among the seven stations (Appendrx Table B.6). The mean number of
crustacean taxa was s1gmﬁcant1y less at Stations HB4 and HZ than at Statlons HB7 HBl
HB2, and HB6, and significantly less at Statlon HB4 than at Station HB3.

Amphlpods copepods, and tanaids were the numerically dominant taxa, makmg up
27.6%, 25.6%, and 20.9%, respectively, of total crustacean mite, and pycnogonid abundance
No taxon was uniformly moSt abundant at all stations. Copepoda Was the only taxon present
at all stations. The ostracod Myodocope sp. A, the tanaids Tanaissus sp. A and Leptochelza
dubia, the isopod Munna acarina, and the amphipod Paraphoxus sp. A were found at all
stations except Station HB4. The most abundant noncopepod taxa remalned the same, but
their total abundances declined sharply from the prevrous year. Erzopzsella sechellenszs.
declined from 202 individuals in 2001 to 46 individuals in 2002, Tanaissus sp. A from 149 to
38 individuals, and Leptochelia dubia from 116 to 60 individuals. L. dubza was the only
crustacean that ranked among the five most abundant nonmollusk taxa at any station: this
tanaid tied for the fifth most abundant species at both Stations HB1 and HB7 (Table 1). Most
specimens of L. dubia (49 of 60) were collected at the reference stations.

Crustacean, mite, and pycnogonid abundance (508 1nd1v1dua1s) in 2002 was less than
half of the abundance i in 2001 (1,122 individuals) and well below the mean abundance (741 |
individuals) for the 1986 and 1990 through 2001 collections. However, the number of taxa
collected in 2002 (46 taxa) was close to the record 2001 total (51 taxa) and greater than the
mean number of taxa (41.3) recorded for previous collections. The 2002 totals are
comparable to the 600 individuals and 39 taxa collected in 2000.

The ranges for total number of crustacean individuals and taxa collected at the ZID-area
stations (27 to 61 individuals; 3 to 18 taxa) were almost entirely below the ranges observed at
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the reference stations (62 to 153 individuals; 18 to 27 taxa). The crustaceans were particularly
dirninjshed at'ZID-boundary station HB4, where only 2 noncepepod individuals representing
2 taxa were collected this year. In 2001, 46 noncopepod individuals representing 11 taxa were
collected at Station HB4. The unusually high numbers of individuals (303) and taxa (28)
collected at ZID station HZ in 2001 declined to 27 individuals and 15 taxa in 2002, reﬂecting
counts that are more typical of Station HZ in prei/ious survey years. The reductions were also
evident for collections-at the reference stations where 152 to 201 individuals and 20 to 36
taxa were collected in 2001. Nonetheless, the 2002 monitoring data suggest a pattern of
crustacean depresswn near the ZID.

No new crustacean taxa were collected in 2002. The total number of divscretely
identified/reported taxa from the study area since 1990 remains at 107.'_Given the lower
" abundance in 2002 and the long-term sampling effort at these stations, the failure to collect
new, rare taxa is not surprising. The true number of individual crustacean taxa 'present’ in the
study area is actually higher. Copepods are enumerated as a smgle taxon, although several
different taxa are certainly present. Cumaceans and my31ds are similarly enumerated.
Between two and eight taxa have been newly collected each year since the combined 1990
and 1991 years when the total taxa collected was 62. The spike of eight new taxa scen in
1999 was not repeated since, suggestmg that anomaly probably represented a particularly
efficient year in terms of collectlon sample processing, and recovery, rather than a shift in
the composmon of the overall crustacean community. The Barbers Point outfall study area
does not appear to be snbj ect to extremely large swings in benthic community composition or
consistency. It seems to be generally a rather stable enviromnent. This should aid in
identifying any impacts associated with the outfall itself, ‘

Mollusks
A total of 9,798 mollusks representing 126 taxa were collected. Mean abundance of

mollusks per sample (n0./10 c¢m3) ranged from 202.2 (at Station HB3) to 476.8 (at Station
HB1) (Figure 16). Data were normally distributed at all stations except Staticn HB1
(Appendix Table C.1). Complete basic statistics for total mollusk abundance data are shown
in Appendix Table C.1. o

Mean number of mollusk taxa per sample ranged from 22.2 (at Station HB2) to 37.0 (at
Station HB7) (Figure 17). Data were normally distributed at all stations (Appendix Table
C.2). Complete basic statistics for number of mollusk taxa at all stations are shown in
Appendix Table C.2. ,

Variances were homogeneous for untransformed mollusk abundance data (Appendlx
Table C.3). There were significant differences in mean mollusk abundance among stations
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(ANOVA, Appendix Table C.3). Mean abundance was s1gmﬁcantly greater at Station HB1
than at all other stations. Mean abundance was also 51gmﬁcantly greater at Station HB7 than
at Stations HB3, HZ, HB2, and HB6 and significantly greater at Station HB4 than at Stations
HB3, HZ, and HB2.

Variances for number of mollusk taxa data were homogeneous (Appendix Table C.4).
There were significant differences in mean mollusk taxa number among stations (ANOVA,
Appendix Table C.4). Mean number of mollusk taxa was significantly greater at Station HB7
than at Stations HB2, HZ, HB4, and HB3 and at Station HB6 than at Station HB2. |

Diversity (H') ranged from 2.14 (at Station HB2) to 2.82 (at Station HB7) (Figure 18).
Evenness (J) ranged from 0.58 (at Station HB2) to 0.68 (at Station HB3). Diversity values for
mollusks were relatively hlgh at Station HB7 and relatlvely low at Station HB2. Evenness
values were generally similar for all stations (Fi igure 18). '

The mollusk abundance patterns are consistent with those of all previous sampling
years (Nelson et al. reports; Swartz et al. reports). Mollusk abundance for each taxon from
each replicate 1s provided for each station in Appendix E. The molluscan fauna was similar at
all stations, especially among the dominant taxa (Table 2). The gastropod taxa Diala
scbpulorum, Cerithidium perparvulum, Diala semistriata, Scaliola"spp., and Balcis spp. were
abundant at all stations. Finella pupoides was abundant at all stations except Stations HB1
and HB7. Scaliola spp. was most abundant at stations where Finella pupoides was least
abundant. Lophocochlias minutissimus was most abundant at Stations HB1. These seven
dominant mollusk taxa accounted for 75.7% of all individuals collected.

The results of cluster analysis indicating the relative similarity of the molluscan
assemblage at the seven stations are shown in Figure 19. The analysis indicated that all
stations were very similar to one another (similarity index for final cluster: 66.5%). The
dendrogram shows a main cluster of four stations with very high similarity (>75%). The
cluster inCludes two ZID-boundary stations (HB3 and HB4), the ZID station (HZ), and one
reference station (HB6). Reference stations HB1 and HB7 were not greatly different from the
main cluster (71.6% similarity). ZID-boundary station HB2 was the last station added to the
cluster, linking with the other stations at a high similarity index value of 66.5%. A station
cluster pattern similar to that shown in Figure 19 was also seen in 1998, 1999, 2000, and
2001 (Swartz et al. 2000a, 2000b, 2001) although Station HZ was more distinct from the
other stations in 2001. ' '

The mollusk specimens collected in these surveys were not separated into living and
dead shell material and therefore represent time-averaged collections that integrate conditions
over a long period. The living component of the mollusk fauna which is exposed to current
discharge and effluent conditions may respond more quickly than is evident in the time-
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aVeraged c’ollecticns Thus, the evidence for high similarity of the mollusks among sampling
stations may have been enhanced by the mcluswn of empty shell counts in the cluster

analysis.

DISCUSSION

In 2002 there were no statrst1cally significant d1fferences among stations in mean total,
nonmollusk abundance and mean total number of nonmollusk taxa. Nonmollusk abundance
was quantitatively greater at all ZID-area stations than‘ at reference station HB1. The number
of nonmollusk taxa was quantitatively less at ZID station HZ and at ZID-boundary stations
HB3 and HB4 than at all of the reference stations. These statistically insignificant differences
do not reflect a major influence of the Barbers Point efﬂuent discharge The 2002 results for
the nonmollusks are similar to those obtained in most prevrous survey years for samples
taken near the Barbers Pomt Ocean Outfall. The nonmollusks have generally been just as
abundant and speciose at the stations near the outfall (HB2 HB3, HB4 and HZ) as at the
reference statlons (I-[Bl HB6, and HB7) (Nelson et al. reports; Swartz et al. reports).

The 2002 results for the crustaceans provide evidence for reduced crustacean abundance
and taxa richness at. some stat1ons near the outfall. Mean crustacean abundance was
partlcularly low at ZID station HZ (5.4 1nd1v1duals/sample about half of the next lowest
station mean). Mean crustacean abundance was significantly greater at reference station HB7'
that at all of the ZID-area stations. The abundant crustaceans at Station HB7 were not
characteristic of all reference statrons since mean abundance there was also s1gmﬁcantly
greater than that at reference station HB6. There were no s1gmﬁcant dlfferences in crustacean
abundance between all ZID- -area statlons and reference stations HB1 and HB6. Nonetheless a
pattern of reduced abundance near the ZID is ev1dent since the range in mean abundance for
the ZID-area stations (5.4 to 12.2 individuals/sample) was below the range for the reference
stations (12.4 to 30.6 1nd1v1dua1s/sample) The mean number of crustacean taxa was
significantly greater at all reference stations than at ZID station HZ and ZID-boundary station
HB4. There were no significant dlfferences in crustacean taxa richness between the reference
stations and ZID-boundary stations HB2 and HB3. The crustaceans were particularly
diminished at ZID-boundary station HB4 where a total of only two noncopepod individuals
were collected. A depauperate crustacean fauna was evident at Stations HB3, HB4, and HZ in
2000 (Swartz et al. 2000b) Conditions 1mproved greatly at ZID station HZ but not at ZID-
boundary stations HB3 and HB4 i in 2001. Also, in 2001 and 2002, several specimens of the
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stress-sensitive indicator species Paraphoxus P A were collected at the ZID-area statlons
except for Station HB4. ,
Statistical comparisons show that mollusk abundance and taxa nchness in 2002 were

highest at two. of the reference stations, but they do not indicate spatial patterns that are
consistently related to the outfall discharge. For example reference stations HB1 and HB7
had the highest mollusk abundance but more mollusk individuals were collected at ZID-
boundary station HB4 than at reference station HB6. Also, mean number of mollusk taxa was
hjgher at all reference stations than at any of the ZID- area stations, but the total number of
moltusk taxa was shghtly higher at ZID station HZ (48 taxa) and ZID—boundary stations HB3
(47 taxa) and HB4 (48 taxa) than at reference station HB1 (46 taxa) Nonetheless 12 of the
24 pos31ble comparisons of mollusk abundance or taxa richness among the reference and
ZID—area stations resulted in significantly hlg_her mean values at the reference stations. There
were no cases where mollusk abundance or taxa richness was signiﬁcantly higher at a ZID-
area station than at a reference station. There are annual fluctuations in the abundance of
mollusks among stations. Mollusks were most abundant at Station HB1 in 1992, 1993, 1994

1995, 1997, 1998, 2000, 2001, and 2002, but they were third in abundance in 1996 (behmd
Stations HB4 and HZ) and in 1999 (behind Stations HZ and HB7) (Nelson et al. reports;
Swartz et al. reports). |

Mean crustacean taxa richness per replicate may not be as useful as total taxa richness

per station as an indicator of outfall effects, given the high intrastation varlablllty
encountered. The total number of crustacean taxa collected at ZID station HZ increased from
" 12 in 2000 to 28 in 2001, but then declined to 15 in 2002. The total number of crustacean

taxa at ZID -boundary station HB4 decllned from 15 in 2000 to 12 in 2001 to 3 in 2002—
' substantlally less than the minimum (15 taxa) found at the other 51x stations m 2002.

Between 18 and 36 crustacean taxa were collected at each of the reference stat1ons in 2000,

2001, and 2002.

The decreases in crustacean abundance and taxa nchness between 2001 and 2002 were
evident at most ZID-area and reference stations. The average percent decrease in mean
crustacean abundance was 37% at reference stations HB1, HB6, and HB7; 45% atZID—
boundary stations HB2, HB3, and HB4; and 91% at ZID station HZ The average percent
decrease in mean number of ‘crustacean taxa was 18% at the reference stations, 30% at the
ZID boundary stations, and 75% at the ZID station. The 2001-2002 decline at Station HZ
was much greater than at all other stations, but the 20002001 increase at Station HZ was
also much greater than at the other stations. The 2001-2002 decline was not evident at
reference station HB7 where crustacean abundance and taxa richness increased slightly.
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Reductions in crustacean abundance and taxa richness near the Barbers Point Ocean
Outfall relative to reference stations have not been observed in every previous sampling year.
Although in some years (e.g., 1991, Nelson et al. 1992a) taxa richness appeared to be reduced
adjacent to the outfall, this pattern had not been seen for several years until 1998. It was seen
again in 2000, to a lesser extent in 2001, and in 2002. In 1999 and 2001 the crustacean
cemmunity of the study area was more abundant and diverse than in most other years. The
shiﬁihg patterns of number of taxa and abundance from year to year appear to be more
strongly influenced by other factors, such as small-scale differences in bottom topography or
a subtle variation in sediment composition. Thepresenee of nine spe'cies‘of stress-sensitive
gamrnaridean amphipods (including Paraphoxus _sp.‘A) at the ZID-area stations also indicates
that any changes in the crustacean assemblage _near the outfall in 2002 are associated with
factors other than chemical contamination by the effluent discharge. However, the collection
of only two noncopepod crustacean individuals in the five samples at ZID-boundary station
HB4 (mean = 0.4 individuals/sample) suggests the influence of anthropogenic factors. For
comparison, the number of noncopepod crustaceans collected in the 15 reference samples in
the Ipresenr survey ranged from 7 to 31 individuals/sarnple (mean = 17.9 individuals/sample).
Also, the number of noncopepod crustaceans collected in the Mamala Bay regional
monitoring survey within the depth range for Station HB4 ranged from 9 to 34
1nd1v1duals/sample (mean = 18.0 1nd1v1duals/sample Swartz et al. 2002). The abundance of
noncopepod crustaceans at Statlon HB4 is clearly below the range of natural variability for

Mamala Bay. This reduction appears to be related to the prox1m1ty of Station HB4 to the }

Barbers Point outfall.

- Taxonomic diversity (expressed here simply as the number of discretely recorded taxa)
1S censidered to be a better measure of the state of the crustacean communities at these
sampling stations than the number of recorded individuals. For the smaller crustaceans
(tanaids, isopods, and amphipods) and pycnogonids, abundance can be strongly influenced by
a large number of juveniles released from brooding adults. Abundance data generated from
other taxa (such as mollusks, most polychaetes, and many decapods) represent a settlement
from the plankton of a larval form which has found the site suitable for habitation. While
high crustacean abundance data (partlcularly if Juvemles are being produced) clearly indicate
that the site is suitable, low abundance data are not necessan]y 1ndlcat1ve of unsuitability.

A rather comprehens1ve picture of the crustacean communities in the study area has
been developed (at least for crustaceans smaller than 1 cm) despite the rather small areal
coverage (7.6 cm diameter) of the sétmpling-replicates. This reef slope crustacean community
remains dominated by the smaller crustacean groups (copepods, ostracods, tanaids, isopods,

and amphipods), with scattered collections of small' decapods. An average of about four new
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taxa have been found during each annual survey since 1991. No new taxa were recorded in
2002. Larger (2 cm and up) shriinp and crabs, while certainly present in the study area, have
almost no chance of being collected Jn general the crustacean community in the Barbers
Point outfall study area 1s less d1verse than that near the Wai anae outfall and more diverse
than that near the Sand Island outfall. :

~ Both diversity and evenness values were generally similar among stations for both
nonmollusks and mollusks. Diversity and evenness values were lowest at Station HB3 for
nonmollusks and at Station HBZ for tnollusks. Lower nonmollusk diversity and evenness
values were reported for Station HB2 in 1993, but this pattern has not been repeated since
(Nelson et al. 19%4a, 1994h 1995, 1996, 1997a; Swartz et al. reports). Except for the
crustaceans, there is little evidence that the outfall is having an effect on taxa rlchness of the
macrobenthos in the vicinity of the diffuser pipe. _

Cluster analysis using the quantitative Bray—Curtis similarity mdex indicated that
nonmollusk abundance and taxa composition were broadly similar at most stations (>63%
similarity index value). Six of the stations clustered at vvery high siniilai‘ity Values in the
~ narrow range of 73% to 76%. These included ZID station HZ, ZID-boundary stations HB2
and HB3, and all of the reference stations. ZID-boundary station HB4 was the last station; to
join the cluster (at 64% similarity). Although most of the abﬁrldant species at Station HB4
were also abundant at other stations, two of the dominants at Station HB4 (the polychaetes
Ophryotrocha adherens and Pionosyllis spinisetosa) were rare or absent at all other stations
(Table 1). Ophryotrocha adherens is considered an indicator of orgamc enrichment, although
sediment TOC was not elevated at station HB4 (Appendix Table A.2; Bailey-Brock 1996). In
the period from 1986 to 1993 cluster analysis consistently intermixed ZID, ZID—boundary,‘
and reference stations (Nelson et al. 1987, 1991, 1992a, 1992b, 1994a). In 1994 and 1995,
some separation between stations in or near the ZID and far-field reference stations was
observed (Nelson et al. 1994b, 1995). In 1996 (Nelson et al 1996), 1997 (Nelson et al.
1997a), 1998 (Swartz et al. 1998) 1999 (Swartz et al. 1999), 2000 (Swartz et al. 2000a) and
_2001 (Swartz et al. 2001) stations were again generally interspersed in the cluster analysis.
The clustering of far-field reference stations HB1 and HB7 in 2002 indicates some separation
between near-ZID and far-field stations, but the clustermg of near-field reference station HB6
with the ZID and ZID-boundary stations suggests the nonmollusk fauna near the ZID is not
greatly different from the reference assemblage In comparing the 1996 through 2002 cluster
results with those of earlier years, some cautlon is necessary since the clustering algorithm
was changed in 1996 from flexible to group-average sorting in order to conform to current

recommendations for optimum methodologles (Carr 1993).
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Cluster analysis of the mollusks also indicated relatively high similarity of abundance
and taxa composition among stations (>66% similarity index value). The four most similar
stations included two ZID-boundary stations (HB3 and HB'4),V the ZID station (HZ), and a
reference station (HB6). Dominant mollusk taxa were remarkably similar. The list of taxa
that ranked amdng the five most abundant taxa at any of the stations included only seven -
species. These seven species were ubiquitously distributed among stations, although Scaliola
spp. was most abundant where Finella pupoides was least abundant. The dominant species
and cluster analyses indicate considerable homOgenéity of the mollusks among reference and
ZID-area stations. - '

Sediment grain sizes in the 2002 samples were broadly similar among stations. Sand
accounted for >92% of the sediment weight at all stations. The coarse-sediment fraction was
moderately higher at Stations HBI, HB4, and HB7 ’(rahge’: 34.3% to 40.8%) than at the other
stations (range: 18.6% to 29.2%). Conversely, the fine-sand fraction was'mo“deratély' lower at
Stations HB1, HB4, and HB7 (range: 29.4% to 34.9%) than at the other ‘stations (range:
36.6% to 47.6%). The percentage of fine sediments at ZID station HZ was slightly greater in
2002 (4.1%) than in 2001 (3.7%), 2000 (4.0%), 1999 (2.8%), 1998 (3.0%), and 1997 (3.2%)
(Nelson et al. 1997; Swartz et al. reports), although these differences are probably of no
ecological significance. The increase in the silt-and-clay fraction of the sediments observed in
1993 for all stations began to moderate in 1996, and this trend continued in 1997, 1998, and
1999 (for comparison see figure 3 in Nelson et al. reports and in Swartz et al. reports). The
meéan percentage of the silt-aﬁd—cléy‘ fraction in 2002 (4.5%), 2001 (4.2%), and 2000 (4.2%)
was less than that observed in 1997 (4.8%,) and 1998 (4.9%) but slightly more than that
observed in 1999 (4.1%) (Nelson et al. 1997; Swartz et al. reports). The increase in fine
sediments in 1993 boccur‘red at all seven stations, thus it is unlikely to have been an effect of
the outfall discharge. ' ' o ' '

ORP ‘analys.is showed no evidence of reducing conditions at the surface of sediments at
any station in 2002; this has been the consistent pattern for this parameter. ORP
measurements were highest at ZID-boundary station HB3. They were significantly lower at
reference station HB1 than at all other stations; significantly lower at'ZID-boundary station
HB2 than at Stations HB3 and HZ; and significantly lower at ZID-boundary station HB4 than
at Station HB3. Since ORP values are inversely related to the potential for reducing
conditions, these data indicate that anoxic sediment conditions are not likely to occur at the
ZID-area stations. Station ORP values in 2002 were similar to those obtained in 2001. '

There were no signiﬁ'caht differences among stations in mean O&G measurements. The
highest mean O&G measurements were recorded at ZID-boundary station HB3 (290 mg/dry
kg) and at reference station HB1 (208 mg/dry kg). O&G measurements have varied
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substantially between years (Nelson et al. reports; Swartz et al. reports). The maximum mean
O&G measurement in 2001 was 589~mig/dry kg, and there was no significant difference
among stations (Swartz et al. 2001, originally reported errorreously as 589 mg/wet kg). 0&G
was not analyzed in 2000. |

Sediment TOC was 0.38% or less in all replicate samples in 2002. Thus there continues
to be no evidence of sediment organic enrichment near the outfall. The average TOC in 2002 |
(0.17%) was slightly higher than in 2001 (0.11%). The absence of detectable sediment TOC
was reported for all samples collected in 1996 and 1997 and for many samples in 1998, 1999,
and 2000. TOC values in years prior to 1996 were low, but above detection limits. The TOC
analytical method used from 1996 through 2000, whiCh removed organic carbon from the
sediment during acid digestion, may have consistently underestimated, sediment TOC (Nelson
et al 1997, Swartz et al. reports). This problem appears to have been resolved because there
were no below-detection-limit TOC measurements recorded in 2001 or 2002. |

The total number of nonmollusk taxa recorded in 2002 (191) is the hlghest value
recorded in the fourteen years of monitoring at the Barbers Point Ocean Outfall (162 in 1986,
164 in 1990, 162 in 1991, 175 in 1992, 144 in 1993, 159 in 1994, 151 in 1995, 147 in 1996,
138 in 1997, 140 in 1998 183 in 1999, 164 in 2000, and 186 in 2001). The 46 crustacean,
mite, and pycnogomd taxa collected in 2002 was also greater than most values observed in
earlier years, when counts ranged from 34 to 51 taxa. That range does not include the low
value of 27 taxa collected in 1997, when counts were reduced because of d1fferences in
sample handlmg Although there have been differences in levels of samphng effort and
taxonomic resolution (Nelson et al. 1991), overall nonmollusk taxa richness in the study area
appears to have remained very similar over the penod from 1986 to 2002.

Mean nonmollusk abundance was compared among samphng dates and among
samphng stations for data collected in 1986 and from 1990 through 2002 (Frgures 20 and 21).
Two-way ANOVA results showed significant differences both among sampling dates (p <
0.0001) and among sampling stations (p < 0.0001). Numerous pairwise corr'xparisons among
dates showed significant differences, generally with values for recent dates being higher than
values for earlier dates. The abundance of nonmollusks in 2002 was quantitatively, but not
significantly, less than that of all years from 1996 through 2001 and greater than of all years.
before 1996. The temporal pattern of increasing nonmollusk abundance was confirmed by a ,
linear regression'analysis of data from 1990 to 2002, which found a trend of significantly
increasing mean abundance over th1s period (p = 0.002, y = 8.10x + 11.52, where y = mean
nonmollusk abundance and x = year code: 1990 = 10 through 2002 = 22). The shghtly lower
mean nonmollusk abundance in 1997 versus 1996 and 1998 through 2001 is partly explained

by the processing differences for the crustaceans during 1997.
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' The Student-Newman-Keuls test showed four significant pairwise multiple contrasts
among stations for mean nonmollusk abundance based on data collected in 1986 and from
1990 through 2002. Nonmollusk abundance for the fourteen combined surveys was greatér at
ZID-boundary station HB4 than at ZID-boundary stations HB2 and HB3 and reference
stations HB1 and HB7. |

Mean nonmollusk taxa richness was compared -among sampling dates and among:

sampling stations for data collected in 1986 and from 1990 through 2002 (Figures 22 and 23).
Two-way ANOVA results showed significant differences among sampling dates (p < 0.0001)
but not among sampling stations (p = 0.09). Mean nonmollusk taxa richness was signiﬁcantly
lower in 1990 than in all other years and significantly lower in 1997 than in 1992, 1993,
1994, 1996, 1999, 2000, 2001, and 2002 (Figure 22). The low counts for 1997 are due to
methodological problems that impacted the number of crustacean taxa collected. Mean
nonmollusk taxa richness was also signiﬁcantly lower in 1986 than in 1992, 1994, 1996,
1999, 2000, 2001, and 2002; significantly lower in 1991 than in 1994, 1999, and 2001; and
srgmﬁcantly lower in 1998 than in 1999 Nonmollusk taxa richness was less in 2002 than in
1999, when it was quantltatrvely greater than in all other years. No temporal trend
comparable to that for abundance was seen for nonmollusk taxa richness, nor was any
apparent spatial trend seen for this parameter in relation to proximity to the outfall.

Mean crustacean abundance was also compared among sampling dates and among
sampling stations for data collected in 1986 and from 1990 throngh 2002 (Fi 1gures 24 and 25).
Two-way ANOVA results showed significant differences both among sampling dates
(p < 0.0001) and among sampling stations (p = 0.0012). Mean crustacean abundance in 2002
(14.5 1ndividuals/sample) decreased substantlally, but not 51grnﬁcantly, over the mean
recorded in 2001 (32.1 1nd1v1duals/sample) and was comparable to that recorded in 2000
(17.1 ‘individuals/sample). Mean crustacean abundance in 1999 was quantitatively higher
than in all other years and significantly higher than in all years except 1993, 1994, and 2001.
In 1993, 1994, and 2001 it was 51gmﬁcantly higher than in 1990 and 1997. The decreased
abundance in 1990 is consistent with the overall pattern of nonmollusk abundance for that
year. Interannual variations in abundance are not related solely to differences in the time of
year that samples were taken. The 1990, 1992, 1994 through 1998, 2001, and 2002
samples—all ‘of which were taken in January or February—show considerable variation in
mean crustacean abundance. When all data through 2002 were pooled for station
comparisons, Student-NewmanKeuls tests showed no significant differences in historic
mean crustacean abundance among' stations. Previous historic comparisons of crustacean
abundance among stations have often shown signiﬁca;ntly greater abundance at reference
station HB6 than at ZID-boundary stationr HB3. This result was obtained for the historic data
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set  through 1997, 1999, 2000, and 2001 ~ (Nelson
et al. 1997; Swartz et al. 1999, 2000b,2001) but not through 1998 (Swartz et al. 1998) or
2002. The historic difference in crustacean abundance among Stations HB3 and HB6 is close
to the critical Value for statistical significance. Thus, the comparison is influenced by the
results for the most recent sampling year. Mean crustacean abundance at Stations HB3 (10 2
individuals/sample) and HB6 (12.4 individuals/sample) were similar in 2002, and the h1stonc
comparison was not significant even though crustacean abundance was still greater at Statlon
HB6. ‘ v ,

- Mean number of crustacean taxa was ccmpared among sampling dates and among
sampling statio’ns for data collected in 1986 and from 1990 through 2002 (Figures 26 and 27).
Two-way ANOVA results showed significant differences both among s_ampling dates
(» < 0.0001) and aniong sampling stations (p < 0.0001). Mean crustacean taxa richness was
significantly lower in 1990 than in 1993, 1994, 1995 1996, 1999, 2000, and 2001;
significantly lower in 1997 than in 1993 1994, 1999 and 2001 and significantly lower in
1986 than in 1994 and 2001. The low mean number of taxa counted in 1990 reflects the low
total abundance of crustaceans collected that year. The reduction in crustacean taxa richness
in 1997 was due to procedural differences in sample handhng The increase in the number of
crustacean taxa collected in 1998 and 1999 reversed a temporal decline that was evident from
1994 through 1997 (Figure 26). The mean number of crustacean taxa collected in 2002 (6.6
taxa/sample) was quantitatively less than that collected in 2001 9.7 taxa/sarnple) but was not
significantly different from the mean value for 2001 or any other year. Student-Newman-—
Keuls tests showed that the mean number of crustacean taxa was significantly greater at
reference stations HB1 and HB6 than at ZID-boundary station HB4. There is a historic
pattem of reduced crustacean taxa richness at all ZID-area stations (Figure 27) In fact, the
pooled data for all years show that all stations near the diffuser have fewer crustacean taxa
than all reference stations. The overall pattern is consistent with an effect of the diffuser
effluent on crustacean taxa. There was a major exception to the historic p_attern of a
diminished crustacean fauna at the ZID-area stations in 2001: more crustacean taxa were
collected at ZID station HZ than at reference stations HB6 and HB7, and significantly more
crustacean individuals were collected at Station HZ than at all other stations. The historic
pattern was evident in 2002 in the s1gmﬁcant1y fewer mean number of crustacean taxa
collected at ZID station HZ and ZID-boundary station HB4 than at all of the reference
stations. However, the mean number of crustacean taxa was quantltatlvely greater at ZID-
boundary station HB2 than at reference station HB6 in 2002. Alsq there were no s1gn1ﬁcant
differences in the mean number of crustacean taxa between ZH)—bo‘undary stations HB2 and
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HB3 and any of the reference stations. Any impact the Barbers Point dischafge may have on
crustaceans was not consistent across the ZID in 2002.
“ Dominant taxa of the nonmollusk fauna were similar to those of previous sampling

years. The representation of nematodes and oligochaetes as a percentage of total abundance

was of similar magnitude to that of previous sampling years. The sipunculan Aspidosiphon
muelleri and the polychaete Pionosyllis heterocirrata were the first- and second-most
abundant taxa in 2002, respectively (Table 1). The dominant polychaete taxa since 1994
showed some variation from earlier sampling years (Nelson et al. 1987, 1991, 1992a, 1992b,
1994a). Other dominant taxa in 2002 were similar to those found in 1994 through 2001
(Nelsbn et al. 1994b, 1995, 1996, 1997a; Swartz et al. reports) and included the polychaetes
Synelmis acuminata, Euchone sp. B, Ophiodromus angustifrons, Myriochele oculata,
Prionospio cirrifera, Myriochele sp. A, Augeneriella dubia, Prionospio cirrobranchiata,
Fabricia sp. A, Ophryotrocha adherens, and Pionosyllis spinisetosa, as well as the tanaid
Leptochelia dubia. (Table 1). The amphipod Eriopiselld sechellensis was a-dominant species
at reference stations HB1 and HB6 in 2001, but it was less abundant and did not quallfy asa
dominant at any station in 2002.

Mean mollusk abundance was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 2002 (Figures 28 and 29). Two-
way ANOVA results showed significant differences both among sampling dates (p < 0.0001)
and among sampling stations (p < 0.0001). Mean mollusk abundance was significantly
greater in 1998, 2001, and 2002 than in 1986, 1990, 1991, 1992, 1993, 1994, and 1995 and
significantly greater in 2000 than in 1986, 1991, 1992, and 1993. Mean mollusk abundance
was s1gmﬁcantly greater at reference station HB1 than at all other stations. Neither the
temporal nor spatial pattern of differences indicates a negative effect of the diffuser effluent
on mollusk abundance. ’

Because the mollusk specimens were not separated into living and dead shell material,
they represent time-averaged collections that integrate conditions at a site over a long period.
Temporal variability in abundance among sampling dates was generally much less for the

mollusk fraction than for the nonmollusk fraction prior to 1996. There has been a temporal

trend of increasing mollusk abundance since 1993 (Figure 28). The pattern of abundance in
the sampling area on all dates shows that Station HB1 has historically had the greatest
number of mollusk individuals (Figure 29). Consistent with the historic pattern, Station HB1
had significantly higher mean mollusk abundance than all other stations in 2002 (Table C.3).
Mean mollusk taxa richness was compared among sampling dates and among sampling
stations for data collected in 1986 and from 1990 through 2002 (Figures 30 and 31). Two-
way ANOVA results showed significant differences both -among sampling dates (p < 0.0001)
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and among sampling stations (p < 0.0001). Mean mollusk taxa richness was significantly
greater in 1998 than in 1986, 1990, 1991, 1992, 1993, 1994, and 1995; significantly greater in
1997 than in 1990, 1992, and 1993; and significantly g;eater in v1996‘, 1999, 2000, 2001; and
2002 than in 1990 and 1992. Mean mollusk taxa richness was significantly greatér at Station
HB7 than at Stations HB2, HZ, and HB6 and significantly greater at Stations HBl and HB4
that at Station HB2. Nine of the twelve possible pairwise comparisons of mollusk taxa
richness between reference stations (HBl, HB6, and HB7) and ZID-area stations (HB2, HB3,
HB4, and HZ) were not statistically significant. There has been a temporal pattern of
increasing number of mollusk taxa since 1992 (Figure 30). Neither the temporal nor spatial
pattern of differences indicates a consistent negative effect of the diffuser effluent on mollusk

taxa richness.

SUMMARY AND CONCLUSIONS

Measurernents of physical parameters continue to show little evidence of a buildup of
organic matter in the vicinity of the Barbers Point Ocean Outfall diffuser. Positive ORP
measurements at all stations indicated the absence of reducing conditions. Sediment. TOC
was less than 0.40% in all samples in 2001 and 2002 and was very low or undetectable from
1996 through 2000. In years prior to 1996, mean sediment TOC was in the narrow range of
0.04% to 0.47%, except.in 1993 when methodological problems were experienced with the
~ analyses and values ranged from 0.56% to 1.40%. The ocean outfall in Orange County,
California, discharges onto the continental shelf in an erosional benthic environment (Maurer
et al. 1993) which may be somewhat similar to that found in Mamala Bay, O‘ahu. In the
vicinity of the Orange County outfall, sediment TOC ranged from approximately 0.3% to
0.9% (Maurer et al. 1993). In areas which possess more depositional benthic environments,
the percentage of organic content in the sediments is typically much higher. For example, this
percentage ranged from 1.2% to 10.9% for sediments of the Kattegat (Pearson et al. 1985)
and 0.6% to 8.9% for sediments off the coast of Maine (Bader 1954). The percentage of TOC.
ranged from 1.4% to 4.1% for stations near the Los Angeles ocean sewage outfalls (Swartz et
al. 1986). In Kingston Harbour, Jamaica, the percentage of sediment TOC ranged from 4.0%
to 10.7% in a semi-enclosed bay subject to organic pollution (Wade 1972; Wade et al. 1972).
The lack of evidence for organic buildup near the Barbers Point Ocean Outfall suggests that
little particulate matter from the diffuser ever reaches the sediment surface in the study area.

The spatial patterns of organism abundance and taxa richness in relation to the outfall
varied depending’ on the taxonomic grouping. There were no consistent, statistically
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significant patterns of reductions of either organism abundance or taxa richness of
nonmollusks and mollusks near the diffuser in 2002. The macrobenthos was much more
similar than dissimilar among the seven samplmg stations. Separate cluster analyses of
nonmollusk and mollusk data indicated that all stations were similar to one another in terms
of taxa composmon and relative abundance (snnllanty >63% for nonmollusks, >66% for
mollusks) ‘The dominant mollusk taxa were almost identical at all stations. Only seven taxa
are on the list of mollusks that rank among the five most abundant taxa at any one of the
seven stations. ' '

" The abundance of nonmollusks and mollusks in the study area has increased in recent
years. However, there is no consistent spatial pattern in the historic abundarice or taxa
richness of either nonmollusks or mollusks that indicates an effect of the outfall effluent. The
respective numbers of nonmollusk individuals, mollusk individuals, and mollusk taxa
collected in 2002 were near the top of their historic range. The number of nonmollusk
individuals was less than in all years from 1996 through 2001 and greater than in all years
before 1996. '

The abundance and taxa richness of crustaceans decreased in 2002 from the high levels
recorded in 2001, especially at ZID station HZ and ZID-boundary station HB4. There is a
historic pattern of reductions in crustacean abundance and taxa richness at the four ZID-area
stations relative to each of the reference stations. This pattern may indicate a trend related to
proximity to the diffuser. Relatively low values of crustacean abundance and taxa richness
were recorded in 2002 at ZID-area stations HB3, HB4, and HZ. The mean number of
crustacéans collected at Station HZ was 5.4 individuals/sample in 2002—an order of
magnitude less than the mean of 60.6 individuals/sample recorded at that station in 2001.
Fewer criistacean' taxa were collected at Station HB4 than at any other station in 2001 (5.0
taxa/sample) and 2002 (1.4 taxa/sample). Only two noncopepod crustacean specimens were
collected at Station HB4 in 2002. However, most (14) of the 24 possible comparisons of
abundance and taxa richness between ZID-area stations and reference stations were not
statistically significant. The presence of pollution-sensitive taxa like amphipods (especially
the phoxocephalid Paraphoxus sp. A) indicates that the diminished crustacean fauna at the
Z]D-area stations may be related to a noncontaminant factor. o ‘ '

‘Despite the crustacean -teductions at some  stations, the macrobenthos was very
abundant and diverse in the ZID area. A combined total of 8,367 nonmollusk and mollusk
individuals and 235 taxa were collected in all ZID-area samples, which represent a total
sampling area of less than 0.1 m2. ‘

Taxa diversity (H') and evenness (J) were generally similar among all stations for both
total nonmollusks and mollusks. The model of benthic' organic -enrichment by Pearson and
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Rosenberg (1978) proposes that in the transmon zone on an enrichment gradient, a few taxa
increase and are extremely dommant while overall diversity and evenness are low. The
response patterns of the benthic fauna and the sediment chemical analyses show no indication
of the types of changes in bettorn communities predicted by the organic enrichment
hypothesis. Maurer et al. (1993) proposed that the Pearson—Rosenberg model may be
inappropriate for erosional continental shelf environments. Their study of an outfall on the
continental shelf off Callforma found that even with some organic enrichment near the
diffuser, there was no evidence of ehmmatlon of rare spe01es even though three species did
achieve numencal dominance. The response of the benthic community near the Barbers Point
Ocean Outfall does not show the alternate response pattern described by Maurer et al. (1993),
presumably because sediment organics there do not show even the moderate enrichment
found near the Orange County outfall

The 2001 regional momtonng survey showed that changes in the macrobenthos of
Mamala Bay were associated primarily with water depth, a result that is consistent with the
spatial distribution of the macrobenthos at other coastal sites (Swartz et al. 2002; Bergen et
al. 2001). Relative to sites of comparable depth, the areas of Mamala Bay in the immediate
vicinity of the Barbers Point and Sand Island outfalls were uniquely characterized by the
presence of Ophryotrocha adherens, a dominant spec1es at Station HB4 in the present survey.
The reg10na1 survey showed that the abundance and taxa richness of the crustaceans were
diminished near the outfalls relative to other areas of Mamala Bay. Reductions in the
crustacean assemblage at the Barbers Point ZID-area stations were evident in the pr'esent
- survey. The regional survey also showed that the abundance and richness of both the
nonmollusks and mollusks were s1m11ar at sites near the outfalls and at sites of comparable
depth in Mamala Bay. The high s1rn11ar1ty of the nonmollusks and mollusks at reference and
ZID-area stations in the present survey is con31stent w1th the results of the regional survey.

In conclusion, there is little evrdence of adverse effects of the Barber Point Ocean
Outfall on the macrobenthic community in 2002. The pnmary indication of an effect lies in
the crustacean component: there were quantltatrvely fewer 1nd1V1dua1s and taxa at ZID-area
stations HB3, HB4, and HZ than at all of the reference stat1ons The presence of nine
amphipod species at the ZID-area stations indicates that alterations in the crustacean
component may be related to a noncontammant factor. The analyses of the noncrustacean
fauna clearly demonstrate the presence of a d1verse and- abundant macrobenthos w1th1n and
near the ZID of the Barbers Point Ocean Outfall.
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TABLE 1. Abundance of Numerically Dominant Nonmollusk Taxa, Barbers Point Ocean
Outfall Sampling Statlons O‘ahu, Hawai‘i, January 2002

Number of Individuals
Taxon Station Total
HBI HB2 HB3 HB4 HZ HB6 HB7

Aspidosiphon muelleri 88" 84" 235 51 159" 124" - 92F 833
Pionosyllis heterocirrata 41 23% st 97t 2 52 76" 362
Synelmis acuminata 51" 34 39° 9 23% . 44 144* 344
Euchone sp. B 7 139" 4 7 110" 267
Ophiodromus angustifrons 11 12 29 24 16 26" 247 142
Myriochele oculata 14 3 42" 35 33* 12 2 141
Prionospio cirrifera 3% 2" 10 4 4 22 27" 112
Myriochele sp. A 2 4 55" 4 33 11 1 110
Augeneriella dubia 3 3 28 36" 13 3 9 95
Prionospio cirrobranchiata 26" 9 24 4 11 7 12 93
Fabricia sp. A 4 8 19 16 23* 14 4 88
Leptochelia dubia 23" 3 6 - ‘ 2 2 24* 60
Ophryotrocha adherens 2 56" 1 59
Pionosyllis spinisetosa 2 3 " 39" 44

*Ranked among the five most abundant nonmollusk taxa at individual stations.

TABLE 2. Abundance of Numerically Dominant Mollusk Taxa, Barbers Point Ocean Outfall
Sampling Stations, O‘ahu, Hawai‘i, January 2002

Number of Individuals
Taxon Station Total
HBl HB2 HB3 HB4 HZ HB6 HB7

Diala scopulorum 446" 360 284 282" 226" 166" 134" 1,898
Cerithidium perparvulum 40 250" 78*  223% 90 227" 404" 1,312
Diala semistriata 454 51 59" 157" 66" 134 256" 1,177
Finella pupoides 1 37* 185%  289* 327" 262° 3 1,104
Scaliola spp. 447" 202" 41 85 44 39 92" 950
Balcis spp. 194 25 86" 148" - 93* 130" 111" 787
Lophocochlias minutissimus = 125% 21 6 7 8 1 20 188

*Ranked among the five most abundant mollusk taxa at individual stations.
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TABLE A.1. Position and Depth for Replicate- Grab Samples Barbers Pomt Ocean Outfall
Sampling Statlons O‘ahu, Hawai‘i, January 2002

Sampling . . Position ‘ Depth

Station Date Reph,caté o Latitude Longitude (m)
HB1 21 January 1 21°16'50.5" 157°59'13.5" 62.2
2 21°16'50.6" 157°59'13.6" 61.9
3 21°16'50.6" 157°59'13.7" 62.5
4 21°16'50.4" 157°59'13.3" 62.2
5 21°16'50.6" 157°59'13.4" 62.2
HB2 21 January 1 21°17'00.0" 158°01'20.7" 61.0
2 21°17'00.0" 158°01'20.6" 61.3
3 '21°17'00.1" 158°0120.7" 61.3
4 21°17'00.2" 158°01'20.8" 61.0°
5 21°17'00.1" 158°01'20.8" 60.7
HB3 22 January 1 - 21°16'53.6" 158°01'28.9" 67.1
2 .-21°16'53.6" 158°01'29.0" 66.8
3 21°16'53.5" 158°01229.1" 67.1
4 21°16'53.5" 158°01'29.0" 67.1
5 21°16'53.6" 158°01'29.0" 66.8
HB4 21 January 1 21°16'47.9" 158°01'38.2" 61.0
2 21°16'47.8" 158°01'38.1" 61.3..
3 21°16'47.6" 158°01'38.2" 61.0
4 21°16'47.7" 158°01'38.1" 61.3
5 21°16'47.7" 158°01'38.3" 61.3
HZ 22 January 1 21°16'53.3" 158°01'30.4" 63.7
2 21°16'53.5" 158°01'30.5" 64.0
3 121°16'53.5" 158°01'30.6" 64.0
4 21°16'53.5" 158°01'30.6" 63.7
5 21°16'53.6" 158°01'30.6" 634
HB6 21 January 1 21°16'32.6" 158°01'46.4" 61.9
2 21°16'32.4" 158°01'46.5" 61.6
3 21°16'32.6" 158°01'46.7" 61.3
4 -21°16'32.7" 158°01'46.6" 61.6
5 21°16'32.6" 158°01'47.0" 61.9
HB7 21 January 1 21°15'33.0" 158°03'14.0" 63.4
2 21°15'33.1" 158°03'14.0" 63.1
3 21°15'33.0" 158°03'14.0" 63.4
4 21°15'33.0" 158°03'14.0" 634
5 © 21°15'33.0" 158°03'13.8" 63.1

SOURCE: Oceanographic Team, Department of Environmental Services, City and County of Honolulu.
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TABLE A.2. Sediment Chemical Characterization of Barbers Point Ocean Outfall Sampling
Stations, O‘ahu, Hawai ‘i, January 2002

Station PD ORP , ~0&G : TOC
{Replicate) {cm) - (+mV) (mg/dry kg) (% dry weight)
HB1 (1) 10.0 30 55 0.27
HB1 (1)(dup) : 175 0.29
HB1 (2) - 9.0 .55 141 0.11
HBI1 (3) 8.0 . 105 189 0.38
HB1 (3)(dup) - 226
HBI (4) 11.0 55 '
HBI (5) 10.0 . -100
HB2 (1) 10.0 110 238 0.36
HB2 (2) 9.0 105 55 0.25
HB2 (3) . 8.0 90 63 0.17
HB2 (4) 8.0 130
HB2 (5) 8.0 85
HB3 (1) 8.0 180 202 0.19
HB3 (2) 7.0 150 ' 0.35
HB3 (3) ‘ 75 185 163 0.21
HB3 (4) 7.5 170 290
HB3 (5) 8.0 175 :
HB4 (1) .80 115 10 0.07
HB4 (2) 11.0 125 295 0.13
HB4 (2)(dup) 0.10
HB4 (3) 7.0 . 110 0.17
HB4 (4) 8.0 125 170
HB4 (5) 9.0 : 165
HZ (1) 8.0 ' 120 218 } 0.07
HZ(2) 8.0 165 81 0.09
HZ (3) 9.0 165 , 259 0.06
HZ (3)(dup) : 176
HZ (4) 8.0 125
HZ (5) 7.0 170
HB6 (1) ' 6.5 150 0.09
HB6 (2) 8.0 140 45 ’ 0.08
HB6 (3) 70 165 <5 0.11
HB6 (4) . 6.0 - 115
HB6 (5) 7.0 ‘ 135 162
HB7 (1) : 8.0 . 100 64 0.11
HB7(2) 8.0 145 100 0.15
HB7 (3) 7.0 155 . 194 0.09
HB7 (4) 8.0 110
HB7 (5) 8.0 160

SOURCE: PD (penetration depth), ORP (oxidation-reduction potentiat), and O&G (oil and grease) data from Oceanographic
Team and Environmental Quality Laboratory, Department of Environmental Services, City and-County of Honolulu; TOC
(total organic carbon) data from Columbia Analytical Services (Kelso, Washington). The original TOC samples were
damaged. The TOC data are for replacement samples collected on 7 and 13 February 2002.
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TABLE A.3. Sediment Grain—Size Analysis of Barbers Point Ocean Outfall Sampling Stations,
O‘ahu, Hawai‘i, January 2002 - '

Sample Weight Distribution (%)

Station- —

Replicate Phi Size

-2 -1 0 1 2 3 4 >4-12
HB1-1 0.86 5.52 13.52 22.27 22.11 21.38 7.74 4.36
HB1-2 0.95 2.62 12.86 24.53 24.90 22.29 6.68 3.61
HB1-3 0.12 2.76 13.59 2291 23.83 22.86 7.39 4.57
HB2-1 o 0.12 1.94 5.57 20.40 25.75 22.94 14.45 7.01
HB2-2 0.15 1.86. 6.94 22.35 25.47 21.86 13.60 7.11
HB2-3 0.09 1.91 6.15 20.06 24.44 22.56 ‘ 14.52 7.41
HB3-1 1.66: 4.03 6.72 14.99 31.11 31.47 7.04 3.18
HB3-1 (dup) 1.20 3.38 7.57 14.98 31.57 32.69 7.53 3.36
HB3-3 ' 0.44 1.28 4.28 12.40 30.60 37.32 8.68 3.31
HB3-4 0.51 1.20 2.86 11.03 31.50 39.02 9.32 3.71
HB4-1 0.31 1.67 8.11 18.00 27.50 28.72 10.31 3.65
HB4-2 2.84 2.40 9.24 19.97 25.96 25.49 8.32 3.02
HB4-4 3.14 4.09 12.98 20.17 24.55 23.24 8.67 3.48
HZ-1 0.17 0.76 4.08 12.18 28.21 37.45 11.50 3.94
HZ-2 0.31 1.25 4.17 11.57 27.64 36.96 11.67 4.27 -
HZ-3 0.18 1.97 5.35 13.48 28.33 35.33 10.40 4.06
HZ-3 (dup) 0.83 2.00 5.28 13.27 27.65 34.30 10.46 4.37
HB6-2 0.16 1.64 8.70 15.45 22.32 33.75 10.66 4,76
HB6-3 0.71 2.26 7.34 12.70 21.00 35.19 12.70 5.74
HB6-3 (dup) 0.27 2.44 7.30 12.95 21.55 35.50 12.55 5.56
HB6-5 0.72 2.09 7.33 13.33 22.64 35.77 11.89 5.63
HB7-1 3.98 4.09 8.45 14.61 25.89 31.37 7.03 4.15
HB7-2 3.28 10.74 10.20 14.41 24.89 26.85 4.80 3.77
HB7-3 1.52 4.20 10.59 17.55 26.72 27.92 5.92 4.14

SOURCE: Environmental Qualify Laboratory, Department of Environmental Services, City and County of Honolulu.

NoTE: The values listed indicate the fraction percentage of the estimated dry weight of the sediment samples. The coarse
fraction (-2 to +4) was analyzed by the sieve method. The fine fraction (greater than +4 to +12). was analyzed by the pipette

method.
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TABLE B.1. Basic Statistics for Untransformed Nonmollusk Abundance Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2002
(Sample Size n = 5)

L Station
Statistic
HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 148.40 179.00 220.40 211.20 146.60  194.60 238.20
Standard Deviation 32.51 25.53 7777 . 27.39 53.43 . 50.49 120.54
Standard Error of the Mean 14.54 11.42 34,78 12.25 23.89 22.58 53.91
95% of CI Mean 40.36 31.70 . 96.55 34.00 66.33 62.68 149.65
Skewness ‘ -0.39 -0.74 1.75 -0.13 0.26 0.84 -0.31
Kurtosis -2.56 0.32 3.26 1.78 -1.31 -1.25 1.67
Median 157.00 188.00 189.00 213.00 157.00 167.00 254.00
Normality Test (D) 0.204ns 0.238ns 0.292ns 0.245ns  0.218ns 0.308ns  0.228ns

NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirnov D statistic of goodness of fit to a
normal distribution, Do.os5 = 0.337; ns = not significant.

TABLE B.2. Basic Statistics for Untransformed Nonmollusk Taxa Number, Barbers Point
Ocean Outfall Sampling Stations, O ahu, Hawai ‘i, January 2002
(Sample Sizen =15)

Station
Statistic

HB1  HB2 HB3 HB4 HZ HB6 HB7
Mean 4340 41.20 37.60 36.20 30.80 41.20 43:00
Standard Deviation - 586 - 4.87 6.47 432 1.48 6.53 12.59
Standard Error of the Mean  2.62 2.18 2.89 1.93 0.66 2.92 5.63
95% of CI Mean ' 7.27 6.04 803 . 537 1.84. 8.11 15.63
Skewness 0.61 116 0.30 -0.60 0.55 . -0.15 -1.98
Kurtosis 0.00 1.92 151 -0.52 0.87 - 1.05 4.12
Median © 44.00 40.00 37.00 37.00 31.00 42.00 47.00

Normality Test (D) 0.192ns 0.235ns  0.214ns 0.173ns ~ 0.246ns 0.192ns - 0.363*

Norte: CI = confidence interval. Normality was assessed with the Kolmogorov-Smirnov D statistic of goodness of fit to a
normal distribution, Do.o5 = 0.337; ns = not significant, * = p < 0.05.
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TABLE B.3. Analysis of Variance for Untransformed Nonmollusk Abundance, Barbers Point
Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2002 '

Mean F

Source of Sum of Degrees of
Variation Squares ... -~ Freedom Square . Ratio p
Among Stations 37,215.2 6 6,202.5 1.53 0.206
Experimental Error 113,762.4 28 4,062.9
Total 150,977.6 34
Station HB1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 43.40 41.20 37.60 36.20 30.80 41.20 43.00
6.47 4.32 1.48 6.53 12.59

Standard Deviation 5.86 4.87

Funax test for equal variance: Untransformed data, Fmax = 22.29, not significant at p > 0.05.,

Conclusion: There are no significant differences in mean nonmollusk abundance among the seven stations.

TABLE B.4. Kruskal-Wallis Nonparametric Comparison of Untransformed Nonmollusk Taxa
Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2002

Untransformed Data

Station HB1 HB2 HB3 HB4 HZ HB6 HB7 -
No. of Replicates 5 5 5 5 5 . 5 5
Mean No. of Taxa 43.40 41.20 37.60 36.20 30.80 4120 43.00
Standard Deviation 5.86 4.87 6.47 432 1.48 - 6.53 12.59

Frmax test for equal variance: Uritransformed data, Fuax = 72.05%*, significant at p < 0.01; square root transformed data, Fmax
= 65.94**, significant at p < 0.01; logjo transformed data, Fmax = 62.33**, significant at p<0.01.

Kruskal-Wallis nonparametric comparison

Kruskal-Wallis statistic: H = 13.457, p = 0.036* »
Conclusion: Despite the significance of the Kruskal-Wallis statistic, no multiple contrasts among the seven

stations were statistically significant.
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TABLE B.5. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Crustacean Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
January 2002 ‘

Source of Sum of Degrees of Mean F

Variation Squares Freedom Square Ratio p
Among Stations 2,150.74 ’ 6 358.46 5.78 0.0005
Experimental Error 1,736.00 28 62.00
Total 3,886.74 34

Station - HB1 HB2 HB3 HB4 HZ HB6 = HB7

No. of Replicates 5 5 5 -5 5 5 5
Mean Abundance 20.80 12.20 10.20 10.0 5.40 12.40 30.60

Standard Deviation 6.06 5.89 6.50 7.75 6.35 391 14.31

Fmax test for equal vaﬂaﬁce: Untransformed data, Fmax = 13.39, not significant at p > 0.05.

Conclusion: There are significant differences in mean crustacean abundance between the following station pairs,
as determined by Student-Newman—Keuls tests:

HZ HB4 HB3 HB2 HB6 HB1 HBY7
HZ | v i — - - - - *
HB4 - - - -
HB3 - - -
HB2 - -
HB6 —
HBI
—=not signiﬁcant; *=p<0.05.

* % ¥ ¥
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TABLE B.6. Analysis of Variance a.ﬁd A Posteriori Comparison of Means for Square Root
Transformed Crustacean Taxa Number, Barbers Point Ocean Outfall Sampling Stations,

O‘ahu, Hawai ‘i, January 2002

Source of Sumiof =+ = Degrées of Mean F
Variation Squares Freedom Square Ratio p
Among Stations 19.59 6 3.26 8.89 0.00002
Experimental Error - 10.28 28 0.37
Total » 29.87 34
Untransformed Data ,
Station HB1 HB2 HB3 - HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 9.80 7.20 5.60 1.40 3.20 6.80 12.00 .
Standard Deviation 2.17 295 1.82 0.55 3.11 2.28 4,69
Frax test for equal variance: Untransformed data, Fmax = 73.33%, significant at p < 0.05.
Transformed Data ; o
Station HBI1 HB2 HB3 HB4 HZ HB6 HB7
No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 3.12 2.63 2.34 1.17 1.51 2.57 340
Standard Deviation 0.35 0.58 0.40 0.23 1.07 0.49 0.72

Fuux test for equal variance: Untransformed data, Fiax = 22.19, nat significant at p > 0.05.

Conclusion: There are significant differences in mean crustacean taxa number between the following station
pairs, as determined by Student-Newman-Keuls tests: - :

HB2

_HB4 HZ HB3__ HB6
HB4 — * *
HZ - *
HB3 -
HB6
HB2
HB1

*
*

HB1
*®

*

HB7
*

—=not si'gniﬁcant; *=p<0.05.
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TABLE C.1. Basic Statistics for Untransformed Mollusk Abundance, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai‘i, January 2002
(Sample Size n =5)

. Station
Statistic

HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 476.80 . 219.80 202.20 286.60 207.60 252.20 314.40
Standard Deviation 32.98 16,57 40.37 52.86 32.85 23.24 18.20
Standard Error of the
Mean 14.75 7.41 18.05 23.64 14.69 1039 8.14
95% of CI Mean 40.94 20.58 50.12 65.63 40.78 28.85 22.60
Skewness 2.20 -1.66 0.30 0.95 -0.49 0.59 0.13
Kurtosis 4.87 2.50 2.17 0.87 -0.82 -0.78 - 0.96
Median '490.00  229.00 199.00 267.00 204.00 242.00 317.00
Normality Test (D) 0.433* 0.311ns 0.228ns 0.245ns 0.230ns 0.270ns  0.222ns -

NoTE: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirnov D statistic of goodness of fit to a
normal distribution, Do.os = 0.337; ns = not significant; * = p <0.05.

TABLE C.2. Basic Statistics for Untransformed Mollusk Taxa Number, Barbers Point Ocean
Outfall Sampling Stations, O‘ahu, Hawai ‘i, January 2002
(Sample Size n=15)

L Station
Statistic ,

HB1 HB2 HB3 HB4 HZ HB6 HB7
Mean 30.20 22.20 28.80 25.60 24.80 33.00 37.00
Standard Deviation 5.07 3.56 3.90 358 - 572 4.85 3.67
Standard Error of the Mean 2.27 1.59 1.74 1.60 2.56 2.17 1.64
95% of CI Mean 6.29 4.42 4.84 4.44 7.10 6.02 4.56
Skewness -0.29 -0.27 0.46 -0.22 0.17 1.38 -0.35
Kurtosis . -2.60 -2.68 -3.12 -1.32 175 272 -1.29
Median ' 31.00 23.00 -~ 27.00 27.00 24.00 32.00 37.00
Normality Test (D) 0.228ns  0.215ns 0.278ns  0.252ns 0.169ns  0.300ns 0.193ns

NorteE: CI = confidence interval. Normality was assessed with the Kolmogorov—Smirnov D statistic of goodness of fit to a
normal distribution, Do 05 = 0.337; ns = not significant.
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TABLE C.3. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Abundance, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
January 2002 ‘

Source of Sumof % * Degrees of ‘Mean F

Variation Squares ' Freedom Square Ratio p
Among Stations 278,243.1 6 46,373.85 4196 <0.0001
Experimental Error 30,946.8 28 . 1,105.24
Total 309,189.9 34
Untransforméd Data v

Station HB1 HB2 HB3 HB4 HZ HB6 HB7

No. of Replicates 5 5 5 5 5 5 5
Mean Abundance 476.80 219.80  202.20 286.60 207.60 252.20 314.40

Standard Deviation 32.98 16.57 40.37 52.86 32.85 23.24 18.20

Fmax test for equal variance: Untransformed data, Fmax = 10.17, not significant at p < 0.05.

Conclusion: There are significant differences in mean mollusk abundance between the following station pairs, as
determined by Student-Newman—Keuls tests:

HB3 HZ HB2 HB6 HB4 HB7 HBI
HB3 - - - * *
HZ — — * %
HB2 - * *
HB6 - *
HB4 ‘ -
HB7
— = not significant; * = p < 0.05.

* ¥ ¥ ¥ ¥ ¥
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TABLE C.4. Analysis of Variance and A Posteriori Comparison of Means for Untransformed
Mollusk Taxa Number, Barbers Point Ocean Outfall Sampling Stations, O‘ahu, Hawai‘i,
January 2002

Source of , Sum of Degrees of Mean F

Variation ' Squares Freedom Square Ratio P
Among Stations 783.2 ‘ 6 130.53 6.71 - 0.0002
Experimental Error 544 .4 28 19.44 '
Total 1,327.6 34

Station HB1 HB2 HB3 HB4 HZ HB6  HB7

No. of Replicates 5 5 5 5 5 5 5
Mean No. of Taxa 30.20 22.20 28.80 25.60 24.80 33.00 37.00
Standard Deviation 5.07 3.56 3.90 3.58 5.72 4.85 3.67

Fiax test for equal variance: Untransformed data, Fmax = 2.57, not significant at p > 0.05.

Conclusion: There are significant differences in mean number of mollusk taxa between the following station
pairs, as determined by Student-Newman—Keuls tests: ‘ '

HB2 BZ HB4 HB3 HB1I HB6 HB7
HB2 - - - - * *
HZ - - - - *
HB4 - _ _ «
HB3 - - *
HB1 -
HB6 -
~ = not significant; * =p < 0.05.
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