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Marine Biological Considerations Related to the Reverse
Osmosis Desalination Project at the Applied Energy Sources
Huntington Beach Generation Station

By
J. B. Graham, Ph. D.

Executive Summary
Plans are underway to construct and operate a reverse osmosis (RO)

desalination plant adjacent to the Huntington Beach Power Generating

Station (HBGS). The HBGS uses ocean water for the once-through cooling

of its steam condenser units. The seawater intake is positioned in the Pacific

Ocean approximately 1,840 ft offshore from the mean high tide line. After
circuiting through the condensers, the heated seawater exits through a
discharge pipe that opens to the ocean 1,500 ft offshore.

The proposed Huntington Beach desalination facility will convert a
fraction of the HBGS’s cooling-seawater return flow into freshwater.
Approximately 100 million gallons per day (mgd) of the heated seawater
(1.e., after it has passed through the condensers) will enter the RO system.
From this about 50 mgd of freshwater will be produced, forming in the
process about 50 mgd of approximately twice-concentrated (2x) seawater.

This 2x seawater will be returned to the cooling seawater outflow
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downstream of the RO diversion point where it will become diluted during
passage to the offshore discharge site.

The average ocean salinity at Huntington Beach and over a vast
expanse of ocean area around it is 33.5%o0 (parts per thousand). Addition of
the RO discharge stream to the HBGS’s heated outflow will slightly elevate
ocean salinity within a small area. This report analyzes the extent of this
salinity increase and determines what if any effect it may have on the marine
organisms living near the discharge.

The marine organisms living along the Huntington Beach coastline and
adjacent areas are part of a biologically and climatologically unique
ecological region called the Southern California Bight (SCB). The SCB is
an open embayment extending from Point Conception, CA into Baja
California, Mexico and 125 miles offshore. Biologically, the SCB is a
transition-zone species assemblage located between two larger and diverse
biological provinces, one in the cooler waters to the north and the other in
the warmer waters to the south. SCB organisms comprise a mix of species,
some from the cooler, northern- and some from the warmer, southern-
regions.

Physical, biological, and oceanographic factors all affect the total

biomass of the SCB and cause year-to-year variation in the number of
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species occurring both within the SCB and in the waters around the HBGS.
Ocean temperature, current patterns, and upwelling, for example, all affect
ocean nutrient levels and food supplies, which are fundamental requirements
for an ecosystem. In addition, the arrival of planktonic animals to coastal
areas and biological variables such as recruitment (seasonal addition of
young-of-the-year organisms to a population) and both habitat availability
and quality determine ecosystem-species composition, diversity, and
biomass. The young stages of most marine plants, invertebrates, and fishes
living in coastal waters at Huntington Beach and throughout the SCB begin
life as drifting plankton. The survival of these young to their next life stage
requires that the appropriate and vacant habitat be encountered at the critical
time during their drifting life phase when transformation to a sub-adult takes
place. Thus, evaluation of either local or regional habitats with respect to
their biodiversity or the abundances of different types of organisms as well
as their ages, body sizes, and growth rates must always be made in the
context of the large-scale factors influencing them, whether along the
Huntington Beach coastline or throughout the entire SCB.

The discharge of heated seawater by the HBGS has been a necessary
and permanent coastal oceanographic feature since power generation began.

The heated water mixes with the receiving water, forming a mainly surface-
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occurring discharge plume that fans out and, depending upon both the
HBGS’s total water flow-rate and oceanographic conditions, drifts south
with the prevailing surface current while gradually cooling back to ambient
seawater temperature.

The NPDES (National Pollutant Discharge Elimination System) permit
issued by the Regional Water Quality Control Board governing cooling-
water discharge by the HBGS requires procedures to protect receiving-water
organisms, such as limiting the temperature difference between discharge
water and ocean water (delta T). Also required are regular environmental
monitoring and biological surveys to verify that there are minimal thermal
effects associated with the discharge. Since the early 1970s MBC Applied
Environmental Sciences, Costa Mesa, CA has conducted regular biological
assessments of the area around HBGS. These involve comparative surveys
of infaunal, macroinvertebrate, and fish abundances in habitats that are
adjacent to the HBGS discharge and more remote from it. The analyses
show that the organisms present in these habitats as well as their spatial and
temporal variations in abundance are both directly comparable to other
similar areas in the SCB and that the thermal discharge from HBGS is not

adversely affecting the surrounding marine community.



Dr. Scott Jenkins Consulting employed computer models to describe
the dispersion and dilution of the combined discharge from the Huntington
Beach RO desalination facility and the HBGS into the receiving waters. The
most important variable in the model is the HBGS’s cooling-water flow rate,
which defines the “in-pipe-dilution ratio” of the 2x concentrated RO
seawater. This ratio is calculated as:

Total HBGS Flow — RO Water Flow
RO Concentrate Return Water Return

The 20-year (1980-2000) operational history of the HBGS’s total
cooling-water flow is best described by a bimodal flow distribution. That is,
there are two flow levels, one averaging 126.7 mgd, and the other averaging
253.4 mgd, each accounting for about 50% of HBGS operation time.
(Rounding these flows to the nearest whole number gives 127 and 253 mgd
and these values are used throughout the report.) The “in-pipe-dilution
ratio” for a 50 mgd RO production rate at a 253 mgd total flow is (253 —
100) / 50 =3.06. The ratio for 127 mgd is (127 — 100) / 50 = 0.54.

By affecting density differences between the discharge and receiving
water, the HBGS delta T (temperature difference between the discharge and

ambient seawater) will also affect the combined discharge dispersal.
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Historically, the HBGS has operated with a delta T of 10°C and models were
run using this value.

Also modeled was a delta T of zero; that is, when HBGS is pumping
water but not producing power (i.e., this models operating the RO facility at
times when there is no power production). This will potentially affect the
combined discharge dispersal because outflow having an elevated salinity
but the same temperature as the receiving water will have a greater density
difference than discharge water that is both heated and more saline.

The third modeling variable is the mixing potential of the receiving
water, which 1s determined by factors affecting coastal ocean conditions
such as water temperature and salinity, water level, tides and tidal currents,
wave height and wind speed. A computer search of 20-year time-series
records (1980-2000) determined long-term averages for interactive coastal
ocean conditions and modeling was done using two receiving-water mixing
states, “average or normal” and “sub-optimal.” The “sub-optimal”
receiving-water mixing conditions are the result of the simultaneous co-
occurrence and persistence of a suite of coastal oceanographic factors and
wind conditions that reduce vertical water movement. This co-occurrence is
infrequent and periods of “sub-optimal” receiving-water mixing are both

rare and brief.
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The HBGS seawater discharge site is 1,500 ft offshore in about 28 ft of
water. The discharge opening faces upward and is about 10-15 ft below the
water surface. The upward force of the discharge flow is sufficient to
broach the water surface and form a boil that increases mixing with ambient
water. From its central core (i.e., at the discharge pipe), this boil expands
outward, entraining and mixing the surrounding ocean surface water with the
HBGS discharge water.

Jenkins’ dispersal model analyses, which have been validated
independently, show that the addition of RO salinity to the HBGS discharge
will have a greater density, causing it to sink faster than does the heated-only
flow return. Maps of discharge dispersal along the coastline show that an
area of increased salinity in both surface and bottom waters will form around
the discharge and extend downcoast, gradually equilibrating with ambient
salinity (33.5%00). The highest salinities will occur at the discharge itself
and the extent of the area in which salinity is elevated above ambient will
vary depending on HBGS flow rate and receiving water mixing conditions.
Because the combined discharge water is denser and will sink, higher
salinity contours will extend further along the bottom than in the water

column (i.e., there will be a salt wedge at depth).
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Total HBGS flow rate has a major effect on the depth-averaged and
bottom salinities within about 150 m of the discharge. For a 127 mgd flow
rate, the highest depth-averaged salinity (55° o0 at the core) is reduced to
39°/00 at a distance of 150 m. Corresponding bottom salinities for the 127
mgd flow are: core 48%/00, 150 m 37°00. For the 253 mgd flow, depth-
averaged salinity is 42° oo at the core and 35%00 at 150 m. Corresponding
bottom salinities for 253 mgd are: core 39%/o0, 150 m 35%oo.

At distances beyond 150 m, mixing between the discharge and the
receiving waters is sufficient to remove nearly all flow-rate-induced
differences in salinity contours.

HBGS flow models that incorporated a delta T = 0 (to simulate
generating station standby conditions) into the 127 mgd outflow distribution
show only very slight increase in salinity (about +1°00) over the entire
dispersal field. Thus, operating in the standby mode will not markedly
affect dispersal pattern from that predicted for operation at normal delta T
values. In addition, historical data shows that this operating mode occurs less
than 1% of the time.

The models used by Dr. Jenkins show that the combined RO and heated
discharge will establish a permanent zone around the discharge pipe in

which salinity will be constantly above ambient, although variable. The size
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of this zone and its salinity will be inversely affected by HBGS flow rate.
The highest core salinities (55%o00 depth-averaged, 48°/00 on the bottom) will
occur at the 127 mgd flow. These salinities, however, are rapidly diluted by
mixing with the ambient water and, at a distance of 150 m, the depth-
averaged and bottom salinities are 39%/00 and 37°/00 respectively. At a flow
of 253 mgd, core depth-averaged salinity is 42°/00 and bottom salinity is
39°00. At 150 m, both the depth-averaged and bottom salinities are 35%oo.

A suite of biological facts support the conclusion that the slight
increases in salinity modeled for the combined thermal and RO discharge
will not be large enough to have a significant biological impact on the
marine species or communities living near the HBGS. With respect to
temperature, the thermal increase currently experienced by the marine
organisms living near the HBGS discharge is not affecting them and the
dispersion models show that operation of the combined RO and HBGS
discharge will favor heat loss and thus lessen the thermal excess experienced
by organisms in the seawater return area.

Most of the marine organisms living near the HBGS also occur in areas
of the SCB and beyond it where salinities can be greater than those that will
occur in the combined RO and HBGS discharge field. For example, the

natural geographic distributions of most of the species living at Huntington
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Beach extend south to near the tip of Baja California where both coastal
temperatures and salinities are as high or higher than those predicted for
most areas in the combined discharge field. In addition, some of these
species, or ones very closely related to them live in the upper part of the
Gulf of California where salinities are 36-38°/00 and can be as high as 40%oo.
Thus, many of the species present in waters around Huntington Beach
naturally experience a salinity range comparable to or greater than what is
predicted for the combined discharge area.

Dr Jenkins’ dispersal models for the 127 and 253 mgd flows show that
an elevated salinity zone will occur around the discharge core and that all
organisms living within these areas will encounter it. For the animals
swimming in the water (some macroinvertebrates, fishes, turtles, mammals)
the duration of their elevated salinity exposure will depend on their location
and their residence time in the zone. Assuming, conservatively, that a fish or
squid about 6 inches long has an average swimming speed of about 0.17
mph (i.e., about one-half of its body length/second), then this animal would
require about 2.0 hours to swim across the center (i.e., maximum distance)
of the 127 mgd salinity zone (about 600 m = 0.35 miles). Half of this
swimming-time would be in salinities less than 39°/00, and the total time of

exposure to salinities above 43°o0 would be about 1 hour. A larger fish or

10
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squid would swim much faster, as would both a turtle or dolphin, which are
much larger. Such a brief exposure time would have no effect on marine
mammals, turtles, or most fishes which are good osmoregulators, and, while
most fishes are unlikely to prefer salinities this high, comparative data
showing fish easily tolerate high salinities for short periods (i.e., adverse
effects of >40°/00 require exposure times of 24 hours or longer) suggest these
salinities could be tolerated for a short time. Also, fishes would have the
ability to “sense” such a marked salinity change in the water and could thus
alter their swimming direction to avoid it.

In the case of organisms that drift across the elevated salinity areas,
models developed for the discharge flow field show that a planktonic animal
drifting through the discharge area would experience elevated salinity for
variable times. These times would depend upon both the area of the zone
and the organism’s rate of drift and its position relative to the discharge core.
The models show that exposure to the inner core, where salinity is highest,
would be for an hour or less. Plankton drifting through the core’s periphery
would experience lower salinities for 2-3 hours and longer times would be
spent in salinities only slightly above ambient.

While plankton, fishes, and other water-column residents would have

relatively brief exposures to the highest salinities within the elevated salinity
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zone, this would not be the case for the benthic organisms occurring in the
discharge area. Bottom-dwelling organisms living near the core would
experience a salinity of between 48°/00 (at 127 mgd) and 39%00 (253 mgd).
Under both these flow scenarios salinity decreases abruptly with distance,
dropping to 37%o0 at 150 m (127 mgd) flow and to 36°0 at 50 m (253 mgd).
While comprehensive salinity tolerance information does not exist for
all the species living in the Huntington Beach area, the salinity tolerance
data presented for several bottom dwelling species (e.g., roundworms live in
2x seawater, isopods tolerate 55% oo, mysids 43°/00, hermit crab larvae up to
45°00) all suggest that a salinity of 38°/o0 would be easily tolerated by the
benthic organisms now living around the HBGS. That salinities as high as
38°/00 may have ecological relevance is inferred from EPA guidelines for
minimizing salinity effects on the marine biota; EPA suggests a salinity
change of not more than 4°oo take place. Applied to the Huntington Beach
discharge this would define an upper value of 33.5%00 + 4.0%00 = 37.5%c0.
If 38°/00 is assumed to be a salinity above which benthic organisms are
adversely affected, then the models show that this salinity region would
extend out to 100 m at 127 mgd flow (i.e., about 7 acres) but would occur

only in the immediate vicinity of the vertical discharge at 253 mgd.

12

S-17



One likely biological result of this permanently elevated benthic
salinity zone (where bottom salinity drops from 48 to 3800 within 100 m)
would be some reduction in the total diversity of species living within the
zone and the likely increase in the concentration there of species having a
greater tolerance to the elevated salinity. Such species may exist already in
the Huntington Beach bottom community or species from other nearby
coastal habitats (tide pools, bays) where salinity is more variable may be
recruited to this zone.

The modeling shows that the presence of a permanent salinity zone of
3800 or greater is an inverse function of HBGS cooling-water flow rate; the
zone will be larger when HBGS flow rate is smaller (i.e., 127 mgd vs. 253
mgd). The 20-year (1980-2000) HBGS operation record showed that both
127 and 253 mgd were valid descriptors of cooling-water flow. However,
since HBGS renovations were completed in 2002, the average flow rate
(from 2002 to July 2003) was 265 mgd. Because the area of the permanent
zone of salinity elevation to or above 38%/oo is largest a 127 mgd (in-pipe-
dilution-ratio = 0.54) and smaller at 253 mgd (dilution ratio = 3.06), it would
be further reduced at 265 mgd (3.3).

Further support for the conclusion of minimum discharge effects comes

from experimental work carried out at a small RO demonstration facility

13

S-18



operated by the Poseidon Corporation adjacent to the Encina Power Plant in
Carlsbad, CA. Experiments done there used the 2x RO concentrate seawater
in “salinity tests” to confirm previous assessments showing that standardized
salinity bioassays with kelp, a larval invertebrate, and a larval fish indicate
no effect of prolonged exposure to 36°/00. Additional laboratory studies
testing the long-term survival of different species in higher salinities and
other bioassays are currently in progress.

Additional evidence supporting the conclusion that there will be no
discharge-salinity effect is provided by the results of a field study sponsored
by the State of Florida and conducted on the Island of Antigua in the West
Indies. The study involved experimental assessment of an RO discharge on
corals and other organisms living in a tropical reef lagoon. Observations
before and for 6 months following the introduction of the discharge of 1.8
mgd of undiluted (57°/00) RO outflow seawater indicated no effect on either

the organisms living around the point source or those that came into the area.

14
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Marine Biological Considerations Related to the Reverse
Osmosis Desalination Project at the Applied Energy Sources
Huntington Beach Generation Station

1.0 Introduction

This report evaluates potential marine biological effects resulting from
the proposed operation of the Huntington Beach 50 million gallon per day
(mgd) reverse osmosis desalination facility located adjacent to the Applied
Energy Sources Huntington Beach Generating Station (HBGS). Source
water for the desalination operation will be taken from the existing HBGS
condenser cooling seawater circulation system and will be pumped at, high
pressure, through salt filtering membranes that work by reverse osmosis
(RO). The RO process will form approximately equal volumes of
freshwater and doubly concentrated (2x) seawater. The 2x seawater will be
returned to the HBGS condenser-cooling circulation outflow at point
downstream of the RO intake. There it will blend with the up to 407 mgd
HBGS cooling water outflow prior to discharge back into the Pacific Ocean.
The average ocean salinity at Huntington Beach and the surrounding waters
is 33.5%o0 (parts per thousand). Addition of the RO 2x concentrate to the
HBGS discharge will slightly increase ocean salinity within a small zone

around the discharge. This report analyzes the extent of this salinity increase
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and determines what if any effect it may have on the marine organisms

living there.

1.1 The AES Huntington Beach Generating Station

The HBGS has four generators; Units 1 and 2 are rated at 215
megawatts (MW); Unit 3 and 4 are rated at 225 MW each. Each generating
Unit has two condensers that are cooled by a once-through seawater flow
system; pumps aligned with each Unit withdraw the cooling water through
an intake pipe located about 1,840 ft offshore (from the mean high tide line).
After it passes over the condensers, the warmed seawater flows back to the
ocean. The discharge is a vertical tower positioned about 1,500 ft offshore
(from the mean high tide line), where water depth is about 28 ft (bottom
distance below mean sea level). The tower rises about 16 ft over the bottom
and its opening is 10-15 ft below the water surface, thus the force of the
vertically discharged water causes a surface turbulence boil that enhances
mixing with the ambient seawater and dissipates heat.

Cooling-water flow rates depend on which and the number of
circulating pumps operating. The two pumps each on Units 1, 2 and 4 are
rated at 63.4 mgd (380.4 mgd). The two pumps on Unit 3 are rated at 66.7

mgd (133.4 mgd). Thus, the maximum rated water flow for HBGS is about

16
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514 mgd. However, maximum historical flow rate is 507 mgd. Planning for
the RO facility used HBGS flow records for 1980-2000. These indicate a
bimodal flow distribution; that is, one flow averaging 126.7 mgd and another
averaging 253.4 mgd, each account for about 50% of HBGS’ operation
level. (For expediency these flows were rounded to 127 and 253 mgd and
these flow values will be used throughout this report.) When power is being
generated the, average delta T value (i.e., the difference between discharge
and receiving water temperature) is kept at about 10°C. When the HBGS is
on standby and not producing power, the flow rate is 127 mgd and the delta

T value is zero. Annual seawater temperature range is about 12 to 19°C.

1.2 The Reverse Osmosis Desalination Facility

The proposed Huntington Beach RO desalination facility will utilize
the HBGS cooling seawater stream; access to this water will be downstream
of the condenser units (i.c., after seawater is warmed, but before discharge).
The RO operation will take approximately 100 mgd, make 50 mgd of
freshwater, and return about 50 mgd of approximately 2x concentrate
seawater to the HBGS seawater discharge line at point downstream from the

RO intake. Mixing with the outflow water will dilute the RO concentrate

17
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during progression along the 1,500 ft pipe leading to the offshore discharge
tower.
The extent of RO concentrate dilution will depend on the ratio of the

HBGS-water flow to the RO concentrate-outflow volume:

Total HBGS Flow — RO Water Flow
RO Concentrate Water Return

At a 253 mgd flow rate this ratio would be: [253 mgd (total flow) - 100 mgd
(to RO)] / 50 mgd (concentrate return) = 3.06. At 127 mgd, the ratio is
(127- 100)/50 = 0.54. At a zero delta T, (i.e., the discharge is “unheated”
because the HBGS is in standby mode), the higher concentrated effluent will
be denser, it will sink more rapidly and mix less with the receiving water
however this scenario occurs less than 1% of the time (Jenkins and Wasyl,

2004).

2.0 Marine Species and Communities Occurring in the Waters at
Huntington Beach

a. The region. All of the marine species living near the HBGS commonly

occur over geographic ranges extending well beyond the coastal waters of

Southern California. They are part of a biologically and climatologically
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unique region called the Southern California Bight (SCB). Geographically,
the SCB is an open embayment extending from Point Conception, CA into
Baja California, Mexico and 125 miles offshore (Figure 1) (Carlucci et al.,
1986; Jackson, 1986). Biologically, the SCB is a transition-zone species
assemblage positioned between two larger and diverse assemblages; one in
the cooler waters to the north and the other in the warmer waters to the
south. SCB organisms comprise a mix of species, some from the cooler,
northern- and some from the warmer, southern-regions.

Physical, biological, and oceanographic factors affect the total SCB
biomass and cause year-to-year variation in the number of species occurring
within the SCB and in areas such as Huntington Beach. While ocean
temperature, current patterns, and upwelling affect nutrient and food
supplies, biological variables such as the arrival of planktonic animals to
coastal areas, the recruitment of new organisms (addition of young-of-the-
year to the population) and habitat availability and quality all influence
ecosystem-species composition, diversity, and biomass (Jackson, 1986).
The young stages of most marine plants, invertebrates, and fishes living at
and near Huntington Beach and throughout the SCB begin life as drifting

plankton. Their survival into the next life stage requires that the appropriate
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and vacant habitat be found. Thus, evaluation of either local or regional
habitats with respect to their biodiversity, the abundances of different
species, and the ages, body size, and growth rates of specific organisms must
always be made in the context of the large-scale factors influencing these,
whether in the area around Huntington Beach or across the entire SCB.

It is also important to note that the life history characteristics of the
species living in the area, most of which are pelagic spawners, are such that
fecundity (i.e., egg production) is generally quite high. Most common
coastal fish species encountered in MBC surveys exhibit batch spawning,
wherein females spawn multiple times (usually ~ once per week) over a
spawning season of several months. An average sized female queenfish
(Seriphus politus) produces approximately 300,000 eggs per season
(DeMartini and Fountain, 1981), while average-sized white croaker
(Genyonemus lineatus) produce approximately 400,000 eggs per season
(Love et al., 1984). Smaller coastal spawners also have relatively high
fecundity; northern anchovy (Engraulis mordax) produce ~500
eggs/batch/gram of female body weight (Hunter and Goldberg, 1980). The
same general rule of high fecundity applies for pelagic spawning
invertebrates (e.g, Cameron and Rumrill, 1982). For example, females of

the California spiny lobster (Panulirus interruptus) produce on average
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265,000 eggs per spawning season (Tapia-Vasquez and Castro-Gonzélez,
2000).

Despite the large quantities of eggs produced, egg and larval mortality
can be as high as 67% d' (Fossum, 1998), and therefore very few larvae
survive to adulthood or reproductive maturity (Ware, 1975; Underwood and
Keough, 2001). The high fecundity of pelagic spawners, therefore, is a
necessary compensatory mechanism to maintain the adult population at a
steady level. Although it is difficult to obtain realistic estimates of natural
mortality, it is clear that high mortality among the early life history stages of
most coastal species is ‘built into the system’, and therefore the effects of
larval impingement on overall population levels are likely to be minimal.

b. Organisms and the habitat. Since 1975 National Pollutant

Discharge Elimination System (NPDES) requirements for HBGS receiving
water monitoring have been carried out by Marine Biological Consultants
(MBC) Applied Environmental Sciences (Costa Mesa, CA). Annual reports
by MBC (a complete list of these is contained in the bibliography of Jenkins
and Wasyl, 2004) have monitored the abundance, diversity, and health status
of marine organisms inhabiting the waters and substrata surrounding the
HBGS. In addition to recording the environmental conditions and censusing

the organisms living near the HBGS heated discharge, MBC sampling has
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been done at locations 3,000 ft north and south of the discharge. The
sampling methods have included diver surveys along bottom transects,
trawling for the census of fishes and macroinvertebrates, and bottom-core
samples to assess the number and diversity of animals living within the

substrate.

Over the years, as monitoring results consistently indicated the absence

of discharge effects, the number of surveys required by NPDES was
reduced. The MBC report for 1993 contains the most recent (last) analysis
of the benthic infauna (i.e., organisms living in the substrate). The 2001
report has the most recent (last) findings of the trawling and diving surveys
of benthic marcroinvertebrates.

The sea floor (benthic habitat) surrounding the HBGS discharge is
relatively smooth and gently sloping, and contains medium to fine-grain
sands. It extends for a considerable distance, both up and down
the coast from the discharge site. Littoral currents sweep the waters
overlying the coastal sea floor in a generally downcoast direction, although
net movement is affected by tides, winds, and storms. These factors and
sand grain size play a major role in determining the distribution, abundance,

and diversity of benthic animals.
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The marine organisms living in the vicinity of the discharge occur in
one of three habitat classifications: in the substrate (termed infauna), on the
bottom [e.g., macroinvertebrates (worms, crabs, sand dollars, starfish and
some fishes)], or in the water column itself (squid, fish, plankton, etc.).

1. Infauna. Huntington Beach infauna surveys were carried out from
1975 to 1993 (MBC, 1993). This habitat is dynamic and there are many
species that can potentially occur in the infauna, however, many of these are
rare or appear episodically. Most of these animals have very short lives and
it is reasonable to assume that many of them arrive each year in the
plankton. Thus, the infaunal species diversity of the extended habitat varies
from year to year as does organism age, size, and abundance.

Table 1 summarizes the total diversity of infaunal organisms found
during the 1993 survey. Table 2 lists the major components of the surveyed
infaunal species in order of mean abundance from 1975 to 1993. Figure 2
shows the numbers of species and numbers of individuals found in samples
over time. Average animal density was about 43 per liter, but this varied
from year to year and by a factor of 5 over 18 years. In terms of both
numbers and species, the most dominant animals each year were polychaete
worms and crustaceans. Mollusks were the third most abundant group and

showed marked variation from year to year. The species comprising the
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Table 1. Infaunal species sampled at Huntington Beach, 1993.

Taxon Species

Taxon Species

CNIDARIA

Anthozoa
Renilla kollikeri |

NEMERTEA

Carinoma mutabilis
Lineidae, unid.

Nemertea, unid.
Paranemertes californica 2
Tubulanus cinguiatus
Tubulanus nothus

Tubulanus peliucidus/polymorphus 3
SIPUNCULA

Siphonosoma ingens
Thysanocardia nigra

ANNELIDA

Pol ychaotg

osyllis groen.
Acmira catherinae
Amaeana occidenlalis
Ampharete labrops
Apoprionospio pygmaea
Asychis disparidentata
Chaetozone cf. setosa
Chaetozone corona
Chone albocincta

Chone mollis

Diopatra ornata

Diopaltra splendidissima
Glycera convoluta
Goniada littorea
Harmothoe sp. B of SCAMIT*
Lumbrineris californiensis
Lumbrineris tetraura
Lumbrineris spp.
Magoelona pitelkai
Mediomastus spp.
Microphthalmus hystrix
Nephtys caecoides
Onuphidae unid.
Onuphis eremita

Onuphis eremita parva
Owenia collaris
Parapricnospio pinnata
Pectinaria californiensis
Pista nr. disjuncta
Podarkeopsis glabrus ®
Prionospio lighti ®
Scoloplos armiger
Sigalion spinosa
Spiophanes bombyx
Spiophanes missionensis
Stheneiais verruculosa
Tharyx sp. A of SCAMIT 7
Tharyx tesselata
Typosyllis aciculata

CRUSTACEA

a
Paralteutha simile
Ostracoda
Euphilomedes carcharodonta
Euphilomedas longiseta
Parasterope barnesi
Rutiderma rostrata
Cumacea
Campylaspis sp. C of MBC
Cumella sp. A of MBC
Diastylopsis tenuis
Leptocuma forsmani

Source: MBC, 1993

CRUSTACEA (cont).

isopoda
Edotea sublittoralis
Uromunna ubiquita

Amphipoda
Ampelisca brachycladus
Aora 8p.®
Aoridae, unid.
Argissa hamatipes
Cerapus " tubularis”
Ericthonius brasiliensis
Gibberosus myersi
Monoculodes hartmanae
Pachynus barnardi
Photis californica
Photis macinerneyi
Rhepoxynius menziesi '
Rhepoxynius sp. A of SCAMIT '2
Stenothoe sp.
Synchelidium shoemakeri

Decapoda
Neotrypaea californiensis
Ogyrides sp. A of Roney
Pinnixa forficulimanus
Pyromaia tuberculata

13

MCLLUSCA
Gastropoda

Armina californica
Balcis rutila
Crepidula norrisiarum
Crepidula sp.
Cylichnella harpa
Kurtziella plumbea
Nassarius sp.
Odostomia sp.
Olivella bastica
Ophiodermella cancellata
Philine bakeri
Aictaxis punctocaelalus
Sulcoretusa xystrum
Turbonilla pedroana

Pelecypoda
Cooperella subdiaphana
Macoma sp.
Mysella sp. A of SCAMIT
Nucula tenuis
Periploma planiusculum
Siliqua lucida
Solen sicarius
Tellina modesta
Yoldia cooperi

PHORONIDA
Phoronida, unid.

BRACHIOPODA
Glottidia albida

ECHINODERMATA
Ophiuroidea
Amphiodia psara
Amphiura arcystata '*
Amphiuridae sp. A of MBC 15
Ophiuroidea, unid.

HEMICHORDATA
Enteropneusta, unid }®
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Huntington Beach benthic infauna are the same as those occurring in other
habitats located throughout the SCB. Also, the small-scale and short-term
changes in infaunal species assemblages that have been recorded by MBC
over several years are typical of such habitats. MBC (1993) concluded that
there was no indication that operation of the HBGS had affected the infaunal
community, nor was there any indication that any particular infaunal group
was more abundant or more frequently found in the discharge area than
during the previous 18 years of sampling.

2. Benthic macrofauna. Macrofaunal diver transect surveys, conducted

from 1975 to 2000, show the repeated occurrence of the same core group of
species in the area (MBC, 2001). The macrofaunal species occurring at
Huntington Beach are typical of those expected to occur at other comparable
open, sandy bottom habitats throughout the SCB. Graphs showing animal
abundance and species number for the area reflect the range of annual
differences that commonly occur in shallow water habitats (Figure 3).
Average abundances of these and other organisms and total species number
varied from year to year. In 1975 and 1980 only 21 species were recorded.
In 1994 just after the 1992-1993 El Niflo, there were 54 species (Figure 3).
Animal densities also varied considerably, from less than 20/m? in 1975 and

1976 to over 160/m? in 1990.
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Table 3 lists key macrofaunal invertebrate species surveyed at
Huntington Beach from 1975 to 2001. During thesé years, five animal
groups [three annelid (polychaete) worms (Diopatra, Owenia, Maldanidae),
hermit crabs (Paguridae) and Pacific sand dollars (Dendraster excentricus)]
account for about 90% of the macrofaunal abundance. The relative numbers
of these organisms vary from year to year and in different localities and they
could be especially abundant, with as many as 3,600-9,000 individuals of
various species (sand dollars, polychaete worms, hermit crabs) being taken
in one otter trawl net at one sampling site. Pacific sand dollars, for example,
were found in great abundance near the discharge and at the upcoast
sampling area in 1997, but had not been found in these areas in the
preceding four years and have appeared variably at all stations over the
survey and are not consistently found in the waters around the HBGS.

Macroinvertebrates are also frequently taken in otter trawl samples.
These species censuses are typically done during diver transect surveys as
well, but are prone to otter trawl collection due to their size or relative
position in the water column. The dominant macroinvertebrate species
collected by otter trawl in recent years are spiny sand stars (Astropecten
armatus), penicillate jellyfish (Polyorchis penicillatus), tuberculate pear crab

(Pyromaia tuberculata), and blackspotted bay shrimp (Crangon
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nigromaculata) (MBC, 2001). Similar to the trends observed during diver
surveys, otter trawl data reflect variability in the invertebrate community that
is likely attributable to the patchy distribution of these species.

3. Fishes. Since the fish surveys began, 65 species have been
collected, all of which can be considered as typical residents of open sandy
bottom coastal habitats in southern California (Horn and Allen, 1978;
Mearns, 1979; Allen and DeMartini, 1983). The numbers of fish species
taken in Huntington Beach trawl surveys ranged from 13 in 1999 to 29 in
1986 and averaged 22 species/year. The fifteen most abundant fish species
living in the area between 1976 and 2000 were: white croaker, queenfish,
northern anchovy, California halibut, Pacific sardine, speckled sanddab,
curflin turbot, kelp pipefish, white seaperch, walleye surfperch, C-O turbot,
Pacific butterfish, California lizard fish, salema, and barred surfperch. Table
4 lists yearly abundance of all demersal species taken by otter trawl from
1976 to 2001. The persistent representation of the same species indicates

that the fish fauna is relatively stable.
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